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N O T I C E  
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T A I N  P O R T I O N S  A R E  I L L E G I B L E ,  I T  I S  B E I N G  R E -  

L E A S E D  IN T H E  I N T E R E S T  O F  MAKING A V A I L A B L E  

A S  MUCH I N F O R M A T I O N  A S  P O S S I B L E .  



FOREWORD 

Our modern world p r e s e n t s  an e v e r  i nc reas ing  number of 
new t e c h n i c a l  problems, many o f  which have p o t e n t i a l  s o l u t i o n s  
embodled i n  r e p o r t s  o f  p r e v i o u s  r e sea rch .  Recognlzing t h e  
f a c t  t h a t  some of t h e s e  problems may be solved by des igns ,  
t echniques ,  and technology a l r e a d y  i n  ex i s t ence ,  NASA's 
Technology U t i l i z a t i o n  Program developed a system o f  s ix c e n t e r s  
f o r  d i s semina t ing  t h e  r e s u l t s  o f  e x i s t i n g  r e sea rch ,  bo th  aero-  
space and nonaerospace.  The Technology Appl ica t ion  Center  (TAC) 
of t h e  Un ive r s i t y  o f  New Mexico is one of t h e s e  c e n t e r s ;  i ts  
primary miss ion i s  t o  promote t h e  t imely  and b e n e f i c i a l  u s e  
of new t echno logy . '  

One o f  TAC's major e f f o r t s  has  focused on t h e  i d e n t i f i -  
c a t i o n  o f  new h i g h - i n t e r e s t  a r e a s  o f  technology,  and t h e  
assembling and upda t ing  of r e f e r e n c e s  on t h e s e  s u b j e c t s .  A 
t y p i c a l  s u b j e c t  a r e a  of i n c r e a s i n g  worldwide i n t e r e s t  and 
concern is t h e  broad f i e l d  of  energy.  The voluminous amount 
of  bo th  t e c h n i c a l  and n o n t e c h n i c a l  informat ion on t h i s  sub jec t -  
now s c a t t e r e d  among a  growing number of announcement and pub l i sh -  
i ng  mediums-necessi tated,  i n  T A C ' s  view, a  comprehensive com- 
p i l a t i o n  of such in fo rma t ion .  To f u l f i l l  t h a t  need,  t h e  Col lege  
of Engineer ing and TAC jo ined  resources  t o  e s t a b l i s h  t h e  Energy 
Informat ion Cente r  of  t h e  U n i v e r s i t y  of New Mexico. 

A s  a  c o r o l l a r y  t o  compil ing such an in format ion  base ,  
one of t h e  g o a l s  of  t h e  Energy Information Center  i s  t o  p u b l i s h  
a  number o f  r e f e r e n c e  works, each  cen te red  on a  s p e c i f i c  
energy sou rce ,  convers ion  system,  o r  c a r r i e r .  Th i s  a b s t r a c t  
b ib l iog raphy  on hydrogen as a c a r r i e r  and secondary energy 
source  is  t h e  f i r s t  such p roduc t  t o  be publ ished through t h e  
Cente r .  

William A .  Shinnick 
D i r e c t o r  
Technology App l i ca t ion  Center  
The Un ive r s i t y  o f  New 'Mexico 
January 1974 
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The u s e  o f  hydrogen, e i t h e r  i n  gaseous o r  l i q u i d  form, w i l l  
n e c e s s i t a t e  t h e  development of  a  l a r g e - s c a l e  t r ansmis s  ion and 
d i s t r i b u t i o n  system. A hydrogen gas  p i p e l i n e  system, s i m i l a r  
t o  o r  p a r t i a l l y  i n t e g r a t e d  w i t h  e x i s t i n g  n a t u r a l  gas  p i p e l i n e s .  
appears  t o  be  t h e  most p r a c t i c a l  s o l u t i o n .  I n  a  n u c l e a r  econ- 
omy, hydrogen i s  t o  b e  p r e f e r r e d  a s  t h e  energy c a r r i e r  over  
e l e c t r i c i t y  f o r  most purposes .  This  i s  due t o  i t s  ready sub- 
s t i t u t i o n  and usage f o r  a l l  energy needs ,  as w e l l  a s  i t s  low 
t r ansmis s ion  c o s t s .  S i t i n g  of n u c l e a r  p l a n t s  i n  a  nuc lear -  
hydrogen s c e n a r i o  could be f a r  d i s t a n t  from c i t i e s  t hus  obvi-  
a t i n g  one o f  t o d a y ' s  most p r e s s i n g  problems. Hydrogen can 
a l s o  p rov ide  f o r  t h e  s t o r a g e  c a p a c i t y  needed t o  meet both  
d a i l y  and s e a s o n a l  peaking requirements .  These requirements  
may be s a t i s f i e d  most economically by l a r g e - s c a l e  underground 
s t o r a g e  i n  d e p l e t e d  n a t u r a l  gas  format ions .  

Recent h igh  i n t e r e s t  i n  t h e  a r e a  o f  t h e  hydrogen economy has 
been shown by t h e  i n c r e a s i n g  number o f  conferences ,  s t udy  
groups,  and meetings being he ld  on t h i s  t o p i c .  Among t h e  
l a t e s t  and most ou t s t and ing  of t h e s e  were t h e  "Corne l l  I n t e r -  
n a t i o n a l  Symposium and Workshop on t h e  Hydrogen Economy" he ld  
August 20-22, 1973, t h e  e a r l i e r  "Working Symposium on Liquid- 
Hydrogen-Fueled A i r c r a f t "  he ld  a t  NASA's Langley Research 
Center  on May 15-16, 1973, and t h e  NASA-ASEE 1973 Systems 
Design I n s t i t u t e  he ld  on t h e  t o p i c  of  "Hydrogen a s  a  Fu ture  
Energy C a r r i e r "  a t  Johnson Space Cen te r  from June  through 
August 1973. 

The growth o f  in format ion  on t h e  above concept ,  known a s  
"Hydrogen Energy" o r  a s  t h e  "Hydrogen Economy," has  been bo th  
r ap id  and d i f f u s e  i n  t h e  y e a r s  s i n c e  1968 when i n t e r e s t  and 
work developed in  t h i s  f i e l d .  A t  t h e  p r e s e n t  t ime ,  publ ica -  
t i o n s  on t h e  "Hydrogen Energy" concept  average about  100 p e r  
yea r .  Consequently,  a  number o f  important  r e f e r e n c e s  may n o t  
be widely  known and may be d i f f i c u l t  t o  o b t a i n .  Examples of 
t h e s e  i nc lude  government r e p o r t s ,  i n d u s t r i a l  c o n t r a c t o r  re-  
p o r t s ,  u n i v e r s i t y  r e sea rch  r e p o r t s ,  j o u r n a l  a r t i c l e s ,  and 
r ecen t  papers  given a t  t e c h n i c a l  s o c i e t y  meetings t h a t  a r e  
no t  y e t  a b s t r a c t e d .  

~ e c o g n i z i n g  t h e  need f o r  complete and up-to-date in format ion  
on energy i n  g e n e r a l ,  and p a r t i c u l a r l y  on t h e  "Hydrogen Energy" 
concept ,  t h e  ENEFGY INFORMATION CENTER was r e c e n t l y  e s t a b l i s h e d  
a t  t h e  Un ive r s i t y  of New Mexico under  t h e  a u s p i c e s  of t h e  
Col lege of Engineering and t h e  Technology App l i ca t ion  Center .  



INTRODUCTION 

A c o n s e r v a t i v e  s tudy  o f  t h e  demand f o r  energy i n  t h e  Uni ted 
S t a t e s  i n d i c a t e s  a  doubling of t h e  consumption of energy from 
t h e  p r e s e n t  t o  t h e  y e a r  2000. Most o f  t o d a y ' s  energy needs 
a r e  m e t  by f o s s i l  hydrocarbons t h a t  have f i n i t e  r e s e r v e s  and 
are becoming i n  s h o r t  supply throughout  t h e  world. To conserve 
t h e s e  f o s s i l  s o u r c e s  and ensu re  a h igh  s t a n d a r d  o f  l i v i n g ,  a 
s y n t h e t i c  nonpo l lu t ing  f u e l  d e r i v e d  from a renewable primary 
energy sou rce  must be used.  Hydrogen, a  r e c y c l a b l e  f u e l  t h a t  
can be  produced from water ,  appears  t o  be  one answer embodying 
g r e a t  p o t e n t i a l  

Hydrogen i s  compat ible  wi th  most of  t o d a y ' s  f u e l  requirements 
w i t h  one except ion :  c e r t a i n  on-board s t o r a g e  d i f f i c u l t i e s  f o r  
automotive- type v e h i c l e s  a r e  fo re seen .  I n d u s t r y  can,  however, 
u s e  hydrogen a s  a  f u e l  i n  most a p p l i c a t i o n s  where f o s s i l  f u e l s  
a r e  now used.  The indus t r i a l - chemica l  u s e  of hydrogen w i l l  
n o t  be  r a d i c a l l y  a l t e r e d :  i n  f a c t ,  hydrogen could f i n d  many 
more a p p l i c a t i o n s  such a s  i t s  u s e  i n  t h e  d i r e c t  reduc t ion  of 
m e t a l l i c  o r e s .  R e s i d e n t i a l  and commercial use  of hydrogen 
appears  bo th  f e a s i b l e  and p r a c t i c a l ,  e s p e c i a l l y  i n  new bu i ld -  
ings .  However, t h e  changeover o f  e x i s t i n g  s t r u c t u r e s  does 
p r e s e n t  some problems due t o  c o s t  and s a f e t y  c o n s i d e r a t i o n s .  
F i n a l l y ,  t h e  u s e  of hydrogen a s  a f u e l  i n  e l e c t r i c a l  power 
gene ra t ion  appears  t o  be  n o t  on ly  f e a s i b l e ,  b u t  may provide  
h i g h e r  e f f i c i e n c i e s  than p r e s e n t l y  p o s s i b l e  i n  convent iona l  
g e n e r a t i n g  p l a n t s .  

The handl ing  and s a f e t y  c o n s i d e r a t i o n s  f o r  gaseous hydrogen 
appea r  t o  be no more complex than  f o r  e x i s t i n g  gaseous f u e l s  
such a s  n a t u r a l  gas :  and s o c i e t y  can a d a p t  t o  t h e  u s e  o f  hy- 
drogen a s  a  f u e l  w i t h  a  reasonable  t ime  p e r i o d  f o r  in format ion ,  
educa t ion ,  and guidance.  

I t  should be  s t r e s s e d  a t  t h i s  p o i n t  t h a t  hydrogen, p e r  s e ,  is 
n o t  a  primary energy source  bu t  a s y n t h e t i c  f u e l  o r  "energy 
c a r r i e r . "  A s o u r c e  o f  energy such a s  n u c l e a r ,  s o l a r ,  o r  wind 
energy must be u t i l i z e d  in  o r d e r  t o  produce hydrogen. Methods 
commercially a v a i l a b l e  today t o  produce hydrogen a r e  t h e  e l e c -  
t r o l y s i s  o f  wa te r  and  p o s s i b l y  t h e  g a s i f i c a t i o n  o f  c o a l  w i th  
steam. Closed-cycle water/thermochemical decomposition methods 
a r e  r a p i d l y  be ing  developed,  bo th  i n  Europe and i n  t h i s  count ry ,  
due t o  t h e i r  promise of h igh  convers ion  e f f i c i e n c i e s .  



The most modem computerized l i t e r a t u r e  s e a r c h  t echn iques ,  
a s  w e l l  a s  t h e  a s s i s t a n c e  of many workers i n  t h i s  e x c i t i n g  
f i e l d ,  have been used t o  compile t h i s  e x t e n s i v e  b ib l iography  
w i t h  a b s t r a c t s  on a l l  a s p e c t s  o f  t h e  "Hydrogen Economy." I n  
a d d i t i o n  t o  pub l i sh ing  t h i s  i n i t i a l  b ib l iog raphy ,  t h e  Energy 
Informat ion Cente r  w i l l  p u b l i s h  a q u a r t e r l y  upda te  on t h e  
same s u b j e c t  and provide  c o p i e s  of  s e l e c t e d  r e f e r e n c e s  upon 
r eques t .  

This  b ib l iography  seeks ,  as i t s  main g o a l ,  t o  cove r  t h e  t o p i c  
of hydrogen as an energy c a r r i e r .  However, o t h e r  a s p e c t s  of 
hydrogen have n o t  been neg lec t ed .  

The t e c h n i c a l  e d i t o r  has added some t e c h n i c a l  and pe r sona l  
b i a s  t o  t h e  a b s t r a c t s  by i d e n t i f y i n g  c e r t a i n  a r t i c l e s  wi th  
an a s t e r i s k  * These a r t i c l e s  a r e  cons ide red  t o  have 
l ead ing  m e r i t  and g i v e  t h e  u s e r  g r e a t e r  f a m i l i a r i t y  w i th  
t h e  f i e l d .  

Although a cons ide rab le  e f f o r t  has been made t o  ensure  t h a t  
t h e  b ib l iog raphy  i s  s u b s t a n t i a l l y  complete,  r e a d e r s  and re -  
s e a r c h e r s  i n  t h e  f i e l d  a r e  asked t o  n o t i f y  t h e  Technical  
E d i t o r  o f  any omissions and t o  supply t h e  miss ing  a r t i c l e s  
o r  r e p o r t s .  

Kenneth E .  Cox, P ~ . D .  
Technica l  E d i t o r  
Technology App l i ca t ion  Cente r ,  and 
Assoc i a t e  P r o f e s s o r ,  Department of 
Chemical and Nuclear  Engineering 
The Un ive r s i t y  o f  N e w  Mexico 
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GUIDE TO USE O F  T H I S  PUBLICATION 

A number o f  f e a t u r e s  have been incorpora ted  t o  h e l p  t h e  
r e a d e r  u s e  t h i s  document. These c o n s i s t  o f :  

- A TABLE OF CONTENTS l i s t i n g  g e n e r a l  c a t e g o r i e s  

of  s u b j e c t  c o n t e n t  and t h e  indexes a v a i l a b l e .  
Locations o f  t h e s e  w i t h i n  t h e  document a r e  
i n d i c a t e d  by b l a c k  edge tabs. More s p e c i f i c  
coverage by s u b j e c t  terms o r  t i t l e  can be  
l o c a t e d  through t h e  a p p r o p r i a t e  index. 

- An INDEX O F  AUTHORS 

- An INDEX O F  CORPORATE SOURCES, where i d e n t i f i e d .  

- An INDEX O F  PERMUTED T I T L E S  t o  a f f o r d  a c c e s s  

through any major  word i n  t h e  t i t l e .  

- An INDEX O F  PERMUTED SUBJECT TERMS t o  p rov ide  
a c c e s s  through any terms a s s i g n e d  a s  being 
i n d i c a t i v e  o f  t h e  major s u b j e c t  con ten t  of  each 
c i t a t i o n .  

NOTE-: COORDINATE TERM SEARCHING of 
s u b j e c t  c o n t e n t  is i n h e r e n t l y  
a v a i l a b l e  through t h e  u s e r ' s  
c o n s i d e r a t i o n  of a s s o c i a t e d  
terms i n  t h i s  s u b j e c t  term 
permuta t ion .  

- An OPENENDED NUMBERING SYSTEM t o  f a c i l i t a t e  ea sy  

inco rpo ra t ion  o f  subsequent  updates  i n t o  t h e  
s t r u c t u r e  and o r g a n i z a t i o n  of t h i s  b a s i c  s e a r c h .  
I n  t h i s  manner, numbers a s s igned  t o  new c i t a t i o n s  
i n  each update  c a t e g o r y  w i l l  fo l low d i r e c t l y  t h e  
l a s t  a s s igned  numbers i n  t h e  previous  p u b l i c a t i o n .  

- A FLAGGING O F  CERTAIN DOCUMENTS wi th  an a s t e r i s k  

( * )  added t o  t h e  c i t a t i o n  number, i n d i c a t e s  t h e  
e d i t o r ' s  p e r s o n a l  opinion t h a t  t h e  document c i t e d  
has s p e c i a l  s i g n i f i c a n c e  a r  m e r i t  toward e d i f y i n g  
t h e  reader .  
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FAST LOCATOR FOR CONTENTS* 
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I. GENERAL 



H 7 3  10000* THE HYDROGEN ECONOMY 
Gregory ,  D.P., ( I n s t i t u t e  o f  G a s  ~ e c h n o l o g y ,  Chicago,  
I l l . ) ,  S c i e n t i f i c  American,  V 228:13-21 N 1  J a  73, 
Avai1:TAc 

A s  t h e  f o s s i l  f u e l s  r u n  o u t ,  t h e y  w i l l  become more 
e x p e n s i v e ,  making t h e  d i r e c t  u s e  o f  n u c l e a r  e l e c t r i c a l  
e n e r g y  r e l a t i v e l y  m o r e  economica l .  I n  t h i s  s i t u a t i o n  a  
c a s e  c a n  b e  made f o r  u t i l i z i n g  t h e  n u c l e a r - e n e r g y  s o u r c e s  
i n d i r e c t l y  t o  p roduce  a  s y n t h e t i c  s e c o n d a r y  f u e l  t h a t  
would be d e l i v e r e d  more c h e a p l y  and would b e  easier t o  
u s e  t h a n  e l e c t r i c i t y  i n  many l a r g e - s c a l e  a p p l i c a t i o n s .  

I n  many r e s p e c t s  hydrogen i s  t h e  i d e a l  f u e l .  A l -  
though,  i t  i s  n o t  a " n a t u r a l "  f u e l ,  i t  can  be r e a d i l y  
s y n t h e s i z e d  from c o a l ,  o i l  or n a t u r a l  g a s .  More im-  
p o r t a n t ,  i t   an b e  produced s i m p l y  by  s p l i t t i n g  mole- 
c u l e s  of w a t e r  w i t h  mn i n p u t  o f  e lec t r i ca l  e n e r g y  de- 
r i v e d  from a n  e n e r g y  s o u r c e  such  as a n u c l e a r  reactor. 
Pe rhaps  t h e  g r e a t e s t  a d v a n t a g e  o f  hydrogen f u e l ,  however, 
a t  l e a s t  from a n  e n v i r o n m e n t a l  s t a n d p o i n t ,  i s  t h e  f a c t  
t h a t  when hydrogen b u r n s ,  i t s  o n l y  combust ion  p r o d u c t  i s  
w a t e r .  
(HYDROGEN, FUEL, ENERGY, TRANSMISSION, STORAGE, USE) 

H73 10001 "THE ECOLOGY FUEL" THE HYDROGEN ECONOMY 
CONCEPT 
Gregory ,  D.P., ( I n s t i t u t e  of Gas Technology,  Chicago,  
I l l . ) ,  IGT Gas Scope,  V 2 N 5  May 73, C r y o g e n i c  Informa- 
t i o n  R e p o r t ,  Avai1:TAC 

"As t h e  U n i t e d  S t a t e s '  s u p p l y  of n o n p o l l u t i n g  f o s s i l  
f u e l s  b e g i n s  t o  dwind le ,  t h e  g a s  i n d u s t r y  h a s  begun a 
s e a r c h  f o r  a l t e r n a t i v e  s o u r c e s  o f  c l e a n - b u r n i n g  e n e r g y ,  
s u c h  a s  t h e  g a s i f i c a t i o n  o f  c o a l  and i m p o r t a t i o n  o f  LNG 
....... N u c l e a r  and s o l a r  e n e r g y  a r e  t h e  o n l y  e f f e c t i v e -  
l y  abundan t  e n e r g y  s o u r c e s  t h a t  can  b e  c o n s i d e r e d  t o  f i l l  
t h e  c o u n t r y ' s  long- te rm e n e r g y  gap. B u t  almost a l l  work 
t o  h a r n e s s  t h e s e  e n e r g y  forms is d i r e c t e d  toward  u s i n g  
them t o  produce  electric power...  .... An a l l -e lec t r ic  
economy is u n d e s i r a b l e  f o r  a  number o f  reasons . . . . . . .  
F o r  t h e  p a s t  10  y e a r s ,  IGT has  been  s t u d y i n g  a s y n t h e t i c  
c h e m i c a l  f u e l  t h a n  can  e a s i l y  b e  produced from n u c l e a r  
o r  s o l a r  e n e r g y  and o t h e r  r e a d i l y  a v a i l a b l e  s o u r c e s :  
Hydrogen. " 

The a r t i c l e  d i s c u s s e s  n o t  o n l y  t h e  p r o d u c t i o n  o f  
hydrogen,  b u t  t h e  s t o r a g e ,  t r a n s m i s s i o n  and s a f e t y  a s p e c t s .  



"Al though y e a r s  o f  r e s e a r c h  and  work are ahead  o f  
u s ,  we f e e l  t h a t  t h e  g r e a t  p o t e n t i a l i t y  of such  a sys tem 
j u s t i f i e s  t i m e  and  e f f o r t . "  
(HYDROGEN, ENERGY, FUEL, ECONOMY, PRODUCTION, STORAGE, 
TRANSMISSION, USE) 

/ H73 10002* A HYDROGEN-ENERGY SYSTEM ', 
Gregory ,  D. P., ( I n s t i t u t e  o f  G a s  Technology\  Chicago,  
I l l . ) ,  ~ m e r i c a n  G a s  A s s o c i a t i o n ,  Rep No L21173, Aug 7 2 ,  
A v a i l :  TAC 

Because  o f  t h e  l i m i t e d  s u p p l i e s  o f  f o s s i l  f u e l s  
a v a i l a b l e ,  o u r  e n e r g y  s u p p l y  p a t t e r n  w i l l  unde rgo  some 
r a d i c a l  c h a n g e s  i n  t h e  n e a r  f u t u r e .  One change is  t h a t  
e n e r g v  i n  a n y  form i s  g o i n g  t o  c o s t  more i n  p r o p o r t i o n  
t o  t h e  o t h e r  t h i n g s  w e  can  buy.  A n o t h e r  change is  t h a t  
t h e  s o u r c e s  o f  e n e r g y  which we u s e  w i l l  have t o  change  
and  r e l a t i v e l y  " i n e x h a u s t i b l e "  s u p p l i e s  such  as n u c l e a r  
e n e r g y  w i l l  have  t o  p l a y  a n  i n c r e a s i n g  p a r t .  These 
changes  w i l l  p r e c i p i t a t e  a  number o f  o t h e r  r a d i c a l  
c h a n g e s ,  . rhich t h e m s e l v e s  w i l l  be tempered by  o u r  i n -  
c r e a s i n g  d e s i r e  t o  a v o i d  " p o l l u t i o n "  o r  t o  minimize  
t h e  e f f e c t s  of o u r  t e c h n o l o g i c a l  p r o g r e s s  upon o u r  e n v i r o n  
ment. 

One o f  t h e  c h a n g e s  t h a t  is  p o s s i b l e  i s  t h e  deve lop-  
ment o f  a  f u e l  sys t em b a s e d  upon a  s y n t h e t i c  chemica l  
f u e l  d e r i v e d  from n u c l e a r  e n e r g y  and  f u l l y  r e c y c a b l e  
m a t e r i a l s  such  as a i r  and w a t e r .  Of t h e  v a r i o u s  f u e l s  
t h a t  c a n  be c o n s i d e r e d ,  t h e  most  l i k e l y  t o  come i n t o  u s e  
is hydrogen.  An e n e r g y  i n d u s t r y  b a s e d  upon hydrogen f o r  
e n e r g y  s t o r a g e ,  d i s t r i b u t i o n  and  u t i l i z a t i o n  h a s  b e e n  
termed "The Hydrogen Economy." T h e r e  is  growing i n t e r e s t  
i n  such  a c o n c e p t  on t h e  p a r t  o f  v a r i o u s  i n d u s t r i a l  com- 
p a n i e s ,  t h e  U.S.  Government, t h e  Atomic Energy Commis- 
s i o n .  t h e  Am . r i c a n  G a s  A s s o c i a t i o n ,  and o t h e r s .  

I n  t h e  "Hydrogen Economy," hydrogen w i l l  be  produced 
from n u c l e a r  e n e r g y  by  t o d a y ' s  known t e c h n o l o g y  u s i n g  
w a t e r  e l e c t r o l y s i s .  D i r e c t - c u r r e n t  e l e c t r i c  power from 
a n u c l e a r  power s t a t i o n  can  be u s e d  t o  e l e c t r o l y z e  w a t e r  
i n t o  hydrogen and oxygen a t  e f f i c i e n c i e s  of a b o u t  100% 
( i n  compar ison  t o  t o d a y ' s  f i g u r e s  o f  be tween 60 and 70%). 
New methods w i l l  a l s o  b e  d e v e l o p e d  f o r  w a t e r - s p l i t t i n g  
u s i n g  t h e  n u c l e a r  r e a c t o r  h e a t  d i r e c t l y .  

Hydrogen w i l l  be  used  f o r  a l l  t h e  p r e s e n t  a p p l i c a -  
t i o n s  o f  n a t u r a l  g a s  and more. B u r n e r s  can  b e  d e s i g n e d  



t o  h a n d l e  hydrogen i n  h e a t i n g ,  c o o k i n g  and i n d u s t r i a l  
o p e r a t i o n s .  Gas t u r b i n e s  and p i s t o n  e n g i n e s  w i l l  oper -  
a t e  b e t t e r  on hydrogen .  F u e l  c e l l s  t h a t  u s e  hydrogen 
a s  a f u e l  a r e  s i m p l e r  and c h e a p e r  t h a n  t h o s e  t h a t  u s e  
hydroca rbon  f u e l s .  A s  we have  a l r e a d y  ment ioned ,  hydro- 
g e n  is  a n  e x t r e m e l y  c l e a n  f u e l ,  t h e  c o n t r o l l e d  b u r n i n g  
of which p r o d u c e s  o n l y  w a t e r .  The b e n e f i t  of  s u c h  a  
c l e a n  f u e l  on t h e  e n v i r o n m e n t  w i l l  be c o n s i d e r a b l e .  

Hydrogen w i l l  be t r a n s m i t t e d  from t h e  remote ,  pos- 
s i b l y  o f f s h o r e ,  power s t a t i o n s  i n  underground h igh-pres-  
s u r e  p i p e l i n e s  s i m i l a r  t o  t h o s e  u s e d  f o r  n a t u r a l  g a s  
today .  I n  many i n s t a n c e s ,  t h e  same l i n e s  c a n  b e  u s e d ,  
w i t h  m o d i f i c a t i o n s  t o  t h e  compresso r  s t a t i o n s .  The re  
a p p e a r  t o  b e  no  i n s u r m o u n t a b l e  p rob lems  i n  d o i n g  t h i s .  
Hydrogen w i l l  be d i s t r i b u t e d  i n  ne tworks  s i m i l a r  t o  
t h o s e  used  f o r  t o d a y ' s  n a t u r a l  g a s .  Some e x t r a  s a f e t y  
c o n s i d e r a t i o n s  are n e c e s s a r y ,  b u t  a p p e a r  t o  b e  a c c e p t a b l e .  
(HYDROGEN, ECONOMY, ENERGY, FUEL, STORAGE, TRANSMISSION, 
USE, SYSTEMS, STUDY, COST) 

H 7 3  10003 GAS INDUSTRY'S ROLE I N  THE NUCLEAR AGE 
Gregory ,  D.P. ,  ( I n s t i t u t e  o f  G a s  Technology,  Chicago,  
I l l . ) ,  ASHRAE J o u r n a l ,  V 13:38-40 S e p t  71, Avai1:TAC 

Moving t o  a  n u c l e a r  a g e ,  t h e  p rob lems  o f  e l e c t r i c i t y  
t r a n s m i s s i o n ,  d i s t r i b u t i o n  and s t o r a g e  become i n c r e a s e d .  
Hydrogen i s  t h e  s i m p l e s t  c o n c e i v a b l e  s y n t h e t i c  f u e l  t h a t  
e x i s t s  a s  a n  a l t e r n a t i v e  t o  e l e c t r i c i t y .  A  hydrogen  
e n e r g y  sys t em h a s  b e n e f i t s  i n  t r a n s m i s s i o n  and d i s t r i -  
b u t i o n  costs o v e r  e l e c t r i c i t y ,  a d d i t i o n a l l y  hydrogen  
i s  a n  i d e a l  f u e l  i n  many r e s p e c t s  f o r  combust ion  or f o r  
r e c o n v e r s i o n  t o  e l e c t r i c i t y  v i a  t h e  f u e l  c e l l .  
(HYDROGEN, ENERGY, ECONOMY, FUEL, STORAGE, TRANSMISSION, 

USE, ELECTROLYSIS) 

H 7 3  10004 A  NEW CONCEPT I N  ENERGY TRANSMISSION 
Gregory ,  D.P., ( I n s t i t u t e  o f  G a s  Technology,  Chicago ,  
1 )  P u b l i c  U t i l i t i e s  F o r t n i g h t l y ,  V 89:21-29 F e  3  ' 7 2 ,  
A v a i l  : TAC 

A s  we move from a  f o s s i l  f u e l  economy toward a n u c l e a r  
power a g e  t o  meet  t h e  b u r g e o n i n g  e n e r g y  demands o f  t h i s  
c o u n t r y ,  t h e  p rob lems  o f  e l e c t r i c i t y  t r a n s m i s s i o n ,  d i s -  
t r i b u t i o n  and s t o r a g e  become a c c e n t u a t e d .  An a l t e r n a t i v e  
e x i s t s  t o  t h e  growing  number of o v e r h e a d  power l i n e s  ap- 



p e a r i n g  around o u r  c i t i e s .  Hydrogen is  a s y n t h e t i c  f u e l  
t h a t  c o u l d  b e  made from w a t e r  and e l e c t r i c i t y  a t  t h e  
power s t a t i o n s  and used  a s  a  means o f  underground e n e r g y  
t r a n s m i s s i o n .  I t  i s  a n  i d e a l  f u e l  i n  many r e s p e c t s  f o r  
combust ion  t o  o b t a i n  h e a t  or f o r  r e c o n v e r s i o n  t o  e l e c -  
t r i c i t y  n e a r  t h e  u s e r .  E c o n o m i c a l l y ,  t r a n s m i s s i o n  o f  a 
g a s  i s  f a r  c h e a p e r  t h a n  t r a n s m i s s i o n  o f  e lec t r ic  power, 
e s p e c i a l l y  underground.  T h i s  c o n c e p t  i s  n o t  w i t h o u t  i t s  
p rob lems ;  n e v e r t h e l e s s ,  i t  s u r e l y  d e s e r v e s  d e t a i l e d  con- 
s i d e r a t i o n  i n  t h e  f u t u r e .  
(HYDROGEN, ENERGY, FUEL, ECONOMY, STORAGE, PRODUCTION, 
TRANSMISSION, USE, ELECTROLYSIS) 

H73 10005* "THE HYDROGEN ECONOMY" 
Gregory ,  D.P., D.Y.C. Ng, and  G.M. Long, E l e c t r o c h e m i s t r y  
o f  C l e a n e r  Envi ronments ,  J . O I M .  B o c k r i s ,  Ed., Plenum P r e s s ,  
New York, 72 ,  Chap. 8,  Avai1:TAC 

T h i s  c h a p t e r  s e t s  o u t  t o  s t u d y  t h e  impact  on i n d u s t r y  
and  s o c i e t y  o f  a  t r a n s i t i o n  from f o s s i l  f u e l s  t o  hydrogen 
a s  o u r  b a s i c  s o u r c e  o f  s t o r e d  e n e r g y .  Some s p e c u l a t i v e  
a s s u m p t i o n s  have had t o  be made, among them t h e  b a s i c  
one  t h a t  hydrogen w i l l  i ndeed  be a c c e p t e d  as a f u e l  and 
w i l l  take t h e  p l a c e  of methane  i n  t h e  n a t u r a l - g a s  indus-  
t r y .  Having made t h e s e  a s s u m p t i o n s ,  we w i l l  a t t e m p t  t o  
d i s c u s s  r e a l  e f f e c t s  and n o t  t o  s p e c u l a t e  f u r t h e r .  W e  
w i l l  c o n s i d e r  f u t u r e  hydrogen p r o d u c t i o n  t e c h n i q u e s ,  prob-  
l e m s ,  and i t s  c h a r a c t e r i s t i c s  i n  p i p e l i n e  t r a n s m i s s i o n ;  
means f o r  s t o r i n g  hydrogen t o  p r o v i d e  s h o r t - t e r m  e n e r g y  
r e s e r v e s ;  t h e  u s e  o f  hydrogen as a c o n v e n t i o n a l  f u e l  f o r  
cook ing ,  h e a t i n g ,  v e h i c l e  p r o p u l s i o n ,  and t h e  g e n e r a t i o n  
o f  e l e c t r i c i t y  l o c a l l y ;  t h e  s t o r a g e  o f  e l e c t r i c a l  e n e r g y  
u s i n g  hydrogen f u e l  c e l l s ;  and  t h e  expanded u s e  o f  hydro- 
gen  as a  c h e m i c a l  raw m a t e r i a l .  I n  l i n e  w i t h  t h e  theme 
o f  t h i s  book, e l e c t r o c h e m i c a l  a s p e c t s  w i l l  be emphasized 
and t h e  impact  o f  o u r  a s s u m p t i o n s  on t h e  p o l l u t i o n  of  t h e  
env i ronment  w i l l  be d i s c u s s e d .  
(HYDROGEN, ENERGY, FUEL, USE, SAFETY, ELECTROLYSIS, 

ENVIRONMENT) 

J H73 10006 PRODUCTION AND DISTRIBUTION OF HYDROGEN AS 
A UNIVERSAL FUEL 
Gregory ,  D.P. and J. Wurm, 7 t h  I n t e r s o c i e t y  Energy Con- 
v e r s i o n  E n g i n e e r i n g  c o n f e r e n c e ,  San  Diego,  C a l i f . ,  Aug 
72,  Avai1:TAC 

A s  w e  d e p l e t e  o u r  f o s s i l  f u e l s ,  t h e i r  c o s t  w i l l  in-  



c r e a s e  u n t i l  a l t e r n a t i v e  e n e r g y  s o u r c e s  become competi-  
t i v e .  The c o s t  o f  p r o v i d i n g  a n  e n e r g y  s u p p l y  i s  s t r o n g -  
l y  i n f l u e n c e d  b y  t h e  c o s t  o f  d e l i v e r i n g  o r  t r a n s m i t t i n g  
t h e  e n e r g y  from i t s  s o u r c e  t o  i t s  p o i n t  o f  u s e .  Modern 
t e c h n o l o g y  l e a n s  toward e l e c t r i c a l  e n e r g y  as a means o f  
s u p p l y i n g  o u r  i n c r e a s i n g  e n e r g y  n e e d s  and toward n u c l e a r -  
e l e c t r i c  power as a n  u l t i m a t e  s u b s t i t u t e  f o r  f o s s i l  f u e l .  
E l e c t r i c  power, however,  is a  most  e x p e n s i v e  e n e r g y  form 
t o  t r a n s m i t  and d e l i v e r  and  c a n n o t  r e a d i l y  b e  s t o r e d .  A 
s y n t h e t i c  c h e m i c a l  f u e l  c o u l d  b e  s t o r a b l e  and c h e a p e r  t o  
t r a n s m i t .  When we  c o n s i d e r  t h e  v a r i o u s  s y n t h e t i c  chem- 
i c a l  f u e l s  t h a t  c o u l d  b e  made from n u c l e a r  power, hydro- 
gen a p p e a r s  as t h e  c l e a n e s t  and s i m p l e s t  c a n d i d a t e  f o r  
a n  e n e r g y - d i s t r i b u t i o n  medium. Its combust ion p r o d u c t s  
a r e  c o m p a t i b l e  w i t h  t h e  a tmosphere .  Hydrogen c o u l d ,  i n  
p r i n c i p l e ,  b e  d i s t r i b u t e d  as u n i v e r s a l l y  a s  n a t u r a l  g a s  
i s  t o d a y ,  u s i n g  most  o f  t h e  same techno logy ,  But  i ts  
u s e  would p r e s e n t  some new t e c h n o l o g i c a l  problems.  I t  
cou ld  d o  a l l  of t h e  j o b s  done b y  n a t u r a l  g a s ,  and more. 
I t s  u n i v e r s a l  a v a i l a b i l i t y  would g i v e  r ise t o  new t e c h -  
n o l o g i c a l  o p p o r t u n i t i e s .  T r a n s i t i o n  t o  a  "hydrogen econ- .=- 

omy" would have t o  b e  a w e l l - p l a n n e d ,  na t ionwide  o p e r a t i o n .  
S i n c e  hydrogen can  e a s i l y  b e  made t o d a y  from conven t ion -  
a l  f o s s i l  f u e l s ,  i t  c o u l d  b r i d g e  t h e  gap  between t h e  
f o s s i l  a g e  and t h e  n u c l e a r  age  by  a  we l l - though t -ou t  
c o n v e r s i o n  program. 
(HYDROGEN, PRODUCTION, FUEL, ENERGY, TRANSMISSION, USE, 
SAFETY. ENVIRONMENT) 

H73 10007 WHEN HYDROGEN BECOMES THE WORLD'S CHIEF FUEL 
Anon, B u s i n e s s  World,  p  89+ S e p t .  23 ' 7 2  

The sea is  f u l l  o f  i t .  I t  d o e s n ' t  p o l l u t e .  And i t  
r e t u r n s  t o  t h e  s e a  a f t e r  i t ' s  burned .  
(HYDROGEN, FUEL) 

H 7 3  10008 HYDROGEN: LIKELY FUEL OF THE FUTURE 
Anon, Chemical  and  E n g i n e e r i n g  News, V 50:14-17, Je 26 
' 7 2 ,  Ava i1 :~AC 

By now a l m o s t  e v e r y o n e  must  know t h a t  t h e r e  are 
s e r i o u s  problems r e l a t i n g  t o  e n e r g y  f u e l s .  Many ways 
o u t  o f  t h e  " e n e r g y  c r i s i s "  have b e e n  proposed .  One r o u t e ,  
however, has  u n t i l  r e c e n t l y  r e c e i v e d  r e l a t i v e l y  l i t t l e  
a t t e n t i o n .  T h a t  r o u t e  is a  f u e l  economy b a s e d  on hydro-  
gen ,  a  c o n c e p t  t h a t  shows p romise  o f  becoming a  m a j o r  
s u b j e c t  i n  e n e r g y  d i s c u s s i o n s  o f  t h e  f u t u r e .  



I n  t h i s  a r t i c le ,  t h e  f i r s t  o f  a t h r e e - p a r t  series,  
c & EN c o n s i d e r s  a rguments  and a c t i o n s  r e l a t i n g  t o  hydro- 
g e n ' s  u s e  a s  a n  e n e r g y  carrier i n  a hydrogen f u e l  economy 
o f  t h e  f u t u r e .  For  hydrogen ever t o  a c h i e v e  l a r g e - s c a l e  
u s e ,  t h e r e  must  be l a r g e - s c a l e  p r o d u c t i o n .  P a r t  two o f  
t h e  series, t o  b e  p u b l i s h e d  J u l y  3,  w i l l  s u r v e y  p r e s e n t  
and  f u t u r e  hydrogen p r o d u c t i o n  t e c h n o l o g y .  L a r g e - s c a l e  
p r o d u c t i o n  of hydrogen i m p l i e s  t h e  r e a d y  a v a i l a b i l i t y  
o f  c h e a p  hydrogen i n  l a r g e  q u a n t i t y .  P a r t  t h r e e ,  t o  be 
p u b l i s h e d  J u l y  10 ,  c o n s i d e r s  t h e  i m p l i c a t i o n s  of such  
hydrogen a v a i l a b i l i t y  on t h e  i n d u s t r i a l  s e c t o r  i n  g e n e r a l .  
(HYDROGEN, ENERGY, FUEL, ECONOMY, CARRIER, USE) 

H73 10009 "HYDROGEN: CANDIDATE FOR UNIVERSAL FUEL" 
Anon, Chemical  and E n g i n e e r i n g  N e w s ,  v  50:34-5, Ap 1 7  '72 ,  
Avai1:TAc 

I n  t h e  push f o r  a l t e r n a t i v e s  t o  f o s s i l  f u e l s  t o  re- 
d u c e  t h e  t h r e a t  o f  an  e n e r g y  c r i s i s ,  most  a t t e n t i o n  has  
b e e n  f o c u s e d  on n u c l e a r  power g e n e r a t i o n  and s y n t h e t i c  
g a s  and  o i l .  However, i n  t h e  u r g e n c y  t o  p r o v i d e  a l t e r -  
n a t i v e s ,  t h o s e  i n v o l v e d  may b e  o v e r l o o k i n g  t h e  v i r t u e s  
of hydrogen as a u n i v e r s a l  f u e l .  
(HYDROGEN, FUEL, ENERGY, ECONOMY, USE) 

H73 10010 "THE H2INDENBURG SOCIETY" 
Anon, Chemical  and E n g i n e e r i n g  News, V50:3, May 29 '72 ,  
A v a i l  :TAC 

T h i s  s o c i e t y  was founded i n  B o s t o n  i n  Apri l . ,  1972 
and i s  " d e d i c a t e d  t o  t h e  s a f e  u t i l i z a t i o n  o f  hydrogen as 
a f u e l . "  ( F o r  i n f o r m a t i o n ,  c o n t a c t  t h e  S e c r e t a r y  W . J . D .  
E s c h e r ,  E s c h e r  Technology ~ s s o c i a t e s ,  S t .  J o h n s ,  Mich. ) 
(HYDROGEN. SAFETY) 

H73 100 11 HYDROGEN-ENERGY SYSTEM 
Gregory ,  D.P., ( I n s t i t u t e  o f  G a s  Technology,  Chicago,  
I l l . ) ,  American Chemical  S o c i e t y ,  ~ i v i s i o n  F u e l  Chemis t ry ,  
P r e p a r a t i o n ,  V 16:88-94 N4, Ap 10-14 ' 72 ,  Avai1:TAC 

T h i s  i s  a r e v i e w  o f  economic,  t e c h n o l o g i c a l  and 
e c o l o g i c a l  a s p e c t s  of  p r o d u c t i o n ,  t r a n s p o r t a t i o n  and 
u t i l i z a t i o n  of hydrogen a s  one  o f  t h e  most i m p o r t a n t  
s o u r c e s  o f  e n e r g y  i n  t h e  f u t u r e .  The f o l l o w i n g  h igh-  
l i g h t s  a r e  d e t a i l e d  - e n e r g y  s u p p l y ;  n u c l e a r  e l ec t r i c  
power; n u c l e a r  chemica l  power, hydrogen f u e l  ; and hydro- 



g e n  p roduc t ion ,  t r a n s m i s s i o n  a n d  p r o d u c t  ion cos t .  T h e  
b e n e f i t s  of t h e  s y s t e m  described are indica ted .  7  refs. 
(HYDROGEN, ENERGY, ECONOMY, NUCLEAR, PRODUCTION, TRANS- 

M I S S I O N ,  STORAGE, USE,  COST)  

H 7 3  1 0 0 1 2 *  STUDY, COST,  AND SYSTEM ANALYSIS OF L I Q U I D  
HYDROGEN PRODUCTION F I N A L  REPORT 
H a l l e t t ,  N.C., ( A i r  P roducts  a n d  C h e m i c a l s ,  Inc . ,  A l l e n -  
t o w n ,  P a . ) ,  N 6 8 - 2 8 2 2 7  ( C o n t r a c t  N A S 2 - 3 8 9 4 )  (NASA-CR-73226) 
C F S T I :  HC $ 3 . 0 0 / ~ F  $0.65 CSCL 0 7 A ,  3 2 3 .  p, J e  6 8 ,  refs ,  
A v a i l  : TAC 

T h i s  repor t  c o n t a i n s  i n f o r m a t i o n  related t o  c o n t e m -  
plated l a r g e - s c a l e  l i q u i d  h y d r o g e n  systems. D e s c r i p t i o n s  
of feasible processes and e q u i p m e n t  are presented. In-  
f o r m a t i o n  concern ing  a v a i l a b i l i t y  and cost of r equ i r ed  
r a w  m a t e r i a l s  and energy are  projected.  C o m p o s i t e  system 
a n a l y s e s  based on p r e l i m i n a r y  NASA h y p e r s o n i c  t ransport  
(HST)  l i q u i d  hydrogen r e q u i r e m e n t s  i n d i c a t e  estimated 
a v e r a g e  p r o d u c t  cost of 7 . 7  t o  8.8 cents  per p o u n d .  
(HYDROGEN, STUDY, PRODUCTION, LIQUID, COST, SYSTEM ANALYSIS 

H 7 3  10013* HYDROGEN: TOMORROW'S FUEL? 
C h o p e y ,  N.P. ,  M a n a g i n g  E d i t o r ,  C h e m i c a l  E n g i n e e r i n g ,  P 2 3 - 2 6  
D e c  2 5  ' 7 2 ,  A v a i 1 : T A C  

It i s n ' t  g o i n g  t o  h a p p e n  soon, b u t  h y d r o g e n  derived 
f r o m  w a t e r  c o u l d  e v e n t u a l l y  s u p p l a n t  a l l  f o s s i l  f u e l s ,  
as w e l l  as a l l  e lec t r i ca l  d i s t r i b u t i o n  n e t w o r k s .  
(HYDROGEN, WATER, FUEL) 

H 7 3  10014 "SECOND THOUGHTS ON THE HYDROGEN ECONOMY" 
Anon, Science N e w s ,  V 104:9 Sept  1 ' 7 3 ,  A v a i 1 : T A C  

A  m a j o r  p r o b l e m  f a c i n g  proponents of t h e  v a r i o u s  
so-called "exotic" e n e r g y  sources i s  w h e t h e r  or not  s u c h  
sources can be m a d e  s o c i a l l y  and e c o n o m i c a l l y  feasible - 
i s s u e s  t h e o r e t i c a l l y  i n c l i n e d  s c i e n t i s t s  s o m e t i m e s  have 
t r o u b l e  j u d g i n g .  T h e  idea of u s i n g  h y d r o g e n  as  t h e  basic 
f u e l  of t h e  f u t u r e ,  fo r  e x a m p l e ,  h a s  r e c e n t l y  g a i n e d  
populari ty and a conference l a s t  w e e k  a t  C o r n e l l  U n i v e r -  
s i t y  offered a rare oppor tuni ty  f o r  m u l t i d i s c i p l i n a r y  
debate on t h e  subject.  
(HYDROGEN, ECONOMY, ENERGY) 

H 7 3  1 0 0 1 5  "HYDROGEN-HEATED TOWNS PLACED ON ENERGY C R I S I S  
SOLUTION L I S T .  " 
A n o n ,  A l b u q u e r q u e  J o u r n a l ,  sept  11 ' 7 3 ,  A v a i 1 : ~ A c  



New American towns which would o p e r a t e  s o l e l y  on 
hydrogen power could b e  one s o l u t i o n  t o  t h e  energy cr is is ,  
a U n i v e r s i t y  of New Mexico p r o f e s s o r ,  D r .  Kenneth Cox, 
b e l i e v e s .  
(HYDROGEN, ENERGY) 

H73 10016 ANOTHER HYDROGEN CAR OUT WEST 
Anon, I n d u s t r i a l  Resources,  V 14:25 Oct 72, Avai1:TAC 

LOS Angeles -- I n  r e c e n t  months, a  number of e x p e r t s  
have suggested t h e  f u t u r e  energy  needs  of t h e  U.S. may 
be m e t  by a "hydrogen economy." 

The r e f e r e n c e s  w e r e  mainly  t o  t h e  u s e  of hydrogen 
f u e l  i n  t h e  u t i l i t y  f i e l d .  However, a  group of engineer-  
i ng  s t u d e n t s  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  Los 
Angeles have b u i l t  a modif ied automobi le  t h a t  a g a i n  
r a i s e s  t h e  p o s s i b i l i t y  of u s i n g  hydrogen t o  power tomor- 
row ' s  c a r s .  

The revamped automobile b u i l t  a t  UCLA w a s  pena l ized  
b y  t h e  weight of t h e  s t o r a g e  c o n t a i n e r  f o r  t h e  gaseous 
hydrogen. Although t h e  c a r  was a p r izewinner  i n  t h e  re-  
c e n t  nationwide Urban Veh ic l e  Design Competition, t h e  
c o n t a i n e r  des ign  r e s t r i c t e d  t h e  c a r ' s  range b e f o r e  re- 
f u e l i n g  t o  on ly  t o  9G km (60 m i l e s ) .  
(HYDROGEN, ENERGY, ECONOMY, TRANS PORTATION) 

H73 10017 HYDROGEN AND POWER: A LETTER 
Cook, C.S., Sc ience ,  V 180:370 N4084 Ap 27 ' 7 3 ,  Avai1:TAC 

I n  t h i s  l e t t e r ,  C. Sharp  Cook d i s c u s s e s  t h e  "hydro- 
gen-energy" concept on a commercial b a s i s .  
(HYDROGEN, ENERGY) 

H73 10018 HYDROGEN PRODUCTION FOR BETTER NUCLEAR 
UTILIZATION 
Thornton. R.M., (Georgia I n s t i t u t e  of Technology, 
A t l a n t a ) ,  Transac t ions  of t h e  American Nuclear S o c i e t y ,  
v 15:27-28 N 2  72, From confe rence  on n u c l e a r  power f o r  
tomorrow; A t l a n t i c  Ci ty .  N.J. Aug 22 '72 ,  See CONF-720817, 
Avai1:TAC 

One of t h e  foremost r e s t r i c t i o n s  placed on t h e  r ap id  
growth of nuc l ea r  power has been t h e  economic n e c e s s i t y  
of u s ing  it a s  a base-load network. I f  t h e  base  load 
could b e  r a i s e d  enough t o  " f l a t t e n "  a u t i l i t y ' s  power de- 
mand curve,  then nuc l ea r  systems cou ld  beccnne t h e  s o l e  
power-generation source  f o r  s o c i e t y .  To promote t h i s ,  



a s t u d y  i n t o  t h e  f e a s i b i l i t y  o f  u s i n g  o f f - p e a k  electric- 
a l  power from n u c l e a r  p l a n t s  t o  produce  hydrogen b y  elec- 
t r o l y s i s  w a s  made. 
(HYDROGEN, NUCLEAR, OFF-PEAK, ELECTROLYSIS) 

H73 10019 SOLAR SEA POWER 
Zener ,  G . ,  P h y s i c s  Today, V 26:48-53 J a  73, Avai1:TAC 

Heat  e n g i n e s  o p e r a t i n g  i n  t h e  t r o p i c a l  o c e a n s ,  cap-  
i t a l i z i n g  on  t h e  t e m p e r a t u r e  d i f f e r e n t i a l  be tween u p p e r  
and lower  l e v e l s ,  c o u l d  p r o v i d e  a s o u r c e  o f  economica l ,  
p o l l u t i o n - f r e e  e l e c t r i c i t y .  
(HYDROGEN, ECONOMY, ENERGY, ELECTROLYSIS, FUEL, VEHICLE, 
OXYGEN ) 

H73 10020 CRYOGENIC H2 AND NATIONAL ENERGY NEEDS / 
Hord, J., Cryogen ic  E n g ~ n e e r i n g  Confe rence ,  A t l a n t a ,  Ga., 
Aug 8 ' 7 3 ,  Avai1:TAC 

Our impending f o s s i l  f u e l  s h o r t a g e  is  a  clear c h a l -  
l e n g e  t o  t h e  c r y o g e n i c s  i n d u s t r y  and government t o  pro-  
v i d e  e f f i c i e n t  and economica l  means o f  s a t i s f y i n g  s p e c i f -  
i c  n a t i o n a l  f u e l  r e q u i r e m e n t s .  L a r g e  s c a l e  p r o d u c t i o n  
o f  l i q u i d  hydrogen was s t i m u l a t e d  by t h e  U.S. s p a c e  ex- 
p l o r a t i o n  program. Now, c i v i l i a n  demands f o r  s y n t h e t i c  
f u e l s  beckon c r y o g e n i c  hydrogen.  

N a t i o n a l  and  w o r l d  e n e r g y  s h o r t a g e s  are b r i e f l y  
summarized t o  d e m o n s t r a t e  t h e  r e l e v a n c e  o f  s y n t h e t i c  f u e l s  
i n  s a t i s f y i n g  f u t u r e  e n e r g y  m a r k e t s .  A p e r s p e c t i v e  o f  
n a t i o n a l  e n e r g y  n e e d s ,  a s  t h e y  r e l a t e  t o  c r y o g e n i c  hydro- 
gen  f u e l ,  i s  g i v e n .  Hydrogen and a l t e r n a t e  s y n t h e t i c  
f u e l s  are b r i e f l y  r ev iewed  and p o t e n t i a l  a p p l i c a t i o n s  f o r  
c r y o g e n i c  hydrogen a r e  d e s c r i b e d .  T e c h n i c a l  r e s e a r c h  
and development  e f f o r t s ,  r e q u i r e d  t o  s a t i s f y  s p e c i f i c  
c u r r e n t  and f u t u r e  n a t i o n a l  n e e d s ,  are i d e n t i f i e d .  The 
mechanism f o r  i m p l e m e n t a t i o n  of  s y n t h e t i c  f u e l s  and t h e  
i n d i s t i n c t  t i m e t a b l e  f o r  t r a n s i t i o n  t o  t h e s e  f u e l s  a r e  
d i s c u s s e d .  
(HYDROGEN, ENERGY, USE, CRYOGENIC, FUEL, SYNTHETIC) 

H73 10021 I S  HYDROGEN THE FUEL OF THE FUTURE? 
T r o t t e r ,  R . J . ,  S c i e n c e  News, V 102:46-47 J1 1 5  ' 7 2 ,  
Avai1:TAC 

S h r i n k i n g  f o s s i l - f u e l  r e s o u r c e s  and r i s i n g  e n v i r o n -  
m e n t a l  c o n c e r n s  have  made i m p e r a t i v e ,  a s  a l l  t h e  wor ld  



mus t  now be aware, t h e  development  o f  new power s o u r c e s .  
~ l t e r n a t i v e s  s u c h  a s  n u c l e a r ,  h y d r o e l e c t r i c ,  solar, geo- 
t h e r m a l ,  t i d a l  and me teoro log ' i ca l  power w i l l  a l l  be used  
to  p roduce  n o n f o s s i l  chemica l  f u e l s .  

One s u c h  f u e l ,  hydrogen,  is b e i n g  examined w i t h  in -  
c r e a s i n g  i n t e r e s t  a s  a p o s s i b l e  major f u e l  o f  t h e  f u t u r e .  
(HYDROGEN, FUEL, FUTURE) 

H73 10022 HYDROGEN AND POWER: A LETTER 
B o c k r i s ,  J. O ' M . ,  S c i e n c e ,  180:370 N4084 Ap 27 ' 7 3  

I n  t h i s  l e t te r ,  t h e  w r i t e r  d i s c u s s e s  t h e  commercial  
f e a s i b i l i t y  o f  hydrogen economy compared w i t h  conven t ion -  
a l  e n e r g y  s o u r c e s .  
(HYDROGEN, POWER, ECONOMY) 

H73 10023 HYDROGEN FIGURES I N  MANY ENERGY PROPOSALS 
Anon, Chemica l  and  E n g i n e e r i n g  N e w s ,  V 50:33-34 O c t  2  ' 72 ,  
A v a i l  :TAC 

I t  is no  l o n g e r  n e c e s s a r y  t o  j u s t i f y  u s e  o f  hydrogen 
as a n  e n e r g y  s t o r a g e  medium. Most o f  t h e  t e c h n i c a l  and 
s c i e n t i f i c  communi t ies  t h a t  are w r e s t l i n g  w i t h  c o n c e p t s  
f o r  r e s t r u c t u r i n g  t h e  n a t i o n a l  e n e r g y  sys t em a c c e p t  hydro- 
gen ,  a l t h o u g h  t h e y  a l s o  have become a c u t e l y  aware o f  t h e  
packag ing  and t r a n s p o r t a t i o n  problems t h a t  remain  t o  be 
s o l v e d .  Hydrogen now f i g u r e s  i n  many a l t e r n a t i v e  e n e r g y  
s y s t e m s  p roposed .  
(HYDROGEN, ENERGY, STORAGE, MEDIUM, SYSTEM, TRANSPORTATION) 

H73 10024 HYDROGEN FUEL ECONOMY: WIDE-RANGING CHANGES 
Anon, Chemica l  and  E n g i n e e r i n g  News, V 50:27-28+ J1 10 
' 7 2 ,  Avai1:TAC 

I t ' s  d i f f i c u l t  t o  p r e d i c t  t h e  s h a p e  o f  p r i v a t e  o r  
i n d u s t r i a l  l i f e  i n  a  hydrogen f u e l  economy, b u t  p a r t s  o f  
t h e  o u t l i n e  c a n  be p e n c i l e d  i n .  T r a n s p o r t a t i o n  t e c h n o l -  
ogy would b e  a f f e c t e d .  Changes would t a k e  p l a c e  i n  do- 
mestic and commercial u s e s  of f u e l .  P r o b a b l y  one o f  t h e  
m a j o r  i m p a c t s  i n  t h e  i n d u s t r i a l  a r e a  would s t e m  from 
a v a i l a b i l i t y  o f  l a r g e  q u a n t i t i e s  o f  low-pr i ced  hydrogen.  
T r a n s p o r t  and s t o r a g e  o f  hydrogen are yet a n o t h e r  p a r t  
o f  t h e  p i c t u r e .  

The f e a s i b i l i t y  of  u s i n g  hydrogen as a  f u e l  i n  i n -  
t e r n a l  combus t ion  e n g i n e s  has  been  d e m o n s t r a t e d  (C&EN. 
June 26, page  1 6 ) .  and f u e l  c e l l s  b a s e d  on hydrogen a r e  
a n o t h e r  p o s s i b i l i t y  f o r  powering v e h i c l e s .  B u t  h y d r o g e n ' s  



r e a c h  c o u l d  e x t e n d  beyond j u s t  s u r f a c e  t r a n s p o r t a t i o n .  
(HYDROGEN, FUEL, ECONOMY, USE, TRANSPORTATION, STORAGE, 
INTERNAL COMBUSTION, FUEL CELL) 

H73 10025 HYDROGEN FUEL USE CALLS FOR NEW SOURCE 
Anon, Chemical  and E n g i n e e r i n g  N e w s ,  V 50:16-18 J l  3 ' 7 2 ,  
Avai1:TAc 

The r e p l a c e m e n t  o f  hydroca rbon  f u e l s  by hydrogen i n  
t h e  l o n g  term would r e q u i r e  a  new s o u r c e  o f  hydrogen and 
a  new t e c h n o l o g y  t o  p roduce ,  t r a n s m i t ,  and d i s t r i b u t e  
i t .  The o n l y  " e n d l e s s "  s o u r c e  o f  hydrogen is  t h e  sea. 
However, u n t i l  p r e s e n t  s u p p l i e s  o f  g a s ,  o i l ,  and c o a l  
become e c o n o m i c a l l y  u n a t t r a c t i v e ,  t h e y  w i l l  r emain  t h e  
best s o u r c e  o f  hydrogen,  f u e l s ,  and c h e m i c a l s .  

I n  t h e  n o t - t o o - d i s t a n t  f u t u r e ,  c o a l  c o n v e r s i o n  prob-  
a b l y  w i l l  t a k e  up  most  o f  t h e  s l a c k  l e f t  by  d e p l e t i o n  o f  
n a t u r a l  g a s  d e p o s i t s ,  Dur ing  t h e  same t i m e ,  i t ' s  p o s s i -  
b l e  t h a t  e l e c t r o l y t i c  hydrogen w i l l  i n f l u e n c e  t h e  g a s i -  
f  i c a t i o n  %era. 
(HYDROGEN, FUEL, ECONOMY, COAL, CONVERSION, ELECTROLYSIS) 

H73 10026* A HYDROGEN ECONOMY 
B o c k r i s ,  J. O ' M . ,  S c i e n c e ,  V 176:1323 N4041 Je 23 ' 7 2 ,  
A v a i l  :TAC 

The medium of  e n e r g y  t r a n s p o r t  from a n  a t o m i c  r e a c t o r  
t o  s i tes  a t  which e n e r g y  is r e q u i r e d  shou ld  n o t  be e l e c -  
t r i c i t y ,  b u t  hydrogen.  The t e r m  "hydrogen economy" 
a p p l i e s  t o  t h e  e n e r g e t i c ,  e c o l o g i c a l  and economic a s p e c t s  
o f  t h i s  c o n c e p t .  

The c o n c e p t  e n v i s a g e s  a t o m i c  r e a c t o r s  h e l d  on p l a t -  
forms f l o a t i n g  on w a t e r .  They a r e  i n  w a t e r  s u f f i c i e n t l y  
d e e p  t o  make h e a t  d i s s i p a t i o n  e a s y .  The e l e c t r i c i t y  t h e y  
make would be c o n v e r t e d  on s i t e  t o  hydrogen and oxygen 
b y  e l e c t r o l y s i s .  The hydrogen would b e  p i p e d  t o  d i s t r i -  
b u t i o n  s t a t i o n s  and t h e r e a f t e r  s e n t  t o  f a c t o r y  and home. 
Reconver s ion  t o  e l e c t r i c i t y  would t a k e  p l a c e  i n  o n - s i t e  
f u e l  c e l l s ,  t h e  o n l y  s i d e  p r o d u c t  b e i n g  p u r e  w a t e r .  

The main d i f f i c u l t i e s  which we would f a c e  i n  g e t t i n g  
s t a r t e d  toward a hydrogen economy are (i) c o n s e r v a t i s m ;  
( i i )  t h e  a b s e n c e  of e d u c a t i o n  or t r a i n i n g  i n  electro- 
chemica l  e n g i n e e r i n g ;  and (iii) t h e  p u b l i c ' s  f e a r  o f  
hydrogen. 



(HYDROGEN, NUCLEAR, ENERGY, FUEL, FUEL CELLS,  OXYGEN, 
ELECTROLYSIS ) 

H 7 3  1 0 0 2 7  HYDROGEN - FUEL OF THE FUTURE? 
A r m a g n a c ,  A .P . ,  P o p u l a r  Science, V 1 2 8 : 6 4 - 6 7  J a  7 3 ,  
A v a i 1 : T A C  

T e a m e d  w i t h  a t o m i c  p o w e r ,  e l e m e n t  No.  1 m i g h t  be 
t h e  p r i m e  a n s w e r  t o  a i r  p o l l u t i o n  and o u r  " e n e r g y  
cr is is .  " 
(HYDROGEN, FUEL, FUTURE) 

H 7 3  1 0 0 2 8  HYDROGEN GETS TOP B I L L I N G  AS FUTURE "CLEAN 
FUEL " 
B u r g e s s ,  E r i c ,  c h r i s t i a n  Sc ience    on it or, B o s t o n ,  M a s s . ,  
V 2 :  O c t  2 8  ' 7 2 ,  A v a i 1 : T A C  

H y d r o g e n  offers  a cleaner source of energy t h a n  
foss i l  f u e l s  and provides t h e  c o n s u m e r  w i t h  a s i n g l e  
f u e l  t h a n  can be d e r i v e d  equal ly  w e l l  f r o m  f o s s i l  f u e l s  
and sea w a t e r ,  a l l o w i n g  for f l e x i b i l i t y  of e n e r g y  s y s t e m  
usage.  O i l  i m p o r t a t i o n  f r o m  overseas w i l l  r e a c h  a cris- 
is s t a g e  by 1 9 8 0 ,  m a k i n g  a search f o r  feasible a l terna-  
t i v e s  i m p e r a t i v e .  H y d r o g e n  is  c h e a p e r  t o  produce and 
t r anspo r t  and easier t o  s to re  t h a n  f o s s i l  f u e l s .  
(HYDROGEN, F O S S I L  FUELS, ECONOMICS) 

H 7 3  1 0 0 2 9  A  HYDROGEN-ELECTRIC U T I L I T Y  SYSTEM WITH 
PARTICULAR REFERENCE TO F'USION AS THE ENERGY SOURCE 
T a n n e r ,  E.C. and R.A. H u s e ,  7 t h  I n t e r soc i e ty  E n e r g y  Con-  
vers ion  E n g i n e e r i n g  C o n g e r e n c e ,  San D i e g o ,  C a l i f . .  4 u g  
' 7 2  

T h e  u s e  of h y d r o g e n  for  large-scale energy storage,  
t r a n s m i s s i o n ,  a n d  d i s t r i b u t i o n  i s  d i s c u s s e d .  A  n u m e r i c a l  
e x a m p l e  is  g i v e n  fo r  one spec i f ic  c o n f i g u r a t i o n  -- a 
fus ion  reactor l inked  t o  an e l ec t ro lyze r  p l a n t .  T h e  ad- 
van t ages  l i e  i n  t h e  a b u n d a n c e  of h y d r o g e n ,  t h e  l o w  cos t  
a n d  h i g h  r e l i a b i l i t y  of t r a n s m i t t i n g  e n e r g y  by p ipe l ine ,  
and t h e  e l i m i n a t i o n  of m a n y  c o n s t r a i n t s  on p l a n t  s i t i n g .  
P r o b l e m s  arise from i n e f f i c i e n c i e s  i n  e lec t ro lys is  and 
i n  t h e  reconversion of h y d r o g e n  t o  e lec t r i c i ty .  T h e s e  
i ne f f i c i enc ie s  r e s u l t  i n  m o r e  w a s t e  h e a t  and d r ive  u p  
costs  t o  t h e  c u s t o m e r s .  T e c h n o l o g i c a l  i m p r o v e m e n t s  can 
be expected w h i c h w i l l  lead t o  m o r e  e f f i c i e n t  performance. 
(HYDROGEN, USE,  STORAGE, TRANSMISSION, ELECTROLYSIS) 



H73 10030 "THE CLEANING OF AMERICA" 
~ i l l i a m s ,  L.O., A s t r o n a u t i c s  and A e r o n a u t i c s ,  V 10:42-51 
N2 F e  7 2 ,  A v a i 1 : ~ A c  

Automobi l e s ,  a i r p l a n e s ,  p o w e r p l a n t s ,  and  s tee l  m i l l s  
w i l l  t u r n  i n t o  models  o f  e c o l o g i c a l  v i r t u e ,  and  we c a n  
r e j u v e n a t e  r i v e r s ,  and ... more, when w e  s w i t c h  t o  a 
nuc lea r -hydrogen  e n e r g y  sys tem.  
(HYDROGEN, ENERGY, FUEL, ENVIRONMENT, NUCLEAR, ECOLOGY) 

H73 10031* HYDROGEN AND OTHER SYNTHETIC FUELS 
M i c h e l ,  J., Chairman, S y n t h e t i c  F u e l s  P a n e l ,  Doc. No.  

J 

T I D - G u 6 ,  Avai1:TAC 
u 

An a s s u r e d  long- te rm s u p p l y  of  e n e r g y  i s  e s s e n t i a l  
f o r  t h e  growth and ma in tenance  o f  a modern i n d u s t r i a l  
n a t i o n  such  as  t h e  U n i t e d  S t a t e s .  The c u r r e n t  e n e r g y  
cr is is  t h i s  c o u n t r y  i s  f a c i n g  i s  w e l l  documented. There-  
fore i t  seems h i g h l y  a p p r o p r i a t e  t o  i n v e s t i g a t e  a l ter-  
n a t i v e  e n e r g y  sys t ems  which  c o u l d  p r o v i d e  t h e  U.S. w i t h  
the means of overcoming t h e s e  problems.  By 1985, t h e  
U.S. would b e  i m p o r t i n g  o v e r  one-ha l f  i t s  p e t r o l e u m  and 
would have a  s h o r t f a l l  i n  n a t u r a l  g a s  s u p p l y  o f  a b o u t  
o n e - h a l f  o f  demand. 

S y n t h e t i c  f u e l s  f rom n o n f o s s i l  s o u r c e s  a p p e a r  t o  
b e  t h e  m o s t  l i k e l y  a l t e r n a t i v e  f o r  s u p p l y i n g  t h e  long-  
term n e e d s  f o r  gaseous  and l i q u i d  f u e l s .  

Hydrogen i s  a p a r t i c u l a r l y  a t t r a c t i v e  s y n t h e t i c  f u e l  
f o r  t h e  f o l l o w i n g  r e a s o n s :  

1. It  is  e s s e n t i a l l y  c l e a n  b u r n i n g ,  t h e  main com- 
b u s t i o n  p r o d u c t  b e i n g  w a t e r .  

2 .  I t  may b e  s u b s t i t u t e d  f o r  n e a r l y  a l l  f u e l  u s e s .  
3 .  It can  b e  produced from d o m e s t i c  r e s o u r c e s .  
4. I t  is a v a i l a b l e  from a renewable  and  u n i v e r s a l  

r a w  m a t e r i a l - - w a t e r .  
5. N e a r l y  a l l  p r i m a r y  e n e r g y  s o u r c e s ,  n u c l e a r ,  so la r ,  

etc. ,  may be  u s e d  i n  i t s  p r o d u c t i o n .  
The main obstacles t o  t h e  u s e  o f  hydrogen a s  a un i -  

v e r s a l  f u e l  are i t s  h i g h  c o s t  r e l a t i v e  t o  t h e  c u r r e n t  
low p r i c e s  f o r  f o s s i l  f u e l s  and,  f o r  some a p p l i c a t i o n s ,  
t h e  u n r e s o l v e d  problems o f  h a n d l i n g  a l o w - d e n s i t y  or a 
c r y o g e n i c  f l u i d .  S a f e t y  c o n s i d e r a t i o n s ,  w h i l e  i m p o r t a n t ,  
a r e  n o t  b e l i e v e d  t o  p r e s e n t  a  s e r i o u s  t e c h n i c a l  o b s t a c l e  
t o  i t s  w i d e s p r e a d  u s e .  
(HYDROGEN, ENERGY, SYNTHETIC, FUEL, SYSTEM, SAFETY, CRYO- 
GENIC, ELECTROLYSIS) 



H73 10032* HYDROGEN--A CLEAN FUEL FOR URBAN AREAS 
Winsche, W.E., T.V. Sheehan, and K.C. Hoffman, I n t e r -  
s o c i e t y  Energy Conversion Engineering Conference, Boston,  
Mass., Aug 71, Avai1:TAC 

The u s e  of hydrogen a s  a  c l e a n  general -purpose f u e l  
f o r  t h e  more d e n s e l y  populated s e c t i o n s  of an urban a r e a  
i s  s t u d i e d  a s  a  means of reducing a i r  p o l l u t i o n  and t o  
p rov ide  f o r  t h e  e f f e c t i v e  u t i l i z a t i o n  of off-peak e l e c -  
t r i c  power. A f o r e c a s t  of  t h e  1985 e l e c t r i c  power supply 
f o r  t h e  e n t i r e  me t ropo l i t an  New York C i t y  reg ion ,  inc lud-  
ing  suburban c o u n t i e s ,  i n d i c a t e s  t h a t  s u f f i c i e n t  hydrogen 
could b e  produced by t h e  e l e c t r o l y s i s  of wa te r ,  us ing  
t h e  off-peak e l e c t r i c a l  power a v a i l a b l e  throughout t h e  
r eg ion ,  t o  p rov ide  over  h a l f  of t h e  energy requi red  f o r  

t r a n s p o r t a t i o n  o r ,  a l t e r n a t i v e l y ,  n e a r l y  a l l  of t h e  space  
h e a t  requi rements  w i t h i n  t h e  New York C i t y  l i m i t s  where 
t h e  environmental  problems a r e  most severe .  Add i t i ona l  
hydrogen could be  produced from c o a l  and de l ive red  t o  
t h e  C i t y  by p i p e l i n e  t o  p rov ide  t h e  ba l ance  of t h e  energy 
needs f o r  t r a n s p o r t a t i o n  a s  w e l l  a s  f o r  household, com- 
m e r c i a l ,  and i n d u s t r i a l  use .  A combined hydrogen and 
e l e c t r i c a l  energy  supply would e l i m i n a t e  a l l  of t h e  COZ, 
COP hydrocarbon, S O 2 ,  and p a r t i c u l a t e  emiss ions  from 
energy convers ion  dev ices  l oca t ed  w i t h i n  t h e  Ci ty .  The 
by-product  oxygen produced along wi th  t h e  hydrogen i n  
t h e  e l e c t r o l y s i s  o p e r a t i o n  prov ides  an  ample supply 
throughout  t h e  me t ropo l i t an  reg ion  f o r  t h e  t rea tment  o f  
sewage and i n d u s t r i a l  was tes ,  f o r  use  a s  t h e  o x i d i z e r  
t o  e l i m i n a t e  NOx emiss ion from i n c i n e r a t o r s  and f o r  t h e  
t r e a t m e n t  and r e v i t a l i z a t i o n  of p o l l u t e d  bodies  of wate r .  
(HYDROGEN, FUEL, ENVIRONMENT, URBAN, ENERGY, ELECTROLYSIS) 

H73 10033* "HYDROGEN AND SYNTHETIC FUELS FOR THE FUTURE" 
Michel ,  J.W., American Chemical S o c i e t y  Symposium on 
"Chemical Aspects  of Hydrogen a s  a  Fuel ,"  Chicago, Ill . ,  
Aug 73, Avai1:TAC 

E a r l y  i n  1972 t h e  Energy R&D Goals Committee of 
t h e  F e d e r a l  Counci l  on Science and Technology organized 
a  s tudy  t o  a s s e s s  a  number of b a s i c  energy technologies  
which could f avo rab ly  in f luence  t h e  U.S. f u t u r e  energy 
s u p p l i e s .  Var ious  f e d e r a l  agenc ie s  sponsored e leven  
t e c h n i c a l  pane l s  t o  perform t h i s  assessment and t o  pre-  
p a r e  R&D p l a n s  f o r  developing t h e  p r i o r i t y  t echnologies .  
The f i n d i n g s  of one of t hese  pane ls ,  "Hydrogen and S y n t h e t i c  



F u e l s , "  sponsored  b y  t h e  USAEC, i s  t h e  p r i m a r y  s u b j e c t  
o f  t h i s  pape r .  

Whi le  t h e r e  are c u r r e n t l y  s e r i o u s  problems i n  pro-  
v i d i n g  a d e q u a t e  e l e c t r i c i t y ,  t h e  longer - t e rm e n e r g y  prob-  
l e m s  s e e m  t o  be more a s s o c i a t e d  w i t h  p r o v i d i n g  a n  a s s u r e d  
s u p p l y  of  e n v i r o n m e n t a l l y  a c c e p t a b l e  p o r t a b l e  f u e l s .  
The impor tance  o f  t h i s  s u p p l y  is a p p a r e n t  when i t  is  
r e a l i z e d  t h a t  e l e c t r i c a l  e n e r g y  o n l y  meets o n e - t e n t h  o f  
o u r  end-energy n e e d s  t o d a y  - t h e  r ema inde r  is s u p p l i e d  
from f o s s i l  f u e l s ,  m a i n l y  p e t r o l e u m  and n a t u r a l  g a s .  

Whi le  p r o d u c t i o n  o f  s y n t h e t i c  f u e l s  r e q u i r e s  t h e r m a l  
or electr ical  e n e r g y  and  t h u s  may a p p e a r  t o  c o m p l i c a t e  
an  a l r e a d y  d i f f i c u l t  p roblem,  t h i s  e n e r g y  can  be o b t a i n -  
e d  from d o m e s t i c  and ,  for t h e  most p a r t ,  c l e a n  s o u r c e s ,  
e .g . ,  n u c l e a r  o r  s o l a r .  F u r t h e r ,  b e c a u s e  o f  low t r a n s -  
p o r t  c o s t s ,  s y n t h e t i c  f u e l s  c a n  be produced a t  remote ,  
w e l l - r e g u l a t e d  p l a n t s  and  t h u s  would n o t  c o n t r i b u r e  t o  ,, t h e  p r i m a r y  p o l l u t i o n  p rob lems  t h a t  e x i s t  i n  o u r  u r b a n  
c e n t e r s .  An a d d i t i o n a l  consequence  o f  such  a s y s t e m  i s  
t h a t  o f  c o n s e r v a t i o n  o f  o u r  l i m i t e d  f o s s i l  f u e l  r e s o u r c e s ,  
p a r t i c u l a r l y  pe t ro leum,  so t h a t  t h e y  may be used  as va lu -  
a b l e  c h e m i c a l  p r o d u c t  f e e d s t o c k s  and i n  m e t a l l u r g i c a l  
p r o c e s s e s .  The s y n t h e t i c  f u e l s ,  e s p e c i a l l y  hydrogen,  
may be consumed w i t h  v e r y  l i t t l e  o r  no  a i r  p o l l u t i o n  a s  
w e l l  as w i t h  h i g h e r  c o n v e r s i o n  e f f i c i e n c i e s  and t h u s  
cou ld  b e  more a t t r a c t i v e  f o r  u r b a n  u s e s  t h a n  t h e  f o s s i l  
f u e l s  i n  c u r r e n t  u s e .  

The i n t e n t  of t h i s  p a p e r  i s  t o  summarize t h e  f i n d i n g s  
o f  t h e  S y n t h e t i c  F u e l s  P a n e l  which e v a l u a t e d  t h e  m a j o r  
a s p e c t s  of new f u e l s  s y s t e m s ,  i.e., p r o d u c t i o n ,  s t o r a g e  
and  t r a n s p o r t a t i o n ,  end  u s e s  and  a n  o v e r a l l  sys t ems  
a n a l y s i s .  While t h e  emphas i s  was on hydrogen and o t h e r  
f u e l s  from n o n f o s s i l  s o u r c e s ,  a s e c t i o n  on t h e  u s e  o f  
c o a l  t o  p roduce  hydrogen and m e t h a n o l  i s  a lso  i n c l u d e d  
t o  h e l p  d e f i n e  t h e  i n t e r i m  t i m e  p e r i o d  b e f o r e  o u r  depen-  
dency  on n o n f o s s i l  f u e l s  o c c u r s .  
(HYDROGEN, ENERGY, SYNTHETIC, FUEL, ASSESSMENT, POLLUTION, 
PRODUCTION, STORAGE, METHANOL) 

H73 10034* HYDROGEN: SYNTHETIC FUEL OF THE FUTURE 
Maugh, T.H., S c i e n c e ,  V 178:849 Nov 24 ' 7 2 ,  Avai1:TAC 

N u c l e a r  f i s s i o n  and  f u s i o n  -- and p e r h a p s  s o l a r  
e n e r g y  -- w i l l  a l m o s t  c e r t a i n l y  b e  t h e  m a j o r  e n e r g y  
s o u r c e s  and s h o u l d ,  i n  t h e o r y ,  b e  c a p a b l e  o f  s u p p l y i n g  
a l l  o u r  e n e r g y  needs .  Most deve lopmenta l  work o n  t h e s e  



s o u r c e s  h a s  emphasized t h e  p r o d u c t i o n  o f  e l e c t r i c i t y ,  how- 
e v e r ,  w h i l e  o n l y  10 p e r c e n t  o f  e n e r g y  and u s e  is  s u p p l i e d  
by  e l e c t r i c i t y .  The r e m a i n d e r  i s  s u p p l i e d  b y  t h e  combus- 
t i o n  of f u e l s  to  p roduce  h e a t  e n e r g y  t h a t  i s  used  i n  in -  
d u s t r y ,  homes, and t r a n s p o r t a t i o n .  It i s  l i k e l y  b o t h  
t h a t  e l e c t r i c i t y  w i l l  p l a y  a l a r g e r  role i n  a p p l y i n g  
f u t u r e  e n e r g y  demands and  t h a t  h e a t  e n e r g y  from n u c l e a r  
r e a c t o r s  w i l l  be u t i l i z e d  i n  l a r g e  n u c l e a r / i n d u s t r i a l  
complexes ,  o r  n u p l e x e s .  N o n e t h e l e s s ,  t h e r e  w i l l  remain  
a  s t r o n g  demand f o r  p o r t a b l e ,  f l u i d  f u e l s ,  p a r t i c u l a r l y  
f o r  a p p l i c a t i o n s  i n  t r a n s p o r t a t i o n ,  and t h e  most l i k e l y  
r e s p o n s e  t o  t h i s  demand w i l l  b e  v a s t l y  i n c r e a s e d  produc- 
t i o n  o f  hydrogen.  

Hydrogen, o f  c o u r s e ,  is  n o t  a n  a l t e r n a t i v e  p r imary  
e n e r g y  s o u r c e ,  b e c a u s e  l a r g e  amounts  of  e n e r g y  w i l l  be 
r e q u i r e d  t o  p roduce  it. R a t h e r ,  it h o l d s  promise  o f  be- 
i n g  a h i g h l y  e f f i c i e n t  e n e r g y  carr ier  t h a t  would p r o v e  
v a l u a b l e  i n  s i t u a t i o n s  where  t r a n s f e r  o f  e n e r g y  a s  elec- 
t r i c i t y  i s  i n e f f i c i e n t ,  i m p r a c t i c a l ,  o r  i m p o s s i b l e .  I t  
i s  t h i s  p o t e n t i a l  t h a t  h a s  g e n e r a t e d  such  widespread  
i n t e r e s t  i n  t h e  p o s s i b i l i t y  o f  a  "hydrogen economy." 

I n  many ways,  hydrogen is v i r t u a l l y  a n  i d e a l  f u e l .  
When i t  i s  b u r n e d  i n  a i r ,  t h e  o n l y  p o s s i b l e  p o l l u t a n t s  
are n i t r o g e n  o x i d e s  d e r i v e d  f r o m  t h e  a i r  i t s e l f ,  and 
c o n c e n t r a t i o n s  of t h e s e  a r e  g e n e r a l l y  lower  t h a n  concen- 
t r a t i o n s  produced by o t h e r  f u e l s .  
(HYDROGEN, SYNTHETIC, FUEL, FUTURE, ENERGY, NUCLEAR, 
CARRIER, ECONOMY) 

H73 10035" HYDROGEN AND ENERGY 
M a r c h e t t i ,  C., Chemical  Economy & E n g i n e e r i n g  Review, 
V 5 N 1  J a  1 9  ' 7 3 ,  Avai1:TAC 

The c h a l l e n g e  of  t h e  c e n t u r y  f o r  c h e m i c a l  e n g i n e e r s  
- - - thennochemica l  c y c l e s  t o  p r o d u c e  hydrogen---may b r i n g  
a  r e v o l u t i o n  i n  t h e  t e c h n o l o g y  and management o f  e n e r g y  
and  food.  

Hydrogen h a s  a  p e c u l i a r  p o s i t i o n  i n  n a t u r e :  
- i t  i s  t h e  most  abundan t  e l e m e n t ;  
-it p l a y s  a key r o l e  i n  f u e l i n g  t h e  u n i v e r s e ;  
- i t  i s  t h e  f i r s t  c h e m i c a l  p r o d u c t  i n  p h o t o s y n t h e s i s  
i.e. t h e  c h e m i c a l  m e d i a t o r  be tween  s u n l i g h t  and 
t h e  b i o s p h e r e .  

Hydrogen c a n  become t h e  main e n e r g y  m e d i a t o r  between 
t h e  newly h a r n e s s e d  n u c l e a r  e n e r g y  and human s o c i e t y ,  s o  
a v o i d i n g  most  o f  t h e  p o l i t i c a l ,  e c o l o g i c a l ,  long-term 



procuremen t  problems c o n n e c t e d  w i t h  t h e  u s e  o f  f o s s i l  
f u e l s .  V i a  p r o p e r  mic roorgan i sms  i t  c a n  b e  employed t o  
p roduce  "p r imary"  food ,  e a s i n g  t h e  p r e s s u r e  on a g r i c u l -  
t u r e .  T h i s  f a c t  w i l l  have  e v e n  more r e v o l u t i o n a r y  
consequences .  
(HYDROGEN, ENERGY, NUCLEAR, FOOD, ECOLOGY) 

H73 10036 HYDROGEN, MASTER-KEY TO THE ENERGY MARKET 
M a r c h e t t i ,  C. ,  Euro S p e c t r a  , V 10:117-130 N4 Dec 71, 
Avai1:TAC 

An a n a l y s i s  o f  t h e  p o t e n t i a l  u s e s  o f  hydrogen shows 
t h a t  p r a c t i c a l l y  t h e  who le  o f  t h e  e n e r g y  m a r k e t  c a n  be 
s e r v e d  b y  t h i s  " c l e a n "  e n e r g y  medium. 
(HYDROGEN, ENERGY, MARKET, ENVIRONMENT) 

H73 10037 THE HYDROGEN ECONOMY--AN ULTIMATE ECONOMY? 
A PRACTICAL ANSWER TO THE PROBLEM OF ENERGY SUPPLY AND 
POLLUTION 
B o c k r i s ,  J. O'M.,  ( F l i n d e r s  Univ. o f  S o u t h  A u s t r a l i a ,  
Bedfo rd  P a r k )  and A .  J. Appleby,  (CNRS, L a b o r a t o i r e  d l E l e c -  
t r o l y s e  e t  S e r v i c e  d l E l e c t r o p h o r e s e ,  B e l l e v u e ,  F r . ) ,  
Environment   his Month. The I n t e r n a t i o n a l  J o u r n a l  o f  
Env i ronmenta l  S c i e n c e ,  L a n c a s t e r ,  Eng. V 1:29-35 N 1  J1 72 

The u s e  o f  H2 as t h e  medium of e n e r g y  be tween remote 
e n e r g y  p roduc ing  sites and  p o p u l a t i o n  c e n t e r s  i s  c o n s i d e r -  
ed.  Hydrogen c o u l d  be u s e d  t o  g e n e r a t e  e l e c t r i c i t y  a t  
t h e  s i t e  o r  cou ld  be used  d i r e c t l y  as  a f u e l .  P r o d u c t i o n  
o f  H2 b y  w a t e r  e l e c t r o l y s i s  and r a d i o l y s i s  i s  d e s c r i b e d ,  
and  t h e  consequences  o f  a H2 economy on a l l  a s p e c t s  of  
human l i f e  r e q u i r e m e n t s  are d i s c u s s e d .  A H2 economy would 
be e n t i r e l y  n o n p o l l u t i n g  and  would make h i g h  e n e r g y  den- 
s i t ies  p o s s i b l e  f o r  a l l  r e g i o n s  o f  t h e  w o r l d ,  h a s t e n i n g  
t h e  s p r e a d  of un i fo rm h i g h  l i v i n g  s t a n d a r d s .  

(HYDROGEN, ECONOMY, ENVIRONMENT, ENERGY, ELECTROLYSIS, 
POLLUTION, FUEL) 

H73 10038 THEMASTER OFANEWAGE 
L e s s i n g ,  L., F o r t u n e ,  V 63:152-156+ N5 May 61,  Avai1:TAc 

The f i r s t  and l i g h t e s t  c h e m i c a l  e l e m e n t ,  hydrogen,  
r u n s  l i k e  a n  inv is ib le  stream th rough  many o f  t h e  most 
p o r t e n t o u s  developments  of t h e  age .  I t  i s  r i s i n g  by  
improved p r o c e s s e s  t o  e v e r  g r e a t e r  volume i n  t h e  o i l  
and  c h e m i c a l  i n d u s t r i e s .  It is  powering, l a t e r  t h i s  



y e a r ,  t h e  upper  s t a g e  of t h e  At las-Centaur  rocke t ,  f i r s t  
i n  a l i n e  of new l iquid-hydrogen v e h i c l e s  t h a t  w i l l  
f i n a l l y  g i v e  t h e  U.S. t h r u s t  t o  go ahead i n  space.  I t  a l -  
s o  prov ides  t h e  w o r k h g  f l u i d  f o r  t h e  n u c l e a r  rocket. ,  an 
advanced engine  f o r  space.  F i n a l l y ,  by va r ious  chemical 
and thermonuclear  means, hydrogen is on t h e  verge of y i e l d -  
ing  w i t h i n  l i m i t l e s s  sources .  Q u i t e  a s i d e  from i t s  omi- 
nous accomplishments i n  t h e  bomb, t h e r e f o r e ,  hydrogen ap- 
pea r s  t o  be t h e  mas te r  f u e l  of  a  new age. 

(HYDROGEN, ENERGY, VEHICLE, NUCLEAR) 

H73 10039 THE COMING HYDROGEN ECONOMY 
Less ing ,  L., For tune ,  V 86:138-142 N5 Nov 72, Avai1:TAC 

The v i s i o n  involves  moving by s t a g e s  from an economy 
based on t h e  hydrocarbons -- c o a l ,  o i l ,  and n a t u r a l  gas-- 
t o  a  pu re  hydrogen economy. Hydrogen, by f a r  t h e  most 
abundant,  e n e r g e t i c ,  and t h e  c l e a n e s t  of  a l l  t he  elemen- 
t a l  f u e l s  i n  t h e  un ive r se ,  "may w e l l  be d e c i s i v e  technol-  
ogy of t h i s  c e n t u r y . "  
(HYDROGEN, FUEL. HYDROCARBON, ECONOMY) 

H73 10040* HYDROGEN: KEY TO THE ENERGY MARKET 
d e  Beni ,  G.  and C. Marche t t i ,  Euro S p e c t r a ,  V 9:46-50 N2 
Je 70, Avai1:TAC 

The conc lus ions  a r r i v e d  a t  i n  t h i s  s tudy ,  which a r e  
s h o r t l y  t o  b e  publ i shed ,  a r e  t h a t  hydrogen can be an 
ex t remely  f l e x i b l e  i n t e rmed ia t e  which would make it 
p o s s i b l e  t o  p e n e t r a t e  t h e  whole o f  t h e  market wi thout  any 
sudden changes i n  technology be ing  necessary .  I n  c e r t a i n  
c a s e s  t h e  s u b s t i t u t i o n  i s  a s t r a i g h t f o r w a r d  m a t t e r ;  town 
g a s ,  f o r  example, a l r e a d y  c o n t a i n s  50-90% hydrogen. I n  
o t h e r  c a s e s  i t  would seem t o  be  a more complex ope ra t ion ,  
b u t  i n  keep ing  w i t h  t h e  normal c o u r s e  of t echno log ica l  
development. 
(HYDROGEN, ENERGY, MARKET, STUDY, INTERMEDIATE) 

H73 10041 HYDROGEN: THE NEW FUEL 
Jones ,  W., Sa turday  Evening Pos t ,  V 244:54+ Spr 72, Avai l :  
TAC 

The world is running o u t  of  gas ,  a s  w e l l  a s  c o a l ,  
g a s o l i n e ,  and f u e l  o i l .  

There is a n o t h e r  f u e l .  We d o n ' t  use  i t  much, bu t  



i t  is  as abundan t  as w a t e r ,  p o t e n t i a l l y  as c h e a p  as gas-  
o l i n e  o r  n a t u r a l  g a s ,  and it d o e s  n o t  p o l l u t e  o u r  e n v i r o n -  
men t . 

Hydrogen i s  t h e  o t h e r  f u e l  of o u r  f u t u r e .  
I n  f a c t ,  t h e  s c i e n t i f i c ,  t e c h n o l o g i c a l ,  and  indus-  

t r i a l  b a s e s  e x i s t  now t o  make hydrogen t h e  f u e l  o f  o u r  
f u t u r e  r a t h e r  soon.  
(HYDROGEN, FUEL, FOSSIL, WATER, ENERGY, FUTURE, POLLUTION, 

ENVIRONMENT) 

H73 10042*  HYDROGEN AS AN ENERGY VECTOR: NEW FUTURE 
PROSPECTS FOR APPLICATIONS OF NUCLEAR ENERGY 
Beghi ,  G . ,  (European A t o m i c  Energy  Community, I s p r a ,  
I t a l y ,  J o i n t  N u c l e a r  Resea rch  C e n t e r ) ,  N73-15699 (EUR- 
4838) ,  May 72 20 p  r e f s ,  Avai1:TAC 

I n  view o f  a  w i d e r  p e n e t r a t i o n  o f  n u c l e a r  e n e r g y  
i n  t h e  e n e r g y  f i e l d  and t h e r e f o r e  o f  a d i v e r s i f i c a t i o n  
o f  i t s  a p p l i c a t i o n s ,  t h e  u s e f u l n e s s  o f  a n  i n t e r m e d i a r y  
e n e r g y  v e c t o r  i s  p o i n t e d  o u t .  T h e r e f o r e  hydrogen i s  
examined as t o  i t s  p r e s e n t  p o t e n t i a l  u s e s  i n  t h e  f u t u r e .  
Among t h e  hydrogen p r o d u c t i o n  p r o c e s s e s ,  t h e  method o f  
d i s s o c i a t i o n  of w a t e r  w i t h  a c l o s e d  c y c l e  o f  chemica l  
r e a c t i o n s  and u t i l i z i n g  n u c l e a r  h e a t  seems p a r t i c u l a r l y  
p romis ing .  
(HYDROGEN, ENERGY, FUTURE, NUCLEAR, APPLICATION, USE, 
PRODUCTION, HEAT, WATER, DECOMPOSITION) 

4 ~ 7 3  1004)* HYDROGEN SYSTEMS FOR ELECTRIC ENERGY 
Hausz, W., G. L e e t h ,  D. Lueck,  and  C.  Meyer,(TEMPO - Gen- 
e r a l  E l e c t r i c  Company C e n t e r  f o r  Advanced S t u d i e s ,  S a n t a  
B a r b a r a ,  C a l i f . ) ,  R e p o r t  GE 72TMP-15 Ap 72 

S y n t h e t i c  f u e l s ,  p a r t i c u l a r l y  hydrogen,  c a n  have a n  
i m p o r t a n t  role  i n  f u t u r e  e lec t r i c  e n e r g y  sys tems.  An 
a t t r a c t i v e  "Eco-Energy" sys t em,  b o t h  e c o l o g i c a l l y  and 
e c o n o m i c a l l y  sound,  would be b a s e d  on n u c l e a r  reactor 
h e a t  ( f i s s i o n  o r  f u s i o n )  a t  remote s i tes ,  which may be 
o f f s h o r e  i s l a n d s  or f l o a t i n g  p l a t f o r m s .  Water would b e  
decomposed i n t o  hydrogen and oxygen. P i p e l i n e s  would 
d e l i v e r  t h e  hydrogen and oxygen t o  s m a l l  g e n e r a t i n g  u n i t s  
d i s p e r s e d  t h r o u g h o u t  t h e  e lec t r ica l  l o a d  a r e a ,  and a t  
d i s t r i b u t i o n  s u b s t a t i o n s .  The d i s p e r s e d  g e n e r a t i o n  used  
t o  c o n v e r t  t h e  f u e l  e n e r g y  t o  a-c s u i t a b l e  f o r  under-  
ground d i s t r i b u t i o n  would be e f f i c i e n t  g a s  t u r b i n e s  and /  



o r  f u e l  c e l l s  of  advanced des ign .  
Such a system i s  complete ly  devoid of t h e  p o l l u t a n t s  

o f  f o s s i l  f u e l  systems inc lud ing  n i t r o g e n  ox ides ,  because 
oxygen r a t h e r  t han  a i r  i s  used. I t  complete ly  e l i m i n a t e s  
overhead t ransmiss ion  l i n e s ,  r e q u i r e s  l e s s  land f o r  
c o r r i d o r s ,  and makes m u l t i p l e  right-of-way u s e  more fea-  
s i b l e .  The low c o s t  of  underground p i p e l i n e  t r ansmis s ion  
a l l e v i a t e s  n u c l e a r  s i t i n g  problems and hazards.  By-pro- 
d u c t  h e a t  from f u e l  manufacture  and e l e c t r i c a l  power 
gene ra t ion  could be  d i sposed  of i n  deep  wate rs  o r  used 
f o r  b e n e f i c i a l  purposes  i n  t h i s  u l t i m a t e  system. 

I n  1985 t h e  c o s t  of  energy  genera ted  by p r e s e n t  
types  of f i s s i o n  and f o s s i l  f u e l  p l a n t s  w i th  overhead 
EHV t r ansmis s ion  would b e  roughly 14 mil ls /kWh f o r  pres-  
e n t  technology and 16 t o  50 mil ls /kWh f o r  t h e  a l t e r n a t i v e  
systems,  a t  t h e  p o i n t  of retail  s a l e s .  However, p r e s s u r e s  
t o  l o c a t e  n u c l e a r  p l a n t s  remotely ,  t o  pu t  t ransmiss ion  
l i n e s  underground, and t o  u s e  c l e a n  f o s s i l  f u e l s  (which 
a r e  becoming much more e x p e n s i v e ) ,  would move the  r e f -  
e r ence  system upward i n  c o s t  t o  20 t o  30 mills/kWh. 
Improvements i n  t h e  Eco-Energy system t h a t  can b e  fore-  
s een  on a  no-surpr i se  b a s i s  w i l l  bo th  improve t h e  
e f f i c i e n c y  of many components and reduce t h e  u n i t  c o s t  
o f  manufacture,  p o t e n t i a l l y  ach iev ing  c o s t s  i n  t h e  yea r  
2000 (1972 d o l l a r s )  o f  under 15 mi l l s /kwh.  
(HYDROGEN, SYNTHETIC, FUEL, ECOLOGY, ENERGY, SYSTEM, 
STUDY, COST, POLLUTION, TRANSMISSION) 

a H73 10044 HYDROGEN MAY EMERGE AS THE MASTER FUEL TO 
POWER A CLEAN-AIR FUTURE. 
C la rk ,  W . ,  Smithsonian,  Washington, D.C., 72-1GA-00018, 
V 3:12-19 N5 Aug 72 

Recent exper imenta t ion  i n  t h e  u s e  of H2 a s  a  non- 
p o l l u t i n g  a l t e r n a t i v e  t o  g a s o l i n e  i n  in ternal-combust ion 
engines  i s  r epo r t ed .  Four examples of H2 convers ion sys- 
tems i n  automobi les  a r e  d e s c r i b e d ;  a l l  use  gaseous o r  
l i q u i d  H2 a lone  o r  combined w i t h  02 o r  C02, w i t h  a  re-  
d u c t i o n  of NOx, t h e  only  emiss ions  produced. One engine 
u s e s  exhaus t  wate r  vapor a s  an  eng ine  coo lan t .  Methods 
under  c o n s i d e r a t i o n  f o r  t h e  c i rcumvent ion of Hz-power 
drawbacks, p a r t i c u l a r l y  f u e l  weight  and explos iveness ,  
a r e  d i scus sed .  Means of t r a n s p o r t i n g  and producing l a r g e  
q u a n t i t i e s  H z ,  inc lud ing  n u c l e a r  power r e a c t o r s  t o  pro- 
duce both  e l e c t r i c i t y  and photons ,  a r e  a l s o  explored.  
(HYDROGEN, FUEL, AUTOMOBILE) 



H73 10045* LIQUID HYDROGEN AS A FUEL FOR THE FUWRE. 
J o n e s ,  L.W., S c i e n c e ,  V 174:367-370 N4007 Oct 22 ' 71 ,  
A v a i l  :TAC 

The u s e  o f  l i q u i d  hydrogen a s  a long- te rm r e p l a c e -  
ment f o r  hydroca rbon  f u e l  f o r  l a n d  and a i r  t r a n s p o r t a t i o n  
seems t e c h n i c a l l y  f e a s i b l e .  I t  i s  a n  i d e a l  f u e l  from 
t h e  s t a n d p o i n t  o f  a c o m p l e t e l y  c y c l i c  sys tem,  s e r v i n g  as 
a "working s u b s t a n c e "  i n  a c l o s e d  chemica l  and thermo- 
dynamic c y c l e .  The ene rgy-pe r -un i t -we igh t  a d v a n t a g e  (a 
f a c t o r  o f  3 )  o v e r  g a s o l i n e  o r  a n y  o t h e r  hydrocarbon f u e l  
makes l i q u i d  hydrogen p a r t i c u l a r l y  advan tageous  f o r  air- 
c r a f t  and long-range  l a n d  t r a n s p o r t .  As a p o l l u t i o n -  
f r e e  f u e l ,  i t  must  be s e r i o u s l y  c o n s i d e r e d  a s  t h e  l o g i c a l  
r e p l a c e m e n t  f o r  h y d r o c a r b o n s  i n  t h e  2 1 s t  c e n t u r y .  
(HYDROGEN, LIQUID, HYDROCARBON, FUEL, TRANSPORTATION, 
POLLUTION, ENVIRONMENT) 

H73 10046* HYDROGEN: ITS FUTURE ROLE I N  THE NATION'S 
ENERGY ECONOMY 
Winsche,  W.E., K.C. Hoffman, and F . J .  S a l z a n o ,  S c i e n c e ,  
V 180:1325-1332 N4093 Je 29 ' 7 3  

Hydrogen f u e l  d e r i v e d  from w a t e r  c o u l d  e x t e n d  n u c l e a r  
power and r e d u c e  dependence  on impor ted  o i l .  I n  t h e  n e a r  
f u t u r e ,  l a r g e  scale economica l  s o u r c e s  of  e n e r g y  d e r i v e d  
from n u c l e a r  f i s s i o n  o r  f rom o t h e r  d o m e s t i c a l l y  a v a i l -  
able p r i m a r y  s o u r c e s  s u c h  as s o l a r  o r  g e o t h e r m a l  e n e r g y  
w i l l  b e  needed.  Because  o f  i t s  complex n a t u r e ,  and f o r  
r e a s o n s  o f  s a f e t y ,  n u c l e a r  e n e r g y  c l e a r l y  c a n n o t  be u t i -  
l i z e d  d i r e c t l y  i n  s m a l l  s c a l e  t r a n s p o r t a t i o n  sys t ems  such  
as t h e  au tomobi l e .  Thus t h e  o r i g i n a l  p romise  t h a t  n u c l e a r  
power w i l l  e v e n t u a l l y  s u p p l y  a l l  t h e  n a t i o n ' s  e n e r g y  
n e e d s  can  o n l y  b e  e f f e c t i v e l y  f u l f i l l e d  b y  s u p p l y i n g  t h e  
e n e r g y  i n  t h e  form of  e l e c t r i c i t y  or some s t o r a b l e ,  p o r t -  
a b l e  f u e l .  

Hydrogen h a s  t h e  n e c e s s a r y  p r o p e r t i e s  and c a n  f u l -  
f i l l  t h e  r o l e  o f  a s e c o n d a r y  s o u r c e  o f  e n e r g y  t h a t  c a n  
b e  d e r i v e d  from t h e  p r i m a r y  s o u r c e  by  t h e  d e c o m p o s i t i o n  
o f  w a t e r .  I t  can  be s u b s t i t u t e d  f o r  p e t r o l e u m  and coal 
i n  a l m o s t  a l l  i n d u s t r i a l  p r o c e s s e s  which r e q u i r e  a re- 
d u c i n g  a g e n t ,  such  a s  i n  s t ee l  m a n u f a c t u r i n g  and o t h e r  
m e t a l l u r g i c a l  o p e r a t i o n s .  F u r t h e r ,  hydrogen c a n  e a s i l y  
be c o n v e r t e d  t o  a v a r i e t y  o f  f u e l  forms such  as m e t h a n o l ,  
ammonia, and h y d r a z i n e .  Thus, i t  i s  e s s e n t i a l  t h a t  t h e  
a n a l y s i s  and t e c h n o l o g i c a l  f e a s i b i l i t y  o f  a hydrogen 



e n e r g y  sys t em be c o n s i d e r e d  now. It i s  o f  v i t a l  impor- 
t a n c e  t o  t h e  n a t i o n  t o  d e v e l o p  some g e n e r a l - p u r p o s e  
f u e l  t h a t  c a n  be produced from a v a r i e t y  o f  d o m e s t i c  
e n e r g y  s o u r c e s  and r e d u c e  o u r  dependence  on impor ted  o i l .  
(HYDROGEN, FUEL, WATER, STUDY, ENERGY, ANALYSIS, ALTER- 
NATIVE, NUCLEAR, SAFETY, TRANSPORTATION) 

I 
H73 10047* HYDROGEN PRODUCTION FOR ECO-ENERGY 
Kerns ,  G.P., (TEMPO - G e n e r a l  ~ l e c t r i c  company - C e n t e r  
f o r  Advanced S t u d i e s ,  S a n t a  B a r b a r a ,  C a l i f . ) ,  R e p o r t  
GE72TMP-53 Nov 1 7  ' 72  

T h i s  r e p o r t  i s  one o f  a s e r i e s  r e l a t e d  t o  a  s t u d y  
done  on t h e  "Eco-Energy P r o j e c t .  " The p r e f e r r e d  system 
u s e s  hydrogen as t h e  m a j o r  means o f  t r a n s p o r t  o f  e n e r g y  
from remote sites. 

The o b j e c t i v e  o f  t h e  p r o j e c t  w a s  t o  i d e n t i f y  and 
a n a l y z e  t h e  c r i t i ca l  a s p e c t s  of Eco-Energy. I n  t h i s  
r e g a r d  a  m a j o r  problem area was t h e  e v a l u a t i o n  o f  t h e  
c o s t  o f  hydrogen p r o d u c t i o n  u s i n g  n u c l e a r  power s o u r c e s .  

The o b j e c t i v e  of t h i s  r e p o r t  i s  t o  d e t e r m i n e  t h e  
economics  o f  hydrogen p r o d u c t i o n .  
(HYDROGEN, COST, NUCLEAR, ECONOMICS, TRANSPORTATION) 

H73 10048 ECO-ENERGY STUDIES AT TEMPO 
Hausz, W. and  o t h e r s ,  N u c l e a r  E n g i n e e r i n g ,  V 17:942-945 
Nov 72 ,  Avai1:TAC 

A t  t h e  p r e s e n t  s t a t e  o f  t h e  a r t ,  Eco-Energy i s  f a r  
more c o s t l y  t h a n  t h e  p r e s e n t - d a y  e lec t r ic  u t i l i t y  sys t em 
u s i n g  f o s s i l - s t e a m  p l a n t s ,  ove rhead  t r a n s m i s s i o n  l i n e s ,  
and some f r a c t i o n  of  t o t a l  c a p a c i t y  as  peak ing  combus- 
t i o n  t u r b i n e s  o r  pumped s t o r a g e .  The Eco-Energy sys t em 
may be viewed as a n  u l t i m a t e ,  permanent  g o a l  t o  b e  ap- 
proached as i t  becomes v i a b l e .  E s t i m a t i n g  t h e  pe r fo rmance  
and costs o f  t e c h n o l o g i c a l  a l t e r n a t i v e s  t h a t  a r e  f o r e -  
s e e a b l e  by  t h e  end of  t h e  c e n t u r y ,  a s  w e l l  as t h e  t r a n s -  
i t i o n  problems o f  meshing w i t h  p r e s e n t  e l e c t r i c  e n e r g y  
sys t em r e q u i r e m e n t s  and l o a d  g rowth  r e q u i r e m e n t s ,  h a s  
b e e n  t h e  s u b j e c t  o f  s t u d y  a t  TEMPO f o r  a b o u t  t w o  years. 
These  s t u d i e s  have been  p a r t i a l l y  s u p p o r t e d  by t h e  South-  
e r n  C a l i f o r n i a  Ed i son  Company and t h e  Oak Ridge/AEC. 
(HYDROGEN, STUDY, ENERGY, ECOLOGY, FOSSIL, STORAGE, 

ALTERNATIVE, ELECTRICITY) 



1 ~ 7 3  10049' NUCLEAR POWER PLANTS FOR HYDROGEN PRODUCTION 
L e e t h ,  G.G., (TEMPO - G e n e r a l  E l e c t r i c  Company - C e n t e r  
f o r  Advanced S t u d i e s ,  S a n t a  B a r b a r a ,  C a l i f . ) ,  R e p o r t  
GE72TMP-52 Nov 1 ' 7 2  

S e v e r a l  p r e v i o u s  TEMPO documents  have assumed t h e  
u s e  o f  n u c l e a r  power p l a n t s  as t h e  p r i m a r y  e n e r g y  s o u r c e s .  
I n  t h e s e  c a s e s  no d e t e r m i n a t i o n  was made as t o  t h e  t y p e s  
of  power p l a n t s  best s u i t e d  f o r  such  a p p l i c a t i o n s .  T h i s  
document is  a compar ison  o f  v a r i o u s  k i n d s  o f  n u c l e a r  
reactors and an  e v a l u a t i o n  o f  t h e i r  s u i t a b i l i t y  f o r  
hydrogen p r o d u c t i o n  by  w a t e r  s p l i t t i n g .  
(HYDROGEN, ENERGY, NUCLEAR, WATER, DECOMPOSITION) 

~ 7 j  10050* ECO-ENERGY 
Hausz, W.,  G.G. L e e t h  and C. Meyer, 7 t h  I n t e r s o c i e t y  
Energy Conver s ion  E n g i n e e r i n g  Confe rence ,  San Diego,  
C a l i f . ,  Aug 72, Avai1:TAC 

To s t u d y  o u r  f u t u r e  n a t i o n a l  e l e c t r i c a l  e n e r g y  n e e d s  
and means o f  s u p p l y i n g  them, a s y s t e m  a n a l y s i s  must  g i v e  
b a l a n c e d  a t t e n t i o n  t o  e c o l o g i c a l ,  economic and soc ie ta l  
f a c t o r s .  A p a r a m e t r i c  a n a l y s i s  of  post-1990 s y s t e m s  
and t r a n s i t i o n a l  modes i d e n t i f i e d  a p romis ing  c a n d i d a t e  
system: t h e  u s e  o f  e f f i c i e n t  g a s  t u r b i n e s  o r  f u e l  ce l ls ,  
a t  d i s t r i b u t i o n  level ,  which b u r n  p i p e l i n e - d e l i v e r e d  
hydrogen g e n e r a t e d  a t  l a r g e ,  r e m o t e l y - l o c a t e d  e n e r g y  
c e n t e r s .  
(HYDROGEN, ENERGY, ECOLOGY, ELECTRICITY, ANALYSIS, FUTURE, 
SYSTEM, ALTERNATIVE) 

H73 10051 FEDERAL PANEL REPORTS ON HYDROGEN 
Anon, Chemical  and E n g i n e e r i n g  News, S e p t  10  ' 7 3 ,  
Avai1:TAC 

The p a n e l ' s  main  c o n c l u s i o n  was t h a t  s y n t h e t i c  f u e l s ,  
p a r t i c u l a r l y  hydrogen,  c a n  have a  significant and bene- 
f l c i a l  e f f e c t  o v e r  t h e  l o n g  t e r m .  The main o b s t a c l e s  t o  
u s e  o f  hydrogen as a universal f u e l  a r e  h i g h  cost  r e l a -  
t i v e  t o  p r e s e n t  f u e l s  and  u n r e s o l v e d  problems s f  h a n d l i n g  
a  low-dens i ty  o r  c r y o g e n i c  f l u i d .  The p a n e l  b e l i e v e s  
t h a t  s a f e t y  c o n s i d e r a t i o n s  w i l l  p r e s e n t  no s e r l o u s  ob- 
s tacle  t o  u s e  of hydrogen.  
(HYDROGEN, SYNTHETIC, FUEL, CRYOGENIC, SAFETY) 



/ H73 10052* THE INFLUENCE I N  AN ENERGY MARKETPLACE 
Hausz,  W.,  (TEMPO - G e n e r a l  E l e c t r i c  Company - C e n t e r  
for Advanced S t u d i e s ,  S a n t a  B a r b a r a ,  C a l i f  .) , I n t e r -  
n a t i o n a l  Symposium and Workshop on The Hydrogen Economy, 
C o r n e l l  u n i v e r s i t y ,  I t h a c a ,  N.Y., Aug 20-22 ' 7 3 ,  Avai1:TAC 

Where d o e s  hydrogen f i t  i n  t h e  e n e r g y  s c e n a r i o  f o r  
t h e  rest of t h i s  c e n t u r y ?  T h i s  depends  on how i t  com- 
p a r e s  t o  i ts  c o m p e t i t i o n  -- i n  p r i c e ,  c l e a n l i n e s s ,  con- 
v e n i e n c e  and o t h e r  a d v a n t a g e s  or d i s a d v a n t a g e s  e i t h e r  
hydrogen o r  t h e  a l t e r n a t i v e s  may have .  

Hydrogen competes  a t  s e v e r a l  l e v e l s .  A s  a c h e m i c a l  
u sed  t o  add hydrogen t o  o t h e r  m o l e c u l e s  it is  un ique .  
T h i s  marke t  was 0 .6-1015 B t u  i n  1968,  m o s t l y  f o r  making 
ammonia and  p e t r o c h e m i c a l s .  About  8 p e r c e n t  growth rate 
t o  t h e  y e a r  2000 i s  f o r e c a s t .  Next ,  a s  a  r e d u c i n g  
a g e n t ,  it w i l l  compete w i t h  coke  and  c a r b o n  monoxide as 
t h e  means o f  r e d u c i n g  metal l ic  ores, and  i n  many o r g a n i c  
and i n o r g a n i c  r e a c t i o n s .  Hydrogen i s  a n  i d e a l  g a s e o u s  
f u e l ,  f o r  r e s i d e n t i a l  and commerc ia l  d i s t r i b u t i o n ;  h e r e ,  
i t s  c o m p e t i t o r  is n a t u r a l  g a s  and  s y n t h e t i c  methane. 
More b r o a d l y ,  i t  can  compete w i t h  i n d u s t r i a l  f u e l s ,  
g a s e o u s  or o t h e r w i s e ,  a s  a c l e a n  f u e l .  Pe rhaps  t h e  tough- 
e s t  m a r k e t  t o  p e n e t r a t e  is  t h a t  i n  which  s t o r a b i l i t y ,  
t r a n s p o r t a b i l i y  and p o r t a b i l i t y  are i m p o r t a n t  r e q u i r e -  
ments :  t h e  t r a n s p o r t a t i o n  m a r k e t  and  t o  a  lesser e x t e n t  
t h e  m a r k e t  f o r  d i s p e r s e d  e lectr ic  g e n e r a t i o n  (where elec- 
t r i c  t r a n s m i s s i o n  i s  t h e  c o m p e t i t o r ) .  
(HYDROGEN, ENERGY, MARKET, FUEL, COST, STORAGE, TRANS- 

MISSION, ELECTRICITY) 

H73 10053 HYDROGEN AND THE ELECTRIC ECONOMY 
Deen. J . L . ,  and R . J .  S c h o e p p e l ,  (Mechan ica l  and Aero- 
s p a c e  E n g i n e e r i n g ,  Oklahoma S t a t e  U n i v e r s i t y ) ,  F r o n t i e r s  
o f  Power Technology Confe rence  P r o c e e d i n g s ,  p  10-11 7 1  

E l e c t r i c i t y ,  a  s e c o n d a r y  form o f  e n e r g y ,  h a s  p l a y e d  
a dominant  r o l e  i n  t h e  e v o l u t i o n  of a n  advanced c i v i l i -  
z a t i o n .  I t s  r a t e  of  growth  c u r r e n t l y  e x c e e d s  t h a t  i n  t h e  
c o m p e t i t i v e  i n d u s t r i a l ,  r e s i d e n t i a l  and t r a n s p o r t a t i o n  
sectors. T h i s  i n c r e a s i n g  t r e n d  i s  e x p e c t e d  t o  c o n t i n u e  
u n t i l  a n e a r - t o t a l  e l e c t r i c  economy is a c h i e v e d .  

The t r a n s i t i o n  t o  t h e  e l e c t r i c  economy is  e x p e c t e d  
t o  i n v o l v e  t h e  "e lec t r ic  a u t o "  i n  a number o f  ways: 
1) e l e c t r i c a l l y  g e n e r a t e d  hydrogen f o r  u s e  i n  i n t e r n a l  
combus t ion  e n g i n e s ;  2) s t o r e d  e l e c t r i c i t y  i n  t h e  form o f  
ba t ter ies  f o r  u s e  i n  p r o v i d i n g  v e h i c l e  p r o p u l s i o n ;  3 )  elec 



t r i c a l l y  g e n e r a t e d  hydrogen f o r  u s e  i n  f u e l  c e l l  e n g i n e s .  
The e x p e c t e d  ro le  f o r  e a c h  of  t h e s e  means of  e n e r g y  con- 7 

v e r s i o n ,  and t h e  t r a n s i t i o n  t o  t h e  e lectr ic  economy, i s  
p r e d i c t e d  t o  o c c u r  i n  t h i s  o r d e r .  V a r i o u s  r a m i f i c a t i o n s  
o f  such  e v o l u t i o n a r y  c h a n g e s ,  i n c l u d i n g  t h e  i n f l u e n c e s  
o f  t h e  e n e r g y  cr is is  and e n v i r o n m e n t a l  d e g r a d a t i o n ,  are 
p r e s e n t e d .  
(ELECTRICITY, ENVIRONMENT, ENERGY) 

H73 10054 HYDROGEN ENERGY SYSTEMS AND VEHICULAR PRO- 
PULS I O N  
S t u a r t ,  A.K.,  (The E l e c t r o l y s e r  C o r p o r a t i o n  L t d . ,  122 
The W e s t  M a l l ,  E t o b i c o k e ,  T o r o n t o ,  Canada) ,  The I n t e r -  
n a t i o n a l  Confe rence  on Automobi le  P o l l u t i o n ,  The A s s o -  
c i a t i o n  o f  P r o f e s s i o n a l  E n g i n e e r s  o f  t h e  P r o v i n c e  o f  
O n t a r i o ,  T o r o n t o ,  Je 27 ' 7 2 ,  Avai1:TAC 

Hydrogen i s  s u g g e s t e d  a s  t h e  u l t i m a t e  r e c y c a b l e  
f u e l  w i t h  many a d v a n t a g e s  as a n  e n g i n e  f u e l .  N u c l e a r  
e n e r g y  s y s t e m s  a r e  d i s c u s s e d  w i t h  of f -peak  e l e c t r i c  
power p r o v i d i n g  a low cost  s o u r c e  o f  hydrogen. A t t e n t i o n  
i s  g i v e n  t o  t h e  s t o r a g e ,  h a n d l i n g  and s a f e t y  a s p e c t s  o f  
hydrogen.  G r a d u a l  c o n v e r s i o n  t o  a hydrogen e n e r g y  s y s -  
t e m  i s  p roposed .  
(FUEL, ENGINE, POLLUTION, OXYGEN, NUCLEAR, STORAGE, 
SAFETY) 

J H73 10055 THE ENERGY LABYRINTH 
Anon, Union C a r b i d e  Corp. ,  L i n d e  ~ i v i s i o n ,  270 Pa rk  Ave., 
New York,  N.Y., 10017, Avai1:TAC 

Hydrogen, t h e  f u e l  o f  t h e  f u t u r e  from t h e  s t a n d p o i n t  
o f  . . . . . . . e c o l o g y ,  t h e  n a t i o n a l  economy, e n g i n e e r i n g  
f e a s i b i l i t y .  
(HYDROGEN, FUEL, ECONOMY, ENERGY, ECOLOGY, SAFETY, 

NUCLEAR, COAL) 

J H73 10056 THE HYDROGEN ECONOMY 
Gregory ,  D.P., ( I n s t i t u t e  o f  G a s  Technology,  Chicago,  I l l . ) ,  
A.G.A.  Monthly,  p  4-9, Je 72, Avai1:TAC 

Energy from t h e  o c e a n  ....... by t h e  y e a r  2000 
hydrogen produced from w a t e r  may ?rove  t o  b e  an  answer  
t o  t h e  n a t i o n ' s  s h o r t a g e  o f  c l e a n  ene rgy .  
(HYDROGEN, ECONOMY, ENERGY) 



H73 10057 HYDROGEN AS A FUEL 
Anon, p e t r o l e u m  P r e s s  S e r v i c e ,  J1 7 2 ,  Avai1:TAC 

The commission of t h e  European Communities h a s  pro-  
posed  t h a t  r e s e a r c h  i n t o  u s i n g  n u c l e a r  e n e r g y  t o  e x t r a c t  
hydrogen from w a t e r  shou ld  b e  c o n t i n u e d  b y  t h e  I s p r a  
e s t a b l i s h m e n t  o f  t h e  EEC's J o i n t  R e s e a r c h  C e n t r e .  The 
a i m  o f  I s p r a  i s  t o  p e r f e c t  i t s  Mark I p r o c e s s  i n v e n t i o n  
f o r  t h e  p r o d u c t i o n  o f  hydrogen,  so t h a t  i t  can  b e  a p p l i e d  
on  a n  i n d u s t r i a l  scale and q u i c k l y  become a n  i m p o r t a n t  
s o u r c e  o f  e n e r g y  i n  W e s t e r n  Europe .  
(ENERGY, NUCLEAR, OXYGEN, REACTOR, DECOMPOSITION, HEAT, 
GASIFICATION, COAL, POLLUTION, USE) 

H 7 3  10058* HEAT-STORAGE WELLS FOR CONSERVING ENERGY 
AND REDUCING THERMAL POLLUTION 
Meyer,  C.F., (TEMPO - ~ e n e r a l  E l e c t r i c  - C e n t e r  f o r  
Advanced S t u d i e s ,  S a n t a  B a r b a r a ,  C a l i f .  ) , and D.K. Todd, 
(Univ. o f  c a l i f . ,  B e r k l e y ,  C a l i f . ) ,  8 t h  I n t e r s o c i e t y  
Energy  C o n v e r s i o n  E n g i n e e r i n g  C o n f e r e n c e ,  P h i l a d e l p h i a ,  
Pa. ,  Aug 73 ,  Avai1:TAC 

The m o t i v a t i o n  for i n v e s t i g a t i n g  h e a t  s t o r a g e  a r o s e  
f rom TEMPO'S i n v e s t i g a t i o n s  o f  Eco-Energy and t h e  hydro- 
g e n  economy. 

One a d v a n t a g e  o f  hydrogen as a f u e l  i s  t h e  h i g h  
e f f i c i e n c y  t h a t  c a n  b e  o b t a i n e d  i n  hydrogen-oxygen com- 
b u s t i o n  t u r b i n e s ,  used  t o  d r i v e  e l e c t r i c  g e n e r a t o r s .  The 
e x h a u s t  f rom hydrogen-oxygen turb ine ;  i s  p u r e  steam. The 
s t e a m  and  t h e  e n e r g y  i t  c o n t a i n s  c a n  be used  i n  v a r i o u s  
ways. An a t t r a c t i v e  a l t e r n a t i v e  is t o  d e s i g n  t h e  sys t em 

0 
t o  p roguce  steam and h o t  w a t e r  a t  t e m p e r a t u r e s  o f  180 
t o  340 F,  f o r  d i s t r i c t  h e a t i n g :  i.e., s p a c e  h e a t i n g ,  
a b o r p t i o n - c y c l e  a i r  c o n d i t i o n i n g ,  water h e a t i n g ,  and p ro -  
cess h e a t .  Exhaus t  h e a t  is t h u s  e x p o r t e d  and  u t i l i z e d ,  
and  no c o o l i n g  f a c i l i t i e s  a r e  r e q u i r e d .  

S t o r i n g  l a r g e  amounts o f  u s e f u l  ; .eat  i n  ground- 
w a t e r  a p p e a r s  f e a s i b l e .  p r e l i m i n a r y  a n a l y s i s  shows 
t h a t  more t h a n  t h r e e - f o u r t h s  of t h e  s t o r e d  h e a t  c a n  b e  
r e c o v e r e d  a f t e r  90 days ;  h e a t - s t o r a g e  w e l l s  c o s t  less 
t h a n  t h e  c o o l i n g  f a c i l i t i e s  t h e y  r e p l a c e ;  and  t h e  n e c e s s a r y  
underg round  f o r m a t i o n s  are w i d e l y  available. 
(COMBUSTION, HYDROGEN, OXYGEN, STEAM, FUEL, ECONOMY) 



H73 10059 CONSERVING ENERGY WITH mAT STORAGE WELLS 
Meyer, C.F., (TEMPO - General  E l e c t r i c  Co., San ta  Barbara ,  
C a l i f . ) ,  and D.K.   odd, (Univ. of C a l i f . ,  Berk ley ,  C a l i f . ) ,  
Environmental Sc ience  & Technology, V 7:512-516 N7 Je 73, 
Avai1:TAC 

~ l e c t r i c  and gas  u t i l i t i e s  have embarked upon major 
compaigns t o  promote c o n s e r v a t i o n  o f  energy because of 
p u b l i c  p r e s s u r e  and t h e  s h o r t  supply of c l e a n  i u e l s ,  

Recent s t u d i e s  a t  Genera; ~ l e c t r i c ' s  Cen te r  f o r  
Advanced S t u d i e s  (TEMPO) show t h a t  thermal p o l l u t i o n  
could be  g r e a t l y  reduced and s u b s t a n t i a l  energy  conser-  
v a t i o n  could r e s u t l  from l a r g e - s c a l e  a p p l i c a t i o n  o f  a 
to t a l - ene rgy  approach under which u t i l i t i e s  would pro- 
duce and market bo th  e l e c t r i c i t y  and u s e f u l  h e a t .  

A more advanced system would employ hydrogen-oxygen 
tu rb ines .  That a  "hydrogen economy" w i l l  evo lve  w i t h i n  
t h e  nex t  one o r  two decades ,  due t o  t h e  s h o r t a g e  of f o s s i l  
f u e l s  and o t h e r  c o n s i d e r a t i o n s ,  has  been p o s t u l a t e d  by 
a  number of i n v e s t i g a t o r s .  Hydrogen and oxygen would 
be manufactured by s p l i t t i n g  wate r .  

The exhaus t  from a hydrogen-oxygen t u r b i n e  would 
be  pure  steam. The t u r b i n e  can be designed t o  exhaus t  
a t  whatever t empera ture  is d i c t a t e d  by heat-energy re- 
quirements .  S i n c e  f u l l  thermodynamic c r e d i t  can be 
taken f o r  t h e  h e a t  i n  t h e  exhaus t ,  t h e  e f f e c t i v e  e f f i -  
c i ency  of t h e  hydrogen-oxygen t u r b i n e  i s  v e r y  high.  For  
energy conse rva t ion  t h i s  approach i s  ex t remely  a t t r a c t i v e .  
(ELECTRIC, EFFICIENCY, POLLUTION, TURBINE, HYDROGEN, 
OXYGEN, CONSERVATION) 

J H73 10060 HYDROGEN: IT 'S  CLEAN, BUT IS IT A PRACTICAL 
FUEL? 
Anon, Corne l l  Chronic le ,  S e p t  6  '73,  Avai1:TAC 

I t ' s  t h e  most abundant element i n  t h e  u n i v e r s e ,  i t  
w i l l  b e  p l e n t i f u l  on e a r t h  long a f t e r  t h i s  p l a n e t ' s  sup- 
p l i e s  of f o s s i l  f u e l s  a r e  exhausted,  and i t  makes a  c l e a n  
f u e l  which burns  t o  g i v e  o f f  harmless wate r  vapor ,  b u t  
some 80 i n t e r n a t i o n a l l y  known s c i e n t i s t s  and e n g i n e e r s  
meeting a t  C o r n e l l  Aug 20-22 a r e  s t i l l  q u e s t i o n i n g  whether  
hydrogen w i l l  be t h e  f u e l  o f  t h e  f u t u r e .  

C o r n e l l ' s  I n t e r n a t i o n a l  Symposium and Workshop on 
t h e  Hydrogen Economy was a  g a t h e r i n g  of s p e c i a l i s t s  who 
spoke i n  t e c h n i c a l  terms about  t h e  way t h e  u t i l i z a t i o n  
o f  hydrogen, t h e  s i m p l e s t  of t h e  e lements ,  could a f f e c t  
economics and energy s t o r e s  on a worldwide b a s i s .  



Organized and cha i r ed  by Simpson Linke, p r o f e s s o r  
of  e l e c t r i c a l  eng ineer ing  a t  C o r n e l l ,  t h e  conference  
brought  a  number of d i s t i n g u i s h e d  v i s i t o r s  t o  t h e  campus. 
(HYDROGEN, ECONOMY, MEETING) 

R73 10061' PROSPECTS FOR HYDROGEN AS A FUEL FOR TRANS- 
W 

PORTATION SYSTEMS AND FOR ELECTRICAL POWER GENERATION 
Escher .  W.J.D., (Escher Technology A s s o c i a t e s ) ,  Report 
NO. OmL-m-4305, Oak Ridge Na t iona l  Laboratory,  Oak 
Ridge, Tenn., S e p t  72, Avai1:TAC 

The p o t e n t i a l  a p p l i c a t i o n  o f  hydrogen, produced from 
n o n - f o s s i l  domes t ic  sources ,  i s  examined f o r  a p p l i c a b i l i t y  
t o  t h e  t r a n s p o r t a t i o n  and e l e c t r i c a l  gene ra t ion  s e c t o r s .  
The c h a r a c t e r i s t i c s  of  hydrogen a s  a  gas  and a s  a  cryogen- 
i c  l i q u i d  a r e  no ted ;  c o s t  t r e n d s  a r e  p resen ted .  

Ground, w a t e r ,  and a i r  t r a n s p o r t a t i o n  modes and 
systems a r e  i n d i v i d u a l l y  examined w i t h  r e s p e c t  t o  a  
p o t e n t i a l  convers ion  t o  hydrogen f u e l .  E l e c t r i c a l  gen- 
e r a t i o n  systems,  bo th  convent iona l  and unconvent ional ,  
a r e  a s s e s s e d  s i m i l a r l y .  Hydrogen's p o t e n t i a l  f o r  t r a n s -  
m i s s i o n  and s t o r a g e  o f  e l e c t r i c a l  energy i s  c i t e d .  

From t h e s e  f i n d i n g s ,  a  d e t a i l e d  l i s t  of recommended 
s tudy ,  r e s e a r c h  and development, and demons t ra t ion  system 
t o p i c s  i s  g iven  toward implementing an  e v e n t u a l  convers ion 
of t r a n s p o r t a t i o n  and t h e  e l e c t r i c a l  u t i l i t i e s  t o  hydro- 
gen f u e l .  
(HYDROGEN, FUEL, TRANSPORTATION, POWER, GENERATION) 

H 7 3  10062 C&EN TALKS WITH.. . . . . . 
Gregory, D.P., ( I n s t i t u t e  of Gas Technology, Chicago, 
I l l . ) ,  Chemical and Engineering News, Oct 1 '73  

A c o a l - f i r e d  a i r p l a n e ?  Not l i t e r a l l y  -- b u t  chem- 
i c a l l y  speaking it may n o t  be  f a r  away. D r .  Derek P. 
Gregory, a s s i s t a n t  d i r e c t o r  f o r  eng ineer ing  r e sea rch  a t  
t h e  I n s t i t u t e  o f  Gas Technology, i s  a f i rm  b e l i e v e r  i n  
t h e  f u t u r e  of hydrogen f u e l s .  

D r .  G regory ' s  i n t e r e s t  i n  hydrogen i s n ' t  a  narrow 
preoccupa t ion .  I t  i s  one a s p e c t  of  a much broader  con- 
c e r n  w i t h  o rgan iz ing  n a t i o n a l  r e s o u r c e s  t o  meet f u t u r e  
energy needs. There is l i t t l e  doubt  i n  h i s  mind t h a t  
t h e  p r i n c i p a l  e lements  i n  t h e  energy  b u s i n e s s  of t h e  f u t u r e  
w i l l  be n u c l e a r  r e a c t o r s ,  c o a l ,  and wate r .  

The c h i e f  reason f o r  t h e  c u r r e n t  energy  b ind ,  says  
D r .  Gregory, is t h e  l a c k  of a  n a t i o n a l  energy po l i cy .  

Two e s s e n t i a l s  of a v a l i d  n a t i o n a l  energy p o l i c y ,  
D r .  Gregory s a y s ,  a r e  a  f i rm  conse rva t ion  program and a  
c o n s i s t e n t  method of a l l o c a t i n g  r e sou rces .  Ne i the r  i s  
popula r  b u t  b o t h  a r e  requi red .  
(HYDROGEN, FUEL, ENERGY, POLICY) 



J H73 10063* "HYDROGEN SYNTHETIC mEL OF THE FUTURE" 
Hammond, A.L., W.D. Metz, and T.H. Maugh 11, Energy and 
t h e  Future ,  Chapt 18, American A S S O C ~ ~ ~ ~ O ~  f o r  t h e  Ad- 
vancement o f  Sc ience ,  Washington, D.C., 73, Avai1:TAC 

It may t a k e  50 y e a r s ,  100 yea r s ,  o r  longer ,  b u t  t h e  
time is  approaching when gas ,  o i l ,  and c o a l  w i l l  no 
longer  be  a v a i l a b l e  f o r  u s e  as f u e l s .  Poss ib ly ,  r e s e r v e s  
of t h e s e  f u e l s  w i l l  be  d e p l e t e d  by then.  Probably,  pro- 
duc t ion  w i l l  no t  be  a b l e  t o  keep  pace w i t h  demand. But 
most l i k e l y ,  t h e  remaining reserves w i l l  become f a r  t o o  
va luab le  a s  f eeds tocks  f o r  chemical  p roduc t ion  t o  be  
burned s imply f o r  t h e i r  energy conten t .  I t  is l i k e l y  
both  t h a t  e l e c t r i c i t y  w i l l  p l a y  a l a r g e r  r o l e  i n  supply- 
ing  f u t u r e  energy  demands and t h a t  h e a t  from n u c l e a r  
r e a c t o r s  w i l l  be u t i l i z e d  i n  l a r g e  n u c l e a r / i n d u s t r i a l  
complexes, or nuplexes.  Nonetheless ,  t h e r e  w i l l  remain 
a s t r o n g  demand f o r  p o r t a b l e ,  f l u i d  f u e l s ,  p a r t i c u l a r l y  
f o r  a p p l i c a t i o n s  i n  t r a n s p o r t a t i o n ,  and t h e  most l i k e l y  
response t o  t h i s  demand w i l l  be  a v a s t l y  i nc reased  pro- 
duc t ion  of hydrogen. 

Hydrogen, o f  cou r se ,  is n o t  an a l t e r n a t i v e  primary 
energy source ,  because l a r g e  amounts o f  energy  a r e  re- 
q u i r e d  t o  produce it. Rather ,  i t  ho lds  promise o f  being 
a h igh ly  e f f i c i e n t  energy c a r r i e r  that can  be used i n  
s i t u a t i o n s  where t r a n s f e r  of  energy a s  e l e c t r i c i t y  is 
i n e f f i c i e n t ,  i m p r a c t i c a l ,  o r  impossible .  I t  is t h e  
p o t e n t i a l  t h a t  has  gene ra t ed  such widespread interest  i n  
t h e  p o s s i b i l i t y  o f  a "hydrogen economy." 

I n  many ways, hydrogen i s  an  i d e a l  f u e l .  When i t  
is  burned i n  a i r ,  t h e  on ly  p o s s i b l e  p o l l u t a n t s  a r e  n i t r o g e n  
ox ides  d e r i v e d  from t h e  a i r  i t s e l f ,  and c o n c e n t r a t i o n s  
o f  t h e s e  a r e  g e n e r a l l y  lower t han  c o n c e n t r a t i o n s  produced 
b y  o t h e r  f u e l s .  When it is burned i n  pure  oxygen, t h e  
o n l y  produc t  i s  w a t e r  and t h e r e  a r e  no p o l l u t a n t s  a t  a l l .  
(HYDROGEN, SYNTHETIC, FUEL, FUTURE) 

H73 10064 SYNTHETIC FUELS FOR TRANSPORTATION AND 
NATIONAL ENERGY NEEDS 
Gregory, D.P., ( I n s t i t u t e  of  Gas Technology, Chicago, 
I l l . ) ,  and R.R. Rosenberg, Paper p re sen ted  a t  SAE Nat iona l  
Meeting, Symposium on Energy and t h e  Automobile, D e t r o i t ,  
Mich., May 15 '73 ,  Avai1:TAC 

The United S t a t e s  petroleum s u p p l i e s  cannot keep 
up wi th  t h e  demands made upon them by t h e  u s e  of auto-  
mobi les .  Increased  impor t a t i on  of o i l  is no t  a s a t i s -  
f a c t o r y  long-tem s o l u t i o n .  U.S. s u p p l i e s  o f  c o a l ,  nuc l ea r ,  



and s o l a r  e n e r g y ,  however,  are a b u n d a n t .  W e  s u g g e s t  t h a t  
" c l e a n "  f u e l s  c o u l d  be s y n t h e s i z e d  from t h e s e  r e s o u r c e s  
b y  u s i n g  t h e s e  abundan t  m a t e r i a l s .  T h i s  p a p e r  examines 
t h e  p o s s i b i l i t i e s  o f  making m e t h a n o l ,  e t h a n o l ,  hydrogen,  
and ammonia f o r  u s e  as  v e h i c l e  f u e l s .  I n  t h e  s h o r t  te rm,  
me thano l  and  m e t h a n o l - g a s o l i n e  b l e n d s  a p p e a r  a t t r a c t i v e .  
I n  t h e  l o n g  term, hydrogen i s  i d e a l  i f  i t s  h a n d l i n g  prob- 
l e m s  c a n  be s o l v e d .  
(HYDROGEN, FUEL, SYNTHETIC, TRANSPORTATION) 

H 7 3  10065* CLEAN ENERGY V I A  CRYOGENIC TECHNOLOGY 
W i l l i a m s ,  L.O., ( W a r t i n  Marietta A e r o s p a c e ,  Denver ,  Colo. ) , 
Advances i n  Cryogenic  E n g i n e e r i n g ,  Chapt .  L - 8 ,  V 18 72: 
and P a p e r  A-5 ,  Cryogen ic  E n g i n e e r i n g  Confe rence ,  B o u l d e r ,  
Colo., Aug 72 

C o n s i d e r a t i o n  o f  t h e  t o t a l  problem o f  a i r  p o l l u t i o n  
l e a d s  t o  t h e  c o n c l u s i o n  t h a t ,  f o r  a permanent  s o l u t i o n ,  
t h e  open- loop combust ion  o f  f o s s i l  f u e l  must  e v e n t u a l l y  
b e  s t o p p e d .  Only n u c l e a r  power s o u r c e s ,  p a r t i c u l a r l y  
t h o s e  u s i n g  f u s i o n ,  have  t h e  p o t e n t i a l  o f  p r o d u c i n g  t h e  
power r e q u i r e d  b y  t h e  economy w i t h  a minimum o f  a i r  
p o l l u t i o n .  F o r  mobile ( p o r t a b l e )  r e q u i r e m e n t s ,  a  f u e l  
combusted w i t h  a i r  r emains  u n e x c e l l e d  as  a power s o u r c e .  
Examina t ion  of t h e  c h e m i c a l  f u e l s  t h a t  c o u l d  be used  f o r  
m o b i l e  power w i t h o u t  p r o d u c i n g  a i r  p o l l u t i o n  l e a d  t o  
hydrogen as t h e  o n l y  p o s s i b l e  z e r o - p o l l u t i o n  f u e l .  Hydro- 
gen  p r o v i d e s  more e n e r g y  p e r  u n i t  w e i g h t  t h a n  a n y  o t h e r  
f u e l .  It and i t s  combust ion  p r o d u c t s ,  hydrogen and w a t e r ,  
are t o t a l l y  n o n t o x i c .  

I n  t h e  t e c h n o l o g y  o f  c o n v e r t i n g  t h e  economy t o  t h e  
u s e  of z e r o - p o l l u t i o n  hydrogen,  two b r o a d  problems a r e  
o f  s i g n i f i c a n c e :  

1. Can s u f f i c i e n t  low-cos t  hydrogen b e  produced?  
2.  Can t h e  hydrogen be h a n d l e s  and  d i s t r i b u t e d  i n  

an  economic and  s a f e  manner? 
The f i r s t  q u e s t i o n  c a n  be answered  by  t h e  u s e  o f  

e l e c t r o l y s i s  o f  sea water w i t h  n u c l e a r - p r o d u c e d  e l e c t r i c i t y .  
I n  t h i s  p r o c e s s  a n  e l e c t r i c  c u r r e n t  i s  p a s s e d  t h r o u g h  
w a t e r  decomposing i t  i n t o  i t s  c o n s t i t u e n t s  - hydrogen and 
oxygen. Wate r  i s  t h e  s t a r t i n g  material f o r  t h i s  p r o c e s s  
and t h e  hydrogen b u r n s  t o  w a t e r  when it i s  u s e d  as f u e l ,  
t h u s  c l o s i n g  t h e  material  t r a n s p o r t  l o o p  u s e d  i n  t h e  
e n e r g y  sys tem.  The answer  t o  t h e  second  q u e s t i o n  is 
a l s o  c l e a r l y  yes .  F o r  s a f e t y ,  c o o l i n g ,  and  a v a i l a b i l i t y  
o f  w a t e r ,  t h e  v e r y  l a r g e  g e n e r a t i n g  p l a n t s  c o u l d  be l o c a t e d  
v e r y  n e a r  o r ,  p o s s i b l y  be t ter ,  on  t h e  o c e a n s .  The hydro- 



gen  and oxygen produced c o u l d  b e  t r a n s m i t t e d  b y  e x i s t i n g  
and new p i p e l i n e s  t o  a l l  p a r t s  of t h e  c o u n t r y .  A t  va r -  
i o u s  r e g i o n a l  l o c a t i o n s  l a r g e  l i q u e f a c t i o n  f a c t l i t t e s  
c o u l d  c o n v e r t  t h e  hydrogen t o  l i q u i d  f o r  s t o r a g e  and  
s u p p l y  t o  t h e  v a r i o u s  l o c a l  mob i l e  t r a n s p o r t  s u p p l y  f a c i l -  
i t i e s  would p r o v i d e  service and f u e l  i n  a  manner i n d i s -  
t i n g u i s h a b l e  from t h a t  u s e d  i n  t o d a y ' s  f i l l i n g  s t a t i o n .  
(ENERGY, HYDROGEN, LIQUID, CRYOGENIC) 

H73 10066 POLLUTION-FREE CAR ENGINES THAT BURN A 
GASOLINE-HYDROGEN MIXTURE 
Anon, Chementa tor ,  Chemical  E n g i n e e r i n g ,  V 80:17 N22 
O c t  1 ' 7 3  

P o l l u t i o n - f r e e  c a r  e n g i n e s  t h a t  b u r n  a g a s o l i n e -  
hydrogen m i x t u r e  a r e  u n d e r  s t u d y  a t  t h e  U.S. N a t i o n a l  
A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n  ' s l a b o r a t o r i e s  i n  
Pasadena ,  C a l i f .  P r o j e c t  r e s e a r c h e r s  are l o o k i n g  to- 
ward a  car t h a t  would n o t  o n l y  m e e t  f u t u r e  a u t o -  
e m i s s i o n  l i m i t s  ( w i t h o u t  c a t a l y t i c  o r  o t h e r  a d d - o n - d e v i c e s )  
b u t  a l s o  o f f e r  f u e l  economy and t h e  a b i l i t y  t o  o p e r a t e  
on r e l a t i v e l y  low-grade hydroca rbons .  

I n  t h e  scheme, hydrogen is  g e n e r a t e d  from g a s o l i n e  
and w a t e r  i n  a t h e r m a l  r e a c t o r ,  t h e n  f e d  t o  a n  " a t o m i z e r "  
t h a t  t h e  e n g i n e  employs i n  p l a c e  of a  c a r b u r e t o r .  The 
a t o m i z e r  b l e n d s  t h e  hydrogen w i t h  g a s o l i n e ,  and  t h e  mix- 
t u r e  goes  t o  a  s t a n d a r d  i n t e r n a l - c o m b u s t i o n  e n g i n e .  

The r e s e a r c h e r s  h a v e  o p e r a t e d  a n  e x p e r i m e n t a l  car 
i n  which t h e  hydrogen was s u p p l i e d  by  a g a s  c y l i n d e r ;  
t h e y  hope t o  have  r e a d y  w i t h i n  two months a n  a u t o m o b i l e  
equ ipped  w i t h  t h e  hydrogen g e n e r a t o r .  They c l a i m  t h a t  
cars u s i n g  t h e  new approach ,  once  it is f u l l y  deve loped ,  
w i l l  p roduce  z e r o  or n e a r - z e r o  e m i s s i o n s  o f  hydro- 
c a r b o n s ,  c a r b o n  monoxide, and  n i t r o g e n  o x i d e s .  
(HYDROGEN, GASOLINE, POLLUTION-FREE, AUTOMOBILE) 

H7 3 10067* A HYDROGEN BASED ENERGY ECONOMY 
F e i n ,  E., (The F u t u r e s  Group, G l a s t o n b u r y ,  Conn . ) ,  R e p o r t  

L/ 
No. 69-08-10, O c t  7 2 ,  Avai1:TAC 

T h i s  r e p o r t  e x p l o r e s  t h e  a r e a  of p r o d u c t i o n ,  t r a n s -  
p o r t a t i o n  and s t o r a g e ,  and t h e  p o t e n t i a l  m a r k e t  f o r  hydro- 
gen .  These p r o v i d e  t h e  background f o r  a  d i s c u s s i o n  o f  
growth and f u t u r e  p r o j e c t i o n s .  

Two u t i l i t y  s y s t e m s ,  which r e p r e s e n t  p o s s i b l e  s t a g e s  
of evolvement  toward a n  u l t i m a t e  sys t em,  are  a n a l y z e d .  
Whi le  p r o j e c t e d  c o s t s  are meant  t o  b e  as r e a l i s t i c  a s  pos- 



s i b l e ,  t h e  c o m p e t i t i v e n e s s  o f  hydrogen as a f u e l  w i l l  de- 
pend v e r y  much on  t h e  a s s i g n e d  c o s t s  of p o l l u t i o n  con- 
s t r a i n t s  f o r  f o s s i l  f u e l s  and on t h e  g e o p o l i t i c s  o f  
s u p p l y .  The p a t t e r n  o f  p o s s i b l e  s y s t e m  e v o l u t i o n  l e a d s  
t o  t h e  i d e n t i f i c a t i o n  o f  p romis ing  r e s e a r c h  and d e v e l -  
opment a r e a s .  
(PRODUCTION, TRANSPORTATION, STORAGE, MARKET, CHEMICAL, 
REFINING, UTILITY, ELECTRIC, RESEARCH, FOSSIL, FUEL) 

H 7 3  10068* A HYDROGEN ENERGY CARRIER 
Savage ,  R.L., L. B lank ,  T. Cady, and K.E. Cox, Eds . ,  1973 
NASA-ASEE Sys tems  Design I n s t i t u t e ,  U n i v e r s i t y  of Hous ton ,  
R i c e  U n i v e r s i t y ,  NASA-Johnson Space  C e n t e r ,  H ~ u s t o n ,  Tex., 
V I :  Summary, NASA G r a n t  NGT 44-005-114 ----- 

Hydrogen as a n  e n e r g y  carrler is a l m o s t  i d e a l  f r o m  
an  e n v i r o n m e n t a l  v i e w p o i n t .  It i s  made from w a t e r  and i t s  
p r o d u c t  o f  combust ion  i s  water. Hydrogen can  b e  used  as 
a  f u e l  i n  a l l  c o n v e n t i o n a l  a r e a s  o f  e n e r g y  u s e ,  i n c l u d i n g  
i n d u s t r i a l  c h e m i c a l ,  i n d u s t r i a l  f u e l ,  e l ec t r i c  power gen- 
e r a t i o n ,  r e s i d e n t i a l  and c o m m e r c i a l ,  and t r a n s p o r t a t i o n .  
A p r i m a r y  s o u r c e  o f  e n e r g y  such  a s  f o s s i l  f u e l ,  n u c l e a r  
e n e r g y  o r  s o l a r  e n e r g y  must  be used  t o  p roduce  hydrogen. 
The c o s t  of hydrogen w i l l  depend on t h e  c o s t  o f  t h e  
p r i m a r y  s o u r c e  o f  e n e r g y  and t h e  e f f i c i e n c y  o f  t h e  pro-  
c e s s  used  t o  p roduce  t h e  hydrogen.  P r o j e c t e d  costs  o f  
gaseous  hydrogen a t  t h e  p r o d u c i n g  p l a n t  r ange  from $1.00 
t o  $3.00 p e r  m i l l i o n  B t u .  P i p e l i n e  t r a n s m i s s i o n  o f  gas-  
e o u s  hydrogen w i l l  add o n l y  a  few c e n t s  p e r  m i l l i o n  Btu  
t o  t h e  cost o f  hydrogen f u e l  d e l i v e r e d  t o  t h e  cus tomer .  

I n i t i a l  l a r g e  scale methods o f  p r o d u c t i o n  o f  hydrogen 
w i l l  be from t h e  g a s i f i c a t i o n  o f  coal. N u c l e a r  e n e r g y  w i l l  
a l s o  be u s e d  t o  p roduce  hydrogen.  The e s t a b l i s h e d  pro-  
cess i s  b y  e l e c t r o l y s i s  o f  water b u t  t h e  o v e r a l l  e f f i c i e n c y  
i s  low. Depending on t h e  c o s t  of e l e c t r i c  power, t h e  c o s t  
o f  hydrogen g a s  produced by  e l e c t r o l y s i s  w i l l  r a n g e  from 
$100 t o  '$5.00 p e r  m i l l i o n  B tu .  There  is v e r y  l i t t l e  
c h e a p  power available,  e v e n  a t  o f f -peak  p e r i o d s  and t h e  
c o s t  of m o s t  o f  t h e  hydrogen produced b y  e l e c t r o l y s i s  
w i l l  be from $3.00  t o  $5.00 p e r  m i l l i o n  B tu .  

If needed t e c h n o l o g y  i s  d e v e l o p e d ,  d i r e c t  t h e r m a l  
d e c o m p o s i t i o n  o f  w a t e r  or  thermo-chemica l  d e c o m p o s i t i o n  
o f  w a t e r  t o  p roduce  hydrogen,  u s i n g  n u c l e a r  h e a t  r a t h e r  
t h a n  e l e c t r i c i t y ,  w i l l  p roduce  hydrogen a t  a  c o s t  o f  $1.00 
t o  $1.50 p e r  m i l l i o n  B tu .  These p r o c e s s e s  are n o t  e x p e c t e d  



t o  b e  operational b e f o r e  1985. Fo r  t h e  per iod  a f t e r  t h e  
y e a r  2000, s o l a r  energy may r e p l a c e  nuc l ea r  energy f o r  
t h e  product ion of hydrogen from wa te r ,  b u t  t h e  c o s t  is  
f o r e c a s t  t o  be  l n  t h e  range of $2.00 t o  $3.00 pe r  m i l l i o n  
B t U .  

Hydrogen can be t r a n s p o r t e d  most economically by 
p r p e l i n e .  S p e c i a l  a t t e n t i o n  must be d i r e c t e d  t o  des ign ing  
t h e  p i p e l i n e  t o  avoid c o n d i t i o n s  which may cause hydrogen 
environment embr i t t l ement .  

There a r e  no non- technica l  a s p e c t s  of t h e  hydrogen 
economy which cannot be  met. S a f e t y  problems wi th  hydro- 
gen a r e  s i m i l a r  t o  and probably no worse than s a f e t y  prob- 
lems wi th  o t h e r  hazardous f u e l s .  Environmental,  s o c i a l ,  
l e g a l ,  economic and p o l i t i c a l  f a c t o r s  have been examined. 
No insurmountable problems a r e  a n t i c i p a t e d  i n  conver t ing  
t o  a hydrogen economy. 
(HYDROGEN, ENERGY, ENVIRONMENT, SOCIETY, LEGAL) 

b H 7 3  10069* A HYDROGEN ENERGY CARRIER 
Savage, R.L., L. Blank, T. Cady, and K.E.  Cox, EDs . ,  1973 
NASA-ASEE Systems Design I n s t i t u t e ,  University o f  Houston, 
Rice  Un ive r s i t y ,  NASA-Johnson Space Cente r ,  Houston, Tex., 
V 11: Systems Ana lys i s  

A systems a n a l y s i s  of hydrogen a s  an energy c a r r i e r  
i n  t h e  United S t a t e s  i n d i c a t e d  t h a t  i t  i s  f e a s i b l e  t o  u s e  
hydrogen i n  a l l  energy u s e  a r e a s  except  some types  of 
t r a n s p o r t a t i o n .  These u s e  a r e a s  a r e  i n d u s t r i a l ,  r e s i d e n t i a l ,  
and commercial, and e l e c t r i c  power generation. S a t u r a t i o n  
concept  and conse rva t ion  concept  f o r e c a s t s  of  f u t u r e  t o t a l  
energy demands were made. P ro j ec t ed  c o s t s  of producing 
hydrogen from c o a l  o r  from nuc lea r  h e a t  combined w i t h  thenno- 
chemical  decomposition o f  wa te r  a r e  i n  t h e  range $1.00 t o  
$1.50 pe r  m i l l i o n  Btu of hydrogen produced. Other methods 
a r e  es t imated  t o  be  more c o s t l y .  The use  of hydrogen a s  
a f u e l  w i l l  r e q u i r e  t h e  development of l a rge - sca l e  t r a n s -  
mi s s ion  and s t o r a g e  systems.  A p i p e l i n e  system s i m i l a r  
t o  t h e  e x i s t i n g  n a t u r a l  gas  p i p e l i n e  system appears  prac- 
t i c a l ,  i f  des ign  f a c t o r s  a r e  included to  avoid hydrogen 
environment embr i t t l ement  of p i p e l i n e  meta l s .  Conclusions 
from t h e  examination o f  t h e  s a f e t y ,  l e g a l ,  environmental ,  
economic, p o l i t i c a l  and s o c i e t a l  a s p e c t s  of hydrogen f u e l  
a r e  t h a t  a  hydrogen energy c a r r i e r  system would b e  com- 
p a t i b l e  w i th  American v a l u e s  and t h e  e x i s t i n g  energy system. 
(HYDROGEN, SYSTEMS, STUDY, ENERGY, COSTS, ECONOMICS) 



/ ~ 7 3  10070 OUR SOLAR ENERGY OPTIONS: PHYSICAL AND 

BIOLOGICAL 
Tampl in ,  A.R. ,  (Lawrence Livermore  Lab. ,  L ivermore ,  C a l i f . ) ,  
R e p o r t  No. UCRL-51315, J a  2  ' 7 3  

T h i s  r e p o r t  d i s c u s s e s  v a r i o u s  schemes t h a t  have been  
p roposed  f o r  t h e  u t i l i z a t i o n  o f  solar  ene rgy .  These schemes 
would have t o  i n c l u d e  a n  e n e r g y  s t o r a g e  system. One s tor-  
a g e  s y s t e m  would i n v o l v e  t h e  e l e c t r o l y s i s  of w a t e r  and 
s t o r a g e  o f  hydrogen.  The f i r s t  s e c t i o n  will! d i s c u s s  
p h y s i c a l  s y s t e m s  and t h e  second s e c t i o n  w i l l  t r ea t  b i o -  
l o g i c a l  sys t ems .  The m a j o r  f o c u s  o f  t h e  r e p o r t  w i l l  b e  
t o  p r e s e n t  a  means o f  compar i son ;  c o n s e q u e n t l y  t h e  t e c h n i c a l  
d e s c r i p t i o n  w i l l  b e  somewhat b r i e f .  More d e t a i l e d  t e c h n i c a l  
d i s c u s s i o n s  c a n  b e  found i n  t h e  c i t e d  r e f e r e n c e s .  
(TERRESTRIAL, SPACE, MARINE, HEAT, ALGAE, EFFICIENCY, 
WAST$, FUEL, PYROLYSIS, COST) 

H73 10071 INFLUENCE OF HYDROGEN IIN AN ENERGY MARKETPLACE 
J o n e s ,  L.W., ( U n i v e r s i t y  of  Mich igan ,  Ann Arbor ,  M i c h . )  , 
C o r n e l l  I n t e r n a t i o n a l  Symposium and Workshop on t h e  Hydro- 
g e n  Economy, C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N.Y., Aug 73 

W e  must  e x p l o r e  e v e r y  r e a s o n a b l e  o p t i o n  and s o l u t i o n  
to  t h e  e n e r g y  problem and e x p l o r e  them soon and i n t e n s i v e l y .  
Towards t h e  end o f  f i n d i n g  t h e  b e s t  s o l u t i o n s ,  t h e  a u t h o r  
i n c l u d e s  hydrogen a s  a n  e s s e n t i a l  e l e m e n t .  F u r t h e r ,  a 
b a l a n c e d  program c o n t a i n i n g  t h e  t h r e e  e l e m e n t s :  p u r s u i t  
o f  r e s e a r c h ,  h i g h  s t a k e s  i n  i n v e s t m e n t  and long  t e c h n o l o g i c a l  
l e a d - t i m e  f o r  implemen ta t ion  o f  new, l a r g e - s c a l e  e n e r g y  
s y s t e m s  are r e q u i r e d .  
(USE, ECONOMY, CARRIER, CONSERVATION) 

H73 10072* LARGE-SCALE CONCENTRATION AND CONVERSION OF 
SOLAR ENERGY 
H i l d e b r a n d t ,  A.F., G.M. Haas ,  W.R. J e n k i n s ,  and J.P. Co laco ,  
( U n i v e r s i t y  o f  Houston,  Hous ton ,  T e x . ) ,  EOS Trans .  AGU, 
V 53:684-692 N7 J1 72 

T h e r e  i s  a s o u r c e  o f  e n e r g y  which  i s  t o t a l l y  p o l l u t i o n -  
f r e e  and e a s i l y  a v a i l a b l e  b u t  which h a s  been c o n s i d e r e d  too 
i n t e r m i t t e n t  and e x p e n s i v e  t o  b e  o f  v a l u e  - so la r  e n e r g y .  
P r o p o s a l s  have been  made t o  co l lec t  s o l a r  e n e r g y  w i t h  s o l a r  
ce l l s  s p r e a d  o v e r  l a r g e  a r e a s ,  b u t  solar  cel ls  have a low 
(3% - 10%) c o n v e r s i o n  e f f i c i e n c y  and are n o t  e c o n o m i c a l l y  
a t t r a c t i v e .  W e  f i n d  t h a t  a much h i g h e r  c o n v e r s i o n  e f f i c i e n c y  



is p o s s i b l e  by  f i r s t  c o n c e n t r a t i n g  t h e  s o l a r  e n e r g y  and ' j '  

t h e n  u s i n g  a thermodynamic c o n v e r s i o n  c y c l e .  W e  p r o p o s e  
a c o n c e n t r a t o r  c o n s i s t i n g  o f  a  l a r g e  number o f  i n d i v i d u a l  
movable m i r r o r s  t h a t  r e f l e c t  t h e  s o l a r  e n e r g y  o n t o  a 
s i n g l e  c o l l e c t o r  a t i p  a  l a r g e  tower. The c o n c e n t r a t e d  
e n e r g y  can  t h e n  be c o n v e r t e d  t o  e l e c t r i c a l  power e i t h e r  
b y  means o f  a steam c y c l e ,  u s i n g  l i q u i d  m e t a l s  f o r  h e a t  
t r a n s f e r  down t h e  t o w e r ,  o r  b y  a c l o s e d  c y c l e  magneto- 
hydrodynamic g e n e r a t o r .  The i n t e r m i t t e n t  n a t u r e  o f  t h e  
s o l a r  e n e r g y  c a n  b e  overcome by  e l e c t r o l y z i n g  water i n t o  
hydrogen and oxygen g a s  and s t o r i n g  t h e  e n e r g y  e i t h e r  i n  
t h e  form o f  compressed hydrogen and oxygen g a s  o r  a s  c ryo-  
g e n i c  l i q u i d s .  Energy s t o r a g e  i n  t h e  form o f  hydrogen 
i s  e s p e c i a l l y  a t t r a c t i v e  s i n c e  it o f f e r s  t h e  p o s s i b i l i t y  
of a p o l l u t i o n - f r e e  f u e l  f o r  t h e  i n t e r n a l  combust ion  en- 
g i n e .  
(HYDROGEN, ELECTROLYSIS, OXYGEN, STORAGE, INTERNAL COMBUS- 

TION, MAGNETOHYDRODYNAMIC, COST, SOLAR, ENERGY, CONVERSION) 

H73 10073* A HYDROGEN ECONOMY? 
Anon, Mechan ica l  E n g i n e e r i n g ,  O c t  73,  p  50 

A s  t h e  U n i t e d  S t a t e s '  s u p p l y  o f  n o n p o l l u t i n g  f o s s i l  
f u e l s  b e g i n s  t o  d w i n d l e ,  t h e  g a s  i n d u s t r y  h a s  begun a 
s e a r c h  f o r  a l t e r n a t u v e  s o u r c e s  of  c l e a n - b u r n i n g  ene rgy .  

F o r  t h e  p a s t  10  y e a r s ,  IGT, s a y s  Derek Gregory ,  
a s s i s t a n t  d i r e c t o r ,  e n g i n e e r i n g  r e s e a r c h ,  h a s  b e e n  s t u d y -  
i n g  a s y n t h e t i c  c h e m i c a l  f u e l  t h a t  can  e a s i l y  b e  pro-  <' , .@. :* 
duced from n u c l e a r  o r  s o l a r  e n e r g y  s o u r c e s :  hydrogen.  ia; 

Hydrogen c a n  b e  produced from w a t e r  b y  t h e  a d d i t i o n  
o f  ene rgy .  and c a n  be o x i d i z e d  back  t o  w a t e r  t o  g i v e  up 
t h i s  e n e r g y  a s  h e a t  o r  e lec t r ic  power d i r e c t l y .  So, 
w h i l e  hydrogen is  n o t  a n a t u r a l l y  o c c u r r i n g  f u e l  o r  a 
p r imary  s o u r c e  o f  e n e r g y ,  i t  i s  a n  a t t r a c t i v e  medium f o r  
s t o r a g e  and t r a n s m i s s i o n  o f  a n  e n e r g y  s o u r c e .  I t  i s  a 
means o f  making such  e n e r g y  s o u r c e s  a s  n u c l e a r ,  s o l a r ,  and 
low-grade f o s s i l  f u e l s  a v a i l a b l e  t o  t h e  consumer i n  a 
c l e a n ,  c o n v e n i e n t ,  and f l e x i b l e  way. 

According  t o  Gregory ,  i f  we c h o s e  t o  make hydrogen 
r a t h e r  t h a n  e l e c t r i c i t y  from o u r  s u p p l e m e n t a l  e n e r g y  
s o u r c e s ,  i t  c a n ,  u n l i k e  e l e c t r i c i t y ,  be s t o r e d  n e a r  t h e  
l o a d  c e n t e r  and i ts  l o w e r  t r a n s m i s s i o n  cost would a l l o w  
g r e a t e r  f reedom i n  s i t i n g  g e n e r a t i n g  s t a t i o n s .  Gaseous  
f u e l s  a r e  r e l a t i v e l y  c h e a p  t o  t r a n s m i t  i n  underg round  p ipe -  
l i n e s :  hydrogen is  no  e x c e p t i o n .  E x i s t i n g  n a t u r a l  g a s  l i n e s  



c o u l d  c a r r y  t h e  same e n e r g y  c o n t e n t  as n a t u r a l  g a s  f o r  
o n l y  a s m a l l  p e n a l t y  i n  pumping c o s t s .  

The u s e  o f  hydrogen as a f u e l  p r e s e n t s  b o t h  some prob- 
l e m s  and  some d i s t i n c t  a d v a n t a g e s .  There  seems t o  be no 
r e a s o n  why p u r e  hydrogen c o u l d  n o t  be used  f o r  a l l  p u r p o s e s  
s e r v e d  b y  n a t u r a l  g a s  today :  it b u r n s  smooth ly  and e a s i l y  
when mixed w i t h  a i r ,  and it c a n  be burned  i n  d o m e s t i c  and 
i n d u s t r i a l  a p p l i a n c e s  s i m i l a r  t o  t h o s e  u s e d  f o r  n a t u r a l  
g a s .  I n  a d d i t i o n ,  b e c a u s e  hydrogen b u r n s  w i t h o u t  nox ious  
e x h a u s t  p r o d u c t s ,  i t  c a n  be u s e d  i n  an  unven ted  a p p l i a n c e  
w i t h o u t  h a z a r d ;  t h u s ,  a  home h e a t i n g  f u r n a c e  c o u l d  con- 
c e i v a b l y  o p e r a t e  w i t h o u t  a f l u e ,  t h e r e b y  s a v i n g  t h e  c o s t  
o f  a chimney and add ing  as much as 30 p e r c e n t  t o  t h e  
e f f i c i e n c y  o f  a g a s - f i r e d  home-heat ing sys t em.  

H73 10074 HYDROGEN - THE KEY TO ABUNDANT CLEAN ENERGY 
B i l l i n g s ,  R.E., and F.E. Lynch, (Energy  R e s e a r c h ,  I n c . ,  
Provo,  U t a h ) ,  P u b l i c a t i o n  N o .  73003, Apr 73,  Avai1:TAC 

Hydrogen i s  a n  i d e a l  f u e l  f o r  t h e  i n t e r n a l  combust ion 
e n g i n e .  Automobi les  b e i n g  t e s t e d  a t  Energy  Resea rch  and 
a t  o t h e r  f a c i l i t i e s  pe r fo rm w e l l  and a r e  v i r t u a l l y  p o l l u -  
t i o n - f r e e ,  t h e  o n l y  s i g n i f i c a n t  by -p roduc t  b e i n g  w a t e r  
v a p o r .  More i m p o r t a n t ,  however,  i s  t h e  f a c t  t h a t  hydro- 
gen-powered e n g i n e s  show s i g n i f i c a n t l y  h i g h e r  o p e r a t i n g  
e f f i c i e n c i e s  t h a n  e n g i n e s  powered by  t h e  o t h e r  f u e l s  
s y n t h e c i z a b l e  from c o a l .  T h i s  means t h a t  less of o u r  
c o a l  reserve i s  consumed f o r  e a c h  v e h i c l e  m i l e  d r i v e n  on 
hydrogen.  

S i n c e  hydrogen combust ion  g e n e r a t e s  1000 t i m e s  less 
p a r t i c u l a t e s  t h a n  hydrocarbon f u e l s ,  t h e r e  i s  less 
a b r a s i v e  a c t i o n  on e n g i n e  p a r t s  r e s u l t i n g  i n  l o n g e r  
e n g i n e  l i f e ,  f ewer  r e p a i r s ,  and less f r e q u e n t  o i l  changes .  
The d i f f e r e n c e  i n  power be tween t h e  hydrogen and g a s o l i n e  
i s  n e g l i g i b l e ,  and t h e  p o l l u t i o n  from t h e  e x h a u s t  o f  a  
w e l l  d e s i g n e d  hydrogen e n g i n e  i s  s o  low t h a t  u n d e r  some 
c o n d i t i o n s  i t  i s  c l e a n e r  t h a n  t h e  a i r  t h e  e n g i n e  is 
b r e a t h i n g  i n .  
( J ~ E L ,  INTERNAL-COMBUSTION, ENGINE, POLLUTION, HYDROCARBON) 

H73 1 0 0 7 i r  ECONOMIC COMPARISON OF TWO SOLAR/HYORODE~ 
CONCEPTS 
McCulloch,  W.H., R.B. Pope, and D.O. Lee,  ( S a n d i a  Labs. ,  
A lbuquerque ,  N.M.), Repor t  N o .  SLA-73-0900, O c t  73, Avai1:TAC 

T h i s  r e p o r t  d e s c r i b e s  two c o n c e p t s  f o r  p r o d u c i n g  hydro- 
gen  from s o l a r  ene rgy .  The two s y s t e m s  a r e  t h e n  compared 



o n  t h e  b a s i s  o f  pe r fo rmance  and c o s t s .  
(ECONOMICS, SOLAR, ENERGY, ELECTROLYSIS, THERMOCHEMICAL, 

WATER, DECOMPOSITION) 

H73 10076 PLAN FOR THE ELIMINATION OF POLLUTION 
W i l l i a m s ,  L.O., ( M a r t i n  Marietta Corp. ,  Denver,  Cola.), 
Env i ronmenta l  Awareness ,  I n s t i t u t e  o f  Env i ronmenta l  
S c i e n c e s ,  Malcolm and M a r t i n ,  Cassandra  ( E d s . ) ,  LOS 
A n g e l e s ,  C a l i f . ,  Apr 26-30 ' 7 1  

P r o d u c t s  o f  open- loop combust ion  o f  f o s s i l  f u e l  
c a u s e  most  a t m o s p h e r i c  p o l l u t i o n  and must  b e  s t o p p e d .  A 
c h e m i c a l  f u e l  r e a c t e d  w i t h  t h e  ambient  a tmosphere  is  t h e  
most  e f f i c i e n t  means o f  h a n d l i n g  e n e r g y .  Only one  p o r t -  
a b l e  f u e l ,  hydrogen,  p r o d u c e s  no  p o l l u t i o n .  T e s t s  i n -  
d i c a t e  v i r t u a l l y  a l l  fue l -consuming d e v i c e s ,  i n c l u d i n g  
a u t o m o b i l e s ,  c a n  o p e r a t e  on hydrogen.  Hydrogen can  be 
produced from f o s s i l  f u e l s  b u t  f o r  a  t r u e  long- te rm 
s o l u t i o n  a c l o s e d - l o o p  sys t em based  on e l e c t r o l y s i s  of 
sea w a t e r  t o  hydrogen,  f o l l o w e d  by combust ion  o f  hydro- 
gen  back  t o  w a t e r ,  c a n  be v i s u a l i z e d .  Hydrogen and 
b y p r o d u c t  oxygen c o u l d  b e  produced by  e x t r e m e l y  l a r g e  
( t h u s  economica l )  n u c l e a r  f u s i o n  o r  f i s s i o n  r e a c t o r s  
f l o a t e d  a t  s e a  b y  e l e c t r o l y s i s  o f  l o c a l  s e a  w a t e r .  The 
oxygen c a n  b e  used  t o  r e d u c e  non- fue l  p o l l u t i o n  and re- 
p a i r  some e x i s t e n t  e n v i r o n m e n t a l  damage. A c u r s o r y  
a n a l y s i s  i n d i c a t e d  t h a t  1 0  t o  1 5  y e a r s  would b e  r e q u i r e d  
t o  a p p l y  t h i s  s o l u t i o n  t o  t h e  n a t i o n .  
(POLLUTION, CONTROL, HYDROGEN, FUEL, NUCLEAR, ELECTROLYSIS) 

y, J ~ 7 3  10077* HYDROGEN FUTURE FUEL, (A  LITERATURE SURVEY 
ISSUED QUARTERLY) 
Anon, ( c r y o g e n i c  Data C e n t e r ,  N a t i o n a l  Bureau o f  S t a n d a r d s ,  
B o u l d e r ,  Co lo . ) ,  Aug 7 3 ,  Issue No. 1, Avai1:TAC 

T h i s  f i r s t  i s s u e  c o n c e n t r a t e s  on p r o v i d i n g  a  bib- 
l i o g r a p h y  on hydrogen a s  a c ryogen .  F u t u r e  i s s u e s  w i l l  
l ook  a t  t h e  p o s s i b i l i t i e s  o f  hydrogen,  p a r t i c u l a r l y  
l i q u i d  hydrogen,  a s  a p r i m a r y  s y n t h e t i c  f u e l .  
(HYDROGEN, FUEL, CRYOGENIC, PROPERTY, SAFETY, TRANSPORTATION, 
STANDARDS, APPLICATIONS ) 



H73 10078" NSF-RANN ENERGY ABSTRACTS 
Guth r i e ,  M.P., Ed., (Oak Ridge Na t iona l  Lab., Oak Ridge, 
Tenn.) ,  NSF-RANN Energy A b s t r a c t s ,  ( A  Monthly A b s t r a c t  
Jou rna l  of Energy Research) ,  J a  73, I s s u e  No. 1, Avai1:TAC 

"NSF-RANN Energy A b s t r a c t s "  i s  sponsored by t h e  
N a t i o n a l  Sc ience  Foundation--Research Applied t o  Na t iona l  
Needs Program and is  publ ished monthly by the  OWL-NSF 
Environmental  Program and t h e  Environmental  In format ion  
System of Oak Ridge Nat iona l  Laboratory.  Computer-gener- 
a t e d  indexes  w i l l  be prepared twice  a year .  

The purpose of t h i s  b i b l i o g r a p h y  i s  t o  d i ssemina te  
a s  r a p i d l y  a s  p o s s i b l e  t h e  publ i shed  r e s u l t s  of work per-  
formed under  t h e  Energy Research and Analys i s  ca tegory  of 
RANN. Other  energy r e sea rch  r e s u l t s  w i l l  a l s o  be  covered 
a s  f a r  as p o s s i b l e .  This  b ib l iog raphy .  i n  gene ra l ,  w i l l  
cover  r e s e a r c h  on energy sou rces ,  e l e c t r i c  power (gener-  
a t i o n ,  supply  and demand, t r ansmis s ion ,  environmental  
e f f e c t s ,  and u s e ) ,  and energy (p roduc t ion ,  consumption, 
supply and demand, and p o l i c y ) .  The r e sea rch  p u b l i c a t i o n s  
c i t e d  aye t e c h n i c a l  journa l  ar t ic les ,  popula r  o r  s e m i -  
t e c h n i c a l  magazine a r t i c l e s ,  t o p i c a l  r e p o r t s ,  p rog res s  
r e p o r t s ,  symposium papers  and proceedings ,  monographs, 
and books publ i shed  w i t h i n  t h e  p a s t  t w o  years .  
(ENERGY, SOURCE, ELECTRICITY, USE, GENERATION, SUPPLY, 

DEMAND. TRANSMISSION, ENVIRONMENT, PRODUCTION, CONSUMPTION, 
POLICY) 

J n 7 3  100 7  9 * ENERGY TRANSMISSION VD HYDROGEN 
Johnson, J . E . ,  (Linde Div., Union Carb ide  Corp., New york,  
N.Y.) ,  c o r n e l l  HydroqenSymposium. Aug 73, Avai1:TAC 

The "hydrogen economy" is a l r e a d y  ope ra t ing  i n  macro- 
cosm. A l l  t h e  technology t h a t  i s  r e q u i r e d  t o  t r a n s m i t  
energy v i a  hydrogen has been developed i n  t h e  course  of 
p l ac ing  man on t h e  moon. What i s  y e t  t o  be determined i s  t h e  
s c a l e  of o p e r a t i o n  t h a t  w i l l  b e  r e q u i r e d  t o  economically 
produce and d i s t r i b u t e  t h e  hydrogen energy t h i s  count ry  
w i l l  e v e n t u a l l y  r e q u i r e .  The major  cha l l enges  t o  imple- 
menting hydrogen energy t r ansmis s ion  systems a r e  c l e a r .  The 
demons t ra t ion  of t h e  improved e f f i c i e n c y  of hydrogen fue l ed  
energy  convers ion  dev ices  a r e  e s s e n t i a l  i n  developing a  
c r e d i b l e  argument f o r  overcoming t h e  "why change syndrome" 
and technology f o r  improving s t o r a g e  c a p a b i l i t i e s  is 
e s s e n t i a l  t o  permi t  e a r l y  a p p l i c a t i o n  of hydrogen energy 
t r ansmis s ion  systems.  
(ENERGY, TRANSMISSION, STORAGE, LIQUID, ECONOMICS, CRYOGENIC, 
SAFETY) 



H73 10080 HYDROGEN FUEL FROM WATER BY A NUCLEAR ROUTE 
Anon, Chemical & Engineering News, p 13, Nov 5 '73 ,  Avai1:TAC 

Hydrogen f u e l  from water  by a n u c l e a r  r o u t e  is be ing  
sought  a t  Gulf General  Atomic Co.  The r e sea rch  i s  spon- 
sored by Southern  C a l i f o r n i a  Edison and Nor theas t  U t i l i t i e s .  
Gulf G e n e r a l ' s  high-temperature gas-cooled r e a c t o r  tech-  
nology may p rov ide  an a l t e r n a t i v e  t o  c o s t l y  e l e c t r o l y t i c  
technology f o r  o b t a i n i n g  e c o l o g i c a l l y  c l e a n  hydrogen f u e l  
from wa te r .  
(FUEL, WATER, NUCLEAR) 

/IT73 10081* THE METHANOL ECONOMY - A PRACTICAL VERSION OF 
THE HYDROGEN ECONOMY 
Reed, T.B., and R.M. Le rne r ,  (L inco ln  Lab., M.I.T., 
Lexington,  Mass . ) ,  Report No. DS-14457, Nov 73, Avai1:TAC 

We b e l i e v e  t h a t  methanol is t h e  most v e r s a t i l e  s y n t h e t i c  
f u e l  a v a i l a b l e  t o  s t r e t c h ,  o r  e v e n t u a l l y  s u b s t i t u t e  f o r ,  
d i s a p p e a r i n g  r e s e r v e s  of low-cost petroleum re sou rces .  
S t a r t i n g  now, methanol can be used t o  market  economical ly  
n a t u r a l  g a s  t h a t  i s  o therwise  going t o  waste i n  remote 
l o c a t i o n s .  S t a r t i n g  now, methanol can be  used a s  a  bene- 
f i c i a l  a d d i t i v e  a t  t h e  5 pe rcen t  t o  15 pe rcen t  l e v e l  i n  
i n t e r n a l  combustion-engine f u e l .  The r e s u l t  appears  t o  
be  lower p o l l u t i n g  emiss ions  and l e s s  need f o r  l ead  i n  
t h e  f u e l ,  bo th  wi thout  adverse  e f f e c t  on performance. 

With i n c r e a s i n g  produc t ion  of fuel-grade methanol from 
c o a l  and o t h e r  sou rces ,  we f o r e s e e  t he  i n c r e a s i n g  u s e  of 
methanol f o r  e l e c t r i c a l  power p l a n t s ,  f o r  h e a t i n g ,  and f o r  
o t h e r  f u e l  a p p l i c a t i o n s .  We hope t h a t  a p r a c t i c a l  methanol 
f u e l  cel l  may become a r e a l i t y  by t h e  t ime t h a t  methanol 
becomes p l e n t i f u l  f o r  f u e l  purposes. 

F i n a l l y ,  methanol o f f e r s  a  p a r t i c u l a r l y  a t t r a c t i v e  
form of so la r -energy  conse rva t ion ,  s i n c e  a g r i c u l t u r a l  and 
f o r e s t  was te  p roduc ts  can be  used a s  t h e  s t a r t i n g  m a t e r i a l .  
Indeed,  a t  1 pe rcen t  convers ion  e f f i c i e n c y  t h e  f o r e s t  l ands  
could supply  t h e  e n t i r e  p r e s e n t  U.S. energy requirement .  
(METHANOL, ECONOMY, ENGINE, FUEL, ENERGY) 

H73 10082 THE WONDERFUL FUEL 
Anon, Newsweek, Nov 12 ' 7 3 ,  p  75, Avai1:TAC 

The f u e l  of  t h e  f u t u r e ,  many s c i e n t i s t s  now t h i n k ,  i s  
hydrogen. 

Recent ly ,  s c i e n t i s t s  a t  t h e  J e t  Propuls ion  Laboratory in  
Pasadena, C a l i f o r n i a ,  unve i led  an automobile engine  t h a t  runs  



on a mix tu re  of hydrogen and g a s o l i n e  - and whose o p e r a t i o n  
i s  s o  c l e a n  t h a t  i t  meets almost  a l l  of t h e  s t r i c t  F e d e r a l  
emiss ion  s t a n d a r d s  s e t  f o r  1977-model c a r s .  A t  t h e  Atomic 
Energy Commission ' s Brookhaven Laboratory on Long I s l a n d ,  
e n g i n e e r s  a r e  t e s t i n g  t h e  German Wankel eng ine  a s  t h e  
major component of ano the r  hydrogen-powered automobi le ;  
and a s  long ago a s  l a s t  yea r ,  hydrogen-powered c a r s  took  
f i r s t  and second p l aces  i n  t h e  i n t e r c o l l e g i a t e  urban- 
v e h i c l e  d e s i g n  compet i t ion ,  which s t r e s s e d  bo th  speed and 
p o l l u t  i on - f r ee  ope ra t ion .  

TO hydrogen e n t h u s i a s t s ,  who th ink  hydrogen-powered 
c a r s  could be  mass-produced i n  t e n  y e a r s  o r  less, t h e  auto-  
mobi le  is j u s t  one b e n e f i c i a r y  of t h e  f u t u r e  hydrogen economy. 
I n  time, they  b e l i e v e ,  hydrogen w i l l  be  used t o  h e a t  homes, 
d r i v e  t u r b i n e s  f o r  p roduc t ion  of e l e c t r i c i t y  and s t o r e  
power produced i n  off-peak p e r i o d s  f o r  l a t e r  use .  
(AUTOMOBILE, FUEL, FUTURE, GASOLINE, POLLUTION) 

H73 10083 SOLAR POWER 
Ford,  N.C., and J . W .  Kane, B u l l e t i n  o f  Atomic Sc ience ,  
Oct 27-31 '71,  Avai1:TAC 

W e  would l i k e  t o  propose a p o s s i b l e  method o f  pro- 
ducing energy  from s o l a r  r a d i a t i o n  a t  a reasonable  cost..... 
By us ing  p l a s t i c s  p r e s e n t l y  a v a i l a b l e  it may be p o s s i b l e  
t o  s o l v e  t h e  economic problems of co l lec t ion . . . . . and  t h e  
energy  may b e  conver ted v i a  thermal  d i s s o c i a t i o n  of w a t e r  
i n t o  hydrogen, an e f f i c i e n t ,  nonpo l lu t ing  f u e l .  
(HYDROGEN, WATER, THERMAL, PRODUCTION, ENERGY, PLASTICS) 

? J H73 10084 ENERGY SOURCES ON A POST-INDUSTRIAL SOCIETY 
Bockr i s ,  J. O ' M . ,  ( F l i n d e r s  U n i v e r s i t y  of South A u s t r a l i a ) ,  
A u s t r a l i a n  Q u a r t e r l y ,  Sep t  73, p 32-41, Avai1:TAC 

F o s s i l  f u e l s  w i l l  be  expensive t o  use  by t h e  mid-80s 
and dangerous  n o t  long a f t e r  2000. Breeder  r e a c t o r s  appear  
t o o  p o l l u t i v e l y  dangerous t o  develop upon a l a r g e  s c a l e .  W e  
a r e  l e f t  w i t h  t h e  prospec t  o f  developing s o l a r  energy,  w i t h  
t h e  f u r t h e r  s p e c u l a t i v e  p o s s i b i l i t y  of being a b l e  t o  c o n t r o l  
a tomic fu s ion .  The t ransmiss ion  o f  energy v i a  hydrogen over 
v e r y  long d i s t a n c e s  improves t h e  p o s s i b i l i t i e s  of u t i l i z i n g  
t h e  s o l a r  energy  which i s  a v a i l a b l e  abundant ly  i n  c e r t a i n  
p a r t s  of  t h e  world. Count r ies  having such s o l a r  energy  
would i n  the f u t u r e  be  permanently r i c h  i n  a way analogous 
t o  t h e  temporary r i c h n e s s  o f ,  f o r  example, t h e  Arab S t a t e s .  
(FOSSIL, FUEL, BREEDER, REACTOR, SOLAR, ENERGY, HYDROGEN, 
TRANSMISSION) 



H 7 3  10085 THE HYDROGEN ECONOMY - AN ULTIMATE ECONOMY? 
B o c k r i s ,  J. O'M., and  A.J. Appleby,  The Envi ronment  - T h i s  
Month, V 1:29, J a  72, Avai1:TAC 

A f t e r  s u r v e y i n g  t h e  p r e s e n t  w o r l d  s i t u a t i o n ,  t h e  
a u t h o r s  c o n c l u d e  t h a t  o u r  p r e s e n t  t e c h n o l o g y  w i l l  make 
a f f l u e n t  l i f e  i n c r e a s i n g l y  d i f f i c u l t  t o  m a i n t a i n  from 
a b o u t  2000 AD. A t o t a l l y  new e n e r g y  medium is r e q u i r e d .  
I n  t h i s  e x p e r t l y  r e a s o n e d  a r t i c l e  t h e  a u t h o r s  c o n v i n c i n g l y  
p r e s e n t  t h e  case f o r  u s i n g  hydrogen as  t h e  medium o f  e n e r g y  
be tween remote  e n e r g y  p r o d u c i n g  s i t e s  and p o p u l a t i o n  c e n t r e s  - 
t h e  hydrogen t h e n  b e i n g  u s e d  t o  g e n e r a t e  e l e c t r i c i t y  on s i t e  
of u s e  o r  a l t e r n a t i v e l y  b e i n g  u s e d  d i r e c t l y  as a f u e l .  The 
e f f e c t s  o f  a hydrogen economy on a l l  a s p e c t s  o f  o u r  l i f e  
r e q u i r e m e n t s  are d i s c u s s e d  i n  detail. A hydrogen economy 
would b e  e n t i r e l y  n o n - p o l l u t i n g  and  would make h i g h  energy-  
d e n s i t i e s  p o s s i b l e  f o r  a11 r e g i o n s  o f  t h e  w o r l d ,  t h u s  h a s t e n -  
i n g  t h e  s p r e a d  o f  u n i f o r m  h igh  l i v i n g  s t a n d a r d s .  J. O ' M .  
B o c k r i s  i s  a P r o f e s s o r  i n  F l i n d e r s  U n i v e r s i t y ,  S o u t h  Aus- 
t r a l i a ,  and A.J. Appleby i s  form t h e  L a b o r a t o i r e  d ' E l e c t r o l y s e  
(CNRS) , F r a n c e .  
(HYDROGEN, ECONOMY, ENERGY, SOURCE, PRODUCTION, TECHNOLOGY, 
WATER, USE) 

/ H73 10086 THE COMING ENERGY CRISIS, AND SOLAR ENERGY 
B o c k r i s ,  3. O ' M . ,  ( F l i n d e r s  U n i v e r s i t y  o f  S o u t h  A u s t r a l i a ) ,  
Unpub l i shed  p a p e r ,  Nov 73,  Avai1:TAC 

The n a t u r e  o f  t h e  p r e s e n t  (pseudo)  and  t h e  coming ( r e a l )  
e n e r g y  crises a r e  d i s c u s s e d .  P o s t  1 9 7 1  e v i d e n c e  s u g g e s t s  
t h a t  p o l l u t i v e  d a n g e r s  from f i s s i o n  p l a n t s  a r e  l a r g e r  t h a n  
had  been  guessed .  The r e s u s c i t a t i o n  upon a  l a r g e  s c a l e  o f  
c o a l  a s  a n  e n e r g y  s o u r c e  would g i v e  p o l l u t i v e  d a n g e r s ,  i n -  
c l u d i n g  c l i m a t i c  c h a n g e s  due  t o  e x c e s s  c a r b o n  d i o x i d e .  S o l a r  
e n e r g y  s y s t e m s ,  e a r l i e r  i m p o s s i b l y  e x p e n s i v e ,  a r e  now p r e d i c t e d  
t o  h a v e  t h e  same c a p i t a l  c o s t  r a n g e  a s  have  a t o m i c  r e a c t o r s .  
Cheap h i g h  p u r i t y  s i l i c o n ;  c o a t i n g s  which a d s o r b  a t  less t h a n  
lp, b u t  do  n o t  e m i t  a t  more t h a n  1fl: t h i n  f i l m  p h o t c v o l t a i c s ;  
t h e r m o e l e c t r i c s ;  and  p h o t o s y n t h e s i s  a r e  a r e a s  o f  immedia te  
s o l a r  e n e r g y  r e s e a r c h  i n t e r e s t .  Roof- top ene rgy  c o l l e c t i o n  
may b e  a  permanent  p a r t  o f  t h e  f u t u r e ,  b u t  w i l l  n o t  a v o i d  t h e  
n e c e s s i t y  o f  l a r g e  s o l a r  fa rms t o  c o l l e c t  ene rgy  f o r  i n d u s t r y  and  
t r a n s p o r t a t i o n .  S t o r a g e  w i l l  b e  i n  hydrogen:  t h e r e  a r e  
a d v a n t a g e s  o f  d e v e l o p i n g  c h e a p  hydrogen a s  a  g e n e r a l  c l e a n  
f u e l ,  e .g . ,  f o r  t r a n s p o r t a t i o n .  A u s t r a l i a ' s  p o s i t i o n  i n  r e -  
s p e c t  t o  t h e  y e a r l y  a v e r a g e  r e c e i p t  o f  s o l a r  e n e r g y ,  and t h e  



p o s s e s s i o n  of  s u i t a b l e  c o l l e c t i n g  a r e a s ,  i s  u n r i v a l l e d .  The 
m a s s i v e  e x p o r t  o f  hydrogen f u e l  c o u l d  be made. R e l a t i v e l y  
s m a l l  a r e a s  o f  C e n t r a l  A u s t r a l i a  c o u l d  s u p p l y  ene rgy  needed 
f o r  t h e  e n t i r e ,  e . g . ,  J a p a n e s e ,  economy. A b r i e f  r e v i e w  o f  
a t t i t u d e s  o b s e r v e d  t o  a m a s s i v e  A u s t r a l i a n  s o l a r  ene rgy  de- 
ve lopment  program i s  g i v e n .  
(ENERGY, CRISIS, SOLAR, COAL, FISSION, HYDROGEN, STORAGE, 

TRANSMISSION, EXPORT, REVIEW) 

1 H 7 3  10087 POWER WITHOUT POLLUTION 
B o c k r i s ,  J. O ' M . ,  ( F l i n d e r s  U n i v e r s i t y  o f  Sou th  A u s t r a l i a ) ,  
Hemisphere,  S e p t  73, p 21-5, Avai1:TAC 

The a r t i c l e  examines t h e  i m p l i c a t i o n s  o f  cheap  s o l a r  
power f o r  A u s t r a l i a  and A s i a .  

The c o n c e p t  d e s c r i b e d  i n v o l v e s  c o n v e r t i n g  s o l a r  energy 
i n t o  e l e c t r i c i t y  f o r  t h e  e l e c t r o l y s i s  o f  b r a c k i s h  w a t e r  t o  
p r o d u c e  hydrogen.  Hydrogen i s  r e c o n v e r t e d  t o  e l e c t r i c i t y  
a t  t h e  p o i n t  where t h e  ene rgy  i s  needed b y  a f u e l  c e l l .  
(POLLUTION, POWER, FUEL CELL, ELECTROLYSIS, SOLAR, ENERGY) 

H73 10088 ENERGY ALTERNATIVES: SUN, WIND,  EARTH, WATER 
Anon, C o l o r a d o  B u s i n e s s ,  Nov 1 ' 7 3 ,  p 36-7, Avai1:TAC 

Wes te rn  s c i e n t i s t s  have  s t e p p e d  up t h e i r  s e a r c h  f o r  
a l t e r n a t i v e  s o u r c e s  o f  ene rgy  a s  a way o f  making t h e  n a t i o n  
s e l f - s u f f i c i e n t .  

Coa l  development  a p p e a r e d  t o  be t h e  most  p romis ing  i n  
t h e  immedia te  f u t u r e ,  b u t  g r e a t  i n t e r e s t  c e n t e r e d  c n  new 
and un tapped  s o u r c e s  - s o l a r  ene rgy  from t h e  heavens ;  geo- 
t h e r m a l  e n e r g y  from t h e  h o t ,  f i e r y  core o f  t h e  e a r t h ;  hydrogen 
from i t s  w a t e r s ,  and winds  from t h e  s k i e s .  

The u s e  o f  hydrogen a s  a n  ene rgy  c a r r i e r  i s  under  s t u d y .  
D r .  Kenneth Cox, worked on t h e  p r o j e c t  l a s t  summer a t  t h e  
Johnson  Space  C e n t e r  i n  Houston.  He c a l l e d  f o r  development  
o f  a hydrogen ene rgy  program a n d  n o t e d  t h e r e  a r e  many ad- 
v a n t a g e s  t o  s u c h  a sys tem:  

" F i r s t , "  h e  s a i d ,  "it comes from w a t e r ,  and when burned ,  
i t s  main p r o d u c t  i s  w a t e r ,  s o  e n v i r o n m e n t a l l y  speak ing  t h a t  i s  
a r e a l  p l u s .  W e  can  t r a n s m i t  hydrogen o v e r  long  d i s t a n c e s  w i t h  
e x i s t i n g  n a t u r a l  g a s  l i n e s .  O r  w e  c o u l d  l i q u e f y  it and t r a n s -  
p o r t  it i n  t a n k e r s . "  H e  added hydrogen c o u l d  b e  compressed 
and s t o r e d  i n  gaseous  s t a t e  i n  d e p l e t e d  n a t u r a l  g a s  f i e l d s .  
Cox s a i d  hydrogen c o s t s  two t o  three t i m e s  more t h a n  n a t u r a l  
g a s ,  b u t  i s  no  more e x p e n s i v e  t h a n  Midd le  E a s t  n a t u r a l  g a s  



w i l l  b e  i n  t h e  f u t u r e .  
(ENERGY, ALTERNATIVE, SOLAR, ENERGY, CARRIER, COAL) 

J H73 10089* A TOWER TOP FOCUS SOLAR ENERGY COLLECTOR 
H i l d e b r a n d t ,  A.F., and L.L. Vant -Hul l ,  ( p h y s i c s  Dept . ,  
U n i v e r s i t y  o f  Houston,  Hous ton ,  T e x . ) ,  ASME W i n t e r  Annual 
Mee t ing ,  D e t r o i t ,  Mich igan ,  Nov 73,  ASME P a p e r  7 3 - ~ ~ / ~ 0 1 - 7 ,  
Avai1:TAC 

S o l a r  e n e r g y  c a n  b e  u s e f u l l y  c o n c e n t r a t e d  o n t o  a  
c e n t r a l  r e c e i v e r  by a  l a r g e  a r r a y  o f  i n d e p e n d e n t l y  s t e e r e d  
f l a t  m i r r o r s .  I n  o r d e r  t h a t  t h e  r e f l e c t e d  r a d i a t i o n  a l l  
b e  i n t e r c e p t e d ,  t h e  c e n t r a l  r e c e i v e r  must  be e l e v a t e d  w e l l  
above t h e  m i r r o r  f i e l d .  A r e c e i v e r  a t o p  a  450-meter  tower  
can  e f f e c t i v e l y  c o l l e c t  t h e  r a d i a t i o n  r e f l e c t e d  from a 2.6 km 
s q u a r e  f i e l d  o f  mirrors .  By j u d i c i o u s l y  s p a c i n g  m i r r o r s  o v e r  
45  p e r c e n t  of t h e  a r e a ,  s u c h  a sys t em a t  35  deg  N l a t i t u d e  
c o u l d  c o l l e c t  2700 M w - ~ r - ~ h e m a l / d a y  i n  m i d w i n t e r  and a b o u t  
t w i c e  t h i s  e n e r g y  i n  midsummer. W e  p r o p o s e  t h a t  t h i s  h e a t  
be  used  t o  r e p l a c e  p a r t  o f  t h e  f o s s i l  f u e l  bu rned  i n  a con- 
v e n t i o n a l  e l e c t r i c a l  p l a n t  d u r i n g  s u n l i t  h o u r s .  E v e n t u a l l y ,  
o v e r n i g h t  s t o r a g e  o f  h e a t ,  e . g . ,  i n  a n  e u t e c t i c  s a l t ,  cou ld  
r e d u c e  f u e l  u s a g e  t o  a  s t a n d b y  b a s i s .  An a l t e r n a t i v e  approach  
i s  t o  u s e  s o l a r  e n e r g y  t o  g e n e r a t e  hydrogen t h r o u g h  decom- 
p o s i t i o n  o f  w a t e r .  The i n f l u e n c e  o f  f a c t o r s  t o  p roduce  t h e  
most ecpnomica l  e n e r g y  from t h i s  c a p i t a l  i n t e n s i v e  sys tem,  
i n c l u d i n g  thermodynamic e f f i c i e n c y ,  r e c e i v e r  t e m p e r a t u r e ,  and 
h e l i o s t a t  s t e e r i n g  a c c u r a c y ,  are c o n s i d e r e d .  
(ENERGY, SOLAR, WATER, DECOMPOSITION, RADIATION, EFFICIENCY, 
TEMPERATVRE, SYSTEM) 



11. PRODUCTION 



H73 20000 EXTRATERRESTRIAL PROPELLANT RESUPPLY FOR 
ADVANCED MANNED MISSIONS 
Heppenheimer, T. A * ,  b i b l i o g  il d i a g s  A s t r o n a u t i c s  
& A e r o n a u t i c s  V 10:60-7 Nov 72, Avai1:TAC 

Conver t ing  w a t e r  t o  hydrogen p r o p e l l a n t  a t  t h e  
l a n d i n g  s i t e  o f f e r s  a  p o t e n t i a l  means t o  k e e p  down t h e  
s i z e  o f  i n t e r p l a n e t a r y  s p a c e c r a f t  and t o  p e r m i t  m i s s i o n  
o p e r a t i o n s  o u t  t o  J u p i t e r ' s  system. 
(HYDROGEN, WATER, SPACECRAFT, PROPELLANT) 

H73 20001 PERFORMANCE STUDIES ON AN ELECTROLYSER FOR J ?  
THE PRODUCTION OF HYDROGEN 
S e s h a d r i ,  N.,  ( M e t e o r o l o g i c a l  I n s t r u m e n t s  Workshop, 
New D e l h i ,  I n d i a ) ,  I n d i a n  J Technol ,  V 8:65-70 N2 
Fe 70 

One o f  t h e  most common means o f  p roduc ing  hydrogen 
g a s  used  i n  m e t e o r c l o g i c a l  work f o r  i n f l a t i n g  r u b b e r  
b a l l o o n s  f o r  c a r r y i n g  a l o f t  radlosonde/Rawin t r a n s m i t t e r s ,  
t h e  r a d a r  t a r g e t s  used  i n  t h e  upper  a i r  sound ings  f o r  
t e m p e r a t u r e  and upper  wind measurements ,  i s  by e l e c t r o l -  
y s i s .  The per formance  o f  a  m o d i f i e d  e l e c t r o l y z e r  
f o r  hydrogen g e n e r a t i o n  h a s  been  s t u d i e d  under  d i f f e r e n t  
o p e r a t i n g  c o n d i t i o n s .  
(HYDROGEN, ELECTROLYSIS, PRODUCTION, PERFORMANCE) 

H73 20002 ELECTROLYTIC PRODUCTION OF HYDROGEN AND 
OXYGEN 
Rhodes, W i l l i a m  A. ,  (Eenes Manufg. Co.), 56552y U .  S .  J 

3,394,062 ( C l .  204-129),  2p J1 23 ' 6 8 ,  Appl Mar 1 4  
' 6 3 - J e  30 ' 6 4  

H and 0 a r e  produced from an  a q .  e l e c t r o l y t e  
c o n t g .  e l e c t r o l y t e  i n  concn .  g r e a t e r  t h a n  t h a t  r e q u i r e d  
f o r  max. i o n i z a t i o n .  The s o l n .  i s  e l e c t r o l y t i c a l l y  
decompd. a t  a  temp. below t h e  b . p .  o f  w a t e r .  
(ELECTROLYSIS, OXYGEN) 

H73 20003 ELECTROLYSIS APPARATUS FOR PRODUCTION OF 
PURE GASES 
M o r i t z ,  J e a n ,  76820d F r .  1 ,536 ,290  ( C l .  C O l b ) ,  4  p  
Aug 16  '68, Appl.  J e  2 1  ' 6 7  

E l e c t r o l y t i c  c e l l s  f o r  p roduc ing  g a s e s ,  such  a s  
H2 and 0 2 ,  employ e l e c t r o d e s  w i t h w a v y  s u r f a c e s  o r  



s u r f a c e s  w i t h  zig-zag o r  t r a p e z o i d a l  conformat ions .  
These c o n f i g u r a t i o n s  reduce t h e  min. p .d .  r equ i r ed .  
(ELECTROLYSIS, APPARATUS, GAS) 

1 H73 20004 AUTOMATIC LABORATORY APPARATUS FOR OBTAINING ' HYDROGEN AND OXYGEN 
Guseinov, N .  M.; I smai lov ,  I .  A . ;  L y u t f a l i e v ,  K. A., 
Teregulov,  S. Kh.; Polyakov, Yu. G . ,  Mamedaliev, Yu. G.,  
( I n s t i t u t e  of  Petrochemical  P roces ses ,  Academy 

o f  Sc i ences ,  Azerbaidzhan S.S.R.), 89649n U.S.S.R. 
298,373 ( C l .  B Olk, C O l b ) ,  Mar 16 ' 71 ,  Appl. J e  1 9  
'68 ;  From Otk ry t iya  I z o b r e t . ,  Prom. Obraztsy,  Tovarnye 
Znaki 1971, 4 8 ( 1 1 ) ,  32 

To i n c r e a s e  t h e  p u r i t y  o f  t h e  g a s e s  produced and 
f o r  r e g u l a t i n g  t h e  e l e c t r o l y t e  l e v e l  i n  t h e  anode and 
ca thode  spaces ,  t h e  c y l i n d r i c a l ,  nonconducting ho lde r  
f o r  one o f  t h e  e l e c t r o d e s  i s  p laced  on t h e  i n s u l a t e d  
bottom o f  t h e  e l e c t r o l y z e r  and p e r f o r a t e d  around t h e  
c i rcumference  i n  i t s  lower h a l f .  
(ELECTROLYSIS, APPARATUS) 

/ ~ 7 3  20005 OPERATION OF ELECTROLYTIC INSTALLATIONS 
FOR THE PRODUCTION OF HYDROGEN AND OXYGEN 
Goldsh te in ,  A.  B . ;  Se reb ryansk i i ,  F. Z . ,  80 p May 
21 '70,  J o i n t  P u b l i c a t i o n s  Research S e r v i c e ,  Washington, 
D. C . ,  Trans .  of  mono. Eksp lua t a t s iya  E lek t ro l i znykh  
Ustanovok d lya  Polucheniya Vodoroda i Kis loroda ,  
Moscow, 1969 89 p JPRS-50566 HC $3.00/MF $0.65 

The e l e c t r o l y T s i s  o f  wa te r  i s  a p roces s  t h a t  
i nvo lves  t h e  r i s k  of exp los ion ,  s i n c e  t h e  b a s i c  p roduc t ,  
hydrogen, forms exp los ive  mix tures  w i t h  oxygen o r  a i r .  
The re fo re  it i s  p a r t i c u l a r l y  impor t an t  t h a t  t h e  personnel  
o p e r a t i n g  t h e  e l e c t r o l y z e r  observe  t h e  s a f e t y  r u l e s  
d e s c r i b e d  i n  t h e  l a s t  s e c t i o n  of t h i s  b rochure .  
(WATER, ELECTROLYSIS, HYDROGEN, OXYGEN, MANUFACTURING 

METHODS, OPERATION, COSTS, SAFETY) 

H73 20006* PRODUCTION OF HYDROGEN BY ELECTROLYSIS 
Chapman, E. A . ,  Chem & Process  Eng V 46:387-93 N8 
Aug 8 ' 65 ,  Avai1:TAC 

Under r i g h t  c i rcumstances ,  e l e c t r o l y s i s  can be  
f a v o r a b l e  sou rce  o f  very pure  hydrogen; due t o  high 
c o s t  o f  e l e c t r i c i t y ,  use  o f  e l e c t r o l y t i c  methods i s  



l i m i t e d  i n  England t o  few s p e c i a l i z e d  a p p l i c a t i o n s ,  
b u t  a v a i l a b i l i t y  of off -peak power may a l t e r  t h i s  
s i t u a t i o n  i n  f u t u r e ;  i n c r e a s i n g  world demand f o r  ammonia 
may be p a r t i a l l y  met i n  some underdeveloped c o u n t r i e s  
by us ing  h y d r o e l e c t r i c  power f o r  hydrogen p roduc t ion ;  
des ign  and c o n s t r u c t i o n  o f  e l e c t r o l y z e r s  f o r  i n d u s t r i a l  
p roduc t ion  o f  hydrogen and oxygen a r e  reviewed. 
(PRODUCTION, HYDROGEN, ELECTROLYSIS, OFF-PEAK POWER, 

AMMONIA, OXYGEN) 

H73 20007* ELECTROLYTIC HYDROGEN--ITS MANUFACTURE AND 
APPLICATIONS 
Silman, H . ,  Chem Age V 93:126-7 N2375 J a  16 ' 65 ,  Avai l :  
TAC 

E l e c t r o l y t i c  hydrogen gene ra t ing  p l a n t  producing 
100 cu  f t / h r  o f  hydrogen manufactured by Efco-Stuar t  
E l e c t r o l y s e r  Co, L td ;  it i s  used where pu re  hydrogen 
i s  r e q u i r e d  i n  moderate q u a n t i t i e s ;  s imple  and au tomat ic  
i n  ope ra t ion ,  it i s  a v a i l a b l e  a s  packaged i n s t a l l a t i o n ;  
v o l t a g e  and c u r r e n t  r e q u i r e d  a r e  2 v and LOO amp/sq 
f t ;  t h i s  t ype  o f  i n s t a l l a t i o n  can reduce c o s t  o f  t r a n s -  
p o r t  and equipment f o r  hydrogen. 
(PRODUCTION, HYDROGEN, ELECTROLYSIS, TRANSPORT, EQUIPMENT) 

H73 20008 ELECTROLYSIS CELL FOR GENERATING HYDROGEN 
AND OXYGEN 
Proskuryakov, L. M. ;  Z i z in ,  V. G., (Bashkir  S c i e n t i f i c -  
Research I n s t i t u t e  o f  Petroleum Ref in ing)  32528u Ger.  
1,268,602 ( C l .  C Olb) ,  May 22 '68 ,  Appl Fe 8 '66 ,  4 p 

An app. f o r  con t inuous  gene ra t ion  of H o r  0 by 
decompn. o f  H20 under p r e s s u r e  c o n s i s t s  o f  an  e l e c t r o l y t e  
v e s s e l  ( e l e c t r o d e )  and a H20 t ank  p laced  on t o p  o f  it, 
b o t h  be ing  surrounded by coo l ing  c o i l s .  

(ELECTROLYSIS, OXYGEN) 

H73 20009 ELECTROLYSIS APPARATUS 
Haas, Georg, 27549a Ger. Offen.  1,909,852 ( C l .  B Olk, 
C O l b ) ,  Sep t  17 '70,  Appl. Fe 27 '69 ,  99 p 

I n  an e l e c t r o l y s i s  app. f o r  p roduc t ion  o f  H2  and 
02 from water ,  t h e  lower p a r t  o f  t h e  s e p a r a t o r  between 
t h e  anode chamber and t h e  ca thode  chamber, which normally 
i s  open, i s  c l o s e d  by a porous,  ion-permeable c u r t a i n .  



Thus, a  c u r t a i n ,  e .g .  o f  g l a s s  f i b e r  n e t t i n g  w i t h  
mesh s i z e  which a l lows  passage o f  H i o n s  and 0 i o n s  
b u t  h i n d e r s  t h e  passage of H2 bubb le s  evolved i n t o  t h e  
anode chamber and O2 bubbles  i n t o  t h e  ca thode  chamber, 
i s  used i n  t h i s  way t o  avoid t h e  format ion o f  exp los ive  
mixt  s . 

(ELECTROLYSIS, APPARATUS) 

H73 20010 HYDROGEN-OXYGEN CELL PRODUCING ELECTRICITY 
DURING ELECTROLYSIS 
Bruneau, J ean  L. G.  83678w Fr. 1,511,568 ( C l .  H O l m ) ,  
Fe 2 '68 ,  Appl. J1 18 '66 ,  3 p 

H2 and 02 ,  e l e c t r o l y t i c a l l y  gene ra t ed  a t  Pb e l e c t r o d e s  
i n  one c e l l  by an  e x t e r n a l  s t o r a g e  b a t t e r y ,  a r e  bubbled 
through h o l e s  i n  a p a i r  of " s p e c i a l "  Pb e l e c t r o d e s  
i n  ano the r  ce l l ,  producing e l e c .  power t o  l i g h t  an 
e l e c .  bu lb .  The e l e c t r o l y t e  i s  aq .  H2S04. Designs 
o f  an e x p t l .  and a p r a c t i c a l  system a r e  given.  
(ELECTROLYSIS, ELECTRICITY) 

H73 20011 ELECTROLYTIC HYDROGEN PLANT 
Anon, Engineer,  V 222:721, Nov 11 '66, Avai1:TAC 

A p l a n t  producing e l e c t r o l y t i c  hydrogen from 
S t u a r t  cel ls  h a s  r e c e n t l y  been i n s t a l l e d  i n  works of 
F ine  Tubes Ltd . ,  Plymouth, by Efco-Stuar t  E l e c t r o l y s e r  
L td . ,  Sheerwater ,  Woking, Surrey.  The hydrogen s o  
produced is used a s  a p r o t e c t i v e  atmosphere t o  main ta in  
a s p e c u l a r  f i n i s h  on s t a i n l e s s  s t e e l  t u b e s  dur ing  
h e a t  t r e a t m e n t .  With t h e  p r e s e n t  i n s t a l l a t i o n  of s i x  
S t u a r t  c e l l s  t h e  p l a n t  can produce up t o  500 f t 3  of 
hydrogen p e r  hour  b u t  t h e  c a p a c i t y  is t o  b e  i nc reased  
t o  750 f t3 /hour  by adding t h r e e  e x t r a  c e l l s .  
(HYDROGEN, ELECTROLYSIS, STUART CELL) 

H73 20012 PRESSURE-RESPONSIVE CONTROL CIRCUIT FOR AN 
ELECTROLYSIS-TYPE HYDROGEN GENERATOR 
Anon, ( ~ a t i o n a l    is tillers and Chemical Corp.), ~ r i t i s h  
1,165,512 ( C l .  G 05d ) ,  Oct 1 '69, U.S. App l i ca t ion  May 
10 '67 

An e l e c t r o n i c  c i r c u i t  is des igned  f o r  c o n t r o l l i n g  
c u r r e n t  supply t o  t h e  e l e c t r o d e s  of an  e l e c t r o l y s i s -  
t y p e  H g e n e r a t o r  i n  response  t o  t h e  gene ra t ed  gas  
p r e s s u r e .  

(ELECTROLYSIS, CONTROL) ,- 



H73  20013* CHEAP HYDROGEN FOR BASIC CHEMICALS 
Juda ,  W . ,  and D.M. Moulton, Chem. Eng. Progr . ,  V 63:59 
Ap 67 Avai1:TAC 

To improve t h e  economics o f  t h e  e l e c t r o l y t i c  
gene ra t ion  o f  hydrogen, it i s  sugges ted  t h a t  s u l f u r  
d i o x i d e  b e  used t o  d e p o l a r i z e  t h e  oxygen e l e c t r o d e .  
This  s u b s t a n t i a l l y  reduces  t h e  e l e c t r o l y s i s  v o l t a g e  
and produces commercially va luab le  s u l f u r i c  a c i d .  
Two f e r t i l i z e r  schemes based  on t h i s  procedure  us ing  
low-cost nuc l ea r  power a r e  examined. 
(PRODUCTION, HYDROGEN, OXYGEN, SULFURIC ACID, WATER, , 

AMMONIA, ELECTROLYSIS, NUCLEAR, CURRENT DENSITY) 

H73 20014" MODERN ELECTROLYSER TE€HNOLOGY 
S t u a r t ,  A.K., Paper p re sen ted  a t  t h e  American Chemical 
Soc ie ty  Symposium on Non-Fossil Fue ls ,  Boston, Ap 13 '72 
Avai1:TAC 

E l e c t r o l y s i s  o f  wa te r  i s  f a m i l i a r  t o  h igh  school  
s t u d e n t s  of  chemist ry  throughout  t h e  world;  b u t  t h e  
e x t e n t  o f  i t s  a p p l i c a t i o n  i n  i n d u s t r y  today may come 
a s  a  s u r p r i s e  t o  many. One r eads  s t a t emen t s  i n  t h e  
technical l i t e r a t u r e  such a s  " t h e  e l e c t r o l y t i c  p roces s  
f o r  producing hydrogen i s  now g e n e r a l l y  cons idered  
t o o  c o s t l y  f o r  p r a c t i c a l  purposes."  Such s t a t emen t s  
apply t o  l a r g e  p l a n t s ,  except  i n  low-cost power a r e a s ,  
b u t  do n o t  adequately  r e f l e c t  what h a s  i n  f a c t  been 
happening i n  t h e  f i e l d .  T o t a l  f i g u r e s  a r e  n o t  a v a i l a b l e  
b u t  t h e r e  a r e  many hundreds o f  e l e c t r o l y t i c  p l a n t s  
i n  o p e r a t i o n  today throughout  t h e  world and a c o n s i d e r a b l e  
number a r e  being b u i l t  every yea r .  

The c a p a c i t i e s  i n  industrial use  range from a s  
l i t t l e  a s  500 cub ic  f e e t  p e r  day, absorbing perhaps 
3  kw, t o  over 40 m i l l i o n  c u b i c  f e e t  p e r  day, absorbing 
240 thousand kw. The s i z e s  most common i n  m e t a l l u r g i c a l  
and chemical  p roces s ing  a r e  between 10 thousand and 
500 thousand c u b i c  f e e t  pe r  day. The very l a r g e  
i n s t a l l a t i o n s  e x i s t  a t  low-cost h y d r o - e l e c t r i c  s i t e s  
where hydrogen i s  used f o r  t h e  manufacture o f  s y n t h e t i c  
ammonia f o r  n i t r o g e n  f e r t i l i z e r .  Examples o f  such 
p l a n t s  a r e  i n  Norway, I n d i a ,  Egypt, Japan,  Peru,  Korea, 
Canada and A u s t r a l i a .  
(HYDROGEN, ELECTROLYSIS, SYNTHETIC, AMMONIA, NITROGEN, 

FERTILIZER) 



H73 20015 MAKING HYDROGEN AND OXYGEN 
Anon, Compressed A i r  ~ a g a z i n e ,  V 11:10,  Ja 73, Avai1:TAC 

Hydrogen is  becoming more i m p o r t a n t  th roughou t  
i n d u s t r y .  Of t h e  v a r i o u s  known p r o c e s s e s  f o r  p roduc ing  
h i g h - p u r i t y  hydrogen and oxygen,  t h e  most  p o p u l a r  i s  t h e  
e l e c t r o l y t i c  breakdown o f  w a t e r .  The a r t i c l e  d e s c r i b e s  
Brown, B o v e r i  e l e c t r o l y z e r s .  
(OXYGEN, ELECTROLYSIS, HYDROGENATION, FERTILIZERS, METAL, 
SEMICONDUCTOR) 

7 /H73 20016 STATUS OF THE LIFE SYSTEMS' STATIC FEED 
WATER ELECTROLYSIS SYSTEM 
S c h u b e r t ,  F.H., ( L i f e  Sys tems ,  I n c . ,  C l e v e l a n d ,  O.), 
SAE/ASME/AIAA L i f e  S u p p o r t  and Env i ronmenta l  C o n t r o l  
C o n f e r e n c e ,  J1 12-14 ' 7 1 ,  S a n  F r a n c i s c o ,  C a l i f .  

The S t a t i c  Feed Water  E l e c t r o l y s i s  System (SFWES) 
is rev iewed  as deve loped  f o r  a n  A i r c r e w  0 System i n -  
c l u d i n g  ce l l  components,  module,  and  hardware.  The 
c o n t r o l  u s e d  t o  match 0 g e n e r a t i o n  r a t e  w i t h  u s e  r a t e  
i s  d i s c u s s e d .  The 1967-1969 SFWES's per formance  s t a t u s  
i s  reviewed i n c l u d i n g  t h e  e f f e c t  o f  c u r r e n t  d e n s i t y  
( 0  t o  350 ASF), o p e r a t i n g  t i m e  ( 0  t o  10 ,000 h r ) ,  and 
t e m p e r a t u r e  (75  to 1 8 0  F )  on v o l t a g e  for  v a r i o u s  e l e c t r o -  
c h e m i c a l  c e l l  s i z e s .  The a b i l i t y  t o  o p e r a t e  w i t h o u t  
d e g a s s i n g  i s  reviewed;  50 h r  i n  1967,  100 h r  i n  1968, 
and 300 h r  i n  1969. The anode  c o n t r i b u t e s  8 9  p e r c e n t  
t o  t h e  i n c r e a s e  i n  c e l l  v o l t a g e  above  t h e  t h e o r e t i c a l  
v a l u e  i n i t i a l l y .  A l l  materials o f  c o n s t r u c t i o n  demon- 
s t r a t e d  s a t i s f a c t o r y  o p e r a t i o n  f o r  more t h a n  400 d a y s  
b u t  improvements  can  be made a t  t h e  anode.  
(ELECTROLYSIS, WATER, STATIC) 

JH73 20017 LONG-TERM OPERATION OF A  WATER ELECTROLYSIS 
? MODULE 

S c h u b e r t ,  F.H., (TRW, I n c . ) ,  SAE P a p e r  No. 690643 
TRW, u n d e r  NASA s p o n s o r s h i p ,  h a s  deve loped  a w a t e r  

e l e c t r o l y s i s  module (WEM) d e s i g h e d  t o  p r o v i d e  3.6 lb /day  
o f  oxygen a t  a  c u r r e n t  d e n s i t y  o f  1 0 0  amps/sq f t  and a t  
a p r e s s u r e  l e v e l  o f  80  p s i a .  A l though  d e s i g n e d  f o r  a i r -  
c r a f t  a p p l i c a t i o n ,  t h e  c o n c e p t s  employed i n  t h e  d e s i g n  
of t h e  module make its u s e  i n  o t h e r  l i f e  s u p p o r t  sys t ems  
p o s s i b l e .  

One o f  t h e  t e n - c e l l  water e l e c t r o l y s i s  modules  f a b -  
r i c a t e d ,  and d e s i g n e d  as WEM No. 1, h a s  been  s u c c e s s f u l l y  



o p e r a t e d  f o r  7525 h r .  The e n d u r a n c e  t es t  program is be- 
i n g  conduc ted  a t  a  c u r r e n t  d e n s i t y  o f  80  amps/sq f t ,  a 
t e m p e r a t u r e  o f  1 7 5  F,  and  a p r e s s u r e  level  o f  30 p s i a .  

T h i s  p a p e r  d e s c r i b e s  t h e  c e l l  and module c o n f i g u r a -  
t i o n s  and  t h e  materials o f  c o n s t r u c t i o n  s e l e c t e d .  R e s u l t s  
o f  t h e  p a r a m e t r i c  and c y c l i c  t es t  programs are p r e s e n t e d  
and c e l l  pe r fo rmance  and s e r v i c i n g  and m a i n t e n a n c e  re- 
q u i r e m e n t s  are d i s c u s s e d .  
(ELECTROLYSIS, WATER, MODULE) 

H73 20018 REGENERATIVE FUEL CELL STUDY 
Wynveen, R.A. and F.H. S c h u b e r t ,  ( L i f e  Sys tems,  I n c . ,  
C l e v e l a n d ,  O . ) ,  F i n a l  R e p o r t  ER-151-2, Nov 72 

The o b j e c t i v e s  o f  t h e  s t u d y  were  t o  e v a l u a t e  t h e  
MSS e n e r g y  s t o r a g e  r e q u i r e m e n t  and t h e  a p p l i c a t i o n  o f  
t h e  R e g e n e r a t i v e  F u e l  C e l l  Subsystem (RFCS) t o  it. T h i s  
i n v o l v e d  i d e n t i f y i n g  t h e  p a c i n g  t e c h n o l o g i e s  which t u r n  
o u t  t o  be t h e  Wate r  E l e c t r o l y s i s  Subsystem (WES) and t h e  
hydrogen (HZ)-Oxygen ( 0 2 )  F u e l  C e l l  Subsystem (FCS). 
The B x p r e s s l o n  " f u e l  ce l l "  as u s e d  i n  t h i s  r e p o r t  always 
r e f e r s  t o  t h e  H2-O2 f u e l  c e l l .  , 
(FUEL CELL, REGENERATIVE) 

H73 20019 SIX-MONTH TEST PROGRAM OF TWO WATER ELECTROLYSIS 
SYSTEMS FOR SPACECRAFT CABIN OXYGEN GENERATION 
G i l l e n ,  R . J .  (NASA Manned S p a c e c r a f t  C e n t e r ,  Houston,  T e x . ) ,  
B.M. Greenough (Lockheed Missiles and Space  Co . ,  Sunnyva le ,  
C a l i f . ) ,  E.S. M i l l s  (McDonnell Douglas A s t r o n a u t i c s  Co., 
H u n t i n g t o n  Beach, C a l i f . ) ,  W.G. Sander son  (The Boeing  Co., 
Houston,  Tex.), and F.H. S c h u b e r t  ( L i f e  Sys tems,  I n c . ,  
C l e v e l a n d ,  O . ) ,  ASME P a p e r  72-ENAV-5 72 

The w a t e r  e l e c t r o l y s i s  sys t ems  used  i n  t h e  s p a c e - s t a t i o n  
s i m u l a t i o n  99-day manned test o f  a r e g e n e r a t i v e  l i f e  sup- 
p o r t  sys t em a t  t h e  McDonnell Douglas  A s t r o n a u t i c s  Company 
were  r e f u r b i s h e d  as r e q u i r e d  and s u b j e c t e d  t o  a s i x -  
month t e s t  program. The t e s t  o b j e c t i v e s  and management 
of t h e  t es t  a r e  d e s c r i b e d .  The t e s t  c o n f i g u r a t i o n s  and 
p r e l i m i n a r y  f i n d i n g s  are  summarized and d i s c u s s e d .  Prob- 
l e m s  e n c o u n t e r e d  d u r i n g  t e s t i n g  and t h e  r e m e d i a l  a c t i o n s  
t a k e n  are d e f i n e d .  
(ELECTROLYSIS, SPACECRAFT, OXYGEN) 



H 7 3  20020 SELECTION OF ELECTROLYTES FOR ELECTROLYSIS 
CELLS : ALKALINE OR ACID 
Schube r t ,  F.H., ( L i f e  Systems, Inc . .  Cleveland,  O . ) ,  Space 
Technology and Heat ~ r a n s f e r  Conference,  Los Angeles,  C a l i f . ,  
Je 21-24 '70  

The paper  q u a n t i t a t i v e l y  i l l u s t r a t e s  t h e  e f f e c t  of 
t h e  e l e c t r o l y t e  n a t u r e  on a  Water E l e c t r o l y s i s  System 
(WES) des ign .  The o b j e c t i v e  w a s  t o  select e i t h e r  an a c i d  
o r  a  base  e l e c t r o l y t e  f o r  use  i n  t h e  WES fvr a space 
s t a t i o n  l i f e - s u p p o r t  system. S e l e c t i o n  of an  a l k a l i n e  
e l e c t r o l y t e  was based on a comparison of system equ iva l en t  
weigh ts .  The system, us ing  t h e  A l k a l i n e  e l e c t r o l y t e  a t  
190 F,  p r e s e n t s  a  15- t o  21-percent s av ings  i n  equiv- 
a l e n t  weight  when compared t o  a 190 F a c i d  system. A 34- 
t o  46-percent  sav ings  r e s u l t s  when campared t o  an  80 F  
a c i d  system. The major (50 t o  85 p e r c e n t )  c o n t r i b u t o r  
t o  t h e  system e q u i v a l e n t  weight  r e s u l t s  from t h e  power 
p e n a l t y .  
(ELECTROLYTE, CELL, ACID, ALKALINE) 



H73 20500 GE PROCESS COULD MAKE CHEAPER HYDROGEN 
Anon, Chemical  and  E n g i n e e r i n g  News, V 46:48-9 N4 Nov 4 ' 6 8 ,  
A v a i l  :TAC 

E l e c t r o c h e m i c a l  p r o c e s s  p roduces  hydrogen by d i s -  
s o c i a t i n g  s t e a m  w i t h  s o l i d  z i r c o n i u m  o x i d e  e l e c t r o l y t e  
cel ls .  
(HYDROGEN, ELECTROCHEMICAL, STEAM, PRODUCTION, 
ZIRCONIUM OXIDE) 

H73 20501* "ENERGY DEPOT ELECTROLYSIS SYSTEMS STUDY" 
Schade ,  C.W., ( A l l i s o n  D i v i s i o n  o f  G e n e ~ a l  M o t o r s ) ,  R e p o r t  
D R  3714, Washington,  D.C.: U.S. ~ t 0 m i c  Energy  ~ o r n m i s s i o n ,  
V 1 F i n a l  R e p o r t  TID 20441 Je 64,  ~ v a i 1 : T A C  

A number o f  advanced t e c h n i c a l  c o n c e p t s  f o r  elec- 
t r o l y z e r  d e s i g n  and  c o n s t r u c t i o n ,  which have  n o t  y e t  
r eached  commerc ia l  a p p l i c a t i o n ,  b u t  which p romise  t o  
r e d u c e  t h e  l i k e l y  c o s t  o f  hydrogen have caused  a n  i n -  
crease o f  i n t e r e s t  i n  e l e c t r o l y z e r  t e c h n o l o g y  w i t h i n  
t h e  l as t  decade  i n  t h e  U n i t e d  S t a t e s .  

The p r i m a r y  m i l i t a r y  a p p l i c a t i o n  was t h e  " e n e r g y  
d e p o t  program." Because  o f  l o g i s t i c s ,  t h e  cost  o f  
e n e r g y  on t h e  b a t t l e f i e l d  i s  h i g h .  I n  t h i s  c o n c e p t ,  a 
n u c l e a r  power p l a n t ,  a n  e l e c t r o l y t i c  hydrogen p l a n t ,  a n  
a i r  l i q u e f a c t i o n  p l a n t ,  and an  ammonia p l a n t  would be 
f lown i n  and assembled  b e h i n d  t h e  l i n e s  t o  c h e m i c a l l y  
m a n u f a c t u r e  ammonia t o  b e  used  as  a f u e l  f o r  i n t e r n a l  
combust ion  e n g i n e s ,  f u e l  ce l l s ,  and h e a t e r s .  As elec- 
t r o l y t i c  hydrogen m a n u f a c t u r e  was a n  i n t e g r a l  p a r t  o f  
t h i s  program, and improved e l e c t r o l y z e r s  s h o u l d  b e  pos- 
s i b l e  a s  a  s p i n - o f f  from advanced f u e l  c e l l  t e c h n o l o g y ,  
a s i g n i f i c a n t  e f f o r t  w a s  expended i n  advanc ing  e lectrol-  
y z e r  t e c h n o l o g y .  
(ELECTROLYZER, DESIGN, HYDROGEN, COST, AMMONIA) 

H73 20502 PREPARATION OF PURE HYDROGEN 
Anon, M a t s u s h i t a  E l e c t r i c  I n d u s t r i a l  Co . ,  L td .  F r . ,  92685y, 
1 ,517 ,243  ( C l .  C O l b ) ,  M a r  l e  68, J a p a n .  Appl.  M a r  30 6 6 ;  

7 P-  
An aqueous  s o l u t i o n  o f  NH4C1 or NH4N03 i s  elec- 

t r o l y z e d  i n  which s o l u t i o n  a powder semiconduc to r  i s  
suspended,  hav ing  a band w i d t h  o f  t h e  f o r b i d d e n  band 5 0 . 5  
e v . ,  s u c h  as  Bi2Te3,  Te ,  InAs,  CdSb, Ge, S i ,  CdTe, o r  ZnS. 
(ELECTROLYSIS, PRODUCTION) 

-/-I 



H73 20503* ELECTROLYSIS AS A SOURCE OF HYDROGEN AND 
OXYGEN 
Costa ,  R.L., and P.G. Grimes, Chemical Engineering Pro- 
g r e s s ,  V 63:56 Apr 6 7 ,  Avai1:TAC 

By t h e  a p p l i c a t i o n  of f u e l  ce l l  technology,  high- 
e f f i c i e n c y  e l e c t r o l y t i c  cells  have been b u i l t  and exten- 
s i v e l y  t e s t e d .  An economic s tudy  us ing  low-cost n u c l e a r  
power shows w a t e r  e l e c t r o l y s i s  t o  be  compe t i t i ve  f o r  
ammonia p l a n t s  i n  a r e a s  where n a t u r a l  gas  is not  a v a i l a b l e  
and f o r  hydrogen and oxygen supply  t o  o t h e r  segments of 
t h e  chemical  i n d u s t r y .  
( PRODUCTION, HYDROGEN, OXYGEN, WATER, AMMONIA, ELECTROL- 
YSIS) 

H73 20504' ELECTROLYTIC HYDROGEN FUEL PRODUCTION WITH 
SOLID POLYMER 
T i t t e r i n g t o n ,  W.A. and A.P. F i c k e t t ,  E l e c t r o l y t e  Tech- 
nology,  8 t h  I n t e r s o c i e t y  Energy Conversion Conference, 
p h i l a d e l p h i a ,  Pa., Aug 13 ' 73 ,  Avai1:TAC 

The Genera l  E l e c t r i c  Company wa te r  e l e c t r o l y s i s  
technology,  which i s  based on a  s o l i d  polymer e l e c t r o l y t e  
(SPE) concept ,  i s  presen ted  f o r  a p p l i c a b i l i t y  t o  l a rge -  
s c a l e  hydrogen product ion i n  a  f u t u r e  energy system. 
High c e l l  c u r r e n t  d e n s i t y  o p e r a t i o n  is s e l e c t e d  f o r  t h e  
a p p l i c a t i o n ,  and suppor t ing  ce l l  t e s t  performance d a t a  
i s  p re sen ted .  Demonstrated c e l l  l i f e  d a t a  i s  included 
t o  suppor t  t h e  a d a p t a b i l i t y  of  t h e  SPE system t o  l a rge -  
s i z e  hydrogen gene ra t ion  u t i l i t y  p l a n t s  a s  needed f o r  
b u l k  energy  s t o r a g e  o r  t r ansmis s ion .  The i n h e r e n t  system 
advantages  of t h e  a c i d  SPE e l e c t r o l y s i s  technology a r e  
exp la ined .  System performance p r e d i c t i o n s  a r e  made 
through t h e  y e a r  2000, a long w i t h  p l a n t  c a p i t a l  and 
o p e r a t i n g  c o s t  p r o j e c t i o n s .  
(ENERGY, PRODUCTION, STORAGE, TRANSMISSION, PERFORMANCE, 
COST) 

H73 20505 WATER ELECTROLYSIS - PROSPECT FOR THE FUTURE. 
Wydeven, T., (NASA, Ames Research Cente r ,  Mof fe t t  F i e l d ,  
C a l i f . )  and R.W. Johnson, (NASA, Langley Research Center ,  
Hampton, Va . ) ,  (Aviat ion and Space: Progress  and P rospec t s ;  
Proceedings  of t h e  Annual Av ia t ion  and Space Conference, 
Bever ly  H i l l s ,  C a l i f . ,  Je 16-19 '68,  p  93-102.) ASME, 
T r a n s a c t i o n s ,  S e r i e s  B - J o u r n a l  of Engineer ing f o r  
I n d u s t r y ,  V 90:531-540 Nov 68, 13 refs,  Avai1:TAC 

A su rvey  of oxygen g e n e r a t o r s  f o r  s p a c e c r a f t  based 



on  w a t e r  e lectrolysis  i s  p r e s e n t e d .  The w a t e r  elec- 
t r o l y s i s  ce l l s  s u r v e y e d  are predominan t ly  p r o t o t y p e  
u n i t s  i n c l u d i n g  b o t h  l i q u i d  and v a p o r  f e e d  ce l ls .  C e l l  
d e s i g n ,  o p e r a t i o n a l  per formance ,  g a s  p u r i t y ,  and prob-  
l e m s  e n c o u n t e r e d  d u r i n g  t e s t i n g  are d i s c u s s e d .  Sugges-  
t i o n s  are  g i v e n  as t o  where f u t u r e  r e s e a r c h  m i g h t  be con- 
c e n t r a t e d  i n  o r d e r  t o  s o l v e  some o f  t h e  more g e n e r a l  
problems a s s o c i a t e d  w i t h  w a t e r  e l e c t r o l y s i s .  
(OXYGEN, PRODUCTION, ELECTROLYSIS, SPACECRAFT, DESIGN) 

H73 20506* "DESIGN STUDY OF HYDROGEN PRODUCTION BY 
ELECTROLYSIS " 
Anon, A l l i s - C h a l m e r s  Manufac tu r ing  Company, P u b l i c a t i o n  
No. ACSDS 0106643, Milwaukee, O c t  66, Avai1:TAC 

The p r e s e n t  program, a d e s i g n  s t u d y  o f  hydrogen pro-  
d u c t i o n  by e l e c t r o l y s i s ,  was c e n t e r e d  around low c a p i t a l  
i n v e s t m e n t  as t h e  p r i m a r y  g o a l ,  w i t h  o t h e r  f a c t o r s ,  such  
a s  h i g h  e f f i c i e n c y ,  l o n g  l i f e ,  s i m p l e ,  t r o u b l e - f r e e  ope r -  
a t i o n ,  m a i n t e n a n c e  and  down t ime  a lso i n f l u e n c i n g  t h e  
c o n c e p t i o n a l  sys tem.  Only u n c a t a l y z e d  porous  n i c k e l  
e l e c t r o d e s  w e r e  c o n s i d e r e d .  
(HYDROGEN, PRODUCTION, ELECTROLYSIS, DESIGN, COST) 

H73 20507" "THE ECONOMICS OF HYDROGEN AND OXYGEN PRO- 
DUCTION BY WATER ELECTROLYSIS AND COMPETITIVE PROCESSES" 
Mrochek, J . E . ,  I n  W.W. G r i g o r i e f f ,  Ed. ,  Abundant N u c l e a r  
Energy,  Washington ,  D.C.: U.S. Atomic Energy Commission, 
V 107:22 69 ,  Avai1:TAC 

The m a n u f a c t u r i n g  c o s t s  of hydrogen and oxygen are 
e s t i m a t e d  for  w a t e r - e l e c t r o l y s i s  p l a n t s  u s i n g  two t y p e s  
of advanced e l e c t r o l y t i c  cel ls :  p o r o u s - e l e c t r o d e  c e l l s  
and h i g h - t e m p e r a t u r e  vapor-phase c e l l s .  E l e c t r o l y t i c  
p l a n t s  p r o d u c i n g  40 m i l l i o n  s t a n d a r d  c u b i c  f e e t  o f  hydra-  
gen  and 860 t o n s  o f  oxygen p e r  day  are compared w i t h  
f o s s i l - f u e l  p l a n t s  t h a t  u s e  s team re fo rming  and p a r t i a l -  
o x i d a t i o n  p r o c e s s e s  a t  t h e  same hydrogen-p roduc t ion  rates. 
The c o s t  o f  e l e c t r i c i t y  r e q u i r e d  f o r  t h e  e l e c t r o l y t i c  
p r o c e s s  u s i n g  a p o r o u s - e l e c t r o d e  c e l l  t o  b r e a k  e v e n  w i t h  
t h e  f o s s i l - f u e l  p r o c e s s e s  ranged from 0.8 t o  2.3 mi l l s /kwh.  
I f  an  oxygen c r e d i t  o f  $4/ ton  was assumed, t h i s  b r e a k -  
even  power c o s t  r a n g e  i n c r e a s e d  t o  1.5 t o  3 m i l l s / k w h .  
The u s e  o f  e l e c t r o l y t i c  hydrogen p l a n t s  as  l o a d - l e v e l i n g  
d e v i c e s  f o r  power is d i s c u s s e d  b r i e f l y .  



(HYDROGEN, OXYGEN, PRODUCTION, ELECTROLYSIS,  COST, STEAM 
REFORMING, PARTIAL OXIDATION) 

H 7 3  2 0 5 0 8  OXYGENHYDROGEN GENERATOR 
Speng le r ,  H.H,, T.J. K e m p h e r  ( A l l i s - C h a l m e r s  M a n u f a c t u r -  
i n g  C o . ) ,  FR. 1 , 5 1 4 , 4 8 7  ( C 1 .  C  o l b ) ,  Fe 2 3  '68, US A p p l .  
Fe 2 5  '68;  4 p 

A n  0-H g e n e r a t o r  cons i s t s  of a porous e l e c t r o l y t e  
m a t r i x ,  such as p o l y p r o p y l e n e  or asbestos f ibers ,  be- 
t w e e n  2  porous s i n t e r e d  N i  e l e c t r o d e s .  B e t w e e n  t h e  m a t r i x  
a n d  t h e  electrodes a re  i n t e r p o s e d  noble metal ,  prefer- 
ab ly  P t  o r  P d ,  screens. T h e  screens m a y  be 0.25-mm. 
t h i c k  w i t h  0.3-mm, o p e n i n g s .  
(ELECTROLYTE, NICKEL, MATRIX) 

H 7 3  2 0 5 0 9  S O L I D  ELECTROLYTES OFFER ROUTE TO HYDROGEN 
A n o n ,  C h e m i c a l  and E n g i n e e r i n g  N e w s ,  A u g  2 7  ' 7 3 ,  A v a i 1 : T A C  

E l e c t r o l y s i s  sys t ems  t o  g e n e r a t e  h y d r o g e n  m a y  re- 
s u l t  f r o m  so l id  p o l y m e r  e l e c t r o l y t e s  o r i g i n a l l y  d e s i g n e d  
f o r  f u e l  ce l l s .  
(HYDROGEN, PRODUCTION, ELECTROLYSIS, POLYMER) 

H 7 3  2 0 5 1 0 *  HYDROGEN GENERATION BY S O L I D  POLYMER ELEC- 
TROLYTE WATER ELECTROLYSIS 
R u s s e l l ,  J . H . ,  L . J .  N u t t a l l  a n d  A .P .  F i c k e t t ,  A m e r i c a n  
C h e m i c a l  Soc ie ty  M e e t i n g ,  H y d r o g e n  F u e l  S y m p o s i u m ,  
C h i c a g o ,  A u g  7 3 ,  A v a i 1 : T A C  

T h e  m o s t  common w a t e r  e l ec t ro lys i s  u n i t s  i n  t h e  pas t  
u s e d  a l i q u i d  caust ic  ( p o t a s s i u m  h y d r o x i d e )  e l ec t ro ly te  
a n d  w e r e  r e l a t i v e l y  i n e f f i c i e n t  and r e q u i r e d  f r e q u e n t  
m a i n t e n a n c e .  D u r i n g  t h e  pas t  f i v e  years, h o w e v e r ,  t h e  
G e n e r a l  E l e c t r i c  C o m p a n y  h a s  d e v e l o p e d  a u n i q u e  s o l i d  
p o l y m e r  e l e c t r o l y t e  ( S P E )  water e lectrolysis  t e c h n o l o g y  
T h e  S P E  s y s t e m  c o m b i n e s  h i g h  e f f i c i e n c y  w i t h  exception- 
a l l y  long ,  m a i n t e n a n c e  free l i f e  ( o v e r  t h r e e  years of 
c o n t i n u o u s  opera t ion  have been a c c u m u l a t e d  t o  date  on 
one of t h e  ea r ly  s i n g l e - c e l l  u n i t s ) .  While t h i s  devel-  
o p m e n t  w a s  p r o m p t e d  p r i m a r i l y  by r e q u i r e m e n t s  f o r  oxygen 
g e n e r a t i o n  i n  aerospace a n d  s u b m a r i n e  l i f e  s u p p o r t  
s y s t e m s ,  t h e  d e s i g n  can r e a d i l y  be adapted and scaled t o  
l a rge - s ize  h y d r o g e n  g e n e r a t i o n  p l a n t s .  

It is t h e  purpose of t h i s  paper t o  s u m m a r i z e  t h e  
present a n d  projected capabi l i t i es  of t h e  S P E  w a t e r  



e l e c t r o l y s i s  t e c h n o l o g y ,  and t o  c o n s i d e r  t h e  a p p l i c a b i l i t y  
o f  t h e  SPE t e c h n o l o g y  as a g e n e r a t o r  o f  hydrogen f o r  u s e  
as a  f u e l ,  f o r  e n e r g y  t r a n s m i s s i o n ,  and f o r  e n e r g y  
s t o r a g e .  
(HYDROGEN, PRODUCTION, ELECTROLYSIS, POLYMER, FUEL, 
ENERGY, TRANSMISS ION,  ENERGY STORAGE) 

H 7 3  20511 * "NUCLEAR ENERGY CENTERS, INDUSTRIAL AND 
AGRO-INDUSTRIAL COMPLEXES " 
Anon, Oak Ridge  N a t i o n a l  L a b o r a t o r y ,  ORNL 4290, Wash- 
i n g t o n ,  D.C.: U.S. ~ t o m i c  Energy  Commission. Nov 68, 
Avai1:TAC 

The cos t  o f  hydrogen p r o d u c t i o n  b y  e l e c t r o l y s i s  i s  
marked ly  dependen t  on t h e  c o s t  o f  e l ec t r i c  power. Oak 
Ridge  N a t i o n a l  L a b o r a t o r y  c a r r i e d  o u t  a d e s i g n  s t u d y  
f o r  l a r g e - s c a l e  e l e c t r o l y z e r s  i n  1966, and d e r i v e d  a 
cost f o r  a 44 ,000 l b / h r  p l a n t  ( a b o u t  1000 MW i n p u t )  o f  
a b o u t  $40 m i l l i o n .  T h i s  i s  a b o u t  10% o f  t h e  c o s t  o f  t h e  
n u c l e a r  power s t a t i o n s  r e q u i r e d  t o  s u p p l y  i t .  T h e i r  
hydrogen p r o d u c t i o n  c o s t  w a s  b a s e d  upon some r a t h e r  un- 
o r t h o d o x  f i n a n c i n g  a s s u m p t i o n s  and a v e r y  low cost  o f  
e l e c t r i c  power ( 2 . 5  mi l l s /kWhr ,  compared t o  an  a v e r a g e  
cost of o v e r  9.0 m i l l s  p r e v a i l i n g  i n  1970) .  T h i s  g i v e s  
a hydrogen p r o d u c t i o n  c o s t  o f  $1 .03 /mi l l ion  Btu .  
(HYDROGEN, PRODUCTION, COST, ELECTROLYSIS, ELECTRICITY, 
NUCLEAR POWER) 

H73 20512* "SYSTEM STUDY OF HYDROGEN GENERATIONBY 
THERMAL ENERGY" 
Funk, J.E. and R.M. Re ins t rom,  F i n a l  R e p o r t  TID 20441, 
A l l i s o n  ~ i v i s i o n  o f  G e n e r a l  Motors  R e p o r t  EDR 3714, 
Washington ,  D.C.; U.S. Atomic lEnergy  Commission, V 2  
Supplement  A Je  64 ,  Avai1:TAC 

The r e s u l t s  p r e s e n t e d  i n  t h i s  r e p o r t  show t h a t  t h e  
i d e a l  e f f i c i e n c y  o f  a c o n s t a n t  t e m p e r a t u r e  and p r e s s u r e  
c h e m i c a l  p r o c e s s  which p roduces  hydrogen from w a t e r  i s  
e x a c t l y  t h e  same as t h e  i d e a l  e f f i c i e n c y  o f  an  e l e c t r o l -  
y s i s  p r o c e s s  o p e r a t e d  a t  t h e  same t e m p e r a t u r e  and p r e s -  
s u r e .  I t  is  f u r t h e r  shown t h a t  t h e r e  are i n e f f i c i e n c i e s  
i n  a  c h e m i c a l  p r o c e s s  which c a n n o t  b e  a v o i d e d .  The f a c t  
i s  e s t a b l i s h e d  t h a t  t h e  r e a c t i o n s  i n  a  c h e m i c a l  p r o c e s s  
c a n n o t  b e  r u n  a t  a s i n g l e  t e m p e r a t u r e  i f  t h e  p r o c e s s  i s  
t o  b e  more e f f i c i e n t  t h a n  e l e c t r o l y s i s .  

S p e c i f i c a t i o n s  f o r  compounds which would y i e l d  



e f f i c i e n t  t w o - r e a c t i o n  c h e m i c a l  p r o c e s s e s  h a v e  b e e n  d e -  
v e l o p e d .  They  a p p e a r  i n  t h e  f o r m  o f  free e n e r g y  o f  f o r -  
m a t i o n  and  a b s o l u t e  e n t r o p y  d i f f e r e n c e  b e t w e e n  t h e  h y d r i d e  
or o x i d e  o f  t h e  compound a n d  t h e  compound i t s e l f .  The  
a b s o l u t e  e n t r o p y  c h a n g e  t h a t  o c c u r s  when e i t h e r  a n  oxy- 
g e n  atom o r  two  atoms o f  h y d r o g e n  a re  a d d e d  t o  a m o l e c u l e  
c a n  be d e t e r m i n e d  s e m i e m p i r i c a l l y .  T h e s e  s e m i e m p i r i c a l  
c o r r e l a t i o n s  i n d i c a t e  t h a t  o n l y  c e r t a i n  g a s e o u s  com- 
p o u n d s  c a n  m e e t  t h e  e n t r o p y  s p e c i f i c a t i o n .  W h e t h e r  t h e s e  
g a s e o u s  compounds  m e e t  t h e  f r e e  e n e r g y  s p e c i f i c a t i o n ,  o r  
w h e t h e r  t h e y  e x i s t ,  h a s  n o t  b e e n  d e t e r m i n e d .  S u c h  d e t e r -  
m i n a t i o n ,  a l o n g  w i t h  f u r t h e r  s t u d y  of t h e  d e v e l o p e d  
s p e c i f i c a t i o n s  and  a n  e x t e n s i o n  o f  t h e  s p e c i f i c a t i o n s  t o  
i n c l u d e  p h a s e  c h a n g e s ,  a re  recommended f o r  f u t u r e  work .  
(HYDROGEN, PRODUCTION, ELECTROLYSIS, FREE ENERGY, ENTROPY, 
THERMAL EFFICIENCY) 

H73 20513  ELECTROLYTE HYDROGEN BY PRESSURE ELECTROLYSIS 
I N  THE ZDANSKY-LONZA ELECTROLYTOR 
Anon,  L u r g i  G e s e l l s c h a f t  f u r  W a r m e t e c h n i k ,  MBH, F r a n k f u r t ,  
M a i n ,  72 ,  Avai1:TAC 

The p r e s s u r e  e l e c t r o l y s i s  p r o c e s s  h a s  b e e n  t e c h n i -  
c a l l y  a p p l i e d  i n  t h e  Zdansky-Lonza E l e c t r o l y t o r ,  t h i s  
b e i n g  t h e  f i r s t  u n i t  i n  t h e  h i s t o r y  o f  w a t e r  e l e c t r o l y s i s  
m a k i n g  h y d r o g e n  a n d  o x y g e n  a t  30 a t m o s p h e r e s  g a u g e  p r e s -  
s u r e  o n  a n  i n d u s t r i a l  scale, g i v i n g  a n  o u t p u t  r a n g e  of 
b e t w e e n  1 0 0  a n d  700 s t d .  c u .  m. o f  h y d r o g e n  p e r  h o u r  p e r  
u n i t .  
(ELECTROLYSIS, OXYGEN, POWER, PRESSURE, CELL, VOLTAGE) 



H73 21000 THERMODYNAMICS OF MULTI-STEP WATER DECOMPO- 
SITION PROCESSES 
Funk, J . E . ,  ( U n i v e r s i t y  o f  Kentucky,  L e x i n g t o n ) ,  American 
Chemical S o c i e t y ,  D i v i s i o n  F u e l  Chemis t ry ,  V 16:79-87 N4 
Apr 10-14 ' 7 2 ,  ( P a p e r  f o r  M e e t i n g ) ,  Avai1:TAC 

B r i e f  d e s c r i p t i o n  o f  t h e  p r o c e s s  i n  which hydrogen 
i s  produced from w a t e r  by  t h e r m a l  t r e a t m e n t  i n  t h r e e  o r  
f o u r  s t e p s  i n  p r e s e n c e  o f  such  c a t a l y s t s  a s  t a n t a l u m - ,  
bismuth- ,  mercury- ,  o r  vanad ium-ch lo r ide  is  f o l l o w e d  b y  
thermodynamic c a l c u l a t i o n s .  The f o l l o w i n g  t o p i c s  are  
d i s c u s s e d  i n  d e t a i l  -- second law l i m i t a t i o n s ;  m u l t i -  
s t e p  p r o c e s s e s ;  work o f  s e p a r a t i o n ;  and t h e  vanadium 
c h l o r i d e  p r o c e s s .  T e c h n o l o g i c a l  d a t a  a r e  i n c l u d e d .  
(IIPDROGEN, PRODUCTION, CATALYST, THERMAL) 

H73 21001 OBTAINING HYDROGEN BY MEANS OF REACTOR HEAT 
Dorner ,  S. ,  (Kern fo r schungszen t rum,  K a r l s r u h e ,  W e s t  Ger- 
many; I n s t i t u t  f u e r  Neu t ronenphys ic  und ~ e a k t o r t e c h n i k ) ,  
NSA 33122 (NP-19322). 66  p.  O c t  71 ( I n  German),  Dep. NTIS 

Known methods u s e d  i n  t h e  d e c o m p o s i t i o n  o f  w a t e r  b y  
means o f  r e a c t o r  h e a t  a r e  d i s c u s s e d .   heo ore tical con- 
s i d e r a t i o n s  on t h e  development  o f  new methods  show t h a t  
c l o s e d - c i r c u i t  processes w i t h  g a s  components r e q u i r e  rel- 
a t i v e l y  h igh  t e m p e r a t u r e s  and ,  t h e r e f o r e ,  seem t o  be n o t  
v e r y  p romis ing .  The p r o d u c t i o n  o f  hydrogen by  d i s s o l u t i o n  
of t h e  metal and t h e  s u b s e q u e n t  c o n v e r s i o n  i n t o  o x i d e  c a l l  
f o r  a  low d e c o m p o s i t i o n  t e m p e r a t u r e  o f  t h e  o x i d e .  E x p e r i -  
ments  were  made w i t h  r e a c t i o n s  i n  t h e  m o l t e n  s t a t e  i n  
o r d e r  t o  c o n v e r t  i n t o  o x i d e s  t h e  h a l o g e n i d e s  formed i n  
t h e  c l o s e d - c i r c u i t  p r o c e s s .  With a view t o  c o m p l e t e  t h e  
c l o s e d - c i r c u i t  p r o c e s s e s ,  exchange  r e a c t i o n s  and  sepa -  
r a t i o n s  th rough  e v a p o r a t i o n  o f  some a l k a l i n e  and a l k a l i n e  
e a r t h  h a l o g e n i d e s ,  r e s p e c t i v e l y ,  and t h e  meta ls  i n  t h e  
Vb-group o f  t h e  p e r i o d i c  sys t em were  checked exper imen-  
t a l l y .  Some c o n s i d e r a t i o n s  were  made w i t h  r e s p e c t  t o  
economy. 
(DECOMPOSITION, WATER, CLOSED, REACTION, OXIDE, HALOGEN) 

H73 21002* THERMOCHEMICAL HYDROGEN GENERATION 
Wentorf ,  R.H., Jr .  and R.E. Hanneman. ( C o r p o r a t e  R e s e a r c h  
and Development, S c h e n e c t a d y ,  N.Y.), R e p o r t  No.-73CRD222, 
J1 73, Avai1:TAC 

The b a s i c  c o n c e p t s  f o r  thermochemica l  hydrogen gen- 
e r a t i o n  a r e  d e s c r i b e d  a l o n g  w i t h  u s e f u l  c r i t e r i a  f o r  t h e  



s e l e c t i o n  o f  p o t e n t i a l l y  v i a b l e ,  m u l t i s t e p ,  c l o s e d - c y c l e  
p r o c e s s e s .  Three  p a r t i a l l y  t e s t e d ,  new c l o s e d - c y c l e  
the rmochemica l  hydrogen p r o d u c t i o n  p r o c e s s e s ,  b a s e d  on 
n u c l e a r  h e a t  and  w a t e r  i n p u t ,  a r e  p r e s e n t e d  w i t h  o v e r a l l ,  
p o t e n t i a l  t h e r m a l  e f f i c i e n c i e s  r a n g i n g  from 40% t o  60%. 
c l o s e d - c y c l e  hydrogen p r o c e s s e s  are compared b r i e f l y  t o  
e l e c t r o l y t i c  and  open-cycle  ( c a r b o n  f e d )  thermochemica l  
me thods  f o r  hydrogen g e n e r a t i o n .  
(NUCLEAR, WATER, CYCLE, THERMAL, EFFICXENCY) 

H73 21003* "ENERGY REQUIREMENTS I N  THE PRODUCTION OF 
HYDROGEN FROM WATER" 
Funk, J., and R. Re ins t rom,  I n d u s t r i a l  and E n g i n e e r i n g  
C h e m i s t r y  P r o c e s s  Design Development.  V 5:336-42 J1 66 ,  
Avai1:TAC 

The e n e r g y  r e q u i r e m e n t s  f o r  t h e  p r o d u c t i o n  o f  hydro- 
gen  f rom w a t e r  are d i s c u s s e d  from a  t h e o r e t i c a l  p o i n t  o f  
view.  A C a r n o t ,  o r  t e m p e r a t u r e ,  l i m i t a t i o n  on t h e  
e f f i c i e n c y  o f  p roduc ing  hydrogen from w a t e r  u s i n g  t h e r m a l  
e n e r g y  i s  d e v e l o p e d .  The t h e o r e t i c a l  e n e r g y  r e q u i r e -  
men t s ,  as b o t h  u s e f u l  work and h e a t ,  f o r  v a r i o u s  pro-  
c e s s e s  which  decompose w a t e r  are d e t e r m i n e d  -- e l e c t r o l -  
y s i s ,  d i rec t  d e c o m p o s i t i o n ,  and m u l t i - r e a c t i o n  c h e m i c a l  
p r o c e s s e s  -- t o  f i n d  p r o c e s s e s  and  c o n d i t i o n s  f o r  which 
t h e  u s e f u l  work r e q u i r e m e n t  i s  min imized .  Lowering t h e  
u s e f u l  work r e q u i r e m e n t  i n c r e a s e s  t h e  hydrogen y i e l d  p e r  
u n i t  of t h e r m a l  e n e r g y  -- i - e . ,  i n c r e a s e s  t h e  p r o c e s s  
e f f i c i e n c y .  S p e c i f i c a t i o n s  f o r  compounds t o  be o p e r a t e d  
i n  e f f i c i e n t  t w o - r e a c t i o n  c h e m i c a l  p r o c e s s e s  a r e  de- 
v e l o p e d  and  t h e i r  u s e  i s  d i s c u s s e d .  W h i l e  a  w a t e r  
d e c o m p o s i t i o n  p r o c e s s  more e f f i c i e n t  (on  a  t h e r m a l  
e n e r g y  b a s i s )  t h a n  e l e c t r o l y s i s  i s  h i g h l y  d e s i r a b l e ,  none 
i s  a v a i l a b l e  a t  p r e s e n t .  
(ELECTROLYSIS, DECOMPOSITION, CHEMICAL, ENERGY, USE, ~HERMAL)  

H73 21004 HYDROGEN PRODUCTION CYCLIC PROCESS 
DeBeni ,  G . ,  ( E u r o p a e i s c h e  Atomgemeinschaf t (EURATOM) 
Europazen t rum K i r c h b e r g )  Ger .  Of fen .  2 ,005 ,015  (Cl .  C O l b ) ,  
S e p  10  ' 7 0 ,  App l .  F e  19 ' 6 9 ;  7 p  

A c y c l i c  p r o c e s s  f o r  t h e  p r o d u c t i o n  o f  H from Hg and 
H z 0  i s  d e s c r i b e d .  Thus, 0 .15  m l  Hg and 2.4 ml 48% HBr 
w e r e  h e a t e d  i n  a 40 m l  r e a c t i o n  v e s s e l  w i t h i n  2  h r  up  t o  
200' t o  g i v e  a f t e r  c o o l i n g  H a t  a p r e s s u r e  o f  2  atom and 
20% of t h e  s t o i c h i o m e t r i c  amt. BgBr . 
(HYDROGEN, CYCLE, WATER, PRoDucTroNS 



H 7 3  2 1 0 0 5 "  "HYDROGEN PRODUCTION FROM WATER USING NUCLEAR 
HEAT" 
M a r c h e t t i ,  C . ,  I spra ,  I t a l y :  E u r a t o m ,  J o i n t  N u c l e a r  
R e s e a r c h  C e n t e r ,  P r o g r e s s  R e p o r t  No.  1, DeC 7 0 ,  A v a i 1 : T A C  

M u l t i s t e p  c h e m i c a l  processes f o r  t h e  d e c o m p o s i t i o n  
of w a t e r ,  u s i n g  n u c l e a r  h e a t ,  are s t u d i e d  i n  v i e w  of 
p r o d u c i n g  h y d r o g e n  as  i n t e r m e d i a t e  e n e r g y  vec to r .  

T h e  r e s u l t s  of t h e  w o r k  p e r f o r m e d  a t  t h e  C e n t r e  of 
Ispra  u p  t o  D e c e m b e r  1 9 7 0  are reported:  t h e  m a i n  ob- 
ject of t h e  r e s e a r c h  is t h e  M a r k - I  cycle ,  t h e  f i r s t  
p a t e n t e d  of t h e s e  c h e m i c a l  cycles. 

T h e  s t u d i e s  are p r i n c i p a l l y  r e l a t e d  t o  t h e  c h e m i s t r y  
( e q u i l i b r i a  a n d  k i n e t i c s  s t u d i e s  a n d  p h y s i c o - c h e m i c a l  
p rope r t i e s ) ,  t o  t h e  cor ros ion  of c o n s t r u c t i o n  m a t e r i a l s ,  
t o  t h e  p r e l i m i n a r y  f l o w - s h e e t  d e t e r m i n a t i o n  for t h e  
c o u p l i n g  w i t h  a n u c l e a r  reactor. 

A  g e n e r a l  h y d r o g e n  market e v a l u a t i o n  i s  a l so  i n -  
c l u d e d .  
(CHEMICAL, CORROSION, ENERGY, CYCLE, COST, THERMAL, 
DECOMPOSITION) 

H 7 3  2 1 0 0 6  "A LOW TEMPERATURE THERMAL PROCESS FOR THE 
DECOMPOSITION OF WATER" 
A b r a h a m ,  B.M., a n d  F.  S c h r e i n e r ,  S c i e n c e ,  V 180:959 7 3 ,  
A v a i 1 : T A C  

T h e  f o l l o w i n g  t h r e e  r eac t ions ,  e a c h  of w h i c h  h a s  
b e e n  s h o w n  t o  proceed a t  t h e  t e m p e r a t u r e  i n d i c a t e d ,  
are s u g g e s t e d  as a c y c l e  f o r  t h e  t h e r m a l  d e c o m p o s i t i o n  
of w a t e r :  

L i N 0 2  + 1 2  + H 2 0  ---3 L i N 0 3  + 2 H I .  3 0 0 ~ ~  

2 H I  ---9 I2 + H2,  7 0 0 ~ ~  

L i N 0 3  ---3 L i N 0 2  + %02, 7 5 0 ~ ~  
(HYDROGEN, OXYGEN, PRODUCTION, CYCLE, REACTION) 

H 7 3  2 1 0 0 7 *  "HYDROGEN SOUGHT V I A  THERMOCHEMICAL MEANS" 
A n o n ,  C h e m i c a l  and E n g i n e e r i n g  N e w s ,  Sept 3 ' 7 3  

E s p e c i a l l y  p r o m i s i n g  are several r eac t ion  s c h e m e s  
t h a t  can p r o d u c e  h y d r o g e n  by t h e r m a l  c r ack ing  of w a t e r  
i n  c l o s e d  s y s t e m .  T h e  a r t i c l e  r e v i e w s  several c l o s e d -  
cycle processes t h a t  h a v e  been d e v i s e d  a t  G e n e r a l  
E l e c t r i c .  
(THERMAL, WATER, CLOSED, SYSTEM, REACTION, PRODUCTION) 



H 7 3  2 1 0 0 8  THERMOCHEMICAL CRACKING OF WATER 
Pangborn, J.B., ( I n s t i t u t e  of G a s  T e c h n o l o g y ,  C h i c a g o ,  
1 )  C o r n e l l  S y m p o s i u m  a n d  W o r k s h o p  on " T h e  H y d r o g e n  
E c o n o m y , "  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N.Y., A u g  20.-22 
' 7 3 ,  A v a i 1 : T A C  

M a j o r  object ives i n  d e v e l o p i n g  t h e r m o c h e m i c a l  cycles 
t o  s p l i t  w a t e r  i n t o  h y d r o g e n  and  oxygen are a cyc l ica l  
se t  of c h e m i c a l  reactions a n d  p r o d u c t s  t h a t  are e a s i l y  
and e f f i c i e n t l y  separated. F e w  t h e r m o c h e m i c a l  cycles 
proposed t o  date w o u l d  exceed an energy e f f i c i e n c y  of 
50% w h e n  o p e r a t i n g  as  a process. A f i n a l  c o n c l u s i o n  is 
t h a t  e c o n o m i c s  w i l l  g o v e r n  f i n a l  c h o i c e s  of cycles,  and 
e f f i c i e n c y  only  pa r t l y  d e t e r m i n e s  t h e  e c o n o m i c s .  
(HYDROGEN, OXYGEN, DECOMPOSITION, CYCLE, CHEMICAL, REACTION, 
EFFICIENCY, ECONOMICS) 

H 7 3  2 1 0 0 9  CHEMICAL PROCESS TO DECOMPOSE WATER USING 
NUCLEAR HEAT 
D e  B e n i ,  G.,  (C.C.R.) , E u r a t o m - I s p r a - V a r e s e ,  I t a l y :  C. 
M a r c h e t t i ,  A m e r i c a n  C h e m i c a l  Society,  D i v i s i o n  F u e l  
C h e m i s t r y ,  P r e p a r a t i o n ,  V  1 : 1 1 0 - 1 3 3  N 4 ,  P a p e r  f o r  M e e t i n g  
A p r  10-14 ' 7 2 ,  A v a i 1 : T A C  

T h i s  i s  a d e s c r i p t i o n  of a process of w a t e r  conver- 
s i on  i n t o  h y d r o g e n  a n d  oxygen by u s i n g  t h e  n u c l e a r  h e a t  
f o r  o p e r a t i n g  s o m e  e n d o t h e r m a l  c h e m i c a l  reac t ions  i n  a 
closed cycle, i.e. w i t h  n o m i n a l  c o n s u m p t i o n  of c h e m i c a l s .  
I n  t h i s  m e t h o d  a f o u r - s t e p  c h e m i c a l  c y c l e ,  c h r i s t e n e d  
Mark I, i s  e m p l o y e d  w i t h  ca ta lys ts  con ta in ing  react ion  
s t u d i e s  i n v o l v e d  i n  t h e  M a r k - I  are p r e s e n t e d .  o p t i m a l  
s t r u c t u r e  of catalyst  i s  e l u c i d a t e d ,  and e c o n o m i c  con- 
s i d e r a t i o n s  are i n c l u d e d .  
(PRODUCTION, HYDROGEN, OXYGEN, CYCLE, MARK I, CATALYST, 

ECONOMY) 

H 7 3  2 1 0 1 0  MOLLIER DIAGRAMS FOR THE EVALUATION OF NUCLEAR 
HEAT PROCESSES FOR WATER DECDMPOSITION 
G l a s e r ,  H . ,  V D I - F o r s c h u n g s h ,  V  3 8 : 1 7 - 2 4  N 5 4 9 ,  7 2  

S o m e  non-e lec t ro ly t i c  w a t e r  d e c o m p o s i t i o n  processes 
f o r  t h e  p r o d u c t i o n  of h y d r o g e n  gas  f u e l  by u s i n g  n u c l e a r  
h e a t  are d iscussed ,  i n c l u d i n g  t h e  t w o - s t a g e  process in -  
v o l v i n g  reactions of m e t a l s  w i t h  m e t a l  oxides, t h e  m u l -  
t i p l e - s t age  process by G. de B e n i  b a s e d  on reactions be- 
t w e e n  C a B r 2  and H g ,  and t h e  m u l t i p l e - s t a g e  F e - C 1  process. 
M o l l i e r ' s  e n t h a l p y  vs en t ropy  d i a g r a m s  are presented fo r  

/ A  



t h e  a p p r a i s a l  of t h e s e  processes .  
(HYDROGEN, PRODUCTION, FUEL, NUCLEAR) 

H73 21011 PROCEEDINGS ROUND TABLE ON DIRECT PRODUCTION 
OF HYDROGEN WITH NUCLEAR HEAT 
Anon, C.C.R. Euratom, I s p r a ,  I t a l y ,  Dee 12 '69, EUR/C-IS/ 
1026/1/69e, Avai1:TAC 

A conference on t h e  i dea  of u s ing  n u c l e a r  energy t o  
make hydrogen from wa te r  wi thout  recourse  t o  o t h e r  raw 
m a t e r i a l s .  
(WATER, DECOMPOSITION, CYCLE, ENERGY, PROCESS, FUEL) 

H73 21012* HYDROGEN PRODUCTION FROM WATER USING 
NUCLEAR HEAT 
~ a r c h e t t i ,  C., Euratom, J o i n t  Nuclear Research Cente r ,  
I s p r a ,  I t a l y ,  Progress  Report No. 3 ,  Dec 72, Avai1:TAC 

Research on methods of hydrogen produc t ion  by chem- 
i c a l  decomposit ion of wa te r  is based on t h e  i n t e r e s t  i n  
extending t h e  u t i l i z a t i o n  of n u c l e a r  energy by us ing  a  
f l e x i b l e  and c l e a n  "energy vec to r . "  

Even more than du r ing  1971, i n  1972 t h e  s c i e n t i f i c  
and i n d u s t r i a l  worlds  have tu rned  t h e i r  a t t e n t i o n  t o  
hydrogen a s  a  p o s s i b l e  b a s i s  f o r  a  f u t u r e  "energy system." 

Work performed a t  t h e  J .R.C. ,  I s p r a  has been o r i e n t e d  
to :  

-exp lor ing  t h e  p o s s i b i l i t i e s  of  chemical c y c l e s  
which could b r ing  about t h e  decomposit ion of wa te r  
( w i t h i n  t h e  above mentioned temperature  limits). 

-ob ta in ing  s u f f i c i e n t  in format ion  on t h e s e  p o s s i b l e  
chemical  c y c l e s  t o  make comparisons, and t o  make a  
technico-economic e v a l u a t i o n  of t h e  r e l a t i v e  indus- 
t r i a l  p rocesses .  

The r e sea rch  now being performed i s  s t i l l  i n  i t s  
e a r l i e s t  s t a g e ,  t h e  o b j e c t  of  which i s  t o  o b t a i n  s u f f i -  
c i e n t  e lements  t o  d e s i g n  a p i l o t  p l a n t .  

A t  t h e  end of t h i s  f i r s t  s t a g e  ( t h r e e  - f i v e  y e a r s  
long,  according t o  t h e  e f f o r t  a v a i l a b l e  t o  devote  t o  i t ) ,  
t h e  e v a l u a t i o n s  w i l l  have t o  be  s u f f i c i e n t  t o  decide:  

( a )  whether it i s  p o s s i b l e  t o  develop an i n d u s t r i a l  
p roces s ,  

( b )  whether i t  i s  worthwhile t o  c o n s t r u c t  a  p i l o t  
p l a n t  f o r  t h e  most promising looking cyc le .  

P a r a l l e l  t o  t h e  l a b o r a t o r y  r e sea rch  work, and i n  sup- 
p o r t  of  t h e  d e c i s i o n s  t o  be  taken ,  s t u d i e s  w i l l  b e  c a r r i e d  
o u t  i n  c l o s e  c o l l a b o r a t i o n  wi th  i n d u s t r y  on t h e  develop- 



ment  o f  t h e  hydrogen m a r k e t ,  i t s  r o l e  and impact  on  t h e  
e n e r g y  sys t em,  and on a l l  t h e  relat ive t e c h n i c a l  and 
economica l  a s s e s s m e n t s .  

I n  c o n c l u s i o n  it c a n  be s a i d  t h a t  t h e  r e s e a r c h  is 
a t  t h e  b e g i n n i n g  of a n  i m p o r t a n t  phase ,  i n  which t h e  
number o f  c y c l e s  is i n c r e a s i n g  s i g n i f i c a n t l y  and show- 
i n g  i n t e r e s t i n g  d i v e r s i f i c a t i o n .  Knowledge o f  several 
o f  t h e s e  c y c l e s  w i l l  be, i n  t h e  n e x t  f u t u r e  s u f f i c i e n t l y  
advanced t o  make some p r e l i m i n a r y  e v a l u a t i b n s  and 
compar i sons .  
(ENERGY, CYCLE, DECOMPOSITION, CHEMICAL, STUDY, ECONOMICS, 
KINETICS, THERMODMAMICS , DESIGN, PLANT) 

H73 21013* THERMAL DECOMPOSITION OF WATER THROUGH 
CHEMICAL CYCLES USING A Fe-C12 FAMILY 
Herdy-Grena. C.,  (Cornmiss i o n  o f  t h e  European Communities,  
J o i n t  N u c l e a r  Resea rch  C e n t r e  - I s p r a  E s t a b l i s h m e n t ,  
M a t e r i a l s  Depar tment ,  I t a l y ) ,  Je 73  

The t h e r m a l  d e c o m p o s i t i o n  o f  w a t e r  th rough  c h e m i c a l  
cycles i s  c o n s i d e r e d  u n d e r  a t h e o r e t i c a l  p o i n t  o f  view.  
From t h e  s p e c i f i e d  thennochemica l  c o n d i t i o n s  ( u p p e r  l i m i t  
of t h e  t e m p e r a t u r e s ,  l i m i t a t i o n  o f  t h e  r e a c t i o n  free 
e n e r g y  changes ,  e tc . )  , it i s  a s c e r t a i n e d  t h a t  o n l y  
c h l o r i n e  i s  s u i t a b l e ,  as a n  e l emen t ,  t o  decompose w a t e r ,  
i n  t h e  f i r s t  r e a c t i o n  o f  a m u l t i s t e p  p r o c e s s .  

Theref rom a  Fe-C12 f a m i l y  was worked o u t .  T h i s  
f a m i l y  dses i r o n  and c h l o r i n e  compounds and o f f e r s  t h e  
a d v a n t a g e  t o  i n v o l v e  common e l e m e n t s  and t o  b r i n g  on few 
c o r r o s i o n  and p o l l u t i o n  problems.  
( IRON CHLORIDES, THERMODYNAMICS, CHEMICAL, REACTION, 

KINETICS ) 

H73 21014* FUNDAMENTALS OF THERMOCHEMICAL CYCLIC PROCESSES 
B a r n e r t ,  H . ,  ( N u c l e a r  ~ e s e a r c h  C e n t e r ,  J u e l i c h ,  ~ e r m a n y ) ,  
R e p o r t  No. JUL-967-RG, I n s t i t u t e  f o r  R e a c t o r  Development,  
KFA J u e l i c h ,  Germany, Je  73,  Avai1:TAC 

R e l a t i o n s  between h e a t  and work and thermodynamic d a t a  
o f  c h e m i c a l  r e a c t i o n s  are g i v e n .  They are d e r i v e d  w i t h  t h e  
t h e o r y  of t h e  thermodynamic o f  i r r e v e r s i b l e  p r o c e s s e s  u s i n g  
a  number of homogeneous r e g i o n s .  There  a r e  c o n s i d e r e d  s e v e r a l  
s o r t s  o f  e n t r o p y  p r o d u c t i o n  and t h e i r  e f f e c t s  on t h e  e f f i c i e n c y  
Hereby s t a t e m e n t s  a r e  p o s s i b l e  on thermochemica l  c y c l i c  pro-  
cesses, e s p e c i a l l y  on t h e  the rmochemica l  c y c l i c  p r o c e s s  f o r  



t h e  p r o d u c t i o n  of h y d r o g e n  and o x y g e n  f r o m  w a t e r .  
( THERMODYNAMICS, CYCLE, PROCESS, NUCLEAR, HEAT, WATER, 
S P L I T T I N G ,  THERMOCHEMICAL, E F F I C I E N C Y )  

H 7 3  2 1 0 1 5 *  NUCLEAR WATERSPLITTING 
B a r n e r t ,  H., ( N u c l e a r  R e s e a r c h  C e n t e r ,  J u e l i c h ,  G e r m a n y ) ,  
A t o m w i r t s c h a f t ,  A u g - S e p t  7 3 ,  p 408-410, ( I n  G e r m a n ) ,  A v a i 1 : T A C  

T h e  e n e r g y  s y s t e m  " N u c l e a r  e n e r g y  as p r i m a r y  e n e r g y  
.source and h y d r o g e n  as carrier f o r  e n e r g y ,  produced Erom 
w a t e r  i n  an t h e r m o c h e m i c a l  cyc l ic  process" opens up n e w  
aspects  of f u t u r e  energy supply .  P a r t i c u l a r l y  f o r  t h i s  
app l ica t ion ,  t h e  H i g h  T e m p e r a t u r e  R e a c t o r  (HTR) w i t h  P e b b l e  
B e d  C o r e  (PBC)  and O n c e  T h r o u g h  T h a n  O u t  (OTTO) f u e l i n g  f i t s  
e x c e l l e n t l y  a s  t h e  nuc lea r  hea t  source. 
(ENERGY, REACTOR, HEAT, WATER, SPLITTING, CYCLE, PROCESS, 
THERMOCHEMICAL) 

B 7 3  21016 THERMOCHEMICAL AND NUCLEAR TECHNOLOGY FOR 
NUCLEAR WATER S P L I T T I N G  
B a r n e r t ,  H., ( N u c l e a r  R e s e a r c h  denter ,  J u e l i c h ,  G e r m a n y ) ,  
C o r n e l l  I n t e r n a t i o n a l  S y m p o s i u m  and Workshop on " T h e  H y d r o g e n  
E c o n o m y " ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N.Y., A u g  7 3 ,  
A v a i 1 : T A C  

W i t h  regard t o  nuc lea r  p o w e r  used for  t h e r m o c h e m i c a l  
w a t e r  s p l i t t i n g ,  t h e  a u t h o r  m a k e s  t h e  f o l l o w i n g  t h r e e  po in ts :  

1 )  T h e  p roduct ion  of h y d r o g e n  should  be d o n e  on a 
l a r g e  scale w i t h  l a r g e  s i z e  u n i t s .  

2 )  I t  s e e m s  t o  be e c o n o m i c a l  t b  m a k e  u se  of t h e  po- 
t e n t i a l l y  h i g h  e f f i c iency  of t h e  " t h e r m o c h e m i c a l  
cyc l i c  process." 

3 )  C h e m i c a l  e n g i n e e r i n g  experience ( e x p r e s s e d  a s  
" s p a c e - t i m e " )  s h o u l d  be used t o  a w i d e  extent .  

(NUCLEAR, THERMOCHEMICAL, WATER, SPLITTING, TECHNOLOGY, 
EFFICIENCY, HEAT, PROCESS) 



H73 22000" PRODUCTION OF HYDROGEN FROM COAL CHAR I N  
AN ELECTROFLUID REACTOR 
P u l s i f e r .  A.  H., (Iowa S t a t e  Un ive r s i t y ,  Ames), T. D. 
Wheelock, I n d u s t r i a l  and Engineering Chemistry,  Process  
Design Development, V 11:229-37 N2 Ap 72, Avai1:TAC 

The c h a r a c t e r i s t i c s  of  e l e c t r o f l u i d  r e a c t o r  a r e  
reviewed, and a  r e a c t i o n  model which appears  t o  f i t  
exper imenta l  r e s u l t s  i s  proposed. Product  gas  composit ions 
and energy requi rements  p r e d i c t e d  by t h e  model f o r  t h e  
g a s i f i c a t i o n  p roces s  a r e  p re sen ted  f o r  v a r i o u s  p o s s i b l e  
o p e r a t i n g  c o n d i t i o n s .  The p r e s e n t  s t a t e  o f  development 
o f  t h e  r e a c t i o n  system and f o r e s e e a b l e  problems which 
must b e  worked o u t  a r e  reviewed. I n  a d d i t i o n ,  t h e  adap- 
t a t i o n  of t h e  p roces s  t o  t h e  produc t ion  o f  v a r i o u s  
produc ts  such a s  hydrogen, methane, and methanol i s  
d i s cus sed .  
(REACTION, GASIFICATION, METHANE, M E T ~ N O L ,  SYNTHESIS 

GAS, ENERGY) 

H73 22001 PRODUCTION OF HYDROGEN FROM COAL CHAR I N  
AN ELECTROFLUID REACTOR 
P u l s i f e r ,  A.  H., (Iowa S t a t e  U n i v e r s i t y ,  Ames), T .  D. 
Wheelock, (American Chemical S o c i e t y ,  D iv i s ion  Petroleum 
Chemistry), P r e p a r a t i o n  V 16tC5-C19 N2 f o r  meeting Los 
Angeles, C a l i f o r n i a ,  Mar 28 - Apr 2  ' 7 1  

The c h a r a c t e r i s t i c s  o f  e l e c t r o f l u i d  r e a c t o r  a r e  
reviewed, and a r e a c t i o n  model which appears  t o  f i t  
exper imenta l  r e s u l t s  i s  proposed.  Product  gas  compo- 
s i t i o n s  and energy requi rements  p r e d i c t e d  by t h e  model 
f o r  t h e  g a s i f i c a t i o n  p r o c e s s  a r e  p re sen ted  f o r  va r ious  
p o s s i b l e  o p e r a t i n g  c o n d i t i o n s .  

(REACTION, GASIFICATION, METHANE) 

H73 22002 COAL PROCESSING BY ELECTROFLUIDICS, PHASE I1 
Anon., Iowa S t a t e  U n i v e r s i t y  o f  Sc ience  and Technology, 
Ames, Report  f o r  May 11 '65-Ap 1 '67 ,  Ap 1 '67 ,  123 p  
Con t r ac t  14-01-0001-479, PB-174927, HC $3.00/MF $0.65 

The purpose o f  t h e  i n v e s t i g a t i o n  was t o  develop 
c o a l  u t i l i z a t i o n  p roces ses  which can b e  c a r r i e d  o u t  
advantageously i n  an e l e c t r o f l u i d  bed r e a c t o r .  The 
f i r s t  p roces s  s t u d i e d  was t h e  manufacture of hydrogen 
by t h e  steam-carbon r e a c t i o n .  The e l e c t r o f l u i d  bed 
r e a c t o r  c o n s i s t s  of an  e l e c t r i c a l l y  hea t ed  f l u i d i z e d  
bed o f  conduct ing s o l i d s .  The r e p o r t  c o n t a i n s  a  



summary of t h e  exper imental  d a t a  c o l l e c t e d  on t h e  
g a s i f i c a t i o n  of c o a l  c h a r  us ing  steam and t h e  r e s u l t s  
o f  a  s tudy  on t h e  c o n t a c t  r e s i s t a n c e  between a  f l u i d i z e d  
bed and an e l e c t r o d e  p l aced  i n  it. A p re l imina ry  
economic e v a l u a t i o n  o f  a  p rocess  f o r  producing hydrogen 
i s  a l s o  i nc luded  a s  a r e  p re l imina ry  economic e v a l u a t i o n s  
o f  p roces ses  f o r  producing carbon d i s u l f i d e  and hydrogen 
cyanide .  
(FLUIDIZED BED, COAL, HYDROGEN, INDUSTRIAL, GAS, CHARCOAL, 
STEAM, DECOMPOSITION, ECONOMICS, STUDY) 

H73 22003 PRODUCTION OF A MIXTURE OF HYDROGEN AND 
STEAM 
Benson, Homer E., (Con-Gas S e r v i c e  Corp . ) ,  89189j,  U .  S.  
3,421,869 ( C l .  48-197), J a  14 '69 ,  Appl J e  1 '64 ,  4 p  

I n  t h e  steam-Fe p roces s  f o r  prepg.  a  mix t .  o f  H2 and 
steam, steam and a i r  a r e  caused t o  r e a c t  w i t h  carbon- 
aceous m a t e r i a l  t o  p rep .  a  gas  mixt .  con tg .  22% CO, 
6% CO2, and 20% H2 (producer  gas )  which i s  then  used 
t o  reduce  Fe3O4 t o  FeO and Fe. The reduced Fe i s  then  
ox id ized  w i t h  steam t o  prep.  H and t h e  c y c l e  i s  repea ted .  
(STEAM, IRON, CYCLE, HYDROGEN) 

H73 22004 UNIFORM FLOW OF FLUIDIZED COKE TO THE 
REHEATING ZONE DURING HYDROGEN GENERATION BY COKING 
Oldwei ler ,  Morcy E. (Esso Research and Engineer ing 
Co.) 62842a, F r .  1,533,265 ( C l .  C l o b )  J1 19 ' 68 ,  
U.  S .  Appl. Je 30 '66,  7 p  

During t h e  prepn.  of  H from hydrocarbons by coking,  
bubbl ing  and l a r g e  v a r i a t i o n s  i n  p r e s s u r e  a r e  prevented 
i n  t h e  condu i t  i n  which powd. coke i s  t r a n s p o r t e d  
upward t o  t h e  r e h e a t e r  a s  a  f l u i d i z e d  s o l i d  i n  a  gas .  
The p r e s s u r e  v a r i a t i o n s  a r e  p revented  b y  i n j e c t i n g  t h e  
f l u i d i z i n g  gas  through s e v e r a l  i n l e t s  l o c a t e d  a long an 
i n i t i a l  s e c t i o n  o f  t h e  condui t .  
(FLUIDIZED, COKE, HYDROGEN, GENERATION) 

H73 22005 CHAR OIL ENERGY DEVELOPMENT 
Jones ,  John F. ,  Michael R. Schmid, Mart in  E. Sacks,  
Yung-Chuan Chen, and Cha r l e s  A.  Gray (FMC Corp., 
P r ince ton ,  New J e r s e y ) ,  U. S . ,  C lear inghouse  Fede ra l  
Sc ience  and ~ e c h n i c a l  In format ion ,  PB 173916, 83733y, 
239 p  (1967) (Eng.) , Avai1:CFSTI 

The m u l t i s t a g e  f l u id i zed -bed  p y r o l y s i s  o f  high- 



v o l a t i l e  b i tuminous  c o a l s  t o  p roduc t  o i l ,  ga s ,  and cha r  
was s t u d i e d .  C a t a l y t i c  h y d r o t r e a t i n g  of t h e  o i l  y i e l d s  
a  s y n t h e t i c  c rude  o i l  s u i t a b l e  a s  a  pe t ro leum-ref inery  
feeds tock .  The produc t  gas  can b e  reformed t o  produce 
a  high-Btu. p i p e l i n e  gas  o r  H.  The c h a r  product  i s  
used a s  b o i l e r  f u e l  f o r  power gene ra t ion .  
(FLUIDIZED, COAL, CATALYST, CHAR, POWER) 

H73 22006 HYGAS PROGRAMS 
Papamarcos, John,  Power Enqineer inq,  Fe 73, p 33-38, 
Avai1:TAC 

Th i s  a r t i c l e  p r e s e n t s  t h e  i n c e n t i v e  t o  develop 
t h e  most economical g a s i f i c a t i o n  p roces s .  

HYGAS Proqrams Among t h e  new g a s i f i c a t i o n  p roces ses  - 
being  developed,  t h e  HIlGAS programs a r e  f u r t h e s t  advanced 
The I n s t i t u t e  o f  Gas Technology s t a r t e d  work on c o a l  
g a s i f i c a t i o n  i n  1944 and over  a  p e r i o d  o f  y e a r s  developed 
two p roces ses ,  b o t h  of which were i nco rpo ra t ed  i n t o  
t h e  HYGAS p roces s .  One p roces s  g a s i f i e d  powdered 
c o a l  i n  suspens ion  w i t h  oxygen and steam t o  produce 
a  mix ture  of  carbon monoxide and hydrogen. This  mix ture  
was then  upgraded by passage  over  a  n i c k e l  c a t a l y s t .  
The second p r o c e s s  was d i r e c t  hydrogenat ion of p r e t r e a t e d  
c o a l .  I n  t h i s  p roces s  t h e  c o a l  was p r e t r e a t e d  a t  
e l e v a t e d  tempera tures  w i t h  an  oxygen-bearing gas  t o  
d e s t r o y  i t s  cak ing  tendency.  The c o a l  was then  f ed  
i n t o  a  r e a c t o r  main ta ined  a t  a  t empera ture  of about  
1300 t o  1500 F and a  p r e s s u r e  between 1000 and 1500 
p s i .  Hydrogen was i n j e c t e d  i n t o  t h i s  r e a c t o r  t o  main ta in  
t h e  powdered c o a l  r n  a  f l u i d - l i k e  c o n d i t i o n  and t o  r e a c t  
w i t h  i t  t o  produce methane. 

Synthane Process  Bas ic  p roces s  s t e p s  a r e  (1) 
c o a l  p r e t r e a t m e n t  t o  d e s t r o y  cak ing  p r o p e r t i e s :  ( 2 )  
c a r b o n i z a t i o n  p l u s  steam-oxygen g a s i f i c a t i o n  o f  t h e  
p r e t r e a t e d  c o a l  i n  a  f l u i d i z e d  bed ;  (3 )  s h i f t  convers ion  
o f  s y n t h e s i s  gas  t o  r a t i o  o f  3 : l  f o r  hydrogen and 
carbon monoxide; (4 )  p u r i f i c a t i o n  of s h i f t e d  produc t  
gas: and (5) c a t a l y t i c  methanat ion of t h e  hydrogen 
p l u s  carbon monoxide. 
(COAL, GASIFICATION, HYDROGEN, PRODUCTION, METHANE) 

H73 22007 HOW PRESSURE AND OXYG!?LN/METHANE RATIO 
AFFECT PARTIAL OXIDATION 
Wellman, P .  and S.  K a t e l l ,  Hydrocarbon Process ing  



& Petroleum Ref ine r ,  V 43:106-8 D e c  64 
A t  t h e  Morgantown Coal  Research Center: of  t h e  

Bureau of Mines, economic e v a l u a t i o n s  o f  well-known 
p roces ses  f o r  hydrogen produc t ion  have been made t o  
compare w i t h  c o s t  e v a l u a t i o n s  of systems us ing  c o a l  
a s  a b a s i c  raw m a t e r i a l .  Included i n  t h e s e  comparative 
s t u d i e s  a r e  e v a l u a t i o n s  o f  t h e  steam-methane reforming 
and p a r t i a l  o x i d a t i o n  o f  methane systems t o  produce 
t h e  s y n t h e s i s  gas  w i t h  subsequent upgrading t o  produce 
hydrogen. 

The p a r t i a l  o x i d a t i o n  o f  methane t o  produce hydrogen 
f o r  ammonia s y n t h e s i s  i s  p a r t i c u l a r l y  a t t r a c t i v e ,  s i n c e  
p a r t  o f  t h e  n i t r o g e n  (a  byproduct  of  t h e  oxygen p l a n t )  
may b e  used t o  s y n t h e s i z e  t h e  product .  
(HYDROGEN, PRODUCTION, COST, COAL, SYNTHESIS GAS, 

AMMONIA, NITROGEN) 

H73 22008 DISTRIBUTION OF GASEOUS PRODUCTS FROM 
LASER PYROLYSIS OF COALS OF VARIOUS RANKS 
Karn, F. S . ,  R.  A.  F r i e d e l ,  and A. G.  Sharkey, J r .  
( P i t t s b u r g h  Coal Research Cente r ,  P i t t s b u r g h ,  Pa. )  
97315e, Carbon (Oxford) 5 (1) , 25-32 (1967) (Eng . )  

I r r a d i a t i o n  of  coal by  l a s e r  energy pyro lyzes  
c o a l  r a p i d l y  a t  h igh  temps. Gaseous produc ts  from 
c o a l s  of v a r i o u s  ranks  w e r e  analyzed by mass spec t romet ry .  
The t o t a l  ga s  y i e l d  v a r i e d  i n v e r s e l y  w i t h  c o a l  rank ,  
showing a & f o l d  i n c r e a s e  between a n t h r a c i t e  and l i g n i t e .  
The a t .  C-H r a t i o  f o r  t h e  gases  was lower t han  f o r  t h e  
corresponding c o a l .  Y i e l d s  o f  C2H2,  H z ,  CO, and C02 
g e n e r a l l y  i n c r e a s e d  between a n t h r a c i t e  and l i g n i t e .  

(LASER, PYROLYSIS, COAL) 

H73 22009* GASIFICATION; A REDISCOVERED SOURCE OF 
CLEAN FUEL 
Maugh, Thomas H.,  Sc i ence  178:4056, p 44-45 O c t  6 ' 7 2  
( ~ / 1 / ~ 2 8 ) ,  Avai1:TAC 

The b a s i c  chemis t ry  of ' g a s i f i c a t i o n  i s  simple.  
Carbon from c o a l  o r  naphtha-- the  petroleum f r a c t i o n  w i t h  
a b o i l i n g  p o i n t  between 1750 and 240'~--is  combined 
w i t h  wate r  t o  form " s y n t h e s i s  gasu--a mix ture  of 
methane, hydrogen, and carbon monoxide--and carbon 
d i o x i d e .  This  gas  i s  t h e n  combined t o  form methane, 
t h e  p r i n c i p a l  c o n s t i t u e n t  o f  n a t u r a l  gas .  The o v e r a l l  
r e a c t i o n  r e q u i r e s  s e v e r a l  s t e p s ,  however, and i s  much 



more complex. 
Naphtha g a s i f i c a t i o n  i s  cons ide rab ly  s imp le r  t han  

c o a l  g a s i f i c a t i o n  and i s  i n  a  much more advanced s t a t e  
o f  development. Three d i f f e r e n t  naphtha p roces ses  
have been comrnescialized: t h e  c a t a l y t i c  r i c h  gas  
(CRG) p roces s  developed by t h e  B r i t i s h  Gas Counci l ,  
t h e  methane r i c h  gas  (MRG) p roces s  developed by Japan  
Gas Company, and t h e  Gasynthan p roces s  developed by 
W e s t  Germany's Lurgi  Mine ra loe l t echn ik  GmbH and Badische 
Anil in-und Soda-Fabrik AG. These p roces ses  a r e  very 
s i m i l a r  i n  concept .  The main d i f f e r e n c e  i s  i n  t h e  
c a t a l y s t s  used.  
(COAL, HYDROGEN, PRODUCTION, CATALYST, SYNTHESIS GAS, 

METHANE) 

H73 22010 IGT GETS $18-MILLION OCR CONTRACT TO MAKE 
HYDROGEB GAS FROM COAL CHAR WASTE 
Anon, Energy Resources Report ,  J1 1 3  ' 73  

An $18,160,000 c o n t r a c t  t o  develop p roces s  f o r  
producing hydrogen gas from c o a l  c h a r  waste--an i n t e r -  
media te  s t e p  i n  p roduc t ion  of  p i p e l i n e  q u a l i t y  gas  from 
coal--was awarded J u l y  6  t o  I n s t i t u t e  o f  Gas Technology, 
Chicago, Ill . ,  by I n t e r i o r  Depar tment ' s  O f f i c e  of Coal 
Research.  

(GASIFICATION, COAL, CHAR) 

H73 22011 GASIFICATION OF SOLID FOSSIL FUELS I N  A 
MICROWAVE DISCHARGE 
Fu, Y.C., B.D. B l a u s t e i n ,  and I .  Wender, ( P i t t s b u r g h  
Energy Research Center ,  (Bureau of Mines, P i t t s b u r g h ,  Pa . ) ,  
Chemical Engineer ing P rog res s ,  Symposium S e r i e s ,  V 67:47-54 
N112 71 

G a s i f i c a t i o n  of s o l i d  f u e l s  ( l i g n i t e ,  h i g h - v o l a t i l e  
A b i tuminous c o a l ,  o i l  s h a l e ,  kerogen,  g i l s o n i t e ,  t a r  
s ands )  i n  a microwave d i s c h a r g e  i n  argon gave H, CO, 
and gaseous hydrocarbons.  The e x t e n t  of g a s i f i c a t i o n  de- 
pended on t h e  C con ten t  of t h e  s o l i d .  High i n i t i a l  r a t e s  
of p roduc t ion  o f  v a r i o u s  composnents of  gases  decreased  
r a p i d l y  i n  t h e  e a r l y  s t a g e s  of r e a c t i o n .  I n  a  C02 d i s -  
cha rge ,  t h e  produc t  s p e c i e s  were ox id ized  t o  CO; i n  a  H 
d i s cha rge ,  t h e  format ion of hydrocarbons was enhanced. 
(GASIFICATION, FOSSIL, FUEL, MICROWAVE) 



H73 22012 GASES FROM LASER PYROLYSIS OF ORGANIC MATERIALS 
Karn,  F.S., R.A. F r i e d e l ,  and  A.G. Sha rkey ,  Jr.,  ( P i t t s -  
bu rgh  Coa l  R e s e a r c h  C e n t e r ,  Bureau o f  Mines,  P i t t s b u r g h ,  
P a . ) ,  Chemis t ry  and  I n d u s t r y ,  (London),  V 7:239-40 70 

L a s e r  i r r a d i a t i o n  o f  coal ,  pe t ro leum,  and r u b b e r  i n  
a H e  a tmosphere  p roduced  s i m p l e  g a s  m i x t u r e  c o n t a i n i n g  
m a i n l y  H and C2H2. With  coal, CO and C 0 2  were  a l s o  
major p r o d u c t s .  U s e  o f  t h e  method i n  r e f u s e  d i s p o s a l  w a s  
s u g g e s t e d ,  s i n c e  u s a b l e  C2H2 would be produced.  
(LASER, PYROLYSIS ) 

H73 22013 WHAT HYDROGEN FROM COAL COSTS 
K a t e l l ,  S. and J.H. F a b e r ,   h he u.S. Depar tment  o f  I n t e r i o r ,  
Bureau o f  Mines,  Morgantown, W. V a . ) ,  Hydrocarbon P r o c e s s  
P e t r o  R e f i n e r ,  V 43:3 M a r  64 

These  economics  i n d i c a t e  t h a t  hydrogen can  be pro-  
duced  from coal f o r  a b o u t  $0.38 p e r  1 ,000 c u b i c  feet  
u s i n g  c o a l  g a s i f i c a t i o n ,  s t eam- i ron  p r o c e s s  o r  n u c l e a r  
h e a t  g a s i f i c a t i o n .  
(COST, ECONOMICS, HYDROGEN, COAL) 



H73 22100 EMPHASIS ON H2 STRENGTHENED 
Anon, O i l  and  Gas J o u r n a l ,  V 70:87-8 F e  1 4  ' 7 2 ,  Avai1:TAC 

Hydrogen i s  on t h e  way t o  becoming as fundamen ta l  
f o r  t h e  modern U.S. r e f i n e r y  a s  c r u d e  o i l ,  equ ipmen t ,  
and  c a t a l y s t s .  

The p r i m a r y  r o u t e s  t o  hydrogen  are  steam r e f o r m i n g  
and  p a r t i a l  o x i d a t i o n .  

~ o t h  p r o c e s s e s  e n t a i l  some form o f  f e e d  p r e p a r a t i o n  
f o l l o w e d  b y  t h e  g e n e r a t i o n  o f  raw g a s e s  a n d  t h e i r  p u r i f i -  
c a t i o n  t o  y i e l d  t h e  d e s i r e d  hydrogen  p r o d u c t .  S u b s t i t u t e  
n a t u r a l  g a s  from l i q u i d  hydroca rbons  o r  coal w i l l  a lso 
b e  a  p r o d u c t  o f  t h i s  t e c h n o l o g y .  
(STEAM REFORMING, PARTIAL OXIDATION, HYDROCARBONS, COAL, 
ENERGY) 

H73 22101 APPARATUS FOR PRODUCING AND COOLING GASEOUS 
MIXTURES OF HYDROGEN AND CARBON MONOXIDE 
T e r  Haa r ,  L.W., ( S h e l l  I n t e r n a t i o n a l e  R e s e a r c h  M a a t s c h a p p i j  
N . V . ) ,  131435s.  G e r .  Offen .  2 ,102 ,370  ( C l .  C O l b ) ,  J1 29 
' 7 1 ,  Neth.  Appl .  Ja  21  ' 7 0 ,  1 4  p 

To p r e v e n t  e x c e s s i v e  C f o r m a t i o n  and s e t t l i n g  o f  C  
o n  c o o l i n g  s u r f a c e s  i n  a  CO-H r e a c t o r  b y  p a r t i a l  o x i d a t i o n  
of hydroca rbons  w i t h  0  o r  0 - e n r i c h e d  a i r  and s t e a m  a t  
5-150 a t m o s p h e r e ,  a c o o l i n g  medium s u c h  as H20 i s  i n t r o -  
duced t h r o u g h  a je t  n o z z l e ,  i n t o  a series o f  s p i r a l  
shaped  t u b e s ,  which  su r round  t h e  c e n t e r  of t h e  r e a c t o r ,  
and where  t h e  c o o l i n g  medium is  r e c i r c u l a t e d  t o  c o n t r o l  
t h e  p r e s s u r e  and t e m p e r a t u r e  i n  t h e  r e a c t i o n .  
(HYDROGEN, CARBON MONOXIDE, PROCESS) 

H73 22102 HYDROGEN, STEAM REFORMING: FOSTER WHEELER 
CORPORATION 
Anon, Hydrocarbon P r o c e s s ,  V 51:222 S e p t  72 

The b a s i c  steps f o r  t h e  s t eam-hydroca rbon  r e f o r m i n g  
p r o c e s s  a r e  d e s u l f u r i z a t i o n ,  r e f o r m i n g ,  CO c o n v e r s i o n ,  
C 0 2  removal  and m e t h a n a t i o n .  

The d e s u l f u r i z a t i o n  o f  t h e  h y d r o c a r b o n  f e e d  i s  neces -  
s a r y  i n  o r d e r  t o  p r e v e n t  c a t a l y s t  d e a c t i v a t i o n  o r  po i son-  
i n g .  Depending on t h e  t y p e  of f e e d s t o c k  and t h e  n a t u r e  
of t h e  s u l f u r  c o n t a m i n a n t s ,  d e s u l f u r i z a t i o n  methods c a n  
v a r y  from ambien t  t e m p e r a t u r e  a d s o r p t i o n  on a c t i v a t e d  
c a r b o n ,  t o  h i g h  t e m p e r a t u r e  r e a c t i o n  w i t h  z i n c  o x i d e  
( a s  i l l u s t r a t e d ) ,  t o  c a t a l y t i c  h y d r o g e n a t i o n  f o l l o w e d  b y  
z i n c  o x i d e .  



(DESULFURIZATION, REFORMING, CONVERSION, METHANATION, 
CATALYSIS, POISONING) 

H 7 3  2 2 1 0 3  INTEGRATED REFORMER U N I T  
S e d e r q u i s t ,  R.A., ( U n i t e d  A i r c r a f t  C o r p . ) .  1 2 6 4 7 0 d ,  U.S. 
3 , 5 3 1 , 2 6 3  ( C l .  48-61; C  O l b ,  B O l j ) ,  S e p t  2 9  ' 7 0 .  A p p l .  
A u g  5 '68,  5 p 

A  f u e l  p r o c e s s i n g  u n i t  f o r  u se  i n  f u e l  ce l l s  con- 
s is ts  of a c y l i n d r i c a l  s t r u c t u r e  w h i c h  h o u s e s  t h e  
react ion c o m p o n e n t s  f o r  c o n v e r t i n g  h y d r o c a r b o n  feedstock. 
T h e  feed passes t h r o u g h  a reactor  c a v i t y  w h e r e  t h e  h y d r o -  
carbon f u e l  s t r e a m  reacts t o  produce a H - r i c h  s t r e a m .  
T h e  conver ted s t r e a m  i s  air-cooled,  t h e n  passes i n t o  a 
s h i f t - c o n v e r s i o n  cavity w h e r e  CO i s  converted t o  C 0 2  + 
H2. T h e  H Z - r i c h  e f f l u e n t  is  d i r e c t e d  t o  t h e  f u e l  c e l l  
o r  o t h e r  process e q u i p m e n t .  
(FUEL CELL, REFORMER, CARBON MONOXIDE) 

H 7 3  2 2 1 0 4  MANUFACTURE OF HYDROGEN BY REFORMING OF NAPHTHA 
N a k a m u r a ,  Sokuhiko, K a g a k u  K o j o ,  V 1 1 : 6 9 - 7 2  N 4  6 7  ( J a p a n ) .  

P r e p a r a t i o n  of H gas  f r o m  S-free n a p h t h a ,  r e a c t i o n  
of n a p h t h a  w i t h  w a t e r  vapor,  and e l i m i n a t i o n  of CO and 
C 0 2  b y - p r o d u c t s  by m e t h a n a t i o n  w e r e  r e v i e w e d .  
(RGFORMING, NAPHTHA) 

H 7 3  2 2 1 0 5  HIGH PURITY HYDROGEN FROM HYDROCARBON-CONTAINING 
CHARGED MATERIAL BY USE OF AN ELECTROCHEMICAL PROCESS 
S h a l i t ,  H. ,  ( A t l a n t i c  R i c h f i e l d  C o . ) ,  2 7 5 4 3 u ,  G e r .  O f f e n .  
1 , 9 5 8 , 3 5 9  ( C l .  C  O l b ) ,  S e p t 2 4  ' 7 0 ,  U.S. A p p l .  M a r  1 7  ' 69 ,  
1 7  P 

P u r e  H  is  obta ined  f r o m  h y d r o c a r b o n s  w i t h  1 0 0 %  2 
c o u l o m b i c  y ~ e l d  a t  1 5 0 - 2 0 0  mJl/crn2 i n  a c e l l  a t  0 . 2 - 0 . 3  V 
h a v i n g  a h o l l o w  P d  anode c o n t a i n i n g  a s t e a m - r e f o r m i n g  
ca ta lys t  =n 9 0 %  NaOH-10% KOH e l e c t r o l y t e  a t  4 7 5 O .  
(FUEL CELL,  HYDROCARBON, PROCESS) 

H 7 3  2 2 1 0 6  HYDROGEN FROM EXCESS REFINERY STREAMS RANGING 
FROM C6 TO HEAVY O I L S  
H e p p ,  H . J . ,  ( P h i l l i p s  P e t r o l e u m  C o . ) ,  89508v, U.S .  3 , 5 5 2 , 9 2 4  
( C l .  2 3 - 2 1 2 ;  C  O l b ) ,  J a n  5 ' 7 1 ,  A p p l .  AUg 15 '66, 4 p 

R e f i n e r y  s t r e a m s  are subjected t o  h y d r o c r a c k i n g ,  
s t e a m  r e f o r m i n g  of t h e  C 6 ,  f r a c t i o n  f o r m e d ,  and react ion 
of t h e  CO-C02-H m i x t u r e  w l t h  H20 .  

(HYDROCRACK, REFORMING, STEAM) 



H 7 3  2 2 1 0 7  CATALYTIC PROCESSES FOR HYDROGEN MAW- 
FAC TURING 
C o m l e y ,  E.A., a n d  R.M. R e e d ,  W o r l d  P e t r o l e u m  C o n g r e s s ,  
6 t h - P r o c e s s i n g  a n d  R e f i n i n g  of O i l  and G a s - P r o c  S e c  3, 
63, p 1 4 7 - 5 8  

T w o  ca ta ly t ic  p r o c e s s e s  used c o m m e r c i a l l y  f o r  pro- 
d u c i n g  h y d r o g e n  f r o m  h y d r o c a r b o n s  are s t e a m  r e f o r m i n g  of 
h y d r o c a r b o n s  a n d  a u t o t h e r m a l  c a t a l y t i c  process; m a j o r  
e m p h a s i s  i s  on steam r e f o r m i n g  process i n c l u d i n g  c h e m i -  
c a l  reactions,  c o m m e r c i a l  d e v e l o p e m e n t  a n d  present  
s t a t u s  and des ign  procedures; p i l o t  p l a n t  da ta  on s t e a m  
reforming a t  h i g h  p r e s s u r e s .  
(PRODUCTION, STEAM, REFORMING, HYDROCARBON, CHEMICAL 
DESIGN) 

H 7 3  2 2 1 0 8  STEAM REFORMING PARAFFINIC HYDROCARBONS 
P u p k o ,  S . ,  ( O f f i c e  N a t i o n a l  I n d u s t r i e l  de l ' A z o t e ) ,  
2 1 6 3 2 t ,  U.S.  3 , 4 0 8 , 1 7 1  ( C l .  4 8 - 2 1 4 ) ,  O c t  2 9  '68, A p p l .  
Jun  1 2  ' 6 7 ,  2 p  

P a r a f f i n i c  hydrocarbons are s t e a m  r e f o r m e d  t o  H- 
r i c h  gases by contac t  of 5 m o l e s  of h y d r o c a r b o n s  a n d  2  
m o l e s  of s t e a m  w i t h  a c a t a lys t  con ta in ing  3-35% N i O  
on MgO and 3 M g 0 . 4 S I 0 2 . H 2 0  ( I ) .  
(STEAM, REFORMING, HYDROCARBON) 

H 7 3  2 2 1 0 9  DESTRUCTIVE DEHYDROGENATION OF THE AROMATIC 
RING 
A p p e l l ,  H.R., (U.S.  D e p a r t m e n t  of t h e  I n t e r i o r ,  B u r e a u  
of M i n e s ,  P i t t s b u r g h ,  P a . ) ,  R. R a y m o n d ,  I. Wender; 
( A m e r i c a n  C h e m i c a l  S o c i e t y ,  D i v i s i o n  P e t r o l e u m  C h e m i s t r y ) ,  
Preparation V 1 6 : C 2 4 - C 3 0  N2 f o r  m e e t i n g  L o s  A n g e l e s ,  
C a l i f . ,  M a r  2 8 - A p r  2  ' 7 1  

R e s u l t s  of an e x p e r i m e n t a l  p r o g r a m  e v a l u a t i n g  t h e  
p o s s i b i l i t y  of o b t a i n i n g  h y d r o g e n  f r o m  a r o m a t i c  h y d r o -  
carbons w i t h  t h e  u l t i m a t e  object ive of app ly ing  t h i s  
m e t h o d  t o  l o w  cost h y d r o c a r b o n s  o r  b i t u m i n o u s  m a t e r i a l s  
such as r e s i d u a ,  p i t c h e s  a n d  coal  f rac t ions .  
(HYDROGEN, PRODUCTION, HYDROCARBONS, COAL, RESIDUE) 

H 7 3  2 2 1 1 0  HYDROGEN FROM L I Q U I D  HYDROCARBONS FOR FUEL 
CELLS 
M e e k ,  J . ,  B.S. B a k e r ,  C.H. E c k e r t ,  and f. T o d e s c a ,  SAE 
J o u r n a l - P a p e r  9 3 5 A  f o r  m e e t i n g  O c t  1 9 - 2 3  '64 ,  1 2  p 

A s p e c t s  of h i g h - t e m p e r a t u r e  s t e a m  r e f o r m i n g ,  p a r t i a l  



o x i d a t  i o n ,  and low- t e m p e r a t u r e  s team re fo rming  p r o c e s s e s  
a r e  d i s c u s s e d  f o r  hydrogen g e n e r a t i o n  from l i q u i d  hydro- 
c a r b o n s ;  f o r  e a c h  p r o c e s s ,  examples  of p o s s i b l e  hydro- 
g e n e r a t i o n - f u e l  c e l l  s y s t e m s  are s e l e c t e d  and t h e o r e t i c a l  
o v e r a l l  e f f i c i e n c y  c a l c u l a t i o n s  made; c a l c u l a t i o n s  are 
b a s e d  on n-hexane; r e s u l t s  i n d i c a t e  t h a t  o v e r a l l  e f f i -  
c i e n c i e s  h i g h e r  t h a n  40% are u n l i k e l y ;  method f o r  hydro- 
gen g e n e r a t i o n  employed a t  I n s t i t u t e  o f  Gas Technology,  
Chicago,  I l l . ;  t y p i c a l  o v e r a l l  sys t em e f f i c i e n c i e s  ex- 
p e c t e d  from approach  l i e  between 25 and 35%. 
(STEAM REFORMING, PARTIAL OXIDATION, HYDROCARBONS) 

H73 22111 LOW-TEMPEWITURE REFORMING FOR INDROGEN 
Anon, o i l  and Gas J o u r n a l ,  V 62:88-9 N51 D e c  21  ' 6 4  
Avai1:TAC 

Low-temperature r e fo rming  o f  l i q u i d - h y d r o c a r b o n  
f e e d s t o c k s  a p p e a r s  t o  o f f e r  a t t r a c t i v e  r o u t e  t o  hydro- 
gen t o  be u s e d  i n  low- tempera tu re  a c i d - f u e l  ce l l s ;  method,  
fo l lowed  b y  CO s h i f t  and CO m e t h a n a t i o n  p r o c e s s  s t e p s ,  
h a s  been  o p e r a t e d  e x p e r i m e n t a l l y  f o r  more t h a n  3000 h r ;  
g a s  produced,  e s s e n t i a l l y  s t o i c h i o m e t r i c  hydrogen and 
C 0 2  and 10  t o  20 ppm CO, h a s  been  used  t o  e n e r g i z e  f u e l  
c e l l s  f o r  more t h a n  s i x  months w i t h o u t  n o t i c e a b l e  po i son-  
i n g  e f f e c t s ;  o v e r a l l  e f f i c i e n c y  o f  s y n t h e s i s  method i s  
n o t  e x p e c t e d  t o  exceed  40%. 
(HYDROCARBON, FUEL CELL, PROCESS, METHANATION, POISONING) 

H73 22112 DESIGN VARIABLES AND PRODUCTION COSTS I N  
LARGE-SCALE MANUFACTURE OF HYDROGEN 
T w i s t ,  D.R. ,  K . J .  S a g a r ,  Chemical  E n g i n e e r i n g ,  N192 
O c t  65,  p CE252-9, Avai1:TAc 

R e c e n t  deve lopment s  i n  l a r g e - s c a l e  hydrogen manu- 
f a c t u r e  are  rev iewed ,  t o g e t h e r  w i t h  p o s s i b l e  methods 
o f  p r o d u c i n g  95+% hydrogen,  and i t  i s  conc luded  t h a t  
steam r e f o r m i n g  o f  hydroca rbons  i s  economic method i n  
m o s t  c a s e s ;  t y p i c a l  p r o c e s s  employing s team r e f o r m i n g  
i s  d e s c r i b e d ,  and m e c h a n i c a l  and p r o c e s s  v a r i a b l e s  fo r  
r e f o r m i n g  s t a g e  a r e  l i s t e d  and d i s c u s s e d ,  w i t h  g r a p h s  
i l l u s t r a t i n g  i n t e r r e l a t i o n s h i p s .  
(STEAM REFORMING, HYDROCARBONS, CHEMICAL, PROCESS, DESIGN) 



H73 22113 EIN NEUES VERFAHREN ZUR REINSTWASSERSTOFFER- 
ZEUGUNG DURCH DAMPFREFORMIEREN VON KOHLENWASSERSTOFFEN 
Anon, Brennstoff-Chemi V 49:T60 N7 J1 68 

New method o f  h igh -pu r i t y  hydrogen manufacture by 
steam c rack ing  o f  hydrocarbons;  s u l f u r - f r e e  l i q u i d  o r  
gaseous hydrocarbons a r e  c a t a l y t i c a l l y  c racked  a t  25 
t o  30 atmosphere;  hydrogen was then e x t r a c t e d  from g a s  
o b t a i n e d  i n  c rack ing  i n  d i f f u s i o n  c e l l s ;  hydrogen ob- 
t a i n e d  by t h i s  method i s  a b s o l u t e l y  d r y  and i m p u r i t i e s  
a r e  below 99.9999 v o l  %. ( I n  German). 
(HYDROCARBON, CATALYSIS, PRESSURE, CRACKING) 

H73 22114 JET FUEL AS FEEDSTOCK 
Khan, A.  R . ,  J. Meek, and  B. S. Baker, Chemical Engineering 
P rog res s ,  V 62:74-6 N5 May 66, Avai1:TAC 

P r e s e n t e d  i s  produc t ion  of hydrogen by steam r e -  
forming from such commercially a v a i l a b l e  f u e l s  a s  gaso- 
l i n e  and JP-4; o p e r a t i n g  c o n d i t i o n s ,  r e a c t o r  des ign ,  
gas  conve r s ions ,  and f u e l  c e l l  performance a r e  d i scus sed .  
(HYDROGEN, STEAM REFORMING, PRODUCTION, DESIGN , COWERS I O N )  

H73 22115 HYDROGEN SUPPLY FOR FUEL CELLS 
Anon, (Texas Ins t ruments  I n c . ) ,  B r i t i s h  1,182,499 
( C l .  C l o g ) ,  Fe 25 ' 7 0 ,  U. S. Appl. Dec 15 ' 66 ,  9 p 

A hydrocarbon f u e l ,  e .g . ,  k e r o s i n e  o r  C3H8, i s  
p a r t i a l l y  steam reformed t o  produce a feed  c o n t a i n i n g  H 
and a t  l e a s t  10 mole % unreac ted  hydrocarbon. Th i s  i s  
f ed  t o  t h e  e l e c t r o d e s  where more H i s  produced by f u r t h e r  
r e fo rma t ion  r e a c t i o n  between t h e  unreac ted  hydrocarbon 
and w a t e r  produced by t h e  c e l l  r e a c t i o n .  Reformation 
i n  t h e  c e l l  i s  c a t a l y z e d  by t h e  molten s a l t  e l e c t r o l y t e  
(Na, L i ,  K/C03 a t  350-850°). 
(FUEL CELL, STEAM, REFORMING) 

H73 22116 MPERIENCE W I T H  LIQUID HYDROCARBON FUELS 
F r y s i n g e r ,  G.  R . ,  1 9 t h  Annual Power Sources Conference- 
Proc,  U. S. Armsf  E l e c t r o n i c s  Labora to r i e s ,  F o r t  Monmouth. 
N . J . ,  May 18-20 '65,  p 11-13 

F e a s i b i l i t y  o f  u t i l i z i n g  e x i s t i n g  l i q u i d  hydro- 
carbon f u e l  t ypes  (JP-4, unleaded g a s o l i n e ,  d i e s e l  f u e l )  
i n  f u e l  c e l l  power p l a n t s ,  p a r t i c u l a r l y  of i n d i r e c t  type;  
convers ion  o f  l i q u i d  hydrocarbons t o  hydrogen i n  



ex te rna l  r e f o r m e r ,  p a r t i a l  and d i r ec t  ox ida t ion  of 
l i q u i d  f u e l s ,  and protec t ion of r e f o r m e r  and electrode 
c a t a l y s t s  f r o m  h a r m f u l  effects  of s u l f u r  i n  fue l s  a re  
discussed. 
(FUEL CELL, CONVERSION, REFORMER, OXIDATION, CATALYST) 

H 7 3  2 2 1 1 7  HYDROGEN I N  PETROLEUM AND CHEMICAL INDUSTRIES  
APPLICATION AND MANUFACTURE. (WATERSTOF I N  DE PETROLEUM 

EN CHEMISCHE IWDUSTRTE. TOEPASSING EN FABRICAGE) 
t e r  H a a r ,  L .  W . ,  Ingenieur ,  V 8 1 : M l - I 0  N 1 7  A p r  2 5  ' 6 9  

Survey  of methods and r a w  m a t e r i a l s  f o r  m a n u f a c t u r e  
of s y n t h e s i s  gas;  i n c r e a s i n g  d e m a n d  of hydrogen f o r  re- 
fining of petroleum products i s  discussed; i n f l u e n c e  of 
process pressure,  o f  p l a n t  s i z e  and o f  o the r  factors on 
e c o n o m i c s  of h y d r o g e n  m a k i n g ;  it i s  s h o w n  t h a t  f o r  p a r t i a l  
oxidat ion  process o p t l m a l  process pressure i s  55 b a r  and 
fo r  s t e a m - r e f o r m i n g  about  2 0 - b a r :  it i s  concluded t h a t  
p a r t i a l  oxida t ion  o f  011 res idue  i s  c o m p e t i t i v e  w i t h  
s t e a m - r e f o r m i n g  of naphtha a t  pr lce  d i f f e r e n t i a l  of 
about 9 d o l l a r s  per ton  feedstock. ( I n  D u t c h ) .  
(PETROLEUM, PARTIAL OXIDATION) 

H 7  3 2  2 118 HYDROGEN, PARTIAL OXIDATION . . 

A n o n ,  H y d r o c a r b o n  P r o c e s s ,  V 5 1 : 2 2 0 ,  Sept 7 2 ,  A v a i 1 : T A C  
For the  m a n u f a c t u r e :  of hydrogen needed for. r e f i n i n g  

opera t ions  such  as h y d r o d e s u l f u r i z a t i o n ,  hydrocracking 
o r  p e t r o c h e m i c a l s .  
(HYDROCRACK, PARTIAL OXIDATION) 

H 7 3  2 2 1 1 9  PRODUCTION O F  HYDROGEN FROM L I Q U I D  HYDRO- 
CARBONS A T  ELEVATED PRESSURES 
A n o n ,  ( T e x a c o  D e v e l o p m e n t  C o r p . ) ,  French 1 , 5 7 2 , 5 8 2  
( C l .  C O l b ) ,  J e  2 7  '69 ,  A p p l .  M a y  31 '68, 10 p 

H i s  produced e c o n o m i c a l l y  by the  direct a r t i a l  
oxida t ion  o f  l i q u i d  hydrocarbons a t  770  k g . c m 4  i n  t h e  
presence of 0 and s t e a m .  
(PARTIAL OXIDATION, HYDROCARBON) 

H 7 3  2 2 1 2 0  PREPARATION O F  HYDROGEN FROM HYDROCARBONS 
H o c k s t r a ,  J .  and V. H a e n s e l ,  ( t o  U n i v e r s a l  O i l  P r o d u c t s  
C o . ) ,  9 2 4 1 7 a ,  U. S. 3,340,010 ( C l .  2 3 - 2 1 2 ) ,  Sept 5 
' 6 7 ,  A p p l .  D e c  16 '63 ,  4 p 

H i s  prepared by  pass ing  a hydrocarbon vapor a t  



2 1 3 0 0 ~ ~  - over  a c a t a l y s t  supported on anhydrous A1203 and 
c o n t a i n i n g  72% by weight o f  a s a l t  o f  an a l k a l i n e  e a r t h  
me ta l  t o  improve t h e  hardness  and a t t r i t i o n  r e s i s t a n c e  
and 25% of  a N i  s a l t  t o  p rov ide  t h e  c a t a l y t i c  a c t i v i t y .  
(HYDROCARBON, CATALYST) 

H73 22121 HYDROGEN FROM HIGH-BOILING HYDROCARBON FUELS 
Becker,  P.D., (Me ta l lgese l l s chaE t  A.-G. ) , German Offen.  
1 ,811,381 ( C l .  C Olb, B O l j ) ,  J1 2 '70,  Appl. Nov 28 '68 ,  

13  P 
H was manufactured from h igh-boi l ing  k e r o s i n e  f r a c -  

t i o n s  by decomposing t h e  hydrocarbons i n  exothermic 
r e a c t i o n s  t o  CHq, which was steam-reformed t o  CO and H. 
The c a t a l y t i c  m u l t i s t a g e  p roces ses  were hea ted  by He 
from a He-cooled atomic r e a c t o r .  
(HYDROCARBON, NUCLEAR, CATALYST) 

H73 22122 LOW-TEMPERATURE REFORMING; A GOOD ROUTE TO 
FUEL-CELL HYDROGEN 
Anon, O i l  and Gas J o u r n a l ,  V 62:88-9 Dec 2 1  '64  

Low-temperature reforming o f  l iquid-hydrocarbon 
f eeds tocks  appears  t o  o f f e r  an a t t r a c t i v e  r o u t e  t o  
hydrogen t o  be used i n  low-temperature ac id - fue l  c e l l s ,  
I n s t i t u t e  o f  Gas Technology s t u d i e s  show. 

The method fol lowed by carbon monoxide s h i f t  and 
carbon  monoxide methanation p roces s  s t e p s ,  has  been 
ope ra t ed  exper imenta l ly  f o r  more than  3,000 hours .  The 
gas  produced, e s s e n t i a l l y  s t o i c h i o m e t r i c  hydrogen and 
carbon d i o x i d e  and 10-20-ppm carbon monoxide, has been 
used t o  e n e r g i z e  f u e l  cel ls  f o r  more than  6 months wi th-  
o u t  n o t i c e a b l e  poisoning e f f e c t s .  
(REFORMING, FUEL CELL) 

H73 22123 SYNTHETIC GAS FROM HEAVY FUELS 
Kuhre, C .  J . ,  and C .  J .  Shearer ,  Hydrocarbon Process ,  
V 50:113-117 Dec 7 1  

A s  a i r  p o l l u t i o n  r e s t r i c t i o n s  become more s e v e r e  and 
n a t u r a l  g a s  p r i c e s  i n c r e a s e ,  t a k e  a look a t  p a r t i a l  
o x i d a t i o n  o f  h i g h - s u l f u r  f u e l s  f o r  your  hydrogen and 
s y n t h e s i s  g a s  needs.  
(POLLUTION, GAS, SYNTHESIS) 



H73 22124 HYDROGEN PLANTS TAKING NEW STATUREIN ' . 
. , 

REFINING OPERATIONS 
Anon, O i l  and Gas J o u r n a l ,  V 63:82-3 Mar 22 ' 65  

Re f ine r s  i n  i n c r e a s i n g  numbers a r e  f i n d i n g  it worth- 
wh i l e  t o  i n c l u d e  a hydrocracking u n i t  i n  t h e i r  p roces s ing  
schemes, e i t h e r  f o r  upgrading r e s i d u a l  f r a c t i o n s  o r  
f o r  converting'surplus~distillate f u e l s  i n t o  motor 
gaso l ine .  . , .  

V i r t u a l l y  a l l  r e q u i r e  'a companion hydrogenimanufac- 
t u r i n g  p l a n t .  I n  some i n s t a n c e s  t h e  u n i t s  w i l l  b e  re- 
q u i r e d t o  f u r n i s h  a s  much as'-60% o f  t h e  t o t a l  hydrogen 
needed. C a p i t a l  c o s t  o f  t h e  u n i t  cou ld  r e p r e s e n t  a 
t h i r d  o f  t h e  e n t i r e  ' p r o j e c t .  
(HYDROCRACK, COST, FUEL) 

H73 22125 INNOVATIONS I N  HYDROGEN PRODUCTION 
Rlng, T. A .  and o t h e r s ,  Chemical Engineer ing Progress ,  
V 66:59-64 Dec 70 

Recent innova t ions  i n  hydrogen p l a n t  des ign  enables  
t h e  r e f i n e r  t o  accommodate h l s  economic phi losophy,  a s  
w e l l  a s  h i s  p re fe rence  i n  gas  compression schemes. 

(GAS, REFINING) 

H73 22126 IMPROVING RELIABILITY OF STEAM REFORMERS 
Anon, Chemlcal and P roces s  Engineer ing ,  V 52:3+ Oct 7 1  

The worldwide accep tance  of hydrocracking a s  a means 
of i n c r e a s i n g  r e f i n e r y  f l e x i b i l i t y  has  c r e a t e d  a demand 
f o r  hydrogen " u t i l i t y "  p l a n t s  capab le  of producing up 
t o  100 m i l l i o n  s c f d  (2.8 m i l l i o n  m3/day) hydrogen a t  
p u r l t i e s  from 95-98%, and w i t h  maximum r e l i a b i l i t y  and 
supply.  Most hydrogen produc t ion  i s  by t h e  steam 
reforming of hydrocarbons ranging from naphtha t o  
hydrogen-rich o f f g a s .  Shutdown o f  t h e  hydrogen p l a n t  
means t h a t  t h e  hydrocracker ,  c a r r y i n g  an investment  o f  
t h r e e  o r  f o u r  t i m e s  t h a t  o f  t h e  hydrogen p l a n t ,  i s  a l s o  
s h u t  down. An on-stream f a c t o r  o f  a t  l e a s t  90-95% 
is t h e r e f o r e  aimed a t ,  and t h i s  l e v e l  o f  r e l i a b i l i t y  
i s  now f e a s i b l e  i f  t h e  des ign ,  c o n s t r u c t i o n  and o p e r a t i o n  
o f  t h e  hydrogen p l a n t  i s  of t h e  h i g h e s t  q u a l i t y .  

(STEAM, REFORMING, HYDROCARBON) 

H73 22127 HYDROGEN, STEAM REFORMING 
Anon., { ~ & ~ / ~ i r d l e r ,  ~nc . ) ,  Hydrocarbon Process, V 491270 Sep t  70 

F o r  producing high p u r i t y  hydrogen such a s  needed f o r  



hydrogena t ion  and h y d r o d e s u l f u r i z a t i o n .  
(PRODUCTION, HYDROGENATION, HYDRODESULFURIZATION, 
PURITY) 

H 7 3  2 2 1 2 8  HYDROGEN, PARTIAL OXIDATION 
A n o n ,  ~ y d r o c a r b o n  P r o c e s s ,  V 4 9 : 2 6 9  S e p t  7 0  

For t h e  m a n u f a c t u r e  of h y d r o g e n  n e e d e d  f o r  r e f i n -  
i n g  operations s u c h  a s  h y d r o d e s u l f u r i z a t i o n ,  h y d r o -  
c racking  or p e t r o c h e m i c a l s .  
(HYDRODESULFURIZATION, HYDROCRACKING, PETROCHEMICALS, 
REFINING) 

H 7 3  2 2 1 2 9  R E F I N I N G  PROCESS DEVELOPMENTS: IMPROVEMENTS 
I N  MAKING HYDROGEN 
V o o g d ,  J. and J. T i e l r o o y ,  H y d r o c a r b o n  P r o c e s s ,  
V 4 6 : 1 1 5 - 2 0  S e p t  6 7  

New d e v e l o p m e n t s  i n  h y d r o g e n  m a n u f a c t u r e  r e s u l t  
i n  h i g h e r  h y d r o g e n  p u r i t y ,  l o w e r  h y d r o g e n  costs a n d  
h i g h e r  reformer p r e s s u r e s .  
(MANUFACTURE, PURITY, COST, PRESSURE, REFORMER) 

H 7 3  2 2 1 3 0  PRODUCTION OF HYDROGEN AND SYNTHESIS GAS 
Solbakken, A * ,  ( I n s t .  I n d .  ~ j e m i ,  N o r .  T e k .  H e o g s k . ,  
T r o n d h e i m ,  N o r w a y ) ,  K j e m i ,  V 3 1 : 1 8 - 2 1  N2 7 1 ,  2 3 4 5 2 m ,  
( N o m e g )  

A r e v i e w .  
(HYDROGEN, SYNTHESIS ,  GAS) 

H 7 3  2 2 1 3 1  J E T  FUEL A S  A FEEDSTOCK 
K h a n ,  A.R., J. M e e k ,  and B.S .  B a k e r .  ( I n s t i t u t e  of G a s  
T e c h n o l o g y ,  C h i c a g o ) ,  75065s, C h e m i c a l  E n g i n e e r i n g  P r o -  
gress, V 6 2 : 7 4 - 7  N 5  67 ,  ( E n g l i s h ) ,  A v a i 1 : T A C  

N a t u r a l  g a s o l i n e ,  C6H14, a n d  J P - 4  j e t  f u e l  w e r e  
s u c c e s s f u l l y  s t e a m  r e f o r m e d  a t  4 3 7 - 5 2 2 '  w i t h  H y i e l d s  
of u p  t o  65%.  T h e  products  w e r e  su i t ab l e  f o r  u s e  w i t h  
l o w - t e m p e r a t u r e  a c i d  f u e l  c e l l s ,  g i v i n g  overa l l  e f f i -  
ciencies e s t i m a t e d  a t  3 0 - 4 0 %  w i t h  l o w  c u r r e n t  d ra ins .  
(STEAM, REFORMING, FUEL CELL)  



H73 22132 HYDROCARBON STEAM REFORMING, I N  TUBES, FOR 
PRODUCTION OF SYNTHESIS GAS OR HYDROGEN 
Roche, A., J. Lemaire ,  31985v, ( F r e n c h )  S t u d .  P e t r o -  
chem., U.N. I n t e r r e g .  Confe rence ,  1st 6 4  (Pub. 6 6 ) ,  
1 ,339-44 ( E n g l i s h ) ,  U n i t e d  N a t i o n s :  New York, N.Y. 

Steam re fo rming  i n  t u b e s  is  reviewed as  an  a l t e r -  
n a t i v e  t o  c r a c k i n g  w i t h  0. The p r o d u c t i o n  of s y n t h e s i s  
g a s  from n a t u r a l  g a s  and from l i g h t  o i l ,  and o f  H from 
l i g h t  o i l ,  are b r i e f l y  d e s c r i b e d .  
(STEAM, REFORMING, GAS) 

H73 22133 INTEGRATE HYDROGEN PRODUCTION WITH REFINERY 
OPERATIONS 
B u i v i d a s ,  L.J., H.R. Schmidt .  and C.H. V i e n s ,  Chemical  
E n g i n e e r i n g  P r o g r e s s ,  V 61:88 May 65 ,  Avai1:TAC 

I m p o r t a n t  p l a n n i n g  and  d e s i g n  v a r i a b l e s  a r e  d i s -  
c u s s e d  and e v a l u a t e d  f o r  t h e  i n t e g r a t i o n  o f  hydrogen 
s u p p l y  w i t h  p e t r o l e u m  r e f i n i n g  o p e r a t i o n s .  R e s u l t s  o f  
a n  o p t i m i z a t i o n  s t u d y  are g i v e n  f o r  a t y p i c a l  hydrogen 
p l a n t / h y d r o c r a c k e r  i n s t a l l a t i o n .  
(DESIGN, OPERATION, REFORMER, REACTOR, COST) 

H73 22134 HYDROGEN FROM LIQUID HYDROCARBONS FOR 
FUEL CELLS 
Meek, J., B.S. Baker ,  C.H. E c k e r t ,  and F: Todesca ,  
{ I l l i n o i s  I n s t i t u t e  of  ~ e c h n o l o g y ,  I n s t i t u t e  o f  G a s  
Technology,  Chicago,  I l l . ) ,  A65-11413, S o c i e t y  o f  
Automotive E n g i n e e r s ,  N a t i o n a l  T r a n s p o r t a t i o n ,  Power- 
p l a n t ,  and F u e l s  and  L u b r i c a n t s  Mee t ing ,  B a l t i m o r e ,  Md., 
O c t  19-23 ' 6 4 ,  Pape r  935A, 1 3  p  

~ e s c r i p t i o n  o f  h i g h - t e m p e r a t u r e  steam re fo rming ,  
p a r t i a l  o x i d a t i o n ,  and low- tempera tu re  steam r e f o r m i n g  
p r o c e s s e s  f o r  hydrogen g e n e r a t i o n  from l i q u i d  hydro- 
c a r b o n s .  F o r  e a c h  p r o c e s s ,  examples  of p o s s i b l e  hydro-  
g e n e r a t i o n  f u e l - c e l l  s y s t e m s  are  s e l e c t e d  and t h e o r e t i c a l  
o v e r a l l  e f f i c i e n c y  c a l c u l a t i o n s a r e  made. F o r  conven- 
i e n c e ,  t h e  c a l c u l a t i o n s  a re  b a s e d  on n-hexane. R e s u l t s  
i n d i c a t e  t h a t  o v e r a l l  e f f i c i e n c i e s  h i g h e r  t h a n  40% are 
u n l i k e l y .  A sys t em i s  d e s c r i b e d  t h a t  c a n  p r o v i d e  a n  
e f f i c i e n c y  between 25 and 35%. 
(HYDROCARBON, s TEAM, REFORMING I 



H73 22135 PREPABATION OF HYDROGEN BY CATALYTIC RE- 
FORMING OF HYDROCARBONS 
Anon, U n i t e d  A i r c r a f t  Corp . ,  92418b, N e t h e r l a n d i s h  Appl .  
6 ,610 ,510  ( C l .  C O l b ) ,  F e  6  '67m U.S. Appl.  Aug 3  ' 6 5 ,  
1 3  p,  cf . ,  CA 67:55690 p  

B e f o r e  t h e  g a s  s t r e a m  i s  l e d  i n t o  t h e  H p u r i f i e r ,  
t h e  u n r e a c t e d  hydroca rbons  and t h e  H20 vapor  are 
s e p a r a t e d  i n  a c o n d e n s e r ,  t h u s  improving  t h e  e f f i -  
c i e n c y  o f  t h e  p r o c e s s  and t h e  c a p a c i t y  o f  t h e  p u r i f i e r ,  
t h e  H hav ing  a  h i g h e r  p a r t i a l  p r e s s u r e  i n  t h e  impure g a s  
(CATALYST, HYDROCARBON ) 

H73 2 2  136 EXPLORATORY DEVELOPMENT MODEL MINIATURE 
HYDROGEN GENERATOR 
R o t h f l e i s c h ,  J .E . ,  R e p o r t  No.  2 ( F i n a l ) ,  Nov 1 '66-  
act 3 1  ' 6 7 ,  (Union C a r b i d e  Corp. ,  Parma, 0.1, ECOM-Ol.14- 
F  C o n t r a c t  DAAB07-67-C-0014, AD-665, HC $ 3 . 0 0 / ~ ~  $0.65 

Two e x p l o r a t o r y  development  model  m i n i a t u r e  hydro- 
gen  g e n e r a t o r s  were  d e s i g n e d ,  f a b r i c a t e d ,  t e s t e d ,  and 
d e l i v e r e d  t o  t h e  U n i t e d  S t a t e s  Army E l e c t r o n i c s  Com- 
mand. The t w o  u n i t s  are  f u l l y  o p e r a t i v e  g e n e r a t o r  
s y s t e m s  d e s i g n e d  t o  p roduce  s u f f i c i e n t  hydrogen by 
t h e r m a l  c r a c k i n g  JP-4 j e t  f u e l  t o  s u p p l y  200-watt  
h y d r o g e n / a i r  f u e l  ce l l  s y s t e m s  f o r  i n t e r m i t t e n t  twelve-  
h o u r  o p e r a t i n g  p e r i o d s .  Q u a l i f i c a t i o n  t e s t s  o f  t h e  
comple ted  s y s t e m s  d e m o n s t r a t e d  t h e  t e c h n i c a l  f e a s i b i l i t y  
o f  m a n - p o r t a b l e  g e n e r a t o r s  b a s e d  on t h e  t h e r m a l  crack- 
i n g  p r i n c i p l e ,  and  i n d i c a t e d  t h a t  f u l l y  q u a l i f i e d ,  
r e l i a b l e  f i e l d  u n i t s  c a n  b e  d e v e l o p e d  w i t h o u t  a n y  
m a j o r  t e c h n o l o g i c a l  advances .  
(SYSTEM, FUEL CELLS, GAS, FUEL) 

H73 22137 PREPARATION OF HYDROGEN OR HYDROGEN-CONTAIN- 
I N G  GAS MIXTURES 
Anon, ( S h e l l  I n t e r n a t i o n a l e  R e s e a r c h  M a a t s c h a p p i j  N.V.), 
51755m, N e t h e r l a n d i s h  Appl .  6 , 6 0 3 , 4 8 1  (C1. l o g ) ,  S e p t  
18 ' 6 7 ,  Appl.  M a r  17 ' 6 6 ,  1 7  p  

Hydrocarbons  were  c o n v e r t e d  w i t h  vapor  i n  t h e  p r e -  
s e n c e  o f  a  R e  c a t a l y s t  on a  c a r r i e r  c o n t a i n i n g z l  m e t a l s  
from t h e  r i g h t  column o f  Group I and ( o r )  m e t a l s  from 
Group V I I I  a n d 4 2 %  o f z l  a l k a l i  metals.  Thus, t h e  in -  
f l u e n c e  o f  t h e  a l k a l i m e t a l  c o n t e n t  on  t h e  s t a b i l i t y  o f  
t h e  c a t a l y s t  was shown. 
(HYDROCARBON, CATALYST) 



H73 22138 CRACKING OF HYDROCARBONS TO ACETYLENE, 
ETHYLENE, METHANE, AND HYDROGEN WITH HYDROGEN HEATED 
I N  AN ELECTRIC ARC 
Sennewald,  K.,  K.  Gehrmann, L. S t r i e ,  L. Bender ,  E. 
S c h a l l u s ,  and H.W. S t e p h a n ,  (Knapsack A . - G . ) ,  4766p, 
German 1 , 4 6 8 , 1 5 9  ( ~ 1 .  C 07c ,  C O l b ) ,  Je 11 ' 7 0 ,  Appl .  
Aug 5 '64 ,  9 p3 

H (1350 m h o u r l y )  i s  h e a t e d  i n  a H20 c o o l e d  arc 
chamber w i t h  3 g r a p h i t e  e l e c t r o d e s  o f  5280 kW consump- 
t i o n .  The H is d i v i d e d  i n t o  s e v e r a l  streams o f  which 
p a r t  is conduc ted  a l o n g  t h e  e l e c t r o d e s  and  t h e  rest 
i n t o  t h e  arc chamber. 
(ELECTRIC, CRACKING) 

H73 22139 MANUFACTURE OF HYDROGEN I N  IMPURE STATE 
Anon, S h e l l  I n t e r n a t i o n a l e  Resea rch  M a a t s c h a p p i j  N.V., 
55686s,  N e t h e r l a n d i s h  Appl .  6 ,511,884 ( C l .  C O l b ) ,  
M a r  1 4  ' 6 7 ,  Appl .  S e p t  1 3  ' 65 ,  1 5  p 

A hydroca rbon  s o u r c e  is  cornbusted u n d e r  p r e s s u r e  
w i t h  0 and ( o r )  a i r  t o  form a H + CO m i x t u r e ,  i n  which ,  
b y  f u r t h e r  c a t a l y z e d  r e a c t i o n  w i t h  steam, t h e  H i s  
augmented p r o d u c i n g  a C02 admix tu re .  The p r o c e s s  i s  
made e c o n o m i c a l l y  sound by  r e c o v e r y  o f  u s e f u l  h e a t  o f  
combust ion  as h i g h  p r e s s u r e  s t e a m ,  and  a d i a b a t i c  c o o l -  
i n g  u s i n g  t h e  p r e s s u r e  r e d u c t i o n  t o  o p e r a t e  a t u r b i n e ,  
which i n  t u r n  i s  u s e d  t o  o p e r a t e  t h e  f i n a l  g a s  com- 
p r e s s i o n .  

(HYDROCARBON, STEAM, PRESSURE) 

H73 22140 MANUFACTURE OF HYDROGEN FROM PETROLEUM AND 
NATURAL GAS 
S v a t o n ,  J., 80094a,  Ropa U h l i e ,  V 9:303-7 N 1 1  67 ,  ( S l o )  

A r e v i e w  summarizing e s s e n t i a l  i n f o r m a t i o n  on t h e  
development  o f  H m a n u f a c t u r e  b y  r e fo rming  h y d r o c a r b o n s  
w i t h  steam ( e - g . ,  t h e  e n d o t h e r m i c  r e a c t i o n  CH4 + H20 + 
CO + 3 H2 ,  w i t h  s i m u l t a n e o u s  and ( o r )  s u b s e q u e n t  exo- 
t h e r m i c  c o n v e r s i o n  CO + H20-tC02 + H z )  and by  p a r t i a l  
o x i d a t i o n  o f  h y d r o c a r b o n s ,  e - g . ,  CH4 + $ 02-0 + 2 H2, 
e i t h e r  c a t a l y t i c  o r  u n c a t a l y z e d ,  which i s  t h e r m a l l y  
more b a l a n c e d .  The methods  f o r  removal  of c a r b o n  o x i d e s  
and f i n a l  p u r i f i c a t i o n  of t h e  H g a s  o b t a i n e d  a r e  b r i e f l y  
i n d i c a t e d .  
(REFORMING, STEAM, HYDROCARBON) 



H 7 3  2 2 1 4 1  HYDROGEN FROM THE PARTIAL OXIDATION OF 
HYDROCARBONS 
W e s t ,  B.R. ,  F . L .  G r a y ,  ( T e x a s  I n s t r u m e n t s ,  I n c . ) ,  9 2 6 5 2 k ,  
F r e n c h  1,517,644 ( C l .  C O l b ,  H O l m ) ,  M a r  15 '68, U.S. 
A p p l .  A p r  6 ' 66 ,  6 p 

H - r i c h  gas  f o r  a f u e l  c e l l  is g e n e r a t e d  i n  an 
apparatus w h e r e  a n  e j e c t o r  uses t h e  f l o w  of t h e  f u e l  
a n d  of t h e  reactants t o  p u m p  p r i m a r y  a i r  a n d  t o  re- 
cycle u s e d  f u e l  f r o m  t h e  f u e l  c e l l  i n t o  P h e  apparatus. 
(PARTIAL OXIDATION, FUEL CELL) 

H 7 3  2 2 1 4 2  PROCESS FOR PRODUCTION OF HYDROGEN 
~ a r s h a l l ,  W.H., Jr., 8 7 3 4 9 e ,  U.S. 3 , 2 9 7 , 4 0 8  (C .  2 3 - 2 1 2 ) ,  
Ja 1 0  ' 6 7 ,  A p p .  F e  2 8  ' 6 2 ,  a n d  A p r  5 ' 65 ,  5 p 

F i f t y  t o  8 5 %  of t h e  h y d r o c a r b o n s  w e r e  c o n v e r t e d  t o  
H, CO, c02 by s t e a m  r e f o r m i n g  a t  a s t e a m  t o  carbon 
r a t i o  of 4.0, a pressure  of 500 ps ia . ,  a n d  a t e m p e r a t u r e  
s u f f i c i e n t  t o  g i v e  s u c h  convers ion,  f o l l o w e d  by a ca ta l -  
y t i c  s h i f t  conversion w i t h  s t e a m  of t h e  p r o d u c t  f rm  t h e  
c a t a l y t i c  r e f o r m i n g  t o  convert m o s t  of t h e  CO ko C 0 2  
a n d  a d d i t i o n a l  H. T h e  product f r o m  t h e  s h i f t  con- 
ve r s ion  w a s  cooled t o  c o n d e n s e  t h e  s t e a m  and r e m o v e  t h e  
co2 - 
(STEAM, REFORMING, HYDROCARBON) 

H 7 3  2 2 1 4 3  HYDROGEN FROM LIGHT D I S T I L L A T E S  FOR FVEL CELLS 
K h a n ,  A.R., J .  M e e k ,  a n d  B . S .  B a k e r ,  C h e m i c a l  E n g i n e e r i n g  
P r o g r e s s  S y m p o s i u m ,  S e r i a l  No. 7 5 ,  63, 31 p ( 6 7 ) ,  
A v a i 1 : T A C  

T h i s  paper deals w i t h  t h e  p r o d u c t i o n  of h y d r o g e n  
by s t e a m  r e f o r m i n g  f r o m  s u c h  c o m m e r c i a l l y  avai lable  
f u e l s  as  g a s o l i n e  a n d  J P - 4 .  O p e r a t i n g  c o n d i t i o n s ,  reactor 
d e s i g n ,  gas  convers ions ,  a n d  f u e l  c e l l  p e r f o r m a n c e  are  
d i s c u s s e d .  
(PRODUCTION, GENERATION, SUPPLY, REFORMING, VOLTAGE, 
TEMPERATURE, EFFICIENCY, YIELD) 

H 7 3  2 2 1 4 4  THE I . C . I .  STEAM NAPHTHA REFORMING PROCESS 
AND OTHER TECHNIQUES 
G a r d ,  N.R., 5 1 6 0 6 p ,  Kem. ~ e o l l i s u u s ,  V 2 4 : 7 8 6 - 9 2  N 1 0  6 7 ,  
( E n g l i s h )  

T h e  1 .C  .I. s t e a m  n a p h t h a  r e f o r m i n g  process p r o d u c e s  
H for  NH3 s y n t h e s i s  by  c a u s i n g  n a p h t h a  t o  react w i t h  
steam over a N i  c a t a l y s t  a t  h i g h  t e m p e r a t u r e .  I n  a d d i t i o n  
t o  p e r m i t t i n g  t h e  u s e  of h i g h - m o l e c u l a r - w e i g h t  h y d r o -  
carbon feedstocks, t h e  process w a s  d e s i g n e d  t o  operate 



w i t h  s m a l l  q u a n t i t i e s  o f  s team and a t  h i g h  p r e s s u r e s .  
I n  s p i t e  o f  t h e s e  a d v e r s e  f a c t o r s ,  C laydown on t h e  
c a t a l y s t  i s  c o m p l e t e l y  i n h i b i t e d .  Adequate  f e e d s t o c k  
d e s u l f u r i z a t i o n  i s  o f  g r e a t  impor tance  f o r  c o n t i n u i n g  
maximum a c t i v i t y  o f  t h e  S - s e n s i t i v e  N i  r e fo rming  ca ta lys t .  
(STEAM, REFORMING, CATALYST) 

H73 22145 MINIATURE HYDROGEN GENERATORS 
R o t h f l e i s c h ,  J .E. ,  and  L.M. L i t z ,  (Union C a r b i d e  Corp . ,  
New York, N.Y. ) ,  P r o c e e d i n g s ,  Annual  Power S o u r c e s  
Confe rence ,  100957y, V 20:28-31, ( 6 6 ) ,  ( E n g l i s h )  

Supp ly ing  H2 f o r  f u e l  ce l l s  i n  t h e  power r ange  
o f  10-200 w a t t s  from f i e l d - a v a i l a b l e  hydrocarbon f u e l  
c a l l s  f o r  a  m i n i a t u r e  g e n e r a t o r .  A s m a l l  t h e r m a l  c r a c k -  
i n g  u n i t  i n  which g a s o l i n e  o r  j e t  p r o p u l s i o n  f u e l  is  
decomposed a t  9 0 0 - 1 1 0 0 ~  t o  g i v e  a  g a s  p r o d u c t  c o n t a i n i n g  
80-90% H2 i s  d e s c r i b e d .  The p r o d u c t  c o m p o s i t i o n  was 
n o t  a f f e c t e d  b y  f u e l  u sed .  
(HYDROGEN, GENERATOR, FUEL CELL) 

H73 22146 HYDROGEN FOR HYDROCRACKING 
S to rmont ,  D.H., O i l  and  G a s  J o u r n a l ,  V 65:92-4 N10 67 ,  
( E n g l i s h ) ,  97163d. Avai1:TAC 

The 1st comple te  p l a n t  is  u n d e r  c o n s t r u c t i o n  f o r  
p r o d u c i n g  h i g h - p u r i t y  H f o r  h y d r o c r a c k i n g  o p e r a t i o n s  
b y  p a r t i a l  o x i d a t i o n  o f  vacuum-tower bot toms.  The 
r e f i n e r y  w i l l  u s e  t h e  Texaco p a r t i a l  o x i d a t i o n  p r o c e s s  
and t h e  Rectisol  process(Me0H wash) t o  g i v e  a H p u r i t y  
o f  98%+. Improvements i n  t h e  p a r t i a l  o x i d a t i o n  p r o c e s s ,  
which h a s  been  i n  u s e  fo r  1 4  y e a r s ,  p e r m i t  H or s y n t h e s i s  
g a s  t o  b e  produced w i t h o u t  a compress ion  s t a g e  a t  
b1500 p s i .  - 
(HYDROCRACK, PARTIAL OXIDATION) 

H73 22147 CATALYTIC STEAM REFORMING OF LIQUID HYDRO- 
CARBONS 
Bongiorno ,  S . J . ,  W.H. Nebgen, (Chemica l  C o n s t r u c t i o n  
C o r p . ) ,  26821n, German Of fen .  2 ,039,383 ( C l .  C  O l b ) ,  
Mar 4  ' 7 1 ,  u.S. Appl .  Aug 21 ' 6 9 ,  1 7  p  

F u e l  s a v i n g s  a r e  a c h i e v e d  i n  c a t a l y t i c  r e f o r m a t i o n  
p l a n t  b y  compress ing  t h e  s y n t h e s i s  g a s  i n  a  compresso r  
d r i v e n  b y  steam t u r b i n e .  The s t e a m  from t h e  t u r b i n e  
i s  r e h e a t e d  b y  i n d i r e c t  hea t -exchange  w i t h  t h e  w a s t e  



g a s e s  i n  t h e  convect ion zone of t h e  r e f o r m e r  a n d  is u s e d  
t o  d r i v e  o t h e r  steam t u r b i n e s  t h a t  provide t h e  p o w e r  
f o r  t h e  r e f o r m a t i o n  p l a n t .  
(STEAM, REFORMING, CATALYST) 

H 7 3  2 2 1 4 8  HYDROGEN AND CARBON MONOXIDE CONTAINING 
GASES FROM FUEL GASIFICATION COLUMNS 
H o w o r k a ,  S . ,  A. K o e n e r ,  a n d  L .  T r e t n e r ,  8 7 2 0 3 c ,  G e r m a n  
O f f e n .  ( E a s t )  5 1 , 3 8 3  ( C l .  C  l o j ) ,  S e p t  5 ' 66 ,  A p p l .  
~1 2 6  '65 ,  4 p 

H2 and CO are o b t a i n e d  f r o m  f u e l  g a s i f y i n g  c o l u m n s  
by reaction,  i n  a t u r b u l e n t  s t r e a m  w i t h  O2 and s t e a m .  
T h e  gas  s t r e a m  i s  i n j e c t e d  t a n g e n t i a l l y  t o  t h e  react ion 
m e d i u m  . 
(GASIFICATION, FUEL, S T E ~ )  

H 7 3  2 2 1 4 9  HYDROGEN GENERATOR ASSEMBLIES 
E n g d a h l ,  R.  and E.S.   illm man, Jr., ( E n e r g y  R e s e a r c h  
C o r p . ,  B e t h e l ,  C o n n .  ) , F i n a l  R e p o r t ,  Mar 7 0 - M a r  7 1 ,  
Sept 7 1 ,  65 p ,  ECOM-0153-F, C o n t r a c t  DAAB07-70-C-0153,  
AD-733  9 3 1 ,  PC $3.00/MF $ 0 . 9 5  

T h e  object ive  of t h e  w o r k  w a s  t o  evaluate  des ign  
c r i t e r i a  f o r  a s i m p l i f i e d  h y d r o g e n  g e n e r a t o r  fo r  a 
500 w a t t  f u e l  c e l l .  T h e  h y d r o g e n  is produced b y  t h e  
c a t a l y t i c  s t e a m  r e f o r m i n g  of vaporized J P - 4  f u e l  w i t h  
s u b s e q u e n t  p u r i f i c a t i o n  t h r o u g h  a p a l l a d i u m - s i l v e r  
separator. T h e  e x p e r i m e n t a l  s t u d i e s  w e r e  p e r f o r m e d  
on a b r e a d b o a r d  t y p e  s y s t e m .  T h i s  s y s t e m  contained 
a l l  of t h e  m a j o r  s u b c o m p o n e n t s  r e q u i r e d  i n  an  a c t u a l  
portable u n i t  f o r  f i e l d  u s e .  
(SYSTEM, FUEL CELLS, GAS, HYDROCARBONS, DESIGN, 
PURIFICATION,  CATALYST) 

H 7 3  2 2 1 5 0  HYDROGEN MANUFACTURE 
S m i t h ,  C.S. a n d  W . J .  M c L e o d ,  ( E l  C e r r i t o ,  C a l i f . ,  
ass ignors  t o  C h e v r o n  R e s e a r c h  Co . ,  San Francisco, C a l i f . ) ,  
3 , 5 7 7 , 2 2 1 ,  D e c  31  ' 6 8 ,  S e r i a l  No.  7 8 8 , 3 0 0 ,  I n t .  (CS .  C o l b ) ,  
1 / 0 2 ,  1/18, U.S. (Cl. 2 3 - 2 1 3 ) .  7 C l a i m s  

A c c o r d i n g  t o  t h e  p resent  i n v e n t i o n  a process i s  
provided f o r  p r o d u c i n g  h i g h  pressure h y d r o g e n  w h i c h  
c o m p r i s e s  : 

( a )  g e n e r a t i n g  a h y d r o g e n - r i c h  g a s  s t r e a m  con- 
t a i n i n g  CO and C 0 2 :  



( b )  r e m o v i n g  CO2 f r o m  t h e  h y d r o g e n - r i c h  g a s  
s t r e a m  t o  o b t a i n  a C 0 2  l e a n ,  h y d r o g e n - r i c h  gas s t r e a m ;  

( c )  c e n t r i f u g a l l y  c o m p r e s s i n g  t h e  C 0 2 - l e a n ,  
h y d r o g e n - r i c h  gas  s t r e a m  t o  a p r e s s u r e  of above 
about 400 p .s . i .9 . ;  and 

( d )  r e a c t i n g  CO con ta ined  i n  t h e  C 0 2 - l e a n ,  
h y d r o g e n - r i c h  ga s  s t r e a m  w i t h  H 2 0  a t  a pressure of 
above about 400 p.s.  i - g .  

Preferably C 0 2  is r e m o v e d  f r o m  t h e  h y d r o g e n  
obta ined a f t e r  s t ep  ( d )  and t h e  p u r i f i e d  c o m p r e s s e d  
h y d r o g e n  is  used  i n  a h y d r o c o n v e r s i o n  process. 
(PRESSURE, PURITY, HYDROCONVERSION, CHEMICAL, PROCESS ) 

H 7 3  2 2 1 5 1  HYDROGEN STEAM REFORMING: C  & I/GIRDLER 
I N C .  
A n o n ,  H y d r o c a r b o n  P r o c e s s ,  V  4 7 : 2 3 5  Sep t  68, A v a i 1 : T A C  

T h e  s t e a m - h y d r o c a r b o n  r e f o r m i n g  process i n c l u d e s  t h e  
b a s i c  s t e p s  of d e s u l f u r i z a t i o n ,  r e fo rming ,  conve r s ion ,  
C 0 2  r e m o v a l  a n d  m e t h a n a t i o n .  
(PROCESS, PRODUCTION, REFORMING, CONVERSION, DESULFURIZA- 
T I O N ,  METHANATION) 

H 7 3  2 2 1 5 2  SYNTHESIS  GAS,  C I T Y  GAS,  AND REDUCING GAS 
T o p s o e ,  H.F.A., 114946j ,  F r a n c e  1 , 5 5 1 , 0 6 5  ( ~ 1 .  c O l b ) ,  
D e c  2 7  '68, D a n i s h  A p p l i c a t i o n  Sep t  2 7  ' 66 ,  7 p 

T h e  t i t l e  gases  c a n  be prepared , f r o m  h y d r o c a r b o n s  
w i t h  m o l e c u l a r  w e i g h t s  greater  t h a n  t h a t  of CH4, or  g a s -  
eous h y d r o c a r b o n  m i x t u r e s  c o n t a i n i n g  H 2 0  vapor ( a n d  ( o  ) 
o t h e r  0 - c o n t a i n i n g  g a s )  a t  5 5 0 - 1 0 0 0 ~  a n d  1 - 2 5 0  kg./*. 5 
i n  t h e  presence of a m e t a l l i c  c a t a l y s t  and an a c t i v a t o r .  
(HYDROCARBON, GAS, METHANE, WATER, CATALYST, ACTIVATOR) 

H 7 3  2 2 1 5 3  EXAMPLES O F  PRACTICAL A P P L I C A T I O N S  O F  THE 
P U R I F I C A T I O N  AND SEPARATION OF  GASES 
R e i c h e l ,  H . ,  ( L i n d e  A. -G. ,  H o e l l r i e g e l s k r e u t h ,  G e r m a n y ) ,  
1 1 3 8 0 8 r .  T e c h .  M i t t . ,  V 6 3 : 2 6 7 - 7 2  N 6 ,  1 9 7 0  ( G e r m a n )  

A  r e v i e w  i s  p r e s e n t e d  of t h e  va r ious  m a n u f a c t u r i n g  
steps involved i n  t h e  p r o d u c t i o n  of a l e f i n s  f r o m  petro- 
l e u m  h y d r o c a r b o n s ,  NH3 f r o m  s y n t h e s i s  g a s ,  and CO and H~ 
f r o m  p e t r o l e u m  h y d r o c a r b o n s .  V a r i o u s  s e p a r a t i o n  and 
p u r i f i c a t i o n  t e c h n i q u e s  a r e  d i s y u s s e d .  
(PRODUCTION, HYDROCARBON, O L E F I N ,  PETROCHEMICAL, HYDROGEN, 
PURIFICATION) 



H73 22154 PRESSURE CONTROL I N  THE MANUFACTURE OF A GAS 
MIXTURE CONTAINING HYDROGEN AND CARBON MONOXIDE 
Voge l ,  J.E., ( S h e l l  ~ n t e r n a t i o n a l e  R e s e a r c h  M a a t s c h a p p i j  
N.V.) , 1 3 1 2 0 4 r ,  German Of fen .  2 , 1 0 7 , 9 0 4  ( C l .  C Olb)  , 
S e p t  2  ' 7 1 ,  N e t h e r l a n d i s h  Appl .  F e  20 ' 7 0 ,  1 2  p  

The m a n u f a c t u r e  o f  t h e  t i t l e  m i x t u r e  i n  a r e a c t o r  
b y  combus t ion  o f  hydroca rbons  w i t h  0 o r  0 - e n r i c h e d  a i r  
a t  5-80 a t m o s p h e r e  and t h e  s u b s e q u e n t  w a t e r  c o o l i n g  from 

0 .  
1300-500' t o  260-340 i n  a f l u e  g a s  b o i l e r  is  c o n t r o l l e d  
b y  m e a s u r i n g  t h e  d i f f e r e n t i a l  p r e s s u r e  be tween  t h e  s team 
(50-150 a t m o s p h e r e )  i n  t h e  c o o l i n g  s y s t e m  and t h e  g a s  

m i x t u r e  b e f o r e  and  a f t e r  c o o l i n g  r e s p o n s e .  
(CONTROL, PRESSURE, COMBUSTION) 

H 7 3  22155 CATALYTIC FGZFORMING 
Anon, (Toyo E n g i n e e r i n g  Corp.) , F r e n c h  1 ,571 ,927  
( ~ 1 .  c l o g ) ,  Je 20 ' 6 9 ,  J a p a n e s e  Appl .  J1 10 ' 5 7 ,  12 p  

A two s t a g e  c a t a l y t i c  hydroca rbon  r e f o m l i n g  pro-  
cess t o  o b t a i n  a g a s  e s s e n t i a l l y  composed o f  hydro-  
g e n  i s  d e s c r i b e d .  I n  t h e  f i r s t  s t a g e ,  a m i x t u r e  o f  
h y d r o c a r b o n s  and  s team i s  reformed c a t a l y t i c a l l y  u s i n g  
e x t e r n a l  h e a t .  I n  t h e  second s t a g e ,  t h e  f i r s t  s t a g e  
p r o d u c t  i s  r e f o r m e d  c a t a l y t i c a l l y  b y  combust ion  w i t h  
t h e  0 o f  p r e h e a t e d  compressed a i r  i n t r o d u c e d  i n t o  t h e  
r e a c t o r .  
(CATALYST, HYDROCARBON, REFORMING) 

H73 22156 APPARATUS FOR PRODUCING HYDROGEN-CARBON 
MONOXIDE GAS MIXTURES 
T e r  H a a r ,  L.W., ( S h e l l  I n t e r n a t i o n a l e  Resea rch  M a a t s c h a p p i j  
N.V.) , 99422x, German Of fen .  2 , 1 0 2 , 3 6 8  ( C l .  C O l b ) ,  Aug 
5  ' 7 1 ,  N e t h e r l a n d i s h  Appl .  J a  2 1  ' 7 0 ,  1 4  p  

An a p p a r a t u s  i s  d e s c r i b e d  f o r  t h e  m a n u f a c t u r e  of  
H-CO m i x t u r e s  by p a r t i a l  combus t ion  o f  hydroca rbons  w i t h  
0  o r  a i r - c o n t a i n i n g  0. 
(PARTIAL, COMBUSTION, HYDROCARBON) 

H73 22157 CATALYTIC STEAM REFORMING OF NAPHTHA 
Mayland,  B . J . ,  C .R.  T r imarke ,  R.L. H a r v i n ,  and C.S. Bran- 
don ,  ( G i r d l e r  C o r p . ) ,  23224b, U.S. 3 ,477 ,832  ( C l .  48-213; 
C 1 0 k ) ,  NoV 11 ' 6 9 ,  Appl .  Je 5 ' 6 4 ,  7  p 

H and  c r u d e  s y n t h e s i s  g a s  are p r e p a r e d  b y  steam 
r e f o r m i n g  n a p h t h a .  U n s a t u r a t e d  h y d r o c a r b o n s  ( I )  and S- 
c o n t a i n i n g  compounds a r e  v a p o r i z e d  and mixed w i t h  H i n  
t h e  p r e s e n c e  o f  a  Co-Mo s u p p o r t e d  h y d r o d e s u l f u r i z a t i o n  
c a t a l y s t .  
(STEAM, REFORMING, CATALYST) 



H73 22158 HYDROGEN PRODUCTION FOR FUEL CELL MODULES 
Anon, (Texas  I n s t r u m e n t s  I n c . )  , B r i t i s h  1 ,182 ,499  
( C l .  C l o g ) ,  Fe  25 ' 7 0 ,  U.S. Appl .  Dec 1 5  ' 6 6 ,  7  p.  

The pe r fo rmance  o f  f u e l  c e l l  anodes  i n  f u s e d  s a l t  
e l e c t r o l y t e s  d e c r e a s e s  a l o n g  t h e  f l o w l i n e  when t h e  u n i t s  
r e c e i v e  t h e  H f u e l  I n  a series a r rangemen t .  T h i s  i s  d u e  
t o  a r e d u c t i o n  i n  H c o n c e n t r a t i o n  caused  b y  r e a c t i o n  
and d i l u t i o n  w i t h  r e a c t i o n  p r o d u c t s .  The d i f f i c u l t y  can  
be overcome b y  u s i n g  as f u e l  a  m i x t u r e  of s t e a m  and  
hydroca rbon  which i s  c o n v e r t e d  t o  a m l x t u r e  o f  H and un- 
r e a c t e d  hydroca rbon  i n  a n  i n t e r n a l  r e f o r m e r .  
(FUEL CELL, HYDROCARBON, REFORMING) 

H73 22159 PURIFICATION OF HYDROGEN I N  HYDROCONVERSION 
PROCESSES 
Anon, (Texas  Development Corp . ) ,  F r e n c h  1 ,562 ,026  
( C l .  C l O y ) ,  Apr 4 ' 6 9 ,  Appl .  J a  8 ' 6 8 ,  l o p  

O i l  and excess H are p r e h e a t e d  t o  461° and r e a c t e d  
w i t h  a d d i t i o n a l  H i n  a d e g a s s i n g  tower ,  from which  t h e  
heavy r e s i d u e  i s  removed. The v a p o r  p o r t i o n  i s  c o o l e d  
t o  438-4g0 and reacts w i t h  r e c y c l e d  H i n  a  c a t a l y t i c  
h y d r o g e n a t i o n  r e a c t o r  a t  427O. 
(PURIFICATION, CATALYST) 

H73 22160 GAS MIXTURE CONTAINING HYDROGEN AND CARBON 
MONOXIDE 
Arakawa, T., M. Oka, ( M i t s u b i s h i  Chemical  I n d u s t r i e s  Co., 
L t d . ) ,  99753f ,  J a p a n  7 1  00 ,802  (C1. C Olb, C l o g ) ,  Ja 9 
' 7 1 ,  Appl.  D e c  1 7  ' 6 6 ,  5p 

A n a p h t h a  (b. 36-141°) was ? racked  o v e r  a n  Si02-A1203- 
3 2 

N i O  c a t a l y s t  a t  850'. 146  cm / c m  - h r ,  and 1 kg/cm gage  
i n  t h e  p r e s e n c e  o f  steam. 
(CATALYST, NICKEL, STEAM) 

H73 22161 HYDROGEN GENERATOR FOR FUEL CELL USE I N  SUB- 
MARINES 
Seymour, C.S., ( t o  Hydrocarbon R e s e a r c h ,  I n c . ) ,  17315n,  
U.S. 3 ,306 ,706  (C1.23-212) ,  Fe 28 ' 6 7 ,  Appl .  O c t  17  ' 6 2 ,  

4 P 
Hydrocarbons r e a d i l y  d e h y d r o g e n a t e d ,  s u c h  as c y c l o -  

hexane t o  y i e l d  C6H6, are p roposed  a s  H s o u r c e s  f o r  re- 
s t r i c t e d  u s e s .  Thus,  t h e  c a t a l y t i c  r e a c t i o n  y i e l d s  H 
f o r  f u e l  c e l l  u s e  and CgH6 as  a nongaseous  c o p r o d u c t  
which a submar ine  c a n  s t o r e  and r e t u r n  t o  base f o r  re- 
h y d r o g e n a t i o n .  The H produced  p r o v i d e s  f e e d  f o r  power 
g e n e r a t i o n  v i a  f u e l  c e l l s .  



H 7 3  2 2 1 6 2  STEAM REFORMING OF HEXANE WITH CRYSTALLINE 
ALUMINOSILICATE CATALYSTS 
L e a m a n ,  .W.K., C . J .  P l a n k ,  and E . J .  R o s i n s k i ,  ( M o b i l  
O i l  C o r p . ) ,  7 9 2 0 e ,  U.S. 3 , 5 2 3 , 7 7 2  ( C l .  4 8 - 2 1 4 ;  C  Olb, B O l j ) ,  
A u g  11 ' 7 0 ,  A p p l .  D e c  2 0  ' 66 ,  4 p 

H e x a n e  i s  s t e a m - r e f o r m e d  t o  t o w n  g a s  or h y d r o g e n  a t  
l o w  s t e a m - h y d r o c a r b o n  r a t i o s  over c r y s t a l  a l u m i n o s i l i c a t e s  
( p a r t i c l e s  ( 0 . 5 - l p )  i m p r e g n a t e d  w i t h  N i  or rare e a r t h s .  
(STEAM, REFORMING, CATALYST) 

H 7 3  2 2 1 6 3  SIMULTANEOUS PRODUCTION OF OX0 SYNTHESIS GAS 
AND HYDROGEN 
Staege,  H., (H.  K o p p e r s ,  G .m.b .H . ) ,  8 9 4 7 9 m ,  G e r m a n  O f f e n .  
1 , 9 1 7 , 5 6 8  ( C l .  C  0 7 c ,  C  O l b ) ,  N o v  5 ' 7 0 ,  A p p l .  A p r  5 ' 69 ,  

2 7  P 
A  p o r t i o n  of a h y d r o c a r b o n  i s  s t e a m - r e f o r m e d  and 

passed t h r o u g h  a CO c o n v e r t e r ,  a C 0 2  s c r u b b e r ,  and a 
d e m e t h a n i z e r  t o  g i v e  a s t r e a m  c o n t a i n i n g r 9 5 %  H. 
(GAS, SYNTHESIS) 

H 7 3  2 2 1 6 4  HYDROGEN-RICH GASES 
A n o n ,  ( E e s o  R e s e a r c h  and E n g i n e e r i n g  C o . ) ,  36334n, F r e n c h  
1 , 5 6 5 , 8 7 3  ( C l .  C  o l b ) ,  M a y  2  ' 69 ,  A p p l .  May 15 '68, 8 p 

A g a s  w i t h  e l e v a t e d  H/CH4 r a t i o  w a s  prepared by 
t r e a t i n g  n a p h t h a  w i t h  s t e a m  i n  t h e  presence of a Ni -A1203  
c a t a l y s t  and B a ( N 0 3 ) 2  as p r o m o t e r .  
(CATALYST, STEAM) 

H 7 3  2 2 1 6 5  PRODUCING HYDROGEN OR AMMONIA SYNTHESIS GAS 
A T  MEDIUM PRESSURE 
K a p p ,  E . ,  P. B e c k e r ,  ( M e t a l l g e s e l l s c h a f t  A.-G.), 7 8 6 7 6 t ,  
G e r m a n  O f f e n .  1 , 9 5 8 , 0 3 3  ( C l .  C  O l b ,  B O l j ) ,  Je  3 ' 7 1 ,  
A p p l .  N o v  19 '69 ,  2 0  p 

H o r  a N-H m i x t u r e  is  prepared by t r e a t i n g  a l i q u i d  
o r  s o l i d  S - c o n t a i n i n g  f u e l  w i t h  0 a n d  H 2 0 ,  r e m o v i n g  S  
c o m p o u n d s  by w a s h i n g  w i t h  a s o l u t i o n  of a n  o r g a n i c  base 
or  of an a l k a l i - m e t a l  s a l t  of a w e a k  a c id ,  c o n v e r t i n g  CO 
t o  C 0 2  by reac t ion  w i t h  H 2 0  i n  t h e  presence of a F e 2 0 3 -  
C r 2 O 3  c a t a l y s t  a t  3 5 0 - 4 5 0 ° .  
(AMMONIA, SYNTHESIS, GAS) 

H 7 3  2 2 1 6 6  FUEL-CELL HYDROGEN FROM HYDROCARBONS 
B a k e r ,  B .S . ,  J. M e e k ,  A.R. K h a n ,  a n d  H.R. L i n d e n ,  ( I n s t i -  
t u t e  of G a s  T e c h n o l o g y ) ,  7 4 0 7 3 j .  U.S. 3 , 4 8 8 , 1 7 1  ( C l .  48- 
1 9 7 ;  C  1 0 k ) ,  J a  6 ' 7 0 ,  A p p l .  J a  4 '65,  6 p 

H y d r o c a r b o n s  (max imum b o i l i n g  p o i n t  5 0 0 ~ ~ )  ( I )  are 



steam-reformed on a c a t a l y s t  con ta in ing  N i  25-80, 

A1203 10-60 w t .  % and A 1  t h e  remainder a t  1-5 atmosphere 
and 7 0 0 - 1 1 0 0 ~ ~  and then  methanated a t  300-400°F and one 
atmosphere on a Ru or Rh on A1203 c a t a l y s t .  
(FUEL CELL, HYDROCARBON) 

H73 22167 PRODUCTION OF HMROQBN 
Anon, (Esso Research and Engineer ing Co.) , by W.F. Taylor,  
57418j, France 1,452,728 ( C l .  c o l b ) ,  Sep t  16 '66,  U.S. 
Appl. J1 29 '64 ,  8 p 

H was ob ta ined  from a gaseous o r  l i q u i d  mix ture  
of a hydrocarbon and w a t e r  i n  t h e  presence  of a c a t a l y s t  
con ta in ing  10-75% N i  and 0.5-12% of a promoter such a s  
La. Ba, S r ,  C e ,  C s ,  K ,  Y, Fe, o r C u .  

(CATALYST, WATER, HYDROCARBON) 

H73 22168 VAPOR CONVERSION OF A GASOLINE RAFFINATE 
UNDER PRESSURE 
Veselov, V.V., N.T. Meshenko, and N.N. Ts imbal i s taya ,  
( I n s t i t u t e  Gaza, USSR), 1023492,  him. Tekhnol. Topl. 

Masel, V 15:13-17 N2 70 (Russian)  
During steam convers ion  of a dearomatized p l a t -  

formate g a s o l i n e ,  b. 43-136O, in t roduced  a s  a 1:5 gaso l ine-  
- 1 steam mix ture  a t  a  vo lume t r i c  r a t e  of  1 h r  o n t o  a 1:l 

N i - C r  c a t a l y s t  a t  320°, an i n c r e a s e  i n  p r e s s u r e  from 1 
t o  31 atmosphere reduced H c o n t e n t  i n  t h e  produc t  from 
62.0 t o  31.5% and r a i s e d  CH4 con ten t  from 15.2 to  43.1% 
wi thou t  s u b s t a n t i a l l y  changing C02 con ten t .  
(STEAM, GASOLINE) 

H73 22169 APPARATUS FOR REFORMING CARBONACEOUS MATERIAL 
INTO HYDROGEN 
Anon, (United A i r c r a f t  Corp . ) ,  55690p, Nether landish  Appl . 
6,610,509 ( C l .  C o l b ) ,  Fe 6 '67,  U.S. Appl. Aug 3 '65,  

27 P 
The mater ia l ,  such as s a t u r a t e d  hydrocarbons w i t h  

6-10 c atoms ( o r  mix tu re  t h e r e o f ) ,  a r e  mixed w i t h  H 2 0 ,  
preheated t o  205-510°, brought  i n t o  c o n t a c t  w i t h  a hydro- 
gena t ing  c a t a l y s t  ( N i ,  Co, o r  P t ) ,  where i t  is  conver ted 

0 
i n t o  a cH4-rich gas  stream a t  370-650 . This  gas  s t ream 
i s  heated t o  703-990°, a t  which tempera ture  t h e  CH4 i s  
conver ted i n t o  H, CO, C 0 2  by a second dehydrogenating 
c a t a l y s t .  

(REFORMING, HYDROCARBON) 



H73 22170 HIGH-PRESSURE REFORMING OF HYDROCARBONS 
G i g n i e r ,  J , ,  P. Lhonore,  J. Q u i b e l ,  and M. S e n e s ,  ( S o c i e t e  
ch imique  d e  l a  Grande P a r o i s s e ,  A z o t e  e t  P r o d u i t s  Ch imiques ) ,  
4189r ,  F r a n c e  1 ,492 ,926  (C l .  C 1 0 j ) ,  Aug 25 ' 6 7 ,  Appl. 
May 11 ' 6 6 ,  8 p 

Reforming a n d ,  i f  needed f o r  NH3 s y n t h e s i s  g a s ,  
s e c o n d a r y  r e fo rming  i s  c a r r i e d  o u t  a t  p r e s s u r e s  0fn /100 
b a r s  t o  g i v e  a n  e n e r g y  a d v a n t a g e  over s imilar  p r o c e s s e s  
c a r r i e d  o u t  a t  1 b a r .  
(PRESSURE, REFORMING. HYDROCARBON) 

H73 22171 HYDROGEN-RICH GAS MIXTURE 
Q u a r t u l l i ,  O.J., (Pul lman I n c . ) ,  410653. German 1 ,293,133 
( C l .  C O l b ) ,  Apr 24 ' 6 9 ,  U.S. Appl .  S e p t  14  ' 6 1 ,  9  p 

The t i t l e  p r o d u c t  i s  p r e p a r e d  b y  c o n t a c t i n g  hydro- 
c a r b o n s  w i t h  steam i n  a  1st  r e f o r m i n g  zone  a t  14-49  
a t m o s p h e r e  w i t h  a n  o u t l e t  t e m p e r a t u r e  705-870° and a 
r e s i d e n c e  t i m e  o f  0 .5  t o  10  s e c o n d s .  S u f f i c i e n t  s team 
i s  s u p p l i e d  t o  t h i s  zone  t o  g i v e  a c o n c e n t r a t i o n  o f  
r e s i d u a l  CH4 i n  t h e  e f f l u e n t  o f  5-16 mole % ( d r y )  and 
t o  p r o v i d e  a s t e a m - C  r a t i o  o f  2.5-7.5. 
(REFORMING, STEAM) 

H73 22172 MACROKINETICS OF THE PYROLYSIS O F  SHALE OIL 
I N  A FLUIDIZED BED 
Elenurm, A . ,  T. Laus ,  and M. G u b e r g r i t s ,  92510a, E e s t i  
NSV Tead. Akad . Toim., Reem. ,  Geol. V 16:88-96 N2 67,  
( R u s s i a n )  

The p y r o l y s i s  of 2 naph tha  f r a c t i o n s  from s h a l e  o i l ,  
b .  up  t o  150 and  zoo0, r e s p o n s e ,  was s t u d i e d  i n  a f l u i d i z e d  
bed  f i l l e d  w i t h  q u a r t z  sand  i n  3 series of e x p o r t s  w i t h  
v a r y i n g  t e m p e r a t u r e s ,  s t e a m / o i l  r a t i o s ,  and c o n t a c t  t i m e s .  
An i n c r e a s e  i n  t e m p e r a t u r e  d e c r e a s e s  t h e  y i e l d  o f  o l e f i n s  
and i n c r e a s e s  t h e  p r o p o r t i o n  of H anfj CO. The y i e l d  o f  
H and  CO s h a r p l y  i n c r e a s e s  above 750 . 
(PYROLYSIS, KINETICS, FLUIDIZED) 

H73 22173 NEW CONCEPTS AND TECHNIQUES FOR PREPARING PURE 
HYDROGEN STARTING FROM HYDROCARBONS 
Cohn, J.G.E., (Enge lha rd  Ind . ,  I n c . ,  USA), 51699h, World 
P e t r o l e u m  Congress ,  P r o c e e d i n g ,  7 t h  V 5:175-185 67 (Pub. 
681,  ( E n g l i s h ) ,  E l s e v i e r  P u b l i s h i n g  C o . ,  L t d .  : B a r k i n g ,  
England 

P r o d u c t i o n  o f  H o r  o f  H - c o n t a i n i n g  g a s e s  b y  steam 
o x y g e n o l y s i s  o f  n a p h t h a  i s  p o s s i b l e  a t  low m o l a r  steam 
t o  C r a t i o s  o v e r  a wide  r a n g e  o f  t e m p e r a t u r e s ,  p r e s s u r e s ,  



and process cond i t i ons .  C a t a l y s t s  are N i  or C o  on supports  
o r  precious m e t a l s  a lone  or  i n  c o m b i n a t i o n  w i t h  N i  o r  Co .  
U s e  of t h e  l a t t e r  catalysts  appears indica ted  f o r  feeds 
conta in ing  s u b s t a n t i a l  concentrat ions of unsa tu ra tes  or  
a r o m a t i c s .  
(STEAM, NAPHTHA, CATALYST) 

H 7 3  2 2 1 7 4  HYDROGEN-RICH SYNTHES IS GASES 
S t r e l z o f f ,  S . ,  H.C. M o r g e n s t e r n ,  a n d  J .M. C o n n o r ,  (Chem-  
i c a l  C o n s t r u c t i o n  C o r p . ) ,  G e r m a n  1,808,911 ( C 1 .  C  O l b )  
J1 1 7  '69,  U.S. N o v  1 4  ' 6 7 ,  2 1  p 

A n  app l ica t ion  is  described i n  w h i c h  t h e  hydrocarbon, 
espec ia l ly  CH4, n a p h t a h ,  f u e l  o i l ,  or res idual  o i l ,  f l o w s  
i n  t h e  presence of s t e a m  t h r o u g h  succeeding beds consis t -  
i n g  of p a r t i c u l a t e  S i O Z ,  MgO, A ~ ~ O ~ ,  or k a o l i n  as carriers 
f o r  catalysts  such as reduced  N i  or C o  sa l t s ,  N i O ,  m e t a l l i c  
N i  o r  C o ,  Z r O 2 ,  C r 2 O 3 ,  or  MoO3. 
(HYDROCARBON, STEAM CATALYST) 

H 7 3  2 2 1 7 5  GENERATION O F  HYDROGEN FROM HYDROCARBONS AND 
USE I N  MOLTEN CARBONATE FUEL CELLS 
B a k e r ,  B .S . ,  and A.R. K a h n ,  ( I n s t i t u t e  of G a s  T e c h n o l o g y ) ,  
U .S .  3 , 4 8 8 , 2 2 6  ( C l .  136-86; H  O l m ) ,  J a  6 ' 7 0 ,  A p p l .  N o v  8 
'65 ,  6 p 

A  process f o r  t h e  c o n t i n u o u s  product ion of H - r i c h  
gases f o r  d i r e c t  u s e  i n  h i g h  t e m p e r a t u r e  m o l t e n  carbonate 
f u e l  ce l ls  is described. 
(HYDROCARBON, FUEL CELL,  CARBONATE) 

H 7 3  2 2 1 7 6  WATER GAS S H I F T  CONVERTER AND FUEL CELL SYSTEM 
H o o p e r ,  T.N., ( T e x a s  I n s t rumen t s ,  I n c . ) ,  U.S. 3 , 4 9 9 , 7 9 7  
( C l .  136-86; H  O l m ,  C O l b ) ,  M a r  1 0  ' 7 0 ,  A p p l .  A p r  2 8  '66 

E q u i p m e n t  is described c o m p r i s i n g  a p a r t i a l  oxid izer  
and a s h i f t  converter t o  convert  a h y d r o c a r b o n  f u e l  t o  H  
g a s  f o r  u s e  i n  o p e r a t i n g  an a t t a c h e d  f u e l  c e l l .  A n  in -  
expensive converter  m a d e  w i t h  c a t a l y t i c  C r - s t e e l  tubes is 
described w h i c h  operates w i t h  a l o w e r  pressure drop, w h i c h  
can be u s e d  t o  p r e h e a t  a i r  fed t o  t h e  p a r t i a l  oxid izer ,  
and w h i c h  r e q u i r e d  less s t e a m  f o r  t h e  s h i f t  react ion.  
(HYDROCARBON, FUEL CELL, STORAGE) 

H 7 3  2 2 1 7 7  HYDROGEN MANUFACTURE USING GAS TURBINE-DRIVEN 
CENTRIFUGAL COMPRESSORS 
S m i t h ,  C .S . ,  and W.J. M c L e o d ,  ( C h e v r o n  R e s e a r c h  C o . ) ,  
U.S. 3 , 5 7 6 , 6 0 3  ( C l .  2 3 - 2 1 2 ;  C  O l b ) ,  A p r  2 7  ' 7 1 ,  A p p l .  M a y  
1 7  ' 68  - A p r  1 '69  

B e c a u s e  of t h e  l o w  m o l e c u l a r  w e i g h t  of pure H, 



c e n t r i f u g a l  compressors a r e  i m p r a c t i c a l  f o r  r a i s i n g  t h e  
p r e s s u r e  t o  d e s i r a b l e  opexat ing ranges .  I n  t h e  method 
desc r ibed ,  a hydrocarbon i s  t r e a t e d  w i t h  steam i n  a r e -  
former followed by s h i f t  convers ion  t o  produce H and ~ 0 2 .  
~t l e a s t  a  p o r t i o n  ( p r e f e r a b l y  a l l )  o f  t h e  H-C02 mix ture  
i s  compressed t o z 9 0 0  p s i g  i n  a c e n t r i f u g a l  compressor 
p r i o r  t o  s e p a r a t i n g  t h e  C02 from t h e  H. 
(HYDROCARBON, STEAM, PRESSURE) 

H73 22178 HYDROGEN GENERATION BY STEAM REFORMATION OF 
N-HEXANE OVER ZEOLITE CATALYSTS 
Brooks, C.S., (United A i r c r a f t  Research Labora tory ,  Eas t  
Har t fo rd ,  Conn.),  Advanced Chemistry S e r i e s ,  V 102:426-33, 
71, (Molecular  S i eve  Z e o l i t e s - 1 1 ) ,  (Eng l i sh )  

H igh -ac t iv i ty  N i  and Co c a t a l y s t s  f o r  H gene ra t ion  
by t h e  steam-hydrocarbon reforming r e a c t i o n  were pre-  
pared by ion  exchange from s y n t h e t i c  z e o l i t e s .  
(HYDROGEN, REFORMING, CATALYST) 

H73 22179 CONTACT CATALYST FOR HYDROGEN-RICH GAS FROM 
HYDROCARBONS 
McMahon, J.F., (pullman I n c . ) ,  u.S. 3,417,029 ( ~ 1 .  252- 
455) ,  Dec 17 '68 ,  Appl. Mar 1 '60 - Apr 5 '63,  14  p, 
D iv i s ion  o f  U.S. 3,119,667 (CA 60: 11647b) 

The d i s c l o s u r e  i s  t h e  same b u t  t h e  c la ims a r e  d i f - -  
f e r e n t .  
(CATALYST, HYDROCARBON) 

H73 22180 HYDROGEN PRODUCTION BY STEAM REFORMING 
Johnson,  J . E . ,  T.L. Singman, and N.P. Vahldieck ( t o  
Union Carbide Corp.) ,  51893s, U.S. 3,361,534 ( C l .  23-2101, 
J a  2 '68,  Appl. M a r  31  '65,  10 p 

A process  f o r  producing and p u r i f y i n g  H by us ing  
steam reforming o f  hydrocarbon feed s t reams  is  descr ibed .  
Process  improvement i s  e f f e c t e d  by: ( a )  providing 1.5-4 
moles of steam/atom of C i n  f e e d s t o c k ,  and reforming 
on ly  60-70 mole % of f eed  hydrocarbons,  ( b )  coo l ing  crude 
H t o  below t h e  dewpoint o f  CH4, ( c )  i s e n t h a l p i c a l l y  
expanding CH4 condensate  t o  a lower p r e s s u r e ,  ( d )  us ing  
h e a t  exchange between CH4 condensate  and crude H f o r  
r e f r i g e r a t i o n ,  and (e)  r ecyc l ing  vapor ized  CH4 t o  t h e  
c a t a l y t i c  r e a c t i o n  s t e p .  
(STEAM, PURIFICATION, REFORMING) 



H 7 3  2 2 1 8 1  METHOD OF PRODUCING HYDROGEN FROM A CARBON 
MONOXIDE-CONTAINING GAS STREAM AND HEAT RECOVERY 
James ,  G.R., ( t o  C h e m i c a l  C o n s t r u c t i o n  C o r p . ) ,  4770713,  
U.S.  3 , 2 9 2 , 9 9 8  ( C l .  2 3 - 2 1 3 1 ,  D e c  2 0  '66, A p p l .  M a r  2 2  ' 63 ,  

5 P 
For e x a m p l e ,  t h e  r e s i d u a l  g a s  s t r e a m  f r o m  C 2 H 2  syn- 

t h e s i s  w h i c h  i s  r i c h  i n  CO i s  recovered a s  a cool  d ry  g a s  
a t  90 '~ .  and 100 p s i g .  T h i s  g a s  s t r e a m  is h e a t e d  t o  2 8 0 ° ~ . ,  
s a t u r a t e d  w i t h  H 2 0  vapor, and passed t h r o u g h  a g a s - t o - g a s  
p r e h e a t e r  p r i o r  t o  c a t a l y t i c  H s y n t h e s i s .  
(CATALYST, HEAT) 

H 7 3  2 2 1 8 2  PROTECTION O F  A METHANATION CATALYST I N  
HYDROCARBON REFORMING 
G u t m a n n ,  W.R. and R.A. M a s c a r i c h ,  ( t o  C a t a l y s t s  a n d  
C h e m i c a l s ,  I n c . ) ,  1 0 6 6 4 9 n ,  U.S. 3 , 3 7 7 , 1 3 8  ( C l .  2 3 - 2 1 3 1 ,  
A p r  9 '68, A p p l .  J 2  7 ' 66 ,  2 p 

A d e s u l f u r i z e d  h y d r o c a r b o n  vapor i s  r e f o r m e d  w i t h  
s t e a m  a t ~ 1 2 0 0 ~ ~ .  and w i t h  a c a t a l y s t  t o  p r o d u c e  H and 
CO, t h e n  passed t h r o u g h  a s h i f t  converter t o  c h a n g e  t h e  
CO t o  C 0 2 .  
(METHANATION, HYDROCARBON, CATALYST) 

H 7 3  2 2 1 8 3  SYNTHESIS-GAS MIXTURES FOR AMMONIA AND 
METHANOL 
P a g a n i ,  G., ( M o n t e c a t i n i  E d i s o n  S . p . A . ) ,  888592, F r a n c e  
1,489,535 ( C l .  C O l b ) ,  J1 2 1  ' 6 7 ,  I t a l i a n  A p p l .  A u g  18 
'65,  6 p 

A h i g h - p r e s s u r e  m e t h o d  f o r  t h e  s t e a m  r e f o r m i n g  of 
l i q u i d  a n d  g a s e o u s  h y d r o c a r b o n s  i n t o  H and CO i s  described. 
(STEAM, REFORMING, CATALYST) 

H 7 3  2 2 1 8 4  CATALYTIC CRACKING OF HYDROCARBONS 
A n o n ,  B a d i s c h e  A n i l i n  - u n d  Soda-Fabrik A.-G., 1 2 6 9 6 2 2 ,  
France 1 , 5 4 4 , 5 2 4  ( C l .  C O l b ) ,  O c t  3 1  '68, G e r .  A p p l i c .  
N o v  16 '66, 3 p, C o r r e c t i o n  of CA 7 1 : 8 3 3 8 4 v  

H y d r o c a r b o n s  c o n t a i n i n g  2-30 C a t o m s  are cracked, 
i n  1 s tep,  a t > 5 5 0 °  i n  t h e  presence of a c a t a l y s t ,  con- 
t a i n i n g  l i t t l e  or  no a l k a l i  m e t a l s ,  and c o m p r i s i n g  3 5 - 5 5 %  
N i  on a MgO support  and 10-30% b i n d e r  s u c h  as MgA1204.  
(CATALYST, HYDROCARBON) 



H73 22185 HYDROGEN FROM HYDROCARBONS: HYDRODESULFUR- 
IZATION OF THE FEED 
Buswel l ,  R.F., H . J .  S e t z e r ,  and R.A. S e d e r q u i s t ,  ( U n i t e d  
A i r c r a f t  C o r p . ) ,  4946x, U.S. 3 ,476,534 (C1. 48-94; C l o g ) ,  
NOV 4 ' 6 9 ,  Appl .  S e p t  26 ' 6 7 ,  5 p 

I n  p r o d u c i n g  H from h y d r o c a r b o n s  by  s t eam r e f o r m i n g ,  
h y d r o d e s u l f u r i z a t i o n  o f  t h e  f e e d s t o c k  i s  i n t e g r a t e d  i n  
t h e  p r o c e s s .  A p o r t i o n  o f  t h e  p r o d u c t  H i s  r e c y c l e d  and 
mixed w i t h  t h e  f e e d s t o c k .  The m i x t u r e  i s  t h e n  p a s s e d  
t h r o u g h  a  bo i l e r  t h a t  p r o d u c e s  a m i x t u r e  o f  s u p e r h e a t e d  
v a p o r i z e d  hydroca rbons  and H. 
(STEAM, REFORMING, HYDROCARBON) 

H73 22186 SELECTED PROCESSES FOR THE PRODUCTION OF 
BASIC CHEMICALS AND INTERMEDIATES FROM PETROLEUM HYDRO- 
CARBONS 
Soensken,H.,  (Bad. A n i l i n -  und Soda-Fabr ik  A.-G.,  G e r . ) ,  
2 3 4 1 0 ~ .  S t u d .  Petrochem:,  U.N. I n t e r r e g .  1st Confe rence ,  
64  (Pub. 6 6 ) ,  1 ,345-58 ( E n g l i s h ) ,  U n i t e d  Na t ions :  New 
York, N.Y. 

A r e v i e w  i s  g i v e n  o f  l i c e n s e d  p r o c e s s e s  f o r  p r o d u c t i o n  
o f  H and NH3, C2H2, and C2H4, r e c o v e r y  and p u r i f i c a t i o n  
o f  m o n o o l e f i n s ,  m a n u f a c t u r e  o f  b u t a d i e n e  from C4 f r a c t i o n s ,  
and m a n u f a c t u r e  o f  i n t e r m e d i a t e s .  
(REVIEW, PROCESS) 

H73 22187 AVAILABLE HYDROGEN I N  REFINERY 
Menant ,  R., 234405, Rev. A s s .  F r .  Tech. P e t r o l e ,  V 76 N205 
71, ( F r e n c h )  

H s o u r c e s  i n  a p e t r o l e u m  r e f i n e r y  are reviewed,  C a t -  
a l y t i c  r e f o r m i n g ,  c r a c k i n g ,  and d e h y d r o g e n a t i o n ,  steam 
c r a c k i n g ,  and h y d r o c r a c k i n g  are  d i s c u s s e d .  
(REFINING, STEAM, HYDROCRACK) 

H73 22188 HYDROGEN COMPRESSION BY CENTRIFUGAL COMPRESSORS 
I N  HYDROCRACKING PROCESSES 
J a c k s o n ,  S.B., ( F l u o r  Corp. ,  L t d . ) ,  88612 j ,  U.S. 3 , 4 0 1 , 1 1 1  
(Cl .  208-108),  S e p t  10  ' 6 8 ,  Appl .  J1 5 ' 6 6 ,  3  p 

C e n t r i f u g a l  compresso r  s t a g e s  a r e  reduced  when a 
H s t r e a m  c o n t a i n s  1-12% o f  a hydroca rbon  hav ing  a m o l e c u l a r  
w e i g h t  o f  30-80. ~ h u s ,  i n  a h y d r o c r a c k i n g  p r o c e s s ,  a  f r a c -  
t i o n  c o n t a i n i n g  mostly C4H10 is  r e c y c l e d  t o  t h e  H com- 
p r e s s o r  f e e d .  F o r  a  d i s c h a r g e  p r e s s u r e  o f  1600 p s i g . ,  
t h e  number o f  compresso r  s t a g e s  is  reduced  from 6 to  3 
by  hydroca rbon  a d d i t i o n .  
(COMPRESSION, HYDROCRACK) 



H 7 3  2 2 1 8 9  COMPACT REACTOR-BOILER COMBINATION FOR CON- 
VERTING A MIXTURE OF A REFORMABLE FUEL AND STEAM TO A 
HYDROGEN-CONTAINING REFORMATE FEED STOCK SUITABLE FOR 
CONSUMPTION BY A FUEL CELL U N I T  
D a n t o w i t z ,  P . ,  ( G e n e r a l  E l e c t r i c  C o . ) ,  2 4 0 8 7 n ,  U.S.  3,541, 
7 2 9  ( C l .  48-94; C  O l b ,  B  O l j ) ,  N o v  2 4  ' 70 ,  A p p l .  M a y  9 ' 6 8 ,  

7  P 
A f u e l  and s t e a m  w e r e  contacted i n  a r e f o r m i n g  

c a t a ly s t  bed t o  produce a H - c o n t a i n i n g  r e f o r m a t e ,  w h i c h  
could  be used a s  a f u e l  for  a f u e l  ce l l .  

(REFORMING, FUEL CELL) 

H 7 3  2 2 1 9 0  CATALYTIC COMPOSITIONS USED FOR THE STEAM 
REFORMING OF HYDROCARBONS TO GASES RICH I N  HYDROGEN 
van H o o k ,  J .P .  and T.H. M i l l i k e n ,  ( P u l l m a n ,  I n c . ) ,  66338f,  
France 1,466,635 ( C l .  B O l j ,  C  O l b ) ,  Ja 2 0  ' 6 7 ,  U.S. A p p l .  
D e c  2 9  '64 ,  14 p 

T h e  ca ta lys t  c o m p r i s e s  C o  o r  COO, or a m i x t u r e  of 
t h e  t w o ,  deposited on a support  s u c h  as  z i r c o n i a .  

(CATALYST, STEAM, REFORMING) 

H 7 3  2 2 1 9 1  USE OF HYDROGEN I N  TOWN GAS PRODUCTION 
Y a i t a ,  G . ,  ( M i t s u b u s h i  C o . ,  T o k y o ) ,  7 0 8 4 8 k ,  K a g a k u  K o j o  
V 1 1 : 5 3 - 7  N 1 2  67 ( J a p a n )  

T h e  reasons t h a t  t o w n  gas c o n t a i n s  H, and t h e  pro- 
cesses f o r  p r o d u c i n g  H - r i c h  t o w n  gas  are r e v i e w e d .  A H 
gene ra to r  u s i n g  n a p h t h a  as t h e  r a w  m a t e r i a l  produces t h e  
cheapest H. V a r i o u s  H g e n e r a t o r s  and processes are 
described. 

(USE, GAS, PRODUCTION) 

H 7 3  2 2 1 9 2  REDUCING GAS 
A n o n ,  T e x a c o  D e v e l o p m e n t  C o r p . ,  8 1 2 2 7 r .  B r i t a i n  1 , 1 7 8 , 5 1 5  
( C l .  C l o g ) ,  J a  2 1  ' 7 0 ,  U .S .  A p p l .  S e p t  19  ' 6 7 ,  8 p 

A f u e l  o i l  and 9 5 %  0 react  i n  t h e  absence of s u p p l e -  
m e n t a l  s t e a m .  A t o m i c  0 ( o x i d a n t ) - C  ( f u e l )  r a t i o  is 1 -1 .2 : l .  
T h e  m a i n  e f f l u e n t  gas  is  CO-H. S u i t a b l e  feads i n c l u d e  
l i g h t  d i s t i l l a t e s ,  n a p h t h a s ,  h e a v y  r e s i d u a l s ,  crudes, and 
h e a v y  f u e l  o i l s .  T h e  s m e l t i n g  of i r o n  ore i n  a b l a s t  f u r -  
nace u s i n g  t h i s  process i s  described. 

(GAS, FEED, PROCESS) 



H73 22193 SYNTHESIS GAS 
~ o n g i o r n o ,  S .J., ( C h e m i c a l  C o n s t r u c t i o n  c o r p .  ) , 131483f ,  
U.S. R e - I s s u e  26,990 (C1. 252-373; B O l j ,  COlb, F 2 7 d ) ,  
NOV 24 ' 7 0 ,  Appl.  Nov 21  ' 6 9 ,  6  p, R e i s s u e  o f  U.S. 
3 ,446,747 (See  Neth. Appl. 6 ,510 ,457 ,  CA 65: 2042c)  

A s y n t h e s i s  gas  c o n t a i n i n g  CO and  H was produced 
u n d e r  h i g h  p r e s s u r e s  b y  t h e  ca ta ly t i c  p r i m a r y  steam re- 
forming o f  a f l u i d  hydroca rbon .  
(PRESSURE, CATALYST, REFORMING) 

H73 22194 HYDROGEN BY INCOMPLETE FLAMELESS CATALYTIC 
COMBUSTION OF HYDROCARBON OILS 
Koch, C., (Siemens A.-G.) , 78677u,  German Of fen .  1 ,964,810 
( C l .  C O l b ) ,  J1 1 5  ' 7 1 ,  Appl D e c  24 ' 6 9 ,  1 0  p 

The t i t l e  p r o c e s s  was c a r r i e d  o u t  i n  s i n t e r e d  
b r i c k s  c o n t a i n i n g d 6 5 %  open p o r e s  by  volume. CO t h u s  
formed r e a c t e d  w i t h  H20 v a p o r  a t  150-500° i n  t h e  p r e -  
s e n c e  o f  Cu-Zn c a t a l y s t s .  
(CATALYST, COMBUSTION, HYDROCARBON) 

H73 22195 DESIGN AND CHARACTERISTICS OF H AND G TYPE 
HYDROGEN PRODUCTION EQUIPMENT BY HITACHI SHIPBUILDING 
COMPANY 
Aoki ,  K. ,  and  Adachi ,  O. ,  ( H i t a c h i  S h i p y a r d ,  H i t a c h i ,  
J a p a n ) ,  1 1 9 7 7 8 ~ .  Sek iyu  t o  S e k i y u  Kagaku, V 15:26-34 N7 
71 ,  ( J a p a n )  

H p r o d u c t i o n  equipment  i n  p e t r o l e u m  r e f i n e r i e s ,  de- 
s i g n  p rob lems  ( g a s i f i c a t i o n  and d e s u l f u r i z i n g  o f  naph tha ,  
steam r e f o r m i n g ,  CO c o n v e r s i o n ,  and  CO2 s e p a r a t i o n ) ,  and  
s t r u c t u r e s  and  f e a t u r e s  of t h e  H- and G-type H p r o d u c t i o n  
equipment  are g i v e n .  
(DESIGN, PRODUCTION, PETROLEUM) 

H73 22196 STEAM CONVERSION OF LIQUEFIED GAS AND ITS 
MIXTURES WITH HYDROGEN 
R o z h d e s t v e n s k i i ,  V.P., and  V . I .  E r o f e e v a ,  (USSR), 153536c, 
T r .  I n s t .  G i p r o n i i g a z ,  N 8  319-35m 69,  ( R u s s i a n ) ,  from 
Ref.  Sh. ,  Khim. 70,  A b s t r a c t  N o .  18B941 

Steam c o n v e r s i o n  o f  l i q u e f i e d  g a s  and i t s  m i x t u r e s  
w i t h  H were  s t u d i e d  i n  a n  open sys t em.  Dependence of 
t o t a l  c o n v e r s i o n  i n t e n s i t y  o f  i n i t i a l  h y d r o c a r b o n s  and 
c o m p o s i t i o n  o f  c o n v e r t e d  g a s  on c o n d i t i o n a l  c o n t a c t  t i m e  
was e s t a b l i s h e d .  P r e s e n c e  o f  H d i d  no t  d e c r e a s e  t h e  
r e a c t i o n  r a t e ,  b u t  i n c r e a s e d  t h e  CH4 and CO c o n t e n t  i n  
c o n v e r t e d  g a s .  
(STEAM, CONVERSION, GAS) 



H 7 3  2 2 1 9 7  APPARATUS FOR CRACKING HYDROCARBONS TO PRO- 
DUCE HYDROGEN 
W i n t e r s ,  C.E., ( U n i o n  C a r b i d e  C o r p . )  , 7 2 6 6 5 j .  F r a n c e  
1 , 5 2 4 , 5 0 3  ( C l .  C  O l b ,  H O l m ) ,  M a y  1 0  '68, U.S. A p p l .  
M a y  2 4  '66 ,  5 p 

A c o m p a c t ,  e f f i c i e n t  apparatus i s  d e s c r i b e d  w h i c h  
c o m p r i s e s  a c rack ing  c h a m b e r  ( 2 5  mm. d i a m e t e r ,  1 2 . 5  mm. 
l o n g )  a n d  a burner .  T h e  same h y d r o c a r b o n  i s  fed t o  t h e  
c r a c k i n g  c h a m b e r  and t o  t h e  b u r n e r  as  f u e l .  T h e  apparatus  
i s  u s e f u l  f o r  p repa r ing  H f o r  react ion i n  a f u e l  c e l l  
t o  g e n e r a t e  e lectr ic cur ren t .  
(HYDROCARBON, APPARATUS) 

H 7 3  2 2 1 9 8  HYDROGEN FROM HYDROCARBON REFORMING 
K h a n ,  A.R., ( I n s t i t u t e  of G a s  T e c h n o l o g y ) ,  4 9 2 1 5 h .  U.S. 
3,416,904 ( C l .  4 8 - 2 1 4 ) ,  D e c  1 7  '68, A p p l .  N o v  2 2  '65,  

4 P 
A H - r i c h  s t r e a m  i s  p r o d u c e d  by r e f o r m i n g  feedstocks 

b. < 5 0 0 ° ~ . ,  and c o n t a i n i n g  r e l a t i v e l y  h i g h  proportions 
of o l e f  i n s  and a r o m a t i c s ,  a t  1-5 a t m o s p h e r e  and 7 0 0 - 1 1 0 0 ~ ~ .  
i n  t h e  presence of an A1-A1203-Ni  c a t a l y s t .  
(REFORMING, CATALYST) 

H 7 3  2 2 1 9 9  BURNER FOR THE PARTIAL OXIDATION OF HYDRO- 
CARBONS FOR SYNTHESIS GAS 
A u e r ,  W . ,  K.  B u s c h m a n n ,  and H. H e i n z ,  ( B a d i s c h e  A n i l i n -  
u n d  S o d a - F a b r i k  A . - G . ) ,  8 9 6 7 8 e ,  G e r m a n  O f f e n .  1 ,905,604 
( C l .  C  O l b ) ,  A u q  2 0  ' 7 0 ,  A p p l .  F e  5 '69,  7  p 

S y n t h e s i s  g a s  (CO + H )  w a s  p r e p a r e d  i n  a b u r n e r  
c o n s i s t i n g  of 2  concentr ic  t u b e s  l e a d i n g  i n t o  a b u r n i n g  
c h a m b e r  by p a s s i n g  a m i x t u r e  con t a in ing  h y d r o c a r b o n  
w i t h  s t e a m  and ( o r )  C 0 2  t h r o u g h  t h e  outer tube and 0 
c o n t a i n i n g  1 .0 -3 .0% s t eam t h r o u g h  t h e  i n n e r  tube.  
(BURNER, OXIDATION, CATALYST) 

H 7 3  2 2 2 0 0  SYNTHESIS GAS AND HYDROGEN FROM L I Q U I D  HYDRO- 
CARBONS 
S c h l i n g e r ,  W.G., W.L. S la te r ,  and R.M. D i l l e ,  ( T e x a c o  I n c . ) ,  
4 4 1 1 3 w ,  U.S.  3 , 5 4 5 , 9 2 6  ( C l .  2 3 - 2 1 3 ;  C  O l b ) ,  D e c  8 ' 7 0 ,  
A p p l .  N o v  2 6  '65 - M a y  2 9  ' 68 ,  5 p 

S y n t h e s i s  g a s  w a s  produced by p a r t i a l  ox ida t ion  of 
a f u e l  o i l  ( 9 . 7 0 ~  A P I )  w i t h  0 and s t e a m  a t  2 4 0 0  p s i g  and 
2 3 7 7 O ~  for a residence t i m e  of 3 . 3 2  sec f o l l o w e d  by t h e  
w a t e r  g a s - s h i f t  reaction.  

(HYDROCARBON, OXIDATION) 



H 7 3  2 2 2 0 1  CATALYTIC CONVERSION OF HYDROCARBONS TO 
HYDROGEN A T  LOW TEMPERATURE AND H I G H  PRESSURE 
T a y l o r ,  W.F., F.S. P r a m u k ,  a n d  B.N. H e i m l i c h ,  ( E s s o  
R e s e a r c h  and E n g i n e e r i n g  C o . ) ,  3 0 7 7 0 f ,  F r a n c e  1, 4 4 3 , 0 9 6  
( C l .  C  O l b ) ,  Je 2 4  '66 ,  U.S. A p p l .  Ja  2 0  '64,  5 p 

A  feedstock c o n t a i n i n g  m a i n l y  p a r a f f i n i c  C5-C1o 
c o m p o u n d s  i s  p r e m i x e d  w i t h  a 1.5-3:l excess by w e i g h t  
of s t e a m ,  p r e s s u r i z e d  t o  5 - 1 0 0  a t m o s p h e r e ,  a n d  passed 
a t  h i g h  space v e l o c i t y  t h r o u g h  a ca ta lys t  11) a t  2 8 8 -  
4 8 2 '  ( p r e f e r a b l y  427 ' ) .  T h e  p r o d u c t ,  p r e d o m i n a n t l y  H, 
a l s o  c o n t a i n s  CH4, C o 2 ,  and CO. 
(CATALYST, HYDROCARBON) 

H 7 3  2 2 2 0 2  HIGH PRESSURE HYDROGEN PRODUCTION 
 aill lie, R.A., ( S u n  O i l  C o . ) ,  2 7 3 1 5 a ,  U.S. 3 , 5 1 4 , 2 6 0  
( C l .  2 3 - 2 1 3 ;  C  O l b ) ,  May 2 6  ' 7 0 ,  A p p l .  O c t  2 0  ' 6 7 ,  3 p 

H  i s  produced by h i g h - p r e s s u r e  s t e a m - h y d r o c a r b o n  
r e f o r m i n g  over a ca t a ly s t  t o  g i v e  CO and H, f o l l o w e d  
by a s h i f t  reaction on t h e  CO over an appropriate  cata- 
l y s t  a t  h i g h  p r e s s u r e .  
(PRESSURE, REFORMING) 

H 7 3  2 2 2 0 3  STEAM PHASE CRACKING OF HYDROCARBONS WITH 
STEAM TO OBTAIN HYDROGEN-CONTAINING GASES 
K a n z l e r ,  K.H. a n d  P .  G u e n t h e r ,  ( G i r d l e r - S u e d c h e m i e  Ka-  
t a l y s a t o r  G.m.b .H.) ,  4 8 0 6 1 k ,  G e r m a n  1 , 2 3 0 , 9 6 3  ( C l .  C  l o j ) ,  
D e c  2 2  ' 66 ,  A p p l .  F e  16  ' 65 ;  2 p, A d d i t i o n  t o  G e r m a n  
1 , 2 2 0 , 4 6 6  (CA 63, 1 7 7 6 6 d )  

P r e v i o u s  w o r k  i s  e x t e n d e d  f r o m  h y d r o c a r b o n s  i n  t h e  
b. r a n g e  of g a s o l i n e  t o  h y d r o c a r b o n s  w i t h  C l - 5  a t o m s ,  
s u c h  as  CH4 t o  propane, e t h y l e n e  t o  pen ty l ene ,  b u t a d i e n e ,  
pen t ad i ene ,  and a c e t y l e n e .  
(HYDROCARBON, STEAM) 

H 7 3  2 2 2 0 4  HYDROGEN-RICH GAS BY PARTIAL OXIDATION OF 
L I Q U I D  HYDROCARBONS AT HIGH PRESSURES 
S c h l i n g e r ,  W.G., W.L. Slater ,  and R.M. D i l l e ,  ( T e x a c o  
D e v e l o p m e n t  C o r p . ) ,  2 7 3 6 1 n ,  S. A f r i c a n  6 8 , 0 5 , 8 0 2 ,  D e c  1 0  
' 6 9 ,  A p p l .  Sept 9 '68, 19 p 

L i q u i d  h y d r o c a r b o n s ,  s t e a m ,  and 0 react  a t  1800- 
3 0 0 0 ~ ~  and 1000-3000 p s i g ,  i n  a g a s  g e n e r a t i o n  zone, t h e  
e f f l u e n t  g a s  i s  contacted d i r e c t l y  w i t h  p r e h e a t e d  H z 0  
and p a s s e d  i n t o  a w a t e r  gas s h i f t  zone c o n t a i n i n g  a cata- 
l y s t  t o  y i e l d  a H - r i c h  s t r e a m  a t  1000-3000 p s i g .  

(OXIDATION, HYDROCARBON) 



H73 22205 SELECTIVE CONVERSION OF NAPHTHA HYDROCARBONS 
TO HYDROGEN 
T a y l o r ,  W . F . ,  and J . H .  S i n f e l t ,  ( E s s o  Resea rch  and  
E n g i n e e r i n g  Co . ) ,  62844c,  B r i t i s h  1 ,156,766 (C l .  C  l o g ) ,  
J1 2  ' 69 ,  Appl .  May 1 5  ' 6 8 ,  4  p  

The t i t l e  p r o c e s s  is  conduc ted  o v e r  a Ba-promoted, 
low N i ,  N i - A 1 2 0 3  c a t a l y s t .  
(NAPHTHA, CATALYST) 

H73 22206 HYDROGEN BY STEAM REFORMING 
Voogd, J. ,  ( I n t .  S e l a s  Corp. Am., N e t h . ) ,  142339q, Chemical 
P r o c e s s .  Eng. (Bombay), V 5:27-33 N9 71, ( E n g l i s h )  

A  r e v i e w  w i t h  3  r e f e r e n c e s  on t h e  s team-hydrocarbon 
re fo rming  p r o c e s s  f o r  p r o d u c t i o n  o f  H f o r  u s e  i n  re- 
f i n e r i e s .  Improvements i n  t e c h n o l o g y ,  e n g i n e e r i n g  and 
c o n s t r u c t i o n  materials  a r e  d i s c u s s e d .  
(HYDROCARBON, REFORMING) 

H73 22207 PRODUCTION O F  HYDROGEN 
Spielmata, M.,  G.P. Bacmann, and B. H e r i n g ,  ( E s s o  Re- 
s e a r c h  and E n g i n e e r i n g  C o . ) ,  69653c, B r i t i s h  1 ,138,257 
( C l .  C l o g ) ,  D e c  27 ' 6 8 ,  Appl.  Je 1 9  ' 6 7 ,  9  p  

H g a s  i s  produced by  a c a t a l y t i c  s team r e f o r m i n g  
p r o c e s s  o f  h  d r o c a r b o n s .  The r e f o r m i n g  is  c a r r i e d  o u t  
a t  1000-1700 F. and 400-600 p s i g .  i n  2  s t a g e s ,  t h e  
f i r s t  w i t h  steam and t h e  2nd w i t h  a i r  and s t eam,  s o  t h a t  
t h e  f i n a l  e f f l u e n t  g a s  c o n t a i n s  3  moles H/mole N. 

(CATALYST, REFORMING) 

H73 22208 REFORMING OF LIQUID HYDROCARBONS TO GASEOUS 
FUEL 
Mayland, B.J., and  C.S. Brandon,  ( G i r d l e r  C o r p . ) ,  14826b. 
U.S. 3 ,442,632 ( C l .  48-215: C lOkg) ,  May 6 ' 6 9 ,  Appl .  
O c t  26 ' 6 4 ,  5 p  

Naphtha and  r e l a t e d  l i q u i d  h y d r o c a r b o n s  are con- 
v e r t e d  t o  g a s e o u s  f u e l  (H2 ,  C02, CO, and  CH4) s u i t a b l e  f o r  
i n d u s t r i a l  u s e  by p a s s i n g  them i n  a r e f o r m e r  f u r n a c e  f i r s t  
t h r o u g h  a  c a t a l y s t  bed of  h i g h  a c t i v i t y ,  f o r  a t i m e  i n -  
s u f f i c i e n t  t o  p roduce  comple te  r e f o r m a t i o n ,  and  t h e n  
t h r o u g h  a c a t a l y s t  bed o f  lesser a c t i v i t y  f o r  a l o n g e r  
t i m e ,  t o  form c h i e f l y  me thane ,  condensed  n a p h t h a s ,  and  
a r o m a t i c  c o m p o s i t i o n s .  
(REFORMING, HYDROCARBON) 



H73 22209 RANEY NICKEL CATALYSTS FOR HYDROGEN PRE- 
PARATION BY REFORMING HYDROCARBONS 
Anon, Siemens-Schuckertwerke A.-G., Ne ther landish  Appl. 
6.601,850 ( C l .  C Olb) ,  S e p t  14 '66 ,  German Appl. Mar 13  
'65 ,  6 p 

Chips of an  a l l o y  of A 1  and 45-55% N i  ( p a r t i c l e  s i z e  
1-5 mm.) are t r e a t e d  du r ing  a s h o r t  t i m e  w i t h  an  aqueous 
o r  a l c .  2-6N KOH s o l u t i o n  t o  form on each p a r t i c l e  a 
t h i n  a c t i v a t e d  l a y e r  of N i ,  t h e  c o r e  composed o f  t h e  
A 1 - N i  a l l o y  a c t i n g  as a suppor t .  The c a t a l y s t  i s  s u i t -  

0 
a b l e  f o r  reforming C2-10 hydrocarbons a t  600-800 o r  
a l c s .  300-400' and i s  u s e f u l  i n  mobile equipments used 
t o  supply  H t o  f u e l  c e l l s .  
(CATALYST, REFORMING) 

H73 22210 HYDROGEN MAY BECOME UTILITY AND BE PIPED TO 
CONSUMERS THROUGH GRID SAY BIPM SPOKESMAN 
Anon, Chemical Age, Sep t  25 '70 

The main d r i v i n g  f o r c e s  t h a t  have enabled hydrogen 
t o  become a bu lk  commodity should main ta in  t h e i r  impetus 
and may e v e n t u a l l y  l ead  t o  hydrogen becoming a u t i l i t y  
c e n t r a l l y  produced i n  i n d u s t r i a l  a r e a s  and d i s t r i b u t e d  
through a p i p e l i n e  as now happens w i t h  e l e c t r i c i t y ,  w a t e r ,  
s team, and oxygen. 
(HYDROGEN, UTILITY, DISTRIBUTION) 

H73 22211 THERMO-CATALYTIC HYDROGEN GENERATION FROM 
HYDROCARBON FUELS 
Cal lahan ,  M.A., (U.S. Army, Engineer Research and De- 
velopment Cente r ,  F o r t  B e l v o i r ,  V a . ) ,  I n :  From e l e c t r o -  
c a t a l y s i s  t o  f u e l  c e l l s ,  Proceedings  of t h e  Seminar, 
S e a t t l e ,  Wash., Dec 9-11 '70 ,  (A72-33876 16-03) S e a t t l e ,  
U n i v e r s i t y  of  Washington P r e s s ,  72, p 189-204, 13 r e f s  

The c a t a l y z e d  p y r o l y s i s  of  l i q u i d  hydrocarbon f u e l s  
i s  shown t o  b e  a f e a s i b l e  method of gene ra t ing  high- 
p u r i t y  hydrogen. The advantages  of t h i s  method over  
o t h e r  hydrogen produc t ion  systems,  such a s  steam reform- 
i n g ,  a r e  n o t a b l y  i ts  s i m p l i c i t y ,  i t s  t o l e r a n c e  t o  f u e l  
a d d i t i v e s ,  and t h e  p u r i t y  of t h e  product .  The c rack ing  
r e a c t i o n  can be made t o  be c l o s e  t o  100% e f f i c i e n t  i n  
hydrogen y i e l d ,  w i th  a stream p u r i t y  of g r e a t e r  t han  
95% hydrogen. The problems a s s o c i a t e d  w i t h  t h i s  method 
of  hydrogen g e n e r a t i o n  a r e  t h e  high tempera tures  needed 
and undes i r ed  s i d e  r e a c t i o n s .  
(CATALYST, HYDROCARBON) 



H 7 3  2 2 2 1 2  COMMERCIAL EXPERIENCE WITH HYDROGEN MANU- 
FACTURING CATALYST 
C r m e a n s ,  J . S . ,  ( C a t a l y s t  C o n s u l t i n g  Services, Inc . ,  
L o u i s v i l l e ,  K y . ) ,  H.W. F l e m i n g ,  A m e r i c a n  C h e m i s t r y  Society, 
D i v i s i o n  of P e t r o l e u m  C h e m i s t r y ,  P r e p a r a t i o n  V  1 6 : C 3 8 - C 4 4  
N 2 ,  M e e t i n g  L o s  A n g e l e s ,  C a l i f . ,  M a r  2 8 - A p r  2 ' 7 1  

R e v i e w  of ca t a lys i s  u s e d  i n  t h e  p r o d u c t i o n  of h y d r o -  
g e n  by t h e  s t e a m - h y d r o c a r b o n  r e f o r m i n g  process a n d  by 
t h e  par t ia l -oxidat ion process. 
(HYDROGEN, PRODUCTION, HYDROCARBON, STEAM REFORMING, 
PARTIAL OXIDATION) 

H 7 3  2 2 2 1 3  THERMODYNAMIC STUDY OF THE INCOMPLETE COM- 
BUSTION (GASIFICATION) OF LIQUID FUELS AT HIGH PRESSURE 
B a i k o v ,  A.M., V.M. M a s l e n n i k o v ,  a n d  A.K. M u k h a m e d z y a n o v ,  
( U S S R ) ,  F i z .  G o r e n i y a  V z r y v a ,  V  6 : 1 2 8 - 3 0  N l  7 0  

T h e  t h e r m o d y n a m i c s  of s t e a m  reforming i s  s t u d i e d  f o r  
t h e  m o d e l  c r u d e  f r a c t i o n  Cn%+NISp under cond i t i ons  pre- 
v e n t i n g  t h e  formation of C  d e p o s i t s .  T h e  effects  of a i r  
excess, C-H r a t i o ,  s t e a m  v o l u m e ,  and pressure are dis-  
c u s s e d .  
(THERMODYNAMICS, COMBUSTION) 

H 7 3  2 2 2 1 4  HYDROGEN FROM HEAVY T A I L I N G S  (WASSERSTOFF 
AUS SCHWEREN RUECKSTAENDEN) 
R e i n m u t h ,  E. ,  ( B a t a a i s e  I n t  P e t r o l e u m  M i j ,  N.V., H a g u e ,  
H o l l a n d ) ,  E r d o e l  u Kohle-Erdgas-Petrochemie, V  2 2 : 3 7 8 - 8 4  
N7 J1 69 

V a r i o u s  t e c h n i q u e s  fo r  m a n u f a c t u r e  of h y d r o g e n  f r o m  
h e a v y  p e t r o l e u m  r e f ine r i e s  t a i l i n g s  are a n a l y z e d  a n d  
t h e i r  e c o n o m i c s  c o m p a r e d .  

(PETROLEUM, ECONOMICS ) 

H 7 3  2 2 2 1 5  PLANTS FOR HYDROGEN MANUFACTURE INCREASE 
L I T T L E  I N  COST 
N e l s o n ,  W.L., ( T e c h n i c a l  E d i t o r  and P e t r o l e u m  C o n s u l t a n t ) ,  
T h e  O i l  and G a s  J o u r n a l ,  Je 5 ' 7 2  

E n o u g h  in format ion  h a s  b e c o m e  ava i lab le  t o  p e r m i t  
c o m p u t a t i o n  of t h e  p r o d u c t i v i t y  a t t a i n e d  i n  t h e  d e s i g n  
a n d  c o n s t r u c t i o n  of h y d r o g e n - g e n e r a t i n g  p l a n t s .  L i t t l e  
o r  no c h a n g e  i n  i n v e s t m e n t  cos t s  o c c u r r e d  b e t w e e n  1 9 6 2  
( t h e  b a s i s )  and 1966-1968, b u t  i n f l d t i o n  t h e n  r e s u l t e d  
i n  increased costs du r ing  1969-1971. 
(DESIGN, COST) 



H73 22216 MINIATURE HYDROGEN GENERATORS 
~ o t h f l e i s c h ,  J.E., and L.M. L i t z ,  ( U . S .  Army Elec- 
t r o n i c s  ~ a b o r a t o r i e s ,  F o r t  Monmouth, N . J . ) ,  20th Annual 
power Sources Conference - Proceedings ,  May 24-26 '66 ,  
p 28-31 

Simple thermal  c r ack ing  system o p e r a t i n g  a t  atmo- 
s p h e r i c  p r e s s u r e  f o r  g e n e r a t i o n  of hydrogen d i r e c t l y  
u s a b l e  i n  a l k a l i n e  f u e l  ce l l s  wi thou t  f u r t h e r  p u r i f i c a t i o n ;  
chemis t ry  based on equa t ion  i n  which heak a p p l i e d  t o  
hydrocarbon r e s u l t s  i n  molecu la r  deg rada t ion  i n t o  com- 
ponent H~ and C ;  e l e c t r i c  tube fu rnace ,  feed meter ing 
appa ra tus ,  and r e a c t o r  temperature  c o n t r o l  equipment u s ing  
thermocouples comprised exper imenta l  arrangement;  
r e a c t i o n  tempera ture  over  1100 C r equ i r ed  f o r  85% o r  
b e t t e r  H2 y i e l d ;  cumula t ive ly  h ighe r  H percentage w i t h  
i n c r e a s i n g  d u r a t i o n  of run w a s  observe  ; p o r t a b l e  f i e l d  
furnace  c rack ing  u n i t  de sc r ibed .  

2 
(HYDROCRACK, FUEL CELL) 

H73 22217 HYDROGEN - KEY FACTOR I N  REFINING'S FUTURE 
Bery, R.N.,  ( F o s t e r  Wheeler Corp.) ,  Heat Engineer ing,  
49-57, J1 71 

The use  of hydrogen i n  hydrocracking and o t h e r  re-  
f i n i n g  processes  is i n c r e a s i n g  t h e  demand f o r  hydrogen. A 
b lock  f low diagram shows t h e  v a r i o u s  p roces ses  involved 
i n  conver t ing  hydrocarbons t o  hydrogen. The steam re- 
forming and p a r t i a l  o x i d a t i o n  p roces ses  a r e  desc r ibed .  
P u r i f i c a t i o n  of t h e  raw hydrogen and des ign  c r i t e r i a  
f o r  hydrogen p l a n t s  a r e  a l s o  d i s c u s s e d .  
(HYDROCRACKING, HYDROCARBON, PURIFICATION, REFORMING, 
OXIDATION) 

H73 22218 HYDROGEN FROM HEAVY RESIDUES 
Berg,  G . J .  van den,  and o t h e r s ,  Chemical & Engineer ing 
P roces s ,  V 52:49-55, O c t  7 1  

The economics of hydrogen produc t ion  by p a r t i a l  oxi-  
d a t i o n  of heavy r e s i d u e s  a t  55 and 90 atma ( S h e l l  g a s i f i -  
c a t i o n  p roces s )  have been s t u d i e d  and compared w i t h  t h e  
c a t a l y t i c  steam reforming o f  l i g h t  naphtha (Reca t ro  pro- 
cess) .  It i s  found t h a t  when t h e  p r i c e  of naphtha exceeds 
t h e  p r i c e  of hydrogen p l a n t  and ($10-00/ t  f o r  a  100t/day 
p l a n t ,  it i s  more economic t o  use  t h e  p a r t i a l  o x i d a t i o n  
rou te .  I t  was a l s o  seen t h a t  f o r  an  o i l  g a s i f i c a t i o n  pro- 
c e s s  i nc lud ing  a  was te  h e a t  b o i l e r ,  t h e r e  is  no i n c e n t i v e  
t o  i n c r e a s e  t h e  p a r t i a l  o x i d a t i o n  p r e s s u r e  above 55 atma 
because bo th  t h e  c a p i t a l  and o p e r a t i n g  c o s t s  i n c r e a s e .  
(PARTIAL OXIDATION, RESIDUE, STEAM, REFORMING, PRODUCTION, 
PROCESS ) 



H 7 3  2 2 2 1 9  PARTIAL OXIDATION.  A  MINIMUM POLLUTION ROUTE 
FOR HYDROGEN MANUFACTURE 
S c h l i n g e r ,  W.G., ( T e x a c o ,  I n c . ,  M o n t e b e l l o ,  C a l i f . ) ,  W.L. 
S l a t e r ,  A m e r i c a n  C h e m i c a l  Socie ty ,  D i v i s i o n  of P e t r o l e u m  
C h e m i s t r y ,  L o s  A n g e l e s ,  C a l i f ,  M a r  2 8 - A p r  2 ' 7 1 ,  p C 4 5 - 5 0  

D e s c r i p t i o n  of h y d r o g e n  m a n u f a c t u r i n g  process w h i c h  
develops  t h e  m a j o r  p o r t i o n  of t h e  e n e r g y  r e q u i r e d  f o r  h y d r o -  
g e n  g e n e r a t i o n  by i n t e r n a l  p a r t i a l  c o m b u s t i o n  of a t m o s p h e r i c  
c o n t a m i n a n t s  f r o m  t h e  c o m b u s t i o n  p roduc t s ,  t h e r e b y  m i n i -  
m i z i n g  t h e  d i s c h a r g e  of p o l l u t a n t s  i n t o  t h e  a t m o s p h e r e .  
(PARTIAL OXIDATION, POLLUTION, PROCESS) 



H 7 3  2 2 6 0 0  INNOVATIONS I N  HYDROGEN PRODUCTION 
R i n g ,  T.A., W.L. M a n n ,  a n d  Y.S. T s e ,  ( B e c h t e l  C o r p . ,  
San F r a n c i s c o ,  C a l i f . ) ,  C h e m i c a l  E n g i n e e r i n g  P r o g r e s s ,  
v 6 6 : 5 9 - 6 4  D e c  7 0 ,  A v a i 1 : T A C  

R e c e n t  innova t ions  i n  h y d r o g e n  p l a n t  d e s i g n  en- 
ables t h e  r e f i n e r  t o  a c c o m m o d a t e  h i s  e c o n o m i c  p h i l o s o p h y ,  
as w e l l  as  h i s  preference i n  g a s  c o m p r e s s i o n  s c h e m e s .  
(COST, DESIGN, REFINING,  GAS) 

H 7 3  2 2 6 0 1  METHANATION CATALYSTS 
V a h a l a ,  J., ( R e s e a r c h  f o r  Inorganic C h e m i s t r y ,  U s t i  nad 
L a b e m ,  C z e c h o s l o v a k i a ) ,  I n t e r n a t i o n a l  C h e m i c a l  E n g i n e e r -  
i n g ,  V  1 2 : 6 0 - 8  N 1 ,  Ja 71, A v a i 1 : T A C  

T h e  preparation of ca t a lys t s  used i n  t h e  p u r i f i c a t i o n  
of h y d r o g e n  by m e t h a n a t i o n  w a s  s t u d i e d  by s a t u r a t i o n  
of t h e  carr iers  ( s i l i c a  o r  a l u m i n a ) ,  by p r e c i p i t a t i o n  of 
ac t ive  substances on t h e i r  surfaces, and by t h e  coprecip- 
i t a t i o n  of n icke l  s a l t s  and s i l i c o n  and a l u m i n u m  com- 
pounds. 
(HYDROGEN, PURIFICATION,  CHEMICAL, PROCESS) 

H 7 3  2 2 6 0 2  LOW TEMPERATURE FORMATION OF HYDROGEN FROM 
CO + H 2 0  
A l l e n ,  D.W., S A E - P a p e r  935D for  M e e t i n g  O c t  1 9 - 2 3  ' 64 ,  
3 P 

A d v a n t a g e s  of l o w - t e m p e r a t u r e  CO conversion c a t a l y s t s  
over convent ional  i r o n - c h r o m e ,  h i g h - t e m p e r a t u r e  CO con- 
vers ion  c a t a l y s t s  w h e n  u s e d  t o  p r o d u c e  h y d r o g e n  f o r  f u e l  
c e l l  use ;  p roduct ion  of h y d r o g e n  f r o m  m e t h a n e  and f r o m  
propane i s  considered and r e f o r m i n g  cond i t ions  indicated. 
(CONVERSION, CATALYST, PRODUCTION, FUEL CELL, GAS, 
REFORMER) 

H 7 3  2 2 6 0 3  PRODUCTION AND DISTRIBUTION OF L I Q U I D  
HYDROGEN 
B a k e r ,  C.R., and L.C. M a t s c h ,  A d v a n c e s  i n  P e t r o l e u m  
C h e m i s t r y  a n d  R e f i n i n g ,  V  1 0 : 3 6 - 8 1  65 

c h e m i c a l  n a t u r e  and propert ies of l i q u i d  h y d r o g e n ;  
h y d r o g e n  is p r o d u c e d  f r o m  w a t e r  and h y d r o c a r b o n s ,  espe- 
c i a l l y  by s t e a m  r e f o r m i n g  process; t e m p e r a t u r e ,  opera t ing  
c o n d i t i o n s ,  gas  s t r e a m  c o m p o s i t i o n s  of h y d r o g e n ;  h y d r o g e n  
p u r i f i c a t i o n  w i t h  e m p h a s i s  on cryogenic absorpt ion pro- 
cess; l i q u e f a c t i o n  of h y d r o g e n  by r e f r i g e r a t i o n  t e c h -  



niques ;  c a l c u l a t i o n  of o r t h o  and para hydrogen propor- 
t i o n ,  s t age  conversion, and product ion  of s l u s h  h y d r o g e n ;  
s torage and d i s t r i b u t i o n .  
(HYDROCARBONS, STEAM REFORMING, PURIFICATION, CRYOGENIC, 
LIQUEFACTION, S T O ~ G E ,  DISTRIBUTION) 

H 7 3  22604 PRODUCTION O F  HIGH-PURITY HYDROGEN FROM BUTANE 
WITH S P E C I A L  REFERENCE TO MATERIALS OF CONSTRUCTION AND 
OPERATING PROBLEMS 
H a c k ,  K.M., and B.B. H a l l ,  C h e m i c a l  E n g i n e e r i n g ,  N 1 9 3  
p C E 2 8 2 - 8  NOV 65, A v a i 1 : T A C  

P r o b l e m s  m e t  w i t h i n  6 y r  operation of l o w - p r e s s u r e  
p l an t  f o r  continuous product ion of h i g h - p u r i t y  h y d r o g e n  
( 9 9 . 6 %  HZ), based on s t eam r e f o r m i n g  of butane;  refer- 
ence is m a d e  t o  r e f o r m e r - t u b e  f a i l u r e s ,  cor ros ion  of 
h e a t  e x c h a n g e r s ,  and? g e n e r a l  opera t ing  p e r f o r m a n c e .  
(PRESSURE,  STEAM REFORMING, REFORMER, CORROSION, PER- 
FORMANCE) 

H 7 3  2 2 6 0 5  CHEAP HYDROGEN BY REGENERATIVE COKE-OVEN GAS 
SEPARATION 
K a r w a t ,  E . ,  C h e m i c a l  E n g i n e e r i n g ,  N 1 9 3  p C E 2 9 4 - 3 0 1 ,  C E 3 0 4  
N o v  65, A v a i 1 : T A C  

P r o c e s s  f o r  regenerative separa t ion  of h y d r o g e n  f r o m  
h y d r o g e n - c o n t a i n i n g  gas  m i x t u r e s  l i ke  coke-oven gas ,  
f o r  production e i t h e r  of a m m o n i a - s y n t h e s i s  g a s  o r  of 
p rac t i ca l ly  c a r b o n - m o n o x i d e - f r e e  pure  h y d r o g e n ;  m a n u f a c -  
t u r i n g  costs of h y d r o g e n  and a m m o n i a  a re  g i v e n  a n d  com-  
pared w i t h  those for n a t u r a l  g a s  or n a p h t h a  as r a w  
m a t e r i a l s .  
(AMMONIA, PRODUCTION, SEPARATION, COST, NATURAL GAS, 

NAPHTHA) 

H 7 3  2 2 6 0 6  PARTIAL-OXIDATION PROCESS 
A n o n ,  ('Texas D e v e l o p m e n t  C o r p . ) ,  O i l  and G a s  J o u r n a l ,  v 63:108 
A p r  5 '65,  A v a i 1 : T A C  

T h e  T e x a c o  pa r t i a l -ox ida t ion  process is a h i g h l y  
versa t i le  m e t h o d  f o r  producing hydrogen and s y n t h e s i s  
g a s  f r o m  hydrocarbon f u e l s  ranging f r o m  n a t u r a l  g a s  t o  
u n m e r c h a n t a b l e  f u e l  o i l .  



H73 22607 STEAM-METHANE REFORMING 
Anon, ( F o s t e r  Wheeler  C o r p . ) ,  O i l  and  G a s  J o u r n a l ,  
V 63:111 Apr 5 ' 6 5 ,  Avai1:TAC 

Hydrogen r e q u i r e d  f o r  h y d r o c r a c k i n g  and  hydro- 
d e s u l f u r i z a t i o n ,  and f o r  t h e  p r o d u c t i o n  of p e t r o c h e m i c a l s ,  
may be o b t a i n e d  b y  t h e  s team-methane-reforming p r o c e s s .  

F e e d s t o c k s  used  i n  g e n e r a t i n g  hydrogen f o r  r e f i n e r y  
u s e  i n c l u d e  n a t u r a l  g a s ,  r e f i n e r y  g a s ,  p ropane ,  and bu- 
t a n e .  I n  t y p i c a l  a p p l i c a t i o n s  where  a s i n g l e  s h i f t  con- 
v e r t e r  i s  u s e d ,  hydrogen a t  a p u r i t y  i n  excess o f  95% 
i s  produced.  Carbon-oxides c o n t e n t  i s  less t h a n  1 0  ppm. 
(HYDROGEN, PRODUCTION, HYDROCRACKING, HYDRO-DESULFURIZA- 
TION, CONVERTER) 

H73 22608 HYDROGEN PRODUCTION AND LIQUEFACTION 
7 Newton, C.L., Chemical  and Process E n g i n e e r i n g ,  

V 48:51-8, D e c  67 
Reduced cost o f  l i q u i d  hydrogen p r o d u c t i o n  h a s  re- 

s u l t e d  t h r o u g h  t h e  i n t e g r a t i o n  o f  t h e  p l a n t  i n t o  a com- 
p l e x  o f  v a r i o u s  r e l a t e d  p r o d u c t s ,  which  takes a d v a n t a g e  
o f  t h e  e f f i c i e n t  u s e  o f  equipment ,  p e r s o n n e l ,  d i s t r i -  
b u t i o n  systems, l a n d  a r e a ,  etc. The s u p p l y  of hydrogen 
a s  r e c o v e r e d  f rom r e f i n e r y  off-gas or from improved 
s t eam-re fo rming  g e n e r a t o r s  h a s  a l s o  c o n t r i b u t e d  t o  
cost r e d u c t i o n s .  T h i s  a r t i c l e  d i s c u s s e s  p r o c e s s  d e v e l -  
opments  c o n c e r n e d  w i t h  l i q u i d  hydrogen p r o c e s s  i n c l u d i n g  
hydrogen g a s  p r o d u c t i o n ,  p u r i f i c a t i o n ,  l i q u e f a c t i o n ,  
o r t h o - t o - p a r a  c o n v e r s i o n ,  r e l a t e d  p r o d u c t s ,  l i q u i d  hydro-  
gen  d i s t r i b u t i o n ,  and s a f e t y .  
(REFINERY, STEAM REFORMING, COST, PROCESS, PURIFICATION, 
CONVERSION, DISTRIBUTION, SAFETY) 

H73 22609 PRODUCTION OF PURE H2 AND CO BY METHANE WASH 
Anon, Chemical  and  P r o c e s s  E n g i n e e r i n g ,  V 53:5 Mar 72 

A p r o c e s s  f o r  t h e  p r o d u c t i o n  o f  p u r e  hydrogen and 
c a r b o n  monoxide from n a t u r a l  g a s ,  r e f i n e r y  g a s ,  LPG, 
n a p h t h a ,  e tc .  -- and which c o u l d  be used  f o r  a d j u s t m e n t  
of t h e  cO/H2 s t o i c h i o m e t r i c  r a t i o  for 0x0 syngas  p l a n t s  -- 
h a s  been  d e v e l o p e d  b y  Linde .  
(NATURAL GAS, NAPHTHA, PROCESS, PURITY) 



H73 22610* ACETYLENE AND HYDROGEN FROM THE PYROLYSIS 
OF METHANE 
Happe l ,  J. and L. Kramer,  r n d u s t r i a l  and E n g i n e e r i n g  Chem- 
i s t r y ,  V 59:39-50 Ja 67 ,  ~ v a i l : T A C  

Though d i r e c t  s y n t h e s i s  o f  a c e t y l e n e  h a s  been  pur-  
sued  f o r  many y e a r s ,  u n d e s i r a b l e  p r o d u c t  i m p u r i t i e s  have  
p r e v e n t e d  g e n e r a l  a d o p t i o n  o f  t h e  s y n t h e s i s .  I n  t h i s  
r e p o r t ,  t h e  a u t h o r s  show t h a t  h i g h  y i e l d s  of r e l a t i v e l y  
uncon tamina ted  m i x t u r e s  o f  a c e t y l e n e  and hydrogen  are 
p o s s i b l e .  
(SYNTHESIS, PURITY, PROCESS, YIELD) 

H73 22611* OPTIMIZE HYDROGEN PRODUCTION BY MODEL 
Grove r ,  S.S. ,  Hydrocarbon P r o c e s s ,  49:109-11, Apr 70, 
Ava 11 : TAC 

Hand l ing  h e a t  t r a n s f e r ,  mass  t r a n s f e r  and r e a c t i o n  
k i n e t i c s ,  t h i s  model f i n d s  optimum o p e r a t i n g  c o n d i t i o n s  
f o r  hydrogen p r o d u c t i o n  b y  steam-methane r e f o r m i n g  which  
~ l o s e l y ~ a g r e e  w i t h  p i l o t  p l a n t  and comrnerc ia l 'da ta .  
(STEAM REFORMING, METHANE, KINETICS) 

H 7 3  22612 CASE HISTORY: FAILURES I N  A STEAM-METHANE 
REFORMER FURNACE 
N i s b e t ,  D.F., Hydrocarbon P r o c e s s ,  50: 103-5 May 71, 
Avai1:TAC 

A f t e r  4% years o p e r a t i o n  p r o d u c i n g  64 MMcfd of 
hydrogen ,  p i g t a i l  and s u b h e a d e r  f a i l u r e s  p r e s e n t e d  t h e  
most  problems.  
(HYDROGEN, PRODUCTION, PROCESS) 

H73 22613 PRODUCTION OF CONCENTRATED HYDROGEN FROM THE 
METHANE-HYDROGEN FRACTION OF PYROGAS 
Guse inova ,  Z .D . ,  Ya.R. V e l i e v ,  and Yu.G. Kambarov, Chem- 
i c a l  Technology F u e l s  and O i l s .  N7-8:574-5 JL-Aug 7 1  

The p r e s e n t  work i s  d e v o t e d  t o  o b t a i n i n g  hydrogen  
from t h e  methane-hydrogen f r a c t i o n  o f  p y r o g a s  by t h e  
a b s o r p t i o n  method. The work was per formed on a n  e x p e r i -  
m e n t a l  u n i t  w i t h  a  c a p a c i t y  of 10 c u  m. h r  of t h e  g a s  
produced .  The s t a r t i n g  f e e d  was t h e  methane-hydrogen frac- 
t i o n  f r m  a n  e x p e r i m e n t a l  g a s  s e p a r a t i o n  u n i t .  The 
s c h e m a t i c  of t h e  c o n c e n t r a t e d - h y d r o g e n  p r o d u c t i o n  u n i t  
is  shown. T e c h n o l o g i c a l  c o n d i t i o n s  f o r  t h e  p r o c e s s  are 
p r e s e n t e d  and methods of a n a l y s i s  f o r  g a s e s  c o n c e r n e d  



a r e  s u g g e s t e d .  
(ABSORPTION, SEPARATION, PROCESS, ANALYSIS) 

H73 22614 TECHNICAL HYDROGEN PRODUCTION FOR FERTILIZER 
INDUSTRY I N  I N D I A  
Mukher j ee ,  N.L., Chemical  Age I n d i a ,  V 21:166-73 N l  
J a  70 

commerc ia l  hydrogen p r o d u c t i o n  f o r  t h e  f e r t i l i z e r  
i n d u s t r y  i s  d i s c u s s e d  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  
t echno-economica l  a s p e c t s  and t h e  f u t u r e  growth i n  I n d i a .  
I n  t h e  p r e s e n t  c i r c u m s t a n c e s  o f  low c a p i t a l  r e s e r v e ,  i t  
i s  u n r e a s o n a b l e  t o  i n s t a l l  new coke oven p l a n t s  o n l y  
f o r  f e r t i l i z e r  p r o d u c t i o n .  A l t e r n a t i v e s  are t o  s w i t c h  
t o  t h e  c o n t i n u o u s  o x i d a t i o n  p r o c e s s  o f  w a t e r  g a s  pro-  
d u c t i o n  from c o a l  o r  coke ,  t o  f i n d  a n y  o t h e r  s u i t a b l e  
p r o c e s s  o f  c h e a p  and b u l k  s c a l e  hydrogen p r o d u c t i o n  from 
i n d i g e n o u s  raw m e t e r i a l ,  o r  t o  m a t e r i a l i z e  t h e  steam- 
i r o n  p r o c e s s  b a s e d  on t h e  f l u i d i z e d  bed t e c h n i q u e .  
(ECONOMY, OXIDATION, WATER, G?S ,  COKE, PROCESS) 

H73 22165 SYNTHESIS GAS PRODUCTION 
Anon. (Texaco Development C o r p . ) ,  F r e n c h  2,032,726 
( C l .  C  O ? u ) ,  Nov 27 ' 7 0 ,  Gennan Appl .  Fe 5 ' 6 9 ,  7  p  

T h i s  a p p l i c a t i o n  min imizes  o x i d a t i v e  e r o s i o n  o f  
t h e  b u r n e r  2nd s u p e r h e a t i n g  of t h e  g a s  m i x t u r e  a t  t h e  
n o z z l e .  The b u r n e r  c o n s i s t s  o f  a  number of c o n c e n t r i c  
t u b e s .  An B c o n t a i n i n g  g a s  i s  i n t r o d u c e d  t h r o u g h  t h e  
c e n t r a l  t u b e  and a  c o m b u s t i b l e  hydroca rbon  t h r o u g h  t h e  
a n n u l a r  s p a c e  be tween t h e  o u t e r  c o n c e n t r i c  t u b e s .  Par -  
t i a l  o x i d a t i o n  o f  t h e  hydrocarbon o c c u r s  i n  t h e  s p a c e  be- 
tween t h e  2  o u t l e t s  t o  g i v e  a m i x t u r e  o f  CO and H. I n  
a n  example ,  t h e  o x i d a t i o n  i s  conduc ted  a t  1 3 5 0 ~  and 85 
a t m o s p h e r e .  
(OXIDATION, SYNTHESIS) 

H73 22616 HYDROGEN AND CARBON MONOXIDE 
L i n d e ,  Hydrogen P r o c e s s ,  V 50:164 Nov 71, Avai1:TAC 

A p r o c e s s  f o r  t h e  p r o d u c t i o n  of p u r e  hydrogen and 
p u r e  c a r b o n  monoxide f rom n a t u r a l  g a s ,  r e f i n e r y  g a s ,  
l i q u i d  g a s ,  n a p h t h a ,  and o t h e r  hydroca rbons .  
( PURITY, NATURAL GAS, NAPHTHA, HYDROCARBONS ) 



H73 22617 POLUCHENIE VODORODA METODOM KATALITICHESKOI 
KONVERS I I BUTANA POD DAVLENIEM 
Le ibush ,  A.G., E.D. S h o r i n a ,  and B.D. A g r a n a t ,  Khimicheskaya 
Promyshlennos t  N7:20-5 J1 65,  ( I n  R u s s i a n )  

P r o d u c t i o n  o f  hydrogen by  c a t a l y t i c  c o n v e r s i o n  o f  
b u t a n e  u n d e r  p r e s s u r e ;  l a b o r a t o r y  i n v e s t i g a t i o n s  u n d e r  
p r e s s u r e  r a n g i n g  from 2 t o  2 1  a tmosphere ;  e f f e c t s  of 
m i x t u r e  o f  w a t e r  v a p o r  and  oxygen a r e  a l s o  c o n s i d e r e d  
i n  t h i s  p r p c e s s ;  emphas i s  i s  on f a c t o r s  a f f e c t i n g  c a r b o n  
b l a c k  f o r m a t i o n  d u r i n g  c o n v e r s i o n ;  t h e s e  f a c t o r s  are -- 
preven t ion - -o f  b u t a n e  d e c o m p o s i t i o n  b e f o r e  it c o n t a c t s  
c a t a l y s t  and r a p i d  h e a t i n g  o f  m i x t u r e  o v e r  750 C,  as soon 
as m i x t u r e  i s  i n  c o n t a c t  w i t h  c a t a l y s t .  
(CATALYST, PRESSURE, BUTANE) 

H73 22618 CENTRIFUGAL COMPRESSORS USED 
McLeod, W.J., and C.S. Smi th ,  ( S t a n d a r d  O i l  Co. o f  c a l i f . ) ,  
and N . J .  H a r i t a t o s ,  (Chevron Resea rch  C o . ,  Richmond, C a l i f . ) ,  
The O i l  and Gas J o u r n a l ,  Je 5 ' 7 2  

F i r s t  a p p l i c a t i o n  o f  a new d e s i g n - - d i r e c t  p r o d u c t i o n  
o f  h i g h - p r e s s u r e ,  h i g h - p u r i t y  hydrogen u s i n g  c e n t r i f u g a l  
compresso r s  coup led  w i t h  C 0 2  removal  by p h y s i c a l  abso rp -  
t i o n - - i s  c u r r e n t l y  u n d e r  c o n s t r u c t i o n  a t  S t a n d a r d  O i l  Co.  
of C a l i f o r n i a ' s  E l  Segundo, C a l i f . ,  r e f i n e r y .  

C a l l e d  Chevron h i g h - p r e s s u r e  hydrogen p r o d u c t i o n  
(CHPHP), t h e  p r o c e s s  was i n c o r p o r a t e d  i n t o  t h a t  r e f i n -  
e r y ' s  new hydrogen p l a n t  based  on s p e c i f i c a t i o n s  p r e p a r e d  
b y  Chevron Resea rch  Co.  

The t e c h n i q u e  i s  a p p l i e d  t o  t h e  s y n t h e s i s  g a s e s  
produced by  t h e  p a r t i a l - o x i d a t i o n  p r o c e s s  and t o  t h e  t w i n  
steam-methane r e f o r m i n g  u n i t .  
(PRESSURE, OXIDATION. REFORMING) 

H73 22619 HYDROGEN: SELAS CORP. OF AMERICA 
Anon, Hydrogen P r o c e s s ,  V 48:187, Nov 69,  Avai1:TAC 

A p r o c e s s  f o r  t h e  m a n u f a c t u r e  o f  h i g h - p u r i t y  
hydrogen from n a t u r a l  g a s ,  r e f i n e r y  g a s ,  propane ,  b u t a n e ,  
n a p h t h a ,  and s i m i l a r  hydroca rbons .  
(PRODUCTION, PURITY, NATURAL GAS, NAPHTHA, HYDROCARBON) 



H 7 3  2 2 6 2 0  MATHEMATICAL DESCRIPTION OF THE THERMAL CONTACT 
PROCESS FOR THE PRODUCTION QF HYDROGEN 

O p r i s h k o ,  A.A. ( G r o z n y  B r a n c n  of t h e  S c i e n t i f i c - R e s e a r c h  
I n s t i t u t e  for t h e  A u t o m a t i o n  of t h e  P e t r o c h e m i c a l  Indus-  
t r y ,  Soviet  U n i o n ) ,  B.K. A m e r i k ,  YLI.M. Z h o r o v ,  L.A. P a -  
shukskaya, and O.V. Y u k u n i n ,  C h e m i c a l  T e c h n o l o g y  F u e l s  
a n d  O i l s ,  N 3 - 4 : 2 0 6 - 8  M a r - A p r  7 0  

T h e  a i m  of t h e  p resent  a r t ic le  i s  t h e  d e v e l o p m e n t  
of a m a t h e m a t i c a l m o d e l  o f  a n e w  process f n  w h i c h  h y d r o -  
carbon vapors ( m e t h a n e ,  e t h a n e ,  e t h y l e n e ,  and a c e t y l e n e ) ,  
r i s i n g  u p w a r d s  i n  t h e  reactor, encounter  a d e s c e n d i n g  
f l o w  of g r a i n s  of a h e a t - t r a n s , E e r  a g e n t  ( a l u m i n u m  o x i d e )  
having a t e m p e r a t u r e  of 1400 t o  1 0 0 0  C. W i t h  h i g h - t e m -  
pera ture  d e c o m p o s i t i o n ,  h y d r o g e n  i s  f o r m e d  a n d  coke is  
d e p o s i t e d  on t h e  h e a t - t r a n s f e r  m e d i u m .  
(HYDROCARBON, DECOMPOSITION, COKE, MODEL) 

H 7 3  2 2 6 2 1  HYPRO; UNIVERSAL O I L  PRODUCTS CO. 
A n o n ,  H y d r o c a r b o n  P r o c e s s  a n d  P e t r o l e u m  R e f i n e r ,  V  4 4 : 2 2 7  
N o v  65 

For product ion  of h y d r o g e n  f r o m  r e f i n e r y  a n d / o r  
n a t u r a l  g a s  s t r e a m s .  
(REFINING, GAS) 

H 7 3  2 2 6 2 2  HYPRO PROCESS : UNIVERSAL O I L  PRODUCTS CO. 
A n o n ,  O i l  a n d  G a s  J o u r n a l ,  V  63:110 A p r  5 ' 65 ,  A v a i 1 : T A C  

T h e  H y p r o  P r o c e s s  o f f e r s  a c a t a l y t i c  m e t h o d  f o r  
c o n v e r t i n g  r e f i n e r y  or n a t u r a l - g a s  s t r e a m s  i n t o  h y d r o g e n  
a s say ing  a m i n i m u m  p u r i t y  of 93 vol  %. , 

H y p r o  increases t h e  h y d r o g e n - t o - c a r b o n  r a t i o  of t h e  
r e m a i n i n g  p e t r o l e u m  f r ac t ions  i n  a r e f i n e r y  w h e n  r e f i n e r y  
gas ,  t h e  p r o d u c t  m o s t  o f t e n  c o n s u m e d  as a p l a n t  f u e l ,  i s  
c h a r g e d  t o  i t .  T h i s  conserves t h e  r e m a i n i n g  p e t r o l e u m  
f rac t ions  f o r  convers ion i n t o  o t h e r ,  m o r e  v a l u a b l e  pro- 
d u c t s  or f o r  d i r e c t  sale.  H y p r o  b u r n s  carbon, t h e  least 
valuable f u e l  i n  t h e  r e f i n e r y .  
( PRODUCTION, HYDROGEN, CATALYST, NATURAL GAS, REFINERY) 

H 7 3  2 2 6 2 3  HYDROGEN PRODUCING SYSTEM 
M c C a r t n e y ,  D.E. and H.A. H a u s e r ,  ( t o  U n i v e r s a l  O i l  P r o -  
d u c t s  C o . ) ,  U.S. 3 , 3 1 4 , 7 6 1  ( C l .  2 3 - 2 1 3 ) ,  A p r  18 ' 6 7 ,  
A p p l .  J1 5 '63 ,  5 p  

A  c o n t i n u o u s  c a t a l y t i c  H  p r o d u c i n g  s y s t e m  by t h e  
d e c o ~ n p o s i t i o n  o r  c rack ing  of CH4 i s  described.  



(CATALYST, DECOMPOSITION, CRACKING, METHANE) 

H 7 3  2 2 6 2 4  A I R  AND GAS SEPARATION PLANTS 
G r i e s h e i m ,  M., (GmbH, C r y o g e n i c s  D i v . ,  F r ank fu r t  a m  M a i n ,  
3 0 0  H a n a u e r  L a n d s t r a s s e ,  W e s t  G e r m a n y ) .  

A i r  and gas  separa t ion  p l a n t s  ....... f o r  m a n u f a c -  
t u r e  of pure g a s e s  i n  bo th  t h e  l i q u i d  a n d  g a s e o u s  s ta te  
are described i n  a 71-page book. N u m e r o u s  p h o t o g r a p h s  
and d r a w i n g s  s h o w  m a n y  s c h e m e s  f o r  p r o c e s s i n g  c r u d e  
g a s e s  s u c h  as a i r ,  r e f i n e r y  gases, crack g a s ,  n a t u r a l  
g a s ,  w a t e r  ga s ,  and r e s i d u a l  gas i n t o  pure  h e l i u m ,  h y d r o -  
g e n ,  n i t r o g e n ,  m e t h a n e ,  acetylene,  e t h y l e n e ,  e t h a n e ,  etc. 
I n  a d d i t i o n  t o  t h e  process d e s c r i p t i o n s ,  t e c h n i c a l  da ta  
related t o  pu re  g a s e s  is p r e s e n t e d .  K e y  phys ica l  d a t a  
i s  t a b u l a t e d ,  vapor pressure curves are s h o w n  and t e m -  
perature e n t h a l p y  d a t a  are  d i a g r a m m e d  for t h e  p r i n c i p a l  
gases. 
(SEPARATION, PROCESS) 

H 7 3  2 2 6 2 5  MATHEMATICAL DESCRIPTION OF THE THERMAL- 
CONTACT PREPARATION OF HYDROGEN 
O p r i s h k o ,  A.A., B.K. A m e r i k ,  Yu.M. Z h o r o v ,  L.A. P a s k u d s k a y a ,  
O.V. Y a k u n i n ,  ( G r o z n .  F i l i a l  N I P 1  " N e f t e k h i m a v t o m a t , "  
G r o z n y ,  U S S R ) ,  K h i m .  T e k h n o l .  T o p l .  M a s e l ,  V  15:38-40 
N3 7 0 ,  ( I n  R u s s i a n )  

T h e  process of d e c o m p o s i t i o n  of a C H 4 - C ~ H G - C ~ H ~ - C ~ H ~  
m i x t u r e  i n  contact  w i t h  ~ 1 ~ 0 ~  h e a t  carriers w a s  des-  
cribed by  11 e q u a t i o n s  i n c l u d i n g  m a t e r i a l  a n d  t h e r m a l  
balances.  T h e  equa t ions  w e r e  resolved by t h e  R u n g e - K u t t a  
m e t h o d  a t  var ious  t e m p e r a t u r e s  of t h e  h e a t  car r ier  i n  
t h e  l o w e r  p a r t  of t h e  reactor a s  a f u n c t i o n  of t h e  reactor 
t e m p e r a t u r e .  
( IIECOMPOS I TION, HYDROCARBON, HEAT, REACTOR, EQUILIBRIUM, 

METHANE, TEMPERATURE ) 

H 7 3  2 2 6 2 6  AUTOMATIC CONTROL OF COMBINED METHANE AND 
CARBON MONOXIDE CONVERSION SECTION AT THE RUSTAVI CHEMICAL 
PLANT 
S e r g e e v a ,  S .L. ,  G.A. T u g u s h i ,  and E.V. P o r t u g i m o v ,  ( U S S R ) ,  
A v t o m a t .  N a r .  K h o z . ,  66, ( P u b .  69) ,  p 1 8 5 - 9 4 ,  ( I n  R u s s i a n )  , 
f r o m  R e f .  Z h . ,  K h i m .  69 ,  A b s t r a c t  No.  2 0 1 2 3 8  

C o n s u m p t i o n ,  d . ,  pressure,  and f l o w  t e m p e r a t u r e s  
of vapor, gas, 0, H 2 0 ,  and a i r  and t h e i r  m i x t u r e s  i n  var- 



i ous  phases  are t h e  p h y s i c a l  p a r a m e t e r s  c h a r a c t e r i z i n g  
t h e  oxidat ive  p r o d u c t i o n  of H  or H-N f m m  n a t u r a l  gas. 
(CONTROL, CONVERSION) 

H 7 3  2 2 6 2 7  PRODUCTION OF ACETYLENE, I T S  HOMOLOGS, AND 
TECHNICAL HYDROGEN FROM NATURAL GAS BY PLASMA J E T  SYN- 
T H E S I S  
V a l i b e k o v ,  Yu.V., and G.M. B o l o t o v ,  ( I n s t .  K h i m . ,  D u s h a n b e .  
U S S R ) ,  Izv. A k a d .  N a u k  T a d z h .  S S R ,  O t d .  F i z . - M a t .  G e o 1 . -  
K h i m .  N a u k ,  V  2 : 4 7 - 5 5  68, ( i n  R u s s i a n )  

A  m i x t u r e  of n a t u r a l  g a s  ( 9 0 %  CH4 a n d  6 .4% C2H6) 
a n d  A r  w a s  p a s s e d  t h r o u g h  a n  e lec t r i c  a rc  a n d  c o o l e d  
w i t h  a n  A r  s t r e a m  t o  g i v e  a gas  m i x t u r e  c o n t a i n i n g  H  
4 2 - 7 0 ,  CH4 4 - 4 2 .  O p e r a t i n g  cond i t ions  l e a d i n g  t o  for- 
m a t i o n  of C2H2 s i m p l e  h o m o l o g s  w e r e  s t u d i e d .  
(GAS, PLASMA, SYNTHESIS) 

H 7 3  2 2 6 2 8  PRODUCTION OF REDUCING GAS 
M i l n e r ,  G . ,  ( P o w e r - G a s  C o r p . ,  L t d . )  , B r i t i s h  1,149,114 
( C l .  C  l o g ) ,  A p r  16 '69,  A p p l .  Fe 2 4  ' 6 7 ,  8 p 

A gas  m i x t u r e  con t a in ing  H,  cO, and 5_12% v o l u m e  
C 0 2  a n d  H 2 0  vapor i s  p r e p a r e d  by ca ta ly t i c  s t e a m  re- 
f o r m i n g  of n a t u r a l  g a s  i n  a cyc l i c  process. 

H 7 3  2 2 6 2 9  STEAM REFORMING OF HYDROCARBON FEEDSTOCKS 
T a l b e r t ,  S., (Lummus  C o . ) ,  G e r m a n  O f f e n .  2 , 0 2 2 , 0 7 6  
( C l .  C  l o g ) ,  N o v  19  ' 7 0 ,  U.S. A p p l .  M a y  8 '69,  14 p 

G a s  c o n t a i n i n g  8 2 - 9 4 %  H  + CO a t  a 3 : l  t o  4 : l  
H-CO m o l a r  r a t i o  is  o b t a i n e d  a n d  t h e  f o r m a t i o n  of C  
m i n i m i z e d  by s t a g e w i s e  r e f o r m i n g  of n a t u r a l  gas  a t  a 
s t e a m - f e e d s t o c k  C  r a t i o  of less t h a n  2 : l  a t  t h e  f i rs t  
s t a g e  a n d  b e l o w  t h i s  proport ion i n  t h e  overall  balance. 
T h e  preferable r a t io s  are 2 . 2 - 2 . 6 : l  and 1 . 2 - 1 . 5 : 1 ,  
respect ively .  
(STEAM, REFORMING, HYDROCARBON) 

H 7 3  2 2 6 3 0  SYSTEM EMPLOYING COAL AS FUEL I N  A  STEAM 
REFORMER 
S t o t l e r ,  H.H., ( H y d r o c a r b o n  R e s e a r c h ,  I n c .  a n d  U n i t e d  
S t a t e s  D e p t .  of t h e  I n t e r i o r ) ,  U.S.  3 , 5 5 1 , 1 2 3  ( C l .  48-94: 
B O l j ,  C  O l b ,  F  2 3 i ) ,  D e c  2 9  ' 7 0 ,  A p p l .  O c t  18 ' 68 ,  4 p 

C o a l - d e r i v e d  h o t  f l u e  g a s  i s  u s e d  as  t h e  h e a t i n g  
g a s  i n  a H - p r o d u c i n g  s t e a m  r e f o r m e r .  

(COAL, FUEL, REFORMING) , 



H 7 3  2 2 6 3 1  DEVELOPMENT OF HYDROGEN PREPARATION PROCESSES 
S t e z h e n s k i i ,  A . I . ,  I . A .  M a k a r o v ,  and Yu.G. P r a z h e n n i k ,  
( I n s t .  G a z a ,  K i e v ,  U S S R ) ,  N e f t e p e r e r a b ,  N e f t e k h i m ,  K i e v ,  

N 3 : 1 0 7 - 1 6  69, ( i n  ~ u s s i a n )  
0 

T h e  m e c h a n i s m  of h i g h  t e m p e r a t u r e  ( 1 2 5 0 - 7 0  ) oxi- 
d a t i o n  of CH4 w i t h  0 i s  d i s c u s s e d  on t h e  basis  of calcu- 
l a t i o n s  f r o m  e x i s t i n g  data .  T h e  e f fec t  of pressure and 
condi t ions  for t h e  nondeposit ion of C  d u r i n g  t h e  react ion 
w e r e  d e t e r m i n e d  and are considered w i t h  reference t o  
t h e  p e r f o r m a n c e  of i n t e r n a l - c o m b u s t i o n  e n g i n e s  and gas  
t u r b i n e s  . 
(TEMPERATURE, COMBUSTION) 

H 7 3  2 2 6 3 2  CATALYTIC PREPARATION OF HYDROGEN AND CARBON 
BLACK FROM NATURAL GAS I N  A  BALL M I L L  
Pat r ikeev,  V.V., N. Z .  K o t e l k o v ,  and O.G. K h t e r a n o v i c h ,  
( S a r a t o v .  S e l ' s k o k h o z .  I n s t . ,  S a r a t o v ,  U S S R ) ,  Z h .  P r i k l .  
K h i m . ,  L e n i n g r a d ,  V 4 3 : 1 3 7 7 - 8 0  N6  7 0 ,  ( i n  R u s s i a n )  

H  and carbon black w e r e  prepared f r o m  n a t u r a l  g a s  
i n  a 1.5-1. c y l i n d r i c a l  s t e e l  b a l l  m i l l  h e a t e d  by an  
e lec t r ic  m u F f l e  f u rnace  and ro ta ted  by t h e  e l ec t r i c  m o t o r .  
(CATALYST, GAS ) 

H 7 3  2 2 6 3 3  SIMULTANEOUS MANUFACTURE O F  HYDROGEN AND OF 
A  HYDROGEN-CARBON MONOXIDE MIXTURE 
A n o n ,  ( S e l a s  of A m e r i c a ,  N e d e r l a n d )  N.V. F r e n c h  1 , 5 5 9 , 1 4 2  
( C l .  C  O l b ) ,  M a r  7  '69, N e t h e r l a n d i s h  A p p l .  Ja 1 2  '68, 
7 P 

A  m i x t u r e  of s t e a m ,  C 0 2 ,  and h y d r o c a r b o n s  is sub- 
jected t o  c a t a l y t i c  r e f o r m i n g  and t h e  g a s  m i x t u r e  oBtained 
i s  d i v i d e d  i n t o  2 s t r e a m s .  T h e  1st s t r e a m  i s  p a r t i a l l y  
l i q u e f i e d  t o  g i v e  a g a s  p h a s e  of H, and a l i q u i d  p h a s e  
of CO, t h u s  p roduc ing  t e c h n i c a l l y  pure  H. T h e  CO f r a c t i o n  
i s  m i x e d  w i t h  t h e  2 n d  s t r e a m  t o  g i v e  t e c h n i c a l l y  p u r e  
CO-H . 
(STEAM, CATALYST, REFORMING) 

H 7 3  2 2 6 3 4  HYDROGEN 
A n o n , ( U n i t e d  A i r c r a f t  C o r p . ) ,  N e t h e r l a n d i s h  A p p l .  6 , 6 0 9 , 3 7 6  
( C l .  C  O l b ) ,  Fe 6 ' 6 7 ,  U.S. A p p l .  A u g  3 '65,  14 p 

N e a r l y  pure H  i s  m a d e  c a t a l y t i c a l l y  from h y d r o c a r b o n s  
and H 2 0  vapor. N i ,  C o ,  or P t  are used as  catalysts .  A  
m i x t u r e  of t h e  h y d r o c a r b o n s  a n d  H 2 0  vapor contacted w i t h  
t h e  ca ta lys t ,  t h u s  p r o d u c i n g  C 0 2 ,  CO, and H. 
(PURITY,  CATALYSIS,  HYDROCARBON, WATER, MEMBRANE, TEMPER- 

ATURE) 



H 7 3  2 2 6 3 5  SYNTHESIS GAS MANUFACTURE 
G a r v i e ,  J.H., C h e m i c a l  Process E n g i n e e r i n g ,  V 4 8 : 5 5 - 6 2  
N 1 1  6 7 ,  ( i n  ~ n g l i s h )  

T h e  e c o n o m i c a l l y  feasible  m e t h o d s  for t h e  prepara- 
t i o n  of s y n t h e s i s  gas f o r  t h e  p r o d u c t i o n  of NH3 are eval- 
ua t ed .  T h e  N  i s  o b t a i n e d  f r o m  a i r  s e p a r a t i o n  o r  i n t r o -  
d u c e d  a s  a i r  i n  t h e  p r e p a r a t i o n  of H. T h e  m e t h o d s  of H 
p r o d u c t i o n  i n c l u d e  t h e  r e f o r m i n g  of d e s u l f u r i z e d  g a s e o u s  
h y d r o c a r b o n  f e e d s t o c k s  i n  t h e  C3-4  r a n g e , .  t h e  CO conver- 
s i o n  of any C - c o n t a i n i n g  feedstock, and t h e  p a r t i a l  oxi- 
d a t i o n  of feedstocks r a n g i n g  f r o m  n a t u r a l  gas  t o  f u e l  or  
c r u d e  o i l .  R e f o r m i n g  is m o r e  e c o n o m i c a l  t h a n  p a r t i a l  
o x i d a t i o n  f o r  t h e  s a m e  f e e d s t o c k ,  b u t  t h e  a d v a n t a g e s  of 
t h e  price d i f f e r e n t i a l  from t h e  use  of h e a v i e r  f e e d s t o c k s  
m a y  g i v e  t h e  p a r t i a l  oxida t ion  an e c o n o m i c  a d v a n t a g e .  
(AMMONIA, STEAM REFORMING, HYDROCARBON, CONVERSION, 
PARTIAL OXIDATION, ECONOMY) 

H 7 3  2 2 6 3 6  HYDROGEN BY STEAM-METHANE REFORMING 
H a b e r m e h l ,  R.H., a n d  K.A. A t w o o d ,  ( C a t a l y s t s  a n d  Chem- 
ica ls  I n c . ) ,  U.S. 3 , 3 8 2 , 0 4 5  ( C l .  2 3 - 2 1 3 ) ,  M a y  7  '68 ,  
A p p l  M a y  1 0  '65 ,  6 p 

I n  t h e  t i t l e  process, 2  stages of s h i f t  convers ion 
are u s e d  w i t h o u t  i n t e r v e n i n g  C 0 2  r e m o v a l .  
(STEAM, REFORMING, CONVERSION) 

H 7 3  2 2 6 3 7  PRODUCTION OF HYDROGEN-RICH GASES 
H e b d e n ,  D., a n d  K . J .  H u m p h r i e s ,  ( G a s  C o u n c i l ) ,  B r i t i s h  
1,063,464 ( C l .  C  l o g ) ,  M a r  3 0  ' 67 ,  A p p l .  M a r  1 3  '64,  4 p 
A d d i t i o n  t o  B r i t i s h  895,038 (CA 57,  2 5 2 0 d )  

H - r i c h  g a s e s  are prepared by t r e a t m e n t  of a C 3  h y d r o -  
carbon vaporizable a t  a t m o s p h e r i c  p r e s s u r e  a n d  250°  
w i t h  s t e a m .  
(HYDROCARBON, STEAM) 

H 7 3  2 2 6 3 8  REACTIONS OF N-BUTANE, ETHYLENE, AND 1-BUTENE 
WITH STEAM OVER A SILICA-SUPPORTED NICKEL CATALYST I N  
THE TEMPERATURE RANGE 3 7 0 - 4 5 0  
M o r i t a ,  Y , ,  M.  S a i t o .  and M. T o k u n o ,  ( D e p .  A p p l .  Chem.,  
W a s e d a  U n i v . ,  T o k y o ,  J a p a n ) ,  Mem. S c h .  Sci.  E n g . ,  W a s e d a  
U n i v .  N 3 4 : 1 2 5 - 3 6  70, ( i n  E n g l i s h )  

0 
S t e a m  r e f o r m i n g  of 8.4:l H20-C4H10 m i x t u r e  a t  3 7 0  

over a N i / s i l i c a  g e l  c a t a l y s t  g a v e  CH4, H, a n d  C 0 2  i n  
e s s e n t i a l l y  t h e o r e t i c a l  d i s t r i b u t i o n .  
(REACTION, STEAM, REFORMING) 



H73 22639" HYDROGEN GENERATION FROM NATURAL GAS WITH 
HEAT FROM NUCLEAR REACTOR 
K u g e l e r ,  K . ,  B e r l i n  ~ e r n f o r s c h u n g s a n l a g e  ~ u e l i c h  68,  
J U E L - ~ ~ ~ - R G ,  27 p,  ( ~ e r m a n ) ,  Avai1:Germany 

Using t h e  h e a t  from a n u c l e a r  r e a c t o r ,  a method f o r  
p r o d u c t i o n  o f  H by  t h e  r e a c t i o n  o f  CH4 w i t h  s t eam i s  de-  
s c r i b e d .  The r e a c t a n t 8  w e r e  f e d  i n t o  t h e  r e a c t o r  a t  70 
a tmosphere  and 750-950 . The o v e r a l l  p r e s s u r e  i n  t h e  
chamber dropped t o  30 a t m o s p h e r e  and t h e  t e m p e r a t u r e  t o  

0 
400-750 . Thermodynamic c o n s i d e r a t i o n s  o f  t h e  e n e r g y  b a l -  
a n c e  o f  t h e  s s t e m  are g i v e n .  The CH4 d i f f u s i o n  r t e  

5 Y 3 Yas 
2.45 X 10 m. / h r . ,  t h e  CH4 u s e  rate  was 1.90 X 10 m. / h r . ,  

5 
and t h e  H p r o d u c t i o n  rate was 7.12 X 10  m. / h r .  ( y i e l d :  
69.5%). S t a t i s t i c a l  d a t a  from t h e  v i e w p o i n t  o f  t h e  pro-  
d u c t i o n  c o s t  are d i s c u s s e d .  
(NUCLEAR, HEAT, REFORMING) 

H73 22640 HIGH-TEMPERATURE HYDROCARBON REFORMING FURNACE 
Von W i e s e n t h a l ,  P. ,  ( A l c o r n  Combust ion C o . ) ,  F rench  
1 ,538 ,588  ( ~ 1 .  C O l b ) ,  S e p t  6  ' 6 8 ,  Appl .  J1 21 ' 6 7 ,  4  .p  

I n  t h e  r e fo rming  o f  hydroca rbon  m i x t u r e s  w i t h  H 2 0  
and (o r )  C02 t o  p roduce  H and  CO, combus t ion  a i r  i s  p re -  
h e a t e d  b y  i n d i r e c t  exchange  w i t h  a com.  h e a t  t r a n s f e r  
f l u i d  which has  been  c i r c u l a t e d  t h r o u g h  t u b e s  i n  t h e  
c o n v e c t i o n  s e c t i o n  o f  t h e  f u r n a c e .  
(TEMPERATURE, REFORMING) 

H73 22641 HYDROGEN FROM METHANE: 
Hayes,  J . C . ,  ( t o  U n i v e r s a l  O i l  P r o d u c t s  C o . ) ,  U.S. 3 ,379,504 
(C l .  23-212) ,  Apr 23 '68, Appl .  M a r  26 ' 6 5 ,  5  p 

I n  t h e  p r o d u c t i o n  o f  H by  c a t a l y t i c  decompos i t ion  o f  
CH4 w i t h  a f l u i d i z e d  bed of Ni-A1203 as c a t a l y s t ,  c l i n k e r  
f o r m a t i o n  d u r i n g  s t a r t - u p  i s  i n h i b i t e d  by p r e h e a t i n g  
and  d r y i n g  t h e  c a t a l y s t ,  and i n i t i a l l y  s u b j e c t i n g  t h e  d r y  
c a t a l y s t  t o  r e d u c t i o n  w i t h  a g a s  m i x t u r e  c o n t a i n i n g  less 
t h a n  o r  e q u a l  t o  25% f r e e  H, e .g .  CH4 + N. 
(METHANE, CATALYST) 

H73 22642 GENERATION OF HYDROGEN FROM HYDROCARBON GASES 
BY STEAM-OXYGEN CONVERSION I N  A FLUIDIZED BED UNDER PRESSURE 
Sechenov,  G.P., V.S. A l ' t s h u l e r ,  and L.D. Leonova, ( I n s t .  
Goryuch. I s k o p . ,  Moscow, USSR), N e f t e p e r e r a b ,  Neftekhim.,  
Moscow, N7:21-4 68,  ( i n  R u s s i a n )  

L a b o r a t o r y  s t u d y  o f  2 - s t a g e  g e n e r a t i o n  of H from C H ~  
( n a t u r a l  g a s )  was c a r r i e d  o u t  i n  2  f l u i d i z e d  bed reactors. 



H 7 3  2 2 6 4 3  PREPARATION OF HYDROGEN 
Morida, Y.,  ( W a s e n d a  U n i v . ,  T o k y o ) ,  K a g a k u  K o j o ,  V 1 1 : l l - 1 7  
N 1 2  67, ( ~ a p a n )  

preparat ion of H, by p a r t i a l  oxidat ion of h y d r o -  
carbons i s  discussed.  I n  t h e  con tac t  process, n a t u r a l  
g a s  a n d  naphthas  are used as feeds i n  the  presence of a 

0 
c a t a l y s t  ( e . g . ,  N i )  a t  7 5 0 - 9 0 0  . I n  t h e  t h e r m a l  process, 
h e a v y  o i l s  a n d  c r u d e  o&ls are used as feeds w i t h o u t  
c a t a lys i s  a t  1300-1500 . T h e  I . C . I .  process and t h e  
T e x a c o  process are  described w i t h  f l o w  d i a g r a m s  t o  i l l u s -  
t r a t e  contact and t h e r m a l  processes, respect ively.  
(PARTIAL OXIDATION, HYDROCARBON, NATURAL GAS, NAPHTHA, 
CATALYST, HEAT) 

H 7 3  2 2 6 4 4  THE MANUFACTURE OF HYDROGEN BY REFORMING 
REFINERY GASES 
R a d a n c e v i c ,  M., ( P e t r o l e u m  R e f i n e r y  B o s a n s k i  B r o d ,  
~ r o s a n s k i  B r o d ,  Y u g o s l a v i a )  , N a f t a ,  Z a g r e b ,  V  1 8 : 5 2 9 - 3 2  
N 1 1  67 ( C r o a t i a n )  

T h e  p r o d u c t i o n  of pure H is  achieved by t h e  c a t a l y t i c  
s t e a m  r e f o r m i n g  of a m i x t u r e  of H 41.09, CH425.82,  C2H6 
2 7 . 5 4 ,  C3H85.31, a n d  C4H100.24 V O ~ .  %. 
(CATALYST, REFORMING) 

H 7 3  2 2 6 4 5  AMMONIA SYNTHESIS GAS 
G r e e n ,  R.V., ( d u  P o n t  d e  N e m o u r s ,  E .  I., and Co.  ) , U.S . 
3 , 5 8 4 , 9 9 8  ( C l .  2 3 - 1 9 9 ;  C  Olcb, B  O l j ) ,  J e  15 ' 7 1 ,  A p p l .  
J1 3  '68 ,  4 p 

T h e  u s u a l  p r i m a r y  r e f o r m e r  u sed  i n  preparing NH3- 
s y n t h e s i s  g a s  is  e l i m i n a t e d  by p r e h e a t i n g  t h e  a i r ,  s t e a m ,  
a n d  n a t u r a l  g a s  t o  1 5 0 0 - 2 0 0 0 ' ~  a n d c a u s i n g  t h e m  t o  react 
i n  a secondary type r e f o r m e r  c o n t a i n i n g  a convent ional  
N i - b a s e  ca ta lys t .  T h e  r e f o r m e r  i s  operated a t  1500 psig;  
u s u a l l y  300-500 p s i g .  

(AMMONIA, REFORMING) 

H 7 3  2 2 6 4 6  CATALYTIC DECOMPOSITION OF METHANE FOR THE 
PRODUCTION OF HYDROGEN 
V e s e l o v ,  V.V., V.T. K h a r l a m b o v a ,  N.A. K o v a l e n k o ,  K.M. 
P r o s h c h e r u k ,  a n d  P .S .  S a v c h u k ,  ( I n s t .  G a z a ,  K i e v ,  U S S R ) ,  
N e f t e p e r e r a b ,  N e f t e k h i m ,  K i e v ,  N2: 1 3 7 - 4 8  6 7 ,  ( R u s s i a n )  

A  series of ca t a lys t s  su i t ab l e  for t h e  d e c o m p o s i t i o n  
of CH4 t o  H w a s  evaluated i n  tes ts  u s i n g  a n a t u r a l  gas  
c o n t a i n i n g  CH493-5, N  3.5-4.5, a n d  C2Hg 1.5-2.5%. 
(CATALYST, METHANE, DECOMPOSITION) 



H73 22647 HYDROGEN FROM METHANE AND WATER 
G u e r r i e r i ,  S.A., (Lummus Co.),  French 1,503,018 ( C l .  C 
Olb, H O l m )  , Nov 24 '67,  U.S. Appl. Nov 12 '65,  6 p 

A p o r t a b l e  H g e n e r a t o r  f o r  use  i n  connect ion wi th  
f u e l  c e l l s  i s  desc r ibed .  The H i s  prepared b y  steam- 
reforming o f  p r a c t i c a l l y  S - f r ee  h drocarbons,  which are 
mixed w i t h  H20 and hea ted  760-870 . The r e a c t i o n  pro- 
d u c t s  are u t i l i z e d  t o  r e h e a t  t h e  mixture  and pure  H i s  
s epa ra t ed  i n  a d i f f u s i o n  c e l l  based on Pd a l l o y s .  S u i t -  
a b l e  hydrocarbons are CH4, n a t u r a l  gas ,  l i q u i d  petroleum 
gases ,  e t c .  
(WATER, GENERATOR, HYDROCARBON) 

H73 22648 CATALYTIC DISSOCIATION OF HYDROCARBONS 
Anon, (Badische An i l i n -  und Soda Fabr ik  A.-G. ) ,  French 
1,548,421 ( C l .  C O lb ) ,  Dec 6 '68,  German Appl. Sep t  5 
'66 ,  5 p 

CO and H a r e  produced from gaseous or  vapor i zab le  
hydrocarbons by a f l ame le s s  c a t a l y t i c  p rocess  w i thou t  
format ion of carbon b l a c k  and w i t h o u t  abnormal i n -  
c r e a s e  of t empera ture  of t h e  c a t a l y s t ,  by us ing  a two- 
s t e p  p roces s ,  w i th  a c a t a l y s t  comprising a mech. Pt-Ni 
mix ture .  
(CATALYST, GAS) 

H73 22649 KINETICS OF PROPANE CRACKING I N  FLUIDIZED 
BED REACTORS 
Bach. G . ,  and S. Nowak, (Deut. Akad. Wiss. B e r l i n ) ,  
Chemical Tech., B e r l i n ,  V 19:161-6 N3 67, ( i n  German) 

The p y r o l y s i s  of pure  propane w a s  determined i n  
a vacuum appa ra tus  (diagram given)  w i t h  a uniform q u a r t z  
sand r e a c t o r .  Curves a r e  given f o r  t h e  d e c r e a s e  i n  
C3H8 concen t r a t i on  and i n c r e a s e  i n  C2H4, CH4, H, and C3H6. 
(KINETICS, PYROLYSIS) 

H73 22650 PRODUCTION OF HYDROGEN-CONTAINING GASES 
FROM HYDROCARBONS 
Vorum, D.A., ( t o  Pullman I n c . ) ,  U.S. 3,278,452 ( C l .  252- 
376) ,  O c t  11 '66,  ~ p p l .  D e C  24 '59,  8 p '  

P rev ious  p roces ses  used t o  produce H from CHq and 
h ighe r  hydrocarbons g e n e r a l l y  involve  p a r t i a l  o x i d a t i o n  
( a s  shown i n  r e a c t i o n s  1, 2 ,  and 3 ) ,  steam-reforming 
process  ( 4  and 5 ) .  or a combination method. Combined 
p a r t i a l - o x i d a t i o n  and steam-reforming p roces ses  have 
advantages  over e i t h e r  p roces s  a lone  by v i r t u e  of us ing  



h e a t  evolved i n  p a r t i a l - o x i d a t i o n  t o  supply  a t  l e a s t  p a r t  
of  t h e  h e a t  r equ i r ed  f o r  steam-reforming, t he reby  c u t t i n g  
f u e l  c o s t s  and pe rmi t t i ng  o p e r a t i o n  w i t h  f eeds  conta in-  
ing r e l a t i v e l y  l a r g e  amounts o f  hydrocarbons. 
(HYDROCARBON, REFORMING) 

H73 22651 ECONOMICS OF PRODUCING HYDROGEN FROM GASEOUS 
FEEDSTOCK 
Chernyi ,  Yu.I . ,  Chemical Technology F u e l s  & O i l s ,  V 7:673- 
677 ~ 9 - 1 0 ,  Sept-Oct 71 

E x i s t i n g  methods o f  producing hydrogen a r e  analyzed 
from economic p o i n t  of view. The most economical p rocess  
of  hydrogen produc t ion  from gaseous f eed  a t  a  r e f i n e r y  has 
been shown t o  be  t h e  thermal decomposi t ion on f ixed  pack- 
ing .  However, t h i s  p rocess  cannot  b e  recommended a t  pre-  
s e n t  f o r  wide use ,  s i n c e  it has n o t  been s u f f i c i e n t l y  de- 
veloped i n d u s t r i a l l y ,  t h e  most e f f e c t i v e  i s  convers ion w i t h  
s team,  which i s  more advantageous i n  terms of energy con- 
sumption, investment ,  and produc t ion  c o s t  t han  convers ion 
w i t h  oxygen. I n  terms of t h e  c u r r e n t  consumption charac- 
t e r i s t i c s  and investment ,  t h e  p roces s  of  metal-steam con- 
v e r s i o n  i n  a moving c o n t a c t  bed is  most advantageous. 
(ECONOMICS, HYDROGEN, GAS, THERMAL, DECOMPOSITION) 



H 7 3  23000* PROCESS FOR PRODUCING HYDROGEN FROM WATER 
USING AN ALKALI METAL 
M i l l e r ,  A.R., H. J a f f e ,  U.S. P a t .  3 . 4 9 0 . 8 7 1  Ja 20 ' 7 0 ,  
A v a i 1 : T A C  

A process f o r  p r o d u c i n g  h y d r o g e n  g a s  f r o m  w a t e r  i n -  
v o l v i n g  t h e  react ion of an a l k a l i  m e t a l ,  preferably 
c e s i u m  and coater t o  produce h y d r o g e n  g a s  and an a l k a l i  
m e t a l - o x y g e n  c o m p o u n d  and thereafter t h e  a l k a l i  m e t a l -  
oxygen c o m p o u n d  i s  regenera ted  and recycled for reduc- 
t i o n  of a f u r t h e r  q u a n t i t y  of w a t e r .  
(REDUCTION, REGENERATION, RECYCLE) 

H 7 3  2 3 0 0 1  PROCESS O F  SUPPLYING HYDROGEN TO A  FUEL 
CELL WITH BOROHYDRIDE ADDUCT 
H o g s e t t ,  J .N. ,  ( t o  U n i o n  C a r b i d e  C o r p . ) ,  U.S .  3 , 3 7 4 , 1 2 1  
( C l .  1 3 6 - 8 6 ) ,  M a r  19  '68, A p p l .  N o v  2 7  '64,  14 p 

H  is g e n e r a t e d  for  f u e l  ce l ls  by c o n t a c t i n g  adducts 
of m e t a l  borohydride and o r g a n i c  N c o m p o u n d s  ( d i a r n i n o -  
a lkanes,  po lya lkylenes ,  p o l y a m i n e s ,  t r i a z i n e s ,  te t razenes ,  
h e t e r o c y c l i c s ) .  
(PROCESS, HYDRIDE) 

H 7 3  2 3 0 0 2  METHOD O F  AND PLANT FOR THE U T I L I Z A T I O N  O F  
NUCLEAR ENERGY 
A n o n ,  ( t o  K e r n f o r s c h u n g s a n l a g e  J u l i c h  G e s e l l s c h a f t  M i t  
B e s c h r a n k t e r  H a f t u n g ) ,  B r i t i s h  P a t e n t  1 , 2 2 5 , 0 1 4 ,  M a r  1 7  
' 7 1 ,  P r i o r i t y  date Fe  1 7  ' 6 7 ,  G e r m a n y  

H y d r o g e n  product ion by process hea t  reactor, m e t h o d  
for des ign  w i t h  m e a n s  for production of hydrogen by 
react ion of m e t a l  oxide,  s t e a m  and carbon m o n o x i d e .  
(HYDROGEN, PRODUCTION, DESIGN, STEAM, REACTOR, PROCESS, 
HEAT) 

H 7 3  2 3 0 0 3  HYDROGEN GENERATION FOR FUEL CELLS 
L a f y a t i s ,  P.G., and J . E .  R o t h f l e i s c h ,  ( U n i o n  C a r b i d e  C o r p . ) ,  
U.S. 3 , 4 5 8 , 2 8 8  ( C l .  2 3 - 2 8 2 ;  B O l j ) ,  J1 2 9  '69,  A p p l .  D e c  28 
'65,  5 p 

A  portable, s e l f - c o n t a i n e d  apparatus f o r  H2 g e n e r -  
a t i o n  for  f u e l  c e l l s  by t h e  h y d r o l y s i s  of a m e t a l  boro- 
hydr ide  by an i n o r g a n i c  acid is  described. 
(FUEL CELL,  HYDRIDE) 



H 7 3  2 3 0 0 4  EVALUATION OF STORABLE PROPELLANT REFORMING 
FOR USE I N  EMERGENCY L I F E  SUPPORT SYSTEM DESIGN 
W r i g h t ,  L.O., ( N a t i o n a l  A e r o n a u t i c s  a n d  Space A d m i n i s t r a -  
t i o n ,  L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 7 1 - 2 9 9 0 3 ,  
(NASA-TM-X-2321: E - 5 5 2 0 ) .  A v a i 1 : N T I S  CSCL 0 6 K ,  W a s h -  
i ng ton ,  J1 71, 35 p, refs  

T h e  s torable  p rope l l an t s  A e r o z i n e - 5 0  and n i t r o g e n  
te t roxide ( N 2 0 4 )  are e v a l u a t e d  as  sources of hydrogen, 
o x y g e n ,  potable w a t e r ,  and h e a t  f o r  u se  i n  an  e m e r g e n c y  
l i f e  support s y s t e m .  R e s u l t s  of t h e s e  laboratory s t u d i e s  
ind ica te  t h e  f e a s i b i l i t y  of s t e a m  reforming A e r o z i n e - 5 0  
t o  o b t a i n  h y d r o g e n  r i c h  g a s .  
(HYDROGEN, PRODUCTION, STEAM-REFORMING, PURITY, CRYOGENIC, 
OXYGEN ) 

H 7 3  2 3 0 0 5  HYDROCYANIC ACID AND HYDROGEN FROM ACETONITRILE 
AND AMMONIA 
A n o n ,  ( D e u t s c h e  G o l d -  und S i l b e r - S c h e i d e a n s t a l t  v o r m .  
R o e s s l e r ) ,  F r e n c h  D e m a n d e  2 , 0 1 4 , 5 2 3 ,  A p r  17 ' 70 ,  G e r m a n  
A p p l .  J1 6 '68  

MeCN and NH3 are p a s s e d  over  a c a t a l y s t  c o n t a i n i n g  
50-80 atmospheric % A 1  or Mg a n d  P t  d e p o s i t e d  on A 1 2 0 3  
a t  1100-1300 i n  a s i n t e r e d  A 1  0 t u b u l a r  reactor. T h e  

2  3 .  m i x t u r e  i s  r ap id ly  h e a t e d  and rap ld ly  c o o l e d  t o  g i v e  a 
m i x t u r e  c o n t a i n i n g  HCN and H.  T h e  y i e l d  of HCN i s  about 
150 w e i g h t  % based on MeCN. 
(AMMONIA, REACTION) 

H 7 3  2 3 0 0 6  SELF-REGULATING HYDROGEN GENERATOR 
H a r m ,  R.L. ,  ( G e n e r a l  E l e c t r i c  C o . ) ,  U.S.  3,453,086, J1 1 
'69 ,  A p p l .  O c t  1 2  ' 6 5  

T h i s  a p p l i c a t i o n  u s e s  t h e  c o n t a c t i n g  of a l i q u i d  
reactant  w i t h  a s o l i d  one. 
(LIQUID, GENERATOR) 

H 7 3  2 3 0 0 7  PROCESS FOR SUPPLYING HYDROGEN AND OXYGEN 
TO FUEL CELLS 
V a h l d i e c k ,  N.P.,  ( U n i o n  C a r b i d e  C o r p . ) ,  F r e n c h  1 , 4 8 2 , 6 2 8 ,  
May  2 6  ' 6 7 ,  U.S.  A p p l .  J e  10 ' 6 5  

E x h a u s t  H  f r o m  t h e  anode i s  burned t o  p r o v i d e  par t  
o r  a l l  of t h e  h e a t  r e q u i r e d  t o  operate an  NH3 c r ack ing  
u n i t  o r  a h y d r o c a r b o n  r e f o r m e r  t o  m a k e  crude H. 
(ELECTROLYSIS,  HEAT, AMMONIA, CRACKING, HYDROCARBON, 
REFORMER, OXYGEN) 



H73 23008 PORTABLE HYDROGEN GENERATOR 
Knor re ,  H., and K. S t e p h a n .  ( ~ e u t s c h e    old- und S i l b e r -  
S c h e i d e a n s t a l t  Vorm. R o e s s l e r ) ,  G e n a n  1,251,723,  O c t  1 2  
' 6 7 ,  Appl .  D e c  2  ' 6 4  

The g e n e r a t o r  i s  composed o f  a  c y l i n d r i c a l  c a p s u l e  
c o n t a i n i n g  h y d r i d e  i n  t h e  lower  h a l f  and a  d r y i n g  a g e n t  
i n  t h e  upper .  

(GENERATOR, HYDRIDE ) 

H73 23009 HYDROGEN PRODUCTION FOR FUEL CELLS 
Bocard ,  J .P . ,  R.L. H a r v i n ,  and B . J .  Mayland, U.S. 3 ,469,944,  
S e p t  30 ' 6 9 ,  Appl .  Ja  3 1  ' 6 4  - May 13 ' 6 8  

A p r o c e s s  f o r  p r e p a r i n g  H s u i t a b l e  f o r  u s e  i n  f u e l  
ce l l s  c o m p r i s e s  c a t a l y t i c  r e f o r m i n g  o f  MeOH a t  7 0 0 - 8 0 0 ~ ~  
u n d e r  n o n a d i a b a t  i c  c o n d i t i o n s .  
(CATALYSIS, METHANOL, DIFFUSION, PALLADIUM, REFORMER, HEAT) 

H73 23010 PORTABLE HYDROGEN GENERATOR 
C o s t a ,  R.L., I n t e r s o c i e t y  Energy  Convers ion  E n g i n e e r i n g  
Confe rence  - T e c h n i c a l  P a p e r s  f o r  mee t ing  Aug 13-17 '67,P 401-5 

Compact, p o r t a b l e  u n i t  g e n e r a t e s  h igh  p u r i t y  hydro- 
gen from l i q u i d  ammonia; u n i t  i s  based  on o f f - t h e - s h e l f  
hardware ;  g e n e r a t o r  h a s  volume o f  3 .5 cu f t .  and we ighs  
130 l b ;  i t  p r o d u c e s  140 scfih o f  99.99% p u r e  hydrogen a t  
3  p s i g ;  g e n e r a t o r  h a s  c h a n g e  i n  r a t e  r e s p o n s e  t i m e  of less 
t h a n  30 sec; t h e r m a l  e f f i c i e n c y  is 72% a t  r a t e d  o u t p u t ;  
g e n e r a t o r  system c o n s i s t s  o f  ammonia d i s s o c i a t o r ,  hydro- 
gen p u r i f i e r  and l i q u i d  ammonia o f  s t o r a g e ,  t r a n s f e r  
and c o n t r o l  subsys tem.  

(AMMONIA, GENERATOR) 

H73 23011 HYDROGEN PRODUCTION 
Normand, A., ( S o c i e t e  c h i m i q u e  d e  l a  Grande P a r o i s s e ,  
A z o t e  e t  P r o d u i t s  C h i m i q u e s ) ,  F rench  A d d i t i o n  95,172,  
J1 3 1  ' 7 0 ,  Appl .  May 30 ' 6 8 ,  A d d i t i o n  t o  F rench  1 ,564 ,814  

P u r e  H w a s  p r e p a r e d  b y  c a t a l y t i c  o x i d a t i o n  o f  NH3 
i n  a reactor  c o n s i s t i n g  o f  2  compartments .  
(PURITY, CATALYSIS, OXIDATION, AMMONIA, REACTOR, DECOMPO- 
SITION, NITROGEN) 



H73 23012 METHOD OF OBTAINING PURE HYDROGEN FOR FUEL 
CELL FEEDING OUT OF METHANOL 
B l o c h ,  O. ,  ( I n s t i t u t  F r a n c a i s  du  P e t r o l e ,  ~ u e i l -  
~ a l m a i s o n ,  F r a n c e ) ,  C. Dezae l ,  and  M. P r i g e n t ,  T h i r d  
I n t e r n a t i o n a l  Symposium on F u e l  C e l l s ,  P r o c e e d i n g s ,  Je 16-20 
' 6 9 ,  B r u s s e l s .  Belgium, by  SERAI and  COMASCI 

C h a r a c t e r i s t i c s  o f  a c o m p l e t e  c o n v e r t e r - s e p a r a t o r  
d e v i c e  f o r  f e e d i n g  a l k a l i  e l e c t r o l y t e  hydrogen f u e l  c e l l  
are  p r e s e n t e d .  The d e v i c e  i s  b a s e d  on t h k  p r i n c i p l e  o f  
a b s o r p t i o n - d e s o r p t i o n ,  an  a n a l o g  t o  d e v i c e s  which a r e  
c u r r e n t l y  u s e d  i n  t h e  i n d u s t r i e s  f o r  g a s  t r e a t m e n t .  
(FUEL CELL, METHANOL) 

H73 23013 HYDROGEN FROM METHANOL FOR FUEL CELLS 
R o t h f l e i s c h ,  J.E.,  (Union C a r b i d e  Corp . ,  Development Dept . ,  
S o u t h  C h a r l e s t o n ,  W , V a . ) ,  S o c i e t y  o f  Automot ive  E n g i n e e r s ,  
N a t i o n a l   rans sport at ion, P o w e r p l a n t ,  and  F u e l s  and  Lubr i -  
c a n t s  M e e t i n g ,  B a l t i m o r e ,  ~ d . ,  O c t  19-23 '64,  P a p e r  93% 

Bench s c a l e  s t u d i e s  o f  t h e  p r o d u c t i o n  of hydrogen 
from an  e q u i m o l a r  methanol -water  m i x t u r e  i n  a  s i n g l e  bed 
o f  a  p r e c i o u s - m e t a l  c a t a l y s t  o r  a b a s e - m e t a l  c a t a l y s t .  
I n  e i t h e r  case, t h e  c a t a l y s t  p roved  e f f e c t i v e  b o t h  i n  
d i s s o c i a t i n g  t h e  me thano l  and i n  p romot ing  t h e  w a t e r  g a s  
s h i f t  r e a c t i o n  t o  a  s i g n i f i c a n t  d e g r e e .  With  a b a s e - m e t a l  
c a t a l y s t ,  y i e l d s  i n  e x c e s s  of  90% o f  t h e o r e t i c a l  were  ob- 
t a i n e d  a t  100 p s i g  and 7 0 0 ° ~ ,  b a s e d  on  t h e  t o t a l  hydro- 
gen  c o n t e n t  o f  t h e  f eed .  I t  was f u r t h e r  d e m o n s t r a t e d  
t h a t ,  b y  l i n i n g  t h e  r e a c t i o n  chamber w i t h  a s u p p o r t e d  
s i l v e r - p a l l a d  ium a l l o y  membrane, u l t r a p u r e  hydrogen 
s u i t a b l e  f o r  d i r e c t  u s e  i n  f u e l  c e l l s  c o u l d  be produced 
i n  a compact i n t e g r a l  r e a c t o r - p u r i f i c a t i o n  sys tem.  
(FUEL CELL, METHANOL) 

H73 23014 GENERATING HYDROGEN 
G l u c k s t e i n ,  M.E. ,  ( t o  E t h y l  C o r p . ) ,  U.S. 3 ,313 ,598 ,  Apr 11 
' 6 7 ,  Appl .  M a r  13  '62 and Je 7  ' 6 5  

A p o r t a b l e  s o u r c e  o f  small amounts  o f  H, e . g .  f o r  
u s e  i n  f u e l  ce l ls ,  c o n s i s t s  of r e a c t i n g  NaAlH4 w i t h  H 2 0 .  
The ra te  o f  e v o l u t i o n  o f  t h e  H can  be d e c r e a s e d  by  u s i n g  
aqueous  s o l u t i o n s  o f  lower  a l c s .  o r  i n o r g a n i c  a c i d s  o r  
sa l t s .  
(FUEL CELL, GENERATOR) 



H73 23015* METHOD FOR UTILIZING NUCLEAR ENERGY I N  THE 
PRODUCTION OF HYDROGEN 
Wolfgang, H., and  G .  W o l f f ,  ( t o  ~ e r n f o r s c h u n g s a n l a g e ) .  
U.S. P a t e n t  3 ,535,082,  O c t  20 ' 7 0  

N u c l e a r  e n e r g y  i s  u t i l i z e d  i n  t h e  p r o d u c t i o n  of H2 
b y  h e a t i n g  CaCO or MgC03 s o  a s  t o  form t h e  r e s p e c t i v e  

3 
m e t a l  o x i d e  and c02, u s i n g  a  p o r t i o n  o f  t h e  t h u s  o b t a i n e d  
C02 f o r  c o n v e r s i o n  t h e r e o f  i n  c o n t a c t  w i t h  C t o  CO, h e a t -  
omg t h e  t h u s  o b t a i n e d  metal  o x i d e  and CO i n  t h e  p r e s e n c e  
o f  steam so as t o  form H2 g a s  and  m e t a l  c a r b o n a t e ,  t h e  
l a t t e r  b e i n g  r e u s e d  f o r  p r o d u c i n g  m e t a l  o x i d e  and C 0 2  
and  t h e  H2 g a s  b e i n g  r e c o v e r e d ,  and s u p p l y i n g  t h e  h e a t  
r e q u i r e d  f o r  t h e s e  r e a c t i o n s  and f o r  t h e  p r o d u c t i o n  of 
t h e  needed s t e a m  b y  i n d i r e c t  h e a t  exchange  w i t h  a  h e a t  exchange  
medium such  a s  H e  which p a s s e s  i n  a c l o s e d  c y c l e  be tween 
a h igh  t e m p e r a t u r e  n u c l e a r  r e a c t o r  i n  which t h e  h e a t  
exchange  medium is h e a t e d  and t h e  above  d e s c r i b e d  r e a c t i o n  
m i x t u r e s  which a r e  h e a t e d  by t h e  h e a t  exchange  medium 
u n d e r  s i m u l t a n e o u s  c o o l i n g  o f  t h e  l a t t e r .  
(NUCLE~R,  ENERGY, CARBONATE) 

H73 23016 REACTION O F  ALUMINUM WITH SODIUM HYDROXIDE 
SOLUTION AS A SOURCE OF HYDROGEN 
B e l i t s k u s ,  D., (Aluminum C o .  o f  Amer ica ,  A lcoa  R e s e a r c h  
L a b o r a t o r i e s ,  New Kens ing ton ,  P a . ) ,  J o u r n a l  o f  t h e  E l e c t r o -  
c h e m i c a l  S o c i e t y ,  Aug ' 70  

G e n e r a t i o n  o f  hydrogen f o r  f u e l  c e l l s  b y  r e a c t i o n  
o f  h y d r i d e s  w i t h  w a t e r  o r  aqueous  s o l u t i o n s  r e d u c e s  stor- 
a g e  w e i g h t  or volume o v e r  h i g h  p r e s s u r e  o r  c r y o g e n i c  
s t o r a g e  b u t  i s  e x p e n s i v e .  R e a c t i o n  o f  aluminum i n  
aqueous  s o l u t i o n s  p r o v i g e s  a g  i n e x p e n s i v e ,  compact s o u r c e  
o f  hydrogen.  Whi le  100 -500 F is  r e q u i r e d  f o r  u s e f u l  
r a t e s  w i t h  m e r c u r i c  c h l o r i d e  s o l u t i o n ,  room t e m p e r a t u r e  
i s  s a t i s f a c t o r y  w i t h  sodium h y d r o x i d e  s o l u t i o n .  

Hydrogen g e n e r a t i o n  rates from m a s s i v e  aluminum i n  
sodium h y d r o x i d e  s o l u t i o n s  a r e  i n c o n v e n i e n t l y  s l o w  f o r  
f u e l  ce l l  u s e ,  e v e n  i n  10M NaOH. Compacts o f  a tomized  
aluminum powder i n  sodium h y d r o x i d e  s o l u t i o n s  y i e l d  
hydrogen a t  s u i t a b l e  rates w i t h o u t  e x t e r n a l  h e a t i n g  and  
w i t h  a  s t a r t - u p  time i n  t h e  r a n g e  o f  1 minu te .  
(ALUMINUM, GENERATOR) 



~ 7 3  23017 HYDROGEN GENERATION BY MEANS OF THE 
ALUMINUM~~ATER REACTION 
s m i t h ,  I .E . ,  ( C r a n f i e l d  I n s t i t u t e  o f  Technology,  C r a n f i e l d ,  
Beds. ,  E n g l a n d ) ,  J o u r n a l  o f  H y d r o n a u t i c s ,  V 6:106-109 
~1 72 

An aluminum amalgam w i l l  r e a c t  w i t h  w a t e r  a t  o r d i n -  
a r y  t e m p e r a t u r e s  w i t h  t h e  f o r m a t i o n  o f  aluminum h y d r o x i d e  
and t h e  l i b e r a t i o n  of  f r e e  hydrogen.  I n  t h e  case o f  a  
b l o c k  o r  s h e e t  o f  t h e  m e t a l  hav ing  a n  amalgamated s u r f a c e ,  
t h i s  r e a c t i o n  w i l l  c o n t i n u e  u n t i l  a l l  t h e  aluminum h a s  
b e e n  consumed. The r e a c t i o n  rate i s  obse rved  t o  be 
t e m p e r a t u r e  d e p e n d e n t ,  and t h i s  a f f o r d s  a  s i m p l e  means 
o f  r e g u l a t i n g  t h e  o u t p u t  o f  hydrogen.  I f  t h e  s u p p l y  o f  
w a t e r  and  d i s p o s a l  o f  w a s t e  i s  d i s c o u n t e d  t h e  r e a c t i o n  
i s  shown t o  be s u p e r i o r ,  on a volurner ic  b a s i s ,  t o  a l l  
o t h e r  common means o f  p r o d u c i n g  hydrogen,  and f u r t h e r m o r e  
i s  c o m p e t i t i v e  on  a w e i g h t  and c o s t  basis w i t h  o t h e r  
c h e m i c a l  p r o d u c t i o n  methods .  The i n h e r e n t  s i m p l i c i t y  o f  
such  a scheme f o r  hydrogen g e n e r a t i o n  o f f e r s  a t t r a c t i v e  
a d v a n t a g e s  i n  t e r m s  o f  r e l i a b i l i t y .  
(ALUMINUM, GENERATOR) 

H73 23018 PROCESS AND EQUIPMENT FOR THE WORKING OF 
NUCLEAR ENERGY 
Anon, ( t o  K e r n f o r s c h u n g s a n l a g e ,  J u l i c h  GmbH), F rench  
1 , 5 7 2 , 2 3 3 ,  May 1 9  ' 69  

A p r o c e d u r e  f o r  u t i l i z i n g  e n e r g y  produced b y  a n u c l e a r  
r e a c t o r  i s  d e s c r i b e d .  A r e f r i g e r a n t  c i r c u l a t i n g  t h r o u g h  
p i p e s  t r a n s f e r s  t h e  h e a t  produced b y  t h e  r e a c t o r  t o  vessels 
c o n t a i n i n g  s u b s t a n c e s  d e s t i n e d  t o  p a r t i c i p a t e  i n  a  p a r t i c u l a r  
c h e m i c a l  r e a c t i o n .  I n  t h e  p r o d u c t i o n  o f  hydrogen,  w a t e r  
v a p o r  i s  p a s s e d  o v e r  a  m e t a l  o x i d e  i n  a CO a tmosphere .  
The m e t a l  c a r b o n a t e  formed is d i s s o c i a t e d  w i t h  r e g e n e r a t i o n  
o f  t h e  o x i d e  and e v o l u t i o n  of C02, some o f  which  is 
p a s s e d  o v e r  f i n e l y  d i v i d e d  ca rbon ,  p r o d u c i n g  CO, which 
i s  r e t u r n e d  t o  t h e  r e a c t i o n  v e s s e l .  P r o d u c t s  o f  t h e  
r e a c t i o n  a r e  hydrogen g a s  and C02. 
(PROCESS, NUCLEAR) 

H73 23019 STUDY OF MULTIPLE RESERVE ELECTROCHEMICAL 
POWER SOURCE 
C i p r i o s .  G. ,  (Government Resea rch  L a b o r a t o r y ,  E s s o  Re-  
s e a r c h  and E n g i n e e r i n g  Co., L inden,  N.J.), NASA c o n t r a c t  
Rep.  69,  NASA-CR-100657, Avail:CFSTI, from S c i .  Tech. 
Aerosp.  Rep., V 7:2027 N12 

N e a t  h y d r a z i n e  and 98  w t .  % H202 a r e  u s e d  as s t o r a b l e  



reactants. A p p r o p r i a t e  h i g h  t e m p e r a t u r e  reactors, con- 
t a i n i n g  propel lant  d e c o m p o s i t i o n  cata lysts ,  are used t o  
g e n e r a t e  H  and 0 feed gases for t h e  f u e l  ce l l .  A l l i s -  
C h a l m e r s  f u e l  c e l l  m o d u l e s  w e r e  s e l e c t e d  for t h e  center- 
l i n e  d e s i g n  on t h e  basis of l o w  specif ic  w e i g h t  and d e m o n -  
s t ra ted bootstrap s t a r t - u p  capab i l i ty .  
(HYDROGEN, HYDRAZINE, OXYGEN, FUEL CELL, CATALYST) 

H 7 3  2 3 0 2 0  LOW TEMPERATURE FORMATION OF HYDROGEN FROM 
CO + H 2 0  
A l l e n ,  D.W., ( C h e m e t r o n  C o r p . ,  C h e m e t r o n  C h e m i c a l s  D i v . ,  
C h i c a g o ,  I l l . ) ,  S o c i e t y  of A u t o m o t i v e  E n g i n e e r s ,  N a t i o n a l  
T r a n s p o r t a t i o n ,  P o w e r p l a n t ,  and F u e l s  a n d  L u b r i c a n t s  
M e e t i n g ,  B a l t i m o r e ,  Md., O c t  1 9 - 2 3  '64,  P a p e r  9 3 5 D  

D i s c u s s i o n  of several a p p l i c a t i o n s  i l l u s t r a t i n g  
t h e  a d v a n t a g e s  of " l o w - t e m p e r a t u r e "  CO convers ion  c a t a l y s t s  
over convent ional  i r o n - c h r o m e  " h i g h - t e m p e r a t u r e "  conver- 
s i on  c a t l a y s t s  are i n d i c a t e d :  opera t ion  a t  a l o w e r  t e m -  
perature level  r e s u l t s  i n  a h i g h e r  p u r i t y  p r o d u c t  f o r  a 
o n e - s t a g e  s y s t e m ,  and a g r e a t e r  y ie ld  of h y d r o g e n  per 
u n i t  of h y d r o c a r b o n  feed; operation a t  a l o w e r  t e m p e r a t u r e  
level g ives  g r e a t e r  f r e e d o m  i n  e f f i c i e n t  recovery of 
h e a t .  
(CONVERSION, CATALYST, PURITY, HYDROCARBON, EFFICIENCY, 
REACTOR ) 

H 7 3  2 3 0 2 1  MODIFICATION OF A HYDROGEN GENERATOR M L - 5 3 9 / l ' ~  
TO PRODUCE PURE HYDROGEN 
R y a n ,  J . R . ,  and M.F. C o l l i n s ,  ( E n g e l h a r d  I n d u s t r i e s ,  E a s t  
N e w a r l i ,  N . J . ,  I n s t r u m e n t s  and S y s t e m s  D e p t . ) ,  F i n a l  R e p o r t  
D e c  4 ' 67  - D e c  14 ' 69  

A h y d r o g e n  generator  M L - ~ ~ ~ / T M  w h i c h  w a s  o r i g i n a l l y  
d e s i g n e d  t o  produce 400 s c f h  of d i s s o c i a t e d  a m m o n i a  ( 7 5 %  
h y d r o g e n  and 25% n i t r o g e n ) ,  w a s  m o d i f i e d  t o  produce 400 
t o  450 s c f h  of pu re  ( 9 9 % )  h y d r o g e n .  T h e  m a j o r  c h a n g e s  
i n  t h e  g e n e r a t o r  w e r e  t h e  a d d i n g  of t w o  p a l l a d i u m  a l loy  
d i f f u s i o n  c h a m b e r s  f o r  p u r i f i c a t i o n  of t h e  d i s soc ia ted  
a m m o n i a .  
(DISSOCIATION, AMMONIA, PURIFICATION, TEMPERATURE, PRES- 
SURE, DESIGN, CATALYST, PERFORMANCE) 



H73 23022 PRODUCTION OF HYDROGEN FOR DEUTERIUM EXTRACTION 
~ i r i a n ,  G., D. Lege r ,  and J. P a u l y ,  ( t o  Commissar ia t  a  
1 ' E n e r g i e  Atomique) ,  F r e n c h  P a t e n t  2 ,098,623,  Mar 1 0  ' 7 2  

Water v a p o r  i s  p a s s e d  o v e r  a  m e t a l  i n  t h e  b u l k  s t a t e  
(Fe ,  N i ,  o r  C r ) ,  which r e d u c e s  t h e  w a t e r  t o  hydrogen.  
The hydrogen  formed is  s e n t  t o  a p l a n t  t h a t  e x t r a c t s  t h e  
d e u t e r i u m .  The m e t a l  i s  t h e n  r e g e n e r a t e d  b y  t h e  d e u t e r -  
i um-dep le t ed  hydrogen. R e d u c t i o n  o f  t h e  w a t e r  v a p o r  
and  t h e  r e g e n e r a t i o n  o f  t h e  metal are e f E e c t e d  i n  two 
a d j a c e n t  t u b e s .  Heat  exchange  o c c u r s  be tween t h e s e  t u b e s ,  
a s e n s i b l y  c o n s t a n t  t e m p e r a t u r e  b e i n g  e s t a b l i s h e d  i n  
t h e s e  t u b e s .  The metal is  b r o u g h t  t o  a t e m p e r a t u r e  be- 
tween 600  and 9 0 0 ~ ~ .  
(WATER, REDUCTION, REGENERATION, TEMPERATURE, HEAT) 

H73 23023 COMPACT HIGH PURITY HYDROGEN GENERATORS 
~ u r p i t ,  S  .S . , (Enge lha rd  I n d u s t r i e s )  - Technology B u l l e t i n ,  
V 6:5-9 N 1  Je 65 

High p u r i t y  hydrogen f o r  i n d u s t r i a l  and mi l i t a ry  
a p p l i c a t i o n s  c a n  b e  o b t a i n e d  by u s e  of Eng leha rd  hydro- 
gen  g e n e r a t o r s ,  which a r e  more economica l  and compact 
t h a n  m e r c h a n t  c y l i n d e r s ;  g e n e r a t o r s  c a n  o p e r a t e  on 
v a r i e t y  o f  f e e d s t o c k s  such  a s  r e l a t i v e l y  s u l f u r - f r e e  
l i q u i d  o r  g a s e o u s  hydroca rbon  f u e l s  i n  combina t ion  w i t h  
d e m i n e r a l i z e d  w a t e r ,  ammonia, a q u e o u s  me thano l  s o l u t i o n s ,  
or o t h e r  s p e c i a l  compounds; i n  most  c a s e s ,  some a u x i l i a r y  
e lect r ic  power i s  r e q u i r e d .  
(HYDROCARBON, FUEL, WATER, AMMONIA, METHANOL, POWER) 

H73 23024 DISPOSABLE HYDROGEN GENERATOR 
B r e w e r ,  J . N . ,  and D.L. A l l g e i e r ,  S c i e n c e ,  V 1 4 7 ~ 1 0 3 3 - 4  
N3661 F e  26 ' 6 5  

Hydrogen g a s  i s  produced b y  c h e m i c a l  a c t i o n  o f  
magnesium m e t a l ,  z i n c  c h l o r i d e ,  sodium c h l o r i d e ,  and 
w a t e r  w i t h i n  u n i q u e  p l a s t i c  and aluminum f o i l  e n v e l o p e  
c o n t a i n e d  i n  a n a e r o b e  j a r s  i n  q u a n t i t y  o f  a b o u t  2  l i ters ;  
a b s e n c e  o f  e x c e s s i v e  b u i l d u p  o f  hydrogen r e d u c e s  haza rd  
o f  e x p l o s i o n ;  gas -p roduc ing  u n i t s  a r e  s i m p l e  t o  a c t i v a t e  
and may b e  d i s c a r d e d  a f t e r  u s e .  
(GENERATOR, HYDROGEN) 



H73 23025 PRODUCTION OF HYDROGEN TO SATISFY SMALL 
INDUSTRIAL DEMANDS 
C h a r l e s w o r t h ,  P.L., and  G. Schmid t ,  Chemical  ~ n g i n e e r i n g  
N192:CE259-65 O c t  65,  AvailtTAC 

P r o d u c t i o n  o f  hydrogen t o  s a t i s f y  i n d u s t r i a l  demands 
up  t o  500 normal  cu  m/hr i s  d i s c u s s e d ;  t y p e s  o f  p r o c e s s e s  
a v a i l a b l e  are d e s c r i b e d ,  w i t h  p a r t i c u l a r  r e f e r e n c e  b e i n g  
made t o  c r a c k i n g  o f  ammonia and  me thano l ,  and t o  s t eam 
re fo rming  o f  h y d r o c a r b o n s ;  d e t a i l s  o f  a v a i l a b l e  p u r i f i c a t i o n  
t e c h n i q u e s  are g i v e n  t o  i l l u s t r a t e  how d i f f e r e n t  hydro- 
gen  p u r i t i e s  migh t  b e  a c h i e v e d ;  o p e r a t i n g - c o s t  d a t a  are 
p r e s e n t e d  f o r  t h r e e  p r o c e s s e s .  
(CRACKING, AMMONIA, METHANOL, STEAM REFORMING, HYDRO- 
CARBON, PURIFICATION, COST) 

H 7 3  23026 COMPACT H2 GENERATORS FOR FUEL CELLS 
G e i s s l e r ,  H.H., ( E n g l e h a r d  I n d u s t r i e s ,  E a s t  N e w a r k ,  N.J.) , 
i n  Army S i g n a l  Resea rch  and  Development L a b o r a t o r y  P roc . ,  
1 7 t h  Annual  Power S o u r c e s  Confe rence ,  p 75-77, 63 

A p o r t a b l e  1 0 7 - l i t e r - p e r - h o u r  hydrogen g e n e r a t o r  t o  
s u p p l y  a  200-watt hydrogen-oxygen f u e l  c e l l  power package  
is  d e s c r i b e d .  T h i s  m i n i a t u r i z e d  d e v i c e  c a t a l y t i c a l l y  
d i s s o c i a t e s  ammonia t o  y i e l d  n i t r o g e n  and hydrogen.  The 
hydrogen g a s  i s  s e p a r a t e d  b y  d i f f u s i o n  e l e m e n t s  o f  p a l l a d -  
i u m - s i l v e r  a l l o y ,  and t h e  r e s i d u a l  g a s  i s  u sed  a s  f u e l  
t o  s u p p l y  t h e  t o t a l  e n e r g y  r e q u i r e m e n t s ,  i n c l u d i n g  h e a t  
l o s s e s  o f  t h e  p r o c e s s .  
(DISSOCIATION, CATALYSIS, NITROGEN, DIFFUSION, METHANOL, 
HYDROCARBON ) 

H73 23027 FREE HYDROGEN I N  GENESIS OF PETROLEUM 
Hawkes, H.E., American A s s o c i a t i o n  of  Pe t ro leum Geol- 
o g i s t s  B u l l e t i n ,  V 56:2268-70 Nov 72 

A model  i s  proposed  t h a t  p o s t u l a t e s  (1) a free- 
hydrogen s o u r c e  i n  t h e  d e e p - s e a t e d  env i ronment ,  r e s u l t i n g  
from d i s s o c i a t i o n  o f  w a t e r  i n  t h e  p r e s e n c e  o f  m i n e r a l s  
c o n t a i n i n g  f e r r o u s  i r o n ;  ( 2 )  a  c o n t i n u o u s  upward p e r c o l a t i o n  
o f  e l e m e n t a l  hydrogen i n t o  t h e  s u r f a c e  env i ronment  a s  a  
consequence  o f  i t s  h igh  r a t e  of d i f f u s i o n  re la t ive  t o  
o t h e r  c o n s t i t u e n t s ;  and ( 3 )  a  hydrogen s i n k  n e a r  t h e  s u r -  
f a c e  formed b y  b i o l o g i c a l l y  c a t a l y z e d  c h e m i c a l  r e a c t i o n s  
o f  free hydrogen w i t h  o r g a n i c  matter ,  f e r r i c  i r o n ,  s u l -  
f a t e s ,  and  a t m o s p h e r i c  oxygen. It i s  s u g g e s t e d  t h a t  t h e  



h y d r o g e n a t i o n  of b i o g e n i c  o r g a n i c  m a t t e r  i n  s e d i m e n t a r y  
rocks by free h y d r o g e n  of deep-seated o r i g i n  s h o u l d  be 
i n v e s t i g a t e d  as a f ac to r  i n  t h e  g e n e s i s  of p e t r o l e u m .  
(DISSOCIATION, WATER, DIFFUSION, CATALYSIS, CHEMICAL, 

OXYGEN) 

H 7 3  2 3 0 2 8  FUEL CELL SYSTEM USING LITHIUM AND LITHIUM 
HYPOCHLORITE TO PRODUCE HYDROGEN AND OXYGEN 
H o n e y c u t t ,  S .C. ,  ( L i t h i u m  C o r p .  of A m e r i c a ,  I n c . ) ,  
U.S. 3 , 5 7 8 , 5 0 1 ,  M a y  11 ' 7 1 ,  A p p l .  N o v  13 '68 

A  regenerative f u e l  c e l l  s y s t e m  ope ra t ing  on H2 and 
0 2  i s  described. T h e  H2 i s  obta ined  by t h e  r eac t ion  of 
L i  w i t h  H 2 0  and t h e  0 2  by h e a t i n g  a n  aqueous s o l u t i o n  of 
L i o c l .  

T h e  s y s t e m  r e q u i r e s  a m i n i m u m  of vessels t o  carry 
ou t  t h e  react ions.  N o  b y - p r o d u c t s  are f o r m e d ,  s i n c e  a l l  
p r o d u c t s  are aga in  u s e d  i n  t h e  operat ions.  
(FUEL CELL, REGENERATIVE) 

H 7 3  2 3 0 2 9  MOBILE HYDROGEN GENERATORS AND MEAN TEMPER- 
ATURE FUEL CELLS 
L a r o c h e ,  J., F. Lalanne,  and R. C o m b e l l e s ,  E n t r o p i e  N 1 4 t 4 6 -  
51  67  

D i s c u s s e d  a r e  com.  H2 g e n e r a t o r s  d e v e l o p e d  i n  t h e  
U.S. u s i n g  hydrocarbons or NH3 as s t a r t i n g  m a t e r i a l .  A u t o -  
t h e r m a l  c r a c k i n g  of hydrocarbons and r e f o r m i n g  of hydro- 
carbons w i t h  s t e a m  w e r e  i n v e s t i g a t e d  a s  processes f o r  
H2 genera tors .  
(HYDROCARBONS, AMMONIA, CRACKING, STEAM REFORMING, CATA- 
LZT, HEAT) 



H73 23200 ENERGY GENERATION AND UTILIZATION I N  
HYDROGEN BACTERIA 
Bongers, L., NASA Report  1596, J a  69, AvailrTAC 

This  p rog res s  r e p o r t  on Cont rac t  NASW-1596 covers  
t h e  r e p o r t i n g  pe r iod  from 23 September 1968 through 22 
January 1969. I n  t h i s  r e p o r t  t h e  e f f i c i e n c y  of growth 
by hydrogen b a c t e r i a  and t h e  d e f i n i t i o n  of growth-ra te  
l i m i t i n g  f a c t o r s  on e f f i c i e n c y  of energy convers ion 
a r e  considered.  

Some p rev ious ly  r e p o r t e d  obse rva t ions  and d a t a  from 
t h e  open l i t e r a t u r e  a r e  inc luded  t o  prov ide  a balanced 
and i n t e r p r e t i v e  d i s c u s s i o n .  The p r e s e n t  r e p o r t  d e a l s  
w i t h  t h e  e f f e c t  of t h e  growth environment on gas  consump- 
t i o n  c h a r a c t e r i s t i c s  of a u t o t r o p h i c a l l y  growing H. eu- 
tropha.  The d a t a  p re sen ted  here  sugges t  t h a t  t h e  v a r i -  
a t i o n  i n  e f f i c i e n c y  of energy  convers ion i s  due t o  a 
l ack  of an o b l i g a t o r y  coupl ing between energy-donating 
and e n e r g y - u t i l i z i n g  p roces ses  i n  hydrogen b a c t e r i a .  
(EFFICIENCY, GROWTH, CONVERSION, EUTROPHA) 

H73 23201 BIOREGENERATION IM GESCHLOSSENEN SYSTEM M I T  
HILFE VON ELEKTROLYSEGAS UND BAKTERIEN 
Sch lege l ,  H.G., ( I n s t i t u t  f u r  Mikrobiologie  d e r  U n i v e r s i t a t  
Go t t i ngen ) ,  N86-35667, J e  68,  Avai1:TAC 

The growth parameters  f o r  Hydrogenomonas s t r a i n  H 16 
were determined under  c o n d i t i o n s  of cont inuous c u l t u r e  
w i t h  format ion of H T 0 2 m i x t u r e  by d i r e c t  e l e c t r o l y s i s  
of t h e  c u l t u r e  medium. Using t h i s  method, a c e l l c o n c e n -  
t r a t i o n  of 3 g dryweight / l  w a s  achieved,  whereas w i th  
an e x t e r n a l  gas  supply  t h e  c e l l  c o n c e n t r a t i o n  reached 28 g 
dryweight of b a c t e r i a / l .  F u r t h e r  t o p i c s  t o  b e  r e p o r t e d  
on a r e :  t h e  development o f  new c u l t u r e  v e s s e l s ,  t h e  i so-  
l a t i o n  and c h a r a c t e r i z a t i o n  of new s p e c i e s  and s t r a i n s  
of hydrogen-oxydizing b a c t e r i a ,  t h e  de t e rmina t ion  of poly- 
s accha r ide  c o n t e n t ,  t h e  produc t ion  o f  b a c t e r i a l  mutants  
and metabol ic  r e g u l a t i o n .  The f u t u r e  development of  an 
e l e c t r o l y s i s - b a c t e r i a l  system f o r  b io - r egene ra t ion  
accompanied by oxygen and p r o t e i n  produc t ion  is  favour-  
a b l y  viewed. 
(HYDROGEN, PRODUCTION, GROWTH, CULTURE, ELECTROLYSIS, 
BACTERIA) 



H73 23202 VARIABLE PHOTOSYNTHETIC UNITS, ENERGY TRANS- 
FER AND LIGHT-INDUCED EVOLUTION OF HYDROGEN I N  ALGAE AND 
BACTERIA 
G a f f r o n ,  H., ( F l o r i d a  S t a t e  U n i v e r s i t y ,  T a l l a h a s s e e ,  F l a . ) ,  
European  B i o p h y s i c s  Congress ,  l s t ,  Baden, A u s t r i a ,  S e p t  
14-17 ' 7 1 ,  p r o c e e d i n g s ,  V ienna ,  Wiener  M e d i z i n i s c h e  
Akademie, 71, p  19-22 

The p r e s e n t  s t a t e  o f  knowledge r e g a r d i n g  t h e  t r u l y  
pho to -chemica l  r e a c t i o n s  i n  p h o t o s y n t h e s i s ,  i s  c o n s i d e r e d .  
Nine  t e n t h s  of t h e  a v a i l a b l e  knowledge i s  o f  a b i o -  
c h e m i c a l  n a t u r e .  Q u e s t i o n s  r e g a r d i n g  t h e  a c t i v i t i e s  o f  
t h e  c h l o r o p h y l l  s y s t e m  a r e  examined.  The s i m p l e s t  photo-  
c h e m i c a l  r e s p o n s e  obse rved  i n  l i v i n g  hydrogen-adapted  
a l g a l  c e l l s  i s  t h e  r e l e a s e  o f  m o l e c u l a r  hydrogen,  which 
c o n t i n u e s  e v e n  a f t e r  a l l  o t h e r  known n a t u r a l  r e a c t i o n s  have 
b e e n  e l i m i n a t e d  e i t h e r  b y  h e a t i n g  o r  t h e  a c t i o n  o f  p o i s o n s .  
(PHOTO-CHEMICAL, REACTION, BIOCHEMICAL, CHLOROPHYLL) 

H73 23203 HYDROGEN FORMATION BY ANAEROBIC DECOMPOSITION 
Deu t sch ,  I., G a s ,  V 42:66-8 N2 F e  6 6  

P r o c e d u r e  u s e d  t o  g e n e r a t e  hydrogen-carbon d i o x i d e  
g a s  m i x t u r e  e x p e r i m e n t a l l y  i n  more t h a n  trace q u a n t i t i e s  
o f  a n a e r o b i c  m e t a b o h i s m ;  hydrogen c o n c e n t r a t i o n  o f  40% 
w a s  shown b y  c h r o m a t o g r a p h i c  r a t i o  o f  peak  h e i g h t s ;  
mechanism of hydrogen f o r m a t i o n ;  f o r m a t i o n  o f  t h i s  hydro- 
gen  t a k e s  p l a c e  i n  s u g a r  and c o n f e c t i o n e r y  w a s t e s  and  
c e r t a i n  s o i l s .  
(CARBON D I O X I D E ,  METABOLISM, MECHANISM, SUGAR) 

H73 23204 BACTERIAL METHANE FUEL CELL 
v a n  H e e s ,  W.,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 112:258-62 N3 Mar 65 

S t u d y  o f  methane b io -anode  u s i n g  s t r a i n  o f  Pseudomonas 
m e t h a n i c a  (Soehngen) ;  p h y s i c a l  c o n t a c t  be tween b a c t e r i a  
and anode  is  n e c e s s a r y  f o r  removal  o f  e l e c t r o n s  i n t o  
e x t e r n a l  c i r c u i t ;  i f  methane  i s  r e p l a c e d  b y  n i t r o g e n ,  anode 
p o t e n t i a l  is  n o t  changed a t  f i r s t ;  however,  b a c t e r i a  be- 
g i n  t o  d i e  o u t ;  a c t u a l  f u e l  s p e c i e s  i s  hydrogen removed 
from f l a v o p r o t e i n ;  hydroxy l  i o n s  are immediate  s o u r c e  o f  
oxygen a t  anode;  p ro longed  p e r i o d s  o f  o p e n - c i r c u i t  con- 
d i t i o n  and a l s o  v e r y  h i g h  c u r r e n t  d r a i n  s h o u l d  be avo ided ;  
b o t h  a r e  d e t r i m e n t a l  t o  b a c t e r i a .  
(BACTERIA, ANODE, NITROGEN, OXYGEN, HYDROGEN, CURRENT) 



H 7 3  2 3 2 0 5  BIOCHEMICAL HYDROGEN GENERATORS 
May, P.S., G.C. B l a n c h a r d ,  and R.T. F o l e y ,  1 8 t h  A n n u a l  
P o w e r  Sources C o n f e r e n c e  - P r o c ,  (u.s. ~ r m y  E l e c t r o n i c s  
L a b o r a t o r i e s ,  F o r t  M o n m o u t h ,  N . J . ) ,  M a y  64, p 1-3 

G e n e r a t i o n  of h y d r o g e n  u s i n g  m i c r o - o r g a n i s m s  f o r  
f u e l  c e l l  batteries i s  d i s c u s s e d ;  h y d r o g e n  g e n e r a t i o n  
rates of various m i c r o - o r g a n i s m s  are g iven ;  h y d r o g e n  pro- 
d u c t i o n  of g r o w i n g  a n d  r e s t i n g  c e l l s  are c o m p a r e d  u s i n g  
10-l i ter  f e r m e n t e r  s y s t e m .  
(MICRO-ORGANISM, FUEL CELL, BATTERY) 

H 7 3  2 3 2 0 6  BIOCHEMICAL W E L  CELLS 
P e r r y ,  H. ,  J r . ,  and J. C h r i s t o p u l o s ,  1 9 t h  A n n u a l  P o w e r  
S o u r c e s  C o n f e r e n c e  - P r o c ,  (U.S.  A r m y  E l e c t r o n i c s  L a b o r -  
a tor ies ,  F o r t  M o n m o u t h ,  N.J.  ) ,  M a y  1 8 - 2 0  ' 6 5 ,  p 1 9 - 2 3  

D i r e c t  and i n d i r e c t  b i o c h e m i c a l  f u e l  c e l l  s y s t e m s  
u t i l i z i n g  p l a n t  vege ta t ion  a n d  h u m a n  w a s t e  as f u e l s  w i t h  
a i d  of m i c r o - o r g a n i s m s  f o r  m i l i t a r y  appl ica t ions;  h y d r o -  
gen,  e t h a n o l ,  f o r m i c  a c i d ,  a m m o n i a ,  and m e t h a n e  are  pro- 
d u c e d  f r o m  f u e l s  by f e r m e n t a t i o n ;  opera t ion  of i n d i r e c t  
f u e l  c e l l  s y s t e m  w h i c h  d e l i ve r s  60-w a t  2 8 - v .  
(HYDROGEN, GENERATOR, MICRO-ORGANISM, METHANE, AMMONIA) 

H 7 3  2 3 2 0 7 *  BIOLOGICAL FORMATION OF MOLECULAR HYDROGEN 
G r a y ,  C.T. ,  a n d  H. G e s t ,  S c i e n c e ,  V 1 4 8 : 1 8 6 - 9 2 ,  65, 
A v a i l  :TAC 

A " h y d r o g e n  valve" f a c i l i t a t e s  r e g u l a t i o n  of anaerobic 
energy m e t a b o l i s m  i n  m a n y  m i c r o o r g a n i s m s .  
(ANAEROBIC, ENERGY, METABOLISM, MICRO-ORGANISM) 

H 7 3  2 3 2 0 8  THE MECHANISM OF HYDROGEN PHOTOPRODUCTION 
BY SEVERAL ALGAE 11. THE EFFECT OF INHIBITORS OF 
PHOTOPHOSPHORYLATION. 
S t u a r t ,  T.S .  and H. G a f f r o n ,  P l a n t a ,  V 1 0 6 : 9 1 - 1 0 0 ,  7 2 ,  
A v a i l  : TAC 

I n  order t o  c o m e  t o  a m o r e  f i r m l y  b a s e d  conc lus ion  
on t h e  m e c h a n i s m  of h y d r o g e n  p h o t o p r o d u c t i o n  i n  g r een  
a l g a e ,  w e  have c o m p a r e d  t w o  a d d i t i o n a l  genera of g r e e n  
a l g a e ,  i .e . ,  ~ n k i s t r o d e s m u s  a n d  C h l o r e l l a ,  w i t h  t h e  pre- 
v i o u s l y  tested C h l a m y d o m o n a s  a n d  S c e n e d e s m u s .  N o n e  of 
t h e  algae tested r e q u i r e d  p h o t o - s y s t e m  I1 f o r  H photo- 2 
p r o d u c t i o n ,  s i n c e  t h i s  reaction s t i l l  o c c u r r e d  I n  t h e  pre- 



e n c e  o f  M D m U .  P h o t o p h o s p h o r y l a t i o n  was a l s o  n o t  
r e q u i r e d  s i n c e  two p o t e n t  i n h i b i t o r s  of  t h i s  p r o c e s s ,  C l -  
CCP and  SAL, a l m o s t  a l w a y s  s t i m u l a t e d  H2 p h o t o p r o d u c t i o n .  

c1-CCP gave  v e r y  l i t t l e  i f  any  s t i m u l a t i o n  o f  t h i s  
r e a c t i o n  i n  a u t o t r o p h i c a l l y  grown ce l l s  o f  t h i s  a l g a ,  
b u t  s t i m u l a t e d  H2 p h o t o p r o d u c t i o n  b y  p h o t o h e t e r o t r o p h i c a l l y  
grown ce l l s  a p p r o x i m a t e l y  450%. Chlamydomonas ce l l s  were  
found t o  be a b o u t  t e n  t i m e s  as s e n s i t i v e  as t h e  o t h e r  
ce l l s  t o  b o t h  p o i s o n s .  W e  c o n c l u d e  t h a t  a l l  o f  t h e  a l g a e  
t e s t e d  are able t o  pho toproduce  H2 v i a  n o n - c y c l i c  e l e c t r o n  
f l o w  t h r o u g h  pho tosys tem I t o  hydrogen. 
(HYDROGEN, MECHANISM, PHOTOPRODUCTION) 

H73 23209 THE MECHANISM OF HYDROGEN PHOTOPRODUCTION 
I N  SEVERAL ALGAE 11. THE CONTRIBUTION OF PHOTO-SYSTEM 11. 
S t u a r t ,  T.S. and H. G a f f r o n ,  P l a n t a ,  V 106: lOl-12 72 ,  
Avai1:TAC 

The c o n t r i b u t i o n  o f  PS I1 t o  H2 p h o t o p r o d u c t i o n  b y  
s e v e r a l  u n i c e l l u l a r  g r e e n  a l g a e  was measured b o t h  when 
0 2  e v o l u t i o n  and  p h o t o p h o s p h o r y l a t i o n  w e r e  umimpaired 
and  a l s o  when t h e s e  p r o c e s s e s  had been  e l i m i n a t e d  b y  
C1-CCP. A s  judged by t h e  e f f e c t s  o f  DCMU, a  PS I1 con- 
t r i b u t i o n  w a s  found u n d e r  b o t h  sets o f  e x p e r i m e n t a l  
c o n d i t i o n s  f o r  several s t r a i n s  o f  C h l o r e l l a ,  A n k i s t r o d e o -  
mus and  Scenedesmus.  However, H2 p h o t o p r o d u c t i o n  b y  
Chlamydomonas moewusi i  was i n s e n s i t i v e  t o  DCMU and t h u s  
was e n t i r e l y  d u e  t o  PSI.  
(HYDROGEN, PHOTOPRODUCTION) 



H 7 3  2 3 4 0 0  NEW DEVELOPMENTS I N  HYDROGEN GAS GENERATION 
MOLECULAR S I E V E S  
P r i d d y ,  M.H., Jou rna l  of t h e  A m e r i c a n  O i l  C h e m i s t s '  S o c i e t y ,  
V 4 8 : s u p 4 6 A + ,  F e  7 1 ,  A v a i 1 : T A C  

T h e  u s e  of m o l e c u l a r  sieves as a m e a n s  of pur i fy-  
i n g  s t e a m - r e f o r m e d  h y d r o c a r b o n  f u e l  i n  t h e  p r o d u c t i o n  
of l o w  cost hydrogen h a s  been developed i n t o  a prac t ica l  
gas genera tor  de s ign .  C o n v e n t i o n a l  processes f o r  pro- 
d u c i n g  h y d r o g e n  are r e v i e w e d ,  w i t h  a h i s t o r y  of m o l e c u l a r  
sieves and h o w  t h i s  d r y  des iccant  m a t e r i a l  w a s  a p p l i e d  
t o  c o m m e r c i a l  e q u i p m e n t  as an adsorbent  f o r  r e m o v a l  of 
C 0 2  and w a t e r  vapor. T h e  m o l e c u l a r  sieve type h y d r o g e n  
gas  g e n e r a t o r  i s  d iscussed  w i t h  an o u t l i n e  of typical  
opera t ing  cost  and gas p u r i t y  c a p a b i l i t i e s .  
(PURIFICATION, HYDROCARBON, FUEL, COST, PRODUCTXON) 

H 7 3  2 3 4 0 1  CRYOGENIC HYDROGEN UPGRADING 
A n o n ,  ( U n i o n  C a r b i d e  C o r p . ,  L i n d e  D i v i s i o n ) ,  H y d r o c a r b o n  
P r o c e s s ,  V 4 7 : 2 3 2  Sept 68, A v a i 1 : T A C  

T o  recover and upgrade t h e  h y d r o g e n  i n  r e f i n e r y  o r  
p e t r o c h e m i c a l  off-gas s t r e a m s .  M e t h a n e  i s  r e f e c t e d  t o  
f u e l ,  w h i l e  hydrocarbons h a v i n g  c h e m i c a l  v a l u e  are re- 
covered as p a r t i a l l y  ref i n e d  byproducts. 
(RECOVERY, REFINERY, PETROCHEMICAL, HYDROCARBON, FUEL) 

H 7 3  2 3 4 0 2  UPGRADING HYDROGEN V I A  HEATLESS ADSORPTION 
A l e x i s ,  R.W., C h e m i c a l  E n g i n e e r i n g  P r o g r e s s  S y m p o s i u m  S e r ,  
V  6 3 : 5 0 - 2  N 7 4  67,  A v a i 1 : T A C  

~ a p i d  adiabatic cycle,  w i t h  desorpt ion by p r e s s u r e  
change only,  is  e m p l o y e d  t o  separate h y d r o c a r b o n s  f r o m  
h y d r o g e n ;  tables l i s t  q u a l i t a t i v e  comparison of h y d r o g e n  
u p g r a d i n g  processes, typ ica l  process e c o n o m i c s  f o r  h y d r o -  
gen u p g r a d i n g  by hea t l e s s  a d s o r p t i o n ,  a n d  o p e r a t i n g  cost  
c o m p a r i s o n .  
(SEPARATION, HYDROCARBON, PRESSURE, COST, ECONOMY) 

H 7 3  2 3 4 0 3  RECOVERY OF HYDROGEN FROM INDUSTRIAL GAS 
MIXTURES 
C h a r l e s w o r t h ,  P.L. ,  C h e m i c a l  E n g i n e e r i n g ,  N 1 8 7 : ~ ~ 8 7 - 9 0  
A p r  65, A v a i 1 : T A C  

R e c o v e r y  of h y d r o g e n  f r o m  b y p r o d u c t  s t r e a m s  of c h e m -  
i ca l  and p e t r o l e u m  i n d u s t r i e s ,  i n  form sui table  fo r  re- 



t u r n i n g  t o  o r i g i n a l  process or f o r  u s e  i n  o t h e r  p r o c e s s e s ,  
c a n  be accompl i shed  c h e a p l y  b y  low- tempera tu re  s e p a r a t i o n  
t e c h n i q u e s ;  a p p l i c a b l e  t o  f i e l d s  o f  ammonia s y n t h e s i s  
and  p u r i f i c a t i o n  and u p g r a d i n g  o f  p e t r o l e u m  d i s t i l l a t e s  
t o  h i g h - o c t a n e  g a s o l i n e s ;  t y p i c a l  o p e r a t i n g  c o s t s  f o r  
hydrogen.  
(CHEMICAL, PETROLFUM, CRYOGENIC, SEPARATION, AMMONIA, 
PURIFICATION, COST) 

H73 23404 ERZEUGUNG VON REINST-WASSERSTOFF I N  DIFFU- 
SIONSANLAGEN 
Bosse, K.O., and F. Kohlmeyer,  I n s t i t u t  Z e i t  f u e r  
G a s w a e n e ,  V 14:156-61 N4 Apr 65 

p r o d u c t i o n  o f  h i g h - p u r i t y  hydrogen i n  d i f f u s i o n  u n i t s ;  
it i s  shown how h i g h - p u r i t y  hydrogen c o n t a i n i n g  no  more 
t h a n  1 ppm o f  i m p u r i t i e s  c a n  be produced w i t h  a i d  o f  
d i f f u s i o n  u n i t s ,  c o r e  o f  which i s  formed b y  pa l l ad ium-  
s i l v e r  d i f f u s i o n  ce l ls .  
(PURIFICATION, DIFFUSION) 

H73 23405 C02 =OVAL BY HEATLESS PROCESS 
Beavon, D.K. and o t h e r s ,  Chemical  and  P r o c e s s  E n g i n e e r i n g ,  
V 53:32-3 Ja 72 

The c a p i t a l  and o p e r a t i n g  costs  o f  l a r g e - s c a l e  hydro- 
gen  and  ammonia syngas  p l a n t s  c a n  be c o n s i d e r a b l y  re- 
duced  b y  i n c o r p o r a t i n g  t h e  P u r i s o l  " h e a t l e s s "  
removal  p r o c e s s .  T h i s ,  combined w i t h  c e n t r i f u g a  cOf - i -n s t ead  
of r e c i p r o c a t i n g  compresso r s ,  a l s o  g i v e s  g r e a t l y  i n c r e a s e d  
r e l i a b i l i t y .  
(COST, HYDROGEN, AMMONIA, CENTRIFUGAL, COMPRESSOR) 

H73 23406 HYDROGEN, CRYOGENIC UPGRADING 
Anon, Hydrocarbon P r o c e s s ,  V 491268 N9 S e p t  70 

A p p l i c a t i o n :  To r e c o v e r  and u p g r a d e  t h e  hydrogen 
i n  r e f i n e r y  or p e t r o c h e m i c a l  o f f - g a s  s t r e a m s .  Methane 
is r e j e c t e d  t o  f u e l ,  w h i l e  h y d r o c a r b o n s  hav ing  chemica l  
v a l u e  are r e c o v e r e d  as p a r t i a l l y  r e f i n e d  b y p r o d u c t s .  
(RECOVERY, REFINERY, PETROCHEMICAL, HYDROCARBON, FUEL) 

H73 23407 
Anon, Chemica l  Week, Mar 25 ' 7 0  

A new way t o  s e p a r a t e  hydrogen and  t o  c o n c e n t r a t e  
s y n t h e s i s  g a s  i s  b e i n g  i n t r o d u c e d  b y  Du Pont .  I t ' s  based  



on  a new l i n e  o f  Permasep  p e r m e a t o r s  t h e  company is 
making i n  a  new u n i t  a t  Glasgow, B e l .  Du Pon t  sees a 
p o t e n t i a l  f o r  t h e  t e c h n i q u e  i n  two b i g  areas. I t  c a n  be 
u s e d  t o  c o n c e n t r a t e  c a r b o n  monoxide i n  s y n t h e s i s  g a s  b y  
removing as much a s  95% o f  t h e  hydrogen. O r ,  i t  c a n  b e  
u s e d  t o  r e c o v e r  hydrogen from h i g h - p r e s s u r e  h y d r o - d e s u l f u r -  
i z a t i o n  u n i t s  i n  o i l  r e f i n e r i e s .  The p r o c e s s  h a s  b e e n  
p u t  t o  work i n  a commerc ia l  p l a n t  and  has  been  o p e r a t i n g  
s i n c e  O c t  68. It b o o s t s  c a r b o n  monoxide c o n c e n t r a t i o n  
from a b o u t  30% t o  more t h a n  80%. t u r n s  o u t  hydrogen i n  
90%-plus c o n c e n t r a t i o n .  
(SEPARATION, GAS) 

H73 23408 SEPARATION OF BINARY MIXTURES OF CO AND H2 
BY PERMEATION THROUGH POLYMERIC FILMS 
McCandless ,  F.P., I n d u s t r i a l  and E n g i n e e r i n g  Chemis t ry  
P r o c e s s  Des ign ,  V 1 1 ~ 4 7 0 - 8  O c t  72,  Avai1:TAC 

The p u r e  g a s  p e r m e a b i l i t y  c o e f f i c i e n t s  o f  v a r i o u s  
po lymer ic  materials t o  c a r b o n  monoxide and hydrogen were  
d e t e r m i n e d ,  and t h e  most  p r o m i s i n g  o f  t h e s e  were  t e s t e d  
as s e p a r a t i o n  membranes u s i n g  b i n a r y  m i x t u r e s  o f  t h e  g a s e s .  
(SEPARATION, MEMBRANE) 

H73 23409 ULTRA-PURE HYDROGEN OBTAINED BY STEAM RE-  

FORMING AND MOLECULAR SIEVE ADSORPTION 
Anon, P r o c e s s  E n g i n e e r i n g ,  Nov 72, p  11 

The p r o c e s s  is c o n v e n t i o n a l ,  w i t h  d e s u l p h u r i z a r i o n  
fo l lowed  b y  r e f o r m i n g  i n  a  c y l i n d r i c a l  f u r n a c e ,  quench ing  
and  s h i f t  c o n v e r s i o n .  A f t e r  c o o l i n g ,  t h e  i m p u r i t i e s  (CO, 
C02, CH4, and N 2 )  a re  removed b y  p a s s i n g  t h e  g a s  o v e r  a 
f i x e d  b e d  c o n t a i n i n g  a  c o m b i n a t i o n  of  a d s o r b e n t s  - main- 
l y  o f  t h e  m o l e c u l a r  s i e v e  t y p e .  
(DESULPHURIZATION, REFORMING, CONVERSION) 

H73 23410 HYDROGEN RECOVERY PROCESS 
Anon, ( P e t r o c a r b o n  Developments  L t d . ) ,  Hydrocarbon P r o c e s s  
& P e t r o l e u m  R e f i n e r ,  V 44:226 Nov 65 ' 

P r o c e s s  f o r  r e c o v e r i n g  hydrogen c o n t a i n e d  i n  o f f - g a s  
s t r e a m s  s u c h  as t h o s e  o c c u r r i n g  i n  t h e  ammonia s y n t h e s i s ,  
p e t r o l e u m  r e f i n i n g  and p e t r o c h e m i c a l  i n d u s t r i e s .  

The p r o c e s s  m a y  a l s o  be a d a p t e d  t o  a l l o y  t h e  r e c o v e r y  
o f  v e r y  h i g h  p u r i t y  a r g o n  from ammonia s y n t h e s i s  p u r g e  g a s .  
(AMMONIA, REFINERY, PETROCHEMICAL, PURITY) 



H73 23411 NEW HYDROGEN RECOVERY ROUTE 
McBride, R.B., and D.L. McKinley, Chemical  E n g i n e e r i n g  
P r o g r e s s ,  V 61:81-5 N3 Mar 65,  Avai1:TAc 

~ a r g e - s c a l e  hydrogen r e c o v e r y  u n i t s ,  based  on d i f -  
f u s i o n  t h r o u g h  p a l l a d i u m  b a r r i e r s ,  a r e  i n  o p e r a t i o n ;  de- 
t a i l e d  d e s c r i p t i o n  of s e v e r a l  o f  t h e s e  u n i t s  and o f  t h e i r  
c o s t s ,  a s  w e l l  a s  r e s e a r c h ,  development  and e n g i n e e r i n g  
a c t i v i t i e s  i n  t h i s  f i e l d  are g i v e n .  
(DIFFUSION, PALLADIUM, COST) 

H73 23412* HYDROGEN PURIFICATION USING A MODIFIED FUEL 
CELL PROCESS 
McEvoy, J.E. and o t h e r s ,  I n d u s t r i a l  and  E n g i n e e r i n g  Chem- 
i s t r y  P r o c e s s  Des ign  and Development,  V 4 : l -3  Ja 65, 
Ava i1 :~AC 

A new t e c h n i q u e  f o r  p u r i f y i n g  H2 s t r e a m s  t o  o b t a i n  
h i g h  p u r i t y  Hz ,  a n  ou tg rowth  o f  f u e l  c e l l  r e s e a r c h ,  is  based  
on t h e  u s e  o f  e l e c t r o c h e m i c a l  ce l l s  u s i n g  h i g h l y  e f f i c i e n t  
c a t a l y t i c  e l e c t r o d e s .  Impure hydrogen is consumed a t  t h e  
anode  o f  t h e  ce l l  and p u r i f i e d  hydrogen g e n e r a t e d  a t  t h e  
c a t h o d e .  By t h e  a p p l i c a t i o n  o f  a s m a l l  p o t e n t i a l  a c r o s s  
t h e  e l e c t r o d e s  o f  t h i s  c e l l ,  it i s  p o s s i b l e  t o  i o n i z e  
H2, and o n l y  H2, a t  t h e  anode and s i m u l t a n e o u s l y  t o  pro-  
d u c e  a n  e q u i v a l e n t  amount o f  H2 a t  t h e  c a t h o d e .  The im-  
p u r i t y  g a s e s  p a s s  o v e r  t h e  anode  u n r e a c t e d  and are d i s -  
c h a r g e d  from t h e  system. Data  show t h e  p o l a r i z a t i o n  
c h a r a c t e r i s t i c s  o f  t h e  e l e c t r o d e s  i n  t h e  p r e s e n c e  o f  
p u r e  hydrogen ,  as w e l l  as t h e  e f f e c t  o f  gaseous  d i l u e n t s  
from which  t h e  " e f f i c i e n c y "  o f  H2  removal  from t h e  c h a r g e  
s t r e a m  c a n  b e  c a l c u l a t e d .  H2S and CO are e l e c t r o d e  p o i -  
s o n s ,  a l t h o u g h  t h e  e f f e c t  o f  CO i s  t r a n s i e n t .  
(ELECTROCHEMICAL, CATALYST, ANODE, POLARIZATION, 
EFFICIENCY) 

H73 23413 HYDROGEN PURIFICATION 
Anon, ( L i n d e  ~ i v i s i o n  of  Union C a r b i d e ) ,  Hydrocarbon P r o c e s s ,  
V 48:188 N 1 1  Nov 69 

A p r e s s u r e  swing a d s o r p t i o n  p r o c e s s  f o r  a p p l i c a t i o n s  
r e q u i r i n g  a n  u l t r a h i g h  p u r i t y  hydrogen p r o d u c t  (99.999+%), 
f r o m  a n y  hydrogen b e a r i n g  stream c o n t a i n i n g  any  o r  a l l  
of t h e  f o l l o w i n g  i m p u r i t i e s :  NH3, A ,  H 2 0 ,  CH4, CO, C 0 2 ,  
H S ,  N2, C 2 s ,  C 3 s ,  C 4 s  and c5s. A minimum f e e d  p r e s s u r e  
o g  150 p s i g  i s  r e q u i r e d  f o r  o p e r a t i o n .  P r e s s u r e s  above 



600 ps ig  b e c o m e  u n e c o n o m i c a l .  Feed t e m p e r a t u r e s  are i n  
t h e  range of 4 0 O ~  t o  1 0 0 ~ ~ .  
(ADSORPTION, AMMONIA, HYDROCARBON, PRESSURE, TEMPERATURE) 

H 7 3  2 3 4 1 4  HYDROGEN P U R I F I C A T I O N  PLANT FOR BENZENE 
MANUFACTURE 
K i m u r a ,  S . ,  and A.  N u m a t a ,  H i t a c h i  R e v i e w ,  V 1 9 : 4 1 5 - 2 0  
N l 1  7 0  

T h e  h y d r o g e n  p u r i f i c a t i o n  p l a n t  s u p p l i e d  t o  t h e  
M i z u s h i m a  Works of K a w a t e t s u  C h e m i c a l  I n d u s t r y  C o m p a n y  
is d e s i g n e d  t o  recover hydrogen by l o w - t e m p e r a t u r e  sep- 
a r a t i o n  u s i n g  o f f -gas  f r o m  a b e n z e n e  m a n u f a c t u r i n g  p l a n t .  
(DESIGN,  RECOVERY, CRYOGENIC, SEPARATION) 

H 7 3  2 3 4 1 5  FULLY INTEGRATED HYDROGEN D I F F U S I O N  SYSTEM 
M a t l a c k ,  G.L., P l a t i n u m  M e t a l s  R e v i e w ,  V 1 3 : 2 6 - 7  N 1  Ja 69 

P r i n c i p l e  of h y d r o g e n  d i f f u s i o n  t h r o u g h  s i lver -  
p a l l a d i u m  a l l o y  m e m b r a n e ,  developed by M a t t h e y  B i s h o p  
I n c . ,  over pas t  f e w  years, i s  n o w  b e i n g  appl ied t o  com-  
p l e t e  s y s t e m s  f o r  p r o c e s s i n g  s t e a m - r e f o r m e d  h y d r o c a r b o n s  
and h y d r o g e n - r i c h  g a s  m i x t u r e s  as w e l l  as c o m m e r c i a l  pur- 
i t y  h y d r o g e n :  u n i t  cons i s t s  of a m m o n i a  d issociator ,  d i s -  
soc ia ted  a m m o n i a  c o m p r e s s o r  and d i f f u s i o n  s y s t e m  w i t h  
con t ro l s ,  w i t h  a n h y d r o u s  a m m o n i a  b u l k  s torage s y s t e m  
provided by a m m o n i a  suppl ier .  
(PALLADIUM, MEMBRANE, STEAM REFORMING, HYDROCARBON, 

AMMONIA, DISSOCIATION, STORAGE) 

H 7 3  2 3 4 1 6  LOW PURITY HYDROGEN UPGRADER 
A n o n ,  ( L i n d e  d i v i s i o n  of U n i o n  C a r b i d e )  , H y d r o c a r b o n  Pro- 
cess & P e t r o l e u m  R e f i n e r ,  V 4 4 : 2 3 6  N o v  65 

A process t o  recover and upgrade t h e  h y d r o g e n  i n  
r e f i n e r y  or p e t r o c h e m i c a l  o f f - g a s  s t r e a m s .  H y d r o g e n  
product  p u r i t i e s  can  r a n g e  f r o m  90 t o  98 percent .  
(RECOVERY, REFINERY, HYDROCARBON, PETROCHEMICAL) 

H 7 3  2 3 4 1 7  HYDROGEN PRODUCTION AND P U R I F I C A T I O N  BY 
D I F F U S I O N  PROCESS 
Serfass, E . J . ,  and H. S i l m a n ,  C h e m i c a l  E n g i n e e r i n g ,  
N 1 9 2 : C E 2 6 6 - 7 1  O c t  65, A v a i 1 : T A C  

U l t r a p u r e  h y d r o g e n  can be separated f r o m  g a s e s  con- 
t a i n i n g  h y d r o g e n  by d i f f u s i o n  t h r o u g h  p a l l a d i u m  s i lve r  



a l l o y  tubes a t  t e m p e r a t u r e s  o f  350 t o  400 C  and d i f f e r e n t i a l  
p r e s s u r e s  o f  a b o u t  180 p s i ;  a l l o y  used  c o n t a i n s  a b o u t  
25% s i l v e r ,  wh ich  has  e f f e c t  o f  p r e v e n t i n g  p h a s e  t r a n s -  
f o r m a t i o n  l e a d i n g  to  breakdown o f  p u r e  p a l l a d i u m  membranes 
i n  p r e s e n c e  o f  hydrogen;  combined e l e c t r o l y s i s - d i f f u s i o n  
ce l ls  c a n  a l s o  be used  f o r  s e p a r a t i o n  o f  hydrogen i n  u l t r a -  
p u r e  form by d i f f u s i o n  t h r o u g h  p a l l a d i u m  membrane which 
a c t s  as e l e c t r o d e  d u r i n g  e lectrolysis .  
(SEPARATION, PALLADIUM, PRESSURE, TEMPERATNRE, MEMBRANE, 
ELECTROLYSIS ) 

H73 23418 TRENNUNG UND REINIGUNG VON WASSERSTOFF DURCH 
PERMEATION AN MEMBRANEN AUS PALLADIUM-LEGIERUNGEN 
~ a r l i n g ,  A.S., Chemie - Ingen i eu r -Techn ik ,  V 37:18-27 N 1  
J a  65  

S e p a r a t i o n  and  p u r i f i c a t i o n  o f  hydrogen by  p e r m e a t i o n  
t h r o u g h  membranes made o f  p a l l a d i u m  a l l o y s ;  p u r e  hydrogen 
c a n  b e  s e p a r a t e d  from m i x t u r e s  o f  g a s e s  by  d i f f u s i o n  
t h r o u g h  membranes made of  p a l l a d i u m  or p a l l a d i u m / s i l v e r  
a l l o y s ;  c o n s t r u c t i o n ,  e f f i c i e n c y ,  and  o u t p u t  o f  d i f f u s i o n  
ce l ls  i n t e n d e d  f o r  commercial u s e ,  and o f  e l e c t r o l y t i c  
d i f f u s i o n  ce l l s  used  f o r  p r o d u c t i o n  o f  f a i r l y  s m a l l  quan- 
t i t i e s  o f  hydrogen a r e  d i s c u s s e d ;  p r o c e s s  i s  a l s o  s u i t a b l e  
f o r  s e p a r a t i n g  hydrogen/deuter ium m i x t u r e s .  
(DIFFUSION, ELECTROLYTIC, EFFICIENCY, PRODUCTION, DEUTERIUM) 

H73 23419 FRACTIONATION OF AIR OR HYDROGEN-CONTAINING 
GAS MIXTURES 
Kessler, G. and W.  S c h o l z ,  ( L i n d e  A.-G. ) ,  B r i t i s h  1 , 0 7 3 ,  
570,  Je  2 8  ' 6 7 ,  German Appl.  May 1 9  ' 6 5  

I n  t h e  f r a c t i o n a t i o n  o f  a i r  w i t h  t h e  a s s o c i a t e d  f r a c -  
t i o n  o f  a H-con ta in ing  g a s  m i x t u r e ,  a p o r t i o n  o f  t h e  gas-  
e o u s  N wi thdrawn  from a  r e c t i f i c a t i o n  column used  f o r  t h e  
f r a c t i o n a t i o n  o f  a i r  was compressed  t o  a h i g h  p r e s s u r e  
a t  room t e m p e r a t u r e .  Upon c o o l i n g  t o  room t e m p e r a t u r e ,  
it was used  t o  wash t h e  H-con ta in ing  g a s  m i x t u r e  ( t h e  
c o n s t i t u e n t s  which  are n o t  e a s i l y  c o n d e n s e d ) ,  and a  p o r t i o n  
of t h i s  was a l so  compressed t o  a h i g h  p r e s s u r e  a t  room 
t e m p e r a t u r e  and t h e n  c o o l e d  down and made t o  expand in-  
t o  a  r e c t i f i c a t i o n  column. 
(NITROGEN, PRESSURE, SEPARATION, FRACTIONATION) 



H 7 3  2 3 4 2 0  RESEARCH STUDIES ON S O L I D  HYDROGEN PURIFICA- 
TION MEMBRANES 
J e w e t t ,  D . ,  and A.C. M a k r i d e s ,  ( T y c o - L a b s  I n c . ,  W a l t h a m .  
M a s s . ) ,  I n t e r i m  T e c h n i c a l  R e p o r t  No. 2 ,  M a y  15 - N o v  15 ' 66 ,  
M a r  6 7  

T h e  p e r m e a t i o n  ra te  of h y d r o g e n  t h r o u g h  t a n t a l u m  
coated w i t h  a t h i n  f i l m  of p a l l a d i u m  w a s  m e a s u r e d  over 
t h e  t e m p e r a t u r e  r a n g e  4 0 0 - 6 0 0 C  and a t  p r e s s u r e s  u p  t o  
1 7 5  psia.  T h e  p e r m e a t i o n  rate is  s u b s t a n t i a l l y  greater  
t h a n  t h a t  t h r o u g h  p u r e  p a l l a d i u m  m e m b r a n e s  of t h e  s a m e  
t h i c k n e s s  u n d e r  t h e  s a m e  c o n d i t i o n s .  
(PURIFICATION, MEMBRANE, METAL FILM, CATALYSIS, ADSORPTION, 
DIFFUSION, PERMEABILITY) 

H 7 3  2 3 4 2 1  HYDROGEN PURIFICATION AT LOW TEMPERATURES 
F o e r g ,  W . ,  ( L i n d e  AG, W e r k s g r u p p e ,  M u n i c h ,  W e s t  G e r m a n y ) ,  
C h e m i c a l  P r o c e s s  E n g i n e e r i n g ,  V  5 2 : 5 7 - 9 ,  6 1 ,  6 3 ,  68, 

T h e  e x t r a c t i o n  a n d  p u r i f i c a t i o n  of h y d r o g e n  f r o m  
p r o c e s s , g a s  s t r e a m s  c o n t a i n i n g  h y d r o g e n  - e . g . ,  d e a l k y l a t i o n  
recycle gas ,  s y n t h e s i s  ga s ,  h y d r o g e n / h e l i u m  m i x t u r e s  - 
are m o s t  e f f i c i e n t l y  carr ied o u t  a t  l o w  t e m p e r a t u r e s .  
P r o c e s s  t e c h n i q u e s  e m p l o y e d  i n c l u d e  p a r t i a l  condensa t ion ,  
absorpt ion ,  and s c r u b b i n g  w , i t h  n i t r o g e n  or l i q u i d  m e t h a n e .  
(EXTRACTION, SYNTHESIS GAS, HELIUM, TEMPERATURE, CONDEN- 
SATION, ABSORPTION, NITROGEN) 

H 7 3  2 3 4 2 2  PALLADIUM DIFFUSION YIELDS HIGH-VOLUME 
HYDROGEN 
A n o n ,  C h e m i c a l  E n g i n e e r i n g ,  V 7 2 : 3 6 +  M a r  1 '65 ,  A v a i 1 : T A C  

B r e a k t h r o u g h  i n  d i f f u s e r  d e s i g n  pu t s  p a l l a d i u m  separa- 
t i o n  i n t o  large-scale, h i g h - p u r i t y  h y d r o g e n  recovery f o r  
t h e  f i rs t  t i m e .  
(SEPARATION, DIFFUSION) 

H 7 3  2 3 4 2 3  CRYOGENIC RECOVERY OF HYDROGEN FROM AMMONIA 
SYNTHESIS GAS 
M a r k b r e i t e r ,  S . J . ,  ( E d i s o n ,  N . J . ) ,  I. Weiss, ( B r o o k l y n ,  N.Y.) ,  
( a s s i g n o r s  t o  A m e r i c a n  M e s s e r  C o r p . ,  New Y o r k ,  N.Y.) ,  U.S. 
P a t e n t  No.  3 , 5 5 3 , 9 7 2  

T h e  recovery of a m m o n i a  and h y d r o g e n - e n r i c h e d  g a s  
f r o m  a m m o n i a  s y n t h e s i s  p u r g e  g a s  a t  h i g h  p r e s s u r e  m a y  be 
a c h i e v e d  w i t h o u t  t h e  u s e  of ex te rna l  r e f r i g e r a t i o n .  T h e  
purge  g a s  i s  cooled t o  n e a r l y  t h e  f r e e z i n g  poin t  of 



ammonia t o  condense  and t h u s  s e p a r a t e  ammonia from t h e  
p u r g e  g a s .  The r e f r i g e r a t i o n  f o r  condens ing  ammonia 
is produced by  work-expanding t h e  p u r g e  g a s  a f t e r  am- 
monia c o n d e n s a t e  has  been  removed t h e r e f r o m .  T h e r e a f t e r ,  
t h e  p u r g e  g a s  i s  f u r t h e r  c o o l e d  s o  t h a t  gaseous  i m p u r i t i e s  
s u c h  as methane and a r g o n  a r e  condensed  and s e p a r a t e d  t o  
l e a v e  a hydrogen-enr iched  g a s  s u i t a b l e  f o r  r e c y c l i n g  t o  
t h e  ammonia s y n t h e s i s .  The r e f r i g e r a t i o n  f o r  condens ing  
t h e  gaseous  i m p u r i t i e s  i s  produced by  work-expanding t h e  
p r o d u c t  hydrogen-enr iched  g a s .  
(REFRIGERATION, SEPARATION, CONDENSATION, METHANE, RECYCLE) 

H73 23424 HYDROGEN PURIFICATION 
Meisler, J. ,  (Teaneck,  N . J . )  , G.C. B a n i k i o t e s ,  ( S e a f o r d ,  N.Y. 
and  E.H. Van Baush ,  ( P e a r l  R i v e r ,  N.Y.), ( A s s i g n o r s  t o  
Hydrocarbon Resea rch ,  I n c . ,  New York ,  N.Y.), U.S. P a t e n t  
No. 3 ,691,779 

A h i g h  p u r i t y ,  97 t o  99.9 p e r c e n t  hydrogen p r o d u c t  
i s  o b t a i n e d  b y  u s i n g  a s e p a r a t i o n  p r o c e s s  c o n s i s t i n g  o f  
a l o w  t e m p e r a t u r e  r e f r i g e r a t i o n  s y s t e m  o p e r a t i n g  below 
1 2 0 ~ ~ .  and  a n  a d s o r p t i o n  s y s t e m  o p e r a t i n g  on a n  a d i a b a t i c  
p res su re - swing  p r i n c i p l e  w i t h i n  t h e  t e m p e r a t u r e  r a n g e  o f  
200° t o  1 4 0 ' ~ .  

H 7 3  23425 PURIFICATION OF HYDROGEN BY MEANS OF LOW 
TEMPERATURES 
Foerg ,  W . ,  ( L i n d e  R e p r e s e n t a t i v e ) ,  S c i e n c e  Technology,  
V 15:18-26 70 

Low-temperature t e c h n i q u e s  a r e  e m i n e n t l y  s u i t a b l e  f o r  
r e c o v e r i n g  hydrogen o f  h i g h  p u r i t y  from g a s  m i x t u r e s  con- 
t a i n i n g  hydrogen.  Three  p r o c e s s e s  are a v a i l a b l e :  conden- 
s a t i o n ,  a b s o r p t i o n  and f r e e z i n g - o u t .  
(CHEMICAL, CONDENSATION, ABSORPTION, ADSORPTION, REGENER- 

ATION, REFRIGERATION) 

H73 23426 BLEED BURNING HYDROGEN PURIFIERS 
Rubin,  L.R., Enge lha rd  I n d u s t r i e s  - Technology B u l l e t i n ,  
V 9:10-13 N 1  Je 68 

Needs f o r  l a b o r a t o r y  hydrogen p u r i f i e r s  i n  1 t o  2 
cu  f t / h r  r a n g e  a r e  p r e s e n t l y  b e i n g  m e t  by  u s i n g  s c a l e d  



down v e r s i o n s  o f  l a r g e r  commercial permeation u n i t s ;  
u n i t s  d e s c r i b e d  a r e  d i s t i n g u i s h e d  from o t h e r  commercially 
a v a i l a b l e  s m a l l  p u r i f i e r s  i n  t h e i r  f a s t  s t a r t - u p  and inde- 
pendence from e l e c t r i c a l  power. 
(PURIFICATION, PERMEATION) 

H73 23427 HYDROGEN RECOVERY TAKES ON NEW LUSTER I N  
SOME PLANTS 
Stormont,  D.H., O i l  & Gas J o u r n a l ,  V 63:125-8 Mar 8  '65,  
Ava i l  : TAC 

Waste gases  may be t h e  most economical source  when 
e x t r a  hydrogen is requi red .  
(RECOVERY, WASTE, GAS ) 

H73 23428 PRESSURE-SWING ADSORPTION 
S t e w a r t ,  H.A., and J.L. Heck, Chemical Engineering Progress ,  
V 65:78 S e p t  69, Avai1:TAC 

D e t a i l s  of  a  newly-developed "pressure-swing" process  
which can p roces s  hydrogen-bearing s t reams t o  prov ide  a  
h igh -pu r i t y  hydrogen product  con ta in ing  1 t o  2  ppm t o t a l  
i m p u r i t i e s .  
(PURIFICATION, HYDROGEN, AMMONIA, WATER, METHANE, DIFFUSION, 
PALLADIUM ) 

H 7 3  23429 NEW ADSORPTION PROCESS PRODUCES HIGHER-PURITY 
HYDROGEN 
Anon, I r o n  & S t e e l  Engineering,  V 45:127 Fe 68 

Pressure-swing a d s o r p t i o n  produces 2,500,000 cu f t / day  
of hydrogen. 
(ADSORPTION, PROCESS ) 

H73 23430 SEPARATION PLANT FOR PURE HYDROGEN 
Anon, Engineer ing,  v 198:646 NOV 20 '64  

Heated pa l lad ium-s i lver  a l l o y  membranes produce 3000 
cu f t / h r  of  hydrogen. 
(SEPARATION, PALLADIUM) 

H73 23431 PERMEATION METHOD RECOVERS HYDROGEN 
Anon, The O i l  and Gas J o u r n a l ,  Mar '23 '70 

A p o s s i b l e  commercCal breakthrough i n  syn thes i s -gas  
p roces s ing  and hydrogen recovery  has been announced by 
DU Pont.  

The p roces s  b a s i c a l l y  f i l t e r s  gases  through bundles  
of p o l y e s t e r  f i b e r s  t o  recover  hydrogen and/or carbon mon- 
oxide.  



T h e  process, ca l led  P e r m a s e p ,  w i l l  separate h y d r o g e n  
f r o m  carbon monoxide, n i t r o g e n ,  m e t h a n e ,  and h e a v i e r  
h y d r o c a r b o n s .  

(SEPARATION, PERMEATION) 

H 7 3  2 3 4 3 2  HYDROGEN PURIFICATION 
A n o n ,  ( u n i o n  c a r b i d e  C o r p . ,  L i n d e  d i v i s i o n ) ,  H y d r o c a r b o n  
P r o c e s s ,  V 5 1 : 2 2 1  S e p t  7 2  

For commercial product ion  of h y d r o g e n  product of 
any p u r i t y  l eve l  f r o m  a h y d r o g e n  b e a r i n g  s t r e a m .  I t  m a y  
be u s e d  t o  r e m o v e  i m p u r i t i e s  of : NH3, A ,  H 2 0 ,  CH4, CO, 
C 0 2 ,  H2S ,  N 2 t  C2-C5- 

(PURIFICATION) 

H 7 3  2 3 4 3 3  HYDROGEN RECOVERY FROM REFINERY WASTE GASES 
Z e l l e r ,  H. and W. S c h o l z ,  E r d o e l  K o h l e ,  E r d g a s ,  P e t r o c h e m . ,  
V 2 0 : 2 0 0 - 3  N 3  6 7  

R a t h e r  pure H i s  recovered f r o m  m i x t u r e s  c o n t a i n i n g  
c h i e f l y  H and CH4 t o g e t h e r  w i t h  s i g n i f i c a n t  a m o u n t s  of 
C2-3 h y d r o c a r b o n s  a n d  s m a l l  a m o u n t s  of h i g h e r  h y d r o c a r b o n s .  
T h e  process involves s t e p w i s e  condensation of t h e  h y d r o -  
carbons. 
(PURITY, HYDROCARBON, CONDENSATION, CRYOGENIC) 

H 7 3  2 3 4 3 4  SEPARATION OF CONCENTRATED HYDROGEN FROM A 
METHANE-HYDROGEN FRACTION OF PYROLYSIS GAS 
G u s e i n o v a ,  Z.D., Ya.R.  V e l i e v ,  and Yu .G.  K a m b a r o v ,  ( V N I I o l e f i n ,  
B a k u ,  U S S R ) ,    him. T e k h n o l .  T o p l .  M a s e l ,  V 1 6 : 1 3 - 1 4  N8  71 

0 
H w a s  separated a t  -80 and 3 0  a t m o s p h e r e  f r o m  g a s  

con ta in ing  H 2 3 ,  CH4 7 3 . 9 ,  and C2H4 2 . 3  m o l e  %, u s i n g  
l i q u i d  C2H6 a s  absorbent. 
(SEPARATION, PYROLYSIS) 

H 7 3  2 3 4 3 5  PROCESS FOR SEPARATING GASEOUS COMPONENTS 
FROM GASEOUS MIX!lURES 
A n o n ,  ( E s s o  R e s e a r c h  and E n g i n e e r i n g  C o . ) ,  N e t h e r l a n d i s h  
A p p l .  6 , 6 0 2 , 1 4 1 ,  A u g  2 2  ' 66 ,  U.S. A p p l .  F e  19 ' 6 5  

A c y c l i c  process i s  d e s c r i b e d  f o r  s e p a r a t i n g  and 
p u r i f y i n g  H and ( o r )  N gas ,  u s e d  i n  NH3 s y n t h e s i s ,  f r o m  
C O m p O n e n t S  more s o l u b l e  i n  w a t e r  s u c h  as NH3, H 2 0 ,  C 0 2 ,  
CO, a n d  CH4. 
(PURIFICATION,  NITROGEN, AMMONIA, WATER, METHANE) 



H 7 3  2 3 4 3 6  PROCESS AND APPARATUS FOR PURIFYING LOW-BOILING 
GASES I N  GAS MIXTURES 
B a l d u s ,  W. ,  ( L i n d e  A.-G.) , B r i t i s h  1 , 1 0 5 , 9 2 5 ,  M a r  13 '68, 
G e r m a n  A p p l .  J e  5 ' 64 

P u r i f i c a t i o n  of gases s u c h  as  H, H e ,  o r  N e  f r o m  im- 
p u r i t i e s  s u c h  as N, CO, a n d  CH4 is a c c o m p l i s h e d  by a series 
of adsorbing c h a m b e r s  c o n t a i n i n g  s i l i c a  g e l .  I n  a d d i t i o n ,  
t h e  g a s  is  cooled i n  v a r i o u s  s t a g e s  i n  t h e  process. 
(PURIFICATION, ADSORPTION) 

H 7 3  2 3 4 3 7  PROCESS AND APPARATUS FOR REMOVING I M P U R I T I E S  
FROM HYDROGEN-CONTAINING GASES 
B e c k e r ,  R. ,  ( t o  ~ i n d e  A.-G.) ,  U.S. 3 , 3 7 2 , 5 5 5 ,  M a r  1 2  '68, 
G e r m a n  A p p l .  A u g  2 1  ' 63  

A l o w - t e m p e r a t u r e  process f o r  t h e  f r a c t i o n a t i o n  of 
H - c o n t a i n i n g  gases c o n t a i n i n g  s u b s t a n t i a l  q u a n t i t i e s  of 
H ,  CH4! and h i g h - b o i l i n g  gases h a v i n g  m. ps. h i g h e r  t h a n  
t h e  b o l l l n g  p o i n t  of CH4 h a s  been d e v e l o p e d .  
(TEMPERATURE, PURIFICATION) 

H 7 3  2 3 4 3 8  CONCENTRATION OF HYDROGEN BY CRYOGENIC 
PROCESSES 
S t r e i c h ,  M., ( M e s s e r  G r i e s h e i m  G.m.b.H., F r a n k f u r t / M . ,  
G e r m a n y ) ,  DECHEMA M o n o g r a p h ,  V 5 8 : 1 9 5 - 2 0 4  N 1 0 2 7 - 1 0 4 4 ,  68 

T h e  preparat ion of H of varying p u r i t y  f r o m  H - b e a r i n g  
gases f r o m  r e f ine r i e s  a n d  p e t r o c h e m i c a l  p l an t s  i s  d e s c r i b e d .  
C o s t  f i g u r e s  fo r  t h e  p r o d u c t i o n  of H a t  9 5  m o l e  % p u r i t y  
are g i v e n .  
(PRODUCTION, PURITY, REFINERY, PETROCHEMICAL, COST) 

H 7 3  2 3 4 3 9  SEPARATION OF HYDROGEN FROM OTHER GASES 
H o p e ,  J . ,  ( I n t e r n a t i o n a l  N i c k e l  L t d . ) ,  B r i t i s h  1 , 1 5 2 , 2 8 3 ,  
May 14 ' 69 ,  A p p l .  M a y  1 7  ' 6 7 ,  A d d i t i o n  t o  B r i t i s h  1 , 0 9 0 , 4 7 9  

A h i g h - p r e s s u r e  a b s o r p t i o n / l o w - p r e s s u r e  desorpt ion  
c y c l i n g  t e c h n i q u e  is  d e s c r i b e d  f o r  t h e  separat ion of W 2  
f r o m  a g a s e o u s  m i x t u r e  con t a in ing  a t  least  5 0 %  H 2 ,  e.g. 
a 75% Hz + 25% N2 m i x t u r e .  
(PRESSURE, ABSORPTION, DESORPTION, AMMONIA, PALLADIUM) 

H 7 3  2 3 4 4 0  LOW-TEMPERATURE REGENERATION OF HYDROGEN 
FROM INDUSTRIAL GASES 
C h a r l e s w o r t h ,  P .L. ,  and M. R u e h e m a n n ,  ( P e t r o c a r b o n  D e v . ,  
M a n c h e s t e r ,  E n g l a n d ) ,  Chem. P r u m y s l ,  V 1 6 ~ 6 0 1 - 3  N 1 0  66 

T h e  e x i t  gases f r o m  NH3 s y n t h e s i s  and c a t a l y t i c  re- 
f o r m i n g  of p e t r o l e u m  f ract ions  con ta in  u p  t o  50% v o l u m e  



H. To recover the  H e i t h e r  a s  a f u e l  o r  f o r  the recycle 
gas,  a low-cost separat ion process i s  e s s e n t i a l .  
(AMMONIA, CATALYST, REFORMING, RECYCLE, COST, FUEL, 
SEPARATION) 



H73 23600 FORMATION OF HOT HYDROGEN OR DEUTERIUM ATOMS 
BY PHOTOLYSIS OF ORDINARY OR DEUTERATED WATER VAPOR 
C o t t i n ,  M . ,  C. Vermei l ,  and J. Masanet ,  ( I n s t .  Radium, Lab. 
Chem. Phys. ,  P a r i s ) ,  C.R. Academie S c i e n c e ,  P a r i s ,  S e r i e s  
V 263:753-6 N12, 66  

A s t u d y  was made o f  pho todecompos i t ion  o f  w a t e r  v a p o r  
w i t h  r a d i a t i o n  o f  1850, 1470, and 1236 A.  The e f f e c t s  of 
t h e  a d d i t i o n s  o f  H o r  0 w e r e  d e t e r m i n e d .  M i x t u r e s  of H z 0  + 
D2 and D20 + H2 were i r r a d i a t e d .  The r a t i o s  H ~ / H D  o r  D ~ / H D  
are  a l i n e a r  f u n c t i o n  o f  1 / D 2  o r  1/H2,  r e s p e c t i v e l y .  The 
s l o p e s  o f  t h e s e  f u n c t i o n s  are dependen t  on t i m e  f o r  t h e  
isotopic s y s t e m  c o n s i d e r e d  and on t h e  phonon ene rgy .  The 
v a r i a t i o n s  o b s e r v e d  are a t t r i b u t e d  t o  changes  i n  t h e  rate 
c o n s t a n t s .  T h e r e f o r e ,  it is conc luded  t h a t  t h e  atoms formed 
have s i g n i f i c a n t  k i n e t i c  e n e r g i e s  which are a f u n c t i o n  o f  
t h e  wave leng th  o f  t h e  r a d i a t i o n .  Only r a d i a t i o n  a t  1236 A .  
i s  e n e r g e t i c a l l y  c a p a b l e  of c a u s i n g  t h e  r e a c t i o n  H 2 0  ( o r  
D 2 0 )  + hv = H2 (o r  D 2 )  + 0. H i g h e r  0 p r e s s u r e s  a r e  needed 
a t  1 2 3 6 ~  A .  t o  r e d u c e  t h e  H2 p r e s s u r e  formed d i r e c t l y  
upon decompos i t ion .  
(PHOTODECOMPOSITION, ENERGY, RADIATION, PRESSURE) 

H73 23601 PRIMARY PRODUCTS OF LIQUID WATER PHOTOLYSIS 
AT 1236,  1470,  AND 1849 A. 
G e t o f f ,  N . ,  G.O. Schenck,  (Max-Planck I n s t .  K o h l e n f o r s c h . ,  
~ u e l h e i m / ~ u h r ,  Germany),  P h o t o c h e m i s t r y  P h o t o b i o l o g y ,  V 8:167- 
78  N3, 6 8  

L i q u i d  H 2 0  a t  25-8O was i r r a d i a t e d  i n  t h e  vacuum u v  
a t  d i f f e r e n t  w a v e l e n g t h s .  A K r  r e s o n a n c e  lamp (1 mm. p r e s -  
s u r e ) ,  whose g a s  d i s c h a r g e  was produced by  a  microwave 
g e n e r a t o r  was equ ipped  w i t h  a  CaF2 window and a l i q u i d  
N2 t r a p  t o  g i v e  r a d i a t i o n  a t  1236 A .  F o r  1470 A . ,  a Xe 
r e s o n a n c e  lamp, s i m i l a r  t o  t h e  above lamp, was used  w i t h  
a  l i q u i d  02 t r a p  and a  s a p p h i r e  window. A low-pressu re  ~g 
lamp was u s e d  f o r  1849 A .  e m i s s i o n .  A t  1236 and 1470 A. ,  - 
e 

a q  
was p r o b a b l y  formed i n  a d d i t i o n  t o  H and OH r a d i c a l s .  

H -  and O H -  were scavenged by  f o r m a t e  and  e- and H20* b y  
a  q 

C 0 2 .  Quantum y i e l d s  are g i v e n  and r e a c t i o n  mechanisms are 
d i s c u s s e d .  
(HYDROGEN, PRODUCTION, RADIATION, MECHANISM) 



H73 23602* INVESTIGATION FOR THE PURPOSE OF IMPROVING 
THE EFFICIENCY OF UTILIZATION OF SOLAR ENERGY BY THE DE- 
COMPOSITION O F  WATER INTO HYDROGEN AND OXYGEN 
W e s t ,  R.E., H. Mahmoud, D.G. Burkhard ,  H. I t o ,  and R.S. K i r k ,  
(P.E.C.  Corp.,  1 0 0 1  Mapleton Ave., B o u l d e r ,  C o l o . ) ,  N63-19875, 
R e p o r t  No. AFCRL-63-666, May 63,  Avai1:TAC 

The s e n s i t i z e d  photo-decomposi t ion  o f  w a t e r  h a s  been  
s t u d i e d ,  w i t h  t h e  purpose  o f  improving  i t s  e f f i c i e n c y  as 
a  means o f  s o l a r  e n e r g y  c o n v e r s i o n .  A  number o f  metal l ic  
c a t i o n s  and o t h e r  m a t e r i a l s  were  t e s t e d  f o r  s e n s i t i z e r  
a c t i v i t y  and o f  t h e s e  o n l y  c e r i c ,  t h a l l i c ,  f e r r o u s ,  i o d i d e ,  
and chromous i o n s  d o  s e n s i t i z e  t h e  r e a c t i o n ;  t h e  fo rmer  
two t o  y i e l d  oxygen, t h e  l a t t e r  t h r e e ,  hydrogen.  I n  no  
c a s e  was t h e  s i m u l t a n e o u s  p r o d u c t i o n  o f  hydrogen and oxygen 
o b s e r v e d .  Quantum y i e l d s  were  d e t e r m i n e d ,  w i t h  s u b s t a n t i a l  
c o n v e r s i o n  o f  he  s e n s i t i z e r ,  and found t o  b e  t h e  o r d e r  i o f  t o  10- . I n i t i a l  y i e l d s  were  much h i g h e r .  With 
t h e  known s e n s i t i z e r s ,  t h i s  r e a c t i o n  d o e s  n o t  u t i l i z e  a 
s u f f i c i e n t  f r a c t i o n  o f  t h e  s o l a r  spec t rum t o  b e  p r a c t i c a l  
a s  a  means o f  s o l a r  e n e r g y  c o n v e r s i o n .  

S e v e r a l  m i x t u r e s  o f  i o n s  and  a l s o  v a r i o u s  s o l i d  
m a t e r i a l s  a s  a d d i t i v e s  t o  s e n s i t i z e r  s o l u t i o n s  were  t e s t e d  
f o r  t h e i r  i n f l u e n c e  on s e n s i t i z e r  a c t i v i t y .  I n  e v e r y  c a s e ,  
i t  was found t h a t  t h e  quantum y i e l d  was t h e  same as o r  
l o w e r  t h a n  w i t h  t h e  s e n s i t i z e r  a l o n e .  

C e r i c  i o n s  o x i d i z e  w a t e r  t o  y i e l d  oxygen i n  t h e  d a r k  
a t  e l e v a t e d  t e m p e r a t u r e s .  The t h e r m a l  r e a c t i o n  i s  c a t a l y z e d  
b y  p l a t i n i z e d  p l a t i n u m  whereas  t h e  p h o t o c h e m i c a l  r e a c t i o n  
i s  n o t .  A p p a r e n t l y  t h e  c e r i c - w a t e r  r e a c t i o n  p r o c e e d s  
t h e r m a l l y  and p h o t o c h e m i c a l l y  b y  d i f f e r e n t  mechanisms. 

An e x p e r i m e n t a l  s t u d y  of t h e  u l t r a v i o l e t  and v i s i b l e  
a b s o r p t i o n  spec t rum o f  ceric i o n s  was u n d e r t a k e n  t o  d e t e r -  
mine  t h e  n a t u r e  o f  t h e  s p e c i e s  i n  s o l u t i o n  and which s p e c i e s  
p a r t i c i p a t e  i n  t h e  pho tochemica l  r e a c t i o n .  Whi le  no con- 
c l u s i o n s  c a n  be r e a c h e d ,  t h e  c e r i c  s p e c t r u m  w a s  found t o  
be v e r y  d e p e n d e n t  upon c e r i c  and a c i d  c o n c e n t r a t i o n s ,  i n -  
d i c a t i n g  t h a t  h y d r o l y s i s  and o t h e r  r e a c t i o n s  o c c u r .  

The development  o f  a t h e o r y  t o  p r e d i c t  t h e  e n e r g i e s  
and  p r o b a b i l i t i e s  of  i o n - l i g a n d  e l e c t r o n  t r a n s i t i o n s  i n  
aqueous  s o l u t i o n s  was begun. The t h e o r y  h a s  been  s u c c e s s -  
f u l l y  a p p l i e d  t o  t h e  hydrogen and w a t e r  m o l e c u l e s  b u t  was 
n o t  s u f f i c i e n t l y  deve loped  t o  a p p l y  i t  t o  s o l u t i o n s .  

I t  is  recommended t h a t  f u r t h e r  s t u d i e s  s h o u l d  c o n t i n u e  
on t h e  b a s i c  a s p e c t s ,  c h e m i c a l  s p e c i e s  and  mechanism, of 
t h e  r e a c t i o n .  
(SENSITIZER, CONVERSION, OXIDATION,  TEMPERATURE, CATALYST, 
PHOTOCHEMICAL, MECHANISM) 



H73 23603 ELECTROCHEMICAL PHOTOLYSIS OF WATER AT A SEMI- 
CONDUCTOR ELECTRODE 
Honda, K . ,  N a t u r e ,  V 238, J1 7 ' 7 2  

Al though t h e  p o s s i b i l i t y  o f  w a t e r  p h o t o l y s i s  h a s  been  
i n v e s t i g a t e d  by  many w o r k e r s ,  a  u s e f u l  method h a s  o n l y  now 
been  deve loped .  Because  w a t e r  is  t r a n s p a r e n t  t o  v i s i b l e  
l i g h t  i t  canno t  b e  decomposed d i r e c t l y ,  b u t  o n l y  b y  r a d i a t i o n  
w i t h  w a v e l e n g t h s  s h o r t e r  t h a n  190 nm. 

F o r  e l e c t r o c h e m i c a l  d e c o m p o s i t i o n  o f  w a t e r ,  a p o t e n t i a l  
d i f f e r e n c e  o f  more t h a n  1 .23  V is n e c e s s a r y  be tween one 
e l e c t r o d e ,  a t  which t h e  a n o d i c  p r o c e s s e s  o c c u r ,  and t h e  
o t h e r ,  where c a t h o d i c  r e a c t i o n s  t a k e  p l a c e .  T h i s  p o t e n t i a l  
d i f f e r e n c e  i s  e q u i v a l e n t  t o  t h e  e n e r g y  of  r a d i a t i o n  w i t h  
a  wave leng th  o f  a p p r o x i m a t e l y  1 ,000 nm.  heref fore, i f  
t h e  e n e r g y  o f  l i g h t  i s  used  e f f e c t i v e l y  i n  an  e l e c t r o c h e m i c a l  
sys t em,  it s h o l d  b e  p o s s i b l e  t o  decompose w a t e r  w i t h  
v i s i b l e  l i g h t .  H e r e  w e  d e s c r i b e  a n o v e l  t y p e  o f  photo-  
e l e c t r o c h e m i c a l  c e l l  which  decomposes w a t e r  i n  t h i s  way. 
(DECOMPOSITION, RADIATION, ENERGY, VOLTAGE, ANODE) 

H73 23604 CONVERSION OF SUNLIGHT INTO CHEMICAL ENERGY 
AVAILABLE I N  STORAGE FOR MAN'S USE 
H e i d t ,  L .J . ,  and A.F. McMillan,  (Depar tment  o f  Chemis t ry ,  
M a s s a c h u s e t t s  I n s t i t u t e  o f  Technology,  Cambridge, M a s s . ) ,  
S c i e n c e ,  V 117 ,  J a  53 

I t  has  been  e s t a b l i s h e d  t h a t  t h e  k e y  r e a c t i o n s  i n  
t h e  s i m p l e  p h o t o c h e m i c a l  p r o c e s s  c a n  t a k e  p l a c e  c o n c u r r e n t l y  
i n  a water s o l u t i o n  o f  c e r o u s  and cer ic  i o n s  - namely,  t h e  
p r o d u c t i o n  o f  hydrogen g a s  by  t h a t  p a r t  of t h e  l i g h t  ab- 
s o r b e d  by  t h e  c e r o u s  i o n s  t h e r e b y  o x i d i z e d  t o  cerlc i o n s ,  
and oxygen g a s  b y  t h a t  p a r t  o f  t h e  l i g h t  abso rbed  b y  t h e  
cer ic  i o n s  t h e r e b y  reduced  t o  c e r o u s  i o n s .  

No a t t e m p t  was made i n  t h e  e x p e r i m e n t s  r e p o r t e d  t h e r e  
t o  d e t e r m i n e  t h e  main r e a c t i o n  or  t h e  d e t a i l s  o f  t h e  mechan- 
i s m s  o f  t h e  r e a c t i o n s  i n  t h e  s y s t e m  o r  t h e  e f f i c i e n c y  o f  
t h e  p r o c e s s ,  or  t o  co l l ec t  a l l  t h e  g a s  produced o r  t o  
c a r r y  o u t  t h e  p r o c e s s  u n d e r  t h e  m o s t  f a v o r a b l e  c o n d i t i o n s .  
Work on t h e s e  problems,  e s p e c i a l l y  t h e  l a s t  one, i n  sun- 
l i g h t  i s  u n d e r  way. 
(HYDROGEN, PRODUCTION, OXYGEN, OXIDATION, ENERGY) 

H73 23605 "PHOTOCHEMISTRY" 
H e i d t ,  L.J., McGraw-Hill E n c y c l o p e d i a  o f  S c i e n c e  and Tech- 
no logy ,  McGraw-Hill Book Co., I n c . ,  New York, 60, p  153-155 

A g e n e r a l  t r e a t m e n t  o f  p h o t o c h e m i s t r y  i n  which terms 



s u c h  a s  quantum y i e l d ,  p h o t o c h e m i c a l  r e a c t i o n s ,  l i g h t  ab- 
s o r p t i o n s  are d e f i n e d .  
(QUANTUM, YIELD, PHOTOCHEMISTRY, LIGHT) 

H73 23606 GROSS AND NET QUANTUM YIELDS AT 2537 A. FOR 
FERROUS TO FERRIC I N  AQUEOUS SULFURIC ACID AND THE ACCOMPANY- 
I N G  REDUCTION OF WATER TO GASEOUS HYDROGEN 
H e i d t ,  L.J., M.G. M u l l i n ,  W.B. M a r t i n ,  J r . ,  and A.M. Johnson  
B e a t t y ,  ( C h e m i s t r y  Depar tment ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  
Technology,  cambr idge ,  Mass.), J o u r n a l  o f  P h y s i c s  and Chem- 
i s t r y ,  V 66:336-341, 62  

Gross,  pfg, and  n e t ,  #n, quantum y i e l d  measurements  
have b e e n  made f o r  t h e  p h o t o c h e m i c a l  c o n v e r s i o n  by l i g h t  
o f  2537 A. o f  up  t o  1.4% o f  t h e  f e r r o u s  t o  f e r r i c  s u l f a t e  
and o f  t h e  accompanying p r o d u c t i o n  o f  g a s e o u s  hydrogen i n  
aqueous  s u l f u r i c  a c i d  a t  25 . I n  e a c h  s o l u t i o n  $ d e c r e a s e d  9 
as  t h e  r e a c t i o n  p r o g r e s s e d  b u t  bn remained c o n s t a n t .  I n  
t h e  d i f f e r e n t  s o l u t i o n s  pn remained  a t  0.4 be tween 0 .1  and 
0 .8  M f e r r o u s  s u l f a t e  i n  2 M H2S04 b u t  i n c r e a s e d  from 0.16 
t o  0.74 be tween 0.15 and 6.0 M s u l f u r i c  a c i d .  The d a t a  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  i n  2 M and more d i l u t e  s u l f u r i c  
a c i d  f e r r o u s  s u l f a t e  e x i s t s  m o s t l y  as  i o n  p a i r s  which i n  
6.0 M s u l f u r i c  a c i d  a re  p a r t l y  r e p l a c e d  by  c o n t a c t  f e r r o u s  
s u l f a t e  complexes.  
(QUANTUM, YIELD, REDUCTION, WATER) 

H73 23607 PHOTOCHEMISTRY OF CERIUM PERCHLORATES I N  
DILUTE AQUEOUS PERCHLORIC ACID 
H e i d t ,  L.J., " S o l a r  Energy  R e s e a r c h ,  " F. D a n i e l s ,  and  A. 
D u f f i e ,  e d s . ,  U n i v e r s i t y  o f  W i s c o n s i n  P r e s s ,  Madison, W i s . ,  
55,  p 203-219 

The p h o t o c h e m i s t r y  of c e r i u m  p e r c h l o r a t e s  i n  d i l u t e  
aqueous  p e r c h l o r i c  a c i d  i s  o f  i n t e r e s t  i n  c o n n e c t i o n  w i t h  
t h e  problem o f  t h e  u t i l i z a t i o n  o f  s o l a r  e n e r g y  b e c a u s e  i t  
h a s  l e d  t o  t h e  d i s c o v e r y  o f  a way t o  decompose w a t e r  photo-  
c h e m i c a l l y  i n t o  hydrogen and oxygen,  t h e r e b y  c o n v e r t i n g  
l i g h t  i n t o  c h e m i c a l  e n e r g y  a v a i l a b l e  i n  s t o r a g e .  The pur-  
p o s e  of t h i s  a r t i c l e  is  t o  r e c o r d  t h e  s t e p s  which l e d  t o  
t h e  d i s c o v e r y  o f  t h i s  p r o c e s s  and t o  p r e s e n t  t h e  o v e r - a l l  
r e a c t i o n s ,  t h e  n a t u r e  o f  t h e  p h o t o c h e m i c a l  and t h e r m a l  
r e d u c t i o n  o f  ceric t o  c e r o u s  i o n s  i n  t h e s e  s o l u t i o n s  where- 
by  w a t e r  i s  o x i d i z e d  t o  oxygen g a s ,  and  t h e  n a t u r e  o f  t h e  
p h o t o c h e m i c a l  o x i d a t i o n  o f  c e r o u s  t o  ceric i o n s  whereby 
w a t e r  is reduced  t o  hydrogen g a s .  
(PHOTOCHEMISTRY, OXIDATION, SOLAR, REDUCTION, WATER) 
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H 7 3  30000 RECENT NASA EXPERIENCE WITH HYDROGEN ENGINES 
B e l e w ,  L.F . ,  F.M. Drummond ,  and R.D. S t e w a r t ,  (NASA, 
M a r s h a l l  S p a c e  F l i g h t  C e n t e r ,  H u n t s v i l l e ,  A l a . ) ,  A m e r i c a n  
I n s t i t u t e  of A e r o n a u t i c s  and A s t r o n a u t i c s ,  A n n u a l  M e e t i n g ,  
l s t ,  W a s h i n g t o n ,  D.C., Je 2 9  - J1 2 '64,  P a p e r  6 4 - 2 7 0 ,  
A v a i 1 : T A C  

R e v i e w  of experience o b t a i n e d  t o  da t e  i n  t h e  devel-  
o p m e n t  p r o g r a m  of t h e  l i q u i d  h y d r o g e n  J-2 a n d  R L l O  rocket 
e n g i n e s .  T h e  c o n f i g u r a t i o n ,  performance, a n d  opera t ion 
of each e n g i n e  are d i s c u s s e d .  P r o g r e s s  i n  areas u n i q u e  
t o  h y d r o g e n - b u r n i n g  engines ,  and t o  c ryogen i c  e n g i n e s  i n  
g e n e r a l ,  w h i c h  m u s t  operate i n  a space e n v i r o n m e n t ,  i s  
d e s c r i b e d .  
( L I Q U I D ,  ENGINE, SPACE) 

H 7 3  3 0 0 0 1  3-KILOWATT CONCENTRIC TUBULAR R E S I S T O J E T  
PERFORMANCE 
P a g e ,  R . J . ,  C.R. H a l b a c h ,  a n d  R.A. S h o r t ,  ( M a r q u a r d t  
C o r p . ,  V a n  Nuys , .  C a l i f . ) ,  J o u r n a l  S p a c e c r a f t  R o c k e t s ,  
V  3 : 1 6 6 9 - 7 4  N 1 1  66 

T h e  d e s i g n  and f a b r i c a t i o n  are described f o r  a 
res is to je t ,  t h e  p e r f o r m a n c e  of w h i c h ,  d u r i n g  a 2 5 - h r .  
t es t  w i t h  H  as a p rope l l an t ,  w a s  a v a c u u m  sp.  i m p u l s e  of 
840 s e c o n d s  a n d  a t h r u s t  of 66.5 g  force f o r  3.0-kw. 
e l ec t r i ca l  p o w e r  i n p u t .  
(JET, PERFORMANCE) 

H 7 3  3 0 0 0 2  EXPERIMENTAL INVESTIGATION OF ACOUSTIC 
LINERS TO SUPPRESS SCREECH I N  HYDROGEN-OXYGEN ROCKETS 
W a n h a i n e n ,  J . P . ,  H.E. B l o o m e r ,  D.W. V i n c e n t ,  and J .K .  C u r l e y  
W a s h i n g t o n ,  ( N a t i o n a l  A e r o n a u t i c s  a n d  Space A d m i n i s t r a t i o n ,  
L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 7 - 1 7 5 0 4 ,  
NASA-TN-D-3822, Fe 6 7 ,  C F S T I :  HC $ ~ . O ~ / M F  $0.65, A v a i 1 : T A C  

A n  i n v e s t i g a t i o n  of s u p p r e s s i o n  of h i g h  f r e q u e n c y  
c o m b u s t i o n  i n s t a b i l i t y  u s i n g  H e l m h o l t z  t y p e  a cous t i c  
d a m p i n g  devices w a s  c o n d u c t e d  i n  a h y d r o g e n - o x y g e n  rocket 
of n o m i n a l l y  2 0 , 0 0 0 - p o u n d  t h r u s t  s i z e .  
(ROCKET, COMBUSTION) 

H 7 3  30003 COMPARISON OF SMALL WATER-GRAPHITE NUCLEAR 
ROCKET STAGES WITH CHEMICAL UPPER STAGES FOR UNMANNED 
M I S S I O N S  
C l a r k ,  M.R., G.D. S a g e r m a n ,  G.P. L a h t i ,  ( L e w i s  R e s e a r c h  
C e n t e r ,  NASA, C l e v e l a n d ,  O . ) ,  NASA T e c h .  N o t e  68, T e c h .  
A e r o s p a c e  R e p o r t ,  V 6:3910 N22, 68, A v a i 1 : T A C  

P a y l o a d  p e r f o r m a n c e  and t h e  r a d i a t i o n  e n v i r o n m e n t  



c h a r a c t e r i s t i c s  o f  t h i s  s m a l l  r e a c t o r  t y p e  (200-600 Mw.) 
i n  a  n u c l e a r  u p p e r  s t a g e  are c o n s i d e r e d .  Payload  d o s e  
c r i t e r i a  i n d i c a t e  t h a t  a n y  s h i e l d i n g  r e q u i r e m e n t  would 
b e  b a s e d  on p r o p e l l a n t  h e a t i n g  c o n s i d e r a t i o n s .  S e v e r a l  
a p p r o a c h e s  t o  p r o p e l l a n t  h e a t i n g ,  i n c l u d i n g  subcoo led  or 
s l u s h  H p r o p e l l a n t  and s h i e l d i n g ,  a r e  compared. 
(NUCLEAR, ROCKET) 

H73 30004 GAS CORE NUCLEAR REACTOR 
Rom, F.E., ( U n i t e d  S t a t e s  N a t i o n a l  A e r o n a u t i c s  and Space  
~ d m i n i s t r a t i o n ) ,  U.S. 3 ,574,057,  Apr 6  ' 71 ,  Avai1:TAC 

T h i s  reactor d e s i g n  p r o v i d e s  improved and s i m p l i f i e d  
means f o r  i n j e c t i n g  c o o l a n t  i n t o  t h e  c o r e  w h i l e  c o o l i n g  
t h e  m o d e r a t o r .  The e n e r g y  g e n e r a t e d  b y  t h e  f i s s i o n i n g  pro-  
cess i s  t h e r m a l l y - r a d i a t e d  t o  H which f l o w s  around t h i s  
U m a s s .  The H i s  i n t r o d u c e d  t h r o u g h  p e r v i o u s  w a l l s  
w i t h  s e e d  mate r ia l  e n t r a i n e d  s o  as t o  r e n d e r  t h e  H opaque 
t o  t h e  t h e r m a l  r a d i a t i o n  emana t ing  from t h e  f i s s i o n i n g  
g a s .  The h e a t e d  H p a s s e s  t h r o u g h  a n o z z l e  t o  produce  
t h r u s t .  
(GAS, NUCLEAR, REACTOR) 

H73 30005 INVESTIGATION OF GASEOUS NUCLEAR ROCKET 
TECHNOLOGY 
M c L a f f e r t y ,  G.H., ( U n i t e d  A i r c r a f t  Corp. ,  E a s t  H a r t f o r d ,  
Conn.).  su&ary T e c h n i c a l  R e p o r t ,  S e p t  15  ' 6 3  - Nov 1 5  ' 6 9 ,  
N70-17470, NASA-CR-107869, Avai l :CFSTI,  Avai1:TAC 

A f e a s i b i l i t y  s t u d y  was made o f  a g a s e o u s  n u c l e a r  
r o c k e t  e n g i n e  c o n c e p t :  t h e  c l o s e d - c y c l e  n u c l e a r  l i g h t  
b u l b  e n g i n e .  T h i s  e n g i n e  is b a s e d  on  t h e  t r a n s f e r  o f  
e n e r g y  by t h e r m a l  r a d i a t i o n  from g a s e o u s  n u c l e a r  f u e l  
suspended  i n  a neon vortex t h r o u g h  a n  i n t e r n a l l y  c o o l e d  
t r a n s p a r e n t  w a l l  t o  s e e d e d  hydrogen p r o p e l l a n t .  
(GAS, NUCLEAR, ROCKET) 

H73 30006 POODLE RADIOISOTOPE PROPULSION TECHNOLOGY 
J o n e s ,  I . R . ,  and  G.E. A u s t i n ,  (TWR System, Redondo Beach, 
C a l i f . ) ,  P r o c e e d i n g s  Symposium R a d i o i s o t o p e  A p p l i c a t i o n  
A e r o s p a c e ,  1st. Dayton, Ohio ,  V 2:385-408 66 

The o p e r a t i n g  c h a r a c t e r i s t i c s  and  a p p l i c a t i o n s  of 
P o o d l e ,  a l o w  t h r u s t  p r o p u l s i o n  d e v i c e  which u t i l i z e s  a n  
a l p h a -  o r  b e t a - e m i t t i n g  r a d i o i s o t o p e  t o  h e a t  H t o  h i g h  
t e m p e r a t u r e s  and e x h a u s t  v e l o c i t i e s ,  are d i s c u s s e d .  
(ROCKET, TEMPEFATURE) 



H 7 3  3 0 0 0 7  ANALYSIS O F  TOPPING AND BLEED TURBOPUMP 
UNITS FOR HYDROGEN-PROPELLED NUCLEAR ROCKETS 
E v a n s ,  D.G., a n d  J . E .  C r o u s e ,  ( N a t i o n a l  A e r o n a u t i c s  and 
Space A d m i n i s t r a t i o n ,  L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  
0 . ) .  N 6 6 - 3 9 6 1 5 ,  NASA-TM-X-384, W a s h i n g t o n ,  Je 6 0 ,  C F S T I :  
HC $ 2 . 0 0 / ~ ~  $0.50, A v a i 1 : T A C  

T h e  t u r b o p u m p  u n i t s  analyzed w e r e  a bleed, a hot-  
t o p p i n g  ( f u l l - f l o w  t u r b i n e ) ,  a n d  a cold- topping u n i t .  
T h e  t ypes  of c o n f i g u r a t i o n  required and t h e i r  e f fec t  on 
rocket g ross  w e i g h t  w e r e  i n v e s t i g a t e d .  T h e  scope of t h e  
a n a l y s i s  d i d  no t  inc lude  t h e  e f fec ts  of t h e  t u r b o p u m p  
c o n f i g u r a t i o n s  on t h e  w e i g h t s  of associate c o m p o n e n t s ,  
s u c h  a s  t h e  reactor. 
(NUCLEAR, ROCKET) 

H 7 3  30008 INVESTIGATION OF THE EIGHT-STAGE BLEED-TYPE 
TURBINE FOR HYDROGEN-PROPELLED NUCLEAR ROCKET APPLICATIONS.  
1: DESIGN OF TURBINE AND EXPERIMENTAL PERFORMANCE OF 
F I R S T  TWO STAGES 
R o h l i k ,  H.E., ( N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ,  
L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 6 - 3 9 6 1 3 ,  NASA-TM- 
X - 4 7 5 ,  W a s h i n g t o n ,  M a y  6 1 ,  C F S T I :  HC $ 2 . 0 0 / ~ ~  $ 0 . 5 0 ,  
A v a i 1 : T A C  

D e s i g n  i n f o r m a t i o n  i n c l u d e s  w o r k  d i v i s i o n  a m o n g  s tages ,  
a e r o d y n a m i c  de s ign ,  and b l a d e  g e o m e t r y .  T u r b i n e  perfor- 
m a n c e  is  p r e s e n t e d  i n  t e r m s  of specif ic  w o r k ,  speed, 
w e i g h t  f l o w ,  a n d  e f f i c i e n c y  w i t h  t h e  e f f e c t  of t h e  second 
s t a g e  o n  f i r s t - s tage  p e r f o r m a n c e  a t  des ign  opera t ion  in-  
c l u d e d .  
(TURBINE, NUCLEAR, ROCKET) 

H 7 3  30009 INVESTIGATION OF EIGHT-STAGE BLEED-TYPE 
TURBINE FOR HYDROGEN-PROPELLED NUCLEAR ROCKET APPLICATIONS.  
11: EXPERIMENTAL OVERALL AND STAGE GROUP PERFORMANCE 
DETERMINED I N  COLD NITROGEN 
R o h l i c k ,  H.E., ( N a t i o n a l  ~ e r o n a u t i c s  a n d  Space A d m i n i s t r a -  
t i o n ,  L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 6 - 3 9 6 1 2 ,  
NASA-TM-X-481, W a s h i n g t o n ,  M a r  6 2 ,  C F S T I :  HC $ 2 . 0 0 / ~ ~  
$ 0 . 5 0 ,  A v a i 1 : T A C  

O v e r - a l l  p e r f o r m a n c e  of f o u r -  and s i x - s t a g e  a s s e m -  
b l i e s  as  w e l l  a s  t h e  c o m p l e t e  e i g h t - s t a g e  t u r b i n e  is pre- 
stlnted i n  t e r m s  of e f f ic iency ,  specif ic  w o r k ,  to rque ,  
and w e i g h t  f l o w .  P e r f o r m a n c e  of t h e  f o u r  t w o - s t a g e  groups  
w i t h i n  t h e  e i g h t - s t a g e  a s s e m b l y  i s  s h o w n  f o r  d e s i g n  over- 
a l l  c o n d i t i o n s .  A l s o  i n c l u d e d  i s  a d e s c r i p t i o n  of d e s i g n  
m o d i f i c a t i o n s  t h a t  c o u l d  be m a d e  t o  i m p r o v e  performance 



over t h a t  obtained. 
(TURBINE, NUCLEAR, ROCKET) 

H 7 3  3 0 0 1 0  HYDROGEN-OXYGEN F I R E D  THERMIONIC GENERATORS 
AND THERMIONIC DIODES 
A n o n ,  ( T h e r m o  E l e c t r o n  C o r p . ,  W a l t h a m ,  M a s s . ) ,  N 6 9 - 3 0 8 7 1 ,  
NASA-CR-101745,  A p r  3 ' 69 ,  A v a i l : C F S T I ,  A v a i 1 : T A C  

T h e  h a r d w a r e  d e s c r i b e d  i n  t h i s  paper s e r v e d  t o  eval- 
u a t e  t h e  s t a t e - o f - t h e - a r t  of t h e r m i o n i c  f l a m e - h e a t e d  de- 
vices for  use i n  a s h o r t  ( a  f e w  h o u r s  t o  a f e w  d a y s )  space 
m i s s i o n .  T h e  reactants  avai lable  as f u e l  and o x i d a n t  
i n  t h e  m i s s i o n  w e r e  expected t o  be h y d r o g e n  a n d  o x y g e n ,  
and t h e s e  s a m e  reactants w e r e  e m p l o y e d  i n  t h i s  w o r k .  Two 
h y d r o g e n - o x y g e n  50 w a t t  genera tors  a n d  t w o  spare t h e r m i o n i c  
d i o d e s  w e r e  b u i l t .  A l t h o u g h  t h e  g e n e r a t o r s  w e r e  success- 
f u l l y  operated t h e i r  e f f i c i ency  w a s  far b e l o w  t h a t  i n i t i a l l y  
expected . 
(GENERATOR, THERMIONIC) 

H 7 3  30011 HYDROGEN-OXYGEN SPACE POWER INTERNAL- 
COMBUSTION ENGINE 
M o r g a n ,  N .E . ,  ( S p e r r y  R a n d  C o r p . ,  V i c k e r s ,  I n c . ,  A e r o s p a c e  
~ i v i s i o n ,  T o r r a n c e ,  C a l i f . ) ,  A 6 5 - 1 3 0 8 0 ,  A m e r i c a n  S o c i e t y  
of M e c h a n i c a l  E n g i n e e r s ,  W i n t e r  A n n u a l  M e e t i n g ,  New Y o r k ,  
N.Y., N o v  9 - ~ e c  4 ' 64  

D i s c u s s i a n  of t h e  e f fec ts  of f u e l  c h a r a c t e r i s t i c s ,  
o x i d i z e r  c h a r a c t e r i s t i c s ,  a n d  s t o r a g e  c o n d i t i o n s  on t h e  
ope ra t ing  cycle a n d  p o w e r - p l a n t  c o n f i g u r a t i o n  of a h y d r o -  
g e n - o x y g e n  i n t e r n a l - c o m b u s t i o n  p i s t o n  e n g i n e  u n d e r  devel- 
o p m e n t  f o r  space p o w e r  a p p l i c a t i o n s .  T h e  d e v e l o p m e n t  
p r o g r a m  and p r o b l e m s  are r e v i e w e d ,  i n c l u d i n g  d e s c r i p t i o n s  
o f  e x p e r i m e n t a l  eng ines ,  d e s i g n  p h i l o s o p h y ,  a n d  t e s t  
m e t h o d s ,  e q u i p m e n t ,  a n d  r e s u l t s .  
(SPACE, ENGINE) 

H 7 3  3 0 0 1 2  EXPERIMENTAL RESEARCH ON ELECTRIC PROPULSION. 
NOTE V I I :  ANALYSIS OF THE PERFORMANCE OF AN ARCJET DRIVEN 
BY HYDROGEN AND NITROGEN 
R o b o t t i ,  A.C., and M. O g g e r o ,  ( N a t i o n a l  A e r o n a u t i c s  a n d  
Space A d m i n i s t r a t i o n ,  W a s h i n g t o n ,  D . C . ) ,  R i c .  S c i .  A n n o  35, 
Ser .  2 R e n d . ,  Rome ,  V  8:894-901 N 4  65,  O c t  66, A v a i 1 : T A C  

D e s c r i p t i o n  of e x p e r i m e n t s  p e r f o r m e d  o n  a n e w  type 
of a r c j e t ,  c h a r a c t e r i z e d  b y  c o m p o s i t e  e l e c t r o m a g n e t i c  
and vortex s t a b i l i z a t i o n  a n d  p r o p e l l e d  by h y d r o g e n  and 
n i t r o g e n  i n  t u r n .  P a r t i c u l a r  a t t e n t i o n  w a s  d e v o t e d  t o  
t h e  e l ec t r i ca l  c h a r a c t e r i s t i c s  of t h e  arc  and  t o  t h e  loss  of 



h e a t  t h r o u g h  e l e c t r o d e s .  
(ELECTRIC, ARCJET) 

H73 30013 STABILIZING EFFECTS OF SEVERAL INJECTOR FACE 
BAFFLE CONFIGURATIONS ON SCREECH I N  A  20,000 POUND-THRUST 
HYDROGEN-OXYGEN ROCKET 
Hannum, N.P., H.E. Bloomer,  and R.R. Goelz, ( N a t i o n a l  
A e r o n a u t i c s  and  Space  A d m i n i s t r a t i o n ,  Lewis R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  O . ) ,  N68-21679, NASA-TM-D-4515, CFSTI: 
HC $3.00/MF $0.65,  Apr 68 ,  Avai1:TAC 

E x p e r i m e n t a l  tes ts  were  conducted  t o  a s s e s s  t h e  
w o r t h  o f  i n j e c t o r  f a c e  b a f f l e s  as s c r e e c h  s u p p r e s s i o n  
d e v i c e s .  Hydrogen i n j e c t i o n  t e m p e r a t u r e  was u s e d  t o  ra te  
t h e  s t a b i l i t y  o f  t h e  v a r i o u s  b a f f l e s .  
(ROCKET, INJECTION) 

H73 30014 SPACE SHUTTLE ENGINE 
S t e w a r t ,  F.M., ( N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i n s t r a t i o n ,  
M a r s h a l l  Space  F l i g h t  C e n t e r ,  H u n t s v i l l e ,  A l a . ) ,  P r e s e n t e d  
a t  t h e  ELDO/NASA ~p)ace T r a n s p o r t a t i o n  Sys tems B r i e f i n g ,  
Bonn, J1 7-8 ' 7 0 ,  N71-18432, NASA-TM-X-66896, Avai1:NTIS. 
Avai1:TAC 

The r o c k e t  e n g i n e s  f o r  b o t h  t h e  b o o s t e r  and o r b i t e r  
e l e m e n t s  o f  t h e  s p a c e  s h u t t l e  w i l l  be t h r o t t l e a b l e  h i g h  
pe r fo rmance  hydrogen/oxygen e n g i n e s .  Depending on t h e  
d e s i g n ,  t h e  o r b i t e r  may u s e  two o r  t h r e e  e n g i n e s  w h i l e  
t h e  b o o s t e r  may r e q u i r e  t e n  o r  more. A s  i s  t h e  case w i t h  
m o s t  s p a c e  v e h i c l e  l a u n c h  systems, t h e  p a c i n g  i t e m  i s  
t h e  e n g i n e .  The s p a c e  s h u t t l e  main e n g i n e  r e q u i r e m e n t s  
and c o n c e p t s ,  and  t h e  approach  t o  development  as  p r e s e n t -  
l y  e n v i s i o n e d  are d e s c r i b e d .  
(SHUTTLE, SPACE, ENGINE) . .. 

I 

H73 30015 HYDROGEN-OXYGEN SPACE SHUTTLE ACPS THRUSTER 
TECHNOLOGY REVIEW 
Gregory ,  J . W . ,  and ,P.N. H e r r ,  ( N a t i o n a l  A e r o n a u t i c s  and 
Space  A d m i n i s t r a t i o n ,  L e v i s  Resea rch  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
P r e s e n t e d  a t  8 t h  P r o p u l s i o n  J o i n t  S p e c i a l i s t s  Confe rence ,  
New O r l e a n s ,  La . ,  Nov 29 - D e c  1 ' 7 2 ,  sponsored  by AIAA 
and SAE, N73-10744, NASA-TM-X-68146, Avai1:NTIS. Avai1:TAc 

The g e n e r a t i o n  o f  t e c h n o l o g y  f o r  i n j e c t o r s ,  c o o l e d  
t h r u s t  chambers ,  v a l v e s ,  and i g n i t i o n  s y s t e m s  is  d i s c u s s e d .  
The t h r u s t e r s  are d e s i g n e d  t o  m e e t  a  u n i q u e  and s t r i n g e n t  
set  o f  r e q u i r e m e n t s ,  i n c l u d i n g :  l o n g  l i f e  f o r  100 m i s s i o n  
r e u s e s ,  h i g h  p e r f o r m a n c e ,  l i g h t  w e i g h t ,  a b i l i t y  t o  pro-  



v i d e  l o n g  d u r a t i o n  f i r i n g s  a s  w e l l  as  s m a l l  impu l se  b i t s ,  
a b i l i t y  t o  o p e r a t e  over wide  r a n g e s  o f  p r o p e l l a n t  i n l e t  
c o n d i t i o n s  and t o  w i t h s t a n d  r e e n t r y  h e a t i n g .  The program 
h a s  i n c l u d e d  e v a l u a t i o n  o f  t h r u s t e r s  d e s i g n e d  f o r  ambien t  
t e m p e r a t u r e  and c o l d  gaseous  p r o p e l l a n t s  a t  t h e  v e h i c l e  
i n t e r f a c e .  

(SPACE, SHUTTLE, ENGINE) 

H73 30016 HYDROGEN-OXYGEN AUXILIARY PROPULSION FOR 
THE SPACE SHUTTLE. VOLUME 2 : LOW PRESSURE THRUSTERS 
Anon, ( A e r o j e t  L i q u i d  Rocket  C o . ,  Sac ramen to ,  C a l i f . ) ,  
~ 7 3 - 1 8 8 0 1 ,  NASA-CR-120896, F i n a l  R e p o r t ,  J a  30 ' 7 3 ,  
Ava i l -NTIS ,  Avail-TAC 

An a b b r e v i a t e d  program was conduc ted  t o  i n v e s t i g a t e  
i g n i t e r ,  i n j e c t o r ,  and t h r u s t  chamber t e c h n o l o g y  f o r  a 
10 .3  N/cm2 ( 1 5  p s i a )  chamber p r e s s u r e ,  6660 N (1500 l b f )  
g a s e o u s  ~ 2 / 0 2  APS t h r u s t e r  f o r  t h e  Space  S h u t t l e  V e h i c l e .  
S u c c e s s f u l  c a t a l y t i c  i g n i t e r  tests  were  conduc ted  w i t h  
ambien t  and c o l d  p r o p e l l a n t s .  I n j e c t o r  t e s t i n g  w i t h  a 
h e a t  s i n k  chamber (MR = 2.5,  a r e a  r a t i o  = 5.0) gave  a 
measured s p e c i f i c  impulse  o f  386 sec w i t h  11% o f  t h e  
f u e l  used  a s  f i l m  c o o l a n t .  T h i s  c o o l a n t  f l o w  r a t e  was 
d e m o n s t r a t e d  t o  be more t h a n  a d e q u a t e  t o  cool a spun 
a d i a b a t i c  w a l l ,  f l i g h t w e i g h t  t h r u s t  chamber.  

(SPACE, SHUTTLE, ROCKET) 

H73 30017 SPACE SHUTTLE HIGH PRESSURE AUXILIARY 
PROPULSION SUBSYSTEM DEFINITION STUDY 
K e l l y ,  P .J .  and  W.W. R e g n i e r ,  (McDonnell-Douglas 
A s t r o n a u t i c s  Co., S t .  L o u i s ,  Mo.), N71-25068, NASA-CR-103115, 
Summary R e p o r t ,  F e  12 ' 7 1 ,  Avail:NTIS, Avai1:TAC 

E f f o r t  i n  s u p p o r t  o f  t h e  h i g h  p r e s s u r e  ~ 2 / 0 2  a u x i l i a r y  
p r o p u l s i o n  subsys tem,  t h e  p r e l i m i n a r y  d e s i g n ,  and t h e  
s t u d y  approach  and r e s u l t s  a r e  summarized. 

(SPACE, SHUTTLE, PROPULSION) 

H73 30018 SPACE SHUTTLE AUXILIARY POWER UNIT (APU) 
Beremand, D.G., and H.M. Cameron, ( N a t i o n a l  A e r o n a u t i c s  
and Space  A d m i n i s t r a t i o n ,  Lewis R e s e a r c h  C e n t e r ,  Cleve-  
l a n d ,  O . ) ,  Space  T r a n s p o r t a t i o n  System Technology Sym- 
posium, V 6:361-371, J1 70, Avail:NTIS, N70-40975, 
A v a i l  :TAC 

A program t o  d e v e l o p  t h e  t e c h n o l o g y  o f  a hydrogen- 
oxygen f u e l e d  a u x i l i a r y  power u n i t  (APU) f o r  t h e  s p a c e  
s h u t t l e  v e h i c l e  i s  d i s c u s s e d .  
(SPACE, SHUTTLE, POWER) 



H 7 3  30019 PRELIMINARY DESIGN OF AN AUXILIARY POWER 
U N I T  FOR THE SPACE SHUTTLE. V o l u m e  1: SUMMARY 
H a m i l t o n ,  M.L., a n d  W.L. B u r r i s s ,  ( A i R e s e a r s c h  Mfg .  Co . ,  
L o s  A n g e l e s ,  C a l i f . ) ,  N 7 2 - 1 9 0 5 8 ,  NASA-CR-1993, W a s h i n g t o n ,  
NASA M a r . ,  7 2 ,  A v a i l : N T I S ,  A v a i 1 : T A C  

N u m e r o u s  c a n d i d a t e  APU concepts are c o n s i d e r e d ,  each 
m e e t i n g  t h e  space s h u t t l e  APU p r o b l e m  s t a t e m e n t .  E v a l u -  
a t i o n  of t h e s e  concepts i n d i c a t e s  t h a t  t h e  o p t i m u m  concept 
i s  a h y d r o g e n - o x y g e n  APU i n c o r p o r a t i n g  a recuperator t o  
u t i l i z e  t h e  e x h a u s t  e n e r g y  a n d  u s i n g  t h e  cycle h y d r o g e n  
f l o w  a s  a m e a n s  of cool ing  t h e  c o m p o n e n t  h e a t  l o a d s .  
(DESIGN, POWER, SHUTTLE) 

H 7 3  3 0 0 2 0  AN H2-02  AUXILIARY POWER U N I T  FOR SPACE 
SHUTTLE 
B e r e m a n d ,  D.G., J . P .  Joyce, a n d  H.M. C a m e r o n ,  (NASA, 
L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0. ) , 7 t h  I n t e r soc i e ty  
E n e r g y  convers ion E n g i n e e r i n g  c o n f e r e n c e ,  S a n  D i e g o ,  c a l i f . ,  
P r o c e e d i n g s  - Sept  2 5 - 9  ' 7 2 ,  W a s h i n g t o n ,  D.C., A m e r i c a n  
C h e m i c a l  Socie ty ,  7 2 ,  p 403-8, A v a i 1 : T A C  

A u x i l i a r y  p o w e r  u n i t s  operating o n  h y d r o g e n  a n d  
oxygen h a v e  t h e  p o t e n t i a l  f o r  s i g n i f i c a n t l y  i m p r o v e d  per- 
f o r m a n c e  and p a y l o a d  for  t h e  Space S h u t t l e  v e h i c l e s .  
(POWER, SPACE, SHUTTLE) 

H 7 3  3 0 0 2 1  PERFORMANCE ESTIMATES FOR SPACE SHUTTLE 
VEHICLES USING A HYDROGEN OR A METHANE FUELED TURBORAMJET 
POWERED F I R S T  STAGE 
K n i p ,  G. ,  Jr . ,  and J.D. E i s e n b e r g ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  0 ,  N 7 2 - 1 4 8 7 9 ,  NASA-TN-D-6634, W a s h -  
i n g t o n ,  J a  7 2 ,  A v a i l : N T I S ,  A v a i 1 : T A C  

Two- a n d  t h r e e - s t a g e  ( s e c o n d  stage e x p e n d a b l e )  s h u t t l e  
vehicles,  bo th  h a v i n g  a h y d r o g e n - f u e l e d ,  t u r b o r a r n j e t -  
p o w e r e d  f i rs t  stage, are c o m p a r e d  w i t h  a t w o - s t a g e ,  VTOHL, 
a l l -rocket  s h u t t l e  i n  t e r m s  of p a y l o a d  f r a c t i o n ,  i n e r t  
w e i g h t ,  d e v e l o p m e n t ,  cost ,  ope ra t ing  cos t ,  a n d  t o t a l  cost .  
(SPACE, SHUTTLE, JET) 

a 

H 7 3  3 0 0 2 2  COMPARATIVE STUDY OF FUELS FOR THE F I R S T  
STAGE OF AN ATMOSPHERIC BOOSTER 
H u e t ,  C., R e c h .  A e r o s p a c e ,  N119 :3 -12  6 7  

C o m p l e t e  t h e r m o d y n a m i c  c a l c u l a t i o n s  f o r  t h e o r e t i c a l l y  
p r e s e l e c t e d  f u e l s  ( k e r o s i n e ,  pentaborane, N2H4, s y m d i m e t h y l -  
h y d r a z i n e ,  l i q u i d  H, A l ,  Mg,  B ,  B e ,  L i ,  and LIH) per- 
m i t t e d  p e r f o r m a n c e  predict ion .  



H73 30023 ELDO FUTURE PROGRAM STUDY 3.2 ON AN ELDO B 
LAUNCHING SYSTEM W I T H  A STANDARD ENGINE OF 6-8 TONS OF 
THRUST 
Anon. ( ~ n t w i c k l u n g s p r i n g  Nord, Bremen, W e s t  Germany), 
N67-14266, Aug 3 1  '64 ,  Avai1:TAC 

An i n v e s t i g a t i o n  was conduc ted  on t h e  i n f l u e n c e  
which t h e  s e l e c t i o n s  o f  a s t a n d a r d  e n g i n e  w i t h  6  t o  8 
t o n s  o f  t h r u s t  e x e r t s  on t h e  pe r fo rmance  o f  an  ELDO B 
l a u n c h  v e h i c l e  w i t h  two H /O u p p e r  s t a g e s  t o t a l l i n g  
23 t o n s  u p p e r  s t a g e  weigh?,  i n c l u d i n g  p r o p e l l a n t s  and  
pay load .  
(ENGINE, THRUST) 

H73 30024 ELDO FUTURE PROGRAMS, PRELIMINARY PROJECT 
LAUNCHERS B1 AND B2.  STUDY NO. 3.5: A  DETAILED DE- 
SCRIPTION OF THE CRYOGENIC STAGES 
Anon, ( S o c i e t e  Pour  1 ' E t u d e  e t  l a  R e a l i s a t i o n  d l E n g i n s  
~ a l i s t i q u e s ,  Courbevoie ,  F r a n c e ) ,  N68-28533, D e c  22 '65 ,  
A v a i l  : TAC 

T h i s  r e p o r t  d e s c r i b e s  a p r o j e c t  o f  l i q u i d  hydrogen/ 
l i q u i d  oxygen s t a g e s  f o r  ELDO B1 and B 2  l a u n c h e r s .  
(ENGINE, THRUST) 

H73 30025 HIGH ENERGY UPPER STAGES FOR ELDO VEHICLES 
C h i l d s ,  G.W., and D. S t o t t ,  (Hawker S i d d e l e y  ~ y n a m i c s ,  
L t d . ,  S t e v e n a g e ,  England,  Space  D i v i s i o n ) ,  N68-20307, 
ELDO Symposium on  p r o p u l s i o n ,  P a r i s ,  o c t  10-12 ' 67 ,  
A v a i l  zTAC 

Describes t h e  d e s i g n  c h a r a c t e r i s t i c s  and per formance  
o f  h i g h  e n e r g y  l i q u i d  h y d r o g e n / l i q u i d  oxygen e n g i n e s  and 
c o n s i d e r s  t h e i r  a p p l i c a t i o n  as u p p e r  s t a g e s  t o  p o s s i b l e  
f u t u r e  ELDO l a u n c h  v e h i c l e s .  Reviews work a l r e a d y  done 
and  o u t l i n e s  a development  program. 
(DESIGN, ENGINE) 

H73 30026 THEORETICAL PERFORMANCES OF THE TRIERGOLIC 
ROCKET FUEL SYSTEM FLUORINE-LITHIUM HYDRIDE-HYDROGEN 
Dadieu ,  A . ,  and  R. Lo, (Deut .  V e r s u c h s a n s t .  Luft-und 
Raumbahrt,  S t u t t g a r t - V a i h i n g e n ) ,  Raumfahr t forschung,  
V 12:135-8 N3 68 

T h e o r e t i c a l  pe r fo rmances  i n  t h e  s y s t e m  F2-LiH-H 
were c a l c u l a t e d .  

2  

(ROCKET, FUEL) 



H 7 3  3 0 0 2 7  LITHIUM-FLUORINE-HYDROGEN PROPELLANT STUDY 
A r b i t ,  H.A.,  R.A. D i c k e r s o n ,  S.D. C l a p p ,  and C.K. N a g a i ,  
( R o c k e t d y n e ,  C a n o g a  P a r k ,  c a l i f . ) ,  N 6 8 - 1 6 7 8 8 ,  NASA-CR- 
7 2 3 2 5 ,  F e  2 2  '68, C F S T I :  HC $ 3 . 0 0 / ~ ~  $ 0 . 6 5 ,  A v a i 1 : T A C  

R e s u l t s  of a p r o g r a m  e n c o m p a s s i n g  an a n a l y t i c a l ,  
d e s i g n ,  and e x p e r i m e n t a l  e f f o r t  t o  e s t a b l i s h  t h e  funda-  
m e n t a l  f e a s i b i l i t y  of t h e  fluorine/lithium/hydrogen tr i-  
propel lant  c o m b i n a t i o n  are reported. 
(PROPELLANT, s TUDY) 

H 7 3  3 0 0 2 8  INVESTIGATION OF INJECTORS FOR A LOW- 
CHAMBER-PRESSURE HYDROGEN-FLUORINE ROCKET ENGINE 
P r i c e ,  H.G., J r . ,  R . J .  L u b i c k ,  and A.M. S h i n n ,  J r . ,  
(NASA, L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 6 - 3 3 3 3 3 ,  
NASA-m-X-485 ,  J1 6 2 ,  W a s h i n g t o n ,  C F S T I :  HC $2.00/MF 
$0.50, A v a i 1 : T A c  

C h a r a c t e r i s t i c  ve loc i ty  e f f i c i e n c i e s  as  h i g h  as  9 9  
percent w e r e  obta ined w i t h  gaseous h y d r o g e n  and l i q u i d  
f l u o r i n e  i n  s h o r t  c o m b u s t i o n  c h a m b e r s .  
(INJECTION, ROCKET, ENGINE ) 

H 7 3  3 0 0 2 9  FLUORINE-HYDROGEN PERFORMANCE EVALUATION. 
PHASE 1, PART 1: ANALYSIS,  DESIGN, AND DEMONSTRATION OF 
HIGH PERFORMANCE INJECTORS FOR THE L I Q U I D  FLUORINE- 
GASEOUS HYDROGEN COMBINATION 
A r b i t ,  H.A., and S .D .  C l a p p ,  ( R o c k e t d y n e ,  C a n o g a  Park,  
C a l i f . ,  R e s e a r c h  D e p t . ) ,  N 6 6 - 3 2 9 2 3 ,  NASA-CR-54978, F i n a l  
R e p o r t ,  A u g  66, C F S T I :  HC $ 3 . 7 5 / ~ ~  $ 1 . 2 5 ,  A v a i 1 : T A C  

, T w o  i n j e c t o r s  w e r e  d e s i g n e d  f o r  u s e  w i t h  an  uncooled,  
s e g m e n t e d ,  c a l o r i m e t r i c  t h r u s t  c h a m b e r  d e s i g n e d  f o r  
2 5 0 0 - p o u n d  t h r u s t  a t  t h e  m i d p o i n t  of t h e ' e x p e r i m e n t a l  
m a t r i x .  O n e  w a s  a t r i p l e t  pa t t e rn  i n   which'^^ double ts  

2 
i m p i n g e d  upon a c e n t r a l  s h o w e r h e a d  GH2 3et: and t h e  
o t h e r  employed s e l f - i m p i n g i n g  L F 2  d o u b l e t s , w i t h  s h o w e r -  
head GH2 jets  on e a c h  s i d e  of t h e  spray f a n .  P a r t i c u l a r  
a t t e n t i o n  w a s  g i v e n  t o  t h e  procedures used t o  ob ta in  
t h e  e x p e r i m e n t a l  d a t a ,  and ana lyses  w e r e  presented cover- 
i n g  t h e i r  r e l i a b i l i t y  and precision.  
(INJECTION, THRUST) 



H 7 3  30030 EXPERIMENTAL PERFORMANCE OF A HYDROGEN- 
FLUORINE ROCKET ENGINE A T  SEVERAL CHAMBER PRESSURES AND 
EXHAUST NOZZLE EXPANSION AREA RATIOS 
Jones, W.L. ,  C.A. A u k e r m a n ,  and J . W .  G i b b ,  (NASA, L e w i s  
R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 6 - 3 3 3 4 8 ,  NASA-TM-X-387, 
W a s h i n g t o n ,  O c t  60, C F S T I :  HC $2.00/MF $0.50, A v a i 1 : T A C  

T h e  performance of a n o m i n a l - 5 0 0 0 - p o u n d - t h r u s t  hydro- 
g e n - f l u o r i n e  rocket e n g i n e  w a s  evaluated over a range of 
m i x t u r e s  f rom 6 t o  2 0  percent f u e l  a t  c h a m b e r  pressures 
f r o m  60 to 7 2 5  p o u n d s  per square i n c h  a b s o l u t e  w i t h  ex- 
h a u s t - n o z z l e  area r a t i o s  of 3 . 7 ,  2 5 ,  and 100. P e r f o r -  
m a n c e  nea r  t h e  theoret ical  m a x i m u m  ( 9 7  p e r c e n t )  and s table  
c o m b u s t i o n  w e r e  obtained d o w n  t o  a c h a m b e r  pressure of 
60 pounds per square i n c h  a b s o l u t e  a t  m i x t u r e s  b e t w e e n  
10 a n d  2 0  percent  f u e l .  
(ROCKET, ENGINE, FUEL) 

H 7 3  30031 EXPERIMENTAL HYDROGEN-FLUORINE ROCKET PER- 
FORMANCE A T  LOW PRESSURES AND HIGH RATIOS 
A u k e r m a n ,  C. ,  and B.E.  C h u r c h ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  O.), ~ 6 6 - 3 3 3 2 5 ,  NASA-m-X-724,  
W a s h i n g t o n ,  C F S T I :  HC $ ~ . O ~ / M F  $0.50, Sept 63, A v a i 1 : T A C  

T h e  p e r f o r m a n c e  of h y d r o g e n  and f l u o r i n e  w a s  evaluated 
i n  a n  a l t i t u d e  t e s t  f a c i l i t y  a t  l o w  chamber p r e s s u r e s  i n  
rocket e n g i n e s  having area-ratio-100 e x h a u s t  nozzles of 
three  l e n g t h s .  
(ROCKET, EXHAUST) 

H 7 3  3 0 0 3 2  RESONANCE TUBE I G N I T I O N  OF HYDROGEN-OXYGEN 
MIXTURES 
P h i l l i p s ,  B.R., and A.J .  P a v l i ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  0 .  N 7 1 - 2 6 9 1 3 ,  NASA-TN-D-6354, 
W a s h i n g t o n ,  M a y  7 1 ,  A v a i 1 : N T I S .  A v a i 1 : T A C  

A m e t h o d  w a s  found t o  r ende r  t h e  rocket e n g i n e  i g n i t e r  
s y s t e m  i n d e p e n d e n t  of a m b i e n t  pressures by  e n c l o s i n g  t h e  
n o z z l e  gap i n  a can. 

(IGNITION, MIXTURE) 

H 7 3  3 0 0 3 3  EVALUATION OF SPEECH SUPPRESSION CONCEPTS 
I N  A 20,000-POUND-THRUST HYDROGEN-OXYGEN ROCKET 
W a n h a i n e n ,  J . P . ,  N.P. H a n n u m ,  and L.M. R u s s e l l ,  (NASA, 
L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 7 - 3 4 7 5 8 ,  NASA- 
TM-X-1435, W a s h i n g t o n ,  A u g  6 7 ,  C F S T I :  HC $3.00/MF $0.65, 
A v a i 1 : ~ A c  

A n  e x p e r i m e n t a l  i n v e s t i g a t i o n  w a s  c o n d u c t e d  t o  d e t e r -  
m i n e  t h e  e f fec t s  of ( 1 )  p r o p e l l a n t  i n j e c t i o n  r a d i a l  d i s -  



t r i b u t i o n ,  ( 2 )  f l u o r i n e  a d d i t i v e  t o  t h e  l i q u i d  oxygen, 
( 3 )  e x t e n d e d  o x i d i z e r  t u b e s ,  ( 4 )  p o r o u s  i n j e c t o r  f a c e -  
p l a t e ,  ( 5 )  n o z z l e  a r e a  r a d i a l  d i s t r i b u t i o n ,  and ( 6 )  cham- 
b e r  w a l l  f i l m  c o o l i n g  on  a c o u s t i c a l  mode s t a b i l i t y  cha r -  
a c t e r i s t i c s .  Hydrogen i n j e c t i o n  t e m p e r a t u r e  w a s  used  

\ t o  r a t e  t h e  s t a b i l i t y  o f  t h e  v a r i o u s  d e s i g n s .  The com- 

b u s t o r  w i t h  t h e  l o w e s t  s e l f - t r i g g e r i n g  t e m p e r a t u r e  was 
c o n s i d e r e d  t o  be t h e  most  stable d e s i g n .  
(ROCKET, NOZZLE) 

H73 30034 LONGITUDINAL INSTABILITY LIMITS WITH A 
VARIABLE LENGTH HYDROGEN OXYGEN COMBUSTOR 
Morgan, C . J . ,  and D.E. Soko,  (NASA, Lewis Resea rch  Cen- 
ter ,  C l e v e l a n d ,  0.) .  N71-23713, NASA-TN-D-6328, Washing- 
t o n ,  Apr 71, Avail:NTIS, 

An e x p e r i m e n t a l  i n v e s t i g a t i o n  d e t e r m i n e d  t h e  l o n g i -  
tud ina l -mode i n s t a b i l i t y  c h a r a c t e r i s t i c s  o f  a 10,000 
pound t h r u s t ,  300 p s i  chamber p r e s s u r e ,  hydrogen-oxygen 
e n g i n e  t h a t  c o u l d  b e  c o n t i n u o u s l y  s t r o k e d  i n  l e n g t h  from 
1 9  t o  65  i n c h e s  d u r i n g  o p e r a t i o n .  A b a f f l e  was used  t o  
i n h i b i t  t h e  t r a n s v e r s e  modes. I n c r e a s i n g  b a f f l e  l e n g t h  
s t a b i l i z e d  t h e  l o n g i t u d i n a l  mode o f  i n s t a b i l i t y .  De- 
c r e a s i n g  t h e  h y d r o g e n - i n j e c t i o n  t e m p e r a t u r e  was d e s t a b i l -  
i z i n g .  
(THRUST, INSTABILITY) 

H73 30035 PERFORMANCE OF COAXIAL INJECTORS I N  LIQUID 
OXYGEN-GASEOUS HYDROGEN 
S t e r n f e l d ,  H.J., (Deutsche  Forschungs-  und V e r s u c h s a n s t a l t  
f u e r  L u f t -  und Raumfahr t ,  Lampoldshausen,  W e s t  Germany, 
I n s t i t u t  f u e r  Chemische R a d k e t e n a n t r i e b e ) ,  N73-16779, 
Je  71, Avai1:NTIS. Avai1:TAC 

R e s u l t s  o f  a n  e x p e r i m e n t a l  program f o r  i n v e s t i g a t i n g  
combust ion  pe r fo rmance  of  v a r i a b l e  t h r u s t  l i q u i d  oxygen/ 
g a s e o u s  hydrogen r o c k e t  e n g i n e s  w i t h  c o a x i a l  i n j e c t o r s  
a r e  p r e s e n t e d .  
( PERFORMANCE, ROCKET ) 

H73 30036 EFFECT OF THRUST PER ELEMENT ON COMBUSTION 
STABILITY CHARACTERISTICS OF HYDROGEN OXYGEN ROCKET ENGINES 
S a l m i ,  R . J . ,  J .P .  Wanhainen, and  N.P. Hannum, (NASA, Lewis 
Resea rch  C e n t e r ,  C l e v e l a n d ,  0 N68-36515, NASA-TN-D- 
4851, Washington,  O c t  68,  CFSTI: HC $3.00/MF $0.65, 
A v a i l  :TAC 

The r e s u l t s  o b t a i n e d  w i t h  a series o f  c o a x i a l  
i n j e c t o r s  on a  oxygen-hydrogen r o c k e t  e n g i n e  o p e r a t e d  
a t  a  chamber p r e s s u r e  o f  300 psia w e r e  a n a l y z e d  t o  d e t e r -  



mine t h e  e f f e c t s  of i n j e c t o r  t h r u s t  pe r  element on t h e  
combustion s t a b i l i t y .  The t h r u s t  p e r  element ranged 
from about  20 t o  2500 pounds. Based on t h e  minimum 
hydrogen temperature  f o r  s t a b l e  combustion, t h e  combustion 
s t a b i l i t y  increased  w i t h  i n c r e a s i n g  t h r u s t .  
(THRUST, COMBINATION) 

H73 30037 EFFECT OF COMBUSTOR PARAMETERS ON THE STABILITY 
OF GASEOUS HYDROGEN-LIQUID OXYGEN ENGINE 
F e i l e r ,  C.E., (NASA, Lewis Research Cente r ,  Cleveland,  O . ) ,  
N68-11043, NASA-TM-X-52360, Washington 67, 4 th  Combustion 
Conference, Menlo Park,  C a l i f . ,  Oct 2-13 '67,  sponsored 
by t h e  In te ragency  Chemical Rocket Propuls ion  Group, 
CFSTI: HC $3.00/MF $0.65, Avai1:TAC 

S t a b i l i t y  l i m i t s  from t h e  response  f a c t o r  model have 
been ob ta ined  f o r  v a r i a t i o n s  i n  chamber p r e s s u r e ,  f low 
r a t e ,  t h r o a t  a r e a ,  and o s c i l l a t i o n  frequency f o r  a f i x e d  
i n j e c t o r  element geometry, and a r e  compared w i t h  expe r i -  
mental  d a t a .  
(COMBUSTION, STABILITY) 

H73 30038 EFFECT OF CHAMBER PRESSURE, FLOW PER ELEMENT, 
AND CONTRACTION RATIO ON ACOUSTIC-MODE INSTABILITY I N  
HYDROGEN-OXYGEN ROCKETS 
Wanhainen, J.P., C.E. F e i l e r ,  and C . J .  Morgan, (NASA, 
Lewis Research Cente r ,  Cleveland,  0 . ) .  N68-30518, NASA-TN- 
D-4733, Washington, Aug 68, CFSTI: HC $ 3 . 0 0 / ~ ~  $0.65, 
Ava i l  :TAC 

An exper imental  i n v e s t i g a t i o n  of a 20,000-lb. t h r u s t  
eng ine  w i t h  a s i n g l e  coax ia l - t ype  i n j e c t o r  was conducted 
t o  determine t h e  e f f e c t  o f  v a r i a t i o n s  i n  chamber p r e s s u r e ,  
weight flow pe r  e lement ,  and c o n t r a c t i o n  r a t i o ,  by chang- 
ing nozz le  t h r o a t  d i ame te r  on tangent ia l -acoust ic-mode 
s t a b i l i t y  c h a r a c t e r i s t i c s  of  hydrogen-oxygen rocke t  engines .  
(PRESSURE, FLOW, ROCKET) 

H73 30039 A I R  PRECOOLING BEFORE COMPRESSION EFFECT ON 
THE A I R  BREATHING ENGINES OF A SPACE-CRAFT LAUNCH VEHICLE 
Kuenkler,  H., (Technische Hochschule, Aachen, West Germany), 
N73-13785, DGLR-Paper 72-60, 5 t h  Annual DGLR Meeting, 
B e r l i n ,  Oct 4-6 '72 ,  x v a i l : ~ ~ ~ ~ ,  KC $3.75 

The e f f e c t  of a i r  p r e c o o l i n g  b e f o r e  compression on 
t h e  p ropu l s ive  e f f i c i e n c y  of l i q u i d  hydrogen t u r b o j e t  
eng ines  w i t h  a f t e r b u r n i n g  was i n v e s t i g a t e d  f o r  space  s h u t t l e  
a p p l i c a t i o n s .  Precool ing  was reached by h e a t  exchange 
wi th  t h e  l i q u i d  hydrogen f u e l  f low,  The e f f i c i e n c y  of t h i s  



t ype  of eng ine  was determined f o r  t h e  a c c e l e r a t e d  f l i g h t  
o f  an aerodynamic space  s h u t t l e  w i t h  regard t o  t h e  l i m i t -  
i ng  Mach number, t h e  t h r u s t  behavior ,  t h e  t h rus t / eng ine  
weight r a t i o  and t h e  s p e c i f i c  f u e l  consumption. 
(COMPRESSION, SPACECRAFT) 

H73 30040 AN EVALUATION OF LOX/HYDROGEN ENGINE TECHNOL- 
OGY FOR ADVANCED MISSIONS 
Anon, ( C a l i f o r n i a  Univ., R ive r s ide ,  C a l i f . ) ,  N71-36111, 
NASA-CR-121864, Je 1 '71 ,  Avail:NTIS, Avai1:TAC 

The importance of eng ine  and s t a g e  des ign  c r i t e r i a  
on t h e  s i z i n g  requi rements  of t h e  complete s t a g e  a r e  
q u a n t i t a t i v e l y  de f ined .  They inc lude  engine parameter  
( i . e .  chamber p r e s s u r e ,  a r e a  r a t i o ,  and mix,ture r a t i o )  
o p t i m i z a t i o n  a n a l y s e s  f o r  two engine  c y c l e s  a s  a  func t ion  
of s t a g e  s i z e  and mis s ion  p r o f i l e .  

(ENGINE, DESIGN) 

H73 30041 PERFORMANCE AND COMBUSTION CHARACTERISTICS 
OF CONTROLLABLE HIGH-ENERGY ROCKET PROPULSION SYSTEMS 
S t e r n f e l d ,  H . J . ,  and J. Reinkenhof, As t ronaut ik ,  V 9:5-11, 
J a  - M a r  72 

R e s u l t s  of  an exper imenta l  i n v e s t i g a t i o n  program de- 
s c r i b i n g  combustion performance of v a r i a b l e  t h r u s t  rocke t  
eng ines  w i t h  emphasis on t h e  l i q u i d  oxyqen/gaseous hydro- 
gen p r o p e l l a n t  combination and c o a x i a l  i n j e c t o r  a r e  pre- 
sen ted .  The performance parameters  i n v e s t i g a t e d  a r e  
mix tu re  r a t i o ,  combustion p r e s s u r e ,  c h a r a c t e r i s t i c  cham- 
b e r  l e n g t h ,  number of i n j e c t i o n  e lements ,  i n j e c t i o n  a r e a  
r a t i o ,  and i n j e c t i o n  v e l o c i t y  r a t i o .  .' . . .  
(COAXIAL, INJECTOR, VARIABLE THRUST) :' ':.' 

H73 30042 OXYGEN/HYDROGEN COMPONENT TECHNOLOGY STATUS 
Fu l ton ,  D.L., J . R .  L a u f f e r ,  G.R. Smith, and A.T. Zachary, 
(North American Rockwell Corp. , Rocketdyne Div. , Canoga 
Park,  c a l i f . ) ,  American I n s t i t u t e  of Aeronaut ics  and 
A s t r o n a u t i c s  and S o c i e t y  of Automotive Engineers ,  J o i n t  
p ropuls ion  S p e c i a l i s t  Conference,  8 t h ,  New Or leans ,  La.,  
Nov 29 - Dec 1 '72 ,  AIAA Paper 72-1156, Avai1:TAC 

The advanced technology a p p l i c a b l e  t o  oxygen/hydrogen 
systems f o r  a u x i l i a r y  p ropu l s ion  systems and o t h e r  high 
energy upper s t a g e  a p p l i c a t i o n s  i s  being developed. 

(OXYGEN, ENERGY) 



H73 30043 ORBITAL INVESTIGATION OF PROPELLANT DYNAMICS 
I N  A LARGE ROCKET BOOSTER 
Buchanan,  H . J . ,  and F.M. Bugg, (NASA, M a r s h a l l  Space  
F l i g h t  C e n t e r ,  H u n t s v i l l e ,  A l a . ) ,  N67-14910, NASA-TM-X- 
53542, D e c  1 ' 6 6 ,  CFSTI: HC $ 3 . 0 0 / ~ ~  $0.65 

~ x p e r i m e n t a l  d a t a  on t h e  dynamics  o f  l i q u i d  hydro- 
gen  i n  t h e  6 . 6  m d i a m e t e r  t a n k  o f  a n  S-IVB s t a g e  d u r i n g  
b o o s t ,  a t  S-IVB s t a g e  c u t o f f ,  and  i n  o r b i t  a r e  p r e s e n t e d .  
( TANK, SLOSHING, OSCILLATION) 

H73 30044 DEVELOPMENT OF PULSABLE ATTITUDE CONTROL 
ENGINES FOR HYDROGEN AND OXYGEN 
P u l k e r t ,  G . ,  (Messerschmitt-Boelkow-Blohm G.m.b.H. O t t o -  
b r u n n ,  W e s t  Germany), P r e s e n t e d  a t  t h e  5 t h  DGLR Annual 
Mee t ing ,  B e r l i n ,  O c t  4-6 ' 7 2 ,  1 9  p ,  Avai l :  NTIS HC $3.00,  
Avai1:TAC 

Two hydrogen-oxygen e n g i n e s  have been  deve loped  f o r  
s p a c e  s h u t t l e  a t t i t u d e  c o n t r o l ,  and  s t a t i o n a r y  o r  p u l s e d  
o p e r a t i o n .  The main c h a r a c t e r i s t i c s  o f  combust ion  cham- 
ber, i n j e c t o r  head,  s p a r k  i g n i t e r ,  and  p u l s e  v a l v e ,  are 
d e s c r i b e d .  
(ENGINE, OXYGEN, COMBUSTION) 

H73 30045 DYNAMIC PERFORMANCE OF LOW-THRUST, COLD-GAS 
REACTION JETS I N  A VACUUM 
Greer, H., and  D. J .  G r i e p ,  (Aerospace  Corp.,  E l  Segundo, 
C a l i f . ) ,  J o u r n a l  o f  S p a c e c r a f t  R o c k e t s ,  V 4:983-90 N 8 ,  
67 0 

The p u l s e d  p r o p u l s i v e  p e r f o r m a n c e  of l o w - t h r u s t  
r e a c t i o n  j e t s ,  t y p i c a l  of t h o s e  u s e d  f o r  a t t i t u d e  c o n t r o l  
o f  s m a l l  s p a c e c r a f t ,  i s  a n a l y z e d  and compared w i t h  t h e  
r e s u l t s  o f  l a b o r a t o r y  e x p e r i m e n t s  on H, N ,  NH3, Freon-12, 
and  Freon-14 b y  u s i n g  a 48 : l  e x p a n s i o n - r a t i o  n o z z l e .  
The t r a n s i e n t  p r o c e s s e s  t h a t  d o m i n a t e  t h e  s h o r t - p u l s e  
o r  l i m i t - c y c l e  mode o f  t h r u s t e r  o p e r a t i o n  a r e  f o r m u l a t e d .  
These  r e l a t i o n s  show good c o r r e l a t i o n  w i t h  t h e  d a t a .  
(PERFORMANCE, JET, SPACECRAFT) 

H73 30046 PRATT & WHITNEY PICKED TO BUILD CRYOGENIC 
ROCKET ENGINE FOR LATE ' 7 0 s  USE 
T a y l o r ,  H. ,  Aerospace  Technology,  V 21:15 J a  1 5  ' 6 8  

The A i r  F o r c e  has  i n i t i a t e d  development  o f  a h igh-  
p r e s s u r e ,  h igh-energy  r e u s e a b l e  l i q u i d  hydrogen e n g i n e  
f o r  f l i g h t s  i n  t h e  1975- '80 time p e r i o d .  



The e n g i n e  w i l l  power b o t h  f i r s t  and second  s t a g e s ,  
a c c o r d i n g  t o  A i r  F o r c e  spokesmen. I n  i t s  f i r s t  s t a g e  
c o n f i g u r a t i o n ,  i t  w i l l , b e  u sed  i n  c o n j u n c t i o n  w i t h  l a r g e  
s o l i d  moto r  s t r a p - o n s  t o  i n c r e a s e  pay load  c a p a b i l i t y .  
(ROCKET, ENGINE, CRYOGENIC) 

H73 30047 THE SEPR ROCKET ENGINE - HM4 WITH LIQUID 
OXYGEN AND HYDROGEN - DESIGN AND OPERATION 
d e  C l a v i e r e ,  G . ,  ( A s s o c i a t i o n  F r a n c a i s e  d e s  ~ n g e n i e u r s  e t  
T e c h n i c i e n s  d e  l l A e r o n a u t i q u e  et  d e  l l E s p a c e ) ,  c o n g r e s  
I n t e r n a t i o n a l  A e r o n a u t i q u e ,  9 t h ,  P a r i s ,  F r a n c e ,  Je  2-4 
' 6 9  

~ e s c r i p t i o n  o f  a 40-kN c r y o g e n i c - p r o p e l l a n t  e n g i n e  
deve loped  f o r  t h e  Diogenes  r o c k e t .  The e n g i n e  c o n s i s t s  
o f  f o u r  p r o p u l s i o n  chambers  f e d  by a s i n g l e  turbopump. 
The r e s u l t s  of  tes ts  o f  t h e  d i f f e r e n t  p a r t s  (pump, 
p r o p u l s i o n  chambers ,  and  e n t i r e  e n g i n e )  are summarized. 
Problems a r i s i n g  fr'om t h e  n a t u r e  o f  t h e  f u e l ,  t h e  low 
t e m p e r a t u r e ,  and h e a t  exchange  a r e  d i s c u s s e d .  It i s  con- 
c l u d e d  t h a t  t h e  r e s u l t s  o b t a i n e d  a l l o w  t h e  development  
o f  e n g i n e s  o f  any  t h r u s t  f o r  t h e  European s p a c e  program. 
(DESIGN, ROCKET, ENGINE) 

H73 30048 THEORETICAL PERFORMANCE OF ROCKET ENGINES 
USING GASEOUS HYDROGEN I N  THE IDEAL STATE AT STAGNATION 
TEMPERATURES UP TO 2 0 0 , 0 0 3 ~  R 
Roback, R . ,  ( U n i t e d  A i r c r a f t  Corp . ,  E a s t  H a r t f o r d ,  
c o n n . ) . ~ ~ ~  A c c e s s i o n  No.  2868, Repor t  NO. NP-16339, 215 p ,  
66  

T h e o r e t i c a l  pe r fo rmance  p a r a m e t e r s  f o r  r o c k e t  e n g i n e s  
u t i l i z i n g  normal  g a s e o u s  H i n  t h e  i d e a l  s t a t e  were  cal- 
c u l a t e d  u s i n g  2 d i f f e r e n t  a s sumpt ions :  f i r s t ,  t h a t  t h e  
c h e m i c a l  compound remained  i n  e q u i l i b r i u m  d u r i n g  t h e  i s e n -  
t r o p i c  e x p a n s i o n  t h r o u g h  t h e  e n g i n e  e x h a u s t  n o z z l e ;  and  
2nd, t h a t  t h e  c h e m i c a l  compound remained f i x e d  ( f r o z e n )  
d u r i n g  t h e  e x p a n s i o n .  
(ROCKET, ENGINE, PERFORMANCE) 

H73 30049 THE DEVELOPMENT OF THE S.E.P.R. HM4 ENGINE: 
A 40 KN THRUST LIQUID OXYGEN AND HYDROGEN ENGINE 
D a r d a r e ,  J., N68-15939, P r e s e n t e d  a t  t h e  ELDO Symposium 
on P r o p u l s i o n ,  P a r i s ,  ~ c t  10-12 ' 6 7 ,  CFSTI: HC $ 3 . 0 0 / ~ ~  
$0.65, Avai1:TAC 

~ e s c r i b e s  a l i q u i d  h y d r o g e n / l i q u i d  oxygen r o c k e t  
moto r  o f  40  kN t h r u s t  w i t h  a t u b u l a r  chamber i s  b e i n g  



developed t o  i n c r e a s e  t he  performance of t h e  French Dio- 
gene launch v e h i c l e .  P r i n c i p a l  s t a g e s  i n  i t s  development 
and t h e  t e s t i n g  f a c i l i t i e s  employed a r e  d i scussed .  

( THRUST, ROCKET) 

H73 30050 LARGE HYDROGEN-OXYGEN ABLATIVE CHAMBER TEST 
PROGRAM 
Kovach, R.J., J . A .  Mel l i sh ,  and R.W. Michel ,  (Aero je t -  
General  Corp., Sacramento, C a l i f . ) ,  F i n a l  Report N69-20193, 
NASA-CR-72512, M a r  14 '69 ,  Avai l :  CFSTI, Avai1:TAC 

A l a r g e - s c a l e  s i l i c a  phenol ic ,  a b l a t i v e - l i n e d  com- 
b u s t i o n  chamber w i t h  a c o a x i a l  element i n j e c t o r  having 
b a f f l e s ,  was t e s t e d  t o  a s c e r t a i n  d u r a t i o n  c a p a b i l i t y  
u s ing  t h e  p r o p e l l a n t  combination of l i q u i d  hydrogen/ 
l i q u i d  oxygen. 
(ABLATION, TEST) 

H73 30051 ACOUSTIC SCALE-MODEL TESTS OF HIGH-SPEED 
FLOWS 
Smith, E.B., (Mar t in  Co., Denver, Colo . ) ,  F i n a l  Report 
N66-24587, NASA-CR-74596, Mar 66, 104 p,  CFSTI: HC $4.00/ 
MF $0.75 

The purpose of t h i s  c o n t r a c t  w a s  t o  conduct a s c a l e  
model t e s t  program t o  de te rmine  t h e  a c o u s t i c a l  f i e l d  
gene ra t ed  by high-chamber-pressure, hydrogen-fueled 
engines  i n  v a r i o u s  c l u s t e r  con£ i g u r a t i o n s .  

(TEST, FLOW, ENGINE) 

H73  30052 ADVANCED PRESSURIZATION SYSTEMS FOR CRYOGENIC 
PROPELLANTS 
Anderson, J.E., O.L. S c o t t ,  and H.F. Brady, (Mart in  Co., 
Denver, Co lo . ) ,  F i n a l  Report Nov 20 '63  - J e  2 5  '65, N67- 
16605, NASA-CR-54467; Martin-CR-65-75, J a  67, CFSTI: HC 
$~.OO/MF $0.65, Avai1:TAC 

The purpose o f  t h i s  program was t o  s e l e c t  an o p t i -  
mized p r e s s u r i z a t i o n  system f o r  a v e h i c l e  us ing  cryogenic  
p r o p e l l a n t s .  Improvements i n  t h e  method of a n a l y s i s  were 
a l s o  developed and incorpora ted  i n  t h e  program. The 
v e h i c l e  f o r  s t u d y  was an Apollo-type s e r v i c e  module u s ing  
l i q u i d  hydrogen and l i q u i d  oxygen as p r o p e l l a n t s .  Systems 
of bo th  pump-fed and pressure- fed  eng ines  were cons ider -  
ed du r ing  t h e  s t u d y  wi th  a f i n a l  s e l e c t i o n  completed f o r  
t h e  pump-fed engine  system. 

(CRYOGENIC, PROPELLANT) 



H73 30053 ANALYSIS OF A SUPERSONIC-COMBUSTION ROCKET 
CONCEPT 
F r a n c i s c u s ,  L., (NASA, Lewis R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
N72-24810, NASA-TM-X-68020, F e 7 2 ,  A v a i l :  NTIS 

A p r e l i m i n a r y  a n a l y s i s  h a s  b e e n  made o f  a s u p e r -  
s o n i c  combust ion  r o c k e t  e n g i n e  c o n c e p t  u s i n g  hydrogen and  
oxygen p r o p e l l a n t s .  The e j e c t o r  a c t i o n  of a s e p a r a t e  
s m a l l  r o c k e t  motor is employed t o  pump t h e  p r o p e l l a n t s  
t o  h i g h  s t a g n a t i o n  p r e s s u r e s  and  s u p e r s o n i c  v e l o c i t i e s .  
(EJECTOR, SPECIFIC IMPULSE, TURBOPUMP) 

H73 30054 FEASIBILITY STUDIES OF ROTATING DETONATION 
WAVE ROCKET MOTOR 
N i c h o l l s ,  J . A . ,  R.E. C u l l e n ,  and K.W. Ragland,  J o u r n a l  
of S p a c e c r a f t  and  R o c k e t s ,  V 3:893-8 N6 Je 66 

P a p e r  c o n s i d e r s ,  a n a l y t i c a l l y  and  e x p e r i m e n t a l l y ,  
f e a s i b i l i t y  o f  r o c k e t  moto r  u s i n g  d e t o n a t i o n  wave r o t a t i n g  
i n  a n n u l a r  combust ion  chamber w h e r e i n  p r o p e l l a n t s  are 
i n t r o d u c e d  c o n t i n u o u s l y  t h r o u g h  i n j e c t o r s  and e x p e l l e d  
t h r o u g h  a n n u l a r  n o z z l e ;  e x p e r i m e n t s  u t i l i z i n g  g a s e o u s  
hydrogen and oxygen and  g a s e o u s  methane  and oxygen were  
conduc ted  i n  a n n u l a r  r o c k e t  motor .  
(STUDY, ROCKET, MOTOR) 

H73 30055 DESIGN AND FABRICATION OF SMALL H ~ / O ~  ENGINES 
Domokos, S.J . ,  and G.L. F a l k e n s t e i n ,  SAE P a p e r  700803 f o r  
m e e t i n g  O c t  5-9 ' 7 0 ,  1 5  p 

C a n d i d a t e  t h r u s t  chamber d e s i g n s  i n c l u d e  c h a n n e l  
w a l l ,  t u b u l a r  o r  f i l m - c o o l e d  s i n g l e  w a l l ,  w i t h  c o p p e r  
a l l o y  f o r  t h e  chamber w a l l s  and n i c k e l  a l l o y  or s t a i n l e s s  
s tee l  f o r  n o z z l e  e x t e n s i o n s .  I n j e c t o r  d e s i g n s  t h a t  max- 
i m i z e  t h r u s t  chamber pe r fo rmance  w h i l e  p r o v i d i n g  c o m p a t i b l e  
h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  are n e c e s s a r y .  
(DESIGN, ENGINE) 

H73 30056 DESIGN AND MANUFACTURE OF LIQUID HYDROGEN 
THRUST CHAMBER 
S t e e r ,  T.E., S p a c e f l i g h t ,  V 10  135-42 N4 Apr  6 8  

E f f o r t s  made b y  Rolls-Royce L t d  i n  development  and  
m a n u f a c t u r e  of two e x p e r i m e n t a l  l i q u i d  hydrogen t h r u s t  
chambers ,  b a s e d  on  d e s i g n s  s u b m i t t e d  u n d e r  s t u d y  con t rac t  
i n  c o u r s e  o f  which e n g i n e  t h r u s t  w a s  u p r a t e d  t o  70 kN; 
g e n e r a l  d e s c r i p t i o n  and  o v e r a l l  pe r fo rmance  o f  comple te  
t h r u s t  chamber u n i t  c o m p r i s i n g  combust ion  chamber and  
n o z z l e  a s sembly ,  i n j e c t o r  and i g n i t i o n  s o u r c e :  m a j o r  f e a t u r e  



of c h a m b e r  u n i t  r e q u i r i n g  m o s t  d e s i g n  e f f o r t  has been 
t u b u l a r  c o o l i n g  jacket, w h i c h  extends f r o m  i n j e c t o r  plane 
t o  b e l o w  t h r o a t ;  o t h e r  c o m p o n e n t s  and p r o b l e m s  encountered.  
(DESIGN, THRUST) 

H 7 3  3 0 0 5 7  PROPULSION BY L I Q U I D  OXYGEN AND L I Q U I D  HYDRO- 
GEN 
D a r d a r e ,  J., ( S o c i e t e  E t u d e  Propuls ion  R e a c t i o n ,  V i l l e j u i f ,  
~ r a n c e )  , P u r e  A p p l i c a t i o n  C r y o g e n i c ,  V  5: 1 3 5 - 5 7  66 

A b r ie f  review of t h e  p roper t i es  of l i q u i d  H-0 
propel lant  m i x t u r e s ,  a p p l i e d  t o  a d i s c u s s i o n  of t h e  de- 
s i g n  of rocket e n g i n e s  i n  t h e  U.S. a n d  i n  France. 
(REVIEW, ROCKET, ENGINE) 

H 7 3  30058 EXPERIMENTS WITH HYDROGEN AND OXYGEN I N  
REGENERATIVE ENGINES A T  CHAMBER PRESSURES FROM 100 t o  
300 POUNDS PER SQUARE INCH ABSOLUTE 
T o m a z i c ,  W.A., E.R. B a r t o o ,  and R.J.  R o l l b u h l e r ,  (NASA, 
L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 6 - 3 3 3 4 4 ,  NASA- 
P I - X - 2 5 3 ) ,  W a s h i n g t o n ,  A p r  60, C F S T I :  HC $ ~ . O O / M F  $0.50, 
A v a i l  :TAC 

T e s t s  w e r e  m a d e  w i t h  h y d r o g e n  a n d  oxygen i n  re- 
generat ive  t h r u s t  c h a m b e r s  of l i g h t w e i g h t  c o n s t r u c t i o n  
designed t o  g ive  2 0 , 0 0 0 - p o u n d  t h r u s t  a t  a c h a m b e r  pres- 
s u r e  of 300 lb/sq i n  absolute.  
( THRUST, ROCKET, ENGINE) 

H 7 3  30059 DEVELOPMENT OF A HYDROGEN-OXYGEN SPACE 
POWER SUPPLY SYSTEM 
M o r a t h ,  W.D., ( V i c k e r s ,  I nc . ,  T o r r a n c e ,  C a l i f . ,  A e r o s p a c e  
D i v . ) ,  N 6 6 - 2 6 7 4 7 ,  NASA-CR-75177; P R - 9 1 5 7 0 - 5 1 0 - 1 2 ,  C F S T I :  
HC $ 2 . 0 0 / ~ ~  $0.50, A v a i 1 : T A C  

P r o t o t y p e  c o m p o n e n t  d e v e l o p m e n t  and e n g i n e  en- 
durance tes t s  are reported. T h e  d e s i g n ,  f a b r i c a t i o n ,  
and a s s e m b l y  of t h e  eng ine  are m e n t i o n e d ,  and d e s i g n  
diagrams of c o m p o n e n t s  are i n c l u d e d .  T h e  e n d u r a n c e  tests 
are r e p o r t e d ,  and tables of component and e n g i n e  f a i l u r e s  
are presented. 
(SPACE,  POWER, DESIGN) 



H73 30060 DEVELOPMENT OF A 1,500,000-LB-THRUST (NOMINAL 
VACWM) LIQUID HYDROGEN/LIQUID OXYGEN ENGINE 
Anon, ( A e r o j e t - G e n e r a l  Corp. ,  Sacramento ,  C a l i f . ) ,  N68- 
15861, NASA-CR-91903; Rep t  - 2555-M-I-F, F i n a l  Repor t  
Apr 30 ' 6 2  - Aug 4 ' 6 6 ,  CFSTI: HC $3,00/MF $0.65, Aug 
30 ' 6 7  

The M - 1  e n g i n e  c o n f i g u r a t i o n  i s  one  o f  opposed o x i -  
d i z e r  and f u e l  turbopumps f e d  b y  two 19- in .  s u c t i o n  l i n e s  
l o c a t e d  180 d e g r e e s  a p a r t .  The turbopumps a r e  s u p p o r t e d  
b y  t u b u l a r  members w i t h  p r i m a r y  a t t a c h m e n t  p o i n t s  on 
t h r u s t  chamber i n j e c t o r  f l a n g e  and f u e l  d i s t r i b u t i o n  
t o r u s .  U s e  o f  t h e s e  s u p p o r t  l o c a t i o n s  r e d u c e s  e n g i n e  
w e i g h t  b u t  compromises t h r u s t  chamber d e s i g n  due  t o  
i m p o s i t i o n  o f  h i g h  u n i t  l o a d s .  A  m a j o r  f a c t o r  i n  t h e  M - 1  
e n g i n e  d e s i g n  was dynamic l o a d  p r e d i c t i o n s .  

(THRUST, LOAD, ENGINE) 

H73 30061 DEVELOPMENT OF LIQUID OXYGEN/LIQUID HYDROGEN 
PROPULSIVE UNIT WITH 300 N VACUUM THRUST 
S e i d e l .  A . ,  (Boelkow G.m.b.H., o t t o b r u n n / ~ u n i c h ,  Germany),  
Raumfahr t forschung,  V 11:177-82.N4, 67 

The development  o f  a h igh-ene rgy  p r o p u l s i v e  u n i t  
u s i n g  l i q u i d  oxygen and l i q u i d  hydrogen is  d e s c r i b e d .  
~ h e o r e t i c a i  c a l c u l a t i o n s  c o n c e r n i n g  p r o p e l l a n t s ,  b u r n i n g  
e f f i c i e n c y  o f  H-0 and H-F c o m b i n a t i o n s  and t h e  c o o l i n g  
e f f e c t s  were  c a r r i e d  o u t  e l e c t r o n i c a l l y .  D e t a i l s  of t h e  
e x p t l .  se t  up  and t h e  development  o f  t h e  p r o t o t y p e  from 
1962 t o  1966 a r e  g i v e n .  

(PROPULSION, ENGINE ) 

H73 30062 PROTECTIVE COATING SYSTEM FOR A REGENERATIVELY 
COOLED THRUST CHAMBER 
C a r p e n t e r ,  H.W., (Rocketdyne ,  Canoga P a r k ,  C a l i f . ) ,  N69- 
35125, NASA-CR-72569, F i n a l  R e p o r t ,  J e  30 ' 6 7  - Ja  3 1  ' 6 9 ,  
A v a i l :  CFSTI 

A c e r a m i c  c o a t i n g  sys t em i s  d e s i r e d  f o r  t h e r m a l  pro- 
t e c t i o n  o f  t h e  t h r u s t  chamber w a l l  i n  a h i g h  pe r fo rmance ,  
l i q u i d  h y d r o g e n / l i q u i d  oxygen f u e l e d  r o c k e t  e n g i n e .  T h i s  
h e a t  barrier c o a t i n g  i s  i n t e n d e d  t o  reduce  t h e  h e a t  f l u x  
th rough  t h e  chamber w a l l ,  r e d u c e  t h e  m e t a l  w a l l  t e m p e r a t u r e  
t o  less t h a n  1600°F, o p e r a t e  w i t h  a 4 0 0 0 ~ ~  s u r f a c e  temper- 
a t u r e ,  and s u r v i v e  m u l t i p l e  e n g l n e  s tarts .  

(COATING, PROTECTION, THRUST) 



H 7 3  30063 DEVELOPMENT OF L O ~ / L H ~  GAS GENERATORS FOR 
THE M - 1  ENGINE 
A n o n ,  ( A e r o j e t - G e n e r a l  C o r p . ,  S a c r a m e n t o ,  ca l i f . ,  L i q u i d  
R o c k e t  O p e r a t i o n s ) ,  N 6 6 - 2 7 7 3 9 ,  NASA-CR-54812; AGC-8800-59,  
Je 1 '66,  C F S T I :  HC $3.00/MF $ 0 . 7 5 ,  A v a i 1 : T A C  

T h e  cu r ren t  t e c h n o l o g y  f o r  a 1 2 0 , 0 0 0  h o r s e p o w e r  
l i q u i d  o x y g e n / l i q u i d  h y d r o g e n  g a s  generator t h a t  w a s  
s u c c e s s f u l l y  d e s i g n e d  and t e s t e d  f o r  t h e  M-1 e n g i n e  
p r o g r a m  i s  s u m m a r i z e d .  
(GENERATOR, ENGINE) 

H 7 3  3 0 0 6 4  EVALUATION AND DEMONSTRATION OF THE USE OF 
CRYOGENIC PROPELLANTS (OXYGEN/HYDROGEN) FOR REACTION 
CONTROL SYSTEMS. VO1,UME 2  : EXPERIMENTAL EVALUATIONS 
AND DEMONSTRATION 
R o d e w a l d ,  N. ,  G. F a l k e n s t e i n ,  P. H e r r ,  and E. P r o n o ,  
( R o c k e t d y n e ,  C a n o g a  P a r k ,  C a l i f . ) ,  F i n a l  R e p o r t ,  Je 68, 
N 6 9 - 1 0 3 9 7 ,  NASA-CR-72244: R - 6 8 3 8 - 2 )  

The f e a s i b i l i t y  of a c a t a l y t i c a l l y  i g n i t e d  space- 
c r a f t  react ion c o n t r o l  s y s t e m  u s i n g  c r y o g e n i c  ( h y d r o g e n -  
o x y g e n )  p r o p e l l a n t s  w a s  experimental ly d e m o n s t r a t e d .  T h e  
system s t u d i e d  u t i l i z e d  propel lant  cond i t ioners  t o  pre- 
pare t h e  i n c o m i n g  p rope l l an t s  t o  a t e m p e r a t u r e  and pres- 
s u r e  acceptable t o  t h e  t h r u s t o r .  
(PROPELLANT, THRUST) 

H 7 3  3 0 0 6 5  INVESTIGATION O F  THRUSTERS FOR CRYOGENIC 
REACTION CONTROL SYSTEMS, VOLUME 1 
J o h n s o n ,  R . J . ,  (TRW S y s t e m s  G r o u p ,  R e d o n d o  B e a c h ,  C a l i f . ) ,  
N 7 1 - 1 2 0 9 6 ,  NASA-CR-72784, ~ i n a l  R e p o r t ,  Je 68 - O c t  69, 
N o v  13 ' 7 0 ,  A v a i l : N T I S ,  A v a i 1 : T A C  

A n  e x p e r i m e n t a l  a n d  ana ly t i ca l  p r o g r a m  w a s  con- 
d u c t e d  t o  evaluate  t h e  i g n i t i o n  c h a r a c t e r i s t i c s  and d e -  
l i v e r e d  performance of g a s e o u s  h y d r o g e n  o x y g e n  reac t ion  
con t ro l  t h r u s t e r s .  Spec i f ic  g o a l s  w e r e  t o  es tab l i sh  de- 
s i g n  c r i t e r i a  f o r  a p i l o t  b e d  c a t a l y t i c  i g n i t e r  and t o  
d e f i n e  a n  o p e r a t i n g  map f o r  rel iable t h r u s t e r  i g n i t i o n  
a t  t w o  c h a m b e r  pressure levels. 
(THRUST, CRYOGENIC) 

H 7 3  3 0 0 6 6  EXPERIMENTAL INVESTIGATION O F  COMBUSTOR 
EFFECTS ON ROCKET THRUST CHAMBER PERFORMANCE 
A n o n ,  ( R o c k e t d y n e ,  C a n o g a  P a r k ,  C a l i f . ) ,  N 7 2 - 3 3 7 3 8 ,  NASA- 
C R - 1 2 8 3 1 8 ,  I n t e r i m  R e p o r t ,  Je 7 2 ,  A v a i l :  N T I S  HC $8.00, 
A v ~ ~ ~ : T A c  

A  des ign  and e x p e r i m e n t a l  p r o g r a m  t o  develop special  



i n s t rumen ta t ion  systems,  des ign  engine hardware, and con- 
d u c t  t e s t s  u s ing  LOX/GHZ p r o p e l l a n t s  i n  which t h e  p r o p e l l a n t  
flow s t r a t i f i c a t i o n  was c o n t r o l l e d  i s  descr ibed .  
( ROCKET, THRUST) 

H73 30067 DESIGN OF LIQUID PROPELLANT ROCKET ENGINES 
Huzel, D.K., and D.H. Huang, ( N a t i o n a l  Technical  In fo r -  
mation S e r v i c e ,  S p r i n g f i e l d ,  v a . ) ,   avail:^^^ 

This  book i n t e n d s  t o  b u i l d  a  b r i d g e  f o r  t h e  s t u d e n t  
and t h e  young engineer :  t o  l i n k  t h e  rocke t  p ropuls ion  
fundamentals and e lements  (which a r e  w e l l  covered i n  t h e  
l i t e r a t u r e )  w i th  t h e  a c t u a l  r o c k e t  engine des ign  and 
development work a s  it is  c a r r i e d  o u t  i n  i n d u s t r y .  The 
book a t t empt s  t o  f u r t h e r  t h e  unders tanding of t h e  r e a l -  
i s t ic  a p p l i c a t i o n  of l i q u i d  r o c k e t  p ropuls ion  t h e o r i e s ,  
and t o  h e l p  avoid o r  a t  l e a s t  reduce t ime and money 
consuming e r r o r s  and d i sappoin tments .  It a l s o  a t t empt s  
t o  d i g e s t  and c o n s o l i d a t e  numerous c l o s e l y  r e l a t e d  sub- 
j e c t s .  
(DESIGN, ROCKET, ENGINE) 

H73 30068 NUCLEAR HEATING AND PROPELLANT STRATIFICATION 
Duke, E.E., AIAA J o u r n a l ,  V 3:760-2 Apr 65, Avai1:TAC 

I n  o r d e r  t o  o b t a i n  maximum v e h i c l e  performance f o r  
a  n u c l e a r  system employing l i q u i d  hydrogen ( H 2 1 ) ,  t h e  
v e h i c l e  must be  designed t o  o b t a i n  optimized p r o p e l l a n t  
u t i l i z a t i o n  wh i l e  minimizing system weight.  A major 
problem encountered i n  t h i s  endeavor i s  caused by pro- 
p e l l a n t  hea t ing .  
(PERFORMANCE, OPTIMIZATION, WEIGHT) 

H73 30069 EVALUATION AND DEMONSTRATION OF THE USE O F  
CRYOGENIC PROPELLANTS (OXYGEN/HYDROGEN) FOR REACTION 
CONTROL SYSTEMS. 11. EXPERIMENTAL EVALUATIONS AND DEMON- 
STRATION 
Rodewald, N . ,  G. F a l k e n s t e i n ,  P.  Herr ,  and E. Prono, 
(Rocketdyne, Canoga Park,  C a l i f .  ) , NASA-CR-72244, from 
S c i e n t i f i c  and Technica l  Aerospace Report ,  V 7:161 N 1  
69, Avail:CRSTI, Avai1:TAC 

The f e a s i b i l i t y  o f  a  c a t a l y t i c a l l y  i g n i t e d  space- 
c r a f t  r eac t ion -con t ro l  system us ing  cryogenic  (H-0) pro- 
p e l l a n t s  was demonstrated e x p t l .  The system s t u d i e d  
u t i l i z e d  p r o p e l l a n t  c o n d i t i o n e r s  t o  p repa re  t h e  incoming 
p r o p e l l a n t s  f o r  a  t empera ture  and p r e s s u r e  accep tab le  t o  



t h e  t h r u s t o r .  A p o r t i o n  o f  t h e  p r o p e l l a n t s  a t  a  m i x t u r e  
r a t i o  o f  1.0 was p a s s e d  t h r o u g h  a c a t a l y s t  bed. A d d i t i o n a l  
o was i n j e c t e d  i n t o  t h e  h o t  f u e l - r i c h  g a s .  E x p t l .  r e s u l t s  
f o r  t h e  t h r u s t o r  and c o n d i t i o n e r  subsys tems  and a sys t em 
d e m o n s t r a t i o n  a r e  p r e s e n t e d .  Des ign  c r i t e r i a  f o r  t h e  
u l t i m a t e  development  o f  an  o p e r a t i o n a l  sys tem a r e  a l s o  
p r e s e n t e d .  
(CATALYSIS, THRUST, DESIGN) 

H73 30070 CATALYSIS OF HYDROGEN-ATOM RECOMBINATION 
I N  ROCKET NOZZLES 
L o r d i ,  J . A . ,  R.E. Mates ,  NASA-CR-393 Mar 66, Avai1:TAC 

U s e  o f  gas -phase  c a t a l y s i s  was s u g g e s t e d  as means 
o f  enhanc ing  hydrogen-atom r e c o m b i n a t i o n  and hence p e r -  
formance o f  n u c l e a r  o r  e l e c t r i c a l l y  powered r o c k e t  en- 
g i n e s ;  i n  p r e s e n t  s t u d y  u s e  o f  oxygen and oxygen-n i t rogen  
m i x t u r e  as c a t a l y s t s  h a s  b e e n  examined:  r e s u l t s  o f  c a l -  
c u l a t i o n s  i n d i c a t e  t h a t  gas -phase  c a t a l y s i s  l e a d s  t o  
m a r g i n a l  i n c r e a s e  i n  s p e c i f i c  i m p u l s e ;  r e s u l t s  o f  p r e -  
s e n t  s t u d i e s  and t h o s e  o f  hydrogen-carbon sys t em are 
u s e d  t o  e s t a b l i s h  minimum r e q u i r e m e n t s  which a d d i t i v e  
m u s t  s a t i s f y  t o  y i e l d  g a i n  i n  s p e c i f i c  impulse.  
(RECOMBINATION, PERFOIIMANCE, SPECIFIC IMPULSE) 

H73 30071 COMBUSTION AND HEAT TRANSFER I N  A SMALL 
ROCKET CHAMBER BURNING LIQUID AND GASEOUS HYDROGEN 
J e f f s ,  A.T., C. Ramshaw, and B.W.A. R i c k e t s o n ,  (Min- 
i s t r y  o f  A v i a t i o n ,  Rocket P r o p u l s i o n  E s t a b l i s h m e n t ,  
W e s t c o t t ,  Bucks. ,  E n g l a n d ) ,  S p a c e f l i g h t ,  V 8:172-84 
May 66 

R e s u l t s  f rom a test  program t o  s t u d y  t h e  p r a c t i -  
c a b i l i t y  o f  g a s e o u s  hydrogen as a r o c k e t  f u e l .  L i q u i d  
oxygen and g a s e o u s  hydrogen were  b u r n t  i n  a chamber g i v -  
i n g  a  nominal  t h r u s t  o f  450 lb .  The c o n s t r u c t i o n  of  
t h e  moto r  and t h e  a n a l y t i c a l  methods  u s e d  a r e  d e s c r i b e d .  
The tes t  r e s u l t s  are p l o t t e d  and  d i s c u s s e d .  
(COMBUSTION, ROCKET) 

H73 30072 DEVELOPMENT OF HYDROGEN-OXYGEN FUELED 3-KILO- 
WATT INTERNAL-COMBUSTION ENGINE 
Cameron, H.M., and N.E. Morgan, ( V i c k e r s ,  I n c . ,  T o r r a n c e ,  
C a l i f .  ) , (NASA, Lewis R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0 . )  , 
N64-28410, AIAA 3rd  B i e n n i a l  Aerospace  Power Systems Con- 
f e r e n c e ,  P h i l a d e l p h i a ,  Pa . ,  S e p t  1-4 ' 6 4 ,  AIAA Paper-64-756, 
Avai1:TAc 

The o b j e c t i v e  of t h i s  program was t o  c o n v e r t  t h e  h i g h  



e n e r g y  r e l e a s e d  by  t h e  c o m b i n a t i o n  o f  hydrogen and oxygen 
to  u s e f u l  power i n  a p o w e r p l a n t  t h a t  had been  w e l l  d e v e l -  
oped i n  c o n j u n c t i o n  w i t h  hydroca rbon  f u e l s .  The power 
package i n c l u d e s  a s i n g l e - c y l i n d e r  e n g i n e ,  g e n e r a t o r ,  g a s  
compressor ,  and r e c u p e r a t o r  f o r  t r a n s f e r r i n g  h e a t  from 
t h e  e x h a u s t  g a s e s  t o  t h e  g a s e o u s  c r y o g e n i c  p r o p e l l a n t s .  
The approach  h a s  been  t o  d e s i g n  t h e  tes t  e n g i n e  and o t h e r  
test  components b a s e d  on a v a i l a b l e  e n g i n e  t e c h n o l o g y  and 
t o  proceed  w i t h  e x p e r i m e n t a l  development  based  on t h e  
a n a l y s i s  o f  tes t  r e s u l t s .  C u r r e n t  developement  work on 
t h e  e n g i n e  i s  conce rned  w i t h  improving f u e l  consumpt ion  
r a t e s .  Power l e v e l s  from 1 t o  5 hp have been  a c h i e v e d .  
(COMPRESSOR, RECUPERATOR, POWER) 

H73 30073 DEVELOPMENT OF A HYDROGEN-OXYGEN INTERNAL 
COMBUSTION ENGINE SPACE POWER SYSTEM 
Morgan, N.E.,  and W.D. Mora th ,  ( V i c k e r s ,  Itlc., D e t r o i t ,  
M i c h . ) ,  Washington,  N65-28954, NASA-CR-255, J1 65 ,  
CFSTI: HC $ 6 . 0 0 / ~ ~  $1.25, Avai1:TAC 

The p r o t o t y p e  e n g i n e  development  e f f o r t  c o n s i s t i n g  
o f  d e s i g n  s t u d i e s ,  ha rdware ,  m o d i f i c a t i o n s ,  pe r fo rmance  
and endurance  test e v a l u a t i o n ,  and t h e  f a b r i c a t i o n  and 
procurement  of new t e s t  equipment  and i n s t r u m e n t a t i o n  i s  
d i s c u s s e d .  Major  c e s i g n  e f f o r t  w a s  c o n c e n t r a t e d  on t h e  
oxygen i n j e c t o r ,  t h e  hydrogen v a l v e ,  t h e  p i s t o n  and c y l i n -  
d e r ,  and t'he combust i o n  chamber.  Engine  pe r fo rmance  
development  r e s u l t e d  i n  a  marked r e d u c t i o n  i n  s p e c i f i c  
p r o p e l l a n t  consumption compared w i t h  p a s t  e x p e r i e n c e .  
(ENGINE, SPACE, POWER) 

H73 30074 HIGH ENERGY ROCKET PROPELLANT RESEARCH AT THE 
NACAhASA LEWIS RESEARCH CENTER, 1945-1960 
S l o o p ,  J .L . ,  (NASA, Washington ,  D.C.), 7 t h  I n t e r n a t i o n a l  
H i s t o r y  o f  A s t r o n a u t i c s  Symposium, Baku, U.S.S.R., O c t  73,  
Avai1:TAC 

H i s t o r y  o f  r o c k e t  p r o p e l l a n t  r e s e a r c h  d e s c r i b i n g  t h e  u s e  
o f  hydrogen p e r o x i d e ,  oxygen,  f l u o r i n e ,  d i b o r a n e ,  h y d r z i n e  
a s  r o c k e t  p r o p e l l a n t s .  The f i n a l  work used  l i q u i d  hydrogen 
a s  a  f u e l  w i t h  f l u o r i n e  a n d  oxygen a s  o x i d i z e r s .  
(HISTORY, ROCKET, LIQUID, HYDROGEN, OXYGEN, FLUORINE, PRO- 
PELLANT, FUEL) 



H 7 3  30075* ROCXETRY I N  THE 1950's 
Braun,  W. von, e t  a l . ,  NASA H i s t o r i c a l  R e p o r t  No. 36,  O c t  71 ,  
Avai1:TAC 

The r e p o r t  i s  a t r a n s c r i p t  of  a n  A I A A  P a n e l  D i s c u s s i o n  
by l e a d i n g  men i n  t h e  f i e l d  o f  r o c k e t r y  d e s c r i b i n g  t h e i r  
e x p e r i e n c e s  i n  t h e  1 9 5 0 ' s .  A 196 r e f e r e n c e  b i b l i o g r a p h y  
by John  L. S l o o p  i s  i n c l u d e d .  
(ROCKET, LIQUID, HYDROGEN, ENGINE) 



H73 31000* AEROENERGY: A NEW FRONTIER 
Vansan t ,  C.A., ( o p e r a t i o n s  R e s . ,  I n c . ,  S i l v e r  S p r i n g ,  Md.),  
IAA A c c e s s i o n  No.  A66-34443, 66 ,  Avail:AIAA, Avai1:TAC 

The c u r r e n t  s t a t u s  o f  t h e  t e c h n o l o g y  o f  u t i l i z i n g  
l i q u i d  H i n  manned a i r c r a f t  s y s t e m s  was su rveyed .  The 
p r o g r e s s  i n  t h e  development  o f  hardware  f o r  l i q u i d  H pro-  
p u l s i o n  sys t ems ,  a c h i e v e d  i n  t h e  p a s t  decade  i s  o u t l i n e d ,  
as  are t h e  a d v a n t a g e s  which a c c r u e  from t h e  u s e  o f  l i q u i d -  
hydrogen f u e l .  The economic and m i l i t a r y  c o n s i d e r a t i o n s  
i n v o l v e d  are examined.  
(AIRCRAFT, PROPULSION, COST) 

H73 31001" CRYOGENIC FUELS FOR AIRCRAFT 
E s g a r ,  J . B . ,  ( ~ e w i s  Resea rch  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N71- 
19463, Avai1:TAC 

E x p l o r a t o r y  r e s e a r c h  on t h e  u s e  o f  c r y o g e n i c  f u e l s  
f o r  a i r b r e a t h i n g  g a s  t u r b i n e  e n g i n e s  i s  p r e s e n t e d .  The 
p o s s i b l e  a p p l i c a t i o n s  of l i q u i d  methane t o  a  s u p e r s o n i c  
t r a n s p o r t  t y p e  a i r c r a f t  and t h e  a p p l i c a t i o n  of  l i q u i d  
hydrogen t o  t h e  a i r b r e a t h i n g  e n g i n e s  f o r  r e c o v e r a b l e  
b o o s t e r s  and o r b i t e r s  f o r  t h e  s p a c e  s h u t t l e  a r e  d i s c u s s e d .  
(SUPERSONIC, GAS TURBINE, SPACE, SHUTTLE) 

H73 31002* HYDROGEN FUELED COMMERCIAL AIRCRAFT 
E s c h e r ,  W.J .D. ,  ( E s c h e r  Technology A s s o c i a t e s ) ,  A s t r o -  
n a u t i c s  & A e r o n a u t i c s ,  D e c  72 

Emerging as p o s s i b l y  t h e  f i r s t  t r a n s p o r t a t i o n  c a n d i -  
d a t e  t o  " g e t  of f  t h e  f o s s i l - f u e l  s t a n d a r d "  and  u s e  hydro- 
gen  i s  commercial  a v i a t i o n ,  i f  p i l o t  s t u d i e s  NASA and a i r -  
frame m a n u f a c t u r e r s  have underway prove  v a l i d .  F o r  it 
now a p p e a r s  t h a t  l i q u i d  hydrogen f u e l ,  w i t h  2.75 t i m e s  
t h e  g r a v i m e t r i c  h e a t i n g  v a l u e  o f  s t a n d a r d  hydroca rbon  
f u e l s ,  w i l l  r emarkab ly  improve a i r p l a n e  per formance ,  b o t h  
s u b s o n i c  and s u p e r s o n i c .  
(STUDY, SUBSONIC, SUPERSONIC) 

H73 31003 A CARBON DIOXIDE PURGE AND THERMAL PROTECTION 
SYSTEM FOR LIQUID HYDROGEN TANKS OF HYPERSONIC AIRPLANES 
J a c k s o n ,  L.R., and M.S. Anderson ,  (NASA L a n g l e y  Resea rch  
C e n t e r ,  Hampton, V a . ) ,  Advances i n  Cryogen ic  E n g i n e e r i n g ,  
V 12 66  

V a r i o u s  t h e r m a l  p r o t e c t i o n  sys t ems  c a n  be d e s i g n e d  
t o  g i v e  a c c e p t a b l e  f u e l  h e a t  l o a d  and p r e v e n t  cryopumping 



of  a i r .  However, t h e  w e i g h t  and  r e l i a b i l i t y  o f  these  
s y s t e m s  v a r y  g r e a t l y .  Two p o s s i b l e  a p p r o a c h e s  a r e  b e i n g  
c o n s i d e r e d  - gas -purg ing  t h e  s y s t e m  and s e a l i n g  t h e  sys -  
t e m  t o  e x c l u d e  a i r  from t h e  t a n k  w a l l s .  

It would a p p e a r  d e s i r a b l e  t o  have a t h e r m a l  p r o t e c -  
t i o n  sys t em t h a t  p r e v e n t s  l a r g e  f u e l  l o a d s  and c r y o g e n i c  
pumping o f  a i r ,  b u t  h a s  n e i t h e r  t h e  h i g h  we igh t  o f  t h e  
hel ium-purged sys t em n o r  t h e  l e a k - f r e e  r e q u i r e m e n t  o f  
t h e  e v a c u a t e d  sys t ems .  A s t u d y  of  s t r u c t u r a l  c o n c e p t s  
f o r  hydrogen- fue led  h y p e r s o n i c  v e h i c l e s  a t  t h e  Langley  
R e s e a r c h  C e n t e r  h a s  p r o v i d e d  a c a r b o n  d i o x i d e  c o n c e p t  
t h a t  may o f f e r  s u c h  a t h e r m a l  p r o t e c t i o n  sys tem.  
(PURGE, AIRPLANE, HYPERSONIC) 

H 7 3  31004 AN EXPERIMENTAL AND ANALYTICAL EVALUATION 
OF THE THERMAL BEHAVIOR OF LIQUID HYDROGEN I N  A TANK DE- 
SIGNED AND INSULATED FOR USE IN A HYPERSONIC VEHICLE 
yates, G.B., ( ~ e n e r a l  ~ y n a m i c s / ~ o n v a i r ,  San Diego, C a l i f . ) ,  
Advances i n  c r y o g e n i c  E n g i n e e r i n g ,  V 12 ,  66 

~ t t e n t i o n  h a s  been  focused  i n  recent y e a r s  on hyper-  
s o n i c  f l i g h t .  Numerous s y n t h e s i s  and  s y s t e m s  s t u d i e s  
have  b e e n  conduc ted  t o  d e f i n e  and  o p t i m i z e  v a r i o u s  a i r -  
f r ame  and p r o p u l s i o n  c o n c e p t s .  L i q u i d  hydrogen a l m o s t  
a l w a y s  e v o l v e s  as  t h e  most  d e s i r a b l e  f u e l  b e c a u s e  o f  its 
two i n h e r e n t  a d v a n t a g e s ,  i .e . ,  h i g h  h e a t  c a p a c i t y  which 
p r o v i d e s  needed c o o l a n t  and h i g h  e n e r g y  c o n t e n t  p e r  u n i t  
mass. 

The o v e r a l l  program, from which  t h e  d a t a  p r e s e n t e d  
a r e  t a k e n ,  is  t h e  development  o f  a  p r o c e d u r e  f o r  s e l e c t i n g  
a n  optimum t a n k  i n s t a l l a t i o n  i n  a h y p e r s o n i c  v e h i c l e ,  and 
the design, f a b r i c a t i o n  and t e s t i n g  o f  a n  i n s u l a t e d  f l i g h t -  
w e i g h t  l i q u i d - h y d r o g e n  t ank .  The f i n a l  t es t  a r t i c l e  w i l l  
b e  a 6000-gal  LH2 t a n k  o f  "doub le -bubb le"  i n t e r s e c t i n g  
c y l i n d e r  c o n s t r u c t i o n .  The b a s i c  t a n k  s t r u c t u r a l  m a t e r i a l  
i s  0.016-in.  I n c o n e l  718 a l l o y .  The i n s u l a t i o n  i s  Micro- 
q u a r t z ,  a  h i g h - s i l i c a  f i b e r .  It is  u s e d  i n  a he l ium en- 
v i ronment  t o  p r e v e n t  cryopumping. I n s u l a t i o n  f o r  t h e  6000- 
g a l  t a n k  was o p t i m i z e d  and r e s u l t e d  i n  a v a r i a b l e  t h i c k -  
n e s s  a round  t h e  c i r c u m f e r e n c e .  The optimum o p e r a t i n g  p r e s -  
s u r e  i s  30 p s i a .  

T e s t s  are comple te  on a small scale,  2 - f t - d i a m e t e r  
130-ga l  t a n k  u s i n g  t h e  optimum i n s u l a t i o n  and o p e r a t i n g  
p r e s s u r e  f o r  t h e  l a r g e  t ank .  These  test r e s u l t s  are p re -  
s e n t e d  and compared w i t h  a n  a n a l y t i c a l  a n a l y s i s  deve loped  



t o  s u p p o r t  t h e  t a n k  o p t i m i z a t i o n .  
(SUPERSONIC, OPTIMUM, STUDY, ENERGY) 

H73 31005 LIQUID HYDROGEN AS A SUPERSONIC TRANSPORT FUEL 
DuPont, A.A., (Garre t t  Corp.,  Los A n g e l e s ,  C a l i f . ) ,  Ad- 
vanced Cryogen ic  E n g i n e e r i n g ,  V 12: l -10  67 

The t i t l e  s u b j e c t  was d i s c u s s e d  w i t h  c o n s i d e r a t i o n  
o f  t h e  e f f e c t  o f  H p r o p e r t i e s  on a i r c r a f t  p e r f o r m a n c e ,  
h i g h  Mach number c a p a b i l i t y ,  t h e  e f f e c t  o f  f u e l  c o s t s  on 
o p e r a t i n g  economics ,  t h e  e f f e c t  of  H on e n g i n e  d e s i g n  
and  pe r fo rmance ,  H s t o r a g e  i n  a i r c r a f t  t a n k a g e ,  d e s i g n  
f e a t u r e s  o f  a H-fueled a i r c r a f t  t o  a c h i e v e  s a f e t y  du r -  
i n g  normal  o p e r a t i o n ,  and  t h e  r e l a t i v e  h a z a r d  o f  H f u e l  
i n  a c r a s h  l a n d i n g .  H showed h i g h  p o t e n t i a l  as a f u e l .  
(PERFORMANCE, COST, STORAGE, SAFETY) 

H73 31006 DETERMINATION O F  THE CRUISE RANGE OF A 
HYDROGEN-FUELED, AIR-BREATHING HYPERSONIC AIRCRAFT 
Krouse ,  J . R . ,  (David T a y l o r  Model B a s i n ,  Washington ,  D.C., 
Aerodynamics L a b . ) ,  N65-31895, D1MB-2010; AERO-1089; AD- 
467687, May 65,  Avai1:TAc 

The c r u i s e  r a n g e  o f  a t y p i c a l  hydrogen- fue led ,  a i r -  
b r e a t h i n g ,  h y p e r s o n i c  a i r c r a f t  is o b t a i n e d  f o r  b o t h  a 
s i m p l e  and a m o d i f i e d  B r e g u e t  f l i g h t  p a t h .  The a n a l y s i s  
i n d i c a t e s  t h a t  t h e  m o d i f i e d  B r e g u e t  f l i g h t  p a t h ,  i n  which 
t h e  r e s t r i c t i o n  of c o n s t a n t  s p e c i f i c  f u e l  consumpt ion  is  
r e l a x e d  ( r e a l i s t i c  v a r i a t i o n  w i t h  Mach number and a l t i -  
t u d e  is  p e r m i t t e d ) ,  r e s u l t s  i n  a c r u i s e  r a n g e  t h a t  i s  
a p p r o x i m a t e l y  t h r e e  p e r c e n t  g r e a t e r  t h a n  t h a t  p r e d i c t e d  
b y  t h e  s i m p l i f i e d  B r e g u e t  r a n g e  e q u a t i o n .  I n  e i t h e r  case, 
v i r t u a l l y  semi -g loba l  r a n g e  i s  o b t a i n e d  when t h e  c r u i s e  
r a n g e  i s  super imposed  upon t h e  a d d i t i o n a l  d i s t a n c e  covered  
d u r i n g  c l i m b  and d e s c e n t .  
(SUPERSONIC, FUEL, ANALYSIS, CONSUMPTION) 

H73 31007" PRELIMINARY APPRAISAL OF HYDROGEN AND METHANE 
FUEL I N  A MACH 2.7 SUPERSONIC TRANSPORT 
Whitlow, J.B., Jr. ,  R . J .  Weber, and  K.C. C i v i n s k a s ,  (NASA, 
Lewis Resea rch  C e n t e r ,  c l e v e l a n d ,  O . ) ,  N73-22711, NASA- 
TM-X-68222, 72,  Avai1:NTIS HC $4.75, A v a i l : T A ~  

The h i g h e r  h e a t i n g  v a l u e  o f  hydrogen r e l a t i v e  t o  JP 
f u e l  i s  e s t i m a t e d  t o  r e d u c e  f u e l  w e i g h t  b y  t h r e e  f o l d  and 
g r o s s  w e i g h t  b y  40 p e r c e n t  f o r  comparab le  d e s i g n e d  a i r -  



p l a n e s  o f  e q u a l  p a y l o a d  and  r a n g e .  Eng ine  d e s i g n  pa ra -  
meters w e r e  v a r i e d  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  lower  
n o i s e  g o a l s  o n  g r o s s  w e i g h t  and  d i r e c t  o p e r a t i n g  c o s t .  
~t c u r r e n t  f u e l  p r i c e s ,  t h e  DOC of a  hydrogen a i r p l a n e  
would be much h i g h e r  t h a n  t h a t  o f  a J P  a i r p l a n e .  A 
methane a i r p l a n e  c o u l d  o f f e r  a n  8 . 5 - p e r c e n t  lower  KOC 
t h a n  JP. ~ u t  f u t u r e  s h o r t a g e s  may escalate t h e  p r i c e s  
of  b o t h  J P  and  me thane ,  whereas  t h e  p r i c e  o f  hydrogen 
manufac tu red  h y d r o l y t i c a l l y  c o u l d  be reduced  from p r e s e n t  
l e v e l s .  I f  i n  t h e  f u t u r e  a l l  t h r e e  f u e l s  a r e  p o s t u l a t e d  
t o  have e q u a l  c o s t s  p e r  u n i t  o f  e n e r g y ,  t h e  DOC f o r  hydro-  
g e n  c o u l d  be as much as 20 p e r c e n t  be low t h a t  f o r  J P  on 
t h e  r e f e r e n c e  4 0 0 0 - n a u t i c a l - m i l e  m i s s i o n .  Longer  r a n g e s  
or l o w e r  n o i s e  r e q u i r e m e n t s  would improve t h e  a d v a n t a g e  
o f  hydrogen.  
(PAYLOAD, RANGE, COST, NOISE) 

H73 31008 TNERMAL FEASIBILITY OF USING METHANE OR 
HYDROGEN FUEL FOR DIRECT COOLING OF A FIRST-STAGE 
TURBINE STATOR 
C o l l a d a y ,  R.S., (NASA, Lewis R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
N70-42326, NASA-TN-D-6042, Washington ,  O c t  70 ,  Avail:NTIS, 
Avai1:TAC 

The f e a s i b i l i t y  o f  c o o l i n g  t h e  f i r s t - s t a g e  t u r b i n e  
s t a t o r  d i r e c t l y  w i t h  c r y o g e n i c  f u e l s  was i n v e s t i g a t e d  b a s e d  
on a  n u m e r i c a l  h e a t  t r a n s f e r  a n a l y s i s  o f  methane and  hydro- 
gen-cooled  v a n e s .  An i n s u l a t i o n  b a r r i e r  be tween t h e  f u e l  
c o o l i n g  p a s s a g e s  and  t h e  e x t e r n a l  vane  s u r f a c e  was re- 
q u i r e d  t o  p r e v e n t  a d v e r s e  c o o l i n g  c o n d i t i o n s .  The c o o l -  
i n g  c o n f i g u r a t i o n  a n a l y z e d  was t h a t  o f  t u b u l a r  c o o l i n g  
p a s s a g e s  embedded i n  i n s u l a t i o n  mater ia l  su r rounded  b y  
a n  o u t e r  vane  s h e l l .  The r e s u l t s  i n d i c a t e  t h a t  t h e  t u r -  
b i n e  s t a t o r  v a n e s  c o u l d  be a d e q u a t e l y  c o o l e d  w i t h  methane  
o r  hydrogen f u e l  a t  a  2490 F (1639 K )  l o c a l - h o t - s p o t  g a s  
t e m p e r a t u r e .  
(HEAT, TRANSFER, GAS TURBINE) 

H73 31009* KEY TECHNOLOGY FOR AIRBREATHING HYPERSONIC 
AIRCRAFT 
Nagel ,  A.L., and  J.V. B e c k e r ,  (NASA, Lang ley  Resea rch  Cen- 
ter,  Hampton, V a . ) ,  American I n s t i t u t e  o f  A e r o n a u t i c s  and 
A s t r o n a u t i c s ,  Annual  ~ e e t i n g  and  T e c h n i c a l  D i s p l a y ,  9 t h ,  
Washington,  D.C., Ja 8-10 ' 7 3 ,  P a p e r  73-58, Avai1:TAC 

T h i s  p a p e r  r e v i e w s  r e c e n t  p r o g r e s s  i n  t h e  k e y  hyper-  



s o n i c  t e c h n o l o g i e s ,  which has  been  good d e s p i t e  a r e l a t i v e l y  
low priority. S u c c e s s f u l  h y p e r s o n i c  r e s e a r c h  e n g i n e  tes ts  
have b e e n  made. Act ive  c o o l i n g  system a n a l y s e s  have 
shown p o t e n t i a l  f o r  w e i g h t  s a v i n g s ,  a l l e v i a t i o n  o f  s t r u c -  
t u r a l  d e s i g n  problems,  and long  a i r f r a m e  l i f e .  M a t u r i n g  
compute r i zed  f l o w  f i e l d  t h e o r i e s  p e r m i t  o p t i m i z i n g  en-  
g i n e - a i r f r a m e  per formance .  Adequate  p r o g r e s s  i n  t h e  fu-  
t u r e  r e q u i r e s  an  expanded t e c h n o l o g y  program emphas iz ing  
hydrogen usage .  A hydrogen f u e l e d  h y p e r s o n i c  r e s e a r c h  
a i r p l a n e  i s  e s s e n t i a l ,  p r o v i d i n g  c r i t i ca l  f l i g h t  d a t a  
and ope  rat  i o n a l  e x p e r i e n c e .  
(COOLING , OPTIMIZATION) 

H73 31010 EFFECT OF COMBUSTION GAS PROPERTIES ON 
TURBOJET-ENGINE PERFORMANCE WITH HYDROGEN AS FUEL 
E n g l i s h ,  R.E. ,  ( N a t i o n a l  A d v i s o r y  Committee f o r  Aero- 
n a u t i c s ,  Lewis F l i g h t  p r o p u l s i o n  Lab.,  C l e v e l a n d ,  0 . ) .  
N63-12509, NACA-RM-E55J17a, Washington ,  Apr 10 ' 5 6 ,  
Avai1:TAC 

Simple  a d j u s t m e n t  o f  t u r b o j e t  e n g i n e  c y c l e  cal- 
c u l a t i o n s  based  on JP-4 f u e l  f o r  t h e  i n c r e a s e  i n  h e a t i n g  
v a l u e  when hydrogen i s  s u b s t i t u t e d  f o r  JP-4 r e s u l t e d  i n  
t h e  f o l l o w i n g  e r r o r s :  F u e l  s p e c i f i c  impu l se  w a s  as 
much a s  3  p e r c e n t  h i g h ;  t h r u s t  p e r  u n i t  a i r f l o w  was as  
much as 5 p e r c e n t  low; and a i r f l o w  p e r  u n i t  o f  t u r b i n e  
f r o n t a l  area was as much a s  1 p e r c e n t  l o w .  
(SRECIFIC IMPULSE, THRUST, AIRFLOW) 

H73 31011 DOD, AIRLINES FACE ENERGY CRISIS 
Y a f f e e ,  M.L., A v i a t i o n  Week & Space  Technology,  Nov 20 ' 7 2 ,  
A v a i l  :TAC 

Defense  Dept.  and U.S. a i r l i n e s  f a c e  a gr im and 
growing f u e l  s h o r t a g e  f o r  which t h e r e  are no  s h o r t - t e r m  
s o l u t i o n s  o t h e r  t h a n  p a y i n g  h i g h e r  p r i c e s  o r  i m p o r t i n g  
more.  U.S. government a g e n c i e s  and i n d u s t r y  b e l a t e d l y  
are m a r s h a l i n g  t h e i r  f o r c e s  t o  f i n d  s u i t a b l e  s o l u t i o n s  
f o r  t h e  long  term. 

Most f u e l  p e o p l e  t h i n k  t h e  e n e r g y  c r i s i s  w i l l  worsen .  
However, t h e r e  are s o u r c e s  of  e n e r g y  o t h e r  t h a n  o i l  and 
g a s .  A l l  i n d i g e n o u s  e n e r g y  r e s o u r c e s  t h a t  c a n  b e  deve loped  
s h o u l d  b e  deve loped  and  w i l l  b e  needed.  

L i q u i d  hydrogen a p p e a r s  t o  be t h e  most  p r o m i s i n g  a i r -  
c r a f t  f u e l  f o r  1990 and beyond,  from e n e r g y ,  a v a i l a b i l i t y  



and e n v i r o n m e n t a l  v i e w p o i n t s .  E l e c t r i c i t y  produced b y  
f u t u r e  n u c l e a r  r e a c t o r s  w i l l  b e  used  t o  g e n e r a t e  t h e  hydro- 
gen  b y  e l e c t r o l y s i s  o f  w a t e r  or some o t h e r  p r o c e s s .  

L a r g e  c a r g o  a i r c r a f t  w i t h  g r o s s  w e i g h t s  above 1 m i l l i o n  
lb. s h o u l d  be used  t o  i n t r o d u c e  t h e  u s e  o f  l i q u i d  hydro- 
gen as a n  a i r c r a f t  f u e l .  

U s e  of  l i q u i d  hydrogen w i l l  n o t  r e q u i r e  a n y  s i g n i f i c a n t  
changes  i n  p o w e r p l a n t s  t h a t  are  e x p e c t e d  t o  be h igh  by- 
p a s s  r a t i o  t u r b o f a n s .  B i g g e s t  changes  w i l l  b e  i n  t h e  a i r -  
c r a f t  fuel system d e s i g n  and i n  s t o r a g e  p r o c e d u r e s .  
(COST, AIRCRAFT, ECONOMIC, FUEL) 

H 7 3  31012* POTENTIALS AND PROBLEMS OF HYDROGEN FUELED 
SUPERSONIC AND HYPERSONIC AIRCRAFT 
w i t c o f s k i ,  R.D., (NASA Lang ley  Resea rch  C e n t e r ,  Hampton, 
V a . ) ,  7 t h  I n t e r s o c i e t y  Energy Conver s ion  E n g i n e e r i n g  
Confe rence ,  S a n  Diego,  C a l i f . ,  S e p t  72 

C u r r e n t  and p r o j e c t e d  a i r  p a s s e n g e r  t r a v e l  t r e n d s ,  
t h e  growing c o n c e r n  o v e r  e n v i r o n m e n t a l  p r o t e c t i o n ,  and 
t h e  p o t e n t i a l  d e p l e t i o n  of o u r  f o s s i l  f u e l  r e s e r v e s ,  
when combined w i t h  t h e  r e s u l t s  o f  r e c e n t  a e r o n a u t i c a l  
r e s e a r c h  programs,  l e a d s  t o  t h e  c o n s i d e r a t i o n  o f  l i q u i d  
hydrogen f u e l  f o r  t r a n s p o r t  a i r c r a f t .  The u s e  o f  l i q u i d  
hydrogen f u e l  i s  shown t o  g i v e  s u p e r i o r  r a n g e  and /o r  pay- 
l o a d  c a p a b i l i t y  as compared t o  J P  f u e l e d  a i r c r a f t ,  a t  
s p e e d s  from Mach 3  t o  8. S u p e r s o n i c  combust ion  r a m j e t  
e n g i n e s ,  h a v i n g  low c o o l i n g  r e q u i r e m e n t s ,  make a v a i l a b l e  
a  l a r g e  p o r t i o n  of t h e  h e a t - s i n k  c a p a c i t y  o f  l i q u i d  hydro- 
gen  f u e l  f o r  a c t i v e  c o o l i n g  of t h e  e n t i r e  a i r f r a m e ,  open- 
i n g  t h e  d o o r  t o  t h e  u s e  o f  c o n v e n t i o n a l  a i r c r a f t  m a t e r i a l s  
and c o n s t r u c t i o n  e x p e r i e n c e  t o  s p e e d s  a s  h i g h  as Mach 8 
o r  10.  T h i s  p a p e r  d i s c u s s e s  t h e  c h a r a c t e r i s t i c s  o f  
hydrogen f u e l e d  a i r c r a f t  e n g i n e s  from s u p e r s o n i c  t o  
h y p e r s o n i c  s p e e d s .  S t r u c t u r a l  a s p e c t s  o f  b o t h  " h o t "  
and a c t i v e l y  c o o l e d  a i r c r a f t  a r e  d i s c u s s e d ,  i n c l u d i n g  t h e  
problem o f  i n s u l a t i n g  t h e  hydrogen f u e l .  The e f f e c t s  on 
a i r c r a f t  pe r fo rmance  o f  t h e  s t r o n g  i n t e r a c t i o n  between 
t h e  p r o p u l s i v e ,  s t r u c t u r a l ,  and  aerodynamic  a s p e c t s  o f  
h y p e r s o n i c  a i rcraf t  are c o n s i d e r e d .  The i m p l i c a t i o n s  o f  
t h e  p o s s i b l e  u s e  o f  s l u s h  hydrogen are a l s o  cove red .  En- 
v i r o n m e n t a l  and  economic a s p e c t s  are c o n s i d e r e d  and ope r -  
a t i o n a l  a s p e c t s  n e e d i n g  f u r t h e r  a t t e n t i o n  are a l s o  d i s -  
c u s s e d .  
(RANGE, PAYLOAD, COOLING, SLUSH, ECONOMIC) 



H73 31013* THE ECONOMICS OF LIQUID HYDROGEN SUPPLY FOR 
A I R  TRANSPORTATION 
Johnson, J.E., (Union Carbide Corp., New York, N.Y. ) ,  
Paper Q - 1 ,  c ryogenic  Engineer ing Conference, A t l a n t a ,  Ga., 
Aug 73  

The p rospec t s  f o r  u t i l i z i n g  l i q u i d  hydrogen t o  pro- 
v i d e  f u t u r e  f u e l  requirements  f o r  a i r  t r a n s p o r t a t i o n  in-  
d u s t r y  segments is examined. An economic a n a l y s i s  f o r  
supply of 2,500 T/D of  l i q u i d  hydrogen is  developed based 
on producing t h e  f u e l  from our  e x t e n s i v e  domestic c o a l  
and nuc lea r  f u e l  r e se rves .  Depending on t h e  degree  of 
a i r c r a f t  ope ra t ing  c o s t  s av ings  ach ievab le  by removal of  
t h e  environmental  c o n s t r a i n t s  and f u e l  weight l i m i t a t i o n s  
imposed by hydrocarbon j e t  f u e l s ,  t h e  p ro j ec t ed  l i q u i d  
hydrogen c o s t s  o f  $2.50 p e r  m i l l i o n  BTU could a l r e a d y  
be a t t r a c t i v e  t o  power t h e  nex t  gene ra t ion  of a i r c r a f t  
t o  be  developed. A s  t h e  b e s t  a l t e r n a t i v e  t o  cont inued  
over-dependence on i n c r e a s i n g l y  c o s t l y  imported hydro- 
carbon l i q u i d  f r a c t i o n s ,  a  l i q u i d  hydrogen a l t e r n a t i v e  
f u e l  s t r a t e g y  f o r  a i r  t r a n s p o r t a t i o n  o f f e r s  a  s i g n i f i c a n t  
oppor tun i ty  t o  economical ly  c o n t r i b u t e  toward eas ing  our  
energy c r i s i s  through u t i l i z a t i o n  of our  lowest  c o s t  
domestic energy r e sou rces  i n  an  envi ronmenta l ly  a c c e p t a b l e  
manner. The Apollo program has  provided a  s i g n i f i c a n t  
t echno log ica l  base  t o  develop t h e  c a p a b i l i t y  r equ i r ed  t o  
meet t h e  high s t a n d a r d s  o f  s a f e t y  and performance r equ i r ed  
by t h e  a i r  t r a n s p o r t  i ndus t ry .  The immediate r equ i r e -  
ment t o  prove t h e  v i a b i l i t y  of  l i q u i d  hydrogen fue l ed  
a i r  t r a n s p o r t a t i o n  i s  t h e  demons t ra t ion  of t h e  p r o j e c t e d  
a i r c r a f t  performance improvem&ts.possible t h a t  a r e  
a t t r i b u t a b l e  t o  hydrogen f u e l .  .". 
(COST, AIRCRAFT, PRODUCTION )' 

H73 31014* THE CASE FOR A HYDROGEN-FUELED SUPERSONIC 
TRANSPORT 
Brewer, G.D., (Lockheed-California Co., A D iv i s ion  of Lock- 
heed A i r c r a f t  Corp.) .  Report No. LR 25511, Oct 23 '72 

The r e p o r t  was w r i t t e n  t o  review t h e  conceptua l  
arguments, p r o  and con,  concerning t h e  p r a c t i c a b i l i t y  of  
us ing  l i q u i d  hydrogen a s  t h e  f u e l  f o r  a  supe r son ic  t r a n s -  
p o r t .  The f o r e s e e a b l e  s h o r t a g e  and a t t e n d a n t  i n c r e a s i n g  
c o s t  of  kerosene  i n  t h e  t ime p e r i o d  when an  SST f l e e t  
can become o p e r a t i o n a l  makes t h e  s u b j e c t  of prime i n t e r e s t .  

S ince  t h e  c a p a b i l i t y  t o  manufacture l i q u i d  hydrogen 



i n  t h e  q u a n t i t i e s  n e c e s s a r y  t o  s a t i s f y  a n t i c i p a t e d  de-  
mands h i n g e s  on a v a i l a b i l i t y  o f  l a r g e  amounts  o f  e l ec t r i c  
power,  a b r i e f  r ev iew i s  p r e s e n t e d  o f  t h e  o u t l o o k  f o r  
e n e r g y  need  i n  t h e  U n i t e d  S t a t e s  i n  t h e  1990 - 2000 d e c a d e ,  
a l o n g  w i t h  a f o r e c a s t  of  t h e  m o s t  l i k e l y  ways i n  which 
t h e s e  n e e d s  w i l l  be m e t .  
(MANUFACTURE, ENERGY, AIRCRAFT) 

H73 31015 WORKING SYMPOSIUM ON LIQUID HYDROGEN-FUELED 
AIRCRAFT 
Anon, NASA, Lang ley  R e s e a r c h  C e n t e r ,  Hampton, V a . ,  May 15-16 ' 7 3  

A compendium of w r i t t e n  and  v i s u a l  m a t e r i a l  t h a t  is  
n o t  a f o r m a l  NASA document.  
(AIRCRAFT, LIQUID, CRYOGENIC, FUEL, HYPERSONIC) 

H73 31016* HYPERSONIC TRANSPORTS 
Becker ,  J . V . ,  F.S. Kirkham, (NASA, Langley  R e s e a r c h  C e n t e r ,  
Harnpton, V a . ) ,  NASA SP-292, Nov 2 ' 7 1  

The p a p e r  p r o j e c t s  c u r r e n t  t e c h n o l o g y  i n t o  t h e  d e v e l -  
opment a n d  o p e r a t i o n  o f  h y p e r s o n i c  t r a n s p o r t s  u s i n g  hydrogen 
a s  a  f u e l .  C o n s i d e r e d  i n  t h e  p r o j e c t i o n  a r e  c o s t s ,  s t r u c -  
t u r a l  p r c b l e m s ,  h e a t i n g ,  and  t h e  u s e  o f  s h u t t l e  d e r i v e d  
t e c h n o l o g y .  
(AIRCRAFT, HYPERSONIC, CRYOGENIC, COST) 

H73 31017* THE CASE FOR HYDROGEN FUELED TRANSPORT AIRCRAFT 
Brewer ,  G.D., ( L o c k h e e d - C a l i f o r n i a  Company, Burbank, C a l i f . ) ,  
AIAA P a p e r  N o .  73-1323, AIAA/SAE 9 t h  P r o p u l s i o n  Confe rence ,  
Las  Vegas ,  Nev., Nov 7 3 ,  Avai1:TAC 

The case f o r  u s i n g  l i q u i d  hydrogen  as t h e  f u e l  f o r  
commercial a i r c r a f t  o f  t h e  f u t u r e  rests on t h e  f o l l o w i n g  
a rgument s  : 

1) P e t r o l e u m  i s  f a s t  becoming a c r i t i c a l l y  s h o r t  
commodity i n  t h e  U n i t e d  S t a t e s .  World-wide, it 
w i l l  r e a c h  a  peak  o f  a v a i l a b i l i t y  i n  less t h a n  20 
y e a r s ,  d e c l i n i n g  r a p i d l y  t h e r e a f t e r .  

2)  I n  t h e  Uni t ed  S t a t e s ,  t h e  need  t o  i m p o r t  t h e  tre- 
mendous q u a n t i t i e s  o f  o i l  which are f o r e c a s t  f o r  
t h e  f u t u r e  w i l l  l e a d  t o  u n a c c e p t a b l e  dependence  on 
a s m a l l  number o f  f o r e i g n  n a t i o n s .  T h i s  w i l l  cost  
t h e  U.S. h e a v i l y  i n  terms o f  d e f i c i t  b a l a n c e  o f  
payments:  economic, commerc ia l ,  and  d i p l o m a t i c  in -  
dependence ;  and  n a t i o n a l  s e c u r i t y .  



3 )  Commercial a v i a t i o n  i s  a t  p r e s e n t  a  compara t ive ly  
sma l l  b u t  r a p i d l y  growing consumer of pet roleum i n  
t h e  U.S. Development of  an a l t e r n a t e  f u e l  f o r  
commercial t r a n s p o r t  a i r c r a f t  w i l l  e l i m i n a t e  a  s i g n i -  
f i c a n t  f r a c t i o n  of t h e  f u t u r e  petroleum needs  of  t h e  
na t ion .  

4)  Hydrogen, a s  a  c a n d i d a t e  a l t e r n a t e  f u e l ,  o f f e r s  
s i g n i f i c a n t  p o t e n t i a l  advantages ween used i n  a i r -  
c r a f t ,  v i z . ,  performance,  p o l l u t i o n ,  n o i s e  and c o s t .  
Accordingly,  it i s  recommended f o r  i n i t i a l  and e a r l y  
u s e  i n  a i r c r a f t ,  w i t h  i t s  u s e  i n  o t h e r  economic sec-  
t o r s  growing a s  i t s  a v a i l a b i l i t y  i n c r e a s e s .  

Each o f  t h e s e  arguments i s  developed t o  e x p l o r e  i ts  
m e r i t .  Examples of commercial a i r c r a f t ,  bo th  subson ic  and 
supersonic ,  a r e  examined t o  de te rmine  t h e  p o t e n t i a l ,  and some 
of t h e  problems, of u s ing  l i q u i d  hydrogen a s  a  f u e l .  
(FUEL, TRANSPORT, AIRCRAFT, LIQUID, FUTURE, PETROLEUM, 
PERFORMANCE, POLLUTION) 



H73 32000* THE HYDROGEN-AIR FUELED AUTOMOBILE 
Swain ,  M.R., and R.R. Ad t ,  Jr., ( U n i v e r s i t y  o f  M i a m i ,  
C o r a l  G a b l e s ,  F l a . )  7 t h  I n t e r s o c i e t y  E n g i n e e r i n g  
C o n f e r e n c e  on Energy Conver s ion ,  S a n  Diego, C a l i f . ,  
72 ,  Avai1:TAC 

The p a p e r  d e s c r i b e s  t h e  r e s e a r c h  and development  
e f f o r t  r e q u i r e d  t o  c o n v e r t  a 1970 Toyo ta  1600 s t a t i o n -  
wagon t o  r u n  on  a h y d r o g e n - a i r  f u e l  m i x t u r e .  The u n i q u e  
e n g i n e  d e s i g n  m o d i f i c a t i o n s  i n v o l v e  o n l y  minor  changes  
t o  t h e  O t t o  c y c l e  e n g i n e  and w i l l  n o t  r e q u i r e  e x t e n s i v e  
m a n u f a c t u r e r ' s  r e t o o l i n g .  I n  a d d i t i o n  a h i g h  p r e s s u r e  
s o u r c e  o f  hydrogen is n o t  needed.  T o t a l  e n g i n e  c o s t  i s  
e x p e c t e d  t o  be less t h a n  t h a t  o f  a s i m i l a r  g a s o l i n e  f u e l -  
ed  l o w  e m i s s i o n  e n g i n e .  An a p p r o x i m a t e l y  50% i n c r e a s e  
i n  e f f i c i e n c y  o v e r  t h a t  o f  t h e  g a s o l i n e  f u e l e d  e n g i n e  is 
r e a l i z e d .  N i t r i c  o x i d e  e m i s s i o n s ,  t h e  o n l y  e x h a u s t  g a s  
c o n s t i t u e n t s  o f  c o n c e r n ,  a r e  e x p e c t e d  t o  meet t h e  1975 
e m i s s i o n  s t a n d a r d s .  The 1976 and l a t e r  s t a n d a r d s  are 
e x p e c t e d  t o  be m e t  w i t h  minor  m o d i f i c a t i o n s .  
(MODIFICATION, COST, EMISSION, POLLUTION, ENVIRONMENT) 

H73 32001* THE HYDROGEN - AIR FUELED AUTOMOBILE ENGINE 
(PART I )  

A d i ,  R.R., D.L. H e r s h b e r g e r ,  T. K a r t a g e ,  and M.F. Swain, 
( U n i v e r s i t y  o f  Miami, C o r a l  Gables, F l a . ) ,  8 t h  I n t e r -  
s o c i e t y  E n g i n e e r i n g  Confe rence  on Energy  Conver s ion ,  
P h i l a d e l p h i a ,  Pa,  73, Avai1:TAC 

T h i s  p a p e r  d e s c r i b e s  t h e  p r o g r e s s  made on t h e  d e v e l -  
opment o f  t h e  hydrogen-a i r  f u e l e d  a u t o m o b i l e  e n g i n e  
d e s c r i b e d  a t  l a s t  y e a r ' s  IECEC. S i n c e  t h a t  t i m e  a 4 
c y l i n d e r ,  195  c u  i n  P o n t i a c  e n g i n e  h a s  been  r e d e s i g n e d ,  
i n c o r p o r a t i n g  a n  improved v e r s i o n  o f  t h e  Hydrogen 
I n d u c t i o n  Techn ique ,  t o  r u n  on hydrogen and v a p o r i z e d  
g a s o l i n e .  Pe r fo rmance  c u r v e s  and  e m i s s i o n  d a t a  f o r  t h e  
e n g i n e  f u e l e d  b y  hydrogen are g i v e n .  
(PERFORMANCE, EMISSION) 

H73 32002* ON THE UCLA HYDROGEN CAR 
Bush ,  A.F., and  W.D. Van V o r s t ,  (UCLA, Los A n g e l e s ,  C a l i f . ) ,  
P r e s e n t e d  a t  1973 Cryogenic  E n g i n e e r i n g  Confe rence ,  
A t l a n t a ,  G a . ,  Aug 10  ' 7 3 ,  A v a j . 1 : ~ ~ ~  

The f e a t u r e s  o f  t h e  UCLA hydrogen car are reviewed 
and c o n c l u s i o n s  drawn from i t s  deve lopment .  Hydrogen h a s  
y i e l d e d  h i g h e r  b r a k e  t h e r m a l  e f f i c i e n c y  t h a n  g a s o l i n e ,  



and a  f u e l  economy of 10 m i l e s  p e r  pound o f  hydrogen 
h a s  been ob ta ined  c o n s i s t e n t l y .  Exhaust emiss ion p o l l u t a n t s  
a r e  w e l l  below t h e  1976 Fede ra l  s t anda rds .  S a f e t y  a s p e c t s  
seem no more s t r i n g e n t  than wi th  g a s o l i n e ,  methane, o r  
propane. 

The major problems remaining have t o  do w i t h  s t o r a g e  
of hydrogen, and t h e  c o n t r o l  system f o r  feed ing  it t o  
t h e  engine.  A hydr ide  bed i s  sugges ted ,  and major des ign  
v a r i a b l e s  i n d i c a t e d .  A t t e n t i o n  is c a l l e d  t o  t h e  problems 
of l a r g e  s c a l e  d i s t r i b u t i o n  of hydrogen p o t e n t i a l l y  re- 
q u i r e d  i n  a "hydrogen economy." 
(EFFICIENCY, SAFETY, STORAGE, HYDRIDE, EMISSION, 
POLLUTION, ENVIRONMENT) 

H73 32003 PERRIS SMOGLESS AUTOMOBILE ASSOCIATION 
Anon, I n d u s t r i a l  Resources,  S e p t  72 

The P e r r i s  Smogless Automobile ~ s s o c i a t i o n ,  is a  
group of i n d i v i d u a l s  - Paul  B. Dieges, Dwight B. Minnich, 
F r e d r i c  F. Nardecchia, and P a t r i c k  L. Underwood - i n  
P e r r i s ,  C a l i f . ,  who, us ing  a  c ryogenic  hydrogen/oxygen 
f u e l i n g  system, have a r r i v e d  a t  a  s o l u t i o n  t o  t h e  prob- 
l e m  of  automobile a i r  p o l l u t i o n .  The a r t i c l e  t e l l s  how 
t h e y  conceived,  b u i l t ,  and r an  a p o l l u t i o n - f r e e  i n t e r n a l  
combustion v e h i c l e .  
(CRYOGENIC, OXYGEN, INTERNAL COMBUSTION, POLLUTION) 

H73 32004* TNE HYDROGEN ENGINE I N  PERSPECTIVE 
Murray, R.G., and R . J .  Schoeppel ,  (Oklahoma S t a t e  
U n i v e r s i t y ) ,  and C.L. Gray, (Environmental  P r o t e c t i o n  
Agency, Ann Arbor, Mich.) ,  7 th  I n t e r s o c i e t y  Engineering 
Conference on Energy Conversion, San Diego, C a l i f . ,  72, 
A v a i l  : TAC 

Th i s  paper  has two b a s i c  purposes:  f i r s t ,  t o  re- 
p o r t  t h e  l a t e s t  performance and emiss ion  c h a r a c t e r i s t i c s  
of t h e  Oklahoma S t a t e  U n i v e r s i t y  a i r  b r e a t h i n g ,  hydrogen 
burning engine  and second, t o  p l a c e  t h i s  eng ine  i n  per- 
spective i n  t h e  f u t u r e  t o t a l  energy  p i c t u r e .  S ince  t h e  
produc t ion  of energy and c r e a t i o n  of a i r  p o l l u t i o n  a r e  
i n t e r r e l a t e d  a s p e c t s  of t h e  same problem a  d i s c u s s i o n  
o f  one must g i v e  c o n s i d e r a t i o n  t o  t h e  e f f e c t s  of  t h e  
o t h e r .  

Four y e a r s  ago development s t a r t e d  on t h e  f i r s t  of 
a  series of hydrogen fue l ed  engines  a t  Oklahoma S t a t e  Uni- 



v e r s i t y .  E a r l y  d a t a  i n d i c a t e d  t h a t  a hydrogen f u e l e d  
engine  should y i e l d  to rque ,  power, and e f f i c i e n c y  v a l u e s  
comparable t o  an  e q u i v a l e n t  spark  i g n i t i o n  engine.  The 
performance ou t look  o f  t h i s  f i r s t  engine was s o  opt imis-  
t i c  t h a t  t h e  A i r  P o l l u t i o n  Cont ro l  O f f i c e ,  Environmental  
P r o t e c t i o n  Agency funded an  e f f o r t  t o  s tudy  f u r t h e r  de- 
s i g n  improvements and t o  t e s t  i t s  emiss ion c h a r a c t e r i s t i c s .  

Data from recen t  tests has i n d i c a t e d  t h a t  i t  should 
b e  p o s s i b l e  w i t h  t o d a y ' s  technology t o  f a b r i c a t e  a r e -  
l i a b l e  engine  t o  power a n  automobile o r  t ruck .  I t  i s  
expected t h a t  t h i s  v e h i c l e  would have adequate range,  
normal s i z e ,  and would f a l l  w i t h i n  a  complexity and re- 
l i a b i l i t y  range s i m i l a r  t o  t o d a y ' s  g a s o l i n e  c o u n t e r p a r t .  
I n  a d d i t i o n ,  it would emit  no measurable hydrocarbons,  
o rgan ic ,  o r  s u l f u r  compounds. Oxides of n i t r o g e n  emiss ion  
below 1976 s t anda rds  would b e  expected.  

The s u c c e s s f u l  convers ion  of f o u r  s i n g l e - c y l i n d e r  
g a s o l i n e  eng ines  t o  run on hydrogen, along w i t h  v e r y  en- 
couraging performance and emiss ion  measurements, has l e d  
t o  t h e  conceptua l  des ign  of an energy management system 
aimed a t  a  permanent s o l u t i o n  t o  t h e  energy/ecology di lema.  
It is  t h e  purpose of t h i s  paper  t o  p l a c e  i n  p e r s p e c t i v e  
t h e  ou t look  f o r  t h e  u s e  of hydrogen as a  motor f u e l  a s  
one f a c e t  of  t h i s  system. Involved is an  impending energy  
c r i s i s  which is on a c o l l i s i o n  course  w i th  e c o l o g i c a l  
s t a n d a r d s  because of a n a t u r a l  i n t e r - r e l a t i o n s h i p .  

The p r o b a b i l i t y  of  t h e  g l o b a l  energy/ecology manage- 
ment system be ing  hydrogen-centered w i l l  a l s o  b e  d i s c u s s e d .  
(EMISSION, ENERGY, INTERNAL-COMBUSTION, POLLUTION) 

H73 32005 * THE HYDROGEN I .C. ENGINE - ITS ORIGINS AND 
FUTURE I N  THE EMERGING ENERGY-TRANSPORTATION-ENVIRONMENT 
SYSTEM 
Weil,  K.H., (Stevens  I n s t i t u t e  o f  Technology, Hoboken, N . J . ) ,  
7 t h  I n t e r s o c i e t y  Engineering Conference on Energy Con- 
v e r s i o n ,  San Diego, c a l i f . ,  72, Avai1:TAC 

I t  i s  n o t  t h e  I . C .  eng ine  t h a t  p o l l u t e s  o u r  a i r ,  b u t  
i t s  p r e s e n t  f u e l s .  Lower e f f i c i e n c y  c y c l e  automotive en- 
g i n e s  and c a t a l y t i c  exhaus t  t r ea tmen t  a r e  t e c h n i c a l l y  un- 
sound and was te  remaining hydrocarbon r e se rves .  

The Hydrogen I n t e r n a l  Combustion Engine ' s  m u l t i - f u e l  
v e r s i o n  i s  t h e  key component of  t h e  evolving comprehensive 
E l e c t r i c i t y  - Hydrogen energy system, c o n t r o l l i n g  a i r  po l lu -  
t i o n  and t h e  e l e c t r i c  u t i l i t i e s '  predicament w i t h  low load  



f a c t o r s ,  t r ansmis s ion  and energy  s t o r a g e .  
Any pragmatic t r a n s i t i o n  r a t e  i n  t ime and r e g i o n a l  

geography may be p rog ramed  w i t h  t h i s  engine - n o t  exc lud ing  
o t h e r  promising approaches. 

To make sound d e c i s i o n s ,  i n  t i m e ,  about r e a l i s t i c  
compromises based on f a c t s ,  p r e p a r a t i o n s  should beg in  now. 
(POLLUTION, EMISSION) 

H73 32006* ON THE HIGHER ENERGY FORM OF WATER ( ~ ~ 0 ' )  I N  AUTO- 
MOTIVE VEHICLE ADVANCED POWER SYSTEMS 
Escher ,  W.J.D., (Escher ~ e c h n o l o g y  Assoc ia t e s ,  S t .  Johns ,  
Mich.),  7 th  I n t e r s o c i e t y  Engineer ing Conference on Energy 
Conversion, San Diego, C a l i f . ,  72, Avai1:TAC 

The hydrogen-oxygen ( s t o i c h i o r n e t r i c )  b i r e a c t a n t  
combination,  s e p a r a t e l y  tanked and fed t o  an  advanced- 
d e s i g n  a u t m o t i v e  powerplant  is addressed.  Th i s  "high- 
e r  energy form" of w a t e r  i s  compared i n  terms of :  on- 
board v e h i c l e  s t o r e d  energy,  volume, mass and c o s t  w i t h  
convent iona l  systems employing gaso l ine -  and hydrogen- 
f u e l e d  i n t e r n a l  combustion engines .  

The h ighe r  energy form of wa te r ,  H ~ O * ,  w i l l  be produced 
i n  abundance i n  f u t u r e  w a t e r - s p l i t t i n g  hydrogen produc t ion  
f a c i l i t i e s  us ing  n u c l e a r  o r  s o l a r  energy as beinq envis ioned  
f o r  t h e  p o s t  f o s s i l - f u e l  age  "Hydrogen Economy." However, 
t h e  m a j o r i t y  of hydrogen energy  convers ion system s t u d i e s  
s o  f a r  have addressed hydrogen ' s  r e a c t i o n  w i t h  a i r ,  n o t  
oxygen. 

R e l a t i n g  heav i ly  t o  a number of papers  p re sen ted  a t  
t h e  prev ious  IECEC,  t h e  paper  a t t e m p t s  t o  make t h e  p o i n t  
t h a t :  n o t  on ly  Hz- a i r b r e a t h i n g  systems,  b u t  a l s o  H20* 
nona i rb rea th ing  energy convers ion  systems should b e  con- 
s i d e r e d  f o r  f u t u r e  automotive  v e h i c l e  p ropuls ion .  Pa r t i cu -  
l a r l y ,  i f  Qigh-temperature H20*  - fue l ed  power c y c l e s  
(3000-4000 F )  can be developed,  a  sav ings  i n  n a t i o n a l  
energy  r e sou rces  of t h e  o r d e r  o f  50 p e r c e n t  of  t h a t  needed 
f o r  p r e s e n t  gaso l ine- fue led  automobi les ,  and f u t u r e  hydro- 
gen-fueled,  b u t  conven t iona l ly  powered v e h i c l e s  i s  tech-  
n i c a l l y  p o s s i b l e .  

Add i t i ona l ly ,  s i n c e  t h e  s o l e  e f f l u e n t  i n  HZO* com- 
b u s t i o n  i s  t h e  lower energy  form of wate r ,  v i z . ,  H20 ,  t h i s  
has  s t r i k i n g l y  p o s i t i v e  environmental  r a m i f i c a t i o n s .  Clear-  
l y ,  a  bo ld  new oppor tun i ty  is p re sen ted  t o  t h e  engineer-  
ing community a s  it  s t r i v e s  f o r  energy  convers ion systems 
of t h e  f u t u r e  which must adhere  t o  t h e  p r e c e p t  of  benign 



e n v i r o n m e n t a l  i n t e r a c t i o n .  
(OXYGEN, EFFICIENCY, POLLUTION, TEMPERATURE) 

H73 32007 HYDROGEN-FUELED INTERNAL COMBUSTION ENGINE 
Anon, M e c h a n i c a l  E n g i n e e r i n g ,  V 93:40 Nov 71,  Avai1:TAC 

U n i v e r s i t y  o f  M i a m i  e n g i n e e r s  are embarking on a 
r e s e a r c h  program t o  p e r f e c t  a hydrogen-fue led  i n t e r n a l -  
combust i o n  a u t o m o b i l e  e n g i n e  d e v e l o p e d  by a  Hollywood, 
F l a . ,  bus inessman .  
(ENGINE, COMBUSTION) 

H73 32008 LIQUIDsHYDROGEN A S  A MOTOR FUEL 
Anon, C h e m i s t r y ,  V 4 5 r 2 6  Ja 72,  Avai1:TAC 

A t  one  t i m e ,  l i q u i d  hydrogen was m e r e l y  a l a b o r a t o r y  
c u r i o s i t y .  B u t  now, b e c a u s e  o f  i t s  u s e  i n  a t o m i c  r e s e a r c h  
and t h e  s p a c e  program, p r o d u c t i o n  i n  t h i s  c o u n t r y  has  
r e a c h e d  a n  e s t i m a t e d  150 t o n s  p e r  d a y .  Consequen t ly ,  
c o s t  o f  p r o d u c t i o n  h a s  d e c l i n e d  - a l i t e r  o f  l i q u i d  
h y d r o g e ~  costs a b o u t  t h e  same as a l i t e r  o f  g a s o l i n e .  

Some d a y ,  l i q u i d  hydrogen m i g h t  be used  a s  a f u e l  
f o r  motor v e h i c l e s .  Env i ronmenta l  p o l l u t i o n  from in -  
t e r n a l  combus t ion  e n g i n e s  would be c o m p l e t e l y  e l i m i n a t e d  
b e c a u s e  w a t e r  is t h e  sole combus t ion  p r o d u c t .  
(PRODUCTION, COST, POLLUTION) 

H73 32009* SURVEY OF HYDROGEN'S POTENTIAL AS A VEHICULAR 
FUEL 
A u s t i n ,  A.L., ( C a l i f o r n i a  U n i v e r s i t y ,  Livermore,  c a l i f . ,  
Lawrence L ive rmore  L a b o r a t o r y ) ,  N73-16766, UCRL-51228, 
J e  72, Avail:NTIS, Avai1:TAC 

The p rob lems  and p o t e n t i a l  o f  v a r i o u s  hydrogen-based 
m o b i l e  f u e l  s y s t e m s  and t h e  l i k e l y  economic impact  o f  a 
n a t i o n w i d e  c o n v e r s i o n  t o  hydrogen are examined. The b a s i c  
t e c h n i c a l  problem is  t o  s t o r e  enough hydrogen p e r  v e h i c l e  
i n  a  s m a l l  enough volume. The p r o s p e c t s  of u s i n g  g a s e o u s  
and l i q u i d  hydrogen w i t h  a i r ,  l i q u i d  hydrogen w i t h  l i q u i d  
oxygen,  and  hydrogen s t o r e d  i n  m e t a l  h y d r i d e s  i n  a n  in-  
t e r n a l  combus t ion  e n g i n e  are a n a l y z e d .  The p r a c t i c a l  
f e a s i b i l i t y  i s  found t o  be m a r g i n a l  b u t  w i t h  enough po- 
t e n t i a l  t o  j u s t i f y  an  ongoing  r e s e a r c h  program. 
(STORAGE, IMPACT, ECONOMIC, HYDRIDE, ENGINE) 



H73 32010 CLEAN AUTOMOTIVE FUEL: ENGINE EMISSIONS USING 
NATURAL GAS, HYDROGEN-ENRICHED NATURAL GAS, AND GAS MANU- 
FACTURED FROM COAL ( S Y N T ~ E )  
E c c l e s t o n ,  D.B., and R.D. Fleming ,  (Bureau o f  Mines ,  
B a r t l e s v i l l e ,  Okla. ,  Energy  Resea rch  C e n t e r ) ,  N72-18761, 
TPR-48, Fe 72,  Avai1:NTIS. Avai1:TAC 

N a t u r a l  g a s  and m i x t u r e s  o f  n a t u r a l  g a s  and hydrogen 
w e r e  used  as f u e l s  i n  a  l a b o r a t o r y  e n g i n e  t o  d e t e r m i n e  
t h e  r e l a t i o n s h i p  o f  e m i s s i o n s  t o  a i r - f u e l  r a t io  and  t o  
e s t a b l i s h  p r a c t i c a l  l e a n  l i m i t s  f o r  a i r - f u e l  r a t i o .  
S y n t h e t i c  g a s  m a n u f a c t u r e d  from coal (Syn thane )  and  
n a t u r a l  g a s  were  u s e d  as f u e l s  i n  a v e h i c l e  t o  o b t a i n  
c o m p a r a t i v e  d a t a  on e m i s s i o n s  and per formance .  R e s u l t s  
showed t h a t  l e a n  limits f o r  a i r - f u e l  r a t i o  when u s i n g  
hydrogen-enr iched  n a t u r a l  g a s  w e r e  ex tended  s i g n i f i c a n t l y  
beyond t h a t  o f  n a t u r a l  g a s .  Syn thane  produced e x h a u s t  
t h a t  was s i g n i f i c a n t l y  less r e a c t i v e  t h a n  e x h a u s t  from 
n a u t r a l  g a s .  With l e a n  a i r - f u e l  r a t i o s ,  t h e  a c c e l e r a t i o n  
per formance  of a  v e h i c l e  f u e l e d  w i t h  Syn thane  was i m -  
p roved o v e r  i t s  pe r fo rmance  when f u e l e d  w i t h  n a t u r a l  g a s .  
(PERFORMANCE, MIXTURE, POLLUTION) 

H73 32011* ALTERNATIVE FUELS FOR CONTROL OF ENGINE 
EMISSION 
Starkman,  E.S., R.F. Sawyer,  R.  C a r r ,  G.  J o h n s o n ,  and L. 
Muzio, ( U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y ,  C a l i f . ) ,  J o u r n a l  
o f  A i r  p o l l u t i o n  C o n t r o l  A s s . ,  V 2 0 ~ 8 7 - 9 2  N2 70 

T h e o r e t i c a l  and e x p l o r a t o r y  i n v e s t i g a t i o n  h a s  
shown t h a t  s p a r k  i g n i t i o n  e n g i n e  f u e l  compound c a n  have  
a profound e f f e c t  on e x h a u s t  c o n t e n t  of p o t e n t i a l  a i r  
p o l l u t a n t s .  CO and NO are 2  o f  t h e s e  p r o d u c t s  o f  e n g i n e  
combus t i o n  which were  s t u d i e d .  Cons ide red  were  a lcs . ,  
H, NH3, s o - c a l l e d  re formed hexane ,  and  a few s e l e c t e d  
r e p r e s e n t a t i v e  hydroca rbons .  Energy  c o n t e n t  and C  t o  H 
r a t i o  b o t h  a r e  i n f l u e n t i a l  i n  d e t e r m i n i n g  CO and NO con- 
c e n t r a t i o n s  a t  peak  e q u i l i b r i u m  c o n d i t i o n s ,  and t h u s  how 
much i s  e x h a u s t e d  t o  t h e  a tmosphere .  N e i t h e r  H n o r  NH3 
can  p roduce  CO ( o r  unburned hydroca rbons )  and t h e o r e t i c a l l y  
s h o u l d  a l s o  g i v e  less NO, a t  m o s t  c o n d i t i ~ n s ,  t h a n  d o  hydro-  
c a r b o n s .  M e x u r e m e n t  o f  t h e  e x h a u s t ,  w h i l e  b u r n i n g  NH3, 
shows t h a t  t h e r e  is  a c t u a l l y  a n  i n c r e a s e  i n  NO compared t o  
hydrocarbons .  

(POLLUTION, INTERNAL COMBUSTION, AMMONIA) 



H73 32012 HYDROGEN AS A FUEL AND THE FEASIBILITY OF 
A HYDROGEN-OXYGEN ENGINE 
Karim, G.A., ( U n i v e r s i t y  o f  C a l g a r y ,  A l t a ) ,  and M.E. 
T a y l o r ,  SAE P r e p a r a t i o n ,  N730089 f o r  Meet ing  Ja 8-12 ' 7 3  

A p r e l i m i n a r y  i n v e s t i g a t i o n  was made i n t o  t h e  u s e  
of hydrogen-oxygen m i x t u r e s  i n  s p a r k  i g n i t i o n  e n g i n e s .  
Fo l lowing  a l i t e r a t u r e  s u r v e y  r e g a r d i n g  t h e  combust ion  
c h a r a c t e r i s t i c s  o f  hydrogen,  a computer  program based  
on a cons tan t -vo lume  combus t ion  e n g i n e  c y c l e  was used  
t o  e v a l u a t e  t h e  o v e r a l l  pe r fo rmance  o f  a n  e n g i n e .  Ano the r  
program, which  c o n s i d e r e d  c h e m i c a l  r e a c t i o n  k i n e t i c s ,  
was used  t o  p r e d i c t  t h e  o n s e t  o f  a u t o i g n i t i o n  i n  mix- 
t u r e s  u n d e r g o i n g  compress ion  i n  a n  e n g i n e .  The sys t em 
would b e  s u p p l i e d  w i t h  a s t o i c h i o m e t r i c  hydrogen-oxygen 
m i x t u r e  w h i l e  excess hydrogen would be c i r c u l a t e d  w i t h i n  
t o  p r o v i d e  a r i c h  m i x t u r e  t o  t h e  e n g i n e .  Trim s u p p l i e s  
o f  hydrogen and oxygen c o u l d  b e  used  t o  make a d j u s t m e n t s  
t o  t h e  e q u i v a l e n c e  r a t i o  as r e q u i r e d .  Water would b e  
removed from t h e  sys t em a t  t h e  c o n d e n s e r  and  would b e  
t h e  o n l y  e x h a u s t  p r o d u c t .  
(POWER, INTERNAL COMBUSTION, COMPUTER) 

H73 32013 CONVERTED I C  ENGINE RUNS ON HYDROGEN 
Anon, I n d u s t r i a l  Resources ,  V 14135 J e  72 

S u c c e s s f u l  and s a f e  c o n v e r s i o n  o f  e n g i n e s  from 
g a s o l i n e  t o  hydrogen f u e l  h a s  b e e n  a c h i e v e d  b y  a g r o u p  
of  s c i e n t i s t s  a t  Oklahoma S t a t e  U n i v e r s i t y .  

The a d v a n c e  was r e p o r t e d  b y  Dr. Roger J. Schoeppe l ,  
cha i rman  o f  t h e  e n e r g y  r e s o u r c e s  program a t  Oklahoma 
S t a t e ,  who claims t h a t  it p r o v i d e s  a means o f  k i l l i n g  
t w o  b i r d s  w i t h  one  s t o n e  - t h e  b i r d s  b e i n g  t h e  a u t o m o b i l e  
p o l l u t i o n  p rob lem and t h e  n a t i o n ' s  e n e r g y  cr is is .  
(ENGINE, CONVERSION) 

H73 3 2014* EMISSION AND PERFORMANCE CHARACTERISTICS OF 
AN AIR-BREATHING HYDROGEN-FUELED INTERNAL COMBUSTION ENGINE 
Murray,  R.G., and  R . J .  S c h o e p p e l ,  I n t e r s o c i e t y  Energy Con- 
v e r s i o n  E n g i n e e r i n g  Confe rence ,  ~ o s t o n ,  M a s s . ,  Aug 71, 
A v a i l  :TAC 

The p a p e r  r e p o r t s  on t h e  pe r fo rmance  and e m i s s i o n  
c h a r a c t e r i s t i c s  o f  a s t a n d a r d  p r o d u c t i o n  g a s o l i n e  e n g i n e  
which h a s  b e e n  c o n v e r t e d  t o  r u n  on a n  u n c o n v e n t i o n a l  f u e l :  
hydrogen.  

T h r e e  years o f  development  e f f o r t s  a t  Oklahoma S t a t e  



U n i v e r s i t y ,  w i t h  s u p p o r t  f rom Env i ronmenta l  p r o t e c t i o n  
Agency d u r i n g  t h e  las t  y e a r ,  have  c u l m i n a t e d  i n  t h e  d e s i g n  
of  a n  i n t e r n a l  combus t ion  e n g i n e  which a p p e a r s  t o  have  
t h e  c a p a b i l i t y  o f  m e e t i n g  c u r r e n t  and 1975 F e d e r a l  Emiss ion  
S t a n d a r d s .  Not o n l y  i s  t h e  e n g i n e  c a p a b l e  o f  o p e r a t i n g  
o v e r  a w i d e r  r a n g e  o f  c o n d i t i o n s  and w i t h  lower  NOX e m i s -  
s i o n s  t h a n  i t s  g a s o l i n e  c o u n t e r p a r t ,  b u t  i t  i s  a lso  c a p a b l e  
of  exceed ing  t h e  m a n u f a c t u r e r ' s  maximum power r a t i n g .  
Per formance  d a t a  and  e m i s s i o n  c h a r a c t e r i s t i c s  are p r e -  
s e n t e d  t o  s u p p o r t  t h e s e  claims. D e t a i l s  o f  t h e  e n g i n e ' s  
d e s i g n  are a l s o  i n c l u d e d .  
(POWER, STANDARD, POLLUTION) 

H73 32015* DESIGN CRITERIA FOR ~ D R O G E N  BURNING ENGINES 
Schoeppel ,  R . J . ,  (Oklahoma S t a t e  U n i v e r s i t y ,  S t i l l w a t e r ,  
Okla., Schoo l  o f  Mechan ica l  and Aerospace  E n g i n e e r i n g ) ,  
F i n a l  Repor t  APTD-0901, O c t  71, Avai1:TAC 

L a b o r a t o r y  e x p e r i m e n t s  have  demons t ra t ed  hydrogen 
n o t  o n l y  t o  be  a n  e x c e l l e n t  s u b s t i t u t e  f o r  c o n v e n t i o n a l  
hydrocarbon f u e l s  i n  i n t e r n a l  combust ion  e n g i n e s  b u t  
a l s o  t o  have t h e  i n h e r e n t  q u a l i t i e s  n e c e s s a r y  f o r  a  perm- 
a n e n t  s o l u t i o n  t o  t h e  a i r  p o l l u t i o n  problem. T h i s  con- 
c l u s i o n  was r eached  a f ter  e x t e n s i v e  tests  were  conduc ted  
w i t h  a n  a i r - c o o l e d  s i n g l e - c y l i n d e r  g a s o l i n e  e n g i n e  con- 
v e r t e d  t o  r u n  on hydrogen.  The e n g i n e ' s  o p e r a t i o n a l  
c h a r a c t e r i s t i c s  compared f a v o r a b l y  w i t h  t h o s e  o f  i t s  
g a s o l i n e  c o u n t e r p a r t .  F u r t h e r m o r e ,  t h e  NOX c o n t e n t  o f  
t h e  e x h a u s t  w a s  a n  o r d e r  o f  magn i tude  lower t h a n  t h a t e x -  
p e c t e d  from a g a s o l i n e  e n g i n e .  T r a c e  amounts o f  unburned 
hydroca rbons  and c a r b o n  o x i d e s ,  a l s o  p r e s e n t ,  o r i g i n a t e d  
from t h e  l u b r i c a t i n g  o i l .  It w a s  concluded from t h e s e  
e x p e r i m e n t s  t h a t  a m u l t i - c y l i n d e r  au tomot ive  e n g i n e  con- 
v e r t e d  t o  r u n  on  hydrogen s h o u l d  be a b l e  t o  m e e t  t h e  1975/76 

F e d e r a l  Emiss ion  S t a n d a r d s .  
(INTERNAL COMBUSTION, FOSSIL, FUEL, POLLUTION, EXHAUST) 

H73 32016 PROSPECTS FOR HYDROGEN-FUELED VEHICLES 
Schoeppe l ,  R . J . ,  (Oklahoma S t a t e  U n i v e r s i t y ,  S t i l l w a t e r ,  
Oklahoma),  Chemical  Technology,  V 2:476-80 N 8  Aug 72,  
A v a i l  :TAC 

The c o n v e r s i o n  o f  v e h i c l e s  from c o n v e n t i o n a l  f u e l s  
t o  hydrogen i s  f o r e c a s t  t o  f u l f i l l  a more v i a b l e  long-  
r ange  s o l u t i o n  t o  t h e  a i r  p o l l u t i o n  problem t h a n  a n y  p re -  
v i o u s l y  proposed .  The p r o s p e c t s  f o r  development  o f  a 



t o t a l  e n e r g y  sys t em t h a t  p r o d u c e s  hydrogen from a n  abun- 
d a n t  n a t u r a l  r e s o u r c e ,  w a t e r ,  and  r e p l e n i s h e s  t h i s  s u p p l y  
upon combus t ion  i n  an  e n g i n e  whose e m i s s i o n s  are p o l l u t i o n -  
f r e e ,  a p p e a r s  t o  b e  a w o r t h w h i l e  e f f o r t  t o  p u r s u e .  
(AUTOMOBILE , ENERGY, POLLUTION) 

H73 32017" THE UCLA HYDROGEN CAR-. DESIGN, CONSTRUCTION, 
AND PERFORMANCE 
F i n e g o l d ,  J . G . ,  F.E. Lynch, N.R. B a k e r ,  R.  T a k a h a s h i ,  and 
A.F. Bush, ( U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Ange les ,  C a l i f . ) ,  
Automobi le  E n g i n e e r i n g  Mee t ing ,  Detroi t ,  Mich.,  May 14-18 
' 7 3 ,  P a p e r  No. 730507, Avai1:TAC 

I n  o r d e r  t o  o f f e r  a  r e a s o n a b l e  s o l u t i o n  t o  e n v i r o n -  
m e n t a l  p rob lems ,  a v e h i c l e  w a s  b u i l t  f o r  e n t r y  i n  t h e  
1972 Urban V e h i c l e  Design Compe t i t ion .  The h e a r t  o f  
t h i s  a l t e r n a t i v e  t o  t o d a y ' s  v e h i c l e s  i s  a s t a n d a r d  V-8 
e n g i n e  m o d i f i e d  t o  u s e  hydrogen as a f u e l .  T h i s  v e h i c l e  
e a s i l y  beats t h e  1976 f e d e r a l  e x h a u s t  e m i s s i o n s  s t a n d a r d s .  
Novel  f e a t u r e s  o f  t h e  m o d i f i e d  1972 Greml in  i n c l u d e  a r o l l  
c a g e  t h a t  l ies  above t h e  r o o f  and d o u b l e s  as a luggage  
r a c k :  foam be tween  i n s i d e  and o u t s i d e  body p a n e l s  f o r  
body s t i f f n e s s  and impact  a b s o r p t i o n ;  proved 5 mph (2 .2  m / s )  
c r a s h  bumpers u t i l i z i n g  popcorn  as t h e  ene rgy-absorb ing  
material ;  a n  e n g i n e  p a r a m e t e r  m o n i t o r i n g  sys t em;  and i m -  
p roved  v i s i b i l i t y ,  l i g h t i n g ,  b r a k i n g ,  h a n d l i n g ,  and d r i v e r  
s a f e t y .  The v e h i c l e  c o n t i n u e s  t o  be t e s t e d ,  i s  d r i v e n  
f r e q u e n t l y ,  and i n t e r a c t s  w e l l  i n  t h e  u r b a n  env i ronment  
w i t h  t h e  myr iad  o f  t r a f f i c  s i t u a t i o n s  e n c o u n t e r e d  i n  Los 
Ange les .  
(ENVIRONMENT, AUTOMOBILE, EMISSION) 

H73 32018 HYDROGEN-POWERED CARS MAY BEAT POLLUTION 
STANDARDS 
Anon, The Albuquerque  T r i b u n e ,  S e p t  18 ' 7 3 ,  p  A-1, from 
1973 New York Times News S e r v i c e ,  Avai1:TAC 

A r a d i c a l  sys t em aimed a t  m e e t i n g  t h e  l e g a l  l i m i t a t i o n  
on a u t o  e n g i n e  e m i s s i o n s  i s  b e i n g  d e v e l o p e d  by  t h e  
N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n .  

The c o n c e p t  i n v o l v e s  t h e  u s e  o f  hydrogen as a n  
a d d i t i v e  t o  g a s o l i n e  i n  m o d i f i e d  v e r s i o n s  o f  s t a n d a r d  
i n t e r n a l  combus t ion  e n g i n e s .  

It h a s  shown "p romis ing"  r e s u l t s  i n  l a b o r a t o r y  tests  
b u t  w i l l  n o t  h e l p  power a n  a u t o  f o r  a n o t h e r  two months.  

The development  i s  b e i n g  c a r r i e d  o u t  b y  t h e  s p a c e  



a g e n c y ' s  J e t  P r o p u l s i o n  L a b o r a t o r y  whose Ranger  and 
S u r v e y o r  v e h i c l e s  s c o u t e d  t h e  moon as a p r e l u d e  t o  t h e  
manned l u n a r  l a n d i n g s .  
(AUTOMOBILE, EMISSION) 

H73 32019 LOS ALAMOS LAB MAKING HYDROGEN-POWERED TRUCK 
Anon, The Albuquerque  T r i b u n e ,  S e p t  22 ' 73 ,  p  A-1, Avai1:TAC 

S c i e n t i s t s  a t  Los Alamos S c i e n t i f i c  L a b o r a t o r y  (LASL) 
h e r e  hope t o  p u t  a hydrogen-powered p i c k u p  t r u c k  on t h e  
road  b y  November. 

The Atomic Energy Commission has  g i v e n  p e r m i s s i o n  
t o  Dr. F r e d  Edeskuty  o f  LASL and s e v e r a l  o f  h i s  c o l l e a g u e s  
t o  p roceed  w i t h  n e c e s s a r y  m o d i f i c a t i o n s  on a 1972 Dodge 
h a l f - t o n  p i c k u p  t r u c k  f o r  c o n v e r s i o n  from g a s o l i n e  t o  
hydrogen f u e l .  
( INTERNAL COMBUSTION, RESEARCH) 

H 7 3  32020* LOGISTICS, ECONOMICS, AND SAFETY OF A LIQUID 
HYDROGEN SYSTEM FOR AUTOMOTIVE TRANSPORTATION 
S t e w a r t ,  W.F. ,  and F.J. Edesku ty ,  (Los  A l a m o s  S c i e n t i f i c  
L a b o r a t o r y ,  Los Alamos, N.M. ) , I n t e r s o c i e t y  Conference  
on T r a n s p o r t a t i o n ,  Denver ,  Colo . ,  S e p t  23-27 ' 73 ,  Avai1:TAC 

A hydrogen powered a u t o m o b i l e  p l a y s  a prominent  role  
i n  many of t h e  p roposed  s o l u t i o n s  f o r  t h e  e n e r g y  crisis. 
The development  of a  hydrogen powered a u t o m o b i l e  i n v o l v e s  
t h e  development  o f  a hydrogen f u e l e d  e n g i n e ,  a hydrogen 
s t o r a g e  sys t em on  b o a r d  t h e  v e h i c l e ,  and a hydrogen pro-  
d u c t i o n  and d i s t r i b u t i o n  sys tem.  S e v e r a l  d e s i g n  a s p e c t s ,  
cost es t imates ,  and s a f e t y  c o n s i d e r a t i o n s  are  d i s c u s s e d  
f o r  a l i q u i d  hydrogen p r o d u c t i o n  and  d i s t r i b u t i o n  sys t em.  
The amount o f  l i q u i d  hydrogen t h a t  must  be produced 
a n n u a l l y  t o  r e p l a c e  t h e  g a s o l i n e  consumed b y  a u t o m o b i l e s  
i s  e s t i m a t e d .  T h i s  estimate i n c l u d e s  b o i l o f f ,  cooldown, 
and  t r a n s f e r  losses from t h e  p r o d u c t i o n  p l a n t s ,  t r a n s p o r t  
t r a i l e r s ,  service s t a t i o n s ,  and automob ' i les .  
(INTERNAL COMBUSTION, POLLUTION, EFFICIENCY, STORAGE) 



H73 32021* PARTIAL HYDROGEN INJECTION INTO INTERNAL 
COMBUSTION ENGINES EFFECT ON EMISSIONS AND FUEL ECONOMY 
B r e s h e a r s ,  R., H. C o t r i l l ,  and J. Rupe, (Jet P r o p u l s i o n  
Lab.,  C a l i f o r n i a  I n s t i t u t e  o f  ~ e c h n o l o g y ,  Pasadena ,  C a l i f . ) ,  
~ n v i r o n m e n t a l  P r o t e c t i o n  Agency, The F i r s t  Symposium on 
LOW p o l l u t i o n  Power Sys tems  Developement ,  Ann Arbor ,  Mich., 
O c t  14-19 ' 7 3  

A ~ i g h - ~ f f i c i e n c y  Low-Emission Eng ine  Development 
P r o j e c t  is  c u r r e n t l y  underway a t  t h e  Jet  p r o p u l s i o n  Labor- 
a t o r y  o f  C a l t e c h ,  s p o n s o r e d  b y  NASA a s  p a r t  o f  t h e  
Technology ~ p p l i c a t i o n s  and  A e r o n a u t i c s  Programs.   his 
r e p o r t  d e s c r i b e s  t h e  c o n c e p t  and  c u r r e n t  s t a t u s  f o r  t h e  
f i r s t  5 months o f  a 7-month f e a s i b i l i t y  d e m o n s t r a t i o n  
i n i t i a l  p r o j e c t  phase .  

The sys t em u n d e r  development  h a s  t h e  p o t e n t i a l  o f  
m e e t i n g  t h e  EPA 1977 S t a n d a r d s ,  w h i l e  improving f u e l  
economy as compared w i t h  u n c o n t r o l l e d  e n g i n e s .  It u s e s  
c u r r e n t  f u e l s  and e n g i n e s ,  w i l l  have s i m i l a r  r e s p o n s e  
c h a r a c t e r i s t i c s  t o  c u r r e n t  e n g i n e s ,  and  w i l l  b e  low i n  
c o s t  c o n s i d e r i n g  b o t h  i n i t i a l  c o s t  and f u e l  s a v i n g s .  

~ a s i c a l l y ,  t h e  c o n c e p t  i s  t o  u s e  s m a l l  amounts o f  
hydrogen t o  a l l o w  b u r n i n g  o f  g a s o l i n e  a t  u l t r a - l e a n  con- 
d i t i o n s .  The hydrogen is  g e n e r a t e d  aboard  t h e  v e h i c l e  
b y  f e e d i n g  g a s o l i n e ,  w a t e r ,  and  a i r  t o  a hydrogen gene r -  
a t o r  which  p r o d u c e s  hydrogen and  c a r b o n  monoxide. 

The most  c r i t i c a l  development  o f  t h i s  sys t em i s  t h e  
hydrogen g e n e r a t o r .  The d e s i g n  c h o s e n  is  s i m i l a r  t o  
t h a t  u sed  f o r  commercial  p r o d u c t i o n  o f  hydrogen from 
hydroca rbons .  (The p r o c e s s  i s  c a l l e d  s t eam re fo rming . )  
I n  t h i s  p r o c e s s  g a s o l i n e  and  w a t e r  are h e a t e d  t o  1500 t o  
2000° F ,  forming hydrogen,  c a r b o n  monoxide, p l u s  v a r i o u s  
h y d r o c a r b o n s  and  d i l u e n t s .  H e a t  is  s u p p l i e d  b y  pumping 
a i r  i n t o  t h e  g e n e r a t o r  and b u r n i n g  a p o r t i o n  o f  t h e  gaso-  
l i n e .  The r e a c t i o n  t a k e s  p l a c e  i n  a t h e r m a l  r e a c t o r  w i t h -  
o u t  t h e  u s e  o f  c a t a l y s t s .  T h i s  d e s i g n  a l l o w s  r a p i d  s tar t -  
u p  s i n c e  t h e  t h e r m a l  i n e r t i a  c a n  b e  made s m a l l ,  a l l o w s  
t h e  u s e  of low-cos t  m a t e r i a l s  s i n c e  t h e  c o n t a i n e r  need n o t  
o p e r a t e  a t  r e a c t i o n  t e m p e r a t u r e s ,  and a v o i d s  p o t e n t i a l  
c a t a l y s t  p o i s o n i n g  problems.  The maximum t h e o r e t i c a l  
hydrogen y i e l d  f o r  t h i s  t y p e  o f  g e n e r a t o r  is  29% as com- 
p a r e d  w i t h  c u r r e n t  g e n e r a t o r s  which y i e l d  15-20% hydrogen 
o u t p u t .  An o p e r a t i n g  c o n d i t i o n  h a s  b e e n  found where s o o t  
is n o t  produced.  F u t u r e  development  w i l l  b e  d i r e c t e d  to -  
ward c o m p l e t e l y  e l i m i n a t i n g  t h e  need for  w a t e r .  When t h e  
c u r r e n t  g e n e r a t o r  i s  o p e r a t e d  w i t h o u t  w a t e r ,  l a r g e  q u a n t i t i e s  



o f  s o o t  a r e  produced.  The c u r r e n t  g e n e r a t o r  h a s  a  con- 
v e r s i o n  e f f i c i e n c y  o f  a b o u t  67%. 

The o v e r a l l  s t a t u s  o f  t h e  JPL s y s t e m  is: 
1) V-8 e n g i n e  tests  show h i g h  e f f i c i e n c y ,  low N O x  

and CO e m i s s i o n s .  
2)  Hydrogen g e n e r a t i o n  by  p a r t i a l  o x i d a t i o n  h a s  

been  d e m o n s t r a t e d .  
3 )  V-8 e n g i n e  o p e r a t i o n  on hydrogen g e n e r a t o r  

p r o d u c t s  h a s  b e e n  d e m o n s t r a t e d .  
F u t u r e  p l a n s  i n c l u d e :  
1) Complet ing t h e  b o t t l e d  hydrogen c a r  b u i l d u p  

and t e s t i n g .  
2)  Hydrogen g e n e r a t o r  c a r  b u i l d u p  and t e s t i n g .  
3 )  Reduc t ion  o f  hydroca rbon  e m i s s i o n s .  
4) Reduc t ion  i n  hydrogen g e n e r a t o r  s i z e  and complex i ty  
C u r r e n t  p l a n s  c a l l  f o r  c o m p l e t i o n  o f  t h e  f e a s i b i l i t y  

phase  by December 15 ,  1973 and f i n a l  P r c j e c t  comple t ion  
i n  December 1975. 

O t h e r  a r e a s  o f  a p p l i c a t i o n  f o r  hydrogen i n j e c t i o n  i n -  
c l u d e  g a s  t u r b i n e s ,  a t m o s p h e r i c  p r e s s u r e  c o n t i n u o u s  com- 
b u s t o r s ,  and i n c r e a s i n g  t h e  f l a m m a b i l i t y  o f  f u e l s  f o r  a  
wide r a n g e  o f  e n g i n e s .  
(HYDROGEN, I N J E C T I O N ,  INTERNAL COMBUSTION, ENGINE, EMISSION, 
FUEL) 

H73 32022* HISTORY OF HYDROGEN-FUELED INTERNAL COMBUSTION 
ENGINES 
B i l l i n g s ,  R.E., and  F.E. Lynch, (Energy R e s e a r c h  I n c . ,  
Provo, U t a h ) ,  P u b l i c a t i o n  N o .  73001, Apr 73 ,  Avai1:TAC 

A s u r v e y  o f  h i s t o r i c a l  and c u r r e n t  work w i t h  hydrogen 
f u e l  i n  i n t e r n a l  combust ion  e n g i n e s  p o i n t s  t h e  way t o  
avo idance  o f  t h e  o p e r a t i n g  d i f f i c u l t i e s  o f t e n  e n c o u n t e r e d  
w i t h  t h i s  f u e l .  Hydrogen e n g i n e s  w i t h  p r o p e r  c a r b u r e t i o n  
and i g n i t i o n  sys tems  a r e  c a p a b l e  o f  r emarkab le  e f f i c i e n c i e s  
and n e g l i g i b l e  e m i s s i o n s  w i t h o u t  t h e  u s e  of  complex aux- 
i l i a r y  equipment  b u t  r e q u i r e  more d i s p l a c e m e n t  t h a n  g a s o l i n e  
e n g i n e s  f o r  e q u a l  power.  C o n v e n t i o n a l  e n g i n e s  may b e  con- 
v e r t e d  t o  hydrogen f u e l  w i t h o u t  s i g n i f i c a n t  l o s s  o f  power 
t h r o u g h  t h e  u s e  o f  w a t e r  i n d u c t i o n  and n e a r - s t c i c i o m e t r i c  
m i x t u r e s  f o r  f u l l  t h r o t t l e  o p e r a t i o n .  
(HISTORY, ENGINE) 



H73 32023* PERFORMANCE AND NITRIC OXIDE CONTROL PARAMETERS 
OF THE HYDROGEN ENGINE 
B i l l i n g s ,  R.E., and F.E. Lynch, ( ~ n e r g y  Resea rch  l n c . ,  Provo,  
U t a h ) ,  P u b l i c a t i o n  No. 73002, Apr 73, Avai1:TAC 

The per formance  and n i t r i c  o x i d e  e m i s s i o n  c h a r a c t e r -  
istics of  a 4 - c y c l e  e n g i n e  a t  v a r y i n g  e q u i v a l e n c e  r a t i o  
are shown f o r  hydrogen and f o r  i s o - o c t a n e  u n d e r  i d e n t i c a l  
t es t  c o n d i t i o n s  e x c e p t  f o r  s p a r k  advance.  I m p o r t a n t  
r e s u l t s  o f  e a r l i e r  s t u d i e s  o f  hydrogen e n g i n e s  are d i s -  
cussed  and t h e  independen t  e f f e c t s  o f  e x h a u s t  r e c i r c u l a t i o n ,  
w a t e r  i n d u c t i o n  and i g n i t i o n  t i m i n g  on n i t r i c  o x i d e  e m i s s i o n  
are r e p o r t e d  f o r  hydrogen o p e r a t i o n  a t  a f i x e d  e q u i v a l e n c e  
rat io.  
(PERFORMANCE, NITRIC OXIDE, ENGINE) 

H73 32024 NASA TESTING HYDROGEN INJECTION ENGINE CONCEPT 
Anon, (NASA, Washington,  D . C . ) ,  P r e s s  R e l e a s e  No. 73-184, 
S e p t  73 

NASA h a s  i n i t i a t e d  a n  e x p e r i m e n t a l  program t o  d e m o n s t r a t e  
t h e  f e a s i b i l i t y  o f  an i n t e r n a l  combust ion  e n g i n e  c o n c e p t  which 
a p p e a r s  t o  s i g n i f i c a n t l y  r e d u c e  p o l l u t i o n  e m i s s i o n s  w h i l e  i n -  
c r e a s i n g  e n g i n e  e f f i c i e n c y .  

The hydrogen i n j e c t i o n  sys tem,  u s i n g  a m i x t u r e  o f  hydrogen 
g a s ,  a i r  and g a s o l i n e  vapor  t o  power i n t e r n a l  combust ion  en- 
g i n e s ,  c o u l d  e l i m i n a t e  t h e  need  f o r  t r e a t i n g  e x h a u s t s  w i t h  
c a t a l y t i c  m u f f l e r s .  The J e t  P r o p u l s i o n  L a b o r a t o r y  au tomot ive  
p r o j e c t  h a s  b e e n  funded by  NASA. 
(AUTOMOBILE, POLLUTION, INJECTION ENGINE) 

H73 32025 THE DEPARTMENT OF TRANSPORTATION HAS GRANTED 
$60,000 FOR HYDROGEN-FUELED-CAR RESEARCH 
Anon, (Chementa tor )  , Chemical  E n g i n e e r i n g ,  Nov 12  ' 73 ,  Avai1:TAC 

The Department  o f  T r a n s p o r t a t i o n  h a s  g r a n t e d  $60,000 f o r  
hydrogen- fue led -ca r  r e s e a r c h ,  t o  h e l p  s u p p o r t  a one-year  
s t u d y  o f  t h e  c o n c e p t  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  Los 
Ange les .  There  h a s  a l r e a d y  been c o n s i d e r a b l e  d e l v i n g  i n t o  
hydrogen a s  a n  a u t o m o t i v e  f u e l ,  by r e s e a r c h e r s  a t  UCLA and 
e l s e w h e r e .  But t h e  f e d e r a l  government  h a s  up  t o  now shown 
l i t t l e  i n t e r e s t  i n  t h e  i d e a ,  a p a r t  from some p a r t i a l l y  r e l a t e d  
work a t  Atomic Engergy Ccmmission l a b o r a t o r i e s .  Thus, t h e  
$60,000 g r a n t  i s  t h e  f i r s t  i n  th i s  f i e l d  b y  DOT; and ,  a s  f a r  
a s  DOT knows, by  any f e d e r a l  agency.  
(AUTOMOBILE, RESEARCH, FUEL) 



H73 32026 CITY CAR WITH H -AIR FUEL CELL/LEAD BATTERY 
(ONE YEAR OPERATING EXPERIENCES) 

Kordesch,  K.V., (Union C a r b i d e  Corp. ,  C leve land ,  O.), 1971 
I n t e r s o c i e t y  ~ n e r ~ ~  Convers ion  E n g i n e e r i n g  Confe rence  Pro- 
c e e d i n g s ,  p 38, SAE Paper  719015, Aug 71, Avai1:TAC 

An u r b a n  a u t o m o b i l e  powered by a h y b r i d  sys tem c o n s i s t -  
i n g  o f  a 33-kwh f u e l  c e l l  b a t t e r y  and a secondary  b a t t e r y  o f  
25-kW peak power o u t p u t  i s  d e s c r i b e d .  

T h i s  2000-lb. ,  f o u r - p a s s e n g e r  c a r  h a s  a d r i v i n g  r a n g e  
o f  200 m i l e s ,  a n d  c a n  be r e f u e l e d  i n  t h r e e  m i n u t e s .  The 
power s y s t e m w a s  d e s i g n e d  t o  g i v e  t h e  v e h i c l e  t h e  a c c e l e r a t i o n  
o f  a c o n v e n t i o n a l  s m a l l  c a r  i n  stop-and-go t r a f f i c  and a l s o  
e x t e n d  50-mph d r i v i n g  a b i l i t y .  

Per formance  d a t a  c o l l e c t e d  d u r i n g  a c t u a l  o p e r a t i o n  o f  
t h e  v e h i c l e  i n  summer a n d  w i n t e r  w e a t h e r ,  h i l l  c l i m b i n g ,  
and l o n g - d i s t a n c e  d r i v i n g  w i l l  be p r e s e n t e d .  

Maintenance  needs ,  c o s t  o f  f u e l  c e l l  o p e r a t i o n ,  re- 
, l i a b i l i t y ,  and l i f e - e x p e c t a n c y  q u e s t i o n s  r e l a t i n g  t c  t h e  
p r ime  power s o u r c e  and t h e  secondary  b a t t e r y  sys tem w i l l  
a l s o  be d i s c u s s e d .  ' 
(AUTOMOBILE, FUEL CELL, PERFORMANCE, POWER, BATTERY) 



H73 33000 ANALYSIS OF THE SELF-IGNITION OF A TURBULENT 
GAS JET I N  A  STREAM OF OXIDIZING AGENT 
S t r o k i n ,  V.N., (USSR), 1nzh.-Fiz .  Zh., V 22:480-7 N3 72 

An approx ima te  method i s  p roposed  f o r  c a l c u l a t i n g  
t h e  i g n i t i o n  p o i n t  o f  a  f r e e  t u r b u l e n t  boundary l a y e r  
formed b y  a  hot -gas  j e t  and c o n c u r r e n t  o x i d i z i n g - a g e n t  
f low.  C a l c u l a t e d  and e x p t l .  d a t a  are  compared on gaso-  
l i n e - a i r  and H - a i r  m i x t u r e s .  
(JET, ANALYSIS) 

H73 33001 HYDROGEN-OXYGEN CHEMICAL REACTION KINETICS 
I N  ROCKET ENGINE COMBUSTION 
Hersch ,  M.,  (NASA, Lewis Resea rch  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
N68-11642, NASA-TN-D-4250, Washington ,  D e c  67,  HC $3.00/  
MF $0 .65 ,  Avai1:TAC 

Hydrogen-oxygen r e a c t i o n  t i m e s  and  c o n c e n t r a t i o n  h i s -  
t o r i e s  o f  c h e m i c a l  s p e c i e s  d u r i n g  r e a c t i o n  were c a l c u l a t e d  
f o r  r o c k e t  combustor  c o n d i t i o n s .  C a l c u l a t i o n s  were made 
f o r  o x i d a n t - f u e l  w e i g h t  r a t i o s  o f  1 and 10  and i n i t i a l  
r e a c t a n t  t e m p e r a t u r e s  o f  1 2 0 0 ~  t o  2 5 0 0 ~ ~  a t  a chamber p r e s -  
s u r e  o f  20 a tmospheres .  The r e a c t i o n  t ime  v a r i e d  from 
a b o u t  0 . 0 1  second  a t  1 2 0 0 ~ ~  t o  a few mic roseconds  a t  2 5 0 0 ~ ~ .  
C a l c u l a t i o n s  were  made b y  u s i n g  a n u m e r i c a l  i n t e g r a t i o n  
program and a n  a n a l y t i c a l  s o l u t i o n .  The r e a c t i o n  mechanism 
u s e d  i n c l u d e d  f i v e  c h a i n  b r a n c h i n g  r e a c t i o n s  and t h r e e  
r e c o m b i n a t i o n - t y p e  r e a c t i o n s .  
(NUMERICAL SOLUTION) 

H73 33002* ANALYTICAL CHEMICAL KINETIC STUDY OF THE 
EFFECT OF CARBON DIOXIDE AND WATER VAPOR ON HYDROGEN-AIR 
CONSTANT-PRESSURE COMBUSTION 
E r i c k s o n ,  W.D., and G.F. K l i c k ,  (NASA, Langley  Resea rch  
C e n t e r ,  Lang ley  S t a t i o n ,  V a . ) ,  N70-23548, NASA-TN-D-5768, 
Washington ,  Apr 70, Avai1:TAC 

Numer ica l  s o l u t i o n s  have been  o b t a i n e d  f o r  t h e  f i n i t e -  
rate c o n s t a n t - p r e s s u r e  combust ion  o f  s t o i c h i o m e t r i c  hydro- 
g e n - a i r  m i x t u r e s  i n  t h e  p r e s e n c e  o f  s m a l l  t o  modera te  amounts 
o f  c a r b o n  d i o x i d e  C 0 2  and w a t e r  v a p o r  H20 .  Computa t ions  
have  been  c a r r i e d  o u t  f o r  i n i t i a l  m i x t u r e  t e m p e r a t u r e s  o f  
1150 K ,  1250 K ,  and  1500 K a t  a p r e s s u r e  o f  1 a tmosphere  
w i t h  a d d i t i o n a l  c o m p u t a t i o n s  f o r  p r e s s u r e s  o f  0.5 a tmosphere  
and  2  a tmosphere  a t  a n  i n i t i a l  m i x t u r e  t e m p e r a t u r e  o f  1250 K. 
T h i s  s t u d y  s u g g e s t s  t h a t  a l t h o u g h  a l l  t h e  c o n d i t i o n s  f o r  
h y d r o b u r n i n g  h y p e r s o n i c  r a m j e t  e n g i n e  tests  i n  a  combust ion-  
h e a t e d  wind t u n n e l  c a n n o t  b e  matched t o  c l e a n - a i r  f l i g h t  
c o n d i t i o n s ,  t h e  chemica l  k i n e t i c  e f f e c t s  o f  C 0 2  and H 2 0  a r e  



s m a l l  enough t o  a l l ow u s e f u l  i n t e r p r e t a t i o n  o f  t e s t  r e s u l t s  
f o r  i n i t i a l  t empera tures  of 1250 K o r  h ighe r  and p r e s s u r e s  
n e a r  1 atmosphere o r  less. 
(REACTION, TEMPERATURE, NUMERICAL SOLUTION) 

H73 33003 REDUCTION OF DRAG OF A PROJECTILE I N  A SUPER- 
SONIC STREAM BY THE COMBUSTION OF HYDROGEN I N  THE TURBULENT WAKE 
Baker, W.T., T. Davis,  and S.E. Matthews, (Johns Hopkins Univ., 
S i l v e r  Sp r ing ,  Md., Applied Physics  L a b . ) ,  Report No. CM-673, 
J e  4 ' 51 ,  Avai1:TAC 

An exper imenta l  e v a l u a t i o n  was made of t h e  e f f e c t  of 
combustion of hydrogen wi th  t h e  wake a i r  on t h e  d rag  of a  
p r o j e c t i l e .  The base  drag  w a s  reduced by about  two-thi rds ,  
and hence t o t a l  d rag  of a  f l i g h t  u n i t  may p o s s i b l y  be re- 
duces  one- th i rd ,  by t h e  u s e  of a  minimum o f  6.4 pe rcen t  of 
t h e  s t o i c h i o m e t r i c  requirement  of t h e  a i r  swept by t h e  max- 
imum c r o s s - s e c t i o n a l  a r e a .  
(DRAG, TURBULENCE) 

H73 33004 SPECIFIC HEAT RATIOS AND ISENTROPIC EXPONENTS 
FOR CONSTANT-VOLUME COMBUSTION OF STOICHIOMETRIC MIXTURES 
OF HYDROGEN-OXYGEN DILUTED WITH HELIUM HYDROGEN 
Benoi t ,  A . ,  (Toronto Univ., On ta r io ,  Canada, I n s t i t u t e  f o r  
Aerospace S t u d i e s ) ,  Report  No. UTIAS-TN-102, J a  67, Avai1:TAC 

The r e p o r t  i nc ludes  t h e  c a l c u l a t i o n  of t h e  equ i l i b r ium 
s p e c i f i c  h e a t s ,  t h e  e q u i l i b r i u m  s p e c i f i c  h e a t  r a t i o s ,  t h e  
i s e n t r o p i c  exponents,  and t h e  corresponding va lues  of t h e  
speeds  of sound. For convenience,  t h e  f i n a l - t o - i n i t i a l  
temperature  r a t i o  and t h e  f i n a l - t o - i n i t i a l  p r e s s u r e  r a t i o  
a r e  a l so  included i n  t h e  t a b l e s .  The r e s u l t s  are p re sen ted  
f o r  helium and hydrogen d i l u t i o n  r e s p e c t i v e l y .  
(THERMODYNAMICS ) 

H73 33005 SOME FUNDAMENTAL PROBLEMS ON THE COMBUS TION 
OF LIQUID OXIDIZERS I N  HYDROGEN 
T a r i f a ,  C.S., and P. Perez  d e l  Notar io ,  ( I n s t i t u t o  Nacional  
d e  Tecnica Aeroespac i a l ,  Madrid, S p a i n ) ,  Report  No. AFOSR- 
68-1165, I n t e r n a t i o n a l  A s t r o n a u t i c a l  Fede ra t ion  Congress, 27th,  
Madrid, Spa in ,  Mar 68, HC $ 3 . 0 0 / ~ ~  $0.65, Avai1:TAC 

The o b j e c t  of t h e  paper  is  t h e  s t u d y  of t h e  b a s i c  pro- 
c e s s  of combustion of s i n g l e  o x i d i z e r  d r o p l e t s  i n  a  q u i e s c e n t  
hydrogen atmosphere. Th i s  c a s e  cannot be  included i n  a 
g e n e r a l  t h e o r e t i c a l  s tudy  of d r o p l e t  combustion owing t o  
t h e  s p e c i f i c  p r o p e r t i e s  of t h e  hydrogen. I t s  low d e n s i t y  
and low molecular  weigh t  make d i f f u s i o n  c o n d i t i o n s  espec- 



fo r  g a s  d e n s i t y  and f o r  t r a n s p o r t  c o e f f i c i e n t s  r e g a r d -  
less o f  m i x t u r e  compos i t ion ,  which is n o r m a l l y  a d m i t t e d  
i n  d r o p l e t  combust ion  s t u d i e s ,  may i n t r o d u c e  i m p o r t a n t  
errors f o r  t h e  case o f  hydrogen and i t  i s  shown i n  t h e  
p a p e r .  
(DROPLET, DIFFUSION) 

H73 33006* THERMAL RADIATION PROM BURNING HYDROGEN PLUME 
M a r t i n ,  P.E., ISA-20th Annual  Confe rence ,  O c t  4-7 '65 

L i q u i d  hydrogen p a s s e s  t h r o u g h  n u c l e a r  r e a c t o r ,  i s  
e j e c t e d  skyward,  and i g n i t e d ;  i t s  t h e r m a l  r a d i a t i o n  
p a t t e r n  i s  t o  be s t u d i e d  s o  t h a t  e x p e c t e d  h e a t  r a d i a t i o n s  
may b e  c a l c u l a t e d  f o r  l o c a t i o n s  n e a r  t e s t  pad;  s e v e r a l  
s e n s o r s ,  commercial and  homemade, a r e  used  t o  d e t e r m i n e  
t h e r m a l  r a d i a t i o n  r e c e i v e d  a t  d i s c r e t e  p o i n t s ;  from 
measured  r a d i a t i o n ,  r a n g e ,  assumed plume h e i g h t ,  and 
s e n s o r  o r i e n t a t i o n  and h e i g h t ,  a v e r a g e  t h e r m a l  e m i t t i n g  
power p e r  u n i t  d i s t a n c e  a l o n g  v e r t i c a l  plume i s  c a l c u l a t e d .  
(HEAT, ,TEMPERATUm, EMISSION) 

H73 33007 THERMODYNAMIC AND TRANSPORT PROPERTIES OF 
FUEL-OXYGEN COMBUSTION SYSTEMS 
Davies, R.M., H.E. Toth,  (Midland R e s e a r c h  S t a t i o n ,  G a s  
C o u n c i l ,  S o l i h u l l ,  E n g l a n d ) ,  Proc .  Symposium Thermophysics  
P r o p . ,  4 t h ,  68,  p  350-9, e d i t e d  b y  Moszynski ,  J .R . ,  (Amer-  
i c a n  S o c i e t y  o f  Mechan ica l  E n g i n e e r s ,  New York, N.Y.) 

Thermodynamic and t r a n s p o r t  p r o p e r t i e s  f o r  t h e  s t o i -  
c h i o m e t r i c  combus t ion  p r o d u c t s  of H, CHq, C3H8, C2H2 and 
CO when b u r n e d  w i t h  p u r e  0  a t  1-a tmosphere  p r e s s u r e  a r e  
p r e s e n t e d  i n  t h e  t e m p e r a t u r e  r a n g e  400-3500 K. The v a l u e s  
o f  a n y  g i v e n  t e m p e r a t u r e  a r e  i n  s e q u e n c e  from H t o  CO. 
Thermodynamic d a t a  a r e  i n  good ag reemen t  w i t h  p r e v i o u s l y  
p u b l i s h e d  r e s u l t s .  The e f f e c t i v e n e s s  o f  Lewis numbers 
b a s e d  s o l e l y  on H - a t o m  d i f f u s i o n  was compared w i t h  t h a t  
of t h e  g e n e r a l i z e d  Lewis number. 
(THERMODYNAMICS, COMBUSTION) 

H73 33008 UPPER SELF-IGNITION LIMIT OF HYDROGEN I N  
OXYGEN 
Vedeneev,  V.I., Iu.M. Gershenzon,  and  O.M. S a r k i s o v ,  
F i z i k a  G o r e n i i a  i Vzyva, V 8:403-408, S e p t  72,  Avai1:TAC 

T h e o r e t i c a l  c o n s i d e r a t i o n s  are g i v e n  t o  e x p l a i n  t h e  
avai lable  e x p e r i m e n t a l  d a t a  c o n c e r n i n g  t h e  u p p e r  s e l f -  



i g n i t i o n  l i m i t  o f  hydrogen i n  oxygen. A se t  o f  10  chem- 
i ca l  r e a c t i o n s  and a system o f  d i f f e r e n t i a l  e q u a t i o n s  w i t h  
a v a r i a b l e  H02 f u n c t i o n  are  u s e d  t o  d e v e l o p  a k i n e t i c  
scheme accomodat ing  b o t h  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  
t h e  r e s u l t s  of v a r i o u s  a u t h o r s .  
(REACTION, THERMODYNAMICS ) 

H73 33009 COMPUTER PROGRAMS FOR THE M I X I N G  AND COMBUS- 
TION OF HYDROGEN I N  AIR STREAMS 
S iege lman ,  D. ,  and 0.  F o r t u n e ,  ( G e n e r a l  App l i ed  S c i e n c e  
Labs . ,  I n c . ,  Westbury ,  N.Y.), ~ 6 7 - 3 1 4 5 5 ,  NASA-CR-85823, 
J1 66 ,  Avai1:TAC 

D e t a i l s  are p r e s e n t e d  on programs deve loped  t o  a i d  
t h o s e  i n t e r e s t e d  i n  combust ion  chamber d e s i g n ,  c r y o g e n i c  
hydrogen v e n t i n g ,  and e x h a u s t  plumes. Programs,  d i s -  
c u s s i o n s  o f  s p e c i f i c  f e a t u r e s ,  and i n p u t - o u t p u t  f o r m a t s  
are p r e s e n t e d  f o r :  ( 1 )  a f i n i t e  d i f f e r e n c e  method 
s o l u t i o n  o f  t h e  free j e t  problem f o r  p l a n e  two-dimen- 
s i o n a l  and a x i s y m m e t r i c  c o n f i g u r a t i o n s ,  ( 2 )  a f i n i t e  
d i f f e r e n c e  method s o l u t i o n  f o r  l a m i n a r  axisymmetric two 
p h a s e  free mixing  w i t h  hydrogen - a i r  c h e m i s t r y ,  ( 3 )  a  
f i n i t e  d i f f e r e n c e  method s o l u t i o n  f o r  t h e  f i n i t e  rate 
e v a p o r a t i o n  of c r y o g e n i c  hydrogen i n  two-phase a i r ,  
( 4 )  a f i n i t e  d i f f e r e n c e  method s o l u t i o n  f o r  two-dimen- 
s i o n a l  t u r b u l e n t  ~ o m p r e s s i b l e  boundary  l a y e r s  i n  t h e  ab- 
s e n c e  o f  p r e s s u r e  g r a d i e n t s ,  and ( 5 )  a n  a p p r o x i m a t e  method 
o f  s o l u t i o n  f o r  t h e  combust ion  of a un i fo rm axisymmetric 
jet o f  p u r e  g a s e o u s  hydrogen mix ing  w i t h  a p a r t i a l ,  a 
p a r a l l e l  a i r  s t r eam.  
( C H A ~ B E R ,  VENT, EXHAUST, NUMERICAL SOLUTION) 

H73 33010 INVESTIGATION OF THE REACTION OF INCOMPLETE 
OXIDATION OF METHANE CATALYZED BY A  HYDROGEN FLAME 
Gudkov, S.F., ( F o r e i g n  Technology D i v i s i o n  W r i g h t - P a t t e r -  
s o n ,  AFB, 0 . ) .  R e p o r t  No. FTD-MT-24-1823-71, J a  25 ' 7 2 ,  
PC $3.00/MF $0.95, Avai1:TAC 

A method h a s  been  p roposed  f o r  t h e  i n i t i a t i o n  o f  
t h e  r e a c t i o n  o f  i n c o m p l e t e  o x i d a t i o n  o f  methane  b y  f r e e  
r a d i c a l s  which are formed d u r i n g  t h e  b u r n i n g  of hydrogen.  
A  h y p o t h e t i c a l  r e a c t i o n  mechanism h a s  been  g i v e n  f o r  
t h e  i n c o m p l e t e  o x i d a t i o n  o f  methane ,  c a t a l y z e d  b y  t h e  
f r e e  r a d i c a l s  which are formed a t  t h e  moment o f  t h e  burn-  
i n g  o f  hydrogen.  



H 7 3  33011 ACTIVATION ENERGIES AND RATE CONSTANTS 
COMPUTED FOR THE COMBUSTION OF HYDROCARBON AND HYDROGEN 
FUELS 
Mayer, S.W., and L. S c h i e l e r ,  (Aerospace Corp., E l  Segundo, 
C a l i f . .  Lab o p e r a t i o n s ) ,  Report  No. TR-0158(9210-02)-3 
SAMSO-TR-68-188, Mar 68, HC $~.OO/MF $0.65, Avai1:TAC 

A method i s  desc r ibed  f o r  computing a c t i v a t i o n  ener-  
g i e s  and r a t e  c o n s t a n t s  of b imo lecu la r  combustion r e a c t i o n s  
of  a tomic oxygen and molecu la r  oxygen wi th  hydrocarbon 
and i n o r g a n i c  f u e l s .  The procedure  i s  a mod i f i ca t ion  of 
t h e  t r a n s i t i o n - s t a t e  bond-energy method p rev ious ly  a p p l i e d  
i n  t h i s  s e r i e s  of  i n v e s t i g a t i o n s  of r a t e  d a t a  p r e d i c t i o n  
f o r  p r o p e l l a n t  performance and r e e n t r y  nonequi l ibr ium 
computer programs. Mod i f i ca t ion  of t h e  method was nec- 
e s s a r y  i n  t h e  i n v e s t i g a t i o n  o f  combustion by 0 o r  02 i n  
o r d e r  t o  i nc lude  t h e  e f f e c t  o f  t h e  t r i p l e t  ground s t a t e s  
on quantum-mechanical r e p u l s i o n .  The modified procedure  
provided much b e t t e r  agreement w i t h  experiment than  d i d  
t h e  method t h a t  n e g l e c t s  t h e  t r i p l e t  na tu re  of ground- 
s t a t e  0 o r  02. Computations of a c t i v a t i o n  e n e r g i e s  and 
r a t e  c o n s t a n t s  were a l s o  made f o r  combustion r e a c t i o n s  
of f u e l s  w i t h  e x c i t e d  e l e c t r o n i c  s t a t e s  of oxygen t h a t  
a r e  l i k e l y  t o  b e  more s i g n i f i c a n t  i n  high-temperature 
r e a c t i o n s .  
(ACTIVATION, KINETICS, HYDROCARBON) 

H73 33012 KINETICS OF HYDROGEN-OXYGEN AND HYDROCARBON- 
OXYGEN RERCTIONS 
Baldwin, R.R., and R.W. Walker, ( H u l l  Univ., Dept. o f  
Chemistry,  England) ,  Report  No. AFOSR-68-2666, O c t  68, 
HC $ 3 . 0 0 / ~ ~  $0.65, Avai1:TAC 

This  r e p o r t  summarizes p rog res s  made on t h r e e  main 
a r e a s :  (1) F u r t h e r  exper imenta l  s t u d i e s  of t h e  hydrogen- 
oxygen and deuterium-oxygen r e a c t i o n ,  t o g e t h e r  w i t h  t h e  
developemnt of computer programs t o  i n t e r p r e t  t h e  r e s u l t s .  
( 2 )  S t u d i e s  o f  t h e  a d d i t i o n  of e t h a n e ,  propane, n- and 
i sobu tane ,  neopentane,  t e t r a e t h y l s i l a n e  and t e t r a m e t h y l  
s i l a n e  t o  s lowly r e a c t i n g  hydrogen-oxygen mix tures .  ( 3 )  The 
o x i d a t i o n  of ace ta ldehyde ,  propionaldehyde and bu tyra lde-  
hyde i n  aged bor ic-acid-coated v e s s e l s  i n  t h e  temperature  
range 400-500 C.  These s t u d i e s  have provided va luab le  
in format ion  on t h e  mechanism of t h e  ox ida t ion ,  and on t h e  
r e a c t i o n s  of H atoms, OH and H02 r a d i c a l s ,  and a l k y l  r ad i -  
c a l s .  
(KINETICS, HYDROCARBON, REACTION) 



H73 33013 A PRELIMINARY INVESTIGATION OF OXIDIZER- 
R I C H  OXYGEN-HYDROGEN COMBUSTION CHARACTERISTICS 
Ba i l ey ,  C.R., (NASA, Marsha l l  Space F l i g h t  Cente r ,  Hunts- 
v i l l e ,  A l a . ) ,  N67-11812, NASA-TN-D-3729, Washington, D e c  
66, HC $ 2 . 0 0 / ~ ~  $0.50, AvailtTAC 

The ope ra t ing  c h a r a c t e r i s t i c s  of oxygen-hydrogen 
combustion w e r e  i n v e s t i g a t e d  over  a p r o p e l l a n t  mix ture  
r a t i o  (O/F) band of 20 t o  150. F i r i n g s  were conducted 
i n  a 3600 pound t h r u s t  combustor a t  a chamber p r e s s u r e  
of 1000 p s i a .  Wedges f a b r i c a t e d  from Inconel-X, Rene-41. 
and Waspalloy were placed i n  t h e  exhaus t  of t h e  combustor 
and sub jec t ed  t o  t h e  h o t  gases  ranging i n  mix ture  r a t i o  
from 75 t o  150. There w e r e  no s i g n i f i c a n t  hea t ing  prob- 
lems w i t h  any of t h e  combustor components. 
(COMBUSTOR, EFFICIENCY) 

H73 33014 CALCULATION OF IGNITION DELAYS I N  THE 
HYDROGEN-AIR SYSTEM 
Bascornbe, K.N., (Explos ives  Research and Development 
Es tab l i shment ,  Waltham Abbey, England) ,  Combustion and 
Flame, V 11:2-10 N 1  Fe 67 

The c a l c u l a t i o n  of i g n i t i o n  d e l a y s  of hydrogen-air  
mix tu re s  between t h e  l i m i t s  of temperature  800 and 2000K, 
p r e s s u r e  0 .01 and 10 atmpsphere and s t o i c h i o m e t r i c  r a t i o  
0.2 and 2.5 is  cons idered .  The s imple  model chosen in- 
volved in s t an t aneous  mixing of t h e  prehea ted  gases ,  which 
a r e  assumed i n i t i a l l y  i n  chemical  equ i l i b r ium.  The c r i -  
t e r i o n  taken  f o r  t h e  end of t h e  i g n i t i o n  d e l a y  per iod  i s  
t h a t  t h e  hydroxyl c o n c e n t r a t i o n  s h a l l  have reached 0.000001 
mole/l i tre;  t h i s  c o n d i t i o n  w a s  used i n  an e a r l i e r  t h e o r e t i c a l  
t rea tment  by M m t c h i l o f f  and a l s o  i n  an  exper imenta l  s tudy  
by S c h o t t  and Kinsey. 
(MODEL, COMPUTER, REACTION) 

H73 33015 CHEMICAL TRANSFORMATIONS I N  A HYDROGEN-AIR 
MIXING LAYER 
Leuchte r ,  0..  (NASA), Report  N o .  ONERA-TP-981, NASA-TT- 

/ 
F-14633, Washington, Dec 72, ( I n  F rench ) ,  HC $3.00, 
Ava i l  :TAC 

Chemical e v o l u t i o n  i n  an a i r -hydrogen mixing l a y e r  
was i n v e s t i g a t e d .  The conf luence of two p a r a l l e l  flows 
of a i r  and hydrogen was examined numer ica l ly  i n  o r d e r  t o  
determine t h e  condi tons  of s e l f - i g n i t i o n  i n  t h e  mixing 
l a y e r .  The c a l c u l a t i o n s  showed t h a t  t he  r e a c t i o n  zone i s  



l i m i t e d  t o  t h e  s t o i c h i o m e t r i c  reg ion .  Fo r  t h e  two 
s t reams  a t  t h e  same tempera ture ,  t h e  i g n i t i o n  l e n g t h  can 
b e  eva lua t ed  by neg lec t ing  t h e  e f f e c t s  of l a t e r a l  d i f f u s i o n .  
(COMPUTER, SELF-IGNITION) 

H73 33016 COMBUSTION LIMITS OF HYDROGEN-OXYGEN-NITROGEN- 
STEAM MIXTURES 
Greer ,  J.S., and R.L. Rankin, (MSA R e s e a ~ c h  Corp., Evans 
c i t y ,  P a . ) ,  F i n a l  Report No. MSAR-68-109, J e  11 '68 ,  
Ava i l  : TAC 

The combustion l i m i t s  of  s team-di lu ted  hydrogen-oxygen 
mix tu re s  w e r e  determined a t  1150 p s i g  i n  a 0.5 cu f t  s t a i n -  
l e s s  s t e e l  test  c e l l .  
(COMBUS TION, STEAM 

H73 33017 CONDITION OF THE MEDIUM BEFORE THE FLAME 
FRONT DURING THE INITIAL PHASE OF A COMBUSTION PROCESS 
Salamandra, G.D., Thermophysical p r o p e r t i e s  and gas-  
dynamics of high-temperature m a t e r i a l s ,  Moscow, I z d a t e l ' s t v o  
Nauka, 72 p 122-130, Avai1:TAC 

High-speed photographic  i n v e s t i g a t i o n  of t h e  combus- 
t i o n  p roces s  i n  hydrogen-oxygen mix tu re s  (wi th  molecu la r  
r a t i o s  o f  2:l and 1:2) i n  a channel  w i th  c i r c u l a r  c r o s s  
s e c t i o n .  The Topler  s c h l i e r e n  method w a s  used f o r  med- 
ium motion v i s u a l i z a t i o n  b e f o r e  t h e  oncoming flame f r o n t .  
I t  was found t h a t  t h e  gas  f low r a t e s  i n  f r o n t  o f  t h e  on- 
coming flame w e r e  p r o p o r t i o n a l  t o  t h e  flame s u r f a c e  a r e a  
and t h a t  t h e  d i s t r i b u t i o n  o f  gas  f low parameters b e f o r e  
t h e  flame f r o n t  w a s  c o n s i s t e n t  w i t h  t h a t  of  a s imple  
wave i n  an i d e a l  gas .  
(OXYGEN, FLOW) 

H73 33018 INVESTIGATION OF GH2-GO2 COMBUSTION 
Calhoon, D.F., (Aero j e t  Liquid Rocket Co., Sacramento, 
C a l i f . ) ,  N72-20916, N A S A - C R - I ~ ~ ~ ~ ~ ,  Ja 1 5  '72,  Avai1:TAC 

Data from p ro to type  G02-GH2 i n j e c t i o n  elements were 
ob ta ined  and analyzed.  The bu lk  of t h e  t e s t i n g  was con- 
duc ted  w i t h  nonreac t ing  p r o p e l l a n t s .  N2 t o  s imu la t e  t h e  
02 and H2.  A l i m i t e d  number of t e s t s  were conducted i n  
combusting environment,  w i th  t h e  purpose of t h i s  t e s t i n g  
being t o  e v a l u a t e  t h e  e f f e c t s  of combustion on co ld  f low 
mix ture  r a t i o  and mass p r o f i l e s .  
(INJECTION, COMBUSTION) 



H73 33019 NONEQUILIBRIUM CLUSTER FORMATION I N  ROCKET 
EXHAUSTS 
Oman, R.A., and V.S. C a l i a ,  (Grumman Aerospace  Corp.,  
Be thpage ,  N.Y.), N73-22893, RM-571, M a r  73, HC $3.00, 
Avai1:TAC 

The f o r m a t i o n  o f  l a r g e  polymers  i n  t h e  vacuum plumes 
o f  l a r g e  r o c k e t  e n g i n e s  was i n v e s t i g a t e d .  Monatomic spe-  
c ies  s c a l i n g  c o n c e p t s  are a p p l i e d  t o  t h e  m o l e c u l a r  pa ra -  
m e t e r s  o f  t h e  water m o l e c u l e  i n  o r d e r  t o  e s t i m a t e  i t s  
c l u s t e r i n g  b e h a v i o r .  The c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  
p r o d u c t s  o f  a d i a b a t i c  combus t ion  o f  hydrogen and oxygen 
w i l l  form c l u s t e r s  o f  s e v e r a l  t housand  water m o l e c u l e s  
i f  a l lowed  t o  expand f r e e l y  t o  vacuum. Exper imen t s  t o  
d e f i n e  t h e  b a s i c  c l u s t e r  forming rates, c l u s t e r  s i z e  
d i s t r i b u t i o n ,  and s c a l i n g  r e l a t i o n s h i p s  a r e  d e s c r i b e d .  
( POLYMER, WATER) 

H73 33020 PHOTOCHEMICAL INDUCTION TIMES I N  FLOWING 
MIXTURES OF HYDROGEN, OXYGEN, AND CHLORINE 
Lawrence,  L.R., (Ohio S t a t e  Univ. Resea rch  Founda t ion ,  
Columbus, O . ) ,  J o u r n a l  o f  A s t r o n a u t i c s  Ac ta ,  V 17:763-70, 
72, Avai1:TAC 

The o b j e c t i v e  o f  t h e  p r e s e n t e d  work is  t o  examine 
t h e  p r o p e r t i e s  of  pho tochemica l  i n i t i a t i o n  o f  combust ion  
i n  s u b s o n i c  f lows .  T h i s  i s  a p r e l u d e  t o  t h e  s t u d y  o f  
pho tochemica l  i n i t i a t i o n  o f  s u p e r s o n i c  combust ion i n  
hydrogen-oxygen-chlor ine  m i x t u r e s .  I t  is  f e l t  t h a t  photo-  
c h e m i c a l l y  a c t i v e  i n g r e d i e n t s  migh t  e v e n t u a l l y  b e  added 
t o  h y d r o g e n - a i r  m i x t u r e s  such  t h a t  t h e  u s e  o f  a p r o p e r  
l i g h t  s o u r c e  cou ld  i n i t i a t e  s u p e r s o n i c  combust ion i n  
SCRAMJET e n g i n e s .  The hydrogen-oxygen-chlor ine  m i x t u r e  
was c h o s e n  f o r  t h i s  s t u d y  s i n c e  t h i s  m i x t u r e  h a s  been  
e x t e n s i v e l y  r e s e a r c h e d ,  s t a t i c a l l y ,  i n  t h e  p a s t .  A s t u d y  
was u n d e r t a k e n  o f  t h e  m i x t u r e  u n d e r  f lowing  c o n d i t i o n s ,  
s t a r t i n g  w i t h  s l o w  s u b s o n i c  f l o w s  a t  1 atmosphere .  The 
m a t h e m a t i c a l  approach  d e r i v e d  i n  t h i s  p a p e r  may be a p p l i e d  
f o r  a n  a n a l y s i s  o f  t h e  n e c e s s a r y  c o n d i t i o n  i n  a n y  f low,  
as a f u n c t i o n  o f  absorl-9ed i n t e n s i t y  and pho tochemica l  
a c t i v i t y  o f  t h e  m i x t u r e .  
(SUBSONIC, COMBUSTION) , 



H73 33021 QUANTITATIVE ANALYSIS OF LIQUID OXYGEN-LIQUID 
HYDROGEN COMBUSTION PRODUCTS 
Boyd, G., and D.E. Kuivinen, (NASA, Lewis Research Cente r ,  
Cleveland,  0.1,  24th Meeting of t h e  In te ragency  Chemical 
Rocket Propuls ion  Group, Canoga Park,  c a l i f . ,  May 23-25 
'67 ,  N68-27610, NASA-TM-X-52304, HC $ 3 . 0 0 / ~ ~  $0.65, 

Avai1:TAC 
A method was developed f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  

o f  t h e  combustion produc ts  ob ta ined  from t h e  f i r i n g  of 
a l i q u i d  oxygen-liquid hydrogen rocke t  engine.  The f i x e d  
gases  hydrogen, oxygen, n i t r o g e n ,  and helium were d e t e r -  
mined by use  of an a n a l y t i c a l  mass spectrometer .  

(ANALYSIS, COMBUSTION) 

H73 33022 EVALUATION OF HYDROGEN FUEL I N  A FULL-SCALE 
AFTERBURNER 
Groesbeck, D.E., W.R. Pr ince ,  and C.C. Ciepluch,  (NASA, 
Lewis Research Center ,  Cleveland,  O . ) ,  N65-12709, NACA- 
RM-E57H06, Washington, Sep t  24 '57 ,  Avai1:TAC 

A performance i n v e s t i g a t i o n  us ing  hydrogen f u e l  i n  
a f u l l - s c a l e  a f t e r b u r n e r  w a s  conducted wi th  p a r t i c u l a r  
s tudy  of f u e l - i n j e c t o r  c o n f i g u r a t i o n s  and a f t e r b u r n e r  
l eng th .  A t o t a l  of  seven f u e l - i n j e c t o r  c o n f i g u r a t i o n s ,  
grouped by type a s  c o n c e n t r i c  r i n g  o r  r a d i a l  b a r ,  w e r e  
i n v e s t i g a t e d  a t  a b u r n e r - i n l e t  v e l o c i t y  of approximately  
600 f t / s e c  over a range of b u r n e r - i n l e t  t o t a l  p r e s s u r e  
from 330 t o  950 pounds p e r  square  f o o t  abso lu t e .  
(PERFORMANCE, INJECTOR) 

H73 33023 PERFORMANCE OF A 28-INCH RAMJET UTILIZING 
GASEOUS HYDROGEN AT A MACH NUMBER OF 3.6 ANGLES OF ATTACK 
U P  TO l z O ,  AND PRESSURE ALTITUDES UP TO 110,000 FEET 
Musia l ,  N.T., J.J. Ward, and J .F .  wasserbauer ,  (NASA, 
Lewis Research Cente r ,  Cleveland,  O . ) ,  N65-12712, NACA- 
RM-E58A23, Washington, May 19 '58 ,  Avai1:TAC 

An i n v e s t i g a t i o n  was conducted i n  t h e  NACA Lewis 10- 
by 10-foot  supersonic  wind tunne l  t o  e v a l u a t e  t h e  pe r fo r -  
mance of a shrouded i n j e c t o r  b u r n e r  w i t h  p e r f o r a t e d  domes 
employed i n  a 28-inch ramje t  u s ing  gaseous hydrogen as f u e l .  
(WIND TUNNEL, TRANSIENT) 



H 7 3 - 3 3 0 2 4  LOW-PRESSURE PERFORMANCE OF A  TUBULAR COM- 
BUSTOR WITH GASEOUS HYDROGEN 
J o n a s h ,  E.R., A.L. S m i t h ,  and V.F.  ~ l a v i n ,  (NASA, L e w i s  
R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 5 - 3 3 2 6 4 ,  NACA-RM-E54L30a, 
W a s h i n g t o n ,  M a y  9 ' 55 ,  A v a i 1 : T A C  

A n  i n v e s t i g a t i o n  w a s  conducted t o  d e t e r m i n e  t h e  com- 
b u s t i o n  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of gaseous hydrogen 
f u e l  i n  a s i n g l e  t u b u l a r  t u r b o j e t  c o m b u s t o r .  
(COMBUSTION, JET) 

H 7 3  3 3 0 2 5  EXPERIMENTAL INVESTIGATION OF HOT-GAS S I D E  
HEAT-TRANSFER RATES FOR A  HYDROGEN-OXYGEN ROCKET 
S c h a c h t ,  R.L.,  R . J .  Q u e n t n e y e r ,  and W.L. Jones ,  (NASA, 
C l e v e l a n d ,  0 ,  N 6 5 - 2 6 4 1 2 ,  R e p o r t  No.  NASA-TN-D-2832, 
A v a i 1 : T A C  

T h e  h o t - g a s  s i de  h e a t - t r a n s f e r  rates i n  a rocket 
nozz l e  w e r e  de termined expt l .  T r a n s i e n t  t e m p e r a t u r e  
m e a s u r e m e n t s  w e r e  m a d e  a t  5 a x i a l  l o c a t i o n s  i n  a Cu  
hea t - s ink  nozz le  having expansion and con t rac t ion  area 
r a t ios  of 4.64 w i t h  gaseous H  and  l i q u i d  0 as propel lants .  
(NOZZLE, TRANSIENT) 

H 7 3  3 3 0 2 6  COOLANT-SIDE HEAT-TRANSFER RATES FOR A  
HYDROGEN-OXYGEN ROCKET AND A  NEW TECHNIQUE FOR DATA 
CORRELATION 
S c h a c h t ,  R.L.,  and  R . J .  Q u e n t m e y e r ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d , O . ) ,  N 7 3 - 1 8 9 6 8 ,  NASA-TN-D-7207, M a r  7 3 ,  
HC $3.00, A v a i 1 : T A C  

A n  e x p e r i m e n t a l  i n v e s t i g a t i o n  w a s  conducted t o  de ter -  
m i n e  t h e  coo lan t - s ide ,  h e a t  t r ans fe r  coe f f i c i en t s  fo r  a 
l i q u i d  cooled, h y d r o g e n - o x y g e n  rocket t h r u s t  c h a m b e r .  , 

H e a t  t r ans f e r  ra tes  w e r e  d e t e r m i n e d  f r o m  m e a s u r e m e n t s  of 
local  h o t  g a s  w a l l  t e m p e r a t u r e ,  local  coo lan t  temperature, 
and l o c a l  coolan t  pressure.  A  cor re la t ion  i n c o r p o r t a t i n g  
an i n t e g r a t i o n  t e c h n i q u e  f o r  the  t r a n s p o r t  p roper t i es  
needed near t h e  pseudocrit$cal- t e m p e r a t u r e  of l i q u i d  h y d r o -  
g e n  g i v e s  a s a t i s f a c t o r y  p r e d i c t i o n  of h o t  gas  w a l l  t e m p e r -  
a tu res .  
(ROCKET, HEAT, TRANSFER) 



H 7 3  3 3 0 2 7  COMBUSTION OF HYDROGEN AND METHANE TO SIMULATE 
EXPANSION OF STORABLE PROPELLANTS 
F r i e d m a n ,  R . ,  R.E. G a u g l e r ,  and E.A. L e z b e r g ,  (NASA, L e w i s  
R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 8 - 3 3 9 9 6 ,  NASA-TVl-X-52434, 
W a s h i n g t o n  68, 4 t h  P r o p u l s i o n  J o i n t  S p e c i a l i s t  C o n f e r e n c e ,  
C l e v e l a n d ,  O . ,  Je  10-14 '68,  AIAA,  A v a i 1 : T A C  

A n  e x p e r i m e n t a l  i n v e s t i g a t i o n  of e x h a u s t - n o z z l e  t e m p e r -  
a t u r e  f o r  t h e  s torable s y s t e m  5 0 %  UDMH-50% h y d r a z i n e / n i t r o -  
g e n  t e t r o x i d e  w a s  c o n d u c t e d  u s i n g  h y d r o g e n  and  m e t h a n e  
f u e l  b u r n e d  i n  o x y g e n - e n r i c h e d  a i r  t o  p r o v i d e  t h e  s a m e  
a t o m i c  c o n s t i t u e n t s  a s  t h e  s torable  p r o p e l l a n t s .  

(COMBUSTION, METHANE) 

H 7 3  3 3 0 2 8  COMBUSTION OF FUEL-LEAN MIXTURES I N  ADIABATIC, 
WELL-STIRRED REACTORS 
K y d d ,  P.H., and W.I.  F o s s ,  ( G e n e r a l  E l e c t r i c  C o . ,  R e s e a r c h  
L a b o r a t o r y ,  S c h e n e c t a d y ,  N.Y.) , S y m p o s i u m  ( I n t e r n a t i o n a l )  
on c o m b u s t i o n ,  l o t h ,  U n i v e r s i t y  of C a m b r i d g e ,  C a m b r i d g e ,  
E n g l a n d ,  A u g  1 7 - 2 1  ' 6 4 ,  A v a i 1 : T A C  

~ x p e r i m e n t a l  i n v e s t i g a t i o n  of a h i t h e r t o - u n u s e d  com- 
b u s t i o n  r e g i m e  b e y o n d  t h e  l e a n  f l a m m a b i l i t y  l i m i t ,  u s i n g  
a w e l l - i n s u l a t e d ,  w e l l - s t i r r e d  r eac t ion  v o l u m e  as  a com- 
bus tor .  T h e  c o m b u s t i o n  of H z ,  CO, CH4, C2H4, C3H8, and 
m i x t u r e s  of t h e s e  has been s t u d i e d  i n  t h i s  r e g i m e  a t  
pressures up t o  2  a t m o s p h e r e s  i n  t h r e e  q u i t e  d i f f e r e n t  
reactors. A  q u a l i t a t i v e  e x p l a n a t i o n  of t h e  r e s u l t s  i n  
t e r m s  of t h e  c u r r e n t l y  a c c e p t e d  m e c h a n i s m  of h y d r o g e n  com- 
b u s t i o n  i s  p r e s e n t e d .  

(COMBUSTION, REACTOR) 

H 7 3  3 3 0 2 9  B R I E F  STUDIES OF TURBOJET COMBUSTOR AND FUEL- 
SYSTEM OPERATION WITH HYDROGEN FUEL AT - 4 0 0 °  F 
S t r a i g h t ,  D.M., A.L.  S m i t h ,  a n d  H.H. C h r i s t e n s o n ,  (NASA, 
L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 5 - 1 2 7 0 8 ,  NACA- 
XM-E56k27a ,  W a s h i n g t o n ,  Mar 7  ' 5 7 ,  A v a i 1 : T A C  

A  s i n g l e  J-33 c o m b u s t o r  a n d  a n  e x p e r i m e n t a l  t ubu la r  
c o m b u s t o r  i nco rpo ra t ing  a f u e l  vapor i ze r  w e r e  operated 
w i t h  g a s e o u s  h y d r o g e n  a t  t e m p e r a t u r e s  s l i g h t l y  above t h e  
b o i l i n g  p o i n t  of t h e  f u e l .  D a t a  w e r e  ob ta ined  t o  explore 
possible effects  of t h e  f u e l  t e m p e r a t u r e  on c o m b u s t o r  
p e r f o r m a n c e  and  on t h e  con t ro l  and m e a s u r e m e n t  of f u e l  
f l o w .  
(EFFICIENCY, VAPOR) 



H73 33030 AXIAL AND CIRCUMFERENTIAL VARIATIONS OF HOT- 
GAS-SIDE HEAT-TRANSFER RATES I N  A HYDROGEN-OXYGEN ROCKET 
S c h a c h t ,  R.L., and  R . J .  Quentmeyer ,  (NASA, Lewis  Resea-rch 
C e n t e r ,  C l e v e l a n d ,  O . ) ,  N71-30738, NASA-TN-D-6396, J1 71,  
A v a i l  : TAC 

An e x p e r i m e n t a l  i n v e s t i g a t i o n  was conduc ted  t o  d e t e r -  
mine t h e  ax i a l  and  c i r c u m f e r e n t i a l  v a r i a t i o n s  o f  h e a t  t r a n s -  
f e r  c o e f f i c i e n t s  i n  t w o  r o c k e t  t h r u s t  chambers .  
(HEAT, ROCKET, TRANSFER) 

H73 33031 AN INTRODUCTION TO HEAT TRANSFER IN HYDROGEN/ 
OXYGEN ROCKET COMBUSTION CHAMBERS 
Z i e b l a n d ,  H.,  ( E x p l o s i v e s  Resea rch  and  Development Es tab -  
l i s h m e n t ,  Waltham Abbey, E n g l a n d ) ,  N68-22816, ERDE-1/~/66,  
Apr 29 ' 6 6 ,  HC $3.00/MF $0.65, Avai1:TAC 

A b r i e f  i n t r o d u c t i o n  t o  h e a t  t r a n s f e r  p r o c e s s e s  be- 
tween t h e  combust ion  g a s e s  and t h e  s u r r o u n d i n g  coo led  
w a l l s  o f  a hydrogen/oxygen r o c k e t  e n g i n e  i s  p r e s e n t e d .  
A f a i r l y  comprehens ive  r e v i e w  is g i v e n  of known compila-  
t i o n s  o f  thermodynamic and  t r a n s p o r t  p r o p e r t y  d a t a  f o r  
t h e  hydrogen/oxygen p r o p e l l - a n t .  E f f e c t s  o f  undeveloped 
f l o w  c o n d i t i o n s  and  o f  phys ico -chemica l  phenomena ( r e -  
c o m b i n a t i o n )  on  c o n v e c t i v e  h e a t  t r a n s f e r  a r e  d i s c u s s e d ,  
and  some r e c e n t ,  y e t  u n p u b l i s h e d  r e s u l t s  on r a d i a t i v e  
h e a t  t r a n s f e r ,  and on aerodynamic  e f f e c t s  on c o n v e c t i o n  
i n  hydrogen/oxygen combus t ion  chambers  a r e  p r e s e n t e d .  
I n  v i ew o f  t h e s e  r e c e n t  e x p e r i m e n t a l  o b s e r v a t i o n s  t h e  
impor tance  o f  e x t e n d i n g  h e a t  t r a n s f e r  r e s e a r c h  t o  t h e  
mixing  and r e a c t i o n  zone  ( n o n - e q u i l i b r i u m  a r e a s )  o f  a 
combust ion  chamber is p o i n t e d  o u t .  
(TRANSPORT, CONVECTION, FLOW) 

H73 33032 SUPERSONIC COMBUSTION AND BURNING I N  RAMJET 
COMBUS TORS 
Edse ,  R. ,  (Ohio S t a t e  U n i v e r s i t y  R e s e a r c h  Founda t ion ,  
Columbus, O . ) ,  R e p o r t  NO. OSURF-2153-3, Je 70, Avai1:TAC 

I n d u c t i o n  d i s t a n c e s ,  t r a n s i e n t  p r e s s u r e s ,  and wave 
p r o p a g a t i o n  rates were  d e t e r m i n e d  i n  c y l i n d r i c a l  t u b e s  
f o r  d e t o n a t i o n  waves i n  s t o i c h i o m e t r i c  hydrogen-oxygen 
m i x t u r e s  i n i t i a l l y  a t  one  a t m o s p h e r e  and  t e m p e r a t u r e s  
r a n g i n g  from 300K down t o  123K. 
(TRANSIENT, INDUCTION, SHOCK) 



H 7 3  3 3 0 3 3  STEADY-STATE ROCKET COMBUSTION OF GASEOUS 
HYDROGEN AND L I Q U I D  OXYGEN. PART 11: ANALYSIS FOR 
COAXIAL J E T  I N J E C T I O N  
c c u n b s ,  L.P.,  a n d  M.D. Schuman, ( R o c k e t d y n e ,  C a n o g a  P a r k ,  
c a l i f . ) ,  N 6 6 - 1 4 4 5 6 ,  AFOSR-65-1319 ,  M a r  65, A v a i 1 : T A C  

S i m u l t a n e o u s  equa t ions  d e s c r i b i n g  rocket p rope l l an t  
i n j ec t i on ,  a t o m i z a t i o n ,  m i x i n g ,  vaporizat ion,  and com- 
b u s t i o n  are f o r m u l a t e d  f o r  a c y l i n d r i c a l  l i q u i d  oxygen 
je t  s u r r o u n d e d  by a n  annua l  g a s e o u s  h y d r o g e n  s t r e a m .  
(ROCKET, COMBUSTION) 

H 7 3  3 3 0 3 4  AN EXPERIMENT ON PARTICULATE DAMPING I N  A  
TWO-DIMENSIONAL HYDROGEN-OXYGEN COMBUSTOR 
H e i d m a n n ,  M.F., a n d  L.A. P o v i n e l l i ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  0.). N 6 8 - 1 1 0 4 4 ,  NASA-IM-X-52359, 4 t h  
C o m b u s t i o n  C o n f e r e n c e ,  M e n l o  P a r k ,  ca l i f . ,  O c t  2 - 1 3  ' 6 7 ,  
A v a i l  :TAC 

A l u m i n u m  pa r t i c l e s  (* m e a n  d i a m e t e r )  w e r e  i n j e c t e d  
i n t o  a s m a l l  c i r c u l a r  c o m b u s t o r  by a s e c o n d a r y  f l o w  pro- 
cess used for  t ransverse  m o d e  s t a b i l i t y  r a t i n g .  S m a l l  
m a s s  concen t ra t ions  of a l u m i n u m  w e r e  found t o  be e f fec t ive  
i n  suppressing i n s t a b i l i t y .  A  cr i t ical  c o n c e n t r a t i o n  of 
2 / 1 0 0  percent  w a s  noted b e l o w  w h i c h  t h e  effect w a s  de- 
s t a b i l i z i n g .  
(STABILITY, CONCENTRATION) 

H 7 3  33035 CHEMICAL K I N E T I C S  CONSIDERATIONS DURING 
CALCULATION OF T J B  NOZZLE FLOW O F  PRODUCTS OF THE COM- 
BUSTION OF HYDROGEN I N  A I R  
K h a i l o v ,  V.M., T e p l o f i z .  V y s .  Temp. ,  V  6:863-9 N 5  68 

T h e  special  case of t h e r m o p h y s i c s  processes, accom- 
panied by  a c h e m i c a l  react ion,  of expansion i n  a nozzle  
of d i s s o c d .  products  of combustion of H2-02-N2 m i x t u r e s  
w a s  analyzed t h e o r e t i c a l l y .  
(KINETICS, NOZZLE) 

H 7 3  33036 COMBUSTION AND HEAT TRANSFER I N  SMALL ROCKET 
CHAMBER BURNING LIQUID OXYGEN AND GASEOUS HYDROGEN 
Je f f s ,  A.T. ,  C. R a m s h a w ,  B.W.A. R i c k e t s o n ,  S p a c e f l i g h t ,  
V  8:172-84 N5,  M a y  6 6  

I n  1960, p r o g r a m  w a s  i n i t i a t e d  a t  R o c k e t  P r o p u l s i o n  
E s t a b l i s h m e n t ,  W e s t c o t t ,  E n g l a n d ,  t o  p r o v i d e  d e s i g n  in-  
f o r m a t i o n  f o r  l i q u i d  o x y g e n - l i q u i d  h y d r o g e n  c o m b u s t i o n  
c h a m b e r ;  r e p o r t  covers f i rs t  p h a s e  of p r o g r a m ,  i n  w h i c h  
l i q u i d  o x y g e n  and gaseous h y d r o g e n  w e r e  b u r n t  i n  c h a m b e r  
g i v i n g  n o m i n a l  t h r u s t  of 2 k N  ( 4 5 0  l b . ) .  
(COMBUSTION, OXYGEN) 



H 7 3  3 3 0 3 7  CONBUSTION INSTABTLITY IN S T E E L  AND ABLATIVE 
ROCKET CHAMBERS 
G o e l z ,  R.R., (NASA, L e w i s  R e s e a r c h  C e n t e r ,  cleveland, O . ) ,  
N 6 8 - 1 5 6 4 4 ,  NASA-TM-X-1511, W a s h i n g t o n ,  Fe 68, A v a i 1 : T A C  

A n  i n v e s t i g a t i o n  w a s  conducted t o  c o m p a r e  t h e  effects 
of ab l a t i ve  c h a m b e r s  and steel c h a m b e r s  on combustion 
i n s t a b i l i t y  i n  a h y d r o g e n - o x y g e n  rocket engine.  
(COMBUSTION, ROCKET) 

H 7 3  33038 COMBUSTION OF GASEOUS HYDROGEN A T  LOW PRES- 
SURES I N  A  35' SECTOR O F  A 28-INCH-DIAMETER RAMJET COMBUSTOR 
K e r s l a k e ,  W.R., (NASA, L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0 . ) .  
N 6 6 - 3 9 5 3 0 ,  NACA-RM-E58A2la,  W a s h i n g t o n ,  A p r  2 2  '58,  A v a i 1 : T A C  

G a s e o u s - h y d r o g e n  f u e l  w a s  burned i n  a connected-pipe 
c o m b u s t o r  w i t h  a cross sec t ion  e q u a l  t o  3 5 O  sector of a 
2 8 - i n c h  d iamete r .  
(COMBUSTION, JET) 

H 7 3  33039 TESTS WITH HYDROGEN FUEL I N  A  SIMULATED 
AFTERBURNER 
K e r s l a k e ,  W.R., a n d  E.E. D a n g l e ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  O . ) ,  N 6 5 - 3 3 2 6 6 ,  NACA-RM-E56D13a, J1 2  
'56,  A v a i 1 : T A C  

A n  i n v e s t i g a t i o n  w a s  conducted  i n  a 1 6 - i n c h - d i a m e t e r  
s i m u l a t e d  a f t e rbu rne r  u s i n g  gaseous h y d r o g e n  f u e l .  
(INJECTOR, EFFICIENCY) 

H 7 3  3 3 0 4 0  THEORETICAL COMBUSTION PERFORMANCE O F  RAMJET 
FUELS : HYDROGEN 
R e n i c h ,  W.T., ( J o h n s  H o p k i n s  U n i v . ,  S i l v e r  S p r i n g ,  Md. ) , 
R e p o r t  No.  C F - 2 6 0 1 ,  D e c  13 '56,  A v a i 1 : T A C  

T h e  report i s  t h e  f irst  of a ser ies  prepared a s  a 
c o m p i l a t i o n  of available data  on t h e o r e t i c a l  c o m b u s t i o n  
performance of various f u e l s .  T h e  p e r f o r m a n c e  pa ramete rs  
t o  be g i v e n  p r i m a r y  considerat ion are  f l a m e  t e m p e r a t u r e  
and a i r  s p e c i f i c  i m p l u s e ;  others,  i n c l u d i n g  f u e l  specif ic  
i m p u l s e ,  m o l e  c h a n g e  and expansion rat-io are a l s o  i n c l u d e d .  
(COMBUSTION, JET) 

H 7 3  33041 PERFORMANCE ANALYSIS OF COMPOSITE PROPULSION 
SYSTEMS 
W r u b e l ,  J .A . ,  ( R o c k e t d y n e ,  C a n o g a  P a r k ,  C a l i f . ) ,  N 6 9 - 2 7 9 1 2 ,  
NASA-CR-101402,  A p r  69, A v a i 1 : T A C  

T h e  i m p r o v e d  u n d e r s t a n d i n g  of g a s  s t r e a m  t u r b u l e n t  
m i x i n g  is c o n t i n g e n t  upon o b t a i n i n g  a m o r e  c o m p r e h e n s i v e  



d e s c r i p t i o n  o f  t h e  r e s u l t a n t  f l o w  f i e l d  and a  more p re -  
c ise e v a l u a t i o n  o f  t h e  t u r b u l e n t  t r a n s p o r t  p r o p e r t i e s .  
The f l o w  f i e l d  b e i n g  e x p e r i m e n t a l l y  s t u d i e d  is  t h e  two 
d i m e n s i o n a l  mix ing  o f  f u e l - r i c h  s u p e r s o n i c  hydrogen-oxygen 
combust ion  p r o d u c t s  and  a s u b s o n i c  h e a t e d  a i r s t r e a m .  
(MIXING, TRANSPORT, SUBSONIC) 

H73 33042 PROBLEMS OF M I X I N G  AND SUPERSONIC COMBUSTION 
OF HYDROGEN I N  HYPERSONIC RAMJETS 
L e u c h t e r ,  O . ,  ( O f f i c e  N a t i o n a l  d l E t u d e s  e t  d e  Recherches  
A e r o s p a t i a l e s ,  P a r i s ,  F r a n c e ) ,  N73-18962, ONERA-TP-973, 
May 11 ' 7 1 ,  DGLR S c i .  Comrn. f o r  A i r  B r e a t h i n g  P r o p u l s i o n s  
and f o r  Chemica l  P r o p u l s i o n s ,  T raven ,  Avai1:TAC 

The mixing and i g n i t i o n  o f  hydrogen j e t s  i n j e c t e d  
n o r m a l l y  i n t o  a s u p e r s o n i c  two-dimens ional  f l o w  are d i s -  
c u s s e d .  The s p e c i f i c  a p p l i c a t i o n  i s  t o  i n v e s t i g a t e  t h e  
combus t ion  pe r fo rmance  o f  a h y p e r s o n i c  ramjet e n g i n e .  
An a n a l y s i s  o f  e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  a t  Mach 1.5 
has  shown empirical r e l a t i o n s  f o r  t h e  j e t  p e n e t r a t i o n  
and c r o s s w i s e  d i s t r i b u t i o n  o f  f u e l  w i t h  r e s p e c t  t o  t h e r m a l  
b l o c k a g e .  Mixing o f  hydrogen and a i r  was examined i n  
o p t i m a l  p e n e t r a t i o n  c o n d i t i o n s  t o  e s t a b l i s h  t h e  l e n g t h  
n e c e s s a r y  t o  o b t a i n  c o m p l e t e  mix ing .  A  s i g n i f i c a n t  re- 
d u c t i o n  o f  i g n i t i o n  l e n g t h s ,  as compared t o  t h e  t h e o r e t i c a l  
v a l u e s  c o r r e s p o n d i n g  t o  t h e  t h e r m a l  c o n d i t i o n s  o f  t h e  
s t e a d y  u p s t r e a m  f low,  was shown t o  o c c u r .  
(HYPERSONIC, COMBUSTION) 

H73 33043 M I X I N G  O F  HYDROGEN INJECTED FROM MULTIPLE 
INJECTORS NORMAL TO A SUPERSONIC AIRSTREAM 
Rogers ,  R.C.,.  (NASA, Lang ley  Resea rch  C e n t e r ,  Langley  
S t a t i o n ,  V a ) ,  N71-34274, NASA-TN-D-6476, S e p t  71, Avai1:TAC 

The mix ing  o f  hydrogen downstream from a row o f  s o n i c  
i n j e c t o r s  no rmal  t o  a  Mach 4  airstream was i n v e s t i g a t e d  t o  
d e t e r m i n e  t h e  e f f e c t  o f  i n j e c t o r  s p a c i n g .  
(INJECTOR, BOUNDARY LAYER, CONCENTRATION) 

H73 33044 FUNDAMENTAL ASPECTS OF SUPERSONIC COMBUSTION 
Swi thenbank,  J . ,  and M. J a q u e s ,  ( S h e f f i e l d  Univ. .  E n g l a n d ) .  
R e p o r t  No.  AFOSR-70-1934TR, J e  70 

The a p p l i c a t i o n  o f  t u r b u l e n c e  t h e o r y  t o  t h e  d e s i g n  o f  
s u p e r s o n i c  combus to r s  h a s  been  i n v e s t i g a t e d  b o t h  e x p e r i m e n t a l l y  
and t h e o r e t i c a l l y .  
(TURBULENCE, INJECTOR, VORTEX) 



H 7 3  3 3 0 4 5  BURNING V E L O C I T I E S  I N  HYDROGEN-BROMINE AND 
DEUTERIUM-BROMINE MIXTURES 
C o o l e y ,  S.D., a n d  R.C. A n d e r s o n ,  ( T e x a s  U n i v .  D e f e n s e  
R e s e a r c h  L a b ,  A u s t i n ,  T e x . ) .  R e p o r t  NO. DRL-333,  J1 53, 
A v a i 1 : T A C  

M e a s u r e m e n t s  w e r e  m a d e  of f l a m e  ve loc i t ies  i n  s t r a i g h t  
t u b e s  f o r  h y d r o g e n - b r o m i n e  and d e u t e r i u m - b r o m i n e  m i x t u r e s .  
F r o m  t h e s e  t h e  b u r n i n g  ve loc i t i e s  w e r e  d e t e r m i n e d .  
(VELOCITY) 

H 7 3  33046 CALCULATIONS OF BURNING VELOCITIES  FOR 
HYDROGEN-BROMINE MIXTURES. I V .  EQUATION OF SENENOV AND 
FRANK-KAMENETSKY AND MANSON EQUATIONS. V. ADDITIONAL 
CALCULATIONS BY MALLARD-LE CHATELIER EQUATION 
A n d e r s o n ,  R.C., ( T e x a s  U n i v . ,  D e f e n s e  R e s e a r c h  L a b . ,  A u s t i n ,  
T e x . ) ,  R e p o r t  NO. DRL-317,  M a r  53, A v a i 1 : T A C  

C a l c u l a t i o n s  of b u r n i n g  ve loc i t i e s  i n  h y d r o g e n - b r o m i n e  
m i x t u r e s  w e r e  extended t o  i n c l u d e  v a l u e s  b a s e d  on t h e  
e q u a t i o n  developed by S e m e n o v ,  F r a n k - K a m e n e t s k y  and o t h e r s  
and t h a t  developed by M a n s o n .  A d d i t i o n a l  exploratory 
c a l c u l a t i o n s  u s i n g  t h e  M a l l a r d - L e  C h a t e l i e r  e q u a t i o n  are 
a l so  s u m m a r i z e d .  

(VELOCITY, EQUATION) 

H 7 3  3 3 0 4 7  EFFECT OF DILUENTS ON BURNING VELOCITIES  I N  
HYDROGEN-BROMINE MIXTURES 
H u f f s t u t l e r ,  M.C., J . A .  R o d e ,  and R.C. A n d e r s o n ,  ( T e x a s  
U n i v . ,  D e f e n s e  R e s e a r c h  L a b . .  A u s t i n ,  T e x .  ) , R e p o r t  No.  
DRL-334,  A u ~  3 '53,  A v a i 1 : T A C  

E x p e r i m e n t s  on t h e  effects of d i l u e n t s  on b u r n i n g  
ve loc i t i e s  i n  H2-Br  m i x t u r e s  w e r e  m a d e  u s i n g  N A, and 

2 '  
H e  as d i l u e n t s ,  w i t z  1 0  percent and 25  percent of d i l u e n t  
and a t  5 0 C  a n d  2 0 0 C .  T h e  p r e d o m i n a n t  t r e n d  i s  f o r  a de- 
crease i n  b u r n i n g  ve loc i t y  w i t h  t h e  m a g n i t u d e  of t h e  effect  
v a r y i n g  i n  t h e  order H e  less t h a n  A less t h a n  N2. W i t h  
t h e  lesser a m o u n t s  of h e l i u m ,  b u r n i n g  veloci t ies  w e r e  
a c t u a l l y  increased s o m e w h a t  on occasion. T h e  region of 
s tab le  f l a m e  w a s  s h i f t e d  t o w a r d  h i g h e r  b r o m i n e  percentages 
w h e n  d i l u e n t s  w e r e  added. 
(STABILITY) 

H 7 3  33048 FEASIBILITY STUDY OF OXYGEN/HYDROGEN POWDERED 

METAL I G N I T I O N  
L e e ,  W.B., ( M a r q u a r d t  C o r p . ,  V a n  N u y s ,  C a l i f . ) ,  N 6 7 - 3 1 9 6 7 ,  
NASA-CR-68773, S e p t  1 ' 6 5 ,  A v a i 1 : T ~ c  

T h e o r e t i c a l  and e x p e r i m e n t a l  s t u d i e s  w e r e  p e r f o r m e d  



on t h e  s u b j e c t  of  producing low tempera ture  H /02 i g n i t i o n s  
by t h e  u s e  of c a t a l y t i c  and/or pyrophor ic  pow 3 e r e d  meta l s .  
I n t e r e s t  c e n t e r e d  on t h e  u s e  of Raney n i c k e l  powder, which 
i s  bo th  c a t a l y t i c  f o r  H2/02 i g n i t i o n ,  and pyrophoric  wi th  
oxygen. I t  w a s  demonstrated t h a t  Raney n i c k e l  powder, 
s t o r e d  under an  atmosphere of hydrogen, should have in-  
d e f i n i t e  s h e l f  l i f e  i n  t h e  a c t i v a t e d  s t a t e ,  being a b l e  t o  
produce i g n i t i o n s  a t  any t i m e  upon c o n t a c t  w i t h  oxygen. 
(CATALYST, PYROPHORIC) 

H73 33049 EXPERIMENTAL INVESTIGATIONS ON SUPERSONIC 
COMBUSTION I N  THE FLOW FIELDS OF BODIES OF REVOLUTION AND 
NEAR A FLAT PLATE I N  TANGENTIAL FLOW 
Maurer, F . ,  F.J .  Niezgodka, and H. P o s t ,  Bundesmin, f u e r  
Ver te id igung ,  N71-22129. DLR-FB-70-64, Dec 70. Avai1:TAC 

Supersonic  combustion o f  hydrogen i n  t h e  flow f i e l d  
of a f l a t  p l a t e  i n  t a n g e n t i a l  f low and nea r  bodies  of re-  
v o l u t i o n  was s t u d i e d  i n  t h e  Mach number range from 1.8 t o  
3.2. I n  t h e  f l a t  p l a t e  exper iments  a secondary a i r  j e t  
from a c rosswise  s l o t  was used t o  s t a b i l i z e  t h e  flame. 
Hydrogen was i n j e c t e d  upstream of t h e  s l o t .  Flame s t a b i l -  
i z a t i o n  on bod ie s  o f  r e v o l u t i o n  was ob ta ined  due t o  a 
s m a l l  annu la r  c a v i t y  nea r  t h e  t h i c k n e s s  maximum. I n  a l l  
c a s e s  spark  i g n i t i o n  w a s  used.  The changes of p r e s s u r e  
d i s t r i b u t i o n  n e a r  t h e  f l a t  p l a t e  a s  w e l l  a s  changes of 
d rag  of t h e  bod ie s  of r e v o l u t i o n  due t o  h e a t  a d d i t i o n  
were cons ide rab le .  
(STABILITY, IGNITION, DRAG) 

H73 33050 STUDY OF CATALYTIC REACTORS FOR HYDROGEN- 
OXYGEN IGNITION 
Kesten,  A.S., (United A i r c r a f t  Corp., Eas t  Har t ford ,  Conn., 
Research Labs . ) ,  N69-41244, NASA-CR-72567, J1 69, Avai1:TAC 

An a n a l y t i c a l  s tudy  of a c a t a l y t i c  i g n i t i o n  system 
t o  promote hydrogen-oxygen combustion was performed i n  
o r d e r  t o  e s t a b l i s h  procedures  capable  of  p r e d i c t i n g  t h e  
s t e a d y - s t a t e  behavior  of t h e  system. Included is  t h e  de- 
velopment of  a computer program which i s  used t o  c a l c u l a t e  
t h e  s t e a d y - s t a t e  a x i a l  t empera ture  and r e a c t a n t  concen- 
t r a t i o n  p r o f i l e s  i n  t y p i c a l  r e a c t i o n  chamber con f igu ra t ions .  
(COMPUTER, CONCENTRATION) 



H73 33051 TRANSIENT MODEL OF HYDROGEN/OXYGEN REACTOR 
Kesten,  A.S., and J.S. Sangiovanni ,  (United A i r c r a f t  
Corp., Eas t  Har t fo rd ,  Conn.), N71-37557, NASA-CR-120799, 
Fe 71, Avai1:TAC 

The u t i l i t y  of  a c a t a l y t i c  i g n i t i o n  system t o  pro- 
mote hydrogen-oxygen combustion and t h e  l i m i t s  imposed 
by t h e  t r a n s i e n t  response of t h e  system a r e  d i scussed .  
The t r a n s i e n t  behavior  o f  a r e a c t o r  packed w i t h  porous 
c a t a l y s t  p a r t i c l e s  i s  a  f u n c t i o n  of f i l m  and pore  d i f f u s i o n  
of h e a t  and mass as w e l l  as t h e  chemical  k i n e t i c s  of t h e  
c a t a l y t i c  r e a c t i o n .  A model has  been developed which 
permi t s  computation of c e n c e n t r a t i o n  and tempera ture  
p r o f i l e s  i n  t h e  bu lk  gas  phase and w i t h i n  porous c a t a l y s t  
p a r t i c l e s  a r e  f u n c t i o n s  of time f o r  given r e a c t i o n  r a t e  
express ions .  
(TRANSIENT, CATALYST, COMPUTER) 

H73 33052 DEVELOPMENT OF HYDROGEN-OXYGEN CATALYSTS 
Jennings ,  T.J., W.E. Armstrong, and H.H. Voge, ( S h e l l  
Development Co., Emeryvi l l e ,  C a l i f . ) ,  N67-19876, NASA- 
CR-72118, J1 67, Avai1:TAC 

Th i s  r e p o r t  p r e s e n t s  r e s u l t s  of  a program designed 
t o  develop c a t a l y s t s  of improved a c t i v i t y  and thermal  
s t a b i l i t y  f o r  c a t a l y t i c  i g n i t i o n  of an  oxygen-hydrogen 
mixture  a t  l o w  tempera tures .  
(STABILITY, TEMPERATURE) 

H73 33053 DEFLAGRATION I N  THE COMBUSTION OF HYDROGEN- 
FLUORINE MIXTURES 
Vanpee, M., K.D. Cashin,  B.J. F a l a b e l l a ,  and P.S.R.K. 
C h i n t a p a l l i .  (Massachuset ts  Univ., Amherst, Mass . ) ,  cam- 
b u s t i o n  and Flame, V 20:443-444, J e  73 

I n v e s t i g a t i o n  of  t h e  burning v e l o c i t i e s  i n  t h e  combus- 
t i o n  of hydrogen-f luor ine  mix tu re s  a t  p r e s s u r e s  around 2.4 
mm Hg over  a  mix ture  composi t ion range of 25 t o  65% f l u o r i n e  
by volume. Determined by Gouy's method, t h e  burning 
v e l o c i t i e s  a r e  p re sen ted  i n  t a b u l a r  form and compared w i t h  
t h e o r e t i c a l l y  p r e d i c t e d  d e f l a g r a t i o n  v e l o c i t i e s .  P o s s i b l e  
e r r o r s  i n  t h e  exper imenta l  de t e rmina t ion  a r e  d i scussed .  
(VELOCITY, BURNING) 



H73 33054 SUPERSONIC M I X I N G  OF HYDROGEN AND A I R  
 org gent haler, J . H . ,  (Applied Phys i c s  Lab., Johns  Hopkins 
Univ., S i l v e r  Sp r ing ,  Md. ) , N67-22859, NASA-CR-747, Apr 
67, Avai1:TAC 

The e f f e c t s  of f u e l  i n j e c t i o n  parameters  on t h e  mix- 
ing of gaseous  hydrogen w i t h  a supe r son ic  a i r  s t ream con- 
f i n e d  w i t h i n  a c y l i n d r i c a l  d u c t  was q u a n t i t a t i v e l y  s t u d i e d  
t o  p rov ide  background in format ion  n e c e s s a r y  f o r  t h e  de- 
s i g n  of combustors f o r  supe r son ic  combustion ramje t s .  
(INJECTOR, COMBUSTOR, RAMJET) 

H73 33055 STUDIES LEADING TO THE REALIZATION OF SUPER- 
SONIC COMBUSTION I N  PROPULSION APPLICATIONS 
Jacques,  M.T., R. Payne, and J. Swithenbank, ( S h e f f i e l d  
Univ., England, Dept. of Chemical Engineer ing and Fue l  
~ e c h n o l o g y ) .  Report  No. HIC-174 AFOSR-TR-72-1333, J e  72 

The r e p o r t  d i s c u s s e s  t h e o r e t i c a l  and exper imenta l  
s t u d i e s  of  hydrogen mixing and combustion i n  a high en tha lpy  
(6000K) Mach 3.5 airstream c a r r i e d  o u t  i n  a combustion d r iven  
hypersonic  shock tunne l  ope ra t ing  w i t h  a t a i l o r e d  primary 
shock Mach number of 10.2 - 10.6 R e s u l t s  ob t a ined  us ing  
w a l l  s t a t i c  p r e s s u r e  measurements i n d i c a t e d  t h a t  fol lowing 
i n j e c t i o n  t h e r e  was a s t e e p  compression zone, followed by 
a re-expansion zone a f t e r  which t h e  s t a t i c  p r e s s u r e  grad- 
u a l l y  i nc reased  t o  approach t h a t  p r e d i c t e d  by complete 
combustion at test c o n d i t i o n s .  
( M I X I N G .  CONCENTRATIOK, SHOCK) 

H73 33056 M I X I N G  AND COMBUSTION OF HYDROGEN I N  A SUPER- 
SONIC AIRSTREAM 
Jacques ,  M.T., ( S h e f f i e l d  Univ., Dept. of  Fue l  Technology 
and Chemical Engineer ing,  England) ,  Report  No. HIC-170 AFOSR- 
TR-71-2636, Fe 71 

The r e p o r t  i s  concerned w i t h  t h e  mixing and combustion 
o f  hydrogen i n  a high e n t h a l p y  Mach 3.5 a i r s t r e a m ,  i n  which 
t h e  c o n d i t i o n s  a r e  such t h a t  t h e  combustion p roces s  i s  m i x -  
ing  l i m i t e d .  The high e n t h a l p y  c o n d i t i o n s  a r e  obta ined 
us ing  a combustion d r i v e n  hypersonic  shock tunne l .  
(SHOCK, INJECTOR, TURBULENCE) 



H 7 3  3 3 0 5 7  INVESTIGATION OF COMBUSTION OF HYDROGEN I N  
A HYPERSONIC AIR-STREAM 
S l u t s k y ,  S., ( G e n e r a l  A p p l i e d  Science L a b s ,  I n c . ,  Westbury, 
N.Y.), N 6 6 - 1 2 8 5 5 ,  NASA-CR-68191, M a r  65, A v a i 1 : T A C  

A de t a i l ed  i n v e s t i g a t i o n  of t h e  p r o b l e m  associated 
w i t h  t h e  v e n t i n g  of c o m b u s t i b l e  hydrogen f r o m  launch v e h i c l e s  
i s  s u m m a r i z e d .  P r o b l e m s  associated w i t h  t h e  k i n e t i c s  of 
t h e  h y d r o g e n  a i r  s y s t e m ,  i n c l u d i n g  t h e  t w o  phase p h e n o m e n a  
associated w i t h  cryogenic  h y d r o g e n ,  as  w e l l  as t h e  f l u i d  
m e c h a n i c a l  m i x i n g  p r o b l e m s  and t h e  coup l ing  of t h e  t w o  
w e r e  c o n s i d e r e d .  
(MIXING, VENTING, KINETICS) 

H 7 3  33058 HEAT ADDITION I N  SUPERSONIC FLOW BY MEANS O F  
HYDROGEN COMBUSTION ON A FLAT PLRTE I N  TANGENTIAL FLOW 
M a u r e r ,  F., ( C o l o g n e ) ,  DGLR 7 1 ,  4 t h  DGLR A n n u a l  M e e t i n g ,  
B a d e n - B a d e n ,  W e s t  G e r m a n y ,  O c t  11-13 ' 7 1 ,  A v a i 1 : T A C  

T h e  p r o b l e m  of ex t e rna l  h e a t  a d d i t i o n  i n  supersonic  
f l o w  f o r  p r o d u c i n g  a e r o d y n a m i c  forces is  s t u d i e d ,  supple- 
m e n t e d  by  a one d i m e n s i o n a l  m o m e n t u m  analyses f o r  t h e  f l o w -  
f i e l d  of a f l a t  p l a t e  i n  t a n g e n t i a l  f l o w .  Secondary a i r  
i n j e c t i o n  t h r o u g h  a s l o t  nozz le  is  used for c rea t ing  up- 
s t r e a m  a n d  d o w n s t r e a m  r ec i r cu l a t i on  zones. B y  adding 
h y d r o g e n  t o  t h e  u p s t r e a m  f l o w  and i n g n i t i n g  w i t h  a spark 
device, a stable f l a m e  is  p r o d u c e d .  
(SUPERSONIC, FLOW, COMBUSTION) 

H 7 3  33059 GENERATION OF HIGH STAGNATION TEMPERATURES 
BY PRECOMBUSTION OF HYDROGEN 
A l v e r m a n n ,  W.,  DLR-FB-67-05,  I n  G e r m a n ,  Ja 6 7 ,  A v a i 1 : T A C  

F o r  m i x t u r e  of a i r  and o x y g e n  h e a t e d  by p r e c o m b u s t i o n  
of h y d r o g e n  and c o n t a i n i n g  21% o x y g e n  b y  v o l u m e  w h i c h  can 
be u s e d  as a s u b s t i t u t e  f o r  a i r  i n  t h e r m o g a s d y n a m i c  in- 
ve s t i ga t i ons  w i t h  h i g h  M a c h  n u m b e r ,  t h e  t e m p e r a t u r e  of 
t h e  a i r  before c o m b u s t i o n ,  required for  p r e d e t e r m i n e d  
t e m p e r a t u r e s  of t h e  m i x t u r e ,  is  calculated f o r  several 
h y d r o g e n  contents .  F u r t h e r m o r e  t h e  e q u i l i b r i u m  com- 
po s i t i ons  of t h e  d i f f e r e n t  a i r - o x y g e n - h y d r o g e n  s y s t e m s  
are determined f o r  va r ious  t e m p e r a t u r e s  a n d  pressures.  
(GENERATION, COMBUSTION) 

H 7 3  33060 DIFFUSION FLAMES AND SUPERSONIC COMBUSTION 
D a R i v a ,  I., A. L i n a n ,  E. F r a g a ,  and J. U r r u t i a ,  (Institute 
N a c i o n a l  de T e c n i c a  A e r o e s p a c i a l ,  M a d r i d ,  S p a i n ) ,  N 7 0 - 1 1 9 3 5 ,  
A D - 6 9 3 3 4 1 ,  Je 69, A v a i 1 : T A C  



used for t h e  ana lys i s  of t h e  H 2 - A i r  reaction i n  t h e  
t e m p e r a t u r e  and pressure range of i n t e r e s t  t o  S u p e r s o n i c  
C o m b u s t  ion. 
(RATE, EXPANSION, REACTION) 

H 7 3  33061 AN ANALYSIS O F  INTERNAL SUPERSONIC FLOWS 
WITH D I F F U S I O N ,  D I S S I P A T I O N  AND HYDROGEN-AIR COMBUSTION 
D a s h ,  S., ( A d v a n c e d  T e c h n o l o g y  L a b s ,  Inc. ~ e r i c h o ,  N.Y.) , 
N 7 0 - 4 2 1 6 0 ,  NASA-CR-111783,  M a y  7 0 ,  A v a i 1 : T A C  

U s i n g  a m o d i f i e d  c h a r a c t e r i s t i c  c a l cu l a t i on  a c c o u n t i n g  
f o r  d i f f u s i o n  n o r m a l  t o  t h e  s t r e a m l i n e s  and f i n i t e  ra te  
c h e m i s t r y  a l o n g  t h e m ,  w i t h  pressure v a r i a t i o n s  b o t h  a long 
and n o r m a l  t o  t h e  s t r e a m l i n e s ,  a s y s t e m  of equa t ions  is  
presented w h i c h  is of a h y p e r b o l i c - p a r a b o l i c  n a t u r e .  
(COMPUTER, NOZZLE) 

H 7 3  3 3 0 6 2  TWO-DIMENSIONAL, SUPERSONIC MIXING OF 
HYDROGEN AND A I R  NEAR A  WALL 
Y a t e s ,  C.L.,  ( A p p l i e d  P h y s i c s  L a b . ,  J o h n s  H o p k i n s  U n i v . ,  
S i l v e r  S p r i n g ,  M d . ) ,  N 7 1 - 2 0 1 2 7 ,  NASA-CR-1793, M a r  7 1 ,  
A v a i l  :TAC 

P a r a l l e l  i n jec t ion  of h y d r o g e n  a t  M a c h  1.19 f r o m  a 
r e c t a n g u l a r  w a l l - s l o t  i n t o  a M a c h  2 .1  a i r s t r e a m  w a s  
e x p e r i m e n t a l l y  i nves t iga ted  u s i n g  i n s t r e a m  probes. T h e  
d e v e l o p m e n t  of pressure, t e m p e r a t u r e ,  c o m p o s i t i o n  and 
ve loc i ty  profi les  w a s  m e a s u r e d  t o  a d o w n s t r e a m  d i s t ance  
of 30 s l o t  h e i g h t s  f o r  t w o  va lues  of t h e  h y d r o g e n - t o - a i r  
mass f l u x  ratio: 0.088 and 0.120. F r o m  t h e  da ta ,  there 
are d e t e r m i n e d  t h e  g r o w t h  rates of t h e  t u r b u l e n t  species, 
energy,  and m o m e n t u m  t r a n s f e r  l a y e r  th icknesses ,  and t h e  
decay rates of t h e  composit ion,  t e m p e r a t u r e  and v e l o c i t y  
m a x i m a  . 
(PRESSURE,  TURBULENCE, TEMPERATURE) 

H 7 3  3 3 0 6 3  S T U D I E S  O F  HYDROGEN-AIR SUPERSONIC COMBUSTION 
A T  LOW D E N S I T I E S  
D r e w r y ,  J.E., and R.G. D u n n ,  (USAF,  A e r o s p a c e  R e s e a r c h  L a b s . ,  
W r i g h t - P a t t e r s o n  AFB,  O h i o ) ,  R. E d e l m a n ,  and 0. For tune 
( G e n e r a l  A p p l i e d  Science L a b s . ,  Inc . ,  W e s t b u r y ,  N.Y.) , 
C o m b u s t i o n  I n s t i t u t e ,  F a l l  M e e t i n g ,  M e n l o  P a r k ,  C a l i f . ,  
O c t .  2 8 - 2 9  '68 ,  P a p e r  6 8 - 2 9 ,  A v a i 1 : T A C  

A n  i n v e s t i g a t i o n  of supersonic  c o m b u s t i o n  as  related 
t o  propulsive s y s t e m s  f o r  h i g h  M a c h  n u m b e r ,  h i g h - a l t i t u d e  



f l i g h t  is descr ibed .  A method o f  l a b o r a t o r y  s imu la t ion  
is  employed which i s  cons idered  t o  b e  s u i t a b l e  f o r  
fundamental s t u d i e s  of  d i f f u s i o n a l - c o n t r o l l e d  supersonic  
combustion under c o n d i t i o n s  approaching t h o s e  of a c t u a l  
f l i g h t .  
(SIMULATION, COMPUTER, IGNITION, NUMERICAL SOLUTION) 

H73 33064 COMPUTATIONAL STUDY OF THE KINETICS OF THE 
HYDROGEN-OXYGEN REACTION BEHIND STEADY STATE SHOCK WAVES, 
APPLICATION TO THE COMPOSITION LIMITS AND TRANSVERSE 
STABILITY OF GASEOUS DETONATIONS 
Dove, J.E., and T.D. Tribbeck,  (Toronto Univ., Ontar io ,  
Canada),  As t ronau t i ca  Acta ,  V 15:387-397, 70, Avai1:TAC 

The r a t e  equa t ions  f o r  t h e  H2-O2 r e a c t i o n  have been 
i n t e g r a t e d  numer ica l ly  under t h e  c o n d i t i o n s  of s t e a d y  
flow i n  a Zeldovich-Doring-von Neumann de tona t ion .  The 
r e a c t i o n  k i n e t i c  behavior  of t h e  H2-O2 system under con- 
d i t i o n s  c l o s e  t o  t h e  i so the rma l  branched-chain explos ion  
limits i s  considered.  The a p p l i c a t i o n  t o  d e t o n a b i l i t y  
l i m i t  c a l c u l a t i o n s  i s  d i scussed .  
(RATE, DETONATION, INDUCTION) 

H73 33065 INITIATION OF DETONATION BY INCIDENT SHOCK 
WAVES I N  HYDROGEN-OXYGEN-ARGON MIXTURES 
Skinner ,  G.B., G. Muel le r ,  U. G r i m ,  and K. S c h e l l e r ,  
(Ohio S t a t e  Univ. Research Foundation,  Columbus, O . ) ,  
Report No. ARL-68-9320, J a  68, Combustion and Flame, V 12: 
436-442 N l  Oct 68, Avai1:TAC 

A series of exper iments  was c a r r i e d  o u t  t o  demonstra te  
i n  d e t a i l  t h e  s t e p s  by which a chemical  r e a c t i o n  i n i t i a t e d  
by a shock wave couples  t o  t h e  wave. Shock speed,  p r e s s u r e ,  
and h e a t  t r a n s f e r  measnrements gave complementary informa- 
t i o n  on t h e  process .  The hydrogen-oxygen r e a c t i o n  t h a t  
was s t u d i e d  i s  t y p i c a l  of  many gaseous combustion r e a c t i o n s  
i n  having a temperature-dependent i g n i t i o n  induc t ion  time. 
Once r e a c t i o n  s t a r t s ,  energy is g iven  -to t h e  i n c i d e n t  
shock wave so t h a t  i n d u c t i o n  t i m e s  of  succes s ive  e lements  
of gas  become s h o r t e r .  During t h i s  per iod  of dec reas ing  
induc t ion  t ime t h e  shock wave i s  a c c e l e r a t e d  t o  a h igh  
t r a n s i e n t  va lue .  L a t e r  t h e  v e l o c i t y  f a l l s  o f f  a s  t h e  in-  
duc t ion  t ime reaches  a s h o r t ,  c o n s t a n t  i n t e r v a l  and t h e  
r e a c t i o n  occurs  c l o s e  behind t h e  shock wave. 
(IGNITION, VELOCITY) 



H73 33066 CHEMICAL KINETICS OF TEE SHOCK-INTEGRATED 
COMBUSTION OF HYDROGEN AT HIGH PRESSURE AND LOW 
TEMPERATURES 
Wakefield, C.B., D.L. Ripley,  and W.C. Gardiner ,  (Texas 
Univ., Dept. of  Chemistry, Aus t in ,  Tex.) ,  Journa l  of  
Chemical Physics ,  V 50:325-332 N 1  J a  1 '69, Avai1:TAC 

The i g n i t i o n  mechanism of t h e  hydrogen-oxygen explos ion  
a t  temperatures  nea r  l O O O K  and p r e s s u r e s  g r e a t e r  than  1 
atmosphere was i n v e s t i g a t e d  t h e o r e t i c a l l y  us ing  t h e  com- 
p l e t e  a n a l y t i c  s o l u t i o n  t o  t h e  k i n e t i c  equa t ions  of an  
abb rev ia t ed ,  l i n e a r i z e d  mechanism and numerical  i n t e g r a t i o n  
o f  t h e  f u l l  convent iona l  mechanism f o r  t h e s e  cond i t i ons .  
I t  w a s  found t h a t  t h e  a n a l y t i c  s o l u t i o n  of t h e  s i m p l i f i e d  
mechanism i s  capable  o f  o n l y  a  q u a l i t a t i v e  d e s c r i p t i o n  
of t h e  second l i m i t  e f f e c t  observed i n  r e f l e c t e d  shock 
exper iments  on i g n i t i o n  d e l a y s ,  and cannot be  forced  t o  
y i e l d  q u a n t i t a t i v e  agreement. 
( I G N I T I O N ,  DETONATION, COMPUTER) 



H73 34000 FUEL CELLS - PRESENT POSITION AND OUTSTANDING 
PROBLEMS 
Barak,  M.,  Advanced Energy Conversion, V 6:29-55 N 1  Ja-Mar 
66 

P r e s e n t  s t a t e  of  development o f  f u e l  c e l l s  i n  United 
S t a t e s ,  Europe and Grea t  B r i t a i n ,  inc lud ing  s t a t i c  and 
p o r t a b l e  systems: ou ts tanding  problems a r e  d i scus sed ,  which 
must b e  so lved  be fo re  r e a l  "breakthrough" i s  achieved,  i n -  
c lud ing  p r o p e r t i e s  of c a t a l y s t s  i n  e l ec t rochemica l  media, 
chemical  p rocesses  of p o l a r i z a t i o n  and r e a c t i o n  mechanisms, 
p a r t i c u l a r l y  when complex o rgan ic  subs tances  are used a s  
f u e l s ,  e l ec t rochemica l  f a c t o r s  causing "drowning" of 
e l e c t r o d e s  whenever wa te r  is  formed a s  product ,  p roduc t ion  
o f  cheap e l e c t r o d e s  and s imple  engineer ing  systems,  and 
u s e  of more e f f e c t i v e  c a t a l y s t s  t o  enable  cheap f u e l s  t o  
b e  used. 
(CATALYST, ELECTRODE, REACTION) 

H73 34001 FUEL CELLS 
Grubb, W.T., and L.W. Niedrach,  (General  E l e c t r i c  Co., Re- 
s e a r c h  and Development Cente r ,  Schenectady, N.Y.),  D i r e c t  
Energy Conversion, e d i t e d  by G.W. Su t ton ,  McGraw-Hill 
Book Co., New York, N.Y., 66, p  39-104 

Discuss ion  of f u e l  c e l l s ,  de f ined  a s  e l ec t rochemica l  
d e v i c e s  t h a t  d i r e c t l y  conve r t  t h e  chemical  energy of a  
f u e l  o x i d a t i o n  r e a c t i o n  i n t o  e l e c t r i c a l  energy. Fue l  
c e l l s  a r e  considered from t h e  p o i n t  of view o f  thermo- 
dynamics which s e t s  t h e  u l t i m a t e  l i m i t a t i o n  on energy 
d e n s i t y ,  from t h e  p o i n t  of  view of t h e  k i n e t i c s  of  e l e c t r o -  
chemical  r e a c t i o n s  and t r a n s p o r t  p rocesses  which s e t  prac- 
t i c a l  l i m i t s  on energy d e n s i t y  and a r e  s u b j e c t  t o  improve- 
ment, and from t h e  p o i n t  of  view o f  t h e  s t a t e  of  develop- 
ment o f  r e p r e s e n t a t i v e  t ypes  of f u e l  c e l l s .  I t  i s  con- 
s i d e r e d  t h a t  f u e l  c e l l s  w i l l  always be ve ry  complex i n  
t h e  chemical  s ense ,  and t h e r e  w i l l  be many types  of p o s s i b l e  
f u e l  c e l l s  i n  keeping w i t h  t h e  wide d i v e r s i t y  of  chemical  
r e a c t i o n s  t h a t  may be involved.  It i s  h i g h l y  probable  t h a t  
some t y p e s  of f u e l  c e l l s  w i l l  b e  s u c c e s s f u l  i n  a  p r a c t i c a l  
way. 
(FUEL CELL, ENERGY) 

H73 34002 THE PRESENT AND FUTURE OF FUEL CELLS 
B a g o t s k i i ,  V.S., and A.M. Skundin, (Army Fore ign  Science 
and Technology Center ,  C h a r l o t t e s v i l l e ,  Va.), Khimiya v  
Shkole  N3:lO-16 70, Avai1:TAC 

T h e  o p e r a t i o n  of a  f u e l  ce l l  i s  b r i e f l y  desc r ibed ,  



and t h e  chemical  r e a c t i o n s  upon which t h e  produc t ion  of 
e l e c t r i c i t y  is based a r e  o u t l i n e d .  Poss ib l e  a p p l i c a t i o n s  
of f u e l  e lements  i n  power eng inee r ing  a r e  a l s o  d i scussed .  
(REACTION, POWER) 

H73 34003 DIRECT CONVERSION OF CHEMICAL ENERGY INTO 
ELECTRICAL ENERGY - BATTERIES AND FUEL CELLS 
Lespinasse ,  B., Sciences  e t  I n d u s t r i e s  S p a t i a l e s ,  V 1:63-8, 
N7-8 65 

Discuss ion  of hydrogen f u e l  cel ls ,  t he  on ly  ones a t  
p r e s e n t  planned f o r  space use .  C e l l s  de r ived  from t h e  Bacon 
c e l l ,  which e s s e n t i a l l y  comprises two s i n t e r e d  n i c k e l  
e l e c t r o d e s ,  of  two d i f f e r e n t  p o r o s i t i e s ,  w i t h  a c e n t r a l  
compartment f i l l e d  w i th  an  e l e c t r o l y t e  (KOH),  and w i t h  
t h e  l a t e r a l  compartments being supp l i ed  w i t h  gaseous 
hydrogen and oxygen, a r e  examined i n  terms of t h e  reac-  
t i o n s  a t  t h e  e l e c t r o d e s ,  t h e  e l ec t romot ive  f o r c e ,  and 
c u r r e n t  d e n s i t y .  Membrane c e l l s  a r e  s i m i l a r l y  i n v e s t i g a t e d .  
Comments a r e  made on t h e  decomposi t ion of t h e  p o l a r i z a t i o n  
curve,  t h e  e f f i c i e n c y ,  and t h e  h e a t  t o  be  disposed o f .  
The Gemini and Apol lo  f u e l  c e l l s  a r e  b r i e f l y  desc r ibed .  
(REACTION, MEMBRANE, NICKEL) 

H73 34004 ELECTROCHEMICAL FUEL CELLS 
Sandstede,  G. ( B a t t e l e -  I n s t i t u t ,  Frankfurt /Main,  Germany), 
F o r t s c h r .  Chem. Forsch. ,  V 8:171-221 N2  67 

Elec t rochemica l  combustion r e a c t i o n s ,  H and hydro- 
carbon f u e l  c e l l s ,  and t h e  c o n s t r u c t i o n  of f u e l  c e l l  b a t -  
t e r i e s  a r e  d i scussed .  
(REACTION, CONSTRUCTION) 

H73 34005 FUEL CELL AS ENERGY CONVERSION DEVICE 
Gupta, C.P., ( U n i v e r s i t y  of Roorkee, I n d i a ) ,  J o u r n a l  of  
t h e  I n s t i t u t i o n  o f  Engineers ,  V 48:160-87 N10, J e  3 ' 68  

The hydrogen-oxygen f u e l  c e l l s  a r e  a t  p r e sen t  i n  t h e  
most advanced s t a g e  of development. Hydrogen-oxygen ion- 
exchange membrane f u e l  c e l l  i s  i n  a r e l a t i v e l y  advanced 
s t a g e  of development. I t  o p e r a t e s  a t  approximately atmos- 
p h e r i c  p r e s s u r e ,  and t h e  tempera tures  w i t h i n  t he  c e l l  
a r e  40 t o  60 C. One v e r s i o n  o f  a h igh  temperature  f u e l  
c e l l ,  o p e r a t i n g  above 500 C u s e s  mol ten a l k a l i  ca rbona tes  
a s  e l e c t r o l y t e .  The e l e c t r o l y t e  i s  u s u a l l y  held  i n  a 



sponge- l ike  ceramic ma t r ix .  More advanced c e l l s  may g ive  
power d e n s i t i e s  of 2  t o  10 kwycu f t  a t  an o v e r a l l  e f f i c i e n c y  
of about  60%. 
(MEMBRANE, ELECTROLYTE) 

H73 34006 FUEL CELLS 
Gregory, D.P., (Energy Conversion Ltd . ,  Basingstoke.  
England),  Endeavor, V 28:8-12 N103 Ja 69, Avai1:TAC 

Review o f  developments i n  va r ious  a c i d ,  a l k a l i n e ,  
and molten s a l t  systems,  and a p p l i c a t i o n s ;  f u e l  c e l l s  a l l ow 
r e a c t i o n  o f  two m a t e r i a l s  t o  occur  i n  e l ec t rochemica l  
p roces s  t o  p rov ide  e l e c t r i c  c u r r e n t :  i t  o p e r a t e s  w i t h  no 
moving p a r t s ,  which l e a d s  t o  n o i s e l e s s  and r e l i a b l e  
ope ra t ion ;  u n i v e r s a l  f u e l  of  c e l l  is  hydrogen, and prob- 
lems and methods of conve r t i ng  inexpensive hydrocarbon 
f u e l s  to  hydrogen i n  p o r t a b l e  equipment a r e  noted:  mod- 
i f i e d  Bacon-type f u e l  c e l l  f o r  Apol lo  s p a c e c r a f t ,  
i n t e r n a l  reforming system w i t h  pal ladium f o i l  anodes,  
e l e c t r o v a n  w i t h  speed o f  70 mph and 150-mi range,  p o r t a b l e  
r a d i o  power supply,  e t c ,  a r e  among systems d i scussed .  
(ACID,  ALKALINE, MOLTEN SALT) 

H73 34007 . FUEL CELLS - ELECTROCHEMICAL ENERGY CON- 
VERTERS OF FUTURE 
Doehren, H.H. von, I n t  E l e c t r o n i s c h e  Rundschau, V 19:63-7 
N2  Fe 65 

P r i n c i p l e s  of o p e r a t i o n ,  d e s i g n ,  economic considera-  
t i o n s ,  and s t a t e - o f - a r t  r e p o r t  of f u e l  c e l l s :  thermodynamic 
fundamentals;  review of v a r i o u s  t y p e s  of f u e l ;  advantages  
of f u e l  c e l l  w i t h  view t o  t h e i r  a p p l i c a t i o n  i n  f u t u r e .  
(COST, THERMODYNAMICS, DESIGN) 

H73 34008 FUEL CELLS: MODERN PROCESSES FOR THE ELECTRO- 
CHEMICAL PRODUCTIONS OF ENERGY 
V i e l s t i c h ,  W. ,  (Bonn U n i v e r s i t a t ,  Bonn, West Germany), 
T r a n s l a t i o n  of Brennstoffe lemente:  Moderne Verfahren z u r  
Elektrochemischen Energiegewinnung, Weinheim, W e s t  Germany, 
Verlag Chemie GmbH, 65, London and New York, Wiley-Inter-  
s c i ence ,  70, Avai1:TAC 

An a t tempt  i s  made t o  p r e s e n t  a  comprehensive b u t  
conc ise  account o f  r e s e a r c h  and development i n  t h e  f i e l d  
of t h e  d i r e c t  g e n e r a t i o n  o f  e l e c t r i c a l  energy by e l e c t r o -  
chemical  p roces ses ,  t o  t h e  s t a g e  achieved i n  1964. The 
r e s u l t s  of e x t e n s i v e  h i t h e r t o  unpubl ished r e sea rch  a r e  in- 
cluded.  The e l ec t rochemica l  methods f o r  s t o r i n q  e l e c t r i c  - 
energy a r e  examined e p a r a t i o n  of t h e  i so-  



t o p e s  o f  hydrogen accompanying t h e  e l e c t r o l y s i s  o f  aqueous  
s o l u t i o n s .  I n  c o n c l u s i o n ,  t h e  who le  f i e l d  is b r i e f l y  re- 
viewed and p o s s i b i l i t i e s  o f  f u t u r e  a p p l i c a t i o n s  of t h e  new 
s o u r c e s  o f  e n e r g y  are d i s c u s s e d .  The book is i n t e n d e d  n o t  
o n l y  f o r  e l e c t r o c h e m i s t s  b u t  f o r  a l l  g r o u p s  o f  r e s e a r c h  
w o r k e r s  i n t e r e s t e d  i n  e n e r g y  c o n v e r s i o n .  
(ELECTRODE, CONSTRUCTION) 

H73 34009 FUEL CELLS: THEORY AND APPLICATION 
H a r t ,  A.B., ( C e n t r a l  E l e c t r i c i t y  G e n e r a t i n g  Board,  S u r r e y ,  Eng.) ,  
and  G . J .  Womack, ( C e n t r a l  E l e c t r i c i t y  G e n e r a t i n g  Board,  South-  
hampton, Eng. ) ,  B a r n e s  and  Noble ,  I n c . ,  N.Y., 6 7 ,  Avai1:TAC 

P r a c t i c a l  and e x p e r i m e n t a l  f u e l  ce l l s  are d i s c u s s e d  i n  
t h i s  t e x t .  A r e a s  cove red  i n c l u d e  t h e  thermodynamics of g a l -  
v a n i c  ce l l s ,  t h e  k i n e t i c s  o f  f u e l  c e l l  p r o c e s s e s ,  t h e  l i m i t i n g  
problems i n  f u e l  cel ls ,  t h e  f u e l  c e l l  as a s u p p l i e r  o f  l a r g e -  
scale i n d u s t r i a l  power, and t h e  a p p l i c a t i o n  o f  f u e l  ce l l s  t o  
m e c h a n i c a l  power p l a n t  s y s t e m s  and space e x p l o r a t i o n .  S o u r c e s  
o f  v o l t a g e  loss  when c u r r e n t  is drawn from a c e l l  are r e l a t e d  
q u a n t i t a t i v e l y  t o  c e l l  d e s i g n  c h a r a c t e r i s t i c s .  Per formance  
c h a r a c t e r i s t i c s  o f  oxygen e l e c t r o d e s ,  po rous  metal elec- 
t r o d e s  a s  a  f u n c t i o n  o f  t h e i r  s t r u c t u r e ,  and hydrocarbon 
g a s  e l e c t r o d e s  are a l s o  examined.  
(THERMODYNAMIC, GALVANIC, ELECTRODE) 

H 7 3  34010 MASS EXCHANGE I N  A HYDROGEN-OXYGEN FUEL CELL 
WITH A CAPILLARY MEMBRANE 
Bogotzsky ,  V.S., (Academy o f  S c i e n c e s  o f  t h e  USSR, Moscow, 
USSR), and Yu.M. Volf 'kovich,  J o u r n a l  Appl.  Elec t rochem,  
V 2:315-325 N 4 ,  Nov 7 2 ,  Avai1:TAC 

The c o n c e n t r a t i o n  and p o t e n t i a l  g r a d i e n t s  a c r o s s  a n  e l e c -  
t r o l y t e - c o n t a i n i n g  membrane o f  t h e  hydrogen-oxygen f u e l  c e l l  
have  b e e n  c a l c u l a t e d  t a k i n g  i n t o  a c c o u n t  t h e  f o l l o w i n g  p r o c e s s e s :  
d i f f u s i o n  o f  a l l  s o l u t i o n  components ,  i o n  m i g r a t i o n  i n  t h e  
e lec t r i c  f i e l d ,  p e r m e a t i o n  f l u x  o f  t h e  s o l u t i o n ,  e x t e r n a l  w a t e r  
v a p o r  f l o w s ,  w a t e r  v a p o r  t r a n s p o r t  i n  g a s  b u b b l e s .  A t h e o r y  o f  
t h e  s e l f - r e g u l a t i o n  o f  w a t e r  remaoval  h a s  been  d e v e l o p e d ,  which 
t a k e s  a c c o u n t  o f  t h e  mass exchange  c o n d i t i o n s  i n  t h e  membrane 
and  i n  t h e  whole  f u e l  ce l l ,  as w e l l  as c a p i l l a r y  membrane. The 
s e l f - r e g u a l t i o n  o f  w a t e r  removal  d u r i n g  changes  o f  t h e  cu r -  
r e n t  o r  d u r i n g  changes  o f  p a r a m e t e r s  i n f l u e n c i n g  t h e  rate o f  
w a t e r  removal ,  as w e l l  as t h e  s e l f - r e g u l a t i o n  i n  t h e  c a s e  o f  a  
non-uniform p r o c e s s  d i s t r i b u t i o n  o v e r  t h e  e l e c t r o d e  s u r f a c e  have  
b e e n  c o n s i d e r e d .  



H73 34011 PHYSICAL AND TECHNICAL PROBLEMS OF DIRECT 
CONVERSION OF CHEMICAL ENERGY INTO ELECTRICAL 
Lidorenko, N.S., V.E. Emitrenko, F.R. Yppets, G.F. Muchnik, 
and I .A.  Zaidenrnan, (Akademiya Nauk, USSR), Ene rge t ika  i 
Transpor t ,  N4:3-12 68, Avai1:TAC 

An a n a l y s i s  is made o f  t h e  b a s i c  power a s p e c t s  of  t h e  
problem o f  developing f u e l  c e l l s .  From a p h y s i c a l  energy 
p o i n t  of  view t h e  system of e l ec t rochemica l  g e n e r a t o r s  
(ECG) i s  examined on t h e  b a s i s  of  an  a n a l y s i s  of t h r e e  
components-the ECG i t s e l f  and t h e  systems of a c c e s s o r i e s  
and au tomat ic  adjustment ,  t h e  c r e a t i o n  of which i s  com- 
b ined  w i t h  t h e  s o l v i n g  of a number of s p e c i f i c  problems. 
The most important  of t h e s e  problems a r e  examined and t h e  
n e c e s s i t y  of t h e i r  o v e r a l l  s o l u t i o n  i s  brought ou t .  A s  
an  example of p r a c t i c a l  r e a l i z a t i o n  oE t h e s e  problems, d a t a  
a r e  c i t e d  f o r  an e l ec t rochemica l  gene ra to r  w i t h  polymeric 
hydrophobic e l e c t r o d e s .  This  g e n e r a t o r  has  promise f o r  
a p p l i c a t i o n  i n  ground t r a n s p o r t  equipment. An a n a l y s i s  
i s  made of t h e  technology of manufacture of e l e c t r o d e s ,  
de s ign  of b a t t e r y ,  and volt-ampere c h a r a c t e r i s t i c s .  
Photographs a r e  shown o f  a S o v i e t  ECG wi th  ion-exchange 
membranes and cermet e l e c t r o d e s .  
(POWER, ELECTRODE, MANUFACTURE ) 

H73 34012 THE FUEL CELL CONCEPT, A REVIEW OF BASIC 
PRINCIPLES 
Henry, R . J . ,  N71-15723, DLR-MITT-70-09, J1 70, Avai1:TAC 

The d i s c u s s i o n  of s i n g l e  c e l l  e l e c t r o c h e m i s t r y  in-  
c ludes  performance c h a r a c t e r i s t i c s  of  t h e  Apol lo  f u e l  c e l l  
u s ing  hydrogen-oxygen r e a c t a n t s .  Modern a p p l i c a t i o n s  of 
c e l l s  u s ing  a i r  ox idan t  and hydrocarbon f u e l s  a r e  desc r ibed  
and t h e  r e l a t i v e l y  p o l l u t a n t - f r e e  f u e l  c e l l  exhaus t  i s  com- 
pared w i t h  t h a t  from commercial powerplants.  
(FUEL CELL, REVIEW) 

H73 34013 THE FUEL CELL - WHEN 
L i o r e t ,  P., (Ecole Supe r i eu re  d l E l e c t r i c i t e ,  F r a n c e ) ,  
Sc ience  Progres  Decouverte,  13-19, Je 70, AvailtTAC 

Review o f  t h e  s t a t e  of  t h e  a r t  and of r e c e n t  French 
e f f o r t s  i n  t h e  f i e l d  of f u e l  c e l l s .  An expensive source  
of power, t h e  f u e l  c e l l  has  found s o  f a r  ha rd ly  any o t h e r  
a p p l i c a t i o n  than i n  space  miss ions .  I s  i t  doomed t o  re- 
main a l a b  c u r i o s i t y  o r  w i l l  i t  one day compete w i th  con- 
v e n t i o n a l  sou rces  of power. A t  l e a s t  one French group 
o f  r e s e a r c h e r s  hope t o  b e  on a pa th  lead ing  t o  i n d u s t r i a l  



succes s .  
(DESIGN, RESEARCH) 

H73 34014 COMPLETE POWER SOURCES 
pearson,  J . W . ,  i n  An I n t r o d u c t i o n  t o  Fue l  C e l l s ,  e d i t e d  
by K.R. Wil l iams,  American E l s e v i e r  Publ i sh ing  Co., Inc . ,  
N.Y., 66, p  284-309, Avai1:TAC 

Discuss ion  of problems connected w i t h  t h e  c o n s t r u c t i o n  
of f u e l  b a t t e r i e s .  The p r i n c i p a l  m a t e r i a l s  s u i t a b l e  f o r  
low-temperature c e l l s  a r e  summarized i n  a t a b l e .  I t  i s  
noted t h a t  a  hydrogen gene ra to r / fue l  c e l l  system i s  un- 
l i k e l y  t o  be  a  commercial compet i to r  of t h e  d i e s e l  e l e c -  
t r i c  g e n e r a t o r ,  un l e s s  economics is n o t  t h e  s o l e  c o n s i d e r a t i o n .  
One p o s s i b l e  excep t ion  i s  t h e  combination o f  a  high-pres- 
s u r e  e l e c t r o l y z e r  and a  v e h i c l e  powered by f u e l  c e l l s .  
This  is o n l y  l i k e l y  t o  b e  economic i n  s p e c i a l  c i rcumstances ,  
f o r  example, i f  t h e  e l e c t r i c  v e h i c l e  is  requi red  f o r  f u l l -  
t i m e  ( 2 4  hr/day) opera t ion .  The f u e l  c e l l  v e h i c l e  could 
b e  r a p i d l y  recharged w i t h  hydrogen and oxygen from s t o r a g e  
f ed  by t h e  e l e c t r o l y z e r .  I t  i s  po in ted  ou t  t h a t  i f  o t h e r  
c o n s i d e r a t i o n s  outweigh economics, then  t h e  hydrogen gen- 
e r a t o r  and f u e l  c e l l  may f i n d  a p p l i c a t i o n s .  Design 
s t u d i e s  f o r  submarine p l a n t s  sugges t  t h a t  m i l i t a r y  a p p l i -  
c a t i o n  are being s e r i o u s l y  cons idered .  
(COST, VEHICLE) 

H73 34015 BRINGING THE FUEL CELL DOWN TO EARTH 
Less ing ,  L.,  For tune ,  129-132, Sep t  66 

I n  essence ,  a  f u e l  c e l l  i s  a  dev ice  f o r  conver t ing  
chemical  energy  d i r e c t l y  i n t o  e l e c t r i c a l  energy. By 
b r i n g i n g  hydrogen and oxygen gas  t o g e t h e r  i n  a  c o n t r o l l e d  
way on c a t a l y t i c  plat inum e l e c t r o d e s ,  we could re-form 
wa te r  and i n  t h e  course  of t h e  r e a c t i o n  t a p  o f f  an e l e c -  
t r i c  c u r r e n t .  The same p r i n c i p l e  a p p l i e d  t o  many chemical 
r e a c t i o n s .  So  f a r  t he  f u e l  c e l l  has  proved t o  be  u s e f u l  
on ly  i n  v e r y  s p e c i a l  c i rcumstances ,  i n  space and m i l i t a r y  
a p p l i c a t i o n s .  Eventua l ly ,  f u e l  cells may supply  a  new 
source  of power f o r  s p e c i a l  v e h i c l e s ,  t r u c k s ,  f a s t  t r a i n s ,  
even automobi les .  
(POWER, VEHICLE) 



H73 34016 CONCENTRATION CHANGES I N  OPERATING FUEL CELLS 
Lundquist ,  J.T., Jr. and W.M. Vogel, ( P r a t t  & Whitney 
A i r c r a f t ,  Middletown, Conn.),  Jou rna l  of t h e  ~ l e c t r o c h e m i c a l  
S o c i e t y ,  V 116:1066 N8 Aug 69 

The high c u r r e n t  d e n s i t i e s  a t  which f u e l  cells o p e r a t e  
g i v e  r i s e  t o  l a r g e  c o n c e n t r a t i o n  changes a c r o s s  t h e  porous 
m a t r i x  employed i n  most of t h e s e  c e l l s .  These changes 
were measured i n  c e l l s  e s p e c i a l l y  cons t ruc t ed  f o r  t h e s e  
d e t e r m i n a t i o n s  us ing  aqueous potassium hydroxide and 
phosphoric  a c i d  a s  e l e c t r o l y t e s .  P a r t  of t h e  r e s u l t i n g  
v o l t a g e  l o s s e s  of t h e  f u e l  c e l l s ,  due t o  p~ changes and 
l i q u i d  j unc t ion  p o t e n t i a l s ,  were measured. A t h e o r e t i c a l  
t rea tment  i s  p re sen ted  which a c c u r a t e l y  d e s c r i b e s  t h e  
exper imenta l  d a t a .  
(FUEL CELL, CURRENT DENSITY) 

H73 34017 ELECTROCATALYTIC REACTIONS 
Makrides,  A.C., 20th Annual Power Sources Conference - 
Proceedings ,  (U.S. Army E l e c t r o n i c s  Labs, F o r t  Monmouth, 
N.J.), May 24-26 '66,  p  5-8, Avai1:TAC 

Review of r e l a t i o n s h i p ,  c o n s t i t u t i n g  b a s i c  p r i n c i p l e  
of  f u e l  c e l l  e l e c t r o l y s i s ,  between atomic composit ion and 
e l e c t r o d e  p r o p e r t i e s  f o r  hydrogen, oxygen, and hydrocar- 
bon o x i d a t i o n  r e a c t i o n s :  r a t e s  of  e l e c t r o d e  r e a c t i o n s  ex- 
amined a s  f u n c t i o n s  of e lect ron-exchange r e a c t i o n s :  e l e c -  
t r o d e  composit ion de te rmines  i n t e r a c t i o n  r a t e  between 
r e a c t a n t s  and e l e c t r o d e  s u r f a c e :  hydrogen, oxygen, and 
hydrocarbon o x i d a t i o n  r e a c t i o n s  considered i n  r e l a t i o n  t o  
e l e c t r o d e  r e a c t i v i t y  a s  determined e i t h e r  by i n t r i n s i c  
chemical  p r o p e r t y  of i n d i v i d u a l  s u r f a c e  atoms, o r  by 
e l e c t r o n i c  energy s t a t e s  of e l e c t r o d e  m a t e r i a l  a s  whole. 
(FUEL CELL, ELECTRODE, REACTION) 

H73 34018 HYDROGEN SOURCES FOR FUEL CELLS 
Singman, D. ,  and A.F. F o r z i a t i ,  (Harry Diamond Labs.,  
Washington, D.C.) ,  N64-12661, AD-424580, Nov 1 63, Avai1:TAC 

Commercially a v a i l a b l e  gas ,  l i q u i d ,  and chemical  
sources  of hydrogen f o r  u s e  w i t h  f u e l - c e l l  b a t t e r i e s  a r e  
compared. Cryogenic s t o r a g e  i s  shown t o  be  t h e  most 
e f f i c i e n t  on bo th  weight  and volume bases .  Chemical gen- 
e r a t o r s  a r e  s u i t a b l e  f o r  a p p l i c a t i o n s  r e q u i r i n g  moderate 
q u a n t i t i e s  of hydrogen gas  a t  i n f r equen t  pe r iods .  Com- 
pressed-gas  c y l i n d e r s  a r e  convenient  when s m a l l  q u a n t i t i e s  
of hydrogen a r e  d e s i r e d .  A b ib l iog raphy  of s e l e c t e d  pub- 



l i c a t i o n s  o f  t h e  p a s t  f i v e  y e a r s  is included.  
(FUEL CELL, BATTERY) 

H73 34019 ENERGETICS: FUEL-CELL SYSTEMS 
Cohn, E.M., Mechanical Engineer ing,  p 22, J e  66 

An i d e a  t h a t  is  w e l l  over  150 y e a r s  o ld  is  f i n a l l y  
becoming a r e a l i t y  - t h e  convers ion  of f u e l  energy d i r e c t l y  
i n t o  e l e c t r i c a l  energy f o r  use  i n  f u n c t i o n a l  power p l a n t s .  
This  i s  t h e  f u e l  c e l l ,  noted as t h e  on-board power source  
f o r  c e r t a i n  space  m i s s i o n s .  What i s  t h e  f u e l  c e l l ,  and 
j u s t  where does  it go from he re?  
(FUEL CELL, POWER) 

H73 34020 FUEL CELLS FOR CENTRAL POWER GENERATION 
Archer ,  D.H., Mechanical Engineer ing,  p 42, Mar 68 

Under r e sea rch :  S o l i d - e l e c t r o l y t e  f u e l  c e l l s  which 
have t h e  c a p a b i l i t y  t o  produce e l e c t r i c a l  energy from 
c o a l  a t  h igh e f f i c i e n c y  i n  l a r g e - s c a l e  c e n t r a l  s t a t i o n  
power p l a n t s .  
(SOLID-ELECTROLYTE, POWER) 

H 7 3  34021 THE CONVERSION OF ENERGY 
Summers, C.M., S c i e n t i f i c  ~ m e r i c a n ,  149-159, Sep t  71, 
Ava i l  : TAC 

Th i s  paper  p r e s e n t s  many energy convers ion  systems. 
One of them i s  t h e  f u e l  c e l l  which conve r t s  t h e  energy 
i n  hydrogen or l i q u i d  f u e l s  d i r e c t J y  i n t o  e l e c t r i c i t y .  
(F'UEL CELL) 

H 7 3  34022 USE OF HYDROGEN I N  FUEL CELLS 
N u t t a l l ,  L.J., (General  E l e c t r i c  Co., New York, N.Y. ) ,  
S o c i e t y  of Automotive Engineers ,  I n t e r n a t i o n a l  Automotive 
~ n g i n e e r i n g  Congress, D e t r o i t ,  Mich., J a  11-15 '65,  Paper 
994A, Avai1:TAC 

Discuss ion  of t h e  technology of f u e l  c e l l s .  The f u e l  
ce l l  i s  termed an energy-conversion d e v i c e  which needs a 
supply of f u e l  and ox idan t  from an  e x t e r n a l  source .  It 
i s  s t a t e d  t h a t  t h e  g r e a t e s t  i n t e r e s t  shown i n  t h e  f u e l  
c e l l  t o  d a t e  is f o r  use  i n  marine  p ropu l s ion ;  however, 
i n t e r e s t  ha s  been shown i n  i t s  a p p l i c a t i o n  t o  v e h i c l e  
p rop lus ion .  This  i n t e r e s t  w i l l  probably grow a s  t h e  l i f e  
and r e l i a b i l i t y  o f  f u e l  c e l l s  con t inue  t o  improve and a s  
manufactur ing c o s t s  w i l l  be  reduced. Many a p p l i c a t i o n s  
a r e  expected t o  u t i l i z e  hydrocarbon f u e l s  d i r e c t l y .  I t  



i s  n o t e d  t h a t  t h e  e x t e n s i v e  u s e  o f  hydrogen cel ls ,  p a r t i -  
c u l a r l y  o u t s i d e  t h e  s p a c e  power f i e l d ,  w i l l  d e p e n t  very 
much on c o n t i n u i n g  improvements  i n  t h e  state o f  t h e  a r t  
o f  t h e  p r o d u c t i o n ,  s t o r a g e ,  and  h a n d l i n g  t e c h n i q u e s  f o r  
t h e  hydrogen f u e l .  
(FUEL CELL, TECHNOLOGY) 

H73 34023 THE FUEL CELL PROBLEM 
Cohn, E.M., (NASA, Washington ,  D.C., I n s t i t u t e  o f  ~ l e c t r i c a l  
and E l e c t r o n i c s  ~ n g i n e e r s ) ,  I n t e r n a t i o n a l  Conven t ion  and 
E x h i b i t i o n ,  New York, N.Y., Mar 18-21 ' 68 ,  P a p e r ,  Avai1:TAC 

D i s c u s s i o n  o f  t h e  h i s t o r i c a l  background,  development ,  
and o p e r a t i o n  o f  f u e l  cel ls ,  w i t h  s p e c i a l  a t t e n t i o n  de- 
v o t e d  t o  t h e  materials, a p p l i c a t i o n s ,  and e n g i n e e r i n g  
problems o f  f u e l  ce l l s  u s i n g  hydrogen and oxygen ( p u r e  o r  
as a i r ) .  These  p rob lems  i n v o l v e  t h e  m i n i m i z a t i o n  o f  t h e  
amounts o f  p r e c i o u s  p l a t i n u m  and p a l l a d i u m  c a t a l y s t s ,  t h e  
o p t i m i z a t i o n  o f  e l e c t r o d e s  and c e l l  s t r u c t u r e s ,  and t h e  
problem o f  h i g h  c o s t  p e r  k i l o w a t t .  
(HISTORY, APPLICATION, CATALYST) 

1-173 34024 TECHNOLOGY O F  FUEL CELLS 
Tant ram,  A.D.S. ,  P r o c e e d i n g s  o f  t h e  I n s t i t u t i o n  o f  Mechan ica l  
E n g i n e e r s ,  V 178:137-43, 144-55 N5, (Automobi le  D i v i s i o n ) ,  63-64, 
Avai1:TAC 

Review o f  t e c h n o l o g y  and fundamenta l  a s p e c t s ;  b a s i c  
mechanisms,  namely, oxygen c o n c e n t r a t i o n  c e l l s ,  hydrogen 
e l e c t r o d e  ce l l s ,  Redox ce l l s ,  and o t h e r s  a r e  c o n s i d e r e d  
t o  show fundamenta l  r e q u i r e m e n t s  and l i m i t a t i o n s  o f  d i f f e r e n t  
t y p e s  o f  ce l l s ;  s t r u c t u r e s  o f  po rous  and o f  nonporous 
e l e c t r o d e s ;  a d v a n t a g e s  and d i s a d v a n t a g e s  f o r  v a r i o u s  
t e m p e r a t u r e  r a n g e s .  
(REACTION, ELECTRODE, TEMPERATURE) 

H 7 3  34025 MASS TRANSFER I N  ELECTROCHEMICAL FUEL CELLS 
WITH I O N  EXCHANGE MEMBRANES 
Ivanov ,  A.M., T e p l o f i z i k a  Vysokikh Tempera tur  (USSR), V 8:615- 
621  N3, 70, Avai1:TAC 

B a s i c  q u e s t i o n s  c h a r a c t e r i z i n g  t h e  problem o f  optimum 
mass and h e a t  t r a n s f e r  i n  e l e c t r o c h e m i c a l  f u e l  ce l l s  are 
d i s c u s s e d .  The e f f e c t  o f  m a s s - t r a n s f e r  c o n d i t i o n s  on 
t h e  o u t p u t  c h a r a c t e r i s t i c s  of  f u e l  ce l l s  i s  examined, i n  
hydrogen-oxygen f u e l  c e l l s  w i t h  i o n  exchange  membranes. 



The i n h e r e n t  m o i s t u r e  c o n t e n t  o f  i o n  exchange  membranes 
and  o f  t h e  membrane -ca ta lys t  sys t em are a l s o  d e s c r i b e d .  
(FUEL CELL, ION EXCHANGE) 

H73 34026 LOW-TEMPERATURE FUEL CELL SYSTEMS 
pa lmer ,  N . I . ,  c h e m i c a l  ~ n g  i n e e r i n g  P r o g r e s s  Symposium, 
S e r i e s  No. 75, 6 3 ,  p  17,  67, Avai1:TAC 

Low-temperature f u e l  c e l l s  are rev iewed .  Three  
m a j o r  hydrogen-oxygen sys t ems  are compared, A c l a s s i f i c a -  
t i o n  o f  t h e  d i f f e r e n t  t y p e s  o f  h y d r o c a r b o n - a i r  f u e l  ce l l s  
i s  g i v e n .  C o n s t r u c t i o n  and pe r fo rmance  o f  r e p r e s e n t a t i v e  
s y s t e m s  are a n a l y z e d .  
(FUEL CELL, TEMPERATURE) 

H73 34027 HYDROCARBON - A I R  FUEL CELL SYSTEMS 
P e a t t i e ,  C.G. ,  IEEE Spect rum,  V 3:69-76 N6, Je  66  

S t a t u s  o f  h y d r o c a r b o n - a i r  f u e l  c e l l  t e c h n o l o g y  a t  
p r e s e n t  t i m e  is  p r e s e n t e d ;  b a s i c  p r i n c i p l e s  o f  two t y p e s  
of h y d r o c a r b o n - a i r  f u e l  c e l l s ,  namely i n d i r e c t - o x i d a t i o n  
and d i r e c t - o x i d a t i o n  s y s t e m s ,  are o u t l i n e d ;  i n  d i r e c t -  
o x i d a t i o n  ce l ls ,  hydrocarbon f u e l  is  o x i d i z e d  d i r e c t l y  a t  
f u e l  e l e c t r o d e ;  i n  i n d i r e c t - o x i d a t i o n  ce l l s ,  now i n  sys t ems  
e n g i n e e r i n g  development  s t a g e ,  hydroca rbon  f u e l  is  con- 
v e r t e d  i n t o  impure hydrogen,  which may t h e n  be p u r i f i e d  
t o  c e r t a i n  d e g r e e  and i n j e c t e d  i n t o  f u e l  c e l l  modules;  
p r e s e n t  s i t u a t i o n  i n  r e s e a r c h ,  deve lopment ,  and t e c h n o l o g y  
i n  U n i t e d  S t a t e s  and Europe;  f u t u r e  a p p l i c a t i o n s .  
(OXIDATION, RESEARCH) 

H73 34028 HYDROGEN-OXYGEN PRIMARY EXTRATERRESTRIAL 
(HOPE) FUEL CELL PROGRAM PHASE l a  
chapman, L.E., ( G e n e r a l  E l e c t r i c  Co., P h i l a d e l p h i a ,  P a . ) ,  
N63-15187, AF-33(657)896C, F i n a l  R e p o r t ,  Je  62 - O c t  62,  
J a n  63,  Avai1:TAC 

The a c t i v i t i e s  conducted  on t h e  HOPE (hydrogen-oxygen 
p r i m a r y  e x t r a t e r r e s t r i a l  f u e l  s y s t e m )  Phase  l a  program a r e  
d e s c r i b e d .  I n c l u d e d  a r e :  r e s e a r c h  on  e l e c t r o c h e m i c a l  r e a c t i o n s ,  
hydrogen i o n  d i f f u s i o n  t h r o u g h  p o l y m e r i c  membranes, i n t e r n a l  
mass t r a n s p o r t  o f  w a t e r  t h r o u g h  c a p i l l a r y  a c t i o n ,  and mass 
t r a n s p o r t  o f  w a t e r  vapor  t h r o u g h  a n  ambien t  o f  d i a t o m i c  
oxygen g a s  a t  1 a tmosphere  p r e s s u r e .  P r o j e c t  HOPE'S 
u l t i m a t e  o b j e c t i v e  was t h e  d e s i g n  o f  a 500-watt  f u e l - c e l l  
power-system, i n c l u d i n g  c r y o g e n i c  f u e l  s u p p l y ,  f o r  o r b i t a l  
a p p l i c a t i o n s .  
(REACTION, MEMBRANE, WATER) 



H73 34029 FUEL CELLS - THEIR STATUS AND FUTURE OUTLOOK 
Yeager ,  E., (Case-Western-Reserve U n i v e r s i t y ,  C l e v e l a n d ,  O . ) ,  
Chemical  E n g i n e e r i n g  P r o g r e s s ,  V 64: 92-6, S e p t  68 

Examinat ion  of t h e  s t a t e - o f - t h e - a r t  and f u t u r e  p o t e n t i a l  
o f  f u e l  ce l l s  such  a s  hydrogen-oxygen ce l ls ,  h y d r a z i n e -  
oxygen cel ls ,  hydrocarbon-consuming cel ls ,  and sodium 
amalgam-oxygen cel ls .  An H2-O2 t y p e  ( b y  GE) h a s  been  used  
as  n o n p r o p u l s i v e  power s i u r c e  f o r  o r b i t a l  m i s s i o n s  i n  t h e  
Gemini p r o j e c t ;  a n o t h e r  ( b y  P r a t t  and Whitney)  w i l l  b e  
a p p l i e d  i n  t h e  A p o l l o  p r o j e c t :  and a t h i r d  (by  A l l i s  
Chalmers)  i s  u n d e r  s t u d y  f o r  l a t e r  s p a c e  p r o j e c t s .  V o l t a g e  
o u t p u t  u n d e r  o p e r a t i n g  c o n d i t i o n s  i s  a b o u t  0 . 9  V f o r  t h e  
hydrogen-oxygen t y p e .  Problems t h a t  remain  t o  b e  over -  
come i n  a l l  t y p e s  a r e  low power d e n s i t i e s  and s h o r t  o p e r a t i n g  
l i f e .  Some m a t e r i a l s  p rob lems  a r i s e  from t h e  h i g h  o p e r a t i n g  
t e m p e r a t u r e s  r e q u i r e d  i n  t h e  c a s e  o f  t h e  hydrocarbon-con-  
suming ce l l .  I n  r e g i o n s  w i t h  h i g h  cost  o f  e lectr ical  
power t h e  f u r t h e r  development  o f  t h e  sodium amalgam-oxygen 
c e l l  migh t  b e  a t t r a c t i v e .  
(HYDROGEN, HYDRAZ I N E  , HYDROCAmON, TEMPERATURE ) 

H73 34030 FUEL CELLS - PROBLEMS FOR CHEMICAL ENGINEERS 
Barak ,  M . ,  Chemical  and P r o c e s s  E n g i n e e r i n g ,  V 49:89-96, 100 
N4, Apr 68 Avai1:TAC 

F u e l  ce l l s ,  which  p roduce  e l e c t r i c i t y  th rough  Redox 
r e a c t i o n s  i n  e l e c t r o l y t e ,  a r e  n o t  s u b j e c t  t o  Carno t  c y c l e  
l i m i t a t i o n s  and can  be made i n  u n i t s  s u p p l y i n g  power up  
to  s e v e r a l  k i l o w a t t s ;  a r t i c l e  o u t l i n e s  p r i n c i p l e s  o f  
o p e r a t i o n ,  and d i s c u s s e s  c h o i c e  o f  e l e c t r o l y t e ,  f u e l ,  o x i -  
d a n t ,  c a t a l y s t ,  and e l e c t r o d e  material  f o r  e a c h  p a r t i c u l a r  
a p p l i c a t i o n ;  cells f o r  s p a c e  v e h i c l e s ,  e l e c t r i c  t r a c t i o n ,  
s t a t i o n a r y  power p l a n t s  and d o m e s t i c  p u r p o s e s  a r e  d e s c r i b e d .  
(ELECTROLYTE, CATALYST, ELECTRODE, APPLICATION) 

H73 34031 FUEL CELLS - PRESENT POSITION AND FUTURE 
PROSPECTS 
Barak ,  M . ,  ( C h l o r i d e  B a t t e r i e s ,  L t d . ,  Swin ton ,  E n g l a n d ) ,  
N68-28728, AFSC Per fo rmance  F o r e c a s t  o f  S e l e c t e d  S t a t i c  
Energy  Conver s ion  D e v i c e s ,  67 ,  p  496-526 

The s u c c e s s f u l  u s e  o f  hydrogen-oxygen f u e l  ce l l s  i n  
t h e  Gemini s p a c e c r a f t  and  t h e i r  p o t e n t i a l  u s e  i n  t h e  A p o l l o  
s p a c e c r a f t  and l u n a r  e x c u r s i o n  module are reviewed.  O t h e r  
s p e c i a l i z e d  f u e l  c e l l  a p p l i c a t i o n s  are d i s c u s s e d ,  such  



as a n  i n d i r e c t  h y d r o c a r b o n - a i r  b a t t e r y  f o r  f i e l d  conununica- 
t i o n  s y s t e m s ,  hydraz ine-oxygen s y s t e m  b a t t e r y  f o r  submar ines ,  
and hydrogen-oxygen u n i t s  f o r  buoys  and  f o r  e l e c t r i c  t r a c -  
t i o n .  A l s o  c o n s i d e r e d  a r e  t h e  e x p e r i m e n t s  on t h e  d i r e c t  
u s e  o f  c h e a p  o r g a n i c  f u e l s ,  such  as k e r o s e n e  and me thano l ,  
w i t h o u t  a p r e l i m i n a r y  r e f o r m i n g  p r o c e s s .  V a r i o u s  sys t ems  
are b e i n g  i n v e s t i g a t e d  s u c h  as medium t e m p e r a t u r e ,  m o l t e n  
s a l t  e l e c t r o l y t e  (300° t o  ~ O O ~ C ~ ,  h i g h  t e m p e r a t u r e ,  s o l i d  
o x i d e  e l e c t r o l y t e  (800° t o  1200 C ) ;  and  low t e m p e r a t u r e ,  
a c i d  e l e c t r o l y t e  sys t ems .  Summary i n f o r m a t i o n  i s  i n c l u d e d  
on  t h e  r e s e a r c h  b e i n g  conduc ted  i n  G r e a t  B r i t a i n ,  F r a n c e ,  
Germany, S w i t z e r l a n d ,  Sweden, H o l l a n d ,  R u s s i a ,  and Japan .  
(APPLICATION, HYDRAZINE, HYDROCARBON, TEMPERATURE) 

H73 34032 FUEL CELLS, A PROGRESS REPORT 
A u s t i n ,  L.G., B.C. Almaula,  Chemica l  E n g i n e e r i n g ,  V 76:85-91 
N13, Je 1 6  ' 6 9  

Many c h e m i c a l  e n g i n e e r i n g  p rob lems  remain  t o  be s o l v e d  
b e f o r e  t h e  p r o m i s i n g  p o t e n t i a l  o f  f u e l  c e l l s  becomes a 
r e a l i t y .  T h i s  s u r v e y  a l s o  p o i n t s  o u t  t h e  a d v a n t a g e s  and 
d i f f i c u l t i e s  i n v o l v e d  i n  t h e  a d a p t a t i o n  o f  f u e l  ce l ls  t o  
e lec t r ic  cars, f o r k l i f t  t r u c k s ,  and  e l e c t r o c h e m i c a l  p r o c e s s e s  
(APPLICATION, PROBLEM) 

H73 34033 FUEL CELLS 
Bacon, F.T., J o u r n a l  o f  t h e  I n s t i t u t e  o f  F u e l ,  V 38:406-12 
N296, S e p t  6 5  

Reviewing u s e  o f  h y d r a z i n e ,  ammonia, cyc lohexane ,  
and  compressed  hydrogen w i t h  emphas i s  on a d d i t i o n a l  d i f f i -  
c u l t i e s  which ar ise  when a t t e m p t s  are made t o  p roduce  com- 
p l e t e  u n i t s  consuming hydroca rbon  f u e l  and a i r ;  develop-  
m e n t s  i n  f u e l  c e l l  d e s i g n ,  m a i n l y  hydrogen cel ls ;  u s e  of 
compressed  hydrogen i n  p r o p u l s i o n  o f  s h o r t - r a n g e  t r a n s p o r t  
v e h i c l e s ;  r e l a t i v e  m e r i t s  and  s t o r a g e  o f  f u e l  ce l l s .  
(DESIGN, VEHICLE) 

H73 34034 FUEL CELL TECHNOLOGY - A SURVEY OF ADVANCES 
AND PROBLEMS 
WynVeen, R.A., ( A l l i s - C h a l m e r s  M a n u f a c t u r i n g  Co., Milwaukee, 
W i s . ) ,  P r o c e e d i n g s  o f  t h e  A u s t r a l i a n  C o n f e r e n c e  o f  E l e c t r o -  
c h e m i s t r y ,  Sydney and H o b a r t ,  A u s t r a l i a ,  F e  13-20 ' 6 3 ,  
e d i t e d  b y  J.A. F r i e n d  and F. Gutmann, Oxford ,  Pergamon P r e s s ,  
L t d - 0  65, p 611-633, Avai1:TAC 

S u r v e y  o f  r e c e n t  p r o g r e s s  i n  f u e l  c e l l  t e c h n o l o g y ,  



w i t h  t h e  o b j e c t  o f  e v a l u a t i n g  t h e  s t a t e  o f  development  o f  
ce l l s  f o r  v a r i o u s  p roposed  a p p l i c a t i o n s .  The ce l ls  con- 
s i d e r e d  are c l a s s i f i e d  a c c o r d i n g  t o  t h e  r a n g e  o f  f u e l  c o s t  
i n t o  (1) cells  u s i n g  z inc-oxygen,  sodium-oxygen, hydrogen- 
oxygen, and h y d r o g e n - a i r  ( e x p e n s i v e  f u e l s ) ,  ( 2 )  cel ls  
u s i n g  m e t h a n o l - a i r  and methanol-oxygen (medium-cost f u e l s ) ,  
and ( 3 )  h y d r o g e n - a i r  f u e l  ce l ls  ( low-cos t  f u e l s ) .  The 
s u r v e y  i n c l u d e s :  hydrogen-oxygen f u e l  c e l l s ,  c e l l s  em- 
p l o y i n g  c a r b o n  e l e c t r o d e s ,  h i g h - t e m p e r a t u r e / h i g h  p r e s s u r e  
ce l ls ,  t h e    us ti ce l l ,  s o l i d  e l e c t r o l y t e  s y s t e m s ,  o r g a n i c  
and  i n o r g a n i c  membranes, and  t h e  v e h i c l e - h e l d  e l e c t r o l y t e  
sys tem.  
(APPLICATION, ELECTRODE, SOLID-ELECTROLYTE, TEMPERATURE) 

H73 34035 FUEL CELLS, TODAY AND TOMORROW 
P o u l i ,  D., ( A l l i e d  Chemica l  Corp.,  Mor r i s town ,  N.J . ) ,  H e a t ,  
P i p i n g  and A i r  C o n d i t i o n i n g ,  V 42:102-9 N9, S e p t  70 

Review o f  t h e  s t a t e - o f - t h e - a r t  o f  new s o u r c e s  o f  
e n e r g y  c o n v e r s i o n  w i t h  r e s p e c t  t o  f u e l  c e l l s  d e a l s  w i t h  
f u e l  c e l l  components ,  modes o f  e l e c t r o l y t e  r e t e n t i o n ,  
p r o d u c t  removal ,  c l a s s i f i c a t i o n  o f  f u e l  ce l ls ,  c e l l  reac- 
t i o n s ,  v o l t a g e  l o s s e s ,  and p r a c t i c a l  f u e l  c e l l  sys t ems .  
(ELECTROLYTE, SYSTEM) 

H73 34036 ELECTROCHEMICAL PROCESSES I N  FUEL CELLS 
B r e i t e r ,  M.W., ( G e n e r a l  E l e c t r i c  Co., S c h e n e c t a d y ,  N .Y . ) ,  
(Sp r inge r -Ver l ag  New York, I n c . ) ,  Anorgan i sche  und a l l g e -  

meine chemie  i n  E i n z e l d a r s t e l l u n g e n ,  V 9, 69,  Avai1:TAc 
An a n a l y s i s  o f  t h e  fundamenta l  e l e c t r o c h e m i c a l  prob-  

l e m s  i s  p r e s e n t e d  w i t h o u t  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  
p r a c t i c a l  approaches .  Thermodynamic c o n s i d e r a t i o n s  and 
d e f i n i t i o n s  are p r e s e n t e d  t o g e t h e r  w i t h  b a s i c  r e q u i r e m e n t s  
f o r  p r a c t i c a l  f u e l  ce l l s .  The b a s i c  c o n c e p t s  o f  t r a n s -  
p o r t  p r o c e s s  a r e  b r i e f l y  o u t l i n e d .  A r e v i e w  is p r e s e n t e d  
o f  t h e  e f f e c t  o f  t h e  n a t u r e  o f  t h e  e l e c t r o d e  material on 
t h e  k i n e t i c s  o f  e l e c t r o d e  r e a c t i o n s  on homogeneous s u r f a c e s ,  
t a k i n g  i n t o  a c c o u n t  m a i n l y  t h e  p r i m a r y  e f f e c t s .  
(THERMODYNAMICS, ELECTRODE, CATALYST, MEMBRANE) 



H73 34037 A MODEL FOR ANALYZING THE EXPERIMENTAL VOLTAGE- 
CURRENT CHARACTERISTICS OF A HYDROGEN-OXYGEN FUEL CELL 
BATTERY 
Epps, C.M., (Texas Technological  Col lege ,  Lubbock, Tex.) ,  
N71-17675, Ph.D. Thes i s ,  69, Ava i l :  Univ. Microf i lms,  
N o .  70-1469, Avai1:TAC 

A s t e a d y  s t a t e  model is developed f o r  t h e  vo l t age  out-  
p u t  of  a hydrogen-oxygen f u e l  c e l l  b a t t e r y  a s  a  f u n c t i o n  
of b a t t e r y  tempera ture ,  r e a c t a n t  p ressure)  e l e c t r o l y t e  
c o n c e n t r a t i o n ,  and average c e l l  c u r r e n t .  The model in- 
c l u d e s  t h e  e f f e c t s  of a c t i v a t i o n  and c o n c e n t r a t i o n  po la r -  
i z a t i o n  i n  t h e  porous e l e c t r o d e s  and r e s i s t a n c e  po la r i za -  
t i o n  i n  t h e  bu lk  e l e c t r o l y t e .  The r e s u l t s  of  t h e  mathe- 
m a t i c a l  model a r e  f i t t e d  t o  exper imenta l  vo l t age -cu r r en t  
d a t a  f o r  a  hydrogen-oxygen f u e l  ce l l  b a t t e r y  and shown t o  
b e  adequate  f o r  c o r r e l a t i o n  and e x t r a p o l a t i o n  of t h e s e  
d a t a .  

(MODEL, FUEL CELL) 

H73 34038 FUEL CELLS 
Aus t in ,  L.G., (Department of Chemical Engineer ing,  North 
Ca ro l ina  S t a t e  U n i v e r s i t y ,  Ra le igh ,  N.C.) ,  Report No. 
NASA-SP-120. Avai1:TAC 

A review of government-sponsored r e s e a r c h ,  1950-1964. 
(FUEL CELL, REVIEW) 

H73 34039' FUEL CELLS AND ELECTROLYZERS I N  THE HYDROGEN 
ECONOMY 
Appleby, A . J . ,  (Labora to i r e s  d e  Marcoussis ,  F r a n c e ) ,  C c r n e l l  
I n t e r n a t i o n a l  Symposium on t h e  Hydrogen Economy, C c r n e l l  
Un ive r s i t y ,  I t h a c a ,  N.Y., Aug 73, Avai1:TAC 

Conversion o f  wate r  t o  hydrogen by e l e c t r o l y s i s  i s  
advocated w i t h  reconvers ion  o f  hydrogen t o  work by f u e l  c e l l s .  
Fue l  c e l l s ,  e l e c t r o l y z e r s  and e l e c t r o c a t a l y s i s  schemes a r e  
desc r ibed .  
(FUEL CELL, ELECTROLYZER, CONVERSION, ELECTROCATALYSIS, 

ENERGY ) 



H73 34100 ULTRA-PURE HYDROGEN FOR FUEL CELLS 
P f e f f e r l e ,  W.C., SAE Paper  935B, Oct 19-23 '64 

Engelhard Hydrogen Process  (EHP) prov ides  s o l u t i o n  
t o  problem o f  b u i l d i n g  e f f i c i e n t ,  compact hydrogen gener-  
a tors  f o r  f u e l  c e l l  use ;  p rocess  s i m p l i f i c a t i o n  i s  achieved 
by i n t e g r a t i n g  use  of hydrogen producing r e a c t i o n ,  removal 
of pure  produc t  hydrogen, u t i l i z a t i o n  of r e s i d u e  as f u e l  
t o  supply energy,  and requirements  of  p rocess :  g e n e r a t o r s  
p rov ide  source  of u l t r a - p u r e  hydrogen, s u i t e d  f o r  f u e l  
c e l l  u se ,  and a r e  capable  of ach iev ing  thermal e f f i c i e n c y  
approaching 100% f o r  convers ion  of hydrocarbons i n t o  hydro- 
gen; it should be  p o s s i b l e  t o  b u i l d  smal l  f u e l  c e l l  power 
packages,  a s  smal l  as 500w. ope ra t ing  a t  thermal  e f f i c i e n c i e s  
g r e a t e r  t han  those  of l a r g e  power p l a n t s .  
(UTILIZATION, ENERGY, PROCESS, GENERATOR, EFFICIENCY, 
CONVERSION, HYDROCARBON) 

H73 34101 A NEW APPROACH TO HIGH-PRESSURE, HIGH-TEMPER- 
ATURE HYDROGEN-OXYGEN FUEL-CELL AND ELECTROLYSIS-CELL DESIGN 
A l l i s o n ,  H.J . ,  (Oklahoma S t a t e  Univ., S  t i l l w a t e r ,  Okla. ) , 
N69-16772, Ph.D. Thes i s ,  67,  Avai l :  Univ. Microf i lms,  No. 
68-8357, Avai1:TAC 

The o b j e c t i v e  of t h i s  s tudy  is  t o  p r e s e n t  an  approach 
t o  h igh-pressure  high- temperature  f u e l - c e l l  and e l e c t r o l y s i s -  
c e l l  e l e c t r o d e  des ign  which is  based on t h e  t heo ry  o f  con- 
formal t r ans fo rma t ions .  E l ec t rode  c o n f i g u r a t i o n s  r e s u l t i n g  
from a conformal t r ans fo rma t ion  of t h e  type cons idered  i n  
t h i s  s t udy  have e l e c t r o s t a t i c  f i e l d  c h a r a c t e r i s t i c s  s i m i l a r  
t o  t h o s e  a s s o c i a t e d  w i t h  convent iona l  p a r a l l e l  p l a t e  e l e c -  
t r o d e s .  Fue l  c e l l s  and e l e c t r o l y s i s  ce l ls  which a r e  oper- 
a t e d  a t  h igh  p r e s s u r e s  and temperatures  c a n  have e l e c t r i c a l  
c h a r a c t e r i s t i c s  which a r e  s u p e r i o r  t o  those  of cells which 
a r e  opera ted  a t  lower p r e s s u r e s  and temperatures .  
(PRESSURG, T ~ P E R A T U R E ,  FUEL CELL) 

H73 34102 THE EFFECT OF DESIGN AND OPERATING FACTORS 
ON LIFE AND PERFORMANCE OF MATRIX FUEL CELLS 
Wood, K.O., and W.F. B e l l ,  (P ra<t  and Whitney A i r c r a f t ,  
South Windsor, Conn.), ~71-31150 ,  NASA-CR-72906: PWA-4145, 
Fe 28 '71 ,  F i n a l  Report ,  Avai1:TAC 

The e f f e c t  of  d e s i g n  and ope ra t ing  f a c t o r s  on the  per- 
formance and l i f e  of a l k a l i n e  e l e c t r o l y t e ,  hydrogen/oxygen, 
m a t r i x  f u e l  c e l l s  w a s  i n v e s t i g a t e d .  F u l l  s i z e  s i n g l e  c e l l s  
w e r e  ope ra t ed  on a  s imula ted  space s h u t t l e  load p r o f i l e  
and were r e f u r b i s h e d  by f l u s h i n g  wi th  f r e s h  e l e c t r o l y t e  
t o  extend t h e i r  u s e f u l  l i f e .  A d a t a  base  f o r  t h e  des ign  



of f u e l  c e l l s  w i t h  a  one yea r  o p e r a t i n g  l i f e  i s  provided.  
cell  l i f e  of over  6400 hours a t  a  p o t e n t i a l  of  0.945 v o l t s  
w i t h  no n e t  vb l t age  decay was demons t r a t edwhi l e  ope ra t ing  
a t  a  t empera ture  of 176 F  and a  c u r r e n t  d e n s i t y  of 75 
atmospheres s q  f t .  
(DESIGN, FUEL CELL) 

H73 34103 COLD H'YDROGEN AND BASIC ELECTROLYTE CELLS AT 
THE RESEARCH CENTER OF THE CGE 
Edon, C. ,  (Compagnie Generale d l E l e c t r i c i t e  de  P a r i s ,  F rance ) ,  
~ l e c t r o c h e m i c a l  Genera tors  f o r  Space Appl ica t ions :  Cen t r e  
Na t iona l   etudes S p a t i a l e s ,  I n t e r n a t i o n a l  Convention, P a r i s ,  
France,  Dec 4-7 ' 6 7 ,  Proceedings,  68, Avai1:TAC 

Discuss ion  o f  t h e  development o f  f u e l  c e l l s  based on 
a  s tudy  of t h e  composite subsystems - e.g. ,  s i n g l e  c e l l  
b a t t e r i e s ,  r eagen t  chambers, and a u x i l i a r y  c o n t r o l  systems. 
The development o f  a  co ld  hydrogen and b a s i c  e l e c t r o l y t e  
c e l l  i s  desc r ibed  on t h e  b a s i s  o f  t h e  fo l lowing  parameters :  
(1) atonomy, weight ,  and r e l i a b i l i t y  o f  t h e  b a t t e r i e s ,  
( 2 )  low-power c e l l s  and o p e r a t i o n  i n  a i r ,  ( 3 )  power of t h e  
c e l l  and r e g u l a t i o n  o f  t h e  e l e c t r o l y t e  concen t r a t i on ,  and 
( 4 )  r e l i a b i l i t y ,  ou tpu t ,  and weight  of t h e  a u x i l i a r y  con- 
t r o l  systems.  
(WEIGHT, RELIABILITY, ELECTROLYTE) 

H73 34104 FUEL CELLS, DESIGN & COMPONENTS 
Anon, Engineer ing,  N18:6-14, S e p t  30 '68 

H i s t o r y  and g e n e r a l  d e s c r i p t i o n  of f u e l  c e l l s ;  var-  
i o u s  t ypes  o f  d r y  c e l l s ,  s t o r a g e  b a t t e r i e s  and f u e l  c e l l s  
a r e  compared on b a s i s  of power-to-weight r a t i o s ;  e l e c t r o d e s ,  
e l e c t r o l y t e s ,  f u e l  and a p p l i c a t i o n s  are d i scussed .  
(ELECTRODE, ELECTROLYTE) 

H73 34105 HYDROGEN AND BASIC-ELECTROLYTE LOW-TEMPERATURE 
BATTERIES AT THE CGE RESEARCH CENTER 
Edon, C . ,  (Compagnie Generale  d l E l e c t r i c i t e  d e  P a r i s ,  F rance ) ,  
Sc iences  e t  I n d u s t r i e s  S p a t i a l e s ,  V 4:29-32 N9-10, 68 

Discuss ion  of t h e  t e c h n i c a l  and economic requirements  
t h a t  i n f l u e n c e  t h e  d e f i n i t i o n  and d e s i g n  o f  a  f u e l  c e l l .  
Fundamental des ign  problems a s s o c i a t e d  wi th  low-temper- 
a t u r e  hydrogen c e l l s  and b a s i c  b a t t e r y  s o l u t i o n s  a r e  
t r e a t e d .  A l s o  t r e a t e d  i s  t h e  r e g u l a t i o n  of t h e  e l e c t r o l y t e  
c o n c e n t r a t i o n  by e l i m i n a t i o n  of t h e  w a t e r  formed. 
(COST, DESIGN) 



H73 34106 HYDROGEN-OXYGEN FUEL CELL SYSTEM WITH REACTANT- 
SUPERSATURATED ELECTROLYTE FEED 
Zaromb, S., (Zaromb Research Corp., Pas sa i c ,  N . S . ) ,  N68- 
32106, NASA-CR-96143, J1 10 '67, F i n a l  Report  Nov 21 '66- 
May 20 '67, Avai1:TAC 

A conceptua l  d e s i g n  a n a l y s i s  w a s  performed f o r  t h e  
purpose o f  e v a l u a t i n g  t h e  f e a s i b i l i t y  and advantages  of 
a  s u p e r s a t u r a t e d  feed f u e l  c e l l  (SFFC) based on packing 
r e a c t a n t s  i n t o  e l e c t r o l y t e  s o l u t i o n s  under h igh  p r e s s u r e  
followed by c i r c u l a t i o n  o f  t h e  loaded e l e c t r o l y t e s  through 
a p p r o p r i a t e  porous e l e c t r o d e s .  This  s tudy  was conf ined  
t o  l o w  temperature  a l k a l i n e  H -0 f u e l  cells.  T e n t a t i v e l y  
assumed normal o p e r a t i n g  c o n d i t i o n s  of 75 C a t  10 atmos- 
phere  system p r e s s u r e  and 200 atmosphere r e a c t a n t  s a t u r -  

4 
a t i o n  p r e s s u r e s ,  5 M KOH, and 0.25 amp/cm appa ren t  e l e c -  
t r o d e  a r e a ,  y i e l d  a  p r e d i c t e d  ou tpu t  v o l t a g e  of a t  l e a s t  
1.10 v / c e l l  f o r  t h e  SFFC a s  compared w i t h  o n l y  0.90 v / c e l l  
o r  l e s s  f o r  gaseous-d i f fus ion  type o r  f o r  r e c e n t l y  con- 
s i d e r e d  unde r sa tu ra t ed  f looded-flow systems. The SFFC 
system was shown t o  be  s t a b l e  and, i n  p a r t ,  s e l f - r e g u l a t i n g .  
(ALKALINE, TEMPERATURE) 

H73 34107 PURGE DYNAMICS OF FUEL CELLS 
Gidaspow, D., ( I n s t i t u t e  of Gas Technology, Chicago, Ill .),  
S.  Sareen,  AIChE J o u r n a l ,  V 16:560-8 N 4 ,  J1 70 

Fue l  ce l l  gas  compartments are o f  two t y p e  - through- 
flow and dead-ended. Dead-ended anode and cathode com- 
par tments  are used when pure r e a c t a n t s  a r e  a v a i l a b l e ,  such 
a s  hydrogen and oxygen i n  space v e h i c l e s .  It appears  
t h a t  f o r  r a t i o n a l  d e s i g n  and improvement o f  dead-ended 
and n e a r l y  dead-ended f u e l  cells,  one must have a good 
mathematical  d e s c r i p t i o n  of flow i n  t h e  anode and cathode 
c a v i t i e s .  
(PURGE, FUEL CELL) 



H73 34200 FEASIBILITY STUDY OF HIGH PERFORMANCE HYDROGEN- 
OXYGEN FUEL CELLS 
Okren t ,  E.H., M. Lieberman,  and C.E, Hea th ,  ( E s s o  Resea rch  
and  E n g i n e e r i n g  Co.,  L inden,  N.J.), N68-22889, NASA-CR-94407, 
D e c  67,  Avai1:TAC 

Two p r o c e s s  c o n c e p t s  w e r e  examined t o  d e t e r m i n e  i f  
d e c o u p l i n g  t h e  l i m i t i n g  c a t h o d i c  p r o c e s s  i n t o  i t s  own reac- 
t i o n  s p a c e  c o u l d  r e s u l t  i n  i n c r e a s e d  hydrogen-oxygen f u e l  
c e l l  e f f i c i e n c y  and r e s u l t  i n  enhanced s p e c i f i c  power. Al-  
though d e c o u p l i n g  w a s  s u c c e s s f u l  w i t h  s l u r r y  c a t a l y s t  and 
m e d i a t o r  systems, t h e  a n t i c i p a t e d  pe r fo rmance  improvements 
w e r e  n o t  o b t a i n e d .  
(EFFICIENCY, POWER, CATALYST) 

H73 34201 PURIFICATION O F  FUEL CELL GASES 
B a t h ,  T.D., and A.D. McElroy, (Midwest Resea rch  I n s t i t u t e ,  
Kansas C i t y ,  Mo.) , N66-21008, NASA-CR-65284, F e  23 ' 66 ,  
Avai1:TAC 

Means o f  e f f e c t i n g  p u r i f i c a t i o n  i n - f l i g h t  o f  hydrogen 
and oxygen g a s e s  d e l i v e r e d  t o  t h e  A p o l l o  f u e l  c e l l  w e r e  
e v a l u a t e d  and  s c r e e n e d  f o r  s u i t a b i l i t y .  The t e c h n i q u e s  
which a p p e a r e d  to  b e  w o r k a b l e  were  f u r t h e r  s t u d i e d .  P u r i -  
f i c a t i o n s  which  were  judged t o  b e  f e a s i b l e  a r e  removal of 
c a r b o n  d i o x i d e  a n d  c a r b o n  monoxide from oxygen, and s e p a r a t i o n  
o f  hydrogen f rom i m p u r i t i e s  by  d i f f u s i o n  t h r o u g h  metallic 
membranes. 
(MEMBRANE) 

H73 34202 ADVANCED ELECTROCHEMICAL TECHNOMGY 
Grohse ,  E.W., and  P.C. &en,  (Alabama U n i v e r s i t y  Resea rch  
I n s t i t u t e ,  H u n t s v i l l e ,  A l a . ) ,  N68-21308, NASA-CR-94084, 
Ja  30 ' 6 8 ,  Avai1:TAC 

An advanced f u e l  ce l l  o f  t h e  g a s  d i f f u s i o n  t y p e  i s  
b e i n g  s t u d i e d ,  i n c l u d i n g  t h e  development  o f  improved mathe- 
matical r e p r e s e n t a t i o n  o f  t h e  predominant, . .  performance-con- 
t r o l l i n g  phenomena o c c u r r i n g  w i t h i n  t h e  a c t i v e  p o r e s  o f  
t h e  e l e c t r o d e s  o f  such  ce l ls .  F a b r i c a t i o n s  and i n s t a l l a t i o n  
o f  e x p e r i m e n t a l  f a c i l i t i e s  f o r  t h e  advanced b a s i c  s t u d y  o f  
f u e l  ce l l s  and r e l a t e d  e l e C @ r o c h e m i c a l  s y s t e m s  are under  
development ;  and  p r e l i m i n a r y  s t u d i e s  are b e i n g  made o f  a 
new f low- th rough  c o n c e p t  i n  which c o n t i n u o u s  c i r c u l a t i o n  
o f  a n  e m u l s i f i e d  e l e c t r o l y t e  i s  u s e d  t o  overcome l i m i t a t i o n s  
o f  p r e s e n t l y - u s e d  f low- th rough  s y s t e m s  b e c a u s e  o f  t h e  l o w  



s o l u b i l i t i e s  o f  hydrogen and oxygen i n  s t r o n g  aqueous  elec- 
t r o l y t e s  a t  o r d i n a r y  t e m p e r a t u r e s  and modera te  p r e s s u r e s .  
(FUEL CELL, ELECTROLYTE) 

H73 34203 CONSTRUCTION OF A HYDROGEN-OXYGEN FUEL CELL 
AND ITS PERFORMANCE WITHIN THE TEMPERATURE RANGE -20°c TO 
+60°c 
Weid inge r ,  K., (Bad Godesberg ,  W e s t  Germany),  Bundesmin f u e r  
W i s s .  F o r s c h ,  N68-15248, BMWF-FB-W-67-04, May 67,  Avai1:TAC 

I n  o r d e r  t o  s t u d y  t h e  t e m p e r a t u r e  i n f l u e n c e  on t h e  
m e c h a n i c a l  and e l e c t r o c h e m i c a l  p r o p e r t i e s  o f  a f u e l - c e l l -  
b a t t e r y  an  i n v e s t i g a t i o n  wag c a r r i e d  o u t  w i t h i n  t h e  t e m -  
p e r a t u r e  r a n g e  -20 C t o  +60 C. N o  m e c h a n i c a l  d e f e c t s  due  
t o  d i f f e r e n c e s  i n  t h e r m a l  e x p a n s i o n  o f  m e t a l - e l e c t r o d e s  
and p l a s t i c s  ( u s e d  f o r  f r a m i n g )  c o u l d  be obse rved .  There  
i s  a s t r o n g  t e m p e r a t u r e  i n f l u e n c e ,  however,  on  t h e  elec- 
t r o c h e m i c a l  per formance .  N e v e r t h e l e s s  an  o p e r a t i o n  o f  
t h e  f u e l - c e l l  below OOc i s  p o s s i b l e ,  as long  as t h e  power 
d e n s i t i e s  a r e  low. 
(FUEL CELL, TEMPERATUFS.!, POWER) 

H73 34204 EFFECT OF PRESSURE ON PERFORMANCE OF HYDROGEN 
FUEL CELLS 
G i l l i b r a n d ,  M . I . ,  F. G ibson ,  L .J .  P e a r c e ,  and R.G.H. 
Watson, E l e c t r o c h i m i c a  A c t a ,  V 12:49-56 N 1 ,  Ja  67 

E f f e c t  o f  e n v i r o n m e n t a l  p r e s s u r e  on  pe r fo rmance  o f  
m u l t i p l a t e  hydrogen/oxygen f u e l  c e l l  as been  s t u d i e d  a t  
30 and  60  C; a t  e a c h  t e m p e r a t u r e ,  power o b t a i n e d  from ce l l  
i n c r e a s e d  w i t h  i n c r e a s i n g  p r e s s u r e ;  f o r  example,  a t  work- 
i n g  v o l t a g e  of 0.6 v,  i n c r e a s e d  power was 90 and 150% a t  
60 and  30 C r e s p e c t i v e l y  when e n v i r o n m e n t a l  p r e s s u r e  was 
i n c r e a s e d  from 1 t o  5  a tmosphere :  improved per formance  w a s  
due  t o  r e d u c t i o n  i n  p o l a r i z a t i o n  of b o t h  oxygen and hydrogen 
e l e c t r o d e s .  
(FUEL CELL, PRESSURE, PERFORMANCE) 

H73 34205 ELECTRIC CELLS WITH ELECTROCHEMICAL HYDROGEN 
COMBUSTION 
P a r i s o t ,  J., R. V i c ,  and R. Meyer,  Review I n s t .  F r .  P e t r o l e  
Ann. .Combust ion L i q u i d e s ,  V 22:1674-98 N 1 1 ,  67  

A f t e r  a b r i e f  r e v i e w  o f  ce l ls  w i t h  c a r b o n  e l e c t r o d e s ,  
w i t h  and  w i t h o u t  Pt-Ni c a t a l y s t ,  u s i n g  H and 0 o r  a i r ,  t h e  
development  o f  a s p e c i f i c  c e l l  u s i n g  a p p r o x i m a t e l y  7N KOH 
and e l e c t r o d e s  of  wood c h a r c o a l ,  p e t r o l e u m  coke ,  o r  com- 
b i n a t i o n s  o f  d i f f e r e n t  forms o f  c a r b o n ,  i s  d i s c u s s e d .  



H73 34206 FUEL CELLS 
Schwar tz ,  H.J., Chemical  E n g i n e e r i n g  P r o g r e s s  Symposium 
S e r i e s  No. 75, 63,  P 3,  67 

Three  hydrogen-oxygen f u e l  c e l l  systems a r e  c u r r e n t l y  
u n d e r  development  Bor a e r o s p a c e  a p p l i c a t i o n s .  The t h r e e  
are d e s c r i b e d  i n  terms o f  t h e i r  basic o p e r a t i n g  p a r a m e t e r s  
and  c o n s t r u c t i o n  f e a t u r e s .  A f u e l  c e l l  may be c o n s i d e r e d  
t o  be a n  i s o t h e r m a l  s t e a d y  s ta te  r e a c t o r  i n  which t h e  con- 
v e r s i o n  o f  hydrogen and oxygen t o  w a t e r  is accompl i shed .  
(AEROSPACE, HEAT, REMOVAL, WATER) 

H73 34207 FUELS FOR FUEL CELLS 
Bode, H., Chemie-Ingenieur-Technik, V 35:  367-71, May 63,  
Avai1:TAC 

D i s c u s s i o n  o f  t h e  development  o f ,  and problems con- 
c e r n e d  w i t h ,  hydrogen-oxygen f u e l  ce l l s .  Noted is  r e s e a r c h  
on t h e  development  of f u e l  c e l l s  which  w i l l  u s e  hydrogen 
produced by a g e n e r a t o r  o r  o b t a i n e d  from t h e  combust ion  
of hydrogen-con ta in ing  compounds, s u c h  as methane,  i n  o r d e r  
t o  a v o i d  t h e  b u l k  and w e i g h t  p e n a l t i e s  a s s o c i a t e d  w i t h  
h i g h - p r e s s u r e  h y d r o g e n - s t o r a g e  c y l i n d e r s .  
(GENERATION) 

H73 34208 IMMOBILIZED PHOSPHORIC ACID INTEmEDIATE- 
TEMPERATURE FUEL CELL 
Hamlen, R.P., E.J. Szymalak, E l e c t r o c h e m  Technology,  V 4:172-4 
N3-4, Mar-Ap 66 

U s e  o f  z i r c o n i u m  p h o s p h a t e  T e f l o n  m a t r i x  f o r  p h o s p h o r i c  
a c i d  ce l l s  o p e r a t i n g  a t  1 2 5  t o  1 7 5  C ,  u s i n g  as f u e l  b o t h  
hydrogen and p ropane ;  p h o s p h o r i c  a c ~ d  sys t em would b e  use -  
f u l  o n l y  f o r  hydrocarbon system or where  h i g h e r  o p e r a t i n g  
t e m p e r a t u r e  i s  mandatory  f o r  o t h e r  r e a s o n s :  t h e s e  elec- 
t r o l y t e / e l e c t r o d e  a s s e m b l i e s  are u s e f u l  where s i m p l i c i t y  
of a s sembly  i s  more i m p o r t a n t  t h a n  h i g h  pe r fo rmance ;  how- 
e v e r ,  better m e c h a n i c a l  p r o p e r t i e s  a r e  n e c e s s a r y  f o r  l i f e -  
t i m e s  g r e a t e r  t h a n  a b o u t  500 h r  a t  150 C. 
(FUEL CELL, ELECTRODE, TEMPERATURE) 

H73 34209 HYDROGEN-CHLORINE FUEL CELLS. V -  DISCHARGE 
MECHANISM OF THE HYDROGEN-CHLORINE FUEL CELL AT HIGH 
TEMPERATURES. 
Yoshizawa,  S., Z.  Takehara ,  and  Y. N a k a n i s h i ,  Denki  Kagaku, 
V 35:225-30 N3, 67 

The d i s c h a r g e  mechanism o f  H-C1 f u e l  c e l l  was i n v e s t i g a t e d  
b y  u s i n g  LiCl-KC1 e u t e c t i c  a t  450-600° a s  t h e  e l e c t r o l y t i c  
ce l l .  
(FUEL CELL, DISCHARGE, CHLORINE) 

d+/ 



H73 34210 HYDROGEN-OXYGEN ION-EXCHANGE MEMBRANE FUEL 
CELLS 
Foulkes ,  F.R., W.F. Graydon, Canadian J o u r n a l  of Chemical 
Engineer ing,  V 47:171-6 N2, Apr 69 

A hydrogen-oxygen c a t i o n i c  ion-exchange membrane 
f u e l  c e l l  was ope ra t ed  a t  v a r i o u s  temperatures ,  p r e s s u r e s ,  
and e l e c t r o l y t e  c o n c e n t r a t i o n s .  The open c i r c u i t  and 
d i s c h a r g e  c h a r a c t e r i s t i c s  of t h e  c e l l  were expla ined  i n  
terms of t h e  oxygen p o l y e l e c t r o d e  theory.  Although d i s -  
charge  was l i m i t e d  by i n t e r n a l  r e s i s t a n c e ,  p r e s s u r i z a t i o n  
g r e a t l y  reduced p o l a r i z a t i o n .  
(CATION) 

H73 34211 OPERATION OF A FUEL CELL 
Connor, J.E., ~ r . ,  A.F. DIAlessandro,  and H. S h a l i t ,  ( A t l a n t i c  
R i c h f i e l d  Co.),  French Appl. 1,534,466,  J1 26 '68 

A mix ture  of H20/C-containing f u e l  i n  a  r a t i o  o f  2 
moles H20 vapor/mole o f  C was passed i n t o  a r e a c t o r  zone 
con ta in ing  a  c a t a l y s t  t o  form CH4 and H. The H passed 
ou t  of  t h e  r e a c t o r  zone towards an anode having a  m e t a l l i c  
membrane permeable t o  H, and through a n  e l e c t r o l y t e  t o  
produce c u r r e n t .  
(MEMBRANE, GENERATION) 

H73 34212 INTERMEDIATE TEMPERATURE FUEL CELL - OPERATION 
ON DILUTE HYDROGEN, CARBONACEOUS FUELS, AND DILUTE OXYGEN 
Mather, W.B., Jr., and A.N. Webb, (Texaco, Inc . ,  Beacon, N.Y.), 
I & EC - I n d u s t r i a l  and Engineering Chemistry, Process  De- 
s i g n  and Development, V 7:15-21, J a  68, Avai1:TAC 

A f u e l  c e l l  us ing  a  phosphoric  a c i d  p a s t e  e l e c t r o l y t e  
w i t h  porous carbon and me ta l  gauze e l e c t r o d e s  h a s  been oper- 
a t e d  a t  2 0 0 ~ ~  on d i l u t e  hydrogen and carbonaceous f u e l s  
w i t h  oxygen and a i r  a s  ox idan t s .  D i l u t e  hydrogen, steam- 
reformed (a t  c e l l  t empera ture )  methanol, and s h i f t e d  carbon 
monoxide g i v e  70 t o  90% t h e  performance of pure  hydrogen. 
(FUEL CELL, TEMPERATURE, ELECTRODE) 

H73 34213 METHANOL IN-SITU REFORMING FUEL CELLS 
Har tne r ,  A . J . ,  and M.A. V e r t e s ,  (Leesona Moos Labs.,  Grea t  
Neck, N . Y . ) ,  Proceedings  A.1.Ch.E. J o i n t  Meeting,  London, 
65, N5:12-15 

Considerable  a t t e n t i o n  i s  c u r r e n t l y  be ing  g iven  t o  
t h e  development of f u e l  c e l l s  ope ra t ing  on carbonaceous 
f u e l s .  The d i r e c t  o x i d a t i o n ,  a l though s imple  i n  o v e r - a l l  



c o n c e p t ,  f a c e s  some s e v e r e  deve lopment  problems.  I n  t h e  
a l t e r n a t i v e  i n d i r e c t  approach ,  t h e  c a r b o n a c e o u s  f u e l  i s  
s t e a m  re fo rmed  i n  a p r e r e a c t o r  t o  p r o d u c e  H which c a n  t h e n  
be f e d  t o  a H f u e l  c e l l ,  t h e  t e c h n o l o g y  o f  which i s  con- 
s i d e r a b l y  more advanced.  
(EFFICIENCY) 

H73 34214 PERFORMANCE OF COMPACT-DESIGN BUTANE-AIR FUEL CELL 
E i s e n b e r g ,  M. ,  and B, Baker ,  E l e c t r o c h e m  Technology,  V 2:258-61, 
N9-10, Sept -Oct  64  

Exper imen t s  w e r e  conduc ted  on  h i g h - t e m p e r a t u r e ,  m o l t e n  
c a r b o n a t e  f u e l  ce l l s  t o  e v a l u a t e  c h a r a c t e r i s t i c s  o f  hydro- 
g e n - a i r  and  b u t a n e - a i r  s y s t e m s ;  b y  u s e  o f  r e f e r e n c e  e l e c -  
t r o d e ,  i t  was p o s s i b l e  t o  isolate  anode  and c a t h o d e  p e r -  
formance;  hydrogen e l e c t r o d e  i s  a l m o s t  independen t  o f  t e m -  
p e r a t u r e  o v e r  500 t o  750 C r ange .  
( TEMPERATURE, ANODE, CATHODE ) 

H73 34215 PERFORMANCE OF REFORMED NATURAL GAS-ACID 
FUEL CELL SYSTEM 
Meek, J., B.S. B a k e r ,  A.C. A l l e n ,  F.B. L e i t z ,  W. G l a s s .  
and  D.K. F l eming ,  American Chemical  S o c i e t y  - D i v i s i o n  o f  
F u e l  C h e m i s t r y ,  V 9:21-42 N3, S e p t  12-17 ' 6 5  

Development  of hydrogen g e n e r a t o r - f u e l  c e l l  sys t em 
i n  which f e e d  from r e f o r m e r  i s  r i c h  i n  hydrogen b u t  un- 
p u r i f i e d ,  e n r i c h m e n t  b e i n g  a c h i e v e d  b y  c o n v e n t i o n a l  chem- 
i c a l  p r o c e s s i n g  t e c h n i q u e s :  t h i s  i m p l i e s  u s e  o f  f u e l  c e l l  
of a c l d  e l e c t r o l y t e  t y p e ;  it i s  u n l i k e l y  t h a t  p l a t i n u m  
w i l l  b e  r e p l a c e d  as c a t a l y s t ,  a t  l e a s t  on oxygen s i d e .  
(FUEL CELL, CATALYST, NATUFULL GAS, ACID) 

H73 34216 PROBLEMS OF GASES M I X I N G  I N  FUEL CELLS 
I N  WHICH GAS CIRCULATES THROUGH ELECTROLYTE 
Telschow, C.G.,  Brown ~ o v e r i  Review, V 53:18-20 N1-2, 
J a -Fe  66 

I n  f u e l  ce l l s  t h a t  are o p e r a t e d  a t  low t e m p e r a t u r e s  
w i t h  l i q u i d  e l e c t r o l y t e  and  w i t h  oxygen and hydrogen,  
h e t e r o p o r o u s  e l e c t r o d e s  may be u s e d  i n  which some g a s  i s  
conveyed unused  th rough  e l e c t r o l y t e ;  f o r  f u e l  c e l l  t o  
f u n c t i o n  p r o p e r l y ,  i t  i s  e s s e n t i a l  f o r  b a r r i e r  be tween 
t w o  e l e c t r o d e s  t o  a l l o w  e l e c t r o l y t e  t h r o u g h ,  b u t  n o t  g a s e s  
c o n c e r n e d :  t h i s  a r t i c l e  d e a l s  w i t h  some problems r a i s e d  
b y  m i x i n g  o f  g a s e s  and g i v e s  some resul ts  o b t a i n e d  w i t h  
e x p e r i m e n t a l  model.  
(FUEL CELL. ELECTROLYTE) 



H73 34217 LOW TEMPERATURE FUEL BATTERIES 
W i l l i a m s ,  K.R., J.W. P e a r s o n ,  and W . J .  Gressler, I n t e r n a t i o n a l  
Symposium on B a t t e r i e s ,  4 t h - p r o c e e d i n g s ,  S e p t  64 ,  p  337-47 

Development o f  low- tempera tu re  f u e l  ba t t e ry  w i t h  ou t -  
p u t  c a p a b i l i t y  o f  250 w a t  1 2  v ,  measur ing  12X12X9 i n .  max- 
imum; a n n u l a r  e l e c t r o d e s  c o n s i s t e d  o f  t h i n  nonconduc t ing  
porous  p l a s t i c  PVC s u b s t r a t e  w i t h  a p p l i e d  s i l v e r  c o n d u c t i n g  
l a y e r  on one f a c e ;  s i n g l e  e l e c t r o d e  a r e a  e s t i m a t e d  a t  . 5  
s q  f t  and  number o f  ce l ls  f o r  r e q u i r e d  12 v e q u a l  t o  20; 
e l e c t r o l y t e  6N KOH s o l u t i o n :  H2 and 02 a r e  r e a c t a n t  g a s e s .  
(FUEL CELL, TEMPERATURE, ELECTRODE) 

H73 34218 SELF-DISCHARGE OF A HYDROGEN-OXYGEN FUEL CELL 
Kubokawa, M. and G. ~ a k e s h i m a ,  (Dosh i sha  U n i v e r s i t y ,  Kyoto,  
J a p a n ) ,  Denki  Kagaku, V 34:883-7 N 1 1 ,  66 ,  I n  J a p a n e s e  

The s e l f - d i s c h a r g e  o f  a  H-0 f u e l  c e l l  w i t h  a porous  
c a r b o n  e l e c t r o d e  w a s  s t u d i e d .  The s e l f - d i s c h a r g e  was 
assumed t o  b e  c a u s e d  b y  d i s s o l v e d  0 and i t s  c o n v e c t i o n  i n  
t h e  v i c i n i t y  of s h e  H e l e c t r o d e ,  t h e  maximum c .d .  o b s e r v e d  
b e i n g  2.4 ma./cm . The s e l f - d i s c h a r g e  was more pronounced 
w i t h  a  l a r g e  q u a n t i t y  o f  Pd c a t a l y s t ,  by  i n a d e q u a t e  w a t e r -  
p r o o f i n g  o f  t h e  e l e c t r o d e ,  and  b y  i n c r e a s e  o f  t e m p e r a t u r e .  
(CARBON, ELECTRODE) 

H73 34219 ELECTROLYTIC REGENERATIVE HYDROGEN-OXYGEN FUEL- 
CELL BATTERY 
F i n d l ,  E . ,  and M .  K l e i n ,  (Xerox Corp . ,  R o c h e s t e r ,  N.Y.), 
P r o c e e d i n g s ,  Annual  Power S o u r c e s  Confe rence  20, 49-52, 66  

An e l e c t r o l y t i c a l l y  r e g e n e r a t i v e  f u e l  c e l l  deve loped  
f o r  u s e  as a s e c o n d a r y  b a t t e r y  i n c l u d e s  a H -0 p r i m a r y  

2 2  
f u e l  c e l l  and a w a t e r  e l e c t r o l y s i s  c e l l  as a s l n g l e  u n i t .  
During c h a r g i n g ,  H 2 0  c o n t a i n e d  i n  an  a s b e s t o s  m a t r i x  
s e p a r a t i n g  t h e  e l e c t r o d e s  i s  e l e c t r o l y z e d  t o  p roduce  H2 
and 02. A s  t h e  g a s e s  are e v o l v e d ,  t h e y  are f e d  t o  s t o r a g e  
t a n k s .  During d i s c h a r g e ,  t h e  s t o r e d  g a s e s  are recombined 
a t  t h e  e l e c t r o d e s  t o  form H20 which i s  absorbed  b y  t h e  m a t r i x .  
(ELECTROLYSIS) 

H73 34220 THE USE OF HYDROGENASE-METHYLENE BLUE SYSTEM 
I N  A BIOCHEMICAL FUEL CELL (AN ANODE REACTION) 
~ i z u g u c h i ,  J . ,  S .  S u z u k i ,  K. Kashiwaya, and M.  Tokura ,  Kogyo 
Kagaku Z a s s h i ,  V 67:410 N 2 ,  64,  I n  J a p a n e s e ,  Avai1:TAC 

An e l e c t r o n  carr ier  sys t em similar t o  one  found i n  
l i v i n g  cells  h a s  been  s t u d i e d  i n  v i t r o  a t  t h e  anode o f  a 



b i o c h e m i c a l  f u e l  ce l l .  The a c t i o n  o f  an  e l e c t r o n  carr ier  
s y s t e m ,  composed of me thy lene  b l u e  a s  a n  o r g a n i c  Redox 
compound and hydrogenase  a s  a n  enzyme w i t h  hydrogen g a s ,  
h a s  b e e n  a n a l y z e d  a t  t h e  anode o f  a b i o c h e m i c a l  f u e l  ce l l .  
A c u r r e n t  o f  0 .16  mA/ (sq. cm.) h a s  b e e n  shown u s i n g  a 
h y d r o g e n a s e  s o l u t i o n  o b t a i n e d  from E. c o l i .  I t  gave  e v i -  
d e n c e  f o r  g e n e r a l  a p p l i c a t i o n  o f  s i m i l a r  sys t ems  i n  b i o -  
c h e m i c a l  f u e l  ce l l s .  
(FUEL CELL, BIOCHEMICAL) 

H73 34221 PRESSURE OPERATION OF FUEL CELLS 
Watson, R.G.H., and  L.J. P e a r c e ,  I n t e r n a t i o n a l  Symposium 
on  B a t t e r i e s ,  4 t h - p r o c e e d i n g s ,  S e p t  6 4 ,  p 349-69 

Thermodynamic and k i n e t i c  e f f e c t s  of g a s  p r e s s u r e  on 
f u e l  ce l l  pe r fo rmance  u s i n g  g a s  a t  one  o r  b o t h  e l e c t r o d e s ;  
r e s u l t s  f o r  two hydrogen c e l l s  and c h a n g e s  caused  b y  p r e s -  
s u r e  v a r i a n t s  r e c o r d e d  ; oxygen e l e c t r o d e  is a p p a r e n t l y  in -  
s e n s i t i v e  t o  p r e s s u r e  b u t  f o r  hydrogen e l e c t r o d e  p o l a r -  
i z a t i o n  is p r e s s u r e - d e p e n d e n t ;  c a u s e  o f  t h i s  dependence  
as y e t  i n d e t e r m i n a t e .  
(POLARIZATION) 

H 7 3  34222 A 5-kW HYDROGEN-AIR FUEL BATTERY WITH AN 
ALKALINE ELECTROLYTE 
~ a c q u e l i n ,  J . ,  J.P. Pompon, ( R e s e a r c h  and  Development Non- 
M e c h a n i c a l  E l e c t r i c  P o w e r  S o u r c e s ) ,  p r o c e e d i n g s ,  I n t e r n a t i o n a l  
Symposium, 7 t h ,  391-404, 70 

C u r r e n t  p r o g r e s s  i n  t h e  deve lopment  o f  H - a i r  f u e l  
bat ter ies  i n  t h e  5 kW range  i s  d i s c u s s e d .  The c e l l s  o f  
t h e  b a t t e r y  c o n s i s t  o f  a H chamber and  s i n t e r e d  N i  elec- 
t r o d e s  c o n t a i n i n g  n o n p r e c i o u s  metal o x i d e s  as c a t a l y s t s ,  
a n  e l e c t r o l y t e  chamber c o n t a i n i n g  8 M  KOH and a n  a i r  
chamber w i t h  s i n t e r e d  N i  e l e c t r o d e s .  
(CATALYST) 

H73 34223 A 1 KW HYDROGEN FUEL BATTERY 
G i l l i b r a n d ,  M . I . ,  and J. Gray,  ( E l e c t r i c  Power S t o r a g e ,  
L t d . ,  E n g l a n d ) ,  Power S o u r c e s  1966: Resea rch  and Devel- 
opment i n  Non-Mechanical E l e c t r i c a l  Power S o u r c e s ;  Pro- 
c e e d i n g s  o f  t h e  F i f t h  I n t e r n a t i o n a l  Symposium, B r i g h t o n ,  
Eng land ,  S e p t  20-22 ' 6 6 ,  Avai1:TAC 

A hydrogen f u e l  b a t t e r y  o p e r a t i n g  a t  normal  t e m p e r a t u r e  
h a s  b e e n  c o n s t r u c t e d  and o p e r a t e d  o v e r  an ex tended  p e r i o d .  



The b a t t e r y  w a s  assembled  w i t h  30 i n d i v i d u a l  m u l t i e l e c t r o d e  
cel ls .  F u l l  i n s t r u m e n t a t i o n  w a s  i n c l u d e d  t o  e n a b l e  measure- 
ments  t o  be made o f  e a c h  c e l l  and  e l e c t r o d e  p o t e n t i a l ,  
t e m p e r a t u r e s ,  and t h e  p r e s s u r e  and consumpt ion  o f  hydrogen 
and oxygen. 
( INSTRUMENTATION) 

H73 34224 DUAL CELL REGENERATIVE FUEL CELL INVESTIGATION 
Stedman, J . K . ,  and D. B a i l l i e u l ,  ( P r a t t  and Whitney A i r -  
c r a f t ,  E a s t  H a r t f o r d ,  Conn.) ,  N72-30041, AD-741839, Avai1:TAC 

An a n a l y t i c a l  and e x p l o r a t o r y  development  program was 
conduc ted  on a n  i n t e g r a t e d  d u a l  c e l l  d e s i g n  o f  a  hydrogen- 
oxygen r e g e n e r a t i v e  f u e l  c e l l .  D i s c u s s e d  is  a d e s i g n  which 
employs s e p a r a t e  f u e l  c e l l  and e l e c t r o l y s i s  ce l l s  i n  a s i n g l e  
c o n t a i n e r  which a l s o  a c t s  a s  a  r e a c t a n t  p r e s s u r e  v e s s e l .  
The a l k a l i n e  m a t r i x  c e l l s  a r e  a r r a n g e d  on two c o n c e n t r i c  
c y l i n d e r s  w i t h i n  t h e  p r e s s u r e  v e s s e l  w i t h  w a t e r  t r a n s p o r t  
accompl i shed  b y  v a p o r  d i f f u s i o n  a c r o s s  t h e  hydrogen g a p  
s e p a r a t i n g  t h e  c e l l  c y l i n d e r s .  The pe r fo rmance  and endurance  
p o t e n t i a l  o f  t h e  d u a l  c e l l  c o n c e p t  was e v a l u a t e d .  The 
f u e l  c e l l  i s  b e i n g  d e s i g n e d  f o r  u s e  i n  s a t e l l i t e s  t o  ove r -  
come t h e  problem o f  power g e n e r a t i o n  d u r i n g  s o l a r  e c l i p s e .  
(ELECTROLYSIS, ALKALINE) 

H73 34225 FUEL CELL TECHNOLOGY PROGRAM CONTRACT SUMMARY 
REPORT 
Anon, ( P r a t t  and Whitney A i r c r a f t ,  E a s t  H a r t f o r d ,  Conn., 
S o u t h  Windsor E n g i n e e r i n g  F a c i l i t y ) ,  N72-30029, N A S A ~ C R - ~ ~ ~ ~ I ~ ,  
Avai1:TAC 

A f u e l  c e l l  t e c h n o l o g y  program which w a s  e s t a b l i s h e d  
t o  advance  t h e  s t a t e - o f - t h e - a r t  o f  hydrogen-oxygen f u e l  
ce l l s  u s i n g  t h e  P and WA PCBB t e c h n o l o g y  as t h e  b a s e  i s  
r e p o r t e d .  The m a j o r  t a s k s  of  t h i s  program c o n s i s t e d  o f  
f u e l  c e l l  s y s t e m  s t u d i e s  of a s p a c e  s h u t t l e  powerp lan t  
c o n c e p t u a l  d e s i g n .  
(SHUTTLE) 

H73 34226 FUEL CELL TECHNOLOGY PROGRAM 
Anon, ( P r a t t  and  Whitney A i r c r a f t ,  E a s t  H a r t f o r d ,  Conn.),  
N72-30028, NASA-CR-128618, Apr ' ,27 ' 7 2 ,  Avai1:TAC 

A f u e l  c e l l  t e c h n o l o g y  ljrogram was e s t a b l i s h e d  t o  
advance  t h e  s t a t e - o f - t h e - a r t  o f  hydrogen oxygen f u e l  c e l l s  
u s i n g  low t e m p e r a t u r e ,  p o t a s s i u m  h y d r o x i d e  e l e c t r o l y t e  t e c h -  
no logy  a s  t h e  base. C e l l  and component t e s t i n g  conf i rmed 
t h a t  low t e m p e r a t u r e ,  p o t a s s i u m  h y d r o x i d e  e l e c t r o l y t e  



technology is  compat ible  w i th  t h e  requirements  of  t h e  space 
s h u t t l e  c o n t r a c t o r s .  
(TEMPERATURE, SHUTTLE) 

H73 34227 FUEL-CELL DESIGN BASED ON A I R  AND REFORMABLE FUEL 
Anon, (General  E l e c t r i c  Co . ) ,  B r i t i s h  1,174,973, Dec 17 '69  

A des ign  of f u e l  c e l l  i s  d e s c r i b e d ,  having t h e  follow- 
ing  s p e c i a l  f e a t u r e s :  (1) t h e  g e n e r a t i o n  of, H f u e l  by 
r e a c t i o n  between an o rgan ic  f u e l  and H20 i n  a  reformer;  
( 2 )  removal of CO from t h e  re formate ;  ( 3 )  t h e  use  of H20, 
f o n e d  i n  t h e  c e l l  by r e a c t i o n ,  i n  t h e  reformer .  
(FUEL CELL, AIR, FUEL) 

H73 34228 HYDROGEN FOR FUEL CELL 
Anon, (United A i r c r a f t  Corp . ) ,  Nether landish  App l i ca t ion  
6.609,447, J a  9 ' 67  

The H i s  produced by a  dehydrogenat ion c a t a l y s t  i n  
c o n t a c t  w i t h  an  H-containing feed  m a t e r i a l .  The H+ formed 
a r e  l e d  through a n  adsorb ing  porous c a r r i e r  t o  a  ca thode ,  
which c o n t a i n s  a  c a t a l y s t  f o r  t h e  a d s o r p t i o n  of t h e s e  i ons  
and t h e i r  subsequent  r e d u c t i o n  on passage of an  e l e c t r i c  
c u r r e n t .  
(CATALYST, SEPARATION) 

H73 34229 HYDROGEN GENERATION FOR FUEL CELLS 
Kordesch, K.V., (Union Carbide Corp.) , B r i t i s h  1,146,900, 
Mar 26 ' 69  

H2 i s  supp l i ed  t o  convent iona l  f u e l  c e l l  by a  N2H4- 
o r  NH3-decomposition c e l l  employing a c i d  o r  b a s i c  e l e c -  
t r o l y t e s ,  Pt -metal -cata lyzed C ,  porous-Ni, o r  Raney-Ni 
e l e c t r o d e s .  The necessary  power i s  supp l i ed  from t h e  
f u e l  c e l l  i t s e l f ,  g e n e r a l l y  producing approximately  900 

2  mv. a t  c.d. I00 ma./cm . 
(AMMONIA, HYDRAZINE) 

H73 34230 PROCESS FOR SUPPLYING HYDROGEN AND OXYGEN TO 
FUEL CELLS 
Vahldieck,  N.P., Snyder,  and L.C. Matsch, (Union Carbide,  
N.Y. ) ,  U,S. P a t e n t  3,532,547 

A p roces s  f o r  ope ra t ing  a  hydrogen-oxygen f u e l  c e l l  
i n  a  c lo sed  system, hydrogen be ing  ob ta ined  by d i s s o c i a t i o n  
of a  hydrogen-containing compound and oxygen be ing  obtained 



f rom a l i q u i d  oxygen s u p p l y .  oxygen i s  used  t o  b u r n  v a r i o u s  
w a s t e  p r o d u c t s .  The r e s u l t i n g  h e a t  is used  i n  t h e  d i s s o c i a t i o n  
o f  t h e  hydrogen-con ta in ing  compound and t h e  r e f r i g e r a t i o n  
v a l u e  o f  oxygen and/or  t h e  hydrogen-con ta in ing  compound 
i s  u s e d  t o  condense  combust ion  p r o d u c t s  and o t h e r  by-pro- 
d u c t  materials. 
(AMMONIA ) 

H73 34231 HYDROGEN PURIFICATION USING MODIFIED FUEL 
CELL PROCESS 
~ c ~ v o y ,  J.E. ,  R.A. H e s s ,  G.A. M i l l s ,  H. S h a l i t ,  I n d u s t r i a l  
and E n g i n e e r i n g  Chemis t ry  - P r o c e s s  Des ign  & Development,  
V 4 : l -3  N1 ,  Ja 65 

Technique  f o r  p u r i f y i n g  H2 streams t o  o b t a i n  h i g h  
p u r i t y  H2 i s  b a s e d  on u s e  o f  e l e c t r o c h e m i c a l  c e l l s  u s i n g  
h i g h l y  e f f i c i e n t  c a t a l y t i c  e l e c t r o d e s ;  impure hydrogen is 
consumed a t  anode  o f  c e l l  and p u r i f i e d  hydrogen g e n e r a t e d  
a t  c a t h o d e ;  b y  a p p l i c a t i o n  o f  s m a l l  p o t e n t i a l  a c r o s s  elec- 
t r o d e s  o f  t h i s  c e l l ,  it i s  p o s s i b l e  t o  i o n i z e  H 2 ,  and o n l y  
H2,  a t  anode  and s i m u l t a n e o u s l y  t o  produce  e q u i v a l e n t  
amount o f  H2 a t  c a t h o d e .  
(FUEL CELL, PURIFICATION, ELECTRODE) 

H73 34232 20 WATT-HOUR PER POUND REGENERATIVE FUEL CELL 
C o s t a ,  R.L., and S.S. Tomter ,  ( E l e c t r o - O p t i c a l  Sys tems ,  
Pasadena ,  C a l i f . ) ,  R e p o r t  No. EOS-4058-FR, M a r  72 ,  Avai1:TAC 

The e l e c t r o l y t i c a l l y  r e g e n e r a t i v e  £ u e l  c e l l  is  a n  
e l e c t r o c h e m i c a l  e n e r g y  s t o r a g e  d e v i c e ,  w h e r e i n  t h e  e n e r g y  
d e n s i t y  p e r  u n i t  w e i g h t  s u b s t a n t i a l l y  e x c e e d s  p r e s e n t  
a c c e p t a b l e  power s o u r c e s .  The r e p o r t  is conce rned  w i t h  
a c y l i n d r i c a l  r e g e n e r a t i v e  hydrogen-oxygen f u e l  c e l l  which 
i s  a basic e l e c t r o c h e m i c a l  c e l l  s e r v i n g  t h e  d u a l  f u n c t i o n  
o f  a p r i m a r y  f u e l  c e l l  and a water e l e c t r o l y s i s  ce l l .  
(ELECTROLYSIS ) 

H73 34233 HYDROGEN-OXYGEN ELECTROLYTIC REGENERATIVE FUEL 
CELLS 
A s t r i n ,  R.F., and M.G. K l e i n ,  ( E l e c t r o - O p t i c a l  Sys tems ,  I n c . ,  
Pasadena ,  c a l i f . ) ,  N71-12253, NASA-CR-1683, Nov 70,  Avai1:TAC 

The o b j e c t i v e s  o f  t h i s  program were  t o  e v a l u a t e  t h e  
p r o c e s s e s ,  m a t e r i a l s ,  and components t h a t  l i m i t  t h e  c y c l e  
l i f e  o f  r e g e n e r a t i v e  hydrogen-oxygen f u e l  cells. A com- 
p o s i t e  c a p i l l a r y  m a t r i x  w a s  d e v e l o p e d ,  t e s t e d ,  and demon- 
s t r a t e d  t o  be s u p e r i o r  t o  f u e l - c e l l - g r a d e  a s b e s t o s  and  



o t h e r  more commonly u s e d  m a t r i x  m a t e r i a l s .  
(LIFE, MATRIX) 

H73 34234 ELECTROLYTICALLY REGENERATIVE IFYDROGEN- 
OXYGEN FUEL CELL 
W i l n e r ,  B.M., H.A. Frank,  E. F i n d l ,  and M.G. K l e i n ,  ( E l e c t r o -  
O p t i c a l  Sys tems ,  Inc . ,  Pasadena ,  C a l i f . ) ,  N71-11052, U.S. 
P a t e n t  3 ,507 ,704 ,  Avai1:TAC 

A compact and e l e c t r o l y t i c a l l y  r e g e n e r a t i v e  f u e l  c e l l  
w i t h  i n t e g r a l  but  s e p a r a t e  s t o r a g e  f o r  t h e  e l e c t r o l y t e  
and e a c h  o f  t h e  g a s e s  u t i l i z e d  i s  d e s c r i b e d .  The f u e l  c e l l  
embodies  b i p o l a r  p l a t e s  p o s s e s s i n g  i n t e g r a l  m a n i f o l d  means 
for  conveying  t h e  f u e l  and o x i d i z i n g  g a s e s  t o  and from t h e  
s t o r a g e  a r e a s  o f  t h e  ce l l .  I t  a l s o  embodies  g a s  d i s t r i -  
b u t i o n  means i n  t h e  p l a t e s  f o r  e f f e c t i v e  and u n i f o r m  
e x p o s u r e  o f  t h e  e l e c t r o d e s  and r e a c t i n g  a r e a s  t o  t h e  f u e l  
and o x i d i z i n g  g a s e s .  
(ELECTROLYSIS ) 

H73 34235 ELECTROLYTIC REGENERATIVE Hz-O2 SECONDARY FUEL 
CELLS 
K l e i n ,  M.G., and R.L. C o s t a ,  ( E l e c t r o - O p t i c a l  Sys tems ,  I n c . ,  
Pasadena ,  C a l i f . ) ,  Space  s y s t e m s  and t h e r m a l  t e c h n o l o g y  
f o r  t h e  7 0 ' s ;  American S o c i e t y  o f  Mechan ica l  E n g i n e e r s ,  
Space  Technology and H e a t  T r a n s f e r  Confe rence ,  Los A n g e l e s ,  
C a l i f . ,  J e  21-24 ' 7 0 ,  P r o c e e d i n g s ,  P a r t  I, New York, 70 ,  
A v a i l  :TAC 

The r e g e n e r a t i v e  H -0 s e c o n d a r y  f u e l  i s  r e c h a r g e a b l e  
2 . 2  

b a t t e r y  t h a t  u s e s  p r e s s u r ~ z e d  hydrogen and oxygen g a s  as 
t h e  r e a c t a n t s .  It is e x p e c t e d  t h a t  t h i s  new e n e r g y  stor- 
a g e  s y s t e m  w i l l  be used  i n  communicat ion s a t e l l i t e s  t o  
r e p l a c e  c o n v e n t i o n a l  s e c o n d a r y  b a t t e r i e s .  During c h a r g e ,  
w a t e r  c o n t a i n e d  w i t h i n  a m a t r i x  s e p a r a t i n g  t h e  e l e c t r o d e s  
i s  e l e c t r o l y z e d  t o  p roduce  hydrogen a t  one  e l e c t r o d e  and 
oxygen a t  t h e  o t h e r .  Dur ing  d i s c h a r g e  t h e  s t o r e d  g a s e s  
are r e a c t e d  a t  t h e  same e l e c t r o d e s  t o  g i v e  e l e c t r i c a l  
e n e r g y  and  form w a t e r ,  which is  r e a b s o r b e d  b y  t h e  m a t r i x .  
(ELECTROLYSIS, MATRIX, DESIGN) 

H73 34236 HYDROGEN-OXYGEN ELECTROLYTIC REGENERATIVE 
FUEL CELLS 
K l e i n ,  M. and  R. A s t r i n ,  ( ~ l e c t r o - O p t i c a l  Sys tems,  I ~ c . ,  
Pasadena ,  C a l i f . ) ,  ~ 6 9 - 1 8 8 8 5 ,  NASA-CR-1244, Fe 69,  Avai1:TAC 

A r e s e a r c h  and  development  program t o  d e v e l o p  a n  elec- 



t r o l y t i c  r e g e n e r a t i v e  h y d r o g e n - o x y g e n  f u e l  ce l l  c o n c e n t r a t e d  
on t h e  d e v e l o p m e n t  of a cap i l l a ry  m a t r i x  b i po l a r  p i l e  f u e l  
ce l l  stack w i t h  i n t e g r a l  g a s  s t o r a g e  t a n k a g e .  T a s k s  w e r e  
u n d e r t a k e n  t o  select  and develop electrodes a n d  m a t r i x  
m a t e r i a l s  f o r  t h e  regenerat ive f u e l  ce l l .  A  ce l l  stack 
e m p l o y i n g  an o x y g e n  e l e c t r o d e ,  a p o t a s s i u m  t i t a n a t e  m a t r i x ,  
a n d  a h y d r o g e n  e l e c t r o d e  c o n s i s t i n g  of a p l a t i n i z e d  s i n -  
tered porous n i c k e l  plaque w a s  f o u n d  t o  c o m p r i s e  t h e  best  
c e l l  cons t ruc t ion .  
(ELECTRODE, MATRIX, ELECTROLYS IS ) 

H 7 3  3 4 2 3 7  HYDROGEN-OXYGEN ELECTROLYTIC REGENERATIVE 
FUEL CELLS, 1 JULY-AUGUST 1966 
K l e i n ,  M.G., ( E l e c t r o - O p t i c a l  S y s t e m s ,  Inc . ,  P a s a d e n a ,  
C a l i f . ) ,  N 6 7 - 1 2 9 0 6 ,  NASA-CR-80109, A u ~  10  ' 66 ,  A v a i 1 : T A C  

T h i s  report r e v i e w s  t h e  p r o g r e s s  m a d e  on t h e  devel-  
o p m e n t  of a h y d r o g e n - o x y g e n  r e g e n e r a t i v e  f u e l  c e l l  ( s e c -  
ondary b a t t e r y ) .  
(FUEL CELL, REGENERATION) 

H 7 3  3 4 2 3 8  HYDROGEN-OXYGEN ELECTROLYTIC REGENERATIVE 
FUEL CELLS 
K l e i n ,  M.G., ( E l e c t r o - O p t i c a l  S y s t e m s ,  Inc . ,  Pasadena, 
C a l i f . ) ,  N 6 6 - 2 2 9 4 5 ,  NASA-CR-71855, N o v  10 '65, A v a i 1 : T A C  

T h i s  report r e v i e w s  t h e  p r o g r e s s  m a d e  d u r i n g  t h i s  
period on t h e  d e v e l o p m e n t  of a h y d r o g e n - o x y g e n  regenera t ive  
f u e l  ce l l .  P r i m a r y  e m p h a s i s  w a s  placed on p r o c e s s i n g  and 
t e s t i n g  s i n g l e  ce l l s  w i t h  various electrode s t r u c t u r e s  i n  
order t o  i m p r o v e  t h e  cycle l i f e  capabi l i t ies  of t h e  oxygen 
electrode. 
(FUEL CELL, REGENERATION) 

H 7 3  3 4 2 3 9  HYDROGEN-OXYGEN ELECTROLYTIC REGENERATIVE 
FUEL CELLS 
R o w l e t t e ,  J.J., ( E l e c t r o - O p t i c a l  S y s t e m s ,  Inc . ,  P a s a d e n a ,  
C a l i f . ) ,  N 6 4 - 1 1 8 0 9 ,  NASA-CR-55059, O c t  18 ' 6 3 ,  A v a i 1 : ~ A c  

P r o g r e s s  reported i n c l u d e s  t h e  f o l l o w i n g :  ( 1 )  A  s y s t e m  
a n a l y s i s  of f u e l  ce l l s  w a s  m a d e  b y  r e l a t i n g  t h e  c e l l - c o m -  
ponent w e i g h t s  t o  t h e  fue l -ce l l  e l e c t r o d e  area, a n d  t hen  
r e l a t i n g  t h e  la t ter  t o  t h e  p e r t i n e n t  ope ra t ing  p a r a m e t e r s  
of t h e  s y s t e m .  A f t e r  t h i s  pa r t  of t h e  a n a l y s i s  w a s  com- 
p l e t e d ,  t h e  w e i g h t  re la t ionships  w e r e  p r o g r a m m e d  i n t o  an 
IBM c o m p u t e r ,  and  a l l  p a r a m e t e r s  p e r t i n e n t  t o  t h e  p r o b l e m  
w e r e  var ied s y s t e m a t i c a l l y .  
(WEIGHT, CURRENT DENSITY) 



H73 34240 ELECTRICALLY-REGENERATIVE HYDROGEN-OXYGEN FUEL CELL 
Frank,  H.A., (E l ec t ro -Op t i ca l  S y s t ~ m s ,  Inc . ,  Pasadena, 
c a l i f . ) ,  ~63 -10270 ,  ARS Paper-2563-62, ARS Space Power 
Systems Conference,  San ta  ~ o n i c a ,  C a l i f . ,  Sep t  25-28 ' 6 2 ,  
Avai1:TAC 

A d e s c r i p t i o n  is presen ted  of t h e  s t a t u s  o f  e l e c t r o -  
o p t i c a l  systems i n  t h e  development of  an e l e c t r i c a l l y  r e -  
g e n e r a t i v e  hydrogen-oxygen f u e l  c e l l  f o r  space a p p l i c a t i o n .  
The system performs t h e  same f u n c t i o n  a s  a  secondary 
b a t t e r y  i n  s p a c e c r a f t ,  and shows p o t e n t i a l  advantages 
over  b a t t e r i e s  from s t a n d p o i n t s  of energy-to-weight r a t i o ,  
c y c l e  l i f e ,  and o p e r a t i n g  temperature  range. 
(FUEL CELL, REGENERATION) 

H73 34241 15-KW HYDROCARBON-AIR FUEL CELL ELECTRIC 
POWER PLANT DESIGN 
T r u i t t ,  J.K., (Texas Ins t ruments ,  Snc., Da l l a s ,  Tex.) ,  
AD-827-947, J a  11 '68 ,  Avai1:TAC 

c r i t i c a l  subsystems and COmpOhentS r ep re sen t ing  
e lements  of  a  15-ki lowat t  p a r t i a l - o x i d a t i o n  molten-carbon- 
a t e  hydrogen-air  f u e l  c e l l  power gene ra t ing  system were 
des igned ,  f a b r i c a t e d  and t e s t e d  t o  e s t a b l i s h  o v e r a l l  
f e a s i b i l i t y  o f  t h e  15-k i lowat t  des ign .  
(CARBONATE ) 

H73 34242 PERFORMANCE OF A MOLTEN CARBONATE FUEL CELL 
AND BATTERY SYSTEM 
P e a t t i e ,  C.G., I. Trachtenberg,  and J . K .  T r u i t t ,  (Texas 
In s t rumen t s ,  D a l l a s ,  Tex.) ,  Proceedings ,  A u s t r a l i a n  Con- 
f e r e n c e  on E lec t rochemis t ry ,  l s t ,  Sydney and Hobart,  Aus- 
t r a l i a ,  Fe 13-20 '63 ,  Avai1:TAC 

I n v e s t i g a t i o n  of t h e  s i n g l e - c e l l  and m u l t i c e l l  pe r fo r -  
mance of a  mol ten-carbonate  f u e l  c e l l  a t  6 0 0 ~ ~ .  Hydrogen, 
reformed propane,  and a n  equ i l i b r ium s o l u t i o n  of methanol 
and wate r  a r e  used a s  f u e l s ,  w i t h  a i r  a s  ox idan t .  
(FUEL CELL, CARBONATE) 

H73 34243 MOLTEN-CARBONATE FUEL BATTERY PROGRAM 
T r u i t t ,  J . K . ,  (Texas Ins t ruments ,  I nc . ,  Da l l a s ,  Tex . ) ,  N64- 
15562, TI-08-63-108, 63, Avai1:TAC 

Power o b t a i n a b l e  from s i n g l e  c e l l s  on hydrogen f u e l  
u s i n g  t h e  4 3/16-in. e l e c t r o d e  d i ame te r  assembly ha3 been 
inc reased  from an average of 60 w t o  about 100 w/ft  a t  
0.7 v by improvements i n  t h e  f u e l  e l e c t r o d e  s t r u c t u r e  and 



r e d u c t i o n  i n  e lec t r i ca l  r e s i s t a n c e .  
(OXIDATION) 

H73 34244 MODIFIED PARTIAL OXIDATION OF HYDROCARBONS 
FOR USE I N  ACID FUEL CELLS 
Bannochie,  J . G . ,  and  C.G. Clow, Energy  Convers ion ,  V 13:67-74, 
Pergamon P r e s s ,  73 

The a u t h o r s  c o n s i d e r  t h e  problems of  f u e l  c e l l  sys t ems  
c a p a b l e  b o t h  o f  r u n n i n g  on 1 - o g i s t i c  hydrocarbon f u e l s  w i t h -  
o u t  t h e  p r o v i s i o n  o f  a n  e x t e r n a l  w a t e r  s u p p l y  and o f  o p e r a t i n g  

0 i n  t h e  t e m p e r a t u r e  r a n g e  -40 t o  +5z0c. During t h i s  s t u d y  
t h e y  e v o l v e  a m o d i f i c a t i o n  t o  p a r t i a l  o x i d a t i o n  and t h e  
p a p e r  d e s c r i b e s  t h i s  p r o c e s s  and t h e  a d v a n t a g e s  and l i m i t a t i o n s  
o f  f u e l  c e l l  s y s t e m s  i n c o r p o r a t i n g  i t .  
(FUEL CELL, ACID, HYDROCARBON, OXIDATION) 

H73 34245 EFFECT OF OXYGEN-SUPPLY IMPURITIES ON PERFOR- 
MANCE OF HYDROGEN-OXYGEN FUEL CELL 
J o n e s ,  J . C . ,  J .E.  Cox, Energy  Conver s ion ,  V 8:113-15 N3, 
Nov 68 

E x p e r i m e n t a l  method i n v o l v e d  o p e r a t i o n  o f  s i n g l e  ce l l s  
w i t h  t h r e e  r e a c t a n t  oxygen s u p p l y  p u r i t y  l e v e l s ;  c o n s t a n t  
load  was m a i n t a i n e d  and change  i n  c e l l  pe r fo rmance  was 
measured as v o l t a g e  d e g r a d a t i o n  and change  i n  c e l l  p e r f o r -  
mance was measured as v o l t a g e  d e g r a d a t i o n  w i t h  time d u r i n g  
t e s t  r u n ;  a f t e r  e a c h  t e s t  r u n ,  s i g n i f i c a n t  immediate  v o l t a g e  
r e c o v e r y  w a s  obse rved  when oxygen e l e c t r o d e  was purged .  
(FUEL CELL, PERFORMANCE) 

H 7 3  34246 FACTORS AFFECTING LIFE OF FUEL CELLS 
G i l l i b r a n d ,  M . I . ,  G.R. Lomax, 2 0 t h  Annual  Power S o u r c e s  
Conference  - P r o c e e d i n g s ,  U.S. Army E l e c t r o n i c s  L a b o r a t o r i e s ,  
F o r t  Monrnouth, N.J., May 24-26 ' 6 6 ,  p 24-8 

S e r i e s  o f  e x p e r i m e n t s  t o  d e t e r m i n e  l i f e  of  i n d i v i d u a l  
f u e l  cel ls ;  oxygen e l e c t r o d e s  c o n t a i n e d  c a r b o n ,  g r a p h i t e ,  
and ~ e f l o n - b o n d e d  P t  c a t a l y s t ;  d i s c h a r g e  d u r a t i o n  o f  s i x  
oxygen e l e c t r o d e s  a t  60  C and 50 m a / s q  cm v a r i e d  from 10,898 
t o  14 ,904 h r ;  a t  100 ma/sq c m  h o u r s  v a r i e d  from 3368 t o  
12 ,488;  s i m i l a r  pe r fo rmance  d a t a  i n d i c a t e d  f o r  hydrogen 
e l e c t r o d e s ;  l i f e - t e s t s  on 30 hydrogen-oxygen c e l l s  w i t h  
KOH e l e c t r o l y t e  gave  o p e r a t i n g  h i s t o r i e s  r a n g i n g  from 0 
t o  8960 h r .  
(ALKALINE, ELECTRODE) 



H73 34247 500-WATT INDIRECT HYDROCARBON SYSTEM 
Bar tosh ,  S.J . ,  20th Annual Power Sources  Conference - Pro- 
ceed ings ,  (U.S. Army E l e c t r o n i c s  Labs, F o r t  Monmouth, 
N . J . ) ,  May 24-26 '66, p  31-5 

Program and des ign  of 500 w i n d i r e c t  hydrocarbon-air  
power p l a n t  c o n s i s t i n g  of c o n v e r t e r  f o r  producing H2 from 
f u e l  and water by steam reforming and f u e l  c e l l  f o r  gene ra t ing  
e l e c t r i c a l  power. 
(REFORMING) 

H73 34248 5 KVA HYDROCARBON REFORMER - A I R  FUEL CELL 
SYSTEM 
Kirk land ,  T.G., M.L. Engle, and G . I .  Cade, 18 th  Annual 
Power Sources  Conference - proceedings ,  (U.S. A r m y  E l e c t r o n i c s  
~ a b o r a t o r i e s ,  F o r t  Monmouth, N . J . ) ,  May 64, p  31-3 

Cons t ruc t ion ,  o p e r a t i o n ,  and performance of 5-kva a i r  
f u e l  c e l l  system us ing  reformer  f o r  hydrogen gene ra t ion  
from wa te r  and hydrocarbons; power-conversion e f f i c i e n c y  
o f  system i s  24%; diagrams are g iven  showing a i r - supply ,  
t he rma l - con t ro l  and mois ture -cont ro l  networks. 
(FUEL CELL, AIR, HYDROCARBON) 

H73 34249 APOLLO FUEL CELL SYSTEM 
M o r r i l l ,  C.C., 19 th  Annual Power Sources  Conference - Pro- 
ceed ings ,  (U.S. Army E l e c t r o n i c s  Labs,  F o r t  Monmouth, 
N . J . ) ,  May 18-20 '65,  p  38-41 

S t a t u s  r e p o r t  on hydrogen-oxygen ( a i r )  f u e l  c e l l  system 
f o r  Apol lo  s p a c e c r a f t :  power p l a n t  requi rements ,  develop- 
ment p r o g r e s s  and s t a t u s ,  and performance growth a r e  d i s -  
cussed.  
(FUEL CELL, SPACECRAFT) 

H73 34250 FUEL CELLS PRESENT STATUS AND DEVELOPMENT PROBLEMS 
Kirk land ,  T.G., D.J. Loof t ,  SAE-Paper 660230, Apr 5-6 '66 

Approaches taken a t  U.S. Army Engineer Research and 
Development Labora to r i e s ,  F o r t  B e l v o i r ,  V a . ,  t o  develop 
f u e l - c e l l  power p l a n t s  f o r  a p p l i c a t i o n  which uses  hydrogen 
de r ived  from l i q u i d  hydrocarbons and oxygen from ambient 
a i r ;  f o u r  systems are i n v e s t i g a t e d ,  namely, d i r e c t  ox ida t ion ,  
i n t e r n a l  reforming,  e x t e r n a l  reforming and p a r t i a l  ox ida t ion-  
mol ten carbona te ;  major problem a r e a s  common t o  a l l  systems 
a r e  e l e c t r o d e  r e l i a b i l i t y  and no i se ,  weight  and r e l i a b i l i t y  
of a u x i l i a r y  components; f u e l - c e l l  power-plant power d e n s i t y  
t h a t  has  t o  be achieved t o  r e p l a c e  i n t e r n a l  combustion en- 
g i n e s  i n  v e h i c l e s  i s  between 10 and 13  lb/kw. 
(REFORMING, OXIDATION) 



H73 34251 OPERATING CHARACTERISTICS OF HIGH-PRESSURE 
MEDIUM-TEMPERATURE HYDROGEN-OXYGEN RECHARGEABLE FUEL CELLS 
Ramakumar, R., Proceedings ,  F r o n t i e r s  of Power Technology 
Conference, O c t  23- '69,  Oklahoma S t a t e  U n i v e r s i t y ,  S t i l l -  
w a t e r ,  Okla. 

This  paper  p r e s e n t s  and d i s c u s s e s  t h e  exper imental  
r e s u l t s  obta ined t o  s t u d y  t h e  e f f e c t  of p r e s s u r e  and temper- 
a t u r e  on t h e  e l e c t r o l y s i s  and f u e l  c e l l  p o l a r i z a t i o n  curves  
of rechargeable  hydrogen-oxygen f u e l - c e l l s  employing por- 
ous z i r c o n i a  membrane and aqueous potassium hydroxide 
e l e c t r o l y t e .  
(POLARIZATION, ALKALINE) 

- 

H73 34252 GENERATING POWER I N  A MOLTEN ELECTROLYTE 
(HYDROGEN-HALOGEN) FUEL CELL - 

Juda ,  W.,  D.M. Moulton, and H.L. Gruber, (Pro tech  Inc ,  and 
A t l a n t i c  R i c h f i e l d  Co.,) U.S. 3,575,717, Apr 20 ' 7 1  

Fue l  c e l l s  employing an H2 anode, a  halogen cathode,  
and a  molten e l e c t r o l y t e  con ta in ing  ions  of t h e  halogen 
can be operated a t  p o t e n t i a l s  much h i g h e r  than t h e i r  s t a t e d  
p o t e n t i a l s  i f  t h e  H h a l i d e  (HX) . i s  n o t  s o l u b l e  i n  t h e  elec- 
t r o l y t e  and i f  i t  is  removed a s  formed. 
(FUEL CELL, ELECTROLYTE) 

H73 34253 STUDIES OF THE MOLTEN CARBONATE ELECTROLYTE 
FUEL CELL 
Webb, A.N., W.B. Mather, Jr. ,  and R.M. S u g g i t t ,  (Texaco 
Research Center ,  Beacon, N.Y.), J o u r n a l  of  t h e  Elec t ro-  
chemical  S o c i e t y ,  V 112:1059 N 1 1 ,  Nov 6 5  

Fuel  c e l l s  wi th  N a L i C 0 3 e l e c t r o l y t e  contained i n  a  
porous MgO m a t r i x  have been opera ted  a t  6 5 0 ~ ~  on s y n t h e t i c ,  
" r e a l i s t i c "  f u e l s  con ta in ing  combinations of H , C O ,  CO2,  
H20, and N2. A mix tu re  of a i r  and C02 w a s  use2 a s  t h e  
s t a t e  of t h e  e l e c t r o d e  w a s  avoided. H2 and CO w e r e  ox id ized  
a t  oxidized e l e c t r o d e s  w i t h  0 . 6 ~  a c t i v a t i o n  p ~ l a r i z a t i o n .  
Carbon d e p o s i t i o n  from t h e  d i s p r o p o r t i o n a t i o n  of CO occurred 
even dur ing  t h e  o x i d a t i o n  0 f . H  

2' 
The d i s p r o p o r t i o n a t i o n  

can b e  prevented by a d d i t i o n  o f  H20 o r  C02. 
(FUEL CELL, CARBONATE) 

H73 34254 HYDROGEN-OXYGEN PRIMARY EXTRATERRESTRIAL 
(HOPE) FUEL CELL PROGRAM 
Anon, (General  E l e c t r i c  Co., M i s s i l e  and Space Vehic le  Dept.,  
P h i l a d e l p h i a ,  P a . ) ,  N63-15188, ASD-TDR-62-522, Je  62, Avai1:TAC 

Phase 1 of t h i s  program r e s u l t e d  i n  t h e  development and 
t e s t  of a  25-watt f u e l - c e l l  module, and t h e  de s ign  and f a b r i -  
c a t i o n  of HOPE s p a c e c r a f t  t h e  improved Blue 
Scout Booster .  
(WATER, REMOVAL) 



H73 34255 HYDROGEN-OXYGEN PRIMRY EXTRATERRGSTRIAL (HOPE) 
FUEL CELL PROGRAM 
Anon, ( G e n e r a l  E l e c t r i c  C o . ,  M i s s i l e  and Space  V e h i c l e  
Dept . ,  p h i l a d e l p h i a ,  P a . ) ,  N63-15188, ASD-TDR-62-522, 
Je 62 ,  Avai1:TAC 

Phase  I of t h i s  program r e s u l t e d  i n  t h e  deve lopment  
and t e s t  o f  a 3 5 - c e l l  25 -wa t t /28 -vo l t  s p a c e  c o n f i g u r a t i o n  
f u e l - c e l l  module.  The HOPE s p a c e c r a f t ,  f u e l  s u p p l y  t a n k s ,  
p n e u m a t i c s ,  and t h e r m a l  s y s t e m s  have been  d e s i g n e d  and 
f a b r i c a t e d  t o  p r o v i d e  o p e r a t i n g  c a p a b i l i t y  i n  o r b i t  f o r  
7  d a y s  a t  50 w a t t s ,  c o m p a t i b l e  w i t h  t h e  B l u e  S c o u t  l a u n c h  
v e h i c l e .  
(WATER, REMOVAL, HEAT, VIBRATION) 

H73 34256 FUEL CELL TECHNOLOGY PROGRAM 
Anon, ( G e n e r a l  ~ l e c t r i c  Co., Lynn, Mass.), ~ 7 2 - 2 3 0 5 3 ,  
NASA-CR-115572, Aug 25 ' 7 2 ,  A v a i 1 : T A ~  

A program t o  advance  t h e  t e c h n o l o g y  f o r  a c o s t - e f f e c t i v e  
hydrogen/oxygen f u e l  c e l l  sys t em for f u t u r e  manned space-  
c r a f t  i s  d i s c u s s e d .  The e v a l u a t i o n  o f  b a s e  l i n e  d e s i g n  
c o n c e p t s  and t h e  deve lopment  of  p r o d u c t  improvements i n  
t h e  areas o f  l i f e ,  power,  s p e c i f i c  w e i g h t  and volume, v e r -  
s a t i l i t y  of o p e r a t i o n ,  f i e l d  m a i n t e n a n c e  and t h e r m a l  con- 
t r o l  w e r e  c o n d u c t e d  f rom t h e  m a t e r i a l  and component l e v e l  
t h r o u g h  t h e  f a b r i c a t i o n  and test  o f  a n  e n g i n e e r i n g  model  
o f  t h e  f u e l  c e l l  sys t em.  
(COST, SPACECRAFT) 

H73 34257 A NEW HIGH-PERFORMANCE FUEL CELL EMPLOYING 
CONDUCTING-POROUS-TEFLON ELECTRODES AND LIQUID ELECTROLYTES 
N i e d r a c h ,  L.W., and H.R. A l f o r d ,  ( ~ e n e r a l  E l e c t r i c  C o . ,  
S c h e n e c t a d y ,  N . Y . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 112:117 N2, Fe  65 

A low- tempera tu re ,  aqueous  e l e c t r o l y t e  f u e l  c e l l  em- 
p l o y i n g  new, "conduc t ing -porous -Tef lon  e l e c t r o d e s "  i s  de-  
s c r i b e d .  The new e l e c t r o d e s  show e x c e l l e n t  pe r fo rmance  
c h a r a c t e r i s t i c s  w i t h  a  v a r i e t y  o f  f u e l s  ( i n c l u d i n g  hydro- 
c a r b o n s )  and w i t h  b o t h  oxygen and a i r  a s  t h e  o x i d a n t .  Pre-  
p a r a t i o n  methods  are d i s c u s s e d ,  and pe r fo rmance  d a t a  ob- 
t a i n e d  w i t h  ambien t  t e m p e r a t u r e ,  hydrogen-oxygen and hydro- 
g e n - a i r  c e l l s  are p r e s e n t e d  t o  i l l u s t r a t e  t h e i r  p r o p e r t i e s .  
(FUEL CELL, ELECTRODE) 



H73 34258 THE OPERATION OF A N  ION-MEMBRANE FUEL CELL 
WITH MICROBIALLY-PRODUCED HYDROGEN 
B l a n c h a r d ,  G .C . ,  and R.T. F o l e y ,  ( V e t e r a n s  A d m i n i s t r a t i o n  
H o s p i t a l ,  Bos ton ,  Mass . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  
S o c i e t y ,  V 118:1232 N7, J1 7 1  

A c o n s i d e r a t i o n  o f  v a r i o u s  methods of  c o n v e r t i n g  t h e  
e n e r g y  a s s o c i a t e d  w i t h  b i o c h e m i c a l  o r  m i c r o b i o l o g i c a l  
r e a c t i o n s  t o  e l e c t r i c a l  e n e r g y  i n d i c a t e s  t h a t  t h e  m o s t  
p r a c t i c a l  approach  i s  t h e  i n d i r e c t  whereby p r o d u c t s  pro-  
duced by e n z y m a t i c  r e a c t i o n s  a r e  fed  t o  an  e l e c t r o c h e m i c a l  
c o n v e r t e r .  Hydrogen c a n  b e  produced b y  t h e  a c t i o n  o f  
C l o s t r i d i u m  p e r f r i n g e n s  on g l u c o s e  and n a t u r a l  p r o d u c t  
s u b s t r a t e s  i n  t e c h n o l o g i c a l l y  s i g n i f i c a n t  q u a n t i t y  and 
p u r i t y .  The hydrogen produced by t h e  a c t i o n  o f  c l o s t r i d i u m  
p e r f r i n g e n s  on g l u c o s e  and bananas  (as  an example o f  n a t u r a l  
p r o d u c t s )  h a s  o p e r a t e d  a n  ion-membrane H2-O2 f u e l  c e l l  f o r  
p e r i o d s  o f  24-48 h r  w i t h  no  e v i d e n c e  o f  d e t r i m e n t a l  reac- 
t i o n s .  Such sys t ems  o p e r a t e  a t  power d e n s i t i e s  o rde r -o f -  
magni tude  g r e a t e r  t h a n  d i r e c t  b i o c h e m i c a l  f u e l  ce l ls  
w h e r e i n  t h e  enzymat i c  r e a c t i o n  t a k e s  p l a c e  on t h e  e l e c t r o d e .  
They would o f f e r  a d v a n t a g e s  f o r  o p e r a t i o n  i n  remote a r e s s .  
(FUEL CELL, I O N ,  MEMBRANE, MICROBE) 

H73 34259 PERFORMANCE STUDIES ON A RECHARGEABLE HYDROGEN- 
OXYGEN FUEL CELL 
Hughes, W.L., R. Ramakumar, and H.J .  A l l i s o n ,  (Oklahoma 
S t a t e  U n i v e r s i t y ,  S t i l l w a t e r ,  O k l a . ) ,  P r o c e e d i n g s  o f  t h e  
F i f t h  I n t e r s o c i e t y  Energy  Conver s ion  E n g i n e e r i n g  Confe rence ,  
Las Vegas,  Nev.,  S e p t  21-25 ' 7 0 ,  Avai1:TAC 

Hydrogen-oxygen f u e l  c e l l s  employing a  po rous  membrane 
made of c a l c i a  s t a b i l i z e d  z i r c o n i a  and s i n t e r e d  n i c k e l  
e l e c t r o d e s  w i t h  no  n o b l e  m e t a l  c a t a l y s t s  o f  a n y  k i n d  have 
t h e  p o t e n t i a l  f o r  t h e  developement  of  an  economica l  e n e r g y  
s t o r a g e  sys tem.  I n  t h i s  p a p e r ,  t h e  e f f e c t  o f  t h e  p o r o s i t y  o f  
t h e  membrane on t h e  p o l a r i z a t i o n  c u r v e s  o f  e l e c t r o l y s i s  
and f u e l  c e l l  modes o f  o p e r a t i o n  are i n v e s t i g a t e d  e x p e r i -  
m e n t a l l y  and t h e  r e s u l t s  are p r e s e n t e d  and d i s c u s s e d .  
(ELECTRODE, POLARIZATION, POROSITY) 

H73 34260 ECONOMIC HIGH-PRESSURE HYDROGEN-OXYGEN REGEN- 
ERATIVE FUEL-CELL SYSTEMS 
A l l i s o n ,  H . J . ,  (Oklahoma S t a t e  Univ. ,  S t i l l w a t e r ,  O k l a . ) ,  
R .  Ramakumar, W.L. Hughes,  P r o c e e d i n g s  o f  4 t h  I n t e r s o c i e t y  
Energy Conver s ion  E n g i n e e r i n g  Confe rence ,  Washington ,  D.C., 
S e p t  22-26 '69,  P a p e r  699129, p 1042-7 

E x p e r i m e n t a l  p r o t o t y p e  u n i t s  o f  h igh  p r e s s u r e  (1000 



t o  3000 p s i )  modera te  t e m p e r a t u r e  (300 t o  350 F )  hydrogen- 
oxygen r e v e r s i b l e  f u e l - c e l l s  u s i n g  n o  n o b l e  m a t e r i a l s  o f  
a n y  k i n d  have been  s u c c e s s f u l l y  o p e r a t e d  c y c l i c a l l y  w i t h  
e n c o u r a g i n g  r e s u l t s .  The approach  c o n s i s t s  of u s i n g  c a l c i a  
s t a b i l i z e d  p o r o u s  z i r c o n i a  as membrane and aqueous  KOH 
as e l e c t r o l y t e  w i t h  po rous  n i c k e l  e l e c t r o d e s  s i n t e r e d  on 
t o  t h e  membrane. 
(TEMPERATURE, PRESSURE, POROSITY) 

H73 34261 FUEL CELL RESEARCH AT OKLAHOMA STATE UNIVERSITY 
A l l i s o n ,  H . J . ,  (Oklahoma S t a t e  U n i v e r s i t y ) ,  P r o c e e d i n g s ,  
Energy  c o n v e r s i o n  & S t o r a g e ,  2nd. O c t  12-13 ' 6 4  

S t u d y  f o r  development  o f  r e v e r s i b l e  hydrogen-oxygen 
f u e l  c e l l s  w i t h  e l e c t r o d e s  which f u n c t i o n  a t  p r e s s u r e s  
as  h i g h  as 3000 p s i  and  which can  b e  mass produced:  con- 
f o r m a l  t r a n s f o r m a t i o n s  o f  e l e c t r o d e  c o n f i g u r a t i o n :  con- 
s t r u c t i o n  and a n a l y s i s  o f  "magnet-hydrodynamic" hydrogen- 
oxygen ce l l s  u s i n g  i n t e n s e  t r a n s v e r s e  m a g n e t i c  f i e l d  in -  
s t e a d  of  c o n v e n t i o n a l  e l e c t r o l y t e  t o  p r o v i d e  h igh  r e s i s t a n c e  
p a t h  be tween e l e c t r o d e s  f o r  i o n s  and RF e x c i t a t i o n  t o  
change  f u e l  g a s e s  t o  n a s c e n t  s t a te .  
(PRESSURE, ELECTRODE) 

H73 34262 EXPERIMENTAL W O W  TO DATE ON ENERGY CONVERSION 
AND STORAGE AT OKLAHOMA STATE UNIVERSITY 
A l l i s o n ,  H . J . ,  (Oklahoma S t a t e  U n i v e r s i t y ) ,  P r o c e e d i n g s ,  
Confe rence  on Energy  Conver s ion  and S t o r a g e ,  63, p 65-80 

Energy  s t o r a g e  sys t em u n d e r  development  i s  d i s c u s s e d  
t h a t  u s e s  h-p e l e c t r o l y s i s  f o r  p r o d u c t i o n  o f  hydrogen and 
oxygen g a s e s ,  and f u e l  c e l l s  f o r  s u b s e q u e n t  r e c o m b i n a t i o n  
o f  g a s e s  t o  form w a t e r  and e l e c t r i c a l  e n e r g y ;  most  o f  ex- 
p e r i m e n t a l  work c o n c e r n s  p h y s i c a l  p r o p e r t i e s  o f  f u e l  cells 
and p r e s s u r e  e l e c t r o l y s i s  u n i t s .  
(ELECTROLYSIS, FUEL CELL) 

H73 34263 H I G H  PERFORMANCE FUEL CELL 
V a n n a t t a ,  D.W., ( ~ l l i s - c h a l m e r s ,  Milwaukee,  W i s . ) ,  R e p o r t  
N o .  AFAPL-TR-70-42, A v a i l  :TAC 

The o b j e c t i v e  of  t h i s  c o n t r a c t  was t o  d e v e l o p  t e c h n o l o g y  
r e q u i r e d  f o r  a  h i g h  per formance  H ~ / o ~  f u e l  c e l l  power s y s -  
t e m  f o r  f u t u r e  A i r  F o r c e  s p a c e  v e h i c l e  a p p l i c a t i o n s .  Tech- 
n i c a l  o b j e c t i v e s  f o r  t h e  sys t em i n c l u d e d :  a s p e c i f i c  e n e r g y  
of 1100 w a t t - h o u r s  p e r  pound, a  r e l i a b i l i t y  o f  0 .998 f o r  a  



m i s s i o n  o f  1500 h o u r s  d u r a t i o n ,  power r e q u i r e m e n t s  o f  3  kW 
t o  1 0  kW, and  a sys t em o p e r a t i n g  l i f e  g o a l  o f  3000 hours .  
(SPACECRAFT) 

H73 34264 RELIABILITY ASSESSMENT TESTING OF 2  KW. 
HYDROGEN-OXYGEN FUEL CELL STACKS , 
Bruno, R.P., J . R .  H u r l e y ,  (Resea rch  D i v i s i o n ,  A l l i s - C h a l m e r s ,  
Milwaukee, W i s . ) ,  I n t e r s o c i e t y  Energy Conver s ion  E n g i n e e r i n g  
Confe rence ,  67,  p  415-22 

The development  o f  a 2  kw, H2-02 a l k a l i n e  f u e l - c e l l  
power s y s t e m  h a s  been  u n d e r t a k e n .  A r e l i a b i l i t y  a s s e s s m e n t  
t e s t i n g  program h a s  b e e n  conduc ted  t o  d e t e r m i n e  t h e  c a p a b i l i t i e s  
and l i m i t a t i o n s  o f  t h i s  sys tem.  E i g h t ,  2-kw. f u e l - c e l l  
s t a c k s  were  c o n s t r u c t e d  and t e s t e d  t o  f a i l u r e  u n d e r  t h i s  
program. 
(ALKALINE) 

H73 34265 SEALING OF SILVER OXIDE-ZINC STORAGE CELLS 
Anon, (McDonnel-Douglas Co., Newport Beach, C a l i f . ) ,  N69- 
12309,  NASA-CR-97817, 6 7 ,  Avai1:TAC 

The e v a l u a t i o n  o f  t h e  m i n i a t u r e  f u e l  ce l l s  i n  c o n t r o l l i n g  
p r e s s u r e  i n  s e a l e d  s i l v e r  o x i d e - z i n c  s t o r a g e  ce l l s  is  sum- 
mar ized .  These  f u e l  ce l l s  a r e  m i n i a t u r e  e l e c t r o - c h e m i c a l  
d e v i c e s  composed o f  one  s o l i d  b a t t e r y  e l e c t r o d e  and  one 
f u e l  c e l l  g a s  consuming e l e c t r o d e .  They are i n s t a l l e d  
on o r  i n  a s i l v e r  o x i d e - z i n c  s t o r a g e  c e l l  and pe r fo rm t h e i r  
p r e s s u r e  c o n t r o l  f u n c t i o n  by  e l e c t r o c h e m i c a l l y  consuming 
evolved  g a s e s  (H2 and 02) from t h e  s t o r a g e  ce l l s .  
(FUEL CELL, PRESSURE) 

H73 34266 INCREASED HYDROX FUEL CELL PERFORMANCE 
Morgan, J . R . ,  (NASA, M a r s h a l l  Space  F l i g h t  C e n t e r ,  Hunts- 
v i l l e ,  A l a . ) ,  N72-22216, Resea rch  Achievements  Review, V 4: 
97-101, F e  72,  Avai1:TAC 

R e s e a r c h  is  b e i n g  conduc ted  t o  i d e n t i f y  hydrogen-oxygen 
f u e l  c e l l  sys t em l i m i t a t i o n s  and  t o  i n v e s t i g a t e  methods  o f  
r e d u c i n g  them. A method i s  proposed  f o r  improving c a t h o d i c  
e f f i c i e n c y .  
(CATHODE, EFFICIENCY) 



H73 34267 EXPERIMENTAL EVALUATION OF THE SINGLE-CELL 
CONCEPT FOR A LIGHmIGHT, RECHARGEABLE HYDROGEN-OXYGEN 
FUEL CELL 
S t o c k e l ,  J .F . ,  (COMSAT Labs . ,  C l a r k s b u r g ,  Md.), P r o c e e d i n g s  
o f  t h e  F i f t h  I n t e r s o c i e t y  Energy  C o n v e r s i o n  E n g i n e e r i n g  
C o n f e r e n c e ,  Las  Vegas,  Nev., S e p t  21-25 ' 70 ,  V  1:5-95, 5-100, 
A v a i l  : TAC 

These  a r e  t h e  f i r s t  l i g h t w e i g h t ,  r e c h a r g e a b l e  hydro- 
gen-oxygen f u e l  cel ls  b u i l t  t h a t  d e m o n s t r a t e  a n  a t t r a c t i v e  
u s a b l e  e n e r g y  d e n s i t y  ( 1 5  w a t t - h o u r / l b )  and have good po- 
t e n t i a l  f o r  i n c r e a s i n g  t h e  e n e r g y  d e n s i t y .  The ce l l s  are 
r a t e d  a t  24 ampere-hours ,  are c y l i n d r i c a l ,  and were  ope r -  
a t e d  be tween 230 and 600 p s i g .  U t i l i z e d  i n  t h e  s i n g l e - c e l l  
c o n c e p t ,  t h e s e  ce l l s  have t h e  p o t e n t i a l  f o r  good r e l i ab i l -  
i t y  and  e a s y  c h a r g e  c o n t r o l .  T h i s  work r e p r e s e n t s  a  s i g -  
n i f i c a n t  s t e p  toward d e v e l o p i n g  a r e c h a r g e a b l e  f u e l  c e l l  
f o r  u s e  on  conununicat ions s a t e l l i t e s .  
(FUEL CELL, LIGHTWEIGHT, RECHARGEABLE) 

H73 34268 HIGH POWER DENSITY FUEL CELL 
D u r a n t e ,  B.,  ( W r i g h t - P a t t e r s o n  AFB, O h i o ) ,  J.K. Stedman, 
and  C.L. B u s h n e l l ,  ( P r a t t  and Whi tney  A i r c r a f t  D iv . ,  S o u t h  
Windsor ,  Conn. ) ,  4 t h  I n t e r s o c i e t y  Energy  Conver s ion  Engin- 
e e r i n g  Confe rence ,  Washington,  D.C., S e p t  22-26 '69,  Pro- 
c e e d i n g s ,  A v a i l  :TAC 

I n t e r i m  r e s u l t s  o f  a n  A i r  Force-sponsored  e x p e r i m e n t a l  
and  a n a l y t i c a l  program conduc ted  t o  i n v e s t i g a t e  t h e  f e a s -  
i b i l i t y  o f  hydrogen-oxygen f u e l  ce l l s  f o r  high-power s h o r t -  
d u r a t i o n  a p p l i c a t i o n s  such  as mi s s i l e s  and s a t e l l i t e  power 
s y s t e m s .  The c o n c e p t  b e i n g  e v a l u a t e d  i n  t h i s  program in -  
c l u d e s  a h igh-power -dens i ty  hydrogen-oxygen f u e l  c e l l  w i t h  
open c y c l e  h e a t  and p roduc t -wa te r  removal  subsys tems ,  
and  r e a c t a n t  t a n k a g e .  R e s u l t s  o f  a f u e l  c e l l  t e s t  program 
are d i s c u s s e d .  
(HEAT, REMOVAL, WATER, ENDURANCE) 

H73 34269 ADVANCED SPACECRAFT FUEL CELL SYSTEMS 
T h a l l e r ,  L.H., (NASA, Lewis ~ e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
Power S o u r c e s  Symposium, 25th .  A t l a n t i c  C i t y ,  N.J., May 23- 
25 ' 7 2 ,  Avai1:TAC 

An e v o l u t i o n a r y  advanced t e c h n o l o g y  program i s  d e s c r i b e d  
which i s  aimed a t  m e e t i n g  t h e  r e q u i r e m e n t s  of t h e  n e x t  gen- 
e r a t i o n  o f  f u e l  c e l l  sys t ems  as w e l l  as p r o v i d i n g  t e c h n o l o g y  
f a l l o u t  t o  ongoing  m i s s i o n  o r i e n t e d  programs.  The s p e c i f i c  



g o a l s  of t h e  sys t em s e l e c t e d  f o r  development  are f o r  10 ,000  
h r  of o p e r a t i o n  w i t h  r e f u r b i s h m e n t ,  20 lb/kW a t  a s u s t a i n e d  
power of 7  kW, and 2 1  kW p e a k i n g  c a p a b i l i t y  f o r  d u r a t i o n s  
o f  two hours .  The s y s t e m  i s  d e s i g n e d  t o  o p e r a t e  on low 
p r e s s u r e  p r o p u l s i o n  g r a d e  hydrogen and oxygen. 
(PRESSURE ) 

H73 34270 SXMULATED HYDROGEN CROSS-LEAKAGE I N  A  LOW- 
TEMPERATURE, CONTAINED-ELECTROLYTE HYDROGEN-OXYGEN FUEL CELL 
Hagedorn, N.H., (NASA, Lewis Resea rch  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
N69-17337, NASA-TM-X-52542, 69, A v a i l  :TAC 

A f u e l  c e l l  w a s  o p e r a t e d  a t  t e m p e r a t u r e s  o f  120 , 135 , 
and 150 F ,  and c u r r e n t  l e v e l s  of 1 0 ,  25,  and 50 amperes .  A  
c a t h o d e  f e e d  stream m i x t u r e  c o n t a i n i n g  oxygen and 0 t o  20 
p e r c e n t  hydrogen ( b y  volume) was m e t e r e d  t o  t h e  f u e l  cel l .  
There  e x i s t e d  a minimum f e e d  rate o f  t h i s  m i x t u r e  which 
was r e q u i r e d  t o  s u s t a i n  c e l l  pe r fo rmance  a t  each o p e r a t i n g  
p o i n t .  The hydrogen p o r t i o n  o f  t h e  m i x t u r e  was c o m p l e t e l y  
consumed by combust ion  i n  a l l  c a s e s .  
(FUEL CELL, TEMPERATURE) 

H73 34271 FUEL CELL TECHNOLOGY PROGRAM 
B e l l ,  D., (NASA, Manned S p a c e c r a f t  C e n t e r ,  Houston,  T e x . ) ,  
N70-40974, Space  T r a n s p o r t a t i o n  System Technology Symposium, 
V 6:349-60, J1 70, Avai1:TAC 

The advanced f u e l  c e l l  program t o  s u p p o r t  t h e  p r i m a r y  
e lec t r i ca l  power r e q u i r e m e n t s  of s p a c e  s h u t t l e  v e h i c l e s  i n  
t h e  mid-1970 ' s  i s  d i s c u s s e d .  The o b j e c t i v e  i s  t o  advance  
t h e  t e c h n o l o g y  of  hydrogen-oxygen f u e l  c e l l s  t h r o u g h  a 
r i g o r o u s  and comprehens ive  program commencing a t  t h e  low- 
e s t  component and mate r ia l  l e v e l  and  p r o g r e s s i n g  t h r o u g h  
t h e  f a b r i c a t i o n  and  tes t  o f  a n  e n g i n e e r i n g  model  f u e l  
c e l l  and r e l a t e d  components  and a s s e m b l i e s .  
(FUEL CELL, TECHNOLOGY, SPACECRAFT) 



H73 34500 EVALUATION OF FUEL CELL WATER FOR HUMAN 
CONSUMPTION 
Katchman, B.J . ,  C.  L i n d e r ,  S.A. London, A. West, and G. 
K i t z e s ,  (Miami V a l l e y  H o s p i t a l ,  Dayton,  0. ) , AMRL-TR-66-141, 
AF-33(657)11716,  Nov 66  

Water o b t a i n e d  from a  hydrogen-oxygen f u e l  c e l l  w a s  
s u b j e c t e d  t o  c h e m i c a l ,  o r g a n o l e p t i c ,  and m i c r o b i o l o g i c a l  
a n a l y s e s  and  found t o  be a c c e p t a b l e  a c c o r d i n g  t o  t h e  U.S. 
P u b l i c  H e a l t h  S e r v i c e  S t a n d a r d s .  
(FUEL CELL, WATER, HLTMAN) 

H73 34501 INVESTIGATION OF THE DYNAMICS OF WATER REJECTION 
FROM A HYDROGEN-OXYGEN FUEL CELL TO A HYDROGEN STRFAM 
P r o k o p i u s ,  P.R., and  N.H. Hagedorn, (NASA, Lewis Resea rch  
C e n t e r ,  C l e v e l a n d ,  O . ) ,  N67-38425, NASA-TN-D-4201, Oct 67, 
Avai1:TAC 

A w a t e r  r e j e c t i o n  dynamics  s t u d y  of a hydrogen-oxygen 
f u e l  c e l l  was conduc ted  u s i n g  b o t h  e x p e r i m e n t a l  and a n a l y t i c a l  
t e c h n i q u e s .  I n  t h e  t y p e  o f  ce l l  s t u d i e d ,  w a t e r  r e s u l t i n g  
from t h e  f u e l  c e l l  r e a c t i o n  d i f f u s e s  as a vapor  t h r o u g h  
a p o r o u s  e l e c t r o d e  and i s  removed by c i r c u l a t i n g  gaseous  
hydrogen.  The e x p e r i m e n t a l  i n v e s t i g a t i o n  was conducted  
b y  i n t r o d u c i n g  s t e p  t r a n s i e n t s  i n  t h e  r a t e  o f  w a t e r  pro-  
d u c t i o n  and i n  t h e  i n l e t  h u m i d i t y  o f  t h e  w a t e r  removal 
g a s  s t r e a m ,  w h i l e  h o l d i n g  a l l  o t h e r  c e l l  o p e r a t i n g  para-  
meters c o n s t a n t .  When t h e  v a r i o u s  d i m e n s i o n s  and o p e r a t i n g  
c o n d i t i o n s  o f  t h e  c e l l  t e s t e d  were  s u b s t i t u t e d  f o r  t h e  
c o r r e s p o n d i n g  c o n s t a n t s  o f  t h e  m a t h e m a t i c a l  model ,  i t s  
s t e p  r e s p o n s e  w a s  c a l c u l a t e d  and  was found t o  compare w e l l ,  
w i t h  t h e  e x p e r i m e n t a l  d a t a .  
( H U M I D I T Y ,  TIIRNSIENT, MODEL) 

H73 34502 EXPERIMENTAL INVESTIGATION OF THE DYNAMICS 
OF WATER REJECTION FROM A MATRIX TYPE OF HYDROGEN-OXYGEN 
FUEL CELL 
P r o k o p i u s ,  P.R., and R.W. Easter, (NASA, Lewis Resea rch  
Center,  C l e v e l a n d ,  O. ) ,  N69-14518, NASA-TN-D-4956, Dec 68 ,  
Avai1:TAC 

An e x p e r i m e n t a l  s t u d y  o f  w a t e r - r e j e c t i o n  dynamics was 
c o n d u c t e d  on  a matrix t y p e  o f  hydrogen-oxygen f u e l  c e l l  
which  employs a hydrogen stream t o  e x t r a c t  t h e  p r o d u c t  
w a t e r .  
(MUMIDITY, TRANSIENT) 



H73 34503 IMPROVED WATER- AND HEAT-REMOVAL UNIT FOR 
H2/02 FUEL CELL SYSTEMS 
K l i n k ,  R. ,  and H.G. P l u s t ,  Energy  Conver s ion ,  V 8:191-2 
N4 Dec 68 

It is p o s s i b l e  t o  i n c r e a s e  H20-removal d e n s i t y  i n  H20- 
removal u n i t s  o f  f u e l  c e l l  s y s t e m s ,  b y  t h a t  sys t em p a r a m e t e r s ,  
c a u s i n g  i n c r e a s e  o f  t e m p e r a t u r e  o f  e v a p o r a t o r  w a l l ;  v a l u e s  
a r e  g i v e n  f o r  i n f l u e n c e  o f  t h i c k n e s s  o f  removal c a v i t y  o f  
a s b e s t o s ,  K O H - s t r e a m  and m a t e r i a l  used  as s u p p o r t  p l a q u e  
f o r  e v a p o r a t o r  w a l l .  
(FUEL CELL, WATER, HEAT, REMOVAL) 

H73 34504 500-WATT HYDROGEN-AIR CELL 
Breel le ,  Y., and A. G r e h i e r ,  ( I n s t i t u t  F r .  P e t . ,  F r a n c e ) ,  
J o u r n e e s  I n t .  E t u d e  P i l e s  Combustion, C.R., 3 r d ,  280-5, 
69 

Problems c o n c e r n i n g  t h e  t h e r m a l  b a l a n c e  and t h e  
e l i m i n a t i o n  o f  t h e  H 2 0  formed a r e  d i s c u s s e d .  The p e r f o r -  
mance o f  t h e s e  ce l l s  and t h e i r  e n d u r a n c e  y i e l d  an  elec. 
b a t t e r y  c o m p a t i b l e  w i t h  i n d u s t r i a l  u s e .  
(HEAT, REMOVAL, WATER, ENDURANCE) 

H73 34505 STATIC MOISTURE REMOVAL CONCEPT FOR HYDROGEN- 
OXYGEN CAPILLARY FUEL CELL 
P l a t n e r ,  J.L., and P.D. H e s s ,  Chemical  E n g i n e e r i n g  Pro- 
g r e s s  Symposium S e r i e s ,  V 61:299-305 N57 65 

S t a t i c  m o i s t u r e  removal  sys t em;  d e s i r e d  w a t e r - v a p o r  
p r e s s u r e  is  m a i n t a i n e d  i n  ce l l  th rough  d i f f u s i o n  membrane 
a s s o c i a t e d  w i t h  e a c h  c e l l ;  w a t e r  w i l l  n o t  b e  e v a p o r a t e d  
from c e l l  e l e c t r o l y t e  u n t i l  e l e c t r o l y t e  v a p o r  p r e s s u r e  
e x c e e d s  d e s i r e d  v a l u e ;  above  t h i s  v a l u e ,  e v a p o r a t i o n  
r a p i d l y  i n c r e a s e s ;  e u a l u a t i o n  f o r  s p a c e  power a p p l i c a t i o n s .  
(FUEL CELL, MOISTURE, REMOVAL) 

H73 34506 LOW TEMPERATURE FUEL CELL 
Connors ,  J . W . ,  R.A. Thompson, and R.A. Sander son ,  Chemical  
E n g i n e e r i n g  P r o g r e s s ,  V 62:68-9 N5, May 66  

Discussed  are a n a l y s i s  o f  h e a t  and w a t e r  removal  sub-  
sys t ems ,  s y n t h e s i s  i n t o  power p l a n t  o f  t h e s e  subsys tems  
w l t h  r e a c t a n t  c o n d i t i o n i n g  and c o n t r o l  subsys tems ,  and  
m u t u a l  i n t e r a c t i o n  o f  a l l  t h e s e  subsys tems f o r  l o w  temper-  
a t u r e  hydrogen/oxygen f u e l  c e l l  power p l a n t .  
(HEAT, REMOVAL, WATER) 



H73  34507 THE SEPARATION OF FSACTION WATER FROM FUEL 
CELLS BY DIFFUSION AND CONDENSATION 
G u t b i e r ,  H . ,  Chem. Ing .  - Tech.,  V 40:1209-14 N 2 4  68,  Avai1:TAC 

An e v a p o r a t i o n  method was d e v e l o p e d  f o r  s e p a r a t i n g  
t h e  r e a c t i o n  w a t e r  from f u e l  ce l ls ,  i n  which t h e  oppos ing  
e v a p o r a t i o n  and c o n d e n s a t i o n  s u r f a c e s  a r e  s e p a r a t e d  o n l y  
b y  a n a r r o w  g a s - f i l l e d  s l i t .  The l i q u i d  s u r f a c e  i s  s t a b i l i z e d  
m e c h a n i c a l l y  b y  a porous  membrane. The rate o f  w a t e r  sep-  
a r a t i o n  is  measured as  a  f u n c t i o n  o f  t e m p e r a t u r e  and e l e c -  
t r o l y t e  c o n c e n t r a t i o n .  The tes t  r e s u l t s  a r e  d i s c u s s e d  i n  
c o n j u n c t i o n  w i t h  t h e o r e t i c a l  c o n s i d e r a t i o n s .  The t e c h n i c a l  
a p p l i c a t i o n  o f  t h e  method is d e s c r i b e d  f o r  hydrogen-oxygen 
f u e l  ce l l s .  
(FUEL CELL, WATER, REMOVAL) 

H73 34508 USE OF A FLUIDIC OSCILLATOR AS A HUMIDITY 
SENSOR FOR A  HYDROGEN-STEAM MIXTURE 
P r o k o p i u s ,  P.R., (NASA, Lewis R e s e a r c h  C e n t e r ,  C leve land ,  0. ) , 
N66-33487, NASA-1M-X-1269, Washington ,  Aug 66, Avai1:TAc 

A c o n t i n u o u s - r e a d i n g  h u m i d i t y  s e n s o r  was developed 
f o r  t r a n s i e n t  s t u d i e s  o f  a  hydrogen-oxygen f u e l - c e l l  
sys t em i n  which t h e  w a t e r  produced is removed from t h e  
ce l l s  i n  v a p o r  form by a r e c i r c u l a t i n g  hydrogen s t r eam.  
The b a s i s  o f  t h e  s e n s o r  is  a  f l u i d i c  o s c i l l a t o r  t h a t  has  
a n  o s c i l l a t i o n  f r e q u e n c y  s e n s i t i v e  t o  m o l e c u l a r  we igh t  a n d ,  
h e n c e ,  h u m i d i t y  o f  t h e  hydrogen-steam m i x t u r e .  
(FUEL CELL, TRANSIENT, STEADY-STATE, ANALOG) 

H73  34509 ZIRCONIUM PHOSPHATE MEMBRANES FOR INTERMEDIATE 
TEMPERATURE FUEL CELLS 
B e r g e r .  C. ,  M.P. S t r i e r ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  
S o c i e t y ,  V 115:230-3 N3 M a r  68 

New t y p e  o f  s o l i d  i n o r g a n i c  membrane f o r  i n t e r m e d i a t e  
t e m p e r a t u r e  hydrogen-oxygen f u e l  c e l l  a p p l i c a t i o n  i s  des -  
c r i b e d ;  t h i s  i s  b a s e d  on z i r c o n i u m  p h o s p h a t e  s i n t e r e d  w i t h  
z e o l i t e  m a t e r i a l  "Zeolon-H;" z e o l i t e  m a t e r i a l  c o n t r i b u t e s  
t o  m a i n t e n a n c e  o f  water b a l a n c e  i n  membrane which i s  re- 
q u i r e d  e s p e c i a l l y  a t  t e m p e r a t u r e s  above  2 5  C.  
(WATER, REMOVAL) 

H73 34510 DEVELOPING ELECTRICALLY DRIVEN HYDROGEN BLOWER 
FOR VEHICULAR FUEL CELL POWERPLANT 
Arnann, C.A., and G.D. S k e l l e n g e r ,  SAE P a p e r  670455, May 
15-19 ' 6 7 ,  Avai1:TAC 

Compact hydrogen b lower  w a s  d e s i g n e d  t o  f a c i l i t a t e  



removal  o f  w a t e r  from hydrogen l o o p  o f  f u e l  c e l l  sys t em 
i n  E l e c t r o v a n ;  i t  i n v o l v e d  two r a d i a l  f l o w  s t a t e s ,  d r i v e n  
by h igh-speed  e lec t r ic  motor th rough  f l e x i b l e  s h a f t  c o u p l i n g .  
(WATER, REMOVAL) 

H73 34511 WATER AND HEAT BALANCE OF HYDROGEN-OXYGEN 
FUEL CELLS 
S p r e n g e l ,  D. ,  Energy Conver s ion ,  V 10:7-11 N 1 ,  Mar 70 

The a u t h o r  d e s c r i b e s  t h e  r e a c t i o n  p r o d u c t s  o f  t h e  
Hz-O2 f u e l  c e l l  namely w a t e r  and  h e a t  w i t h  r e g a r d s  t o  
optimum e n e r g y  c o n v e r s i o n  and s y s t e m  b a l a n c e .  
(FUEL CELL, WATER, HEAT, BALANCE) 



H73 34600 USE OF THE ADSORPTION HYDROGEN ELECTRODE AND 
THE OXYGEN FUEL-CELL ELECTRODE I N  NICKEL-CADMIUM CELLS 
Sizemore. K.O., (Goddard Space F l i g h t  Center ,  Greenbe l t ,  
M d . ) ,  N66-24926, NASA-'IN-X-55469, Apr 66, Avai1:TAC 

The c h a r a c t e r i s t i c s  of two types  of a u x i l i a r y  e l e c -  
t r o d e s  a r e  i n v e s t i g a t e d .  The e s s e n t i a l l y  l i n e a r  response 
o f  t h e  a d s o r p t i o n  hydrogen 's  e l e c t r o d e  v o l t a g e  a s  a func- 
t i o n  of oxygen p r e s s u r e  and i t s  s t a b i l i t y  i n  potassium 
hydroxide e l e c t r o l y t e  makes i t  an  i d e a l  e l e c t a o d e  f o r  
charge  c o n t r o l .  Alt.hough t h e  oxygen f u e l - c e l l  e l e c t r o d e  
is a ve ry  good gas  recombination e l e c t r o d e  and b e t t e r  by 
a f a c t o r  o f  20 over  t h e  a d s o r p t i o n  hydrogen e l e c t r o d e .  
it i s  d i f f i c u l t  t o  u s e  a s  a cha rge -con t ro l  e l e c t r o d e  be- 
cause  o f  i t s  high s e n s i t i v i t y  t o  oxygen p re s su re .  
(CONTROL) 

H73 34601 RESEARCH ON HYDROGEN FEED MECHANISM OF FUEL 
CELL ON OPEN CIRCUIT 
Edon, C . ,  I n t e r n a t i o n a l  Symposium on B a t t e r i e s ,  4 t h  - Pro- 
ceed ings ,  S e p t  64, p 257-63 

Elec t rochemica l  method a p p l i e d  t o  v e r i f i c a t i o n  of 
s imple  t heo ry  d e s c r i b i n g  feed mechanism f o r  open-c i rcu i ted  
f u e l  ce l l  u s ing  gas  and porous  e l e c t r o d e :  exper iments  w i t h  
KOH e l e c t r o l y t e ,  99.999% pure  H z  ga s ,  P t  coun te r - e l ec t rode ,  
and H ~ / H ~ O  a s  r e f e r e n c e  e l e c t r o d e s  i n d i c a t e  t h a t  e l e c t r o d e  
feed ing  mechanisms f o r  open -c i r cu i t  c o n f i g u r a t i o n s  a r e  
d i s s o l u t i o n  and d i f f u s i o n :  good agreement shown between 
c a l c u l a t e d  and observed va lues .  
(ELECTRODE ) 

H73 34602 OXIDATION OF HYDROGEN ON A PASSIVE PLATINUM 
ELECTRODE 
Schu ld ine r ,  S., (Naval Research Lab., Washington, D .C . ) ,  
Report  N o .  NRL-6659, Fe 27 ' 68  

Under p o t e n t i o s t a t i c ,  s t e a d y - s t a t e  c o n d i t i o n s  and a t  
anod ic  p o t e n t i a l s  above 0.7 V ( N H E ) ,  t h e  r a t e  of  o x i d a t i o n  
of molecu la r  hydrogen d e c r e a s e s  a t  a h i g h - a c t i v i t y  P t  e l e c -  
t r o d e  i n  LM H2S04. I t  i s  shown t h a t  t h i s  dec rease  is  n o t  
owing t o  t h e  format ion of oxygen s p e c i e s  on t h e  e l e c t r o d e  
s u r f a c e .  
(AN I O N )  



H73 34603 LOW TEMPERATURE HYDROGEN CELLS OF C.G.E. EXISTING 
BATTERIES AND FUTURE PROSPECTS 
Dubois, P., and C. Edon. AGARD Propuls ion  and Energy Pane l ,  
J e  12-16 '67 ,  Liege,  Belgium 

P r i n c i p a l  c h a r a c t e r i s t i c s  o f  e l e c t r o d e s  used by 
French General  E l e c t r i c  Co. f o r  manufacture of low-tem- 
p e r a t u r e  hydrogen cel ls  a r e  desc r ibed :  expected development- 
i s  a l s o  o u t l i n e d ;  means t h a t  may b e  s e l e c t e d  f o r  p roduc t ion  
o r  s t o r a g e  of hydrogen f o r  d i f f e r e n t  a p p l i c a t i o n s  a r e  re- 
viewed, and some d e t a i l s  a r e  g iven  of v a r i o u s  types  of f u e l  
c e l l  power g e n e r a t o r s  now being s t u d i e d  o r  t e s t e d  a t  Com- 
pagnie  Generale  d l E l e c t r i c i t e  Research Center .  
(ELECTRODE) 

H73 34604 LOW COST FUEL CELL ELECTRODES 
F r y s i n g e r ,  G.R., 20th Annual Power Sources  Conference - 
Proceedings ,  (u.S. Army E l e c t r o n i c s  Labs., F o r t  Monmouth, 
N . J . ) ,  May 24-26 '66 ,  p  14-17, Avai1:TAC 

Review of r ecen t  advances i n  hydrocarbon-air  f u e l  c e l l  
c o n s t r u c t i o n  designed t o  minimize P t  e l e c t r o c a t a l y t i c  re-  
qu i rements  expressed i n  grams of ~ t , k w  g r o s s  power: goa l  
sought  is  about 20 t o  25 g  e q u i v a l e n t  of  ~ t / k w .  
(CATALYST, ALKALINE) 

H73 34605 LIGHT-WEIGHT FUEL CELL ELECTRODES - 1, 2 
Colman, W.P., D. Gershberg, J. DiPalma, R.G. Haldeman, and 
K.V. Kordesch, 19 th  Annual Power Sources  Conference, Pro- 
ceed ings ,  (U.S. Army E l e c t r o n i c s  Labs. ,  F o r t  Monmouth, N . J . )  , 
May 18-20 '65,  p  14-19, Avai1:TAC 

E f f e c t s  of c a t a l y s t  load ing ,  m a t r i x  m a t e r i a l s ,  and 
o p e r a t i n g  v a r i a b l e s  on performance of f u e l  c e l l s  us ing  
l igh t -weight  e l e c t r o d e s ;  o p e r a t i n g  v a r i a b l e s  i nc lude  temper- 
a t u r e ,  c u r r e n t  d e n s i t y ,  and p r e s s u r e ;  e l e c t r o d e s  a r e  pre-  
pared from c o m e r i c a l  p la t inum b l a c k  and c o n s i s t  of  mix ture  
of t h r e e  p a r t s  p la t inum b lack  and on p a r t  Tef lon  supported 
on n i c k e l  sc reen .  Operat ing c h a r a c t e r i s t i c s  of t h i n ,  l i g h t -  
weight  carbon e l e c t r o d e s  w i t h  porous me ta l  suppor t  f o r  hydro- 
gen-a i r  f u e l  cells us ing  hydrocarbon c o n v e r t e r s ;  e f f e c t  
of  s u r f a c e  t ens ion  on c o n t a c t  a n g l e  f o r  t y p i c a l  r e p e l l e n c y  
agents :  p o l a r i z a t i o n  curves  f o r  t h i n  e l e c t r o d e s  i n  H -0 
and H2-air  f u e l  c e l l s .  

2 2 

(CATALYST, MATRIX, POLARIZATION) 



H73 34606 CARBON FUEL CELL ELECTRODES 
Cla rk ,  M.B., W.G. Darland. K.V. Kordesch, 18 th  Annual 
Power Sources  Conference. Proceedings ,  (U.S. Army Elec- 
t r o n i c s  Labs., F o r t  Monmouth, N . J . ) ,  May 64, p  11-14, Avai1:TAC 

performance of t h i n  carbon-nickel  composite e l e c t r o d e s  
f o r  hydrogen-oxygen f u e l  c e l l s  i s  d i scussed ;  e l e c t r o d e  
c o n s t r u c t i o n  i s  shown: graphs  of temperature  and pres-  
s u r e  e f f e c t s  on e l e c t r o d e  o u t p u t ,  and long-time pe r fo r -  
mance. 
(FUEL CELL, CARBON, ELECTRODE) 

H73 34607 TRANSPORT OF HYDROGEN TO CYLINDRICAL ANODES 
I N  STIRRED ELECTROLYTES 
C a i r n s ,  E . J . ,  A.M. B r e i t e n s t e i n ,  J o u r n a l  of t h e  E lec t ro -  
chemical  S o c i e t y ,  V 114:349-51 N 4 ,  Apr 67 

Transpor t - l imi ted  e l e c t r o d e  r e a c t i o n  chosen was 
anodic  o x i d a t i o n  of hydrogen d i s s o l v e d  i n  aqueous e l e c -  
t r o l y t e s ;  anode was smooth p la t inum c y l i n d e r ;  e l e c t r o l y t e s  
and tempera tures  chosen w e r e  1 N  HClO a t  25 C ,  1 N  Cs2C03  

. 4 .  
a t  24 C,  and 1 N  Cs2C03,at  80 C ;  l i m l t l n g  c u r r e n t s  were 
measured f o r  anodic  o x l d a t i o n  of d i s s o l v e d  hydrogen; 
r e l e v a n t  t o  des ign  and f a b r i c a t i o n  o f  p r a c t i c a l  m i l i t a r y  
f u e l  c e l l  power p l a n t s  f o r  o p e r a t i o n  on ambient a i r  and 
hydrocarbon f u e l s .  
(ELECTRODE, ACID,  CARBONATE) 

H73 34608 SOME PROBLEMS I N  USE OF HYDROCARBONS I N  FUEL 
CELL POWER SYSTEMS 
Wil l iams,  K.R., A.G. ~ i x o n ,  (American Chemical S o c i e t y  - 
Div i s ion  o f  Fue l  chemis t ry) ,  V 11~294-300 N3, Papers  f o r  
~ e e t i n g  S e p t  10-15 '67 

Some o f  problems encountered i n  des ign  of hydrocar- 
bon-reforming system and e l e c t r o d e s  f o r  use  on impure 
hydrogen a r e  d i scus sed .  
(ELECTRODE, IMPURITY) 

H73 34609 REACTION OF HYDROGEN WITH NONSTOICHIOMETRIC 
MANGANESE DIOXIDE 
Brooks, C.S., J o u r n a l  of  C a t a l y s i s ,  V 4:535-45 N5, Oct 65 

K i n e t i c s  of hydrogen o x i d a t i o n  a t  temperatures  from 
25 t o  400 C over  a c t i v e  n ~ n s t o i c h i o m e t r i c  manganese d iox ide ;  
o x i d a t i o n  r a t e s ,  energy requi rements ,  and r e a c t i o n  mechanisms 
t o  exp la in  i n t e r a c t i o n s  a t  c a t a l y t i c  e l e c t r o d e s  f o r  f u e l  



c e l l s  and removal o f  o x i d i z a b l e  contaminants from a i r ;  
o x i d a t i o n  r a t e s  w e r e  of f i r s t  o r d e r ;  a c t i v a t i o n  energy f o r  
d e p l e t i v e  hydrogen and removal o f  oxygen from oxide l a t t i c e .  
(ELECTRODE, OXIDATION, CATALYST) 

H73 34610 PRESENT STATE OF SCIENTIFIC STUDIES ON 
ELECTRODE PROCESSES I N  FUEL CELLS 
Doehren, H. von, and G. Wolf, E lec t roch imica  Acta ,  v 1.1:53-64 
N1,  J a  66 

S e v e r a l  important  types  of e l e c t r o d e s  used i n  low 
temperature  f u e l  c e l l s  a r e  d i scus sed ;  porous gas -d i f fu s ion  
e l e c t r o d e s  made of carbon o r  of s u i t a b l e  s i n t e r e d  me ta l s  
a r e  most commonly used;  more r e c e n t  developments a r e  pore- 
f r e e  pal ladium membrane e l e c t r o d e  f o r  hydrogen a s  f u e l .  
(TEMPERATURE, POROSITY, MEMBRANE) 

H73 34611 PERFORMANCE OF CARBON MONOXIDE I N  LOW-TEMPER- 
ATURE FUEL CELLS CONTAINING OXIDE CATALYSTS 
Niedrach,  L.W., I .B .  Weinstock, Electrochum Technology, 
V 3:270-5 N9-10, Sept-Oct 65 

Number of ox ides  have been shown t o  be  e f f e c t i v e  i n  
promoting e l e c t r o - o x i d a t i o n  of carbon monoxide on pla t inum 
e l e c t r o d e s  i n  a c i d  e l e c t r o l y t e  f u e l  c e l l s ;  p o l a r i z a t i o n  
cu rves  f o r  carbon monoxide/oxygen c e l l s  i nco rpo ra t ing  
mixed c a t a l y s t s  approach those  f o r  hydrogen/oxygen c e l l s ;  
impure hydrogen t h a t  c o n t a i n s  carbon monoxide (e.g.  r e -  
former gas )  a l s o  responds t o  mixed c a t a l y s t  system. 
(ELECTRODE, POLARIZATION) 

H73 34612 PAPER FUEL CELL ELECTRODES 
Barber ,  W.A., and N.T. Woodberry, Electrochem Technology, 
V 3:194-8 N7-8, J1-Aug 65 

Fue l  c e l l  e l e c t r o d e s  can b e  made from waterproofed 
and p l a t i n i z e d  a c r y l i c  paper ;  l a rge -a rea ,  uniform e l e c t r o d e  
s h e e t s  are p o s s i b l e ,  whose performance i n  hydrogen-oxygen 
f u e l  cells is e q u i v a l e n t  t o  pla t inum b lack  on me ta l  s c r een .  
(FUEL CELL, ELECTRODE, PAPER) 

H73 34613 OPERATING CHARACTERISTICS OF PALLADIUM- 
SILVER ANODE ON IMPURE HYDROGEN STREAMS 
Chodosh, S .M., N . I .  Palmer, '  and. H.G. O s w i n ,  American Chemical 
S o c i e t y  - ~ i v i s i o n  of Fue l  Chemistry,  v 9:151-63 N3 Pt3 ,  
S e p t  12-17 ' 65  

S u i t a b l y  prepared pa l l ad ium-s i lve r  anode can be used 



e f f i c i e n t l y  t o  e x t r a c t  hydrogen from impure s t reams w i t h i n  
c e r t a i n  l i m i t s ;  l i m i t s  of  o p e r a t i o n  a r e  set by temperature  
( f i x e d  i n  t h e s e  s t u d i e s  a t  200 C ) ,  r equ i r ed  H2 u t i l i z a t i o n  
i . e . ,  e x i t  hydrogen p a r t i a l  p r e s s u r e  and r e v e r s i b i l i t y  of  
chemisorpt ion of v a r i o u s  impur i ty  s p e c i e s ;  H2 u t i l i z a -  
t i o n  a t  f i x e d  c u r r e n t  d e n s i t y  is f u n c t i o n  of hydrogen par-  
t i a l  p r e s s u r e  f low r a t e ,  and e x t e n t  o f  impur i ty  adso rp t ion  
(FUEL CELL, ANODE, OPERATION) 

H73 34614 NEW METHODS OF OBTAINING FUEL CELL ELECTRODES 
Despic ,  A.R., D.M. Drazic ,  C.B. P e t r o v i c ,  V.L. Vujc ic ,  
Jou rna l  of t h e  Elec t rochemica l  S o c i e t y ,  V l l l i l 1 0 9 - 1 2  N10, 
Oct 64 

Method of ob ta in ing  Raney n i c k e l  hydrogen e l e c t r o d e s  
was eva lua t ed ;  e l e c t r o d e s  were made by p r e s s i n g  aluminum- 
n i c k e l  powder mix ture ,  followed by s imul taneous s i n t e r i n g  
of N i  s k e l e t o n  and a l l o y i n g  of s u r f a c e  l a y e r  of formed 
N i  s k e l e t o n  w i t h  aluminum p r e s e n t  i n  i t s  pores ;  major 
advantages  of t h i s  type of e l e c t r o d e  l i e  i n  s i m p l i c i t y  of  
i t s  p r e p a r a t i o n  a s  w e l l  as i n  i t s  mechanical  s t r e n g t h .  
(NICKEL) 

H73 34615 NEW A I R  ELECTRODE FOR FUEL CELLS 
Z e l i g e r ,  H. I . ,  Journa l  of  t h e  Elec t rochemica l  S o c i e t y ,  
V 114:236 N3, M a r  67 

D e t a i l s  of  e l e c t r o d e  f a b r i c a t i o n  procedure;  mix con- 
t a i n e d  s i l i c a ,  g r a p h i t e .  Tef lon  suspens ion ,  w e t t i n g  agen t ,  
c h l o r o p l a t i n i c  a c i d ,  and wa te r ;  s l u r r y  was app l i ed  on 
a l t e r n a t e  s i d e s  of 45 mesh pla t inum s c r e e n ;  e x c e l l e n t  per- 
formances (0.8 v  IR f r e e  a t  350 ma/sq cm) were ob ta ined  
on hydrogen wi th  pla t inum load ings  of 1.0 mg/sq cm; it was, 
however, a s  a i r  e l e c t r o d e s  t h a t  t h e s e  e l e c t r o d e s  showed 
s u p e r i o r i t y .  
(FABRICATION) 

H73 34616 RANEY-NICKEL CATALYSTS I N  GALVANIC FUEL CELLS 
Doehren, H.H. von, and A. Ka lber lah ,  Chemie-Ingenieur- 
Technik,  V 40:176-80 N4, Fe 26 '68 ,  ( I n  German) 

Nicke l  c a t a l y s t s  prepared by e a r l i e r  methods were pyro- 
p h o r i c  and could be  used on ly  under g r e a t e s t  c a r e ;  by care-  
f u l  p a r t i a l  ox ida t ion  of hydrogen and o f  s u r f a c e  o f  Raney 
n i c k e l  w i th  a l k a l i  s a l t s  of halogen oxoacids  o r  a i r  i n  non- 
aqueous environment spontaneous in f l ammab i l i t y  could b e  re-  
duced wi thou t  a f f e c t i n g  e l e c t r o c h e m i c a l  p r o p e r t i e s  of e l e c -  



t r o d e s ;  by a d d i t i o n  of promoters ,  s u s c e p t i b i l i t y  t o  damage 
on i n t e r r u p t i o n  of hydrogen supply  could be cons ide rab ly  
reduced. 
(ELECTRODE, DAMAGE) 

H73 34617 HYDROGEN-OXYGEN THIN ELECTRODE FUEL CELL MODULE 
Winters ,  C.E., and W.L. Morgan, SAE - Paper 670182 f o r  
meeting J a  9-13 '67 ,  Avai1:TAC 

Cons t ruc t ion  and o p e r a t i n g  c h a r a c t e r i s t i c s  of Union 
Carbide hydrogen-oxygen t h i n  e l e c t r o d e  module a s  incorpora ted  
i n t o  General-Motors E lec t rovan  a r e  desc r ibed ;  i n t e r f a c e s  
between f u e l  c e l l  module and i ts  thermal  and i t s  f u e l  sys-  
tem a r e  considered a s  w e l l  a s  i n t e r f a c e  w i th  e l e c t r i c a l  
load under range of s t e a d y - s t a t e  and t r a n s i e n t  c o n d i t i o n s ;  
a c c e s s i b l e  s t a t e - o f - a r t  and nex t  gene ra t ion  improvements 
a r e  descr ibed .  
(FUEL CELL, ELECTRODE, MODULE) 

H73 34618 FUEL CELLS 
Fukuda, M.,  C.L. Ru l f s ,  P.J .  E lv ing ,  E lec t roch imica  Acta,  
V 9:1551-86 N12, Dec 64 

C a t a l y s t s  c o n s i s t i n g  o f  pal ladium reduced by hydrogen, 
and pal ladium reduced by formate ,  supported on f o u r  types  
of porous s k e l e t o n  d i s k s .  
(CATALYST, PALLADIUM, ELECTRODE) 

H73 34619 EXPERIMENTAL STUDY OF MODE OF OPERATION O F  
POROUS GAS-DIFFUSION ELECTRODES WITH HYDROGEN FUEL 
Aus t in ,  L.G., and S. Almaula, J o u r n a l  of t h e  Elec t rochemica l  
S o c i e t y ,  V 114:927-33 N9 Sep t  67 

Cur ren t -po la r i za t ion  curves  from z e r o  c u r r e n t  t o  l i m i t -  
ing c u r r e n t  have been ob ta ined  f o r  anodic  i o n i z a t i o n  of H2 
a t  Tef lon-bonded, p l a t  inum-black, gas -d i f  f u s i o n  e l e c t r o d e s  
i n  1 N  H2S04. 
(POLARIZATION, ANODE ) 

H73 34620 ELECTROFORMED FUEL CELL ELECTRODE MATRICES 
Botosan, R.A., and T. Katan, Electrochem Technology, V 5:315- 
18 N7-8, J1-Aug 67 

Use o f  e lec t roformed me ta l  m a t r i c e s  a s  c a t a l y s t  sup- 
p o r t  and f o r  c u r r e n t  c o l l e c t i o n  prov ides  p o s s i b l e  v a r i e t y  
of s t r u c t u r e s  i n h e r e n t l y  having high s p e c i f i c  a r e a  and 
low ohmic r e s i s t a n c e ;  c a t a l y s t  d i s t r i b u t i o n  is  e a s i l y  



a t t a i n e d  i n  f a b r i c a t i o n  a n d  m a i n t a i n e d  i n  o p e r a t i o n  o f  
hydraz ine-oxygen and hydrogen-oxygen f u e l  cel ls  y i e l d i n g  
p r o m i s i n g  per formance .  
(CATALYST, FABRICATION) 

H73 34621 ELECTROCHEMICAL ENERGY CONVERSION I N  PALLADIUM- 
HYDROGEN DIFFUSION ELECTRODE 
C l e a r y ,  H. J . ,  N.D. Greene ,  E l e c t r o c h i m i c a  A c t a .  V 10:1107- 
1 5  N 1 1 ,  Nov 65 

S u f f i c i e n t l y  h i g h  c u r r e n t  d e n s i t i e s  c a n  b e  a t t a i n e d  
on P ~ / H  d i f f u s i o n  e l e c t r o d e s  t o  make t h e i r  u s e  i n  f u e l - c e l l  
a p p l i c a t i o n s  f e a s i b l e .  
(FUEL CELL, DIFFUSION, ENERGY, CONVERSION) 

H73 34622 EFFECTS OF HEAVY DISCHARGE PULSING ON FUEL 
CELL ELECTRODES 
Kronenberg ,  M.L., and K.V. Kordesch ,  E lec t rochem Technology. 
V 4:460-4 N9-10, Sept -Oct  66  

E x p e r i m e n t a l  s t u d y ;  u n d e r  c e r t a i n  c o n d i t i o n s  heavy 
d i s c h a r g e  p u l s e s  s i g n i f i c a n t l y  improve s u s t a i n e d  p e r f o r -  
mance l e v e l  o f  hydrogen/oxygen f u e l  cells.  
(CATALYST) 

H73 34623 COBALT PHTHALOCYANINE AS FUEL CELL CATHODE 
J a s i n s k i ,  R . ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 112-526-8 N5, May 65 

It h a s  b e e n  p o s s i b l e  t o  form oxygen e l e c t r o d e  w i t h  
m e t a l  c h e l a t e ,  c o b a l t  p h t h a l o c y a n i n e ,  a s  a c t i v e  c a t a l y s t ;  
s u f f i c i e n t  e lect r ic  c o n d u c t i v i t y  was a c h i e v e d  by  m e c h a n i c a l l y  
b l e n d i n g  c h e l a t e  w i t h  a c e t y l e n e  b l a c k ;  stable e l e c t r o d e  
s t r u c t u r e  w a s  formed by Tef lon-bonding  m i x t u r e  t o  m e t a l  
s c r e e n ;  c u r r e n t  d e n s i t i e s  s u s t a i n e d  w i t h  H2/02 c e l l s  w e r e  
s u f f i c i e n t l y  h i g h  (60 t o  120 m a / s q  cm),  t o  be c o n s i d e r e d  
for  a p p l i c a t i o n  i n  p r a c t i c a l  f u e l  c e l l  sys t ems .  
(ELECTRODE, CATALYST) 

H73 34624 CARBON-AIR ELECTRODES FOR LOW TEMPERATURE FUEL 
CELLS 
Kordesch ,  K.V., American Chemical  S o c i e t y  - D i v i s i o n  o f  
F u e l  Chemis t ry ,  V 9:13-20, N3, S e p t  12-17 65, Avai1:TAC 

Carbon-con ta in ing  c a t h o d e s  s e e m  t o  b e  most  d e s i r a b l e  
e l e c t r o d e s  f o r  high-power d e n s i t y ,  economica l ,  a i r - f u e l  



c e l l s ;  f u e l  source  f o r  such low temperature  c e l l s  may b e  
hydrogen from hydrocarbon reformer  u n i t s ,  o r  hydrogen from 
a l coho l  o r  ammonia c o n v e r t e r s ;  a t  p r e s e n t ,  C02 removal i s  
necessary  dur ing a i r  o p e r a t i o n  i n  o r d e r  t o  a t t a i n  long l i f e  
a t  high c u r r e n t  d e n s i t i e s .  
(FUEL CELL, TEMPERATURE, CARBON, ELECTRODE) 

H73 34625 COMPOSITE CARBON-METAL ELECTRODES FOR FUEL 
CELLS 
Clark ,  M.B.,  W.G. Darland,  K.V. Kordesch, Electrochem 
Technology, V 3:166-71 N5-6, May-Je 65 

Thin,  composite e l e c t r o d e s  have been developed f o r  
hydrogen-oxygen ( a i r )  f u e l  c e l l s ;  t h e s e  c o n s t i t u t e  con- 
s i d e r a b l e  weight  and volume r educ t ion ,  combine s t r u c t u r a l  
advantages of porous m e t a l  c a r r i e r  w i t h  e x c e l l e n t  per-  
formance c h a r a c t e r i s t i c s  of t h i n  carbon l a y e r ,  and a r e  
adap tab le  t o  l a r g e - s c a l e  product ion.  
(POROSITY, FABRICATION) 

H73 34626 DEVELOPMENT OF CATHODIC ELECTROCATALYSTS FOR 
USE I N  LOW TEMPERATURE HYDROGEN/OXYGEN FUEL CELLS WITH AN 
ALKALINE ELECTROLYTE 
Giner ,  J., J. Par ry ,  and L. Swet te ,  (Tyco Labs., Inc. ,  
Waltham, Mass.), N69-10585, NASA-CR-97624, Je  30 '68 ,  
Avai l :  TAC 

A survey was c a r r i e d  o u t  on t h e  i n t r i n s i c  a c t i v i t y  
of t h e  t r a n s i t i o n  m e t a l s ,  s e l e c t e d  t r a n s i t i o n  me ta l  a l l o y s  
and i n t e r m e t a l l i c  compounds, and t r a n s i t i o n  me ta l  c a r b i d e s ,  
n i t r i d e s ,  b o r i d e s  and s i l i c i d e s  f o r  t h e  e l ec t rochemica l  
r educ t ion  of oxygen. 
(ELECTRODE) 

H73 34627 A STUDY OF THE DEGRADATION OF PLATINUM BLACK 
FUEL CELL CATHODES 
Malachesky, P.A., C. Leung, and H. Feng, (Tyco Labs.,  Inc . ,  
Waltham, Mass.) ,  AD-757-714, Oct 72, Avai1:TAC 

The r e p o r t  d e a l s  w i t h  a s tudy  o f  t h e  mode of cathode 
e l e c t r o c a t a l y s t  deg rada t ion  i n  t h e  H 2 - a i r  phosphoric  a c i d  
m a t r i x  f u e l  c e l l .  
(FUEL CELL, PLATINUM, CATHODE) 



H 7 3  2 4 6 2 8  FUEL CELLS WITH ELECTROCHEMICAL HYDROGEN 
COMBUSTION 
A n o n ,  R e v u e  de  l ' l n s t i t u t  F r a n c a i s  d u  P e t r o l e  e t  A n n a l e s  
des c o m b u s t i b l e s  L i q u i d e ,  V 2 2 ~ 1 6 7 4 - 9 8  N 1 1 ,  N o v  6 7  

A f t e r  a g e n e r a l  r e v i e w  of active carbon electrodes 
u s i n g  o x y g e n  o r  a i r  a n d  h y d r o g e n  e l e c t r o d e s  w i t h  a p l a t i n u m -  
c a t a l y z e d - n i c k e l  or carbon base, t h e  physical  and electro- 
c h e m i c a l  c h a r a c t e r i s t i c s  of carbon and n ickel  electrodes 
are given,  and t h e n  t h e  experimental  par t s  w i t h  dissolved 
p o t a s s i u m  hydroxide e l e c t r o l y t e  are described. 
(ELECTRODE, CARBON, ALKALINE, WATER) 

H 7 3  3 4 6 2 9  MATRICES FOR H3P04  FUEL CELLS 
C a m p ,  R.N., A.  N o w o t k a ,  and B.S.  B a k e r ,  ( E n e r g y  R e s e a r c h  
C o r p . ,  ~ e t h e l ,  C o n n . ) ,  N 7 3 - 2 1 9 6 6 ,  A D - 7 5 5 2 0 6 ,  D e c  7 2 ,  
A v a i 1 : T A C  

T h e  r e s e a r c h  w a s  pa r t  of a p r o g r a m  on t h e  u s e  of p h o s -  
p h o r i c  ac id  f u e l  ce l ls  fue led  by d i r t y  h y d r o g e n  p r o d u c e d  
by t h e r m o c r a c k i n g  or s t e a m  r e f o r m i n g  of a h y d r o c a r b o n .  
(ACID, ANODE, ELECTRODE) 

H 7 3  34630 INEXPENSIVE CATHODE CATALYSTS 
Camp,  R.N., and B.S.  B a k e r ,  ( E n e r g y  R e s e a r c h  C o r p . ,  B e t h e l ,  
C o n n . ) ,  R e p o r t  No. ERC-6712F ,  J1 14 ' 7 2 ,  A v a i 1 : T A C  

T h e  report  is a s u m m a t i o n  of t h e  f i n d i n g s  a n d  d e v e l o p ;  
m e n t s  a i m e d  a t  t h e  d e v e l o p m e n t  of a l o w  cost a i r  c a t h o d e .  
T h e  purpose w a s  t o  l o w e r  t h e  cost  of a i r  b r e a t h i n g  f u e l  
cells  h a v i n g  m o d e r a t e  ( 1 2 5 - 1 3 5 C )  t e m p e r a t u r e  p h o s p h o r i c  
ac id  as t h e  e lec t ro ly te .  
(AIR, ACID, COST) 

H 7 3  3 4 6 3 1  HIGH-PERFORMANCE LIGHT-WEIGHT ELECTRODES 
FOR HYDROGEN-OXYGEN FUEL CELLS 
G e r s h b e r g ,  D., W.P. C o l m a n ,  K.E. O l s o n ,  a n d  E.W. S c h m i t z ,  
( A m e r i c a n  C y a n a m i d  C o . ,  S t a m f o r d ,  C o n n . ) ,  N 6 9 - 1 4 3 9 7 ,  NASA- 
CR-1216 ,  D e c  68, A v a i 1 : T A C  

T h i s  report  covers w o r k  d o n e  w i t h  electrodes i n  a l k a l i n e ,  
m a t r i x - t y p e  f u e l  ce l l s  operat ing on h y d r o g e n  a n d  oxygen. 
T h e  p r i n c i p a l  ob jec t ive  w a s  t o  d e t e r m i n e  and r e c o m m e n d  pre- 
ferred m a t r i x  m a t e r i a l s  a n d  ope ra t ing  cond i t ions  u n d e r  
w h i c h  t h e s e  electrodes w o u l d  be capable of 2 0 0 0 - h o u r  per- 
f o r m a n c e  i n  a t o t a l  m o d u l e  h a v i n g  a w e i g h t - t o - p o w e r  r a t i o  
s u b s t a n t i a l l y  l o w e r  t h a n  t h o s e  p r e s e n t l y  a v a i l a b l e  f o r  
space e n v i r o n m e n t .  



H73 34632 FUEL CELL ELECTRODES (HYDROGEN-AIR) 
S a l a t h e ,  R.E., (Whiteley I n d u s t r i e s  Inc . ,  Wilmington, Mass.). 
Report  No. ECOM-0127-F, May 72 

The r e p o r t  d e s c r i b e s  t h e  des ign  and e v a l u a t i o n  of a  
hydrogen-air  f u e l  ce l l  module f o r  use  i n  a p o r t a b l e  hydr id  
f u e l  c e l l - b a t t e r y  system. 
(ALKALINE, PORTABLE) 

H73 34633 THIN FUEL CELL ELECTRODES 
Cla rk ,  M.B., and K.V. Kordesch, (Union Carbide Corp., Parma, 
O . ) ,  N66-33621, ECOM-01344-F, 66, Avai1:TAC 

F i f t e e n ,  100-watt (nomina l ) ,  hydrogen-air  b a t t e r i e s  
were b u i l t  and sub jec t ed  t o  v a r i o u s  load and environmental  
c o n d i t i o n s .  The r e s u l t s  now a l low us  t o  p r e d i c t  t h e  per- 
formance and l i f e  expectancy of such b a t t e r i e s .  Cur ren t  
d e n s i t i e s  as high a s  100-ASF cont inuous load ing  could be  
supported w i t h o u t  e l e c t r o d e  damage. Of p a r t i c u l a r  i n t e r e s t  
w a s  t h e  s t u d y  o f  t h e  in terdependence of a i r  humidity,  ga s  
f low r a t e s ,  t empera ture ,  e l e c t r o l y t e  concen t r a t i on ,  and 
c u r r e n t  d e n s i t y .  
(FUEL CELL, ELECTRODE) 

H73 34634 DEVELOPMENT OF FUEL CELL ELECTRODES; ELECTRODE 
IMPROVEMENT AND LIFE TESTING 
Clark,  M.B., R.L. Baum, J.D. Grigsby,  and W.C. Thurber, 
(union Carbide Corp., Parma, 0. ) , ~69-32642 ,  NASA-CR-72576, 
J1 31 ' 69 ,  Avai1:TAC 

High-performance e l e c t r o d e s  were developed f o r  c i r -  
c u l a t i n g - e l e c t r o l y t e  t ype  H2-O2 f u e l  c e l l  systems f o r  aero- 
space a p p l i c a t i o n s .  The g o a l s  w e r e  an  ope ra t ing  l i f e t i m e  
o f  3000 hours ,  w i th  an i n i t i a l  v o l t a g e  above 09 v o l t  and 
a  v o l t a g e  deg rada t ion  l e s s  than 40 m i l l i v o l t s  p e r  1000 
hours ,  a t  a c u r r e n t  d e n s i t y  of 200 ASF. Major problem a r e a s  

were e l amina t ion  of cathodes  and condensat ion of e l e c t r o l y t e  
i n  t h e  oxygen gas  passages .  
(AEROSPACE, TEMPERATURE, CATHODE) 

H73 34635 FUEL CELL WITH STABILIZED ZIRCONIA ELECTROLYTE 
AND NICKEL-SILVER ALLOY ANODE 
T r a g e r t ,  W.E., ( t o  General  E l e c t r i c  Co . ) ,  U.S. 3,296,030 
( C l .  136-86),  J a  3  '67 

A high tempera ture  f u e l  c e l l  was cons t ruc t ed  w i t h  a  
s o l i d  s t a b l e  Zr02 e l e c t r o l y t e  con ta in ing  15 mole % Cao. 
The c e l l  was operated w i t h  H a s  f u e l  and 0  a s  $.he ox idan t  
f o r  400 hours  a t  1040°, and c.d.  of  20 
t a ined  a t  0 . 6 ~ .  
(FUEL CELL, ELECTRODE, ZIRCONIA) 



H73 34636 THE PERFORMANCE OF FLOODED POROUS FUEL CELL 
ELECTRODES 
Brown, R . ,  and J . A .  R o c k e t t ,  ( P r a t t  & Whitney D i v . ,  U n i t e d  
A i r c r a f t  Corp., E a s t  H a r t f o r d ,  Conn. ) ,  J o u r n a l  o f  t h e  E l e c -  
t r o c h e m i c a l  S i c i e t y ,  V 113:865 N9, S e p t  66 

The th in -men i scus  model  t h a t  i s  o f t e n  a p p l i e d  t o  por-  
ous  g a s  d i f f u s i o n  f u e l  c e l l  e l e c t r o d e s  h a s  b e e n  found un- 
s a t i s f a c t o r y  f o r  hydrogen r e a c t i n g  a t  n i c k e l  s i n t e r s  i n  
h i g h l y  c o n c e n t r a t e d  KOH e l e c t r o l y t e .  The r e l a t i v e  in -  
s e n s i t i v i t y  o f  t h e  pe r fo rmance  t o  t h e  g a s - e l e c t r o l y t e  
p r e s s u r e  d i f f e r e n c e ,  which  s h o u l d  have  a s t r o n g  i n f l u e n c e  
on t h e  a c t i v e  th in -men i scus  a r e a ,  r e q u i r e s  t h e  a s s u m p t i o n  
t h a t  t h e  f l o o d e d  volume o f  t h e  e l e c t r o d e  i s  a c t i v e .  A 
model  f o r  a f l o o d e d  p o r e  is  t r e a t e d  and t h e  r e s u l t s  o f  a n  
a p p r o x i m a t e  a n a l y t i c a l  s o l u t i o n  compared w i t h  d a t a .  
(POROSITY, ALKALINE) 

H73 34637 AN EXPERIMENTAL STUDY OF THE MODE OF OPERATION 
OF POROUS GAS-DIFFUSION ELECTRODES WITH HYDROGEN FUEL 
A u s t i n ,  L.G., and S.  Almaula ,  ( P e n n s y l v a n i a  S t a t e  Univ . ,  
U n i v e r s i t y  P a r k ,  P a . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 114:927 N9, S e p t  67 

C u r r e n t - p o l a r i z a t  i o n  c u r v e s  from z e r o  c u r r e n t  t o  
l i m i t i n g  c u r r e n t  have been  o b t a i n e d  f o r  a n o d i c  i o n i z a t i o n  
o f  H2 a t  Teflon-bonded,  p l a t i n u m - b l a c k ,  g a s - d i f f u s i o n  
e l e c t r o d e s  i n  1 N  H2S04. ~ i m i t i n g  c u r r e n t s  w e r e  a l m o s t  
l i n e a r l y  p r o p o r t i o n a l  t o  hydrogen p r e s s u r e  and v a r i e d  w i t h  
p r e s s u r e  and  t e m p e r a t u r e  i n  a p p r o x i m a t e l y  t h e  same way 
as DC, t h e  p r o d u c t  of s o l u b i l i t y  and d i f f u s i v i t y  o f  d i s -  
s o l v e d  H2. F o r  a n  e l e c t r o d e  c o n t a i  i n g  55 mg ~ t - b l a c k / c m  , '3 
t h e  l i m i t i n g  c u r r e n t  was 2.9 amp/cy a t  1 a tmosphere  H2 

0 
and 25 C ;  p o l a r i z a t i o n  a t  1 amp/cm was 30 mv. 
(POLARIZATION, ANODE, ACID) 

H73 34638 POTENTIAL OF A PLATINUM ELECTRODE A T  LOW 
PARTIAL PRESSURES OF HYDROGEN OR OXYGEN 
Warner,  T.B., and  S. S c h u l d i n e r ,  (U.S. Naval  Resea rch  Lab. ,  
Washington ,  D . C . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 112:853 N 8 ,  Aug 65  

The o p e n - c i r c u i t  p o t e n t i a l  on b r i g h t  p l a t i n u m  i n  lM H2S04 
w a s  measured as  a  f u n c t i o n  o f  oxygen or hydrogen p a r t i a l  p r e s -  
s u r e  from t o  a tmosphere .  The v e r y  l o w  ra tes  of H2 
o r  O 2  f l o w  which were r e q u i r e d  w e r e  produced b y  a  s p e c i a l  
g a s  g e n e r a t o r .  Based on t h e  a s s u m p t i o n  t h a t  t h e  r e s u l t a n t  
d i s s o l v e d  O 2  d e c r e a s e s  t h e  d i s s o l v e d  H2 c o n c e n t r a t i o n  i n  t h e  
s o l u t i o n  a t  t h e  e l e c t r o d e  s u r f a c e ,  an  e q u a t i o n  was deve loped  
f o r  o b t a i n i n g  t h e  e f f e c t i v e  H2 p a r t i a l  p r e s s u r e .  

(FUEL CELL, PLATINUM, ELECTRODE) 



H73 34639 FUEL CELL OXIDATION OF HYDROGEN ON MOVABLE, 
PARTIALLY SUBMERGED PLATINUM ANODES 
D a v i t t ,  H.J . ,  and L.F. A l b r i g h t ,  (Purdue  U n i v e r s i t y ,  L a f a y e t t e ,  
I n d . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  V 114:531 
N6, Je 67 

The e l e c t r o c h e m i c a l  o x i d a t i o n  o f  hydrogen was i n v e s t i -  
g a t e d  p o t e n t i o s t a t i c a l l y  a t  3 0 ' ~  and  a t m o s p h e r i c  p r e s s u r e  
u s i n g  two movable f l a t - p l a t e  p l a t i n u m  anodes  which were  
p a r t i a l l y  immersed i n  1 . O N  H2S04. The impor tance  o f  men- 
i s c u s  f o r m a t i o n ,  e l e c t r o l y t e  f i l m  formed on t h e  exposed  
p o r t i o n  of t h e  anode ,  s u r f a c e  r o u g h n e s s ,  and  hydrogen ad- 
s o r p t i o n  on t h e  exposed  p o r t i o n  o f  t h e  anode is  d e m o n s t r a t e d  
b y  t r a n s i e n t  c u r r e n t s  r e s u l t i n g  from v e r t i c a l  movements 
o f  t h e  anodes .  
(ACID, TEMPERATURE) 

H73 34640 THE EFFECT OF PREOXIDATION AND MENISCUS 
SHAPE ON THE HYDROGEN-PLATINUM ANODE OF A MOLTEN-CAR- 
BONATE FUEL CELL 
Cobb, J.T., Jr., and L.F. A l b r i g h t ,  (Purdue  U n i v e r s i t y ,  
L a f a y e t t e ,  I n d . ) ,  J o u r n a l  of t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 115:2 N 1 ,  Ja  68 

E l e c t r o c h e m i c a l  phenomena i n  a hydrogen-oxygen f u e l  
c e l l  were  s t u d i e d  a t  7 2 3 O ~  f o r  t h e  t h r e e - p h a s e  r e g i o n  on 
smooth p l a t i n u m  anode s h e e t s ,  p a r t i a l l y  immersed i n  a 
e u t e c t i c  m i x t u r e  o f  l i t h i u m ,  sodium, and p o t a s s i u m  car- 
b o n a t e s .  Temporary i n c r e a s e s  i n  c u r r e n t  were obse rved  as  
t h e  c o n t a c t  a n g l e  s u d d e n l y  i n c r e a s e d  as t h e  e l e c t r o l y t e  
f i l m  d r a i n e d  from t h e  anode .  The m o l t e n - c a r b o n a t e  f i l m ,  
o b t a i n e d  d u r i n g  r a i s i n g  t h e  anode ,  was a p p a r e n t l y  r e l a t i v e l y  
impermeable t o  hydrogen.  
(FUEL CELL, PLATINUM, ANODE) 

H73 34641* THE PLATINUM-ON-CARBON CATALYST SYSTEM FOR 
HYDROGEN ANODES. 1. CHARACTERIZATION OF THE CATALYST 
AND SUPPORT 
H i l l e n b r a n d ,  L.J . ,  and  J . W .  Lacksonen,  ( B a t t e l l e  Memorial  
I n s t i t u t e ,  Columbus, O . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  
S o c i e t y ,  V 112:245 N3, M a r  65 

A h i g h  d e g r e e  of  hydrogen e l e c t r o d e  a c t i v i t y  i n  
a l k a l i n e  media c a n  be a c h i e v e d  w i t h  less t h a n  1 mg pt/cm 

2  

o f  e l e c t r o d e ,  i f  a p r o p e r l y  c h o s e n  c a r b o n  s u p p o r t  i s  used .  
F o r  a comple te  d e s c r i p t i o n  o f  t h e  p la t inum-on-carbon c a t a l y s t  
s y s t e m s ,  t h e  p h y s i c a l  and c h e m i c a l  s ta tes  o f  b o t h  p l a t i n u m  



and carbon must be cons idered .  I n  t h i s  paper  t h e  measure- 
ments of t o t a l  e l e c t r o d e  a r e a ,  me ta l  a r e a  and d i s p e r s i o n ,  
pore  s i z e  d i s t r i b u t i o n ,  and t h e  l o c a t i o n  of t h e  P t  w i t h i n  
t h e  carbon s t r u c t u r e  a r e  cons idered ,  and t h e  importance 
of t h e  choice  o f  carbon i s  i l l u s t r a t e d .  The c o n t r o l  o f  
t h e  chemical  i n t e r a c t i o n s  between t h e  pla t inum and t h e  
carbon is e s s e n t i a l  i f  h igh  a c t i v i t y  p e r  u n i t  weight of  
p la t inum i s  t o  b e  ob ta ined .  
(ELECTRODE, ALKALINE) 

H73 34642 THE PLATINUM-ON-CARBON CATALYST SYSTEM FOR 
HYDROGEN ANODES. 11. CHEMICAL REQUIREMENTS OF THE 
CARBON SURFACE 
Hi l lenbrand .  L.J., and J.W. Lacksonen, ( B a t t e l l e  Memorial 
I n s t i t u t e ,  columbus, O . ) ,  J o u r n a l  of  t h e  Elec t rochemica l  
S o c i e t y ,  V 112:249 N3, Mar 65, Avai1:TAC 

The l a r g e  d i f f e r e n c e s  i n  t h e  a c t i v i t y  of platinum- 
on-carbon anodes t h a t  could be  produced by t h e  choice  
of carbon i n d i c a t e d  t h a t  an  impor tan t  chemical  i n t e r a c t i o n  
e x i s t e d  between t h e  pla t inum and t h e  carbon s u r f a c e .  
(FUEL CELL, CATALYST, ANODE) 

H73 34643 THE NICKEL SKELETAL CATALYST BASED HYDROGEN 
ELECTRODE AND HOW IT WORKS 
Bursh te in ,  R.Kh., A.G. Pshenichnikov.  F.Z. Sab i rov ,  and 
V.N. Zhuravleva,  ( ~ & a l  I n t e l l i g e n c e  Command, Washington, 
D . C . ) ,  Report  No. NIC-Trans-2617, J e  10  ' 68  

The manner i n  which a porous gas  e l e c t r o d e ,  a c t i v a t e d  
by a s k e l e t a l  c a t a l y s t ,  w o r k s  is  reviewed. The e l e c t r o -  
chemical  a c t i v i t y  i n  accordance w i t h  t h e  composit ion of 
t h e  a c t i v e  mix ture  and t h e  t h i c k n e s s  of a c t i v e  and b a r r i e r  
l a y e r s  i s  s t u d i e d .  
(POROUS ) 

H73 34644 STUDIES ON ANODIC REACTION OF HIGH TEMPERATURE 
FUEL CELL 
Sakikawa, N. ,  and N. Kamiya, J o u r n a l  o f  t h e  Chemical S o c i e t y  
Japan,  V 70:874-7 N 6 ,  J e  67 

React ion mechanism o f  molten a l k a l i  ca rbona te  type  
f u e l  c e l l  was s t u d i e d ;  cathode used i n  a l l  t h e s e  expe r i -  
ments was made o f  s i l v e r  gauze, and i t s  c o n d i t i o n s  were 
k e p t  c o n s t a n t  throughout exper iments ;  gauzes of d i f f e r e n t  
m e t a l s  were used f o r  anode, and s e v e r a l  k i n d s  of f u e l s  
were fed t o  t h e s e  e l e c t r o d e s  i n  t empera ture  range of 400 



t o  500 C ;  when hydrogen is u s e d ,  n i c k e l  e l e c t r o d e  g i v e s  
open c i r c u i t  v o l t a g e  o f  1250 mv a t  500 C. 
(ALKALINE, ELECTRODE ) 

H73 34645 STUDY OF ELECTRODE - ELECTROLYTE INTERFACE 
FOR CASE OF OXYGEN-HYDROGEN CELL 
Bihan ,  R. Le,  A n n a l e s  d e  R a d i o e l e c t r i c i t e ,  V 23:82-6 N91, 
Ja 68, ( I n  F r e n c h )  

S t u d y  is  accompl i shed  by  means o f  e n e r g y  d i a g r a m ;  
v a r i a t i o n s  o f  e x t e r n a l  p o t e n t i a l  d u e  t o  a b s o r p t i o n  o f  
oxygen, hydrogen,  and  p o t a s h  on m e t a l  s u r f a c e s  a r e  mea- 
s u r e d  by  v i b r a t i n g  c o n d e n s e r  method;  r e s u l t s  p e r m i t  p o s t -  
u l a t i o n  o f  e n e r g y  d i a g r a m  f o r  oxygen-hydrogen f u e l  c e l l  
u s i n g  p o t a s h  as e l e c t r o l y t e .  
(FUEL CELL, ELECTROLYTE, INTERFACE) 

H73 34646 PREPARATION AND BEHAVIOR I N  CONTINUOUS 
SERVICE OF RANEY-CATALYSTS I N  H2- AND 02-ELECTRODES 
Cnobloch,  H., M. M a r c h e t t i ,  H. N i s c h i k ,  G.  R i c h t e r ,  F. von 
St rum,  3 r d  I n t e r n a t i o n a l  Symposium on F u e l  C e l l s ,  Proceed-  
i n g s ,  B r u s s e l s ,  Belg ium,  J e  16-20 ' 6 9 ,  by SERA1 and COMASCI, 
p  203-9 

p o s s i b i l i t i e s  f o r  improving  I-V c h a r a c t e r i s t i c s ,  be- 
h a v i o r  i n  c o n t i n u o u s  s e r v i c e ,  ease o f  o p e r a t i o n ,  c u r r e n t  
d e n s i t y  a s  w e l l  a s  r e d u c i n g  c a t a l y s t  q u a n t i t y  f o r  a l k a l i  
~ ~ / 0 ~  f u e l  ce l l s  have b e e n  i n v e s t i g a t e d  t o  lower  c o s t s  
b y  i n c r e a s i n g  c a t a l y s t  a c t i v i t y  and a l s o  b y  s u i t a b l e  pro-  
p o r t i o n i n g  o f  e l e c t r o d e  s t r u c t u r e .  
(CURRENT DENSITY, ALKALINE, COST) 

H73 34647 EXTENDING THE DIMENSIONS OF AIR-HYDROGEN THIN 
ELECTRODES 
L u c e s o l i ,  D. ,  P. D e g o b e r t ,  ( D i v i s i o n  Appl . ,  I n s t .  F r .  P e t r o l e ,  
~ u e i l - M a l m a i s o n ,  F r a n c e ) ,  J o u r n e e s  I n t .  E tude  P i l e s  Com- 
b u s t i o n ,  C.R., 3 r d ,  69 ,  p  325-36, ( I n  F r e n c h ) ,  P r e s s e s  Acad. 
Eur . ,  B r u s s e l s ,  Belg ium 

  he ore tical and  p r a c t i c a l  p a r a m e t e r s  to  improve t h e  
d e s i g n  and pe r fo rmance  of t h i n  e l e c t r o d e s  f o r  a i r - H  f u e l  
ce l l s  were  i n v e s t i g a t e d .  P e r m e a b i l i t y  o f  t h e  hydrophob ic  
l a y e r ,  t h e  s p e c i f i c  s u r f a c e  o f  c a t a l y s t ,  t h e  s u p p o r t  p o r o s i t y ,  
and  t h e  l i m i t i n g  d i f f u s i o n  c u r r e n t  a r e  o p t i m i z e d  from p o l a r -  
i z a t i o n  c u r v e s .  A t y p i c a l  c e l l  is  d e s c r i b e d .  
(PERMEABILITY, POROSITY, POLARIZATION) 



H73 34648 ELECTROCHEMICAL STUDIES ON HIGHLY POROUS 
CARBON ELECTRODES 
B e r t s c h ,  P., ( T e c h n i s c h e  Hochschule,, Munchen, West Germany),  
N70-15538, Ph.D. T h e s i s ,  J1 2 ' 6 9 ,  ( I n  German),  Avai1:TAC 

The e l e c t r o c h e m i c a l  b e h a v i o r  o f  c a r b o n  e l e c t r o d e s  
w i t h  r e g u l a t e d  p o r e  d i s t r i b u t i o n  was s t u d i e d  and compared 
w i t h  o t h e r  p o r o u s  e l e c t r o d e  materials f o r  t h e i r  a p p l i c a t i o n  
i n  hydrogen-oxygen f u e l  c e l l s .  V a r i o u s  e l e c t r o c h e m i c a l  
s t u d i e s  w e r e  per formed t o  d e t e r m i n e  e l e c t r o d e  k i n e t i c s  and  
t o  c a l c u l a t e  t h e  p o t e n t i a l  t i m e  c u r v e  o f  t h e  g a l v a n o s t a t i c  
swi tch-on  p r o c e s s .  
(FUEL CELL, CARBON, ELECTRODE) 

H73 34649 A LOW COST AIR ELECTRODE 
S c a r r ,  R.F., and  K.V. Kcrdesch ,  (Union C a r b i d e  Corp. ,  Cleve-  
l a n d ,  O . ) ,  2 5 t h  Annual  P r o c e e d i n g s .  Power S o u r c e s  C o n f e r e n c e ,  
May 7 2 ,  Avai1:TAC 

The o v e r a l l  s i m p l i c i t y  o f  a c i d  e l e c t r o l y t e  f u e l  c e l l s  
w i t h  r e s p e c t  t o  e l e c t r o l y t e  c o n t a i n m e n t ,  h e a t  and  w a t e r  
b a l a n c e s ,  a n d  t o l e r a n c e  o f  impure  r e a c t a n t s  makes t h i s  
f u e l  c e l l  v e r y  a t t r a c t i v e .  E l e c t r o d e s  and  o p e r a t i n g  c h a r a c -  
teristics a r e  d e s c r i b e d .  
(FUEL CELL, ELECTRODE, PLATINUM. ACID,  PERFORMANCE, EFFICIENCY) 



H73 34800 THE HYDROGEN-CHLORINE FLTEL CELL 
Bianchi ,  C., (Univ. Milan,  I t a l y ) ,  Review Energ ie  P r i -  
ma i r e ,  V 1260-3 ~ 3 ,  65  

A H-C1 f u e l  c e l l  w i t h  a  HC1 e l e c t r o l y t e  (10-30%), i s  
desc r ibed .  
(FLTEL CELL, CHLORINE) 

H73 34801 USE OF HYDROGEN I N  FUEL CELLS 
N u t t a l l ,  L.J., SAE-Paper 994A, Ja  11-15 ' 65  

P r i n c i p l e  of  o p e r a t i o n  of f u e l  c e l l ;  t ypes  of f u e l s  
employed ranging from hydrogen t o  l i q u i d  hydrocarbon 
f u e l s ;  hydrogen f u e l  c e l l  i s  on ly  one approaching prac- 
t i c a l  u s e  a t  p r e s e n t ;  s t a t u s  of t ypes  o f  f u e l  c e l l s  under 
development is  ind ica t ed :  examples of a p p l i c a t i o n s  a r e  
desc r ibed  such as Gemini f u e l  c e l l ,  produced by General  
E l e c t r i c  Co., u s ing  a c i d i c  e l e c t r o l y t e  i n  form of p l a s t i c  
ion-exchange membrane. 
(ELECTROLYTE, ION-EXCHANGE, PLASTIC) 

H73 34802 VEHICLE FUEL CELL SYSTEM 
Wyczalek, F.A., D.L. Frank,  G.E. Smith,  SAE Paper 670181, 
J a  9-13 ' 6 7  

Fue l  c e l l  system w a s  developed which can d e l i v e r  
peak power of 160 kw; i t  c o n s i s t s  of 32 Union Carbide f u e l  
c e l l  modules t o g e t h e r  w i t h  e l e c t r i c a l  and f l u i d  system 
a u x i l i a r y  components needed t o  o p e r a t e  and c o n t r o l  them 
i n  veh ic l e :  r e a c t a n t s  are hydrogen and oxygen and modules 
use  c i r c u l a t i n g  e l e c t r o l y t e ,  potassium hydroxide.  
(FUEL CELL. VEHICLE) 

H73 34803 THE BIOSATELLITE FUEL CELL/BATTERY POWER SYSTEM 
Bruhin,  A.C., and C.W. Benne t t ,  (General  E l e c t r i c  Co . ,  
Ph i l ade lph ia ,  Pa.) N70-11022, NASA-CR-73376, 69, Avai1:TAC 

A power system w a s  developed f o r  t h e  B i o s a t e l l i t e  
s p a c e c r a f t  which u t i l i z e s  a hydrogen-oxygen f u e l  c e l l /  
s i l v e r - z i n c  b a t t e r y  combination t o  supply t h e  miss ion  
e l e c t r i c a l  power. This  system provides  emergency modes 
o f  o p e r a t i o n  and i n s u r e s  u n i n t e r r u p t e d  power t o  t h e  pay- 
load.  A novel  power c o n t r o l l e r  was developed inco rpo ra t ing  
t h e  c a p a b i l i t y  of prov id ing  bo th  peak load sha r ing  and 
emergency power t r a n s f e r  i n  t h e  even t  of a power source  
f a i l u r e .  
(BATTERY) 



H73 34804 3 0-WATT METAL HYDRIDE/AIR FUEL CELLS SYSTEM 
Malaspina,  F.P., (Army E l e c t r o n i c s  Command, F o r t  Monmouth, 
N . J . ) ,  E c O M - ~ O ~ ~ ,  NOV 68, Avai1:TAC 

The u s e  o f  i o n  exchange membrane f u e l  c e l l  membrane 
f u e l  c e l l  a s  developed f o r  Army a p p l i c a t i o n s  i n  a manpack 
hybrid  30-watt system is q u a n t i t a t i v e l y  i n v e s t i g a t e d .  The 
advantages  of a unique s o l i d  f u e l  and Kipp gene ra to r  t ype  
f u e l  system are shown i n  f u e l  economy and p o r t a b i l i t y .  
( I O N  EXCHANGE, HYBRID, HYDRIDE ) 

H73 34805 STUDY O F  MULTIPLE RESERVE ELECTROCHEMICAL 
POWER SOURCE 
C i p r i o s ,  G . ,  (Esso  Research and Engineering Co., Linden, 
N . J . ) ,  N69-23412, NASA-CR-100657, J a  69, Avai1:TAC 

Neat hydraz ine  and 98 w t .  % hydrogen peroxide  a r e  
used a s  s t o r a b l e  r e a c t a n t s .  Appropr i a t e  high tempera ture  
r e a c t o r s ,  c o n t a i n i n g  p r o p e l l a n t  decomposi t ion c a t a l y s t s ,  
a r e  used t o  g e n e r a t e  hydrogen and oxygen feed gases  f o r  
t h e  f u e l  c e l l .  All is-Chalmers f u e l  c e l l  modules were 
s e l e c t e d  f o r  t h e  c e n t e r l i n e  d e s i g n  on t h e  b a s i s  of low 
s p e c i f i c  weight  and demonstra ted b o o t s t r a p  s t a r t - u p  c a p a b i l i t y .  
(HYDRAZINE, HYDROGEN, PEROXIDE, FUEL CELL) 

H73 34806 STORAGE OF SOLAR ELECTRICAL ENERGY BY ELEC- 
TROLYSIS O F  WATER, SEPARATE STORAGE OF COMPRESSED HYDROGEN 
AND OXYGEN, AND SUBSEQUENT RECOMBINATION OF THESE GASES 
BY FUEL CELLS. 
J u s t i ,  E. ,  and W. Kalber lah ,  Cooperat ion Medi terraneenne 
pour 1 ' E n e r g i e  S o l a i r e ,  B u l l e t i n ,  Nll:105-114, D e c  66, 
Avai1:TAC 

Discuss ion  o f  t h e  c o l l e c t i o n  o f  s o l a r  energy by means 
o f  hydrogen f u e l  cells  o p e r a t i n g  a t  ambient temperature  
and p r e s s u r e ,  w i t h  high e f f i c i e h c y  and power d e n s i t y ,  w i t h  
wa te r  a s  t h e  harmless f i n a l  r e a c t i o n  product .  Only such 
common me ta l s  a s  n i c k e l  and s i l v e r  a r e  used a s  c a t a l y s t s ,  
and methods have been found t o  i n c r e a s e  t h e i r  c a t a l y t i c  
a c t i v i t y  accord ing  t o  Raney 's  methods. The e l e c t r o d e s  
desc r ibed  have a double  ske l e ton .  A new t h r e e - e l e c t r o d e  
s t o r a g e  ce l l  and a n  exper imenta l  demons t ra t ion  model a r e  
desc r ibed .  The energy and e f f i c i e n c y  of s t o r i n g  is con- 
s ide red  . 
(EFFICIENCY, NICKEL, SILVER, CATALYST) 



H73 34807 SOME ENGINEERING ASPECTS OF HYDROGEN-OXYGEN 
FUEL CELL 
Bacon, F.T., American Chemical  S o c i e t y  - D i v i s i o n  o f  F u e l  
c h e m i s t r y ,  V 9 : l -6  N3, S e p t  12-17 ' 6 5  

A p p l i c a t i o n s  f o r  f u e l  c e l l s  i n c l u d e  p o s s i b i l i t y  of 
s t o r i n g  e lect r ic  e n e r g y ;  i t  i s  l i k e l y  t h a t ,  i n  f o r e s e e a b l e  
f u t u r e ,  v e r y  c h e a p  o f f -peak  power w i l l  become a v a i l a b l e  
i n  U n i t e d  Kingdom; i f  p r a c t i c a l  power p l a n t s  f o r  s h o r t  
r a n g e  r o a d  t r a n s p o r t  c a n  b e  ach ieved .  
(STORAGE, POWER, OFF-PEAK) 

H73 34808 PRIMARY HYDROGEN-OXYGEN FUEL CELLS FOR SPACE 
cohn,  E.M., (NASA, Washington,  D . C . ) ,  2 9 t h  M e e t i n g  o f  t h e  
AGARD P r o p u l s i o n  and E n e r g e t i c s  P a n e l ,  Belg ium,  Je 12-16 
' 6 7 ,  N68-26788, NASA-TM-X-60277, Avai1:TAC 

By 1975,  Grove-type f u e l  ce l l s  may r e a c h  70% g r o s s  
t h e r m a l  e f f i c i e n c y .  C e l l - d e g r a d a t i o n  r a t e s  s h o u l d  b e  4  
m i c r o v o l t s / h r  or less, and sys t em s p e c i f i c  w e i g h t  60-80 
l b s / k w  o f  a v e r a g e  l o a d ,  w i t h  m a i n t e n a n c e - f r e e  l i f e  u p  
t o  1 y e a r .  A be t ter  c a t h o d i c  c a t a l y s t ,  o p t i m i z e d  e l e c t r o d e  
s t r u c t u r e ,  and  i n e r t  matrices ( i f  u sed  a t  a l l )  w i l l  be 
needed.  B e t t e r  s o l u t i o n s  t o  chemica l  e n g i n e e r i n g  prob- 
l e m s  are e v e n  more u r g e n t .  The b e s t  a p p r o a c h  a p p e a r s  
t o  b e  abandonment of t h e  Grove c e l l  and u s e  o f  modern 
e l e c t r o c h e m i c a l  knowledge i n  d e v e l o p i n g  n o v e l  s y s t e m s  
c o n c e p t s .  
(CATHODE, CATALYST, ELECTRODE) 

H73 34809 STORAGE AND APPLICATIONS OF GALVANIC CELLS 
S c h n e i d e r ,  F.A., E lec t ro -Techn iek ,  V 44:268-71 N 1 1 ,  Je  2 
6 6  ( I n  Dutch)  

E x p l a n a t i o n  o f  why e l e c t r o c h e m i s t s ,  s i n c e  1890,  t r y  
t o  u s e  coal o r  methane  as r e d u c t a n t  and a i r  as o x i d a n t  i n  
g a l v a n i c  c e l l s ,  t h u s  a iming  a t  development  o f  f u e l  c e l l s ;  
s u c c e s s f u l  u s e  o f  most  e x p e n s i v e  t y p e  o f  f u e l  c e l l s  based  on 
hydrogen and oxygen i n  s p a c e  f l i g h t  i s  men t ioned  and  c a u t i o u s  
p r o g n o s i s  o f  f u t u r e  development  o f  f u e l  c e l l s  c i t e d ;  sug- 
g e s t i o n  i s  made how t o  ban  a i r  p o l l u t i o n  and n o i s e  from 
t r a f f i c  i n  l a r g e  c i t i e s  by  u s e  of  f u e l  c e l l  b a t t e r i e s .  
(FUEL CELL, POLLUTION, BATTERY) 

H73 34810 STABILIZING THE NOMINAL POWER OF OXYGEN-HYDROGEN 
FUEL CELLS INTENDED FOR EMERGENCY POWER SUPPLY 
V a r t a ,  A.G., F r e n c h  1 ,536,877,  Aug 1 6  ' 6 8  

The 0 and H losses o f  t h e  t i t ? e  ce l ls  d u r i n g  s t a n d b y  



are made u p  b y  e l e c t r o l y z i n g  w a t e r  u n d e r  p r e s s u r e ;  t h e  a p p a r a t u s  
i s  d e s c r i b e d .  
(ELECTROLYSIS, PRESSURE) 

H73 34811 STORAGE BATTERY-FUEL CELL FOR CONVERTING 
ELECTRICITY TO HYDROGEN AND OXYGEN AND VICE VERSA 
Siemens ,  A.G., and  A.G. V a r t a ,  F r e n c h  1,548,347,  D e C  6 '68 ,  
Jl 66 

A c o m b i n a t i o n  b a t t e r y - f u e l  c e l l  was deve loped  con- 
s i s t i n g  o f  a  Raney-Ni v a l v e  e l e c t r o d e  f o r  H and 2  elec- 
t r o d e s  f o r  0, a N i  gauze  e l e c t r o d e  for  e l e c t r o l y t i c  r e l e a s e  
o f  0,  and a Raney-Ni, Ag, o r  Cu v a l v e  e l e c t r o d e  f o r  d i s -  
s o l u t i o n  o f  0  g a s .  The u s e  o f  a n  i n t e r m e d i a t e  gauze  e le  - 
t r o d e  r educed  c o r r o s i o n  o f  t h e  0 v a l v e  e l e c t r o d e  owing t o  
c y c l i n g  o f  t h e  ce l l .  
(NICKEL, ELECTRODE, CORROSION) 

H73 34812 MEGAWATT FUEL CELLS FOR AEROSPACE APPLICATIONS 
Warnock, D.R., (USAF, W r i g h t - P a t t e r s o n  AFB, O . ) ,  P roceed ings -  
2 5 t h  Power S o u r c e s  Symposium, A t l a n t i c  C i t y ,  N . J . ,  May 23- 
25 ' 7 2 ,  Avai1:TAC 

D e s c r i p t i o n  o f  a h i g h  power d e n s i t y  f u e l  c e l l  s t a c k  
c o n c e p t  w i t h  a n  aqueous  po tas s ium h y d r o x i d e  e l e c t r o l y t e  
c o n t a i n e d  i n  a  c a p i l l a r y  m a t r i x  o f  a s b e s t o s  and p o t a s s i u m  
t i t a n a t e .  A p o r o u s  s i n t e r e d  p l a t e  i n  p a r t i a l  c o n t a c t  w i t h  
a hydrogen e l e c t r o d e  forms a  hydrogen f l o w  f i e l d  and serves 
as a n  a d d i t i o n a l  c o n t a i n e r  f o r  t h e  e l e c t r o l y t e .  The h i g h  
power d e n s i t y  o f  t h e  c e l l s  l a r g e l y  due  t o  t h e  l o w  ohmic 
p o l a r i z a t i o n  c a p a b i l i t y  o f  t h e  t h i n  m a t r i x .  
(POWER, ELECTROLYTE) 

H73 34813 Hz-AIR FUEL CELLS AS ELECTRIC SUPPLY ON 

STRATOSPHERIC AIRSHIP 
B a l a s k o v i c ,  P. ,  and A .  R o u s c i l l e s ,  (CRNS, Essonne ,  F r a n c e ) ,  
4 t h  I n t e r n a t i o n a l  Symposium on F u e l  C e l l s ,  Antwerp, Bel -  
gium, O c t  2-3 ' 7 2 ,  P r o c e e d i n g s ,  V l, Avai1:TAC 

The f u e l  c e l l s  c o n s i d e r e d  c a n  p r o v i d e  a s t r a t o s p h e r i c  
a i r s h i p  w i t h  p r o p u l s i v e  e n e r g y .  The a i r s h i p  i s  g e n e r a l l y  
moving a t  a n  a l t i t u d e  of  22 km. It  s e r v e s  m a i n l y  a s  a 
r e l a y  for  EM beams. The power s y s t e m  s e l e c t e d  fo r  t h e  
a i r s h i p  c o n s i s t s  o f  t h e  electr ic e n g i n e  and f u e l  ce l ls  
b a s e d  on a i r  and c r y o g e n i c  hydrogen.  It is p o i n t e d  o u t  
t h a t  t h i s  system i s  t h e  o n l y  power sys t em o f  t h e  s y s t e m s  



c o n s i d e r e d  which meets t h e  s t r i n g e n t  r e q u i r e m e n t s  r e g a r d i n g  
a l o w  w e i g h t  f o r  t h e  a i r s h i p  power system. 
(POWER, CRYOGENIC, WEIGHT) 

H73 34814 HYDROGEN-OXYGEN FUEL CELLS: UARTA FUEL CELL 
SYSTEMS 
W i n s e l ,  A., Per formance  F o r e c a s t  S e l e c .  S t a t i c  Energy  Con- 
v e r s i o n  D e v i c e s ,  29 th  m e e t i n g  AGARD P r o p u l s i o n  Energy 
P a n e l ,  67 ,  p  575-94 

The working  p r i n c i p l e s ,  c o n s t r u c t i o n ,  and pe r fo rmance  
d a t a  o f  VARTA H-0 f u e l  ce l l s  as w e l l  as e l e c t r o l y z e r s ,  and  
g a s  g e n e r a t o r s  f o r  H and  0 a r e  d i s c u s s e d .  E l e c t r o d e s  
w e r e  c o n s t r u c t e d  o f  Raney-Ni or Ag on a  s k e l e t o n  o f  s i n t e r e d  
c a r b o n y l  N i .  A 60-w. MeOH and a  50-w. H-0 f u e l  c e l l  are 
d e s c r i b e d .  
(ELECTROLYZER, NICKEL) 

H73 34815 OPEN CYCLE FUEL CELL SYSTEM FOR SPACE APPLICATIONS 
Cheney, E.O., Jr., P.J. F a r r i s ,  and J . M .  King ,  Jr . ,  ( P r a t t  
and Whi tney ,  E a s t  H a r t f o r d ,  Conn . ) ,  American S o c i e t y  of 
M e c h a n i c a l  E n g i n e e r s ,  W i n t e r  Annual  Mee t ing ,  New York, N.Y., 
Nov 29-Dec 4  ' 6 4 ,  P a p e r  64-WA/AV-15, Avai1:TAC 

D i s c u s s i o n  o f  an  open-cycle  f u e l - c e l l  c o n c e p t  i n  which 
t h e  h e a t  c a p a c i t y  of  c r y o g e n i c a l l y  s t o r e d  hydrogen i s  used  
t o  a b s o r b  w s s t e  h e a t  and w a t e r  and r e j e c t  them i n t o  space .  
Methods f o r  a n a l y z i n g  and o p t i m i z i n g  open-cyc le  sys t ems  , 

i n c o r p o r a t i n g  modi f i ed  Bacon cel ls  are c o n s i d e r e d ,  and a 
p a r a m e t r i c  comparison i s  made be tween open c l o s e d - c y c l e  
s y s t e m s  f o r  t y p i c a l  s p a c e  r e q u i r e m e n t s .  It i s  s u g g e s t e d  
t h a t  open-cycle  sys t ems  s h o u l d  b e  c o n s i d e r e d  f o r  m i s s i o n s  
which  a r e  less t h a n  one  month i n  d u r a t i o n .  
(CRYOGENIC, WASTE, HEAT, WATER) 

H73 34816 PC8B-4-X562 FUEL CELL ELECTRICAL POWER SUPPLY. 
OPERATIONS MANUAL 
Anon, ( P r a t t  and  Whitney A i r c r a f t ,  E a s t  H a r t f o r d ,  Conn.) ,  
N72-15023, NASA-CR-115304, J1 2 '70 ,  Avai1:TAC 

The PC8B-4 f u e l  c e l l  e lec t r ica l  power s u p p l y  i s  a n  
electr ical  powerp lan t  d e s i g n e d  t o  c o n v e r t  t h e  c h e m i c a l  
r e a c t i o n  o f  hydrogen and oxygen i n t o  electrical e n e r g y .  
I t  u t i l i z e s  c a t a l y z e d  e l e c t r o d e s  w i t h  a  p o t a s s i u m  hydrox ide  
e l e c t r o l y t e .  The powerp lan t  and tes t  s t a n d  c o n t r o l  u n i t  



a r e  desc r ibed  t o g e t h e r  w i t h  a s p e c i f i c a t i o n s  summary. 
(REACTION, ENERGY, ELECTROLYTE) 

H73 34817 HYDROCARBON-AIR FUEL CELL SYSTEM FOR MILITARY 
APPLICATION 
Engle,  M.L., Chemical Engineering Progress  Symposium S e r i e s ,  
V 63:41-4 N75, 67 

B a s i c  system c o n s i s t s  o f  hydrogen gene ra to r  t h a t  
s u p p l i e s  pure  hydrogen t o  f u e l  c e l l  which electrochem- 
i c a l l y  combines hydrogen wi th  oxygen obtained from am- 
b i e n t  a i r  t o  produce 28 v d-c power. 
(FUEL CELL, HYDROCARBON, A I R )  

H73 34818 HYDROGEN-OXYGEN FUEL CELLS REQUIRING MINIMUM 
OF MAINTENANCE 
Cnobloch, H., (Siemens AG, Er langen,  W e s t  Germany). H. 
Nischik ,  F.V. Sturm, Chemie-Ingenieur-Technik,  V 41:146-54 
N4, Fe 2 '69 ,  ( I n  German) 

25-w b a t t e r y  made up of t w o  s e t s  of 17 i n d i v i d u a l  
cel ls  and capab le  of func t ion ing  i n  temperature  range 
minus 2 0 t o  p l u s  40 C has  been developed t o  meet power 
requirements  of t e l e v i s i o n  r e l a y  t r a n s m i t t e r  a t  D o l l n s t e i n ,  
Germany. 
(BATTERY, TEMPERATURE, POWER) 

H73 34819 HYDROGEN GENERATOR MANPACK FUEL CELLS 
Malaspina,  F.P., (U.S. Army E l e c t r o n i c  Cammand, F o r t  Mon- 
mouth, N.J . ) ,  Proceedings  - Annual Power Sources Conference, 
69, V 23:14-16 

For  advxnced des ign  model, improvements were made i n  
t h e  f u e l  ce l l  power module, t h e  power condi t ion ing ,  t h e  
i n t e g r a l  H g e n e r a t o r ,  and t h e  in te rchangeable  f u e l  ce l l  
case .  While i n c o r p o r a t i n g  t h e s e  improvements, t h e  m i l i t a r y  
o b j e c t i v e  of l i g h t w e i g h t  equipment was considered.  
(DESIGN, POWER, MILITARY) 

H73 34820 FUEL CELLS 
Schwartz,  H.J., (NASA, Lewis Research Center ,  Cleveland,  0.1, 
N66-14769, NASA-TM-X-52149, 58th  A I C ~ E  Nat iona l  Meeting, 
P h i l a d e l p h i a ,  Pa., Dec 5-9 '65 ,  Avai1:TAC 

The f l i g h t  of  Gemini V marked t h e  f i r s t  demons t ra t ion  
of t h e  u s e  of f u e l  cel ls  a s  s p a c e c r a f t  power systems. A 
f u e l  c e l l  may b e  cons idered  t o  be  an  i so thermal  s t e a d y - s t a t e  



r e a c t o r  on which t h e  convers ion  of hydrogen and oxygen t o  
water i s  accomplished. I n  o r d e r  t o  main ta in  s t e a d y - s t a t e  
ope ra t ion ,  h e a t  and produc t  removal t echniques  must be 
app l i ed  t o  t h e  f u e l  cel l .  
(SPACECRAFT, POWER REACTOR, HEAT) 

H73 34821 FUEL CELLS I N  AEROSPACE 
S ta rkey ,  G.E., ( A i r  Force  Dept., Washington, D.C.) ,  N64- 
17401, Proceedings - 17th  Annual Power Sources Conference, 
63, p  84-5, Avai1:TAC 

Space miss ions  f o r  which pr imary (hydrogen-oxygen) 
f u e l  c e l l s  appear  t o  be  t h e  optimum energy convers ion method 
a r e  surveyed. The c r i t e r i a  f o r  s e l e c t i n g  f l i g h t  v e h i c l e  
power s u p p l i e s  f o r  space  a r e  l i s t e d ,  and t h e  f e a t u r e s  t h a t  
make f u e l  c e l l s  a t t r a c t i v e  f o r  ae rospace  a p p l i c a t i o n s  
are o u t l i n e d .  
(ENERGY, CONVERSION, POWER) 

H73 34822 FUEL CELLS I N  ASTRONAUTICS 
J o s t ,  K. ,  L u f t f a h r t t e c h n i k  Raumfahrt technik,  V 16:300-304, 
Nov-Dec 70, ( I n  ~ e r m a n )  , Avai1:TAC 

Review of t h e  d e s i g n ,  o p e r a t i o n ,  and m e r i t s  of f u e l  
c e l l s  used i n  a s t r o n a u t i c s .  The t e c h n o l o g i c a l  m a t u r i t y  
o f  f u e l  c e l l s  i s  shown t o  have been demonstrated by t h e i r  
performance record i n  t h e  Gemini and Apol lo  manned mis- 
s i o n  s e r i e s .  Though t h e i r  development and manufacturing 
c o s t s  exceed those  of conven t iona l  energy sources ,  they  
s t i l l  r e p r e s e n t  t h e  most economical s o l u t i o n  o f  t h e  power 
supply problem f o r  s p a c e c r a f t .  
(FUEL CELL, SPACECRAFT, DESIGN) 

H73 34823 FUEL CELL POWERPLANT OPERATION I N  APOLLO 
SPACECRAFT 
Ching, A.C., A.P. G i l l i s ,  ( P r a t t  and Whitney A i r c r a f t ,  East  
Har t ford ,  Conn.), and F.M. Plauche,  I n t e r s o c i e t y  Energy 
Conversion Engineering Conference,  7 th ,  San Diego, C a l i f . ,  
Sep t  25-29 '72,  Proceedings .  p  368-72,  avail:^^^ 

Primary e l e c t r i c a l  power f o r  l o a d s  i n  t h e  Apol lo  
Command and Se rv i ce  Modules i s  fu rn i shed  by a  system o f  
t h r e e  f u e l  c e l l  ppwerplants .  The powerplants conver t  
c ryogenic  hydrogen and oxygen i n t o  d i r e c t  c u r r e n t .  Water 
formed i n  t h e  f u e l  c e l l  r e a c t i o n s  i s  suppl ied  t o  t h e  space- 
c r a f t  f o r  crew use .  Waste h e a t  i s  r e j e c t e d  through a  



c o o l a n t  loop t o  a s p a c e c r a f t  r a d i a t o r .  The a b i l i t y  o f  t h e  
f u e l  c e l l  t o  meet i t s  voltage-power requirements and t o  
c o n t r o l  i t s  own ope ra t ing  tempera ture  under t h e  environ-  
mental  extremes of launch,  a s c e n t ,  e a r t h  o r b i t ,  t r ans -  
l u n a r  f l i g h t ,  and l u n a r  o r b i t  was demonstrated on succes- 
s i v e l y  more d i f f i c u l t  m i s s ions  l e a d i n g  up t o  t h e  f i r s t  
l u n a r  l and ing  . 
(ELECTRICITY, POWER, WATER, CRYOGENIC, LUNAR) 

H73 34824 FUEL-CELL UNIT I N  ELECTRIC VEHICLE 
Winsel,  A. ,  chemie-Jngenieur-Technik, V 40:154-9 n5, 
Fe 26 ' 6 8  

Most of H202 f u e l  cel ls  a v a i l a b l e  a t  p r e s e n t  a r e  
t hose  w i t h  a l k a l i n e  e l e c t r o l y t e s :  hydrogen must be  
c a r r i e d  i n  p r e s s u r e  b o t t l e s  o r  b e  genera ted  i n  smal l  re-  
former u s e f u l  f o r  e l e c t r i c  automobi les :  improvements t o  
be  expected are p o s s i b i l i t y  o f  r e g e n e r a t i v e  brak ing ,  
p a r a l l e l  o p e r a t i o n  between f u e l - c e l l  and lead b a t t e r y ,  
and u t i l i z a t i o n  of r e s t - t ime  of car f o r  recovery of f u e l  
i n  sma l l  e l e c t r o l y z e r s .  
(ELECTROLYTE, REFORMER, BATTERY) 

H73 34825 FUEL CELLS AND FUEL BATTERIES - AN ENGINEERING 
VIEW 
Liebhafsky,  H.A., (General  E l e c t r i c  Co.,  Schenectady, N.Y.) ,  
IEEE Spectrum, V 3:48-56, Dec 66, Avai1:TAC 

Discuss ion  o f  t h e  u s e f u l n e s s  of  f u e l  c e l l s  and f u e l  
b a t t e r i e s ,  and of t h e  problems r e l a t i n g  t o  them. The  
convent iona l  f u e l s  f o r  t h e s e  d e v i c e s  - hydrogen, compromise 
f u e l s ,  and hydrocarbons - a r e  i n v e s t i g a t e d ,  and t h e  e f f i c i e n c y ,  
r e l i a b i l i t y  and working l i f e ,  and u n i t  c a p i t a l  c o s t s  of  
f u e l  c e l l s  and b a t t e r i e s  are s t u d i e d .  E l e c t r i c a l  prob- 
lems of t h e  f u e l  b a t t e r y  and p o s s i b l e  f u t u r e  a p p l i c a t i o n s  
( such  a s  f o r  c e n t r a l  power s t a t i o n s )  a r e  considered.  
(HYDROCARBON, COST, POWER) 

H 7 3  34826 GEMINI FUEL CELL SYSTEM 
Cohen, R . ,  Proceedings  - 20th Annual Power Sources 
Conference, U.S. Army E l e c t r o n i c s  Labs. ,  F o r t  Monmouth, 
N . J . ,  May 24-26 '66,  p  21-4 

D e s c r i p t i o n  of des ign ,  o p e r a t i o n ,  and performance 
of Gemini f u e l  c e l l  system. 
(FUEL CELL, SPACECRAFT) 



H73 34827 FROM SHELL'S FUEL CELL - PORTABLE POWER. 
Anon, E n g i n e e r i n g ,  V 198:768-9 N5148, Dec 18 ' 6 4  

I n f o r m a t i o n  on f u l l y  i n t e g r a t e d  f u e l  c e l l  power sys- 
t e m ,  deve loped  b y  S h e l l  R e s e a r c h  L t d . ,  t h a t  c a n  g e n e r a t e  
up  t o  5  kw of e lect r ical  power and  can  b e  r u n  from m e t h a n o l  
(me thy l  a lcohol  o r  wood a l c o h o l ) ,  i n e x p e n s i v e  p e t r o l e u m  
d e r i v a t i v e ;  i n  d e m o n s t r a t i o n  c e l l  was mounted i n  u t i l i t y  
t r u c k  and used  t o  p r o v i d e  power f o r  e lectr ic  hammer f o r  
b r e a k i n g  c o n c r e t e ;  f u e l  i s  c o n v e r t e d  i n t o  hydrogen b y  
r e a c t i o n  w i t h  steam i n  p r e s e n c e  o f  p l a t i n u m  c a t a l y s t ;  
hydrogen i s  p u r i f i e d  i n  d i f f u s e r ,  t h e n  e n t e r s  b a t t e r y  o f  
f u e l  ce l l s .  
(METHANOL, CATALYST, BATTERY) . -..-* 

H73 34828 FUEL CELL CONNECTED WITH A HYDROGEN GENERATOR 
Dkzae l ,  C. ,  M. P r i g e n t ,  ( I n s t i t u t  F r a n c a i s  du P e t r o l e ,  F r a n c e ) ,  
F r e n c h  1 ,549,206.  D e C  1 3  ' 6 8  

H, g e n e r a t e d  c a t a l y t i c a l l y  from a MeOH-H20 m i x t u r e  
i s  u t i l i z e d  i n  a n  e lec t r ic  f u e l  ce l l .  The c a t a l y t i c  bu rn -  
i n g  o f  t h e  r e s i d u a l  g a s e s  e l i m i n a t e d  from t h e  c e l l ,  s e r v e s  
as a n  e n e r g y  s o u r c e  f o r  t h e  H g e n e r a t o r .  
(METHANOL, CATALYST, ENERGY) 

H73 34829 FUEL CELLS FOR IMPROVED ELECTRICAL POWER SUPPLY 
Morr i l ,  C.C., ( P r a t t  and Whi tney  A i r c r a f t ,  E a s t  H a r t f o r d ,  
Conn.) ,  American I n s t i t u t e  o f  A e r o n a u t i c s ,  Washington ,  D.C., 
J a  8-10 ' 73 ,  P a p e r  73-82, Avai1:TAC 

C u r r e n t  commercial f u e l  c e l l  t e c h n o l o g y  and t h e  re- 
q u i r e m e n t s  o f  u t i l i t y  a p p l i c a t i o n s  l e a d  t o  a f u e l  c e l l  
s y s t e m  d e s i g n  which i s  modular  i n  c o n f i g u r a t i o n  and  i s  
composed o f  t h r e e  m a j o r  subsys tems .  The subsys tems  i n -  
c l u d e  a  f u e l  p r o c e s s o r ,  a f u e l  c e l l  power s e c t i o n ,  and  a n  
i n v e r t e r .  F u e l  c e l l  o p e r a t i o n a l  c h a r a c t e r i s t i c s  are 
d i s c u s s e d ,  g i v i n g  a t t e n t i o n  t o  i t s  h i g h  e f f i c i e n c y ,  i t s  
e n v i r o n m e n t a l  c h a r a c t e r i s t i c s ,  t h e  l o a d  r e s p o n s e ,  and  t h e  
o p e r a t i o n a l  modes. 
(DESIGN, MODULAR, LOAD) 

H73 34830 5-KW HYDROCARBON-AIR FUEL CELL POWER SOURCE 
~ o d z i n s k i ,  R.J., ( ~ l l i s - ~ h a l m e r s  Manufac tu r ing  Co . ,  M i l -  
waukee, W i s .  ) ,  i n  Space  Power S y s t e m k  E n g i n e e r i n g ,  G.C. 
Szego and J.E. T a y l o r ,  Academic P r e s s ,  I n c . ,  N.Y., 66 ,  
p  1043-48, Avai1:TAC 

A f u e l  c e l l  power s o u r c e  is d e s c r i b e d  which u t i l i z e s  



a r e f o r m e r  t o  s u p p l y  t h e  h y d r o g e n  and p r o d u c e s  a n e t  out- 
p u t  of 5-kw e lec t r ica l  p o w e r  a t  110 v and 60 cps. M a j o r  
e m p h a s i s  i s  placed upon t h e  f u e l  c e l l  t e m p e r a t u r e  and 
m o i s t u r e  c o n t r o l  s y s t e m s .  
(TEMPERATURE, MOISTURE, REFORMER) 

H 7 3  34831 5 KW HYDROCARBON-AIR FUEL CELL POWER PLANT 
K i r k l a n d ,  T.G., P r o c e e d i n g s  - 2 0 t h  A n n u a l  P o w e r  S o u r c e s  
C o n f e r e n c e ,  (U.S.  A r m y  ~ l e c t r o n i c s  L a b s . ,  F o r t  M o n m o u t h ,  
N . J . ) ,  M a y  2 4 - 2 6  '66,  p 35-9 

O p e r a t i n g  da ta ,  a u x i l i a r y  s y s t e m  o p e r a t i n g  d a t a ,  
and i n v e r t e r  operation for  e x p e r i m e n t a l  5 kva h y d r o c a r b o n  
f u e l  c e l l  p o w e r  p l a n t .  
(FUEL CELL, HYDROCARBON) 

H 7 3  3 4 8 3 2  500 WATT HYDROCARBON A I R  FUEL CELL SYSTEM 
B u s w e l l ,  R.F., P r o c e e d i n g s  - 1 9 t h  A n n u a l  P o w e r  S o u r c e s  
C o n f e r e n c e ,  (U.S. A r m y  E l e c t r o n i c s  L a b s . ,  F o r t  M o n m o u t h ,  
N.J.) , M a y  1 8 - 2 0  ' 6 5 ,  ~ 2 4 - 2 6  

O p e r a t i o n  and p e r f o r m a n c e  of h y d r o g e n  genera tor - fue l  
c e l l  s y s t e m  u s i n g  l i q u i d  h y d r o c a r b o n  f u e l s  and oxygen ( a i r 3  
t o  produce 500 w a t  3 2  v ;  s y s t e m  h a s  spec i f i c  w e i g h t  of 
140 l b / k w ,  spec i f i c  v o l u m e  of 5 cu ft/kw, a n d  overal l  
t h e r m a l  e f f i c i ency  of 30%. 
(FUEL CELL,  HYDROCARBON, A I R )  

H 7 3  34833 ELECTRICALLY COUPLED FUEL CELL AND HYDROGEN 
GENERATOR 
W h i t e ,  D.W., ( G e n e r a l  E l e c t r i c  C o . ) ,  U.S. 3 , 6 0 7 , 4 2 7 ,  
Sept 2 1  ' 7 1  

A s o l i d  0-ion e lec t ro ly te  f u e l  c e l l  e l e c t r o d e  coupled 
d i r e c t l y  t o  a s o l i d  0-ion e lec t ro ly te  H 2 0 - d i s s o c i a t i o n  c e l l  
( f o r  H g e n e r a t i o n )  is described. H y d r o c a r b o n  f u e l  i s  
reacted w i t h  a i r ,  s t e a m ,  o r  a i r  and s t e a m  t o  p r o d u c e  a 
r e d u c i n g  g a s  m i x t u r e ,  w h i c h  is a d m i t t e d  t o  t h e  c o u p l e d  ce l l s  
t o  depolarize t h e  anode of t h e  d i s s o c i a t o o n  c e l l  and serve 
as f u e l  for  t h e  f u e l  ce l l .  
(ELECTROLYTE, AIR, STEAM, ANODE) 

H 7 3  34834 EFFECTS OF CARBON DIOXIDE ON TRAPPED ELECTROLYTE 
HYDROGEN-OXYGEN, ALKALINE FUEL CELLS 
T h a l l e r ,  L.H., R.E. P o s t ,  and R.W. E a s t e r ,  (NASA, L e w i s  
R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0 . )  , N 7 0 - 2 8 1 2 1 ,  NASA-TM-X-52812, 
5 t h  I n t e r s o c i e t y  E n e r g y  C o n v e r s i o n  E n g i n e e r i n g  C o n f e r e n c e ,  
L a s  V e g a s ,  N e v . ,  Sep t  2 1 - 4  ' 7 0 ,  A v a i 1 : T A C  

T r a p p e d  e l e c t r o l y t e  a l k a l i n e  f u e l  ce l l s  are p r e s e n t l y  



b e i n g  u s e d  i n  aerospace applications. Low t e m p e r a t u r e  
versions of these s y s t e m s  appear t o  offer ce r t a in  a d -  
v a n t a g e s  over t h e  A p o l l o - t y p e  f u e l  ce l l .  H o w e v e r ,  t h e  
l i f e  c h a r a c t e r i s t i c s  of t h e s e  l o w  t e m p e r a t u r e  ce l l s  
have been s o m e w h a t  d i sappo in t ing .  
(FUEL CELL, ELECTROLYTE, TEMPERATURE) 

H 7 3  34835 DEVELOPMENT OF UNDERSEA POWER 
Y a m a m o t o ,  T., K a g a k u  K o g y o ,  V 2 1 : 8 0 1 - 1 0  N6 ,  7 0 ,  ( 1 n  Japan- 
ese) 

A  r e v i e w  is given on t h e  f u e l  c e l l  as an undersea 
p o w e r  s o u r c e .  T h e  m a n u f a c t u r e  of H  for  the  f u e l  c e l l  
f r o m  NH3 and f r o m  MeOH, a n d  t h e  p u r i f i c a t i o n  of H  by 
adsorption are a l so  r e v i e w e d .  
( W E L  CELL, METHANOL, AMMONIA, ADSORPTION! 

H 7 3  34836 COLD HYDROGEN CELLS OF THE GENERAL ELECTRIC 
COMPANY AND THEIR ACCOMPANYING CIRCUITS 
D u b o i s ,  P . ,  E n t r o p i e  No .  14,  p 7 3 - 8 2 ,  67 ,  ( I n  F r e n c h )  

A  d e f i n i t i o n  of f u e l  ce l l s  is  g i v e n ,  and t h e  f u n d a m e n -  
t a l  t h e r m o d y n a m i c  l a w s  f o r  t ransformat ion  of c h e m i c a l  
energy  i n t o  electr ic energy are presented. G e n e r a l  con- 
s iderat ions  about storage, s u p p l y ,  and control  of t h e  
f e e d  of t h e  reactants i n t o  a ba t te ry ,  and con t ro l  of t h e  
content  of reac t ion  products are given f o r  batteries 
w o r k i n g  w i t h  t h e  s y s t e m s  N2H4/02, N 2 ~ 4 / ~ 2 0 2 s  N ~ H ~ / K O C ~ ,  
a n d  Na-Hg/02.  C o l d  ce l ls  w i t h  H2 and O2 as reactants are 
d e s c r i b e d .  
(STORAGE, CONTROL, BATTERY) 

H 7 3  3 4 8 3 7  CIRCULATING ELECTROLYTE HYDROGEN/AIR FUEL 
CELL SYSTEM 
C l o w ,  C.G., ( E n e r g y  C o n v e r s i o n  L t d . ,  B a s i n g s t o k e ,  E n g l a n d ) ,  
J . G .  B a n n o c h i e ,  P r o c e e d i n g s  - 4 t h  In te r soc ie ty  E n e r g y  
C o n v e r s i o n  E n g i n e e r i n g  C o n f e r e n c e ,  W a s h i n g t o n ,  D.C., 
Sept 2 2 - 2 6  ' 69 ,  P a p e r  6 9 9 1 3 2 ,  p 1 0 5 7 - 6 4 ,  A v a i 1 : T A C  

A  h y d r o g e n - a i r  f u e l  c e l l  s y s t e m  w i t h  a c i r c u l a t i n g  
a l k a l i n e  e l e c t r o l y t e  i s  described. E l e c t r o d e s  consis t  
of a ca ta lyzed  hydrophobic layer supported on porous nickel .  
S p e c i a l  p r o b l e m s  of w a t e r  and e l e c t r o l y t e  m a n a g e m e n t  
associated w i t h  t h e  h y d r o p h o b i c  electrodes are d i s c u s s e d  
a n d  t h e  p r o b l e m s  of w o r k i n g  w i t h  an e lec t ro ly te  common 
t o  a l l  t h e  ce l l s  are a n a l y z e d .  
(CATALYST, HYDROPHOBIC, ELECTRODE) 



H73 34838 CIRCULATING ELECTROLYTE FUEL CELL POWERPLANT 
Peak,  W.R., and  T.G. S c h i l l e r ,  ( P r a t t  and  Whi tney  A i r c r a f t ,  
E a s t  H a r t f o r d ,  Corm.), Repor t  No.  PWA-4073-ECOM-0125-F, 
F e  1-Nov 30 ' 7 0 ,  Avai1:TAC 

The t e c h n i c a l  f e a s i b i l i t y  o f  a h y d r o g e n - a i r  c i r c u l a t -  
i n g  a l k a l i n e  e l e c t r o l y t e  f u e l  c e l l  s y s t e m  i n c o r p o r a t i n g  
e l e c t r o l y t e  r e g e n e r a t i o n  c a p a b i l i t y  h a s  been  d e m o n s t r a t e d .  
The f u e l  ce l l  d e s i g n  f e a t u r e s  f o u r  c h a n n e l s  on t h e  a i r  s i d e  
t h r o u g h  which t h e  po tas s ium h y d r o x i d e  e l e c t r o l y t e  f lows.  
The f e a s i b i l i t y  o f  t h i s  c e l l  d e s i g n  was d e m o n s t r a t e d  b y  
a 650 h o u r  s i n g l e  c e l l  t e s t .  
(DESIGN, TEST, REGENERATION) 

H73 34839 A  HYDROCARBON-AIR FUEL CELL 
E n g l e ,  M.L., (Al l i s -Cha lmers ,  Milwaukee, W i s . ) ,  Chemical  
E n g i n e e r i n g  P r o g r e s s ,  V 62:77-9 N5, 67 ,  Avai1:TAC 

The s y s t e m  d e s c r i b e d  u s e s  p u r e  H2, d e r i v e d  b y  r e a c t i n g  
l i q u i d  h y d r o c a r b o n  f u e l  w i t h  w a t e r  u s i n g  a re fo rming  
c a t a l y s t  and  e x t g .  t h e  p r o d u c t  t h r o u g h  a Pd-a l loy  d i f f u s i o n  
e l e m e n t .  The f u e l  c e l l s  were  o f  t h e  low t e m p e r a t u r e  and 
p r e s s u r e  t y p e  w i t h  t h e  a l k a l i n e  e l e c t r o l y t e  h e l d  i n  a 
m a t r i x  and t h e  02 s u p p l y  d e r i v e d  from compressed ambient  
a i r .  
(WATER, REFORMING, CATALYST, ELECTROLYTE) 

H73 34840 A  500 WATT HYDROGEN/AIR FUEL CELL WITH 
METHANOL REFORMER 
J a c q u e l i n , J . ,  (Compagnie G e n e r a l e  d l E l e c t r i c i t e ,  P a r i s ,  
F r a n c e ) ,  4 t h  I n t e r n a t i o n a l  Symposium on  F u e l  C e l l s ,  Antwerp, 
Belg ium,  P r o c e e d i n g s ,  O c t  2-3 ' 7 2 ,  V 1, Avai1:TAC 

The f u e l  ce l l  s t a c k  d e s c r i b e d  c o n t a i n s  a number o f  
s u b s y s t e m s ,  i n c l u d i n g  t h e  e l e c t r o d e  package ,  a n  e l e c t r o l y t e  
c i r c u l a t i o n  subsys tem,  a subsys tem f o r  t h e  e q u i l i b r a t i o n  
of e l e c t r o l y t e  and g a s  p r e s s u r e s ,  t h e  hydrogen c i r c u i t ,  
and t h e  a i r  s u p p l y  subsybtem. 
(ELECTROLYTE, PRESSURE) 

H73 34841 A  COMPACT HYDROGEN-OXYGEN CELL 
V ~ C ,  R . ,  and Y. B r e e l l e ,  E l e c t r o c h e m i c a l  G e n e r a t o r s  Eor 
Space  A p p l i c a t i o n s ;  I n t e r n a t i o n a l  Conven t ion ,  P a r i s ,  F r a n c e ,  
P r o c e e d i n g s ,  D e c  4-7 ' 6 7 ,  p  79-89, ( I n  F r e n c h ) ,  Avai1:TAC 

D e s c r i p t i o n  o f  an  e n e r g y  s o u r c e  d e s i g n e d  f o r  u s e  i n  
s p a c e  e n v i r o n m e n t s  and b a s e d  on a c o l d  hydrogen-oxygen f u e l  
c e l l .  
(FUEL CELL, SPACE, ENERGY) 



H73 34842 AUTONOMOUS HYDROGEN/AIR FUEL CELL FOR LONG- 
LIFE MISSIONS 
B r e e l l e ,  Y. ,  J. Cheron, A. Greh ie r ,  and R. V i c ,  ( I n s t i t u t  
F ranca i s  du P e t r o l e ,  F r a n c e ) ,  Proceedings  - 7 t h  I n t e r s o c i e t y  
Energy Conversion Engineer ing Conference, San Diego, C a l i f . ,  
Sep t  25-29 '72,  p  1-6, Avai1:TAC 

Design and c o n s t r u c t i o n  of an autonomous H i a i r  f u e l  
c e l l  f o r  t h e  purpose o f  power feed ing  a  70-w radio-beacon 
f o r  5000 h r .  The r e l i a b i l i t y  r equ i r ed  f o r  t h i s  u s e  l e d  
t o  t h e  development of  a  c e l l  o p e r a t i n g  a t  low s p e c i f i c  . 
power and wi th  no r o t a t i n g  p a r t s .  
(DESIGN, POWER) 

H73 34843 AUTOMATED ELECTRICAL START FOR JP4-AIR SYSTEMS 
Greenwood, C.D., Proceedings ,  22nd Annual Power Sources  
Conference, (U.S. Army E l e c t r o n i c s  Command, F o r t  Monmouth, 
N.J. ) , May 14-16 '68,  p  13-16, AvailzTAC 

Automatic s t a r t u p  and c o n t r o l  system f o r  hydrogen- 
oxygen f u e l  c e l l s :  syskem l o g i c ,  major des ign  c o n s i d e r a t i o n s ,  
and r e s u l t s  of p r e l i m i n a r y  tests; b lock  diagrams f o r  con- 
t r o l  sequence. 
(FUEL CBLL, TEST, CONTROL) 

H73 34844 STATUS OF SHUTTLE FUEL CELL TECHNOLOGY PROGRAM 
Rice,  W.E., and D. B e l l ,  (NASA, Manned Spacec ra f t  Cente r ,  
Houston, Tex.), Proceedings  - 7 th  I n t e r s o c i e t y  Energy Con- 
v e r s i o n  Engineering Conference,  San Diego, C a l i f . ,  S e p t  
25-29 '72 ,  p  390-95, Avai1:TAC 

The hydrogen-oxygen f u e l  ce l l  has been proved a s  an 
e f f i c i e n t  and r e l i a b l e  e l e c t r i c a l  power supply f o r  NASA 
manned-space-flight v e h i c l e s .  It has  t hus  ensured a  r o l e  
i n  t h e  Space S h u t t l e  Program a s  t h e  primary e l e c t r i c a - l  
power supply f o r  t h e  O r b i t e r  v e h i c l e .  

H73 34845 ULTRA-PURE HYDROGEN FOR FUEL CELLS 
P f e f f e r l e ,  W.C., (Engelhard I n d u s t r i e s ,  Inc . ,  Newark, N . J . ) ,  
S o c i e t y  of Automotive Engineers ,  Bal t imore ,  Md., Oct 19-23 
'64 ,  Paper 935B, AvailrTAC 

Desc r ip t ion  of a compact hydrogen g e n e r a t o r  s u i t a b l e  f o r  
i n t e g r a t i o n  i n t o  f u e l - c e l l  power systems. Such g e n e r a t o r s  
no t  on ly  provide a  sou rce  of u l t r a p u r e  hydrogen e s p e c i a l l y  
s u i t e d  f o r  f u e l - c e l l  u s e ,  b u t  a l s o ,  i n  p r i n c i p l e ,  can ach ieve  
thermal  e f f i c i e n c i e s  approaching 100% f o r  t h e  convers ion  



of  hydrocarbons i n t o  hydrogen. 
(EFFICIENCY, HYDROCARBON) 

H73 34846 THE FLYING ~ ~ / 0 ~  STORAGE BATTERY 
Costa ,  R.L., and L.S. Harootyan, Jr., Chemical Technology, 
V 2:163-66 N3, Mar 72 

I n  view of t h e  advanced hydrogen-oxygen primary 
f u e l  c e l l  and e l e c t r o l y s i s  technology developed i n  t h e  
l a s t  decade,  i t  i s  be l i eved  t h a t  a compact, l i gh twe igh t ,  
and r e l i a b l e  r e g e n e r a t i v e  hydrogen-oxygen f u e l  c e l l  can 
b e  developed by 1978. Performance goaPs f o r  such a dev ice  
a r e  20 t o  30 watt-hours/pound and 7 y e a r s  l i f e  a t  0.95 
system r e l i a b i l i t y .  The a t t r a c t i v e n e s s  of t h e  r egene ra t ive  
f u e l  c e l l  i s  i l l u s t r a t e d .  
(FUEL CELL, REGENERATOR, ELECTROLYSIS) 

H73 34847 I N  SITlT PREPARATION AND CONTROL OF HYDROGEN 
I N  ELECTROCHEMICAL CELLS 
Juda ,  W . ,  (P ro to t ech  I n c . ) ,  U.S. 3,407,094 

A f u e l  c e l l  c o n s i s t s  of molten e l e c t r o l y t i c  medium, 
a porous ca thode ,  and an  anode c o n s i s t i n g  of a porous 
suppor t ,  which can be impregnated w i t h  reforming c a t a l y s t s  
and coa t ed  w i t h  porous Ag and a 0.0001-0.005-in. t h i c k  Pd- 
con ta in ing  l a y e r ,  i nc lud ing  Ag-Pd a l l o y s .  The p a r t i a l  
p r e s s u r e  of Hz produced i n  s i t u  is mainta ined a t  below 
a tmospher ic  p r e s s u r e  and a t  less t h a n  t h e  p re s su re  e x i s t i n g  
i n  t h e  e l e c t r o l y t i c  medium by drawing c u r r e n t  from t h e  
c e l l .  The s u c t i o n  e f f e c t  r e s u l t s  i n  s u b s t a n t i a l l y  com- 
p l e t e  e l ec t rochemica l  u t i l i z a t i o n  o f  H. 
(ELECTROLYTE, CATHODE, REFORMING, CATALYST) 

H73 34848 FUEL CELL IS GOING COMMERCIAL 
Bennet t ,  K.W., The I r o n  Age, Nov 2 '67,  p 50 

With a growing number of s t o c k  model f u e l  c e l l s  
a v a i l a b l e ,  t h e r e ' s  p rospec t  d e s i g n e r s  w i l l  i nco rpo ra t e  
them i n t o  new v e h i c l e s  and machinery. Union Carbide w i l l  
o f f e r  a u n i t  t h a t  w i l l  o p e r a t e  on j u s t  hydrogen and a i r .  
However, market  breakthrough is s t i l l  2 o r  3 yea r s  away. 
( A I R , ,  MARKET, VEHICLES) 



H 7 3  34849 THE REVOLT AGAINST INTERNAL-COMBUSTION ENGINE 
Less ing,  L., For tune ,  J1 6 7 ,  p 78 

This  paper  i n t r o d u c e s  a G.M.'s Elec t rovan ,  employing 
a hydrogen-oxygen f u e l  cel l  developed by Union Carbide,  
t o  promote r a d i c a l l y  new a l t e r n a t i v e  t o  the n o i s y ,  a i r -  
p o l l u t i n g  g a s o l i n e  engine.  
(FUEL CELL, POLLUTION) 



IV. TRANSMISSION, DISTRIBUTION, & STORAGE 



H73 40000 FUEL FOR TOMORROW. LIQUID HYDROGEN. LOW- 
TEMPERATLTRE ENGINEERING TECHNOLOGY 
Ohta ,  T., B u s s e i ,  V 13:405-9 N7, 72, ( I n  J a p a n e s e )  

A r e v i e w  w i t h  6 r e f e r e n c e s  on p o s s i b l e  a p p l i c a t i o n  
o f  l i q u i d  H as f u e l  and on t h e  problem a s s o c i a t e d  w i t h  
low t e m p e r a t u r e  e n g i n e e r i n g .  
(HYDROGEN, FUEL, LIQUID, FUTURE ) 

H73 40001 USES OF CRYOGENIC FLUIDS I N  INDUSTRY AND 
THE LABORATORY 
L a f a u r i e ,  M., chim. I n d . ,  Genie  Chim., V 99:583-92 N5, 68,  
( I n  F r e n c h )  

The a p p l i c a t i o n s  0-f c r y o g e n i c  f l u i d s ,  e s p e c i a l l y  
l i q u i d  N, H, and H e ,  a r e  rev iewed.  
(CRYOGENIC, INDUSTRY, LABORATORY) 

H73 40002* CRYOGENIC FLUIDS 
C r o f t ,  A . J . ,  (Oxford U n i v e r s i t y ,  Oxford ,  E n g . ) ,  I n :  Advanced 
c r y o g e n i c s ,  e d i t e d  b y  C.A. B a i l e y ,  Plenum P r e s s ,  London 
and New York, 7 1  

D i s c u s s i o n  o f  t h e  properties and u s e s  o f  t h e  common 
l i q u i d  r e f r i g e r a n t s .  The s u b s t a n c e s  c o n s i d e r e d  i n c l u d e  
l i q u i d  n i t r o g e n ,  l i q u i d  oxygen, l i q u i d  a i r ,  l i q u i d  neon, 
l i q u i d  hydrogen,  l i q u i d  he l ium and l i q u i d  helium-3. Gen- 
e ra l  p r i n c i p l e s  r e g a r d i n g  t h e  s t o r a g e  of t h e  r e f r i g e r a n t s  
are d i s c u s s e d  t o g e t h e r  w i t h  t h e  d e s i g n s  o f  vessels f o r  
s p e c i a l i z e d  a p p l i c a t i o n s .  Approaches f o r  measur ing  t h e  
1 i q u i d  level  d e s c r i b e d  i n c l u d e  methods making u s e  o f  l i q u i d  
s u r f a c e  d e t e c t i o n  d e v i c e s  and  h y d r o s t a t i c  methods.  The 
d e s i g n  o f  t r a n s f e r  l i n e s  i s  a l s o  examined. 
(CRYOGENIC, LIQUID, NITROGEN, OXYGEN, HYDROGEN) 

H73 40003 LIQUID HYDROGEN 
Anon, P u r e  & Appl i ed  C r y o g e n i c s ,  V 5, Pergamon P r e s s ,  N.Y., 
6  6  

Volume c o m p r i s e s  1 2  c h a p t e r s  b y  d i f f e r e n t  a u t h o r s ,  
r e p r e s e n t i n g  l e c t u r e s  g i v e n  i n  J u n e  1965 a t  U n i v e r s i t y  
o f  Grenob le ,  d u r i n g  c o u r s e  o r g a n i z e d  b y  C e n t r e  d e  Re- 
c h e r c h e ~  s u r  les T r e s  B a s s e s  Tempera tu res  u n d e r  a u s p i c e s  
o f  I n t e r n a t i o n a l  I n s t i t u t e  o f  R e f r i g e r a t i o n ;  l e c t u r e s  t reat  
p h y s i c a l  p r o p e r t i e s  and  t e c h n o l o g i c a l  a s p e c t s  o f  b o t h  pro-  
d u c t i o n  and u t i l i z a t i o n ;  l a t t e r  i n c l u d e s  s p a c e ,  e lec t r ica l ,  



and n u c l e a r  a p p l i c a t i o n s .  
(HYDROGEN, LIQUID, CRYOGENIC) 

H73 40004* PUBLICATIONS AND SERVICES OF THE NATIONAL 
BUmAU O F  STANDARDS, CRYOGENICS DIVISION 
 ende en hall, J .R . ,  V . J .  Johnson, and N.A. O l i en ,  (Na t iona l  
Bureau of S tandards ,  Boulder,  Colo.), NBS-TN-639, Aug 73 

Th i s  NBS Technical  Note c a t a l o g s  t h e  p u b l i c a t i o n s  
o f  t h e  Cryogenics  D iv i s ion ,  a long  w i t h  a u t h o r  and s u b j e c t  
indexes ,  f o r  t h e  per iod  1953 through 1972. I t  a l s o  con- 
t a i n s  a  l i s t i n g  of a v a i l a b l e  thermodynamic p r o p e r t i e s  
c h a r t s ,  b i b l i o g r a p h i e s ,  and misce l l aneous  r e p o r t s  of cryo- 
g e n i c  i n t e r e s t .  

A resume o f  t h e  a c t i v i t i e s  of and s e r v i c e s  provided 
b y  t h e  Cryogenics Div is ion  is a l s o  inc luded .  
(PUBLICATION, THERMODYNAMICS, CRYOGENIC) 

H73 40005 LIQUID HYDROGEN TECHNOLOGY 
Parmley, R.T., (General  ~ y n a m i c s / ~ s t r o n a u t i c s ,  San Diego, 
c a l i f . ) ,  Report  No. GDA-AE62- 0774 ,Sept  62 

Th i s  r e p o r t  con ta ins  in format ion  on l i q u i d  hydrogen 
a s  r e l a t e d  t o  its use  as a p r o p e l l a n t  f o r  space  v e h i c l e s .  
The fo l lowing  14 a r e a s  a r e  included:  Manufacture, Trans- 
p o r t a t i o n ,  Hydrogen s a f e t y ,  M a t e r i a l s  c o m p a t i b i l i t y ,  
Cryogenic i n s u l a t i o n ,  T rans fe r ,  Cryogenic measurements, 
P ropu l s ion  methods, S losh ing ,  Vor tex ing ,  P r o p e l l a n t  heat-  
ing ,  Zero-grav i ty  behavior ,  Space s t o r a g e ,  P r o p e r t i e s .  
(LIQUID, HYDROGEN, CRYOGENIC, SPACECRAFT) 

H73 40006 TRENDS I N  CRYOGENIC FLUID PRODUCTION I N  
THE UNITED STATES 
Flynn,  T.M., and C.N. Smith, Proceedings  I n t e r n a t i o n a l  
I n s t i t u t e  of  R e f r i g e r a t i o n ,  Tokoyo, Japan ,  70, B u l l .  suppl .  
Commission I, p  241-47 

The c ryogenic  i n d u s t r y  i n  t h e  U.S. has  changed d r a m a t i c a l l y  
i n  bo th  scope and c h a r a c t e r  du r ing  t h e  l a s t  decade. I t  has  
progressed  from a l i q u i d  hydrogen technology t o  a  l i q u i d  
helium technology t o  developing new t echno log ie s  dependent 
upon bo th  t h e  upper and lower extremes of t h e  cryogenic  
s c a l e .  Among t h e s e  a r e  p r a c t i c a l  a p p l i c a t i o n s  of super-  
c o n d u c t i v i t y  and t h e  use  of l i q u e f i e d  n a t u r a l  gas  a s  a  
major  world energy  source .  Th i s  change i n  t h e  n a t u r e  of 
t h e  i n d u s t r y ,  and some of i t s  i m p l i c a t i o n s  f o r  t h e  f u t u r e ,  



i s  seen i n  t h i s  paper  which t r a c e s  t h e  produc t ion  of t h e  
economical ly  s i g n i f i c a n t  cryogens over  t h e  l a s t  decade 
and g i v e s  t h e  p r e s e n t  s t a t u s  of  cryogen produc t ion  i n  
t h e  U.S. 
(CRYOGENIC, LIQUID. INDUSTRY) 

. H73 40007 THE CRYOGENIC DATA CENTER, AN INFORMATION 
SERVICE I N  THE FIELD OF CRYOGENICS 
Ol i en ,  N.A., Cryogenics,  V 11 : l l -18  N 1 ,  Feb 71, NBS-R-625 

The c ryogenic  D a t a  Cente r  i s  t h e  major source  of 
b i b l i o g r a p h i c  in format ion  and d a t a  on the  p r o p e r t i e s  of  
m a t e r i a l s  a t  c ryo tempera tures  i n  t h e  United S t a t e s  and, 
t o  a l e s s e r  e x t e n t ,  s e r v e s  t h e  same func t ion  f o r  t h e  
rest of t h e  world.  The Cen te r  a l s o  is a source  of i n f o r -  
mation f o r  o t h e r  a r e a s  of c ryogenics  such a s  metrology,  
i n s t rumen ta t ion ,  p roces ses  and equipment, t r a n s p o r t  pro- 
c e s s e s ,  s a f e t y ,  etc. An important  ou tpu t  of t h e  Cryogenic 
Data Center  is  t h e  c r i t i c a l  e v a l u a t i o n  of p r o p e r t y  measure- 
ments and measurement t echniques .  
(CRYOGENIC, DATA, INFORMATION) 

H73 40008* SURVEY OF THE PROPERTIES OF HYDROGEN ISOTOPES 
BELOW THEIR CRITICAL TEMPERATURES 
Roder, H.M., G.E. C h i l d s ,  R.D.  McCarty, and P.E. Angerhofer,  
(Cryogenics D iv i s ion ,  N a t i o n a l  Bureau o f  S tandards ,  Boulder,  
Colo . ) ,  NBS Technica l  Note 641, Aug 73, Avai1:TAC 

The survey covers  PVT, thermodynamic, thermal ,  t r a n s -  
p o r t ,  e l e c t r i c a l  r a d i a t i v e  and mechanical p r o p e r t i e s .  A l l  
i s o t o p i c  a s  w e l l  a s  o r tho-para  mod i f i ca t ions  o f  hydrogen have 
been inc luded .  Temperatures a r e  l i m i t e d  t o  t hose ' be low t h e  
r e s p e c t i v e  c r i t i c a l  p o i n t s ,  i n  g e n e r a l  below 40 K .  The 
p r e s s u r e  range i s  n o t  r e s t r i c t e d ,  t h a t  i s  s o l i d ,  l i q u i d ,  
and gas  phases  a r e  covered .  However, wi th  t h e  except ion  of 
hydrogen, very l i t t l e  d a t a  exis ts  a t  p r e s s u r e s  o t h e r  than  
s a t u r a t i o n .  The l i t e r a t u r e  surveyed inc ludes  a l l  r e f e r e n c e s  
a v a i l a b l e  t o  t h e  Cryogenic  Data Center  up t o  June o f  1972, and 
f o r  s e v e r a l  s u b j e c t s ,  th rough  March of 1973. The t o t a l  number 
of documents cons idered  was n e a r l y  1500 of which about  10 
p e r c e n t  c o n t a i n  p e r t i n e n t  in format ion  and a r e  r e f e renced  
i n  t h i s  r e p o r t .  The v a r i o u s  p r o p e r t i e s  a r e  p re sen ted  i n  t h e  
form o f  t a b l e s  o r  g raphs ;  i f  e x t e n s i v e  t a b l e s  have been pub- 
l i s h e d  e lsewhere ,  t h e  r e a d e r  i s  r e f e r r e d  t o  t h e  o r i g i n a l  sources .  
(COMPILATION, DENSITY, DEUTERIUM, PROPERTY, ENTHALPY, ENTROPY, 

HYDROGEN, ELECTRICAL, MECHANICAL, OPTICAL, TRANSPORT) 



H73 40100 LIQUEFACTION OF HYDROGEN AND HELIUM, OBTAINING 
ULTRALOW TEMPEmWRES 
Arkharov, A.M., K.S. Butkevich,  A.G. Golovintsov,  and 
B.M. Kulakov, Report  No. FTD-MT-65-167, J a  23 '67,  Avai1:TAC 

L ique fac t ion  of hydrogen and hel ium,  and t h e  usage 
and p roduc t ion  of very low t empera tu re s  have been i n v e s t i -  
ga ted .  The a u t h o r s  i n v e s t i g a t e d  ca scade  methods of pro- 
ducing low temperatures  and d e s c r i b e d  c e r t a i n  c ryogenic  
g a s e s  and l i q u i d s .  Or thopara- t ransformat ion  of hydrogen 
w a s  cons idered  i n  d e t a i l ,  and methods o f  ob t a in ing  t h i s  
were i n v e s t i g a t e d .  Hydrogen and helium l i q u e f i e r s  were 
d e s c r i b e d  and t h e i r  usage w a s  d i s c u s s e d .  New low temper- 
a t u r e  c y c l e s  were d i scussed .  Magnetic coo l ing ,  thermo- 
dynamics of demagnet izat ion,  and c r y o s t a t s  and magnets were 
i n v e s t i g a t e d .  
(LIQUEFACTION, CASCADE, HELIUM, HYDROGEN) 

H73  40101 MULTIPLE-UNIT HYDROGEN-HELIUM LIQUEFIER 
Batrakov,  B.P., Kravchenko, V.A., Khim. Neft .  Mashinostr . ,  
V 12:36-7 N12, 71, ( I n  Russian)  

High-pressure  (140-50 a tmospheres)  H was passed through 
a  h e a t  exchanger ,  where it was cooled  by low-pressure H 
and by-passed N vapor. A f t e r  c o o l i n g  by l i q u i d  N, H was 
cooled i n  ano the r  hea t  exchanger by low-pressure  H and H 
vapor  coming from H (1) hea t  exchanger  o f  t h e  H e  cyc l e .  
A f t e r  t h r o t t l i n g ,  p a r t  of H was l i q u e f i e d ,  and t h e  equi-  
l i b r i u m  gas  phase formed t h e  h igh -p re s su re  H. 
(LIQUEFACTION, COST, HEAT EXCHANGER) 

H73 40102 LIQUEFACTION AND STORAGE OF HYDROGEN 
R e i f f ,  D.D., Chemical Engineer ing,  V 72:191-8 N19, S e p t  
13  '65  

P r i n c i p l e s  of l i q u e f a c t i o n  of g a s e s  and low-temper- 
a t u r e  h e a t  t r a n s f e r  a r e  b a s i s  f o r  d i s c u s s i o n  of des igns  
r equ i r ed  f o r  s t o r a g e  and handl ing o f  l i q u i d  hydrogen; i n  
l i q u e f a c t i o n  o f  hydrogen t h e r e  are two main c o n s i d e r a t i o n s ;  
f i r s t ,  low l i que fac t ion - t empera tu re s  and s a f e t y  r e q u i r e  
hydrogen t o  be  pure: second, i t  i s  d e s i r a b l e  t h a t  molecu la r  
v a r i e t y .  parahydrogen, be  produced; i n  s e l e c t i n g  i n s u l a t i o n ,  
b a l a n c e  must b e  achieved between c o n s i d e r a t i o n s  of economics, 
weigh t ,  volume, ruggedness and i n s u l a t i o n  e f f e c t i v e n e s s ;  
i n  des ign  of cryogenic  s t o r a g e  v e s s e l s  i t  i s  d e s i r a b l e  t o  
have s i m p l e s t  and l i g h t e s t  v e s s e l ,  w i t h  minimum h e a t  t r ans -  
f e r ,  a t  lowest  p r a c t i c a l  c o s t .  
(LIQUEFACTION, HEAT TRANSFER, STORAGE, COST) 



H73 40103 HYDROGEN-NEON LIQUEFACTION UNIT WITH A HELIUM 
EXPANSION COOLING CYCLE 
B u t k e v i c h ,  I . K . ,  V.M. Dobrov, Khim. N e f t .  M a s h i n o s t r . ,  
N3:42, 69,  ( I n  R u s s i a n )  

The d e s c r i p t i o n ,  s i z e ,  and t e c h n o l o g y  and c o n s t r u c t i o n  
d a t a  are g i v e n  f o r  a l i q u e f a c t i o n  u n i t  f o r  H, N e ,  o r  some 
o t h e r  g a s  ( c a p a c i t y  11.5-20 and  6.5 l . / h r ,  r e s p e c t i v e l y ) ,  
f i t t e d  w i t h  a compressor  c o o l i n g  sys t em.  The c o o l i n g  med- 
ium i s  H e ,  and p r e l i m i n a r y  c o o l i n g  i s  a t t a i n e d  by l i q u i d  
N. The s y s t e m  p e r m i t s  o b t a i n i n g  a t e m p e r a t u r e  down t o  

0 
-269 , and a s m a l l  m o d i f i c a t i o n  o f  t h e  a p p a r a t u s  r e n d e r s  
p o s s i b l e  t h e  l i q u e f a c t i o n  o f  H e  i n  amounts o f  a p p r o x i m a t e l y  
71. /hr .  
(LIQUEFACTION, HELIUM, EXPANSION, COMPRESSION) 

H73 40104 HYDROGEN LIQUEFIERS WITH EFFICIENT HEAT 
EXCHANGERS 
B o r o v i k ,  E.S., I.F. Mikha i lov ,  and  N.A. Kosik ,  Cryogen ics ,  
V 4:358-60 N6, D e c  64  

D e s c r i p t i o n  of two l i q u e f i e r s  u s i n g  h e a t  e x c h a n g e r s  
formed o f  d i f f e r e n t  d i a m e t e r  t u b e s  s o l d e r e d  t o  one  a n o t h e r  
f o r  h e a t  c o n t a c t ;  s i n g l e  s t a g e  c o o l i n g  o f  hydrogen b y  
n i t r o g e n  b o i l i n g  u n d e r  reduced  p r e s s u r e  i s  used  i n  VO-10 
hydrogen l i q u e f i e r ;  two-s tage  c o o l i n g  of  hydrogen by  
l i q u i d  n i t r o g e n  is u s e d  i n  VO-50 u n i t ;  b o t h  d e s i g n s  are  
shown i n  d i ag rams .  
(LIQUEFACTION, HEAT EXCHANGER, NITROGEN) 

H73 40105 HYDROGEN LIQUEFIED WITH TWO-STAGE CONVERSION 
FOR PRODUCTION OF 98% PARAHYDROGEN 
Fradkov,  A.B., and V.F. T r o i t s k i i ,  C r y o g e n i c s ,  V 5:136-7 
N3, J e  6 5  

R e p o r t  on o p e r a t i n g  p r i n c i p l e  and d e s i g n  o f  l i q u e f i e r ,  
which  is shown i n  s c h e m a t i c  d i ag ram;  r e f r i g e r a t i o n  c y c l e  
is b a s e d  on  Joule-Thompson e f f e c t  f o r  normal  hydrogen;  
pa rahydrogen  i s  produced i n  l i n e  s e p a r a t e  from r e f r i g e r -  
a t i o n  c y c l e  b y  c o n v e r s i o n  a t  two t e m p e r a t u r e  l e v e l s ,  t h e s e  
b e i n g  t e m p e r a t u r e  of l i q u i d  n i t r o g e n  ( i n  g a s e o u s  p h a s e ) ,  
and  t e m p e r a t u r e  o f  l i q u i d  hydrogen;  d e v i c e  h a s  b e e n  i n  
normal  o p e r a t i o n  s i n c e  1961. 
(LIQUEFICATION, PARAHYDROGEN) 



H73 40106 DESIGN OF A CRYOGENIC EXPANSION ENGINE FOR 
TONNAGE HYDROGEN LIQUEFACTION 
Morain, W.A., (Cooper-Bessemer Div., Cooper Inds . ,  M t .  
Vernon, O . ) ,  Advanced Cryogenic Engineer ing,  V 12:585-94, 
67 

A l a r g e  expansion engine w i t h  an non lub r i ca t ed  c y l i n -  
d e r ,  which has  been i n  com. H l i q u e f a c t i o n  s e r v i c e ,  was 
d i scussed  and was shown t o  be  u s e f u l  f o r  tonnage H l i que -  
f a c t i o n .  
( LIQUEFICATION, EXPANSION) 

H73 40107 DESIGN OF A HYDROGEN LIQUEFIER 
Schulze ,  M.,  W. Hoffmann, and W. Eichenauer ,  (Tech. Hoch- 
s chu le ,  Darmstadt,  Germany), Glas-Instrum.-Tech., V 10:770-4 
N9, 66, ( I n  German) 

A review is given of p o t e n t i a l  u s e s  f o r  l i q u i d  H and 
l i q u e f a c t i o n  of gases  according t o  t h e  Linde process .  A 
d e t a i l e d  d e s c r i p t i o n  of a l i q u e f i e r  w i t h  a c a p a c i t y  of 
61./hr.  i s  given.  
(LIQUEFLCATION, PROCESS) 

H73 40108 DEVELOPMENT OF A PRACTICAL THERMODYNAMIC 
CYCLE FOR A SPACE-BORNE KYDROGEN RELIQUEFIER 
Benning, M.A., E.B. Kunkle, A.H. S i n g l e t o n ,  Advanced Cryo- 
gen ic  ~ n g i n e e r i n g ,  V 14:378-86. 68, Avai1:TAC 

Design s t u d i e s  were made t o  s e l e c t  and e v a l u a t e  a 
p r a c t i c a l  thermodynamic c y c l e  f o r  a p ro to type .  These 
s t u d i e s  e s t a b l i s h e d  t h a t  a p a r t i a l  r e l i q u e f i e r  capable  of 
l i q u e f y i n g  a s  much a s  42% of i ts  feed of 4 lb /hr  could 
be b u i l t  w i t h i n  t h e  l i m i t a t i o n s  of a 14 m o  hardware develop- 
ment program. I t  i s  be l i eved  t h a t  t h i s  equipment is re- 
p r e s e n t a t i v e  i n  des ign  p r i n c i p l e  o f  l a t e r  hardware capable  
of 10,000 h r  maintenance-free ope ra t ion .  
(LIQUEF3CATION, SPACECRAFT, THERMODYNAMICS) 

H73 40109 PROCESS FOR PRODUCING LIQUEFIED HYDROGEN, 
HELIUM AND NEON 
G a m i n ,  L., (Oklahoma C i t y ,  Okla . ) ,  U.S. P a t e n t  3,609,984, 
Apr 25 ' 69  

A proces s  f o r  l i q u e f y i n g  hydrogen, helium and neon 
more e f f i c i e n t l y  and economically t han  by methods p r e v i o u s l y  
p r a c t i c e d ,  which process  i nc ludes  t h e  s t e p s  of compressing 



t h e  gas  (hydrogen, helium o r  neon) t o  a p r e s s u r e  such t h a t ,  
upon i s o b a r i c a l l y  coo l ing  t h e  t h u s  compressed gas ,  a temper- 
a t u r e  above t h e  c r i t i c a l  t empera ture  of t h e  gas  is reached 
a t  which t h e  gas  can b e  i s e n t r o p i c a l l y  expanded t o  y i e l d  
s u b s t a n t i a l l y  a s i n g l e  l i q u i d  phase a t  a tmospher ic  p re s su re .  
(LIQUEFICATION, COST, PATENT) 

H73 40110 APPLICATION OF THERMOSIPHON FOR PRECOOLING 
APPARATUS 
Bewilogua, L., R. Knoener, and G. Kappler, Cryogenics,  
V 6:34-5 N 1 ,  Fe 66 

Method f o r  coo l ing  l a r g e  p i e c e s  o f  appa ra tus  from 
room temperature  down t o  20 o r  4 K i s  shown schema t i ca l ly ;  
v e s s e l s  f o r  l i q u i d  n i t r o g e n ,  f o r  l i q u i d  hydrogen o r  neon, 
and f o r  l i q u i d  helium a r e  a r ranged  i n  vaccum; measuring de- 
v i c e  is a t t ached  t o  helium v e s s e l ;  f i r s t  a l l  t h r e e  v e s s e l s  
a r e  cooled t o  l i q u i d  n i t r o g e n  temperature;  then hydrogen 
( o r  neon) v e s s e l  and helium v e s s e l  w i t h  measuring dev ice  
a r e  cooled t o  l i q u i d  hydrogen ( o r  neon) temperature;  f i n -  
a l l y  helium v e s s e l  w i t h  measuring dev ice  i s  cooled t o  
helium temperature .  
(THERMOSIPHON, COOLING, APPARATUS) 

H73 40111 PRODUCTION OF LIQUID HYDROGEN AT THE ROCKET 
PROPULSION ESTABLISHMeNT 
Bainbr idge,  R.,  and T.R. Horton, Cryogenics,  V 11:456-68, 
Dec 71 

The des ign ,  development, and o p e r a t i o n  of a l i q u i d  
hydrogen p l a n t  w i th  an  hour ly  o u t p u t  of  100 l i t r e s  of  
normal l i q u i d  hydrogen o r  70 l i t res of 85-90% para-hydro- 
gen a r e  descr ibed .  The l i q u i d  hydrogen produced was used 
f o r  t e s t i n g  a rocke t  t h r u s t  chamber developed by R o l l s  
Royce and f o r  t ank  p r e s s u r i z a t i o n  s t u d i e s  on beha l f  of  
ELDO. I n  a per iod  of s i x  months over  40,000 l i t r e s  of  
l i q u i d  hydrogen were produced. The performance of a Linde 
c y c l e  is b r i e f l y  examined and t h e  major  des ign  concepts  
r equ i r ed  t o  ensure  a s a f e  and r e l i a b l e  p roduc t ion  f a c i l i t y  
a r e  d i scussed .  
(LIQUEFICATION, PARAHYDROGEN) 



H73 40112* JOULES-THOMSON LIQUEFACTION OF HYDROGEN- 
HYDROCARBON GAS MIXTURES 
B a r t l i t ,  J .R. ,  K.D. Williamson, Jr., F.J .  Edeskuty, (Los 
A l m o s  S c i e n t i f i c  Lab., Los Alamos, N .M. ) , Adaanced Cryo- 
g e n i c  ~ n g i n e e r i n g ,  V 15:452-6, 69 

A Joule-Thomson l i q u e f i e r  was ope ra t ed  w i t h  H2-CH4 
or  Hz-C2H6 a s  t h e  feed gas .  Fo r  CH4, well-mixed s t reams  
c o n t a i n i n g  c o n c e n t r a t i o n s  l e s s  than  t h e  s o l y .  l i m i t  passed 
through t h e  l i q u e f i e r  w i thou t  p lugging and appeared quant .  
i n  t h e  t r a n s f e r r e d  product .  CH4 and C2H6 concen t r a t i ons  
above t h e i r  so ly .  l i m i t s  (30 vo l .  ppm f o r  CH4; g r e a t e r  
t han  1 v o l .  ppm f o r  C2H6) plugged t h e  l i q u e f i e r  w i t h i n  min- 
u t e s .  The produc t  formed was f lowable  a s  a homogeneous 
"milk,  " wi thou t  phase s e p a r a t i o n .  
(LIQUEFICATION, HYDROGEN, HYDROCARBON) 

H73 40113 THE PRODUCTION OF LIQUID HYDROGEN 
Rozhkov, I.V. e t  a l . ,  AD-693480, Ja  69, Avai1:TAC 

The produc t ion  of l i q u i d  hydrogen, i ts  l i q u e f a c t i o n  
and i ts  or tho-para-convers ions ,  a s  w e l l  a s  s p e c i f i c  f e a t u r e s  
involved i n  t h e  s t o r a g e  and t r a n s p o r t a t i o n  o f  t h i s  m a t e r i a l  
a r e  covered i n  d e t a i l  i n  t h i s  r e p o r t  compiled from r e c e n t  
S o v i e t  and o t h e r  p u b l i c a t i o n s .  The r e p o r t  d e a l s  s p e c i f i c a l l y  
w i t h  t h e  s t r u c t u r a l  m a t e r i a l s  used i n  t h e  f a b r i c a t i o n  o f  
i n d u s t r i a l  i n s t a l l a t i o n s ,  pumping and s t o r a g e  f a c i l i t i e s .  
c ryogen ic  thermal  i n s u l a t i o n  i s  covered ,  as a r e  t h e  r u l e s  
of s a f e t y  i n  connect ion w i t h  t h e  handl ing  of l i q u i d  hydro- 
gen. 
(LIQUEFICATION, STORAGE, TRANSPORTATION) 



H73 40200* TECHNIQUES FOR DETERMINING AVERAGE DENSITY 
AND RELATED PARAMETERS I N  TWO-PHASE CRYOGENIC FLOW SYSTEMS 
Wil l iamson,  K.D., Jr., (Los Alamos S c i e n t i f i c  Lab, Los 
Alamos, N.M.),  Advances i n  C r y o g e n i c  ~ n g i n e e r i n g ,  V 17 ,  
71, Avai1:TAC 

Two-phase f l o w  i s  d i f f i c u l t  t o  a v o i d  i n  c r y o g e n i c  s y s -  
tems. Each t i m e  s u c h  s y s t e m s  are coo led  t o  o p e r a t i n g  t e m -  
p e r a t u r e s ,  two-phase f l o w  i s  e n c o u n t e r e d  u n l e s s  t h e  s y s -  
t e m  p r e s s u r e  i s  m a i n t a i n e d  w e l l  above t h e  c r i t i c a l  p r e s s u r e .  
I n  a d d i t i o n ,  many a p p l i c a t i o n s  i n v o l v e  t h e  l o w - p r e s s u r e  
v a p o r i z a t i o n  o f  c r y o g e n i c  l i q u i d s  i n  h e a t  e x c h a n g e r s  which 
must  o p e r a t e  c o n t i n u o u s l y  i n  t h e  two-phase r e g i o n .  I n  
o r d e r  t o  d e s i g n  s u c h  systems, a  knowledge o f  t h e  c o m p l i c a t e d  
d i s t r i b u t i o n s  of g a s  and l i q u i d  must  b e  known so t h a t  
hydrodynamic and  h e a t  t r a n s f e r  a n a l y s e s  c a n  b e  made. Both 
g r o s s  and d e t a i l e d  s t r u c t u r e  measurements  a r e  o f  i n b e r e s t .  
These i n c l u d e  t h e  a v e r a g e  d e n s i t y ,  f l u i d  q u a l i t y  (mass 
of v a p o r / t o t a l  mass o f  f l u i d ) ,  v o i d  f r a c t i o n  (volume 
occup ied  by t h e  g a s / t o t a l  vo lume) ,  v o i d  d i s t r i b u t i o n ,  
f l o w  reg imes ,  and  local  v e l o c i t i e s .  
(DENSITY, TWO-PHASE, QUALITY, FLOW, CRYOGENIC) 

H73 40201* CAVITATION I N  LIQUID CRYOGENS. 1 : VENTURI 
Hord, J . ,  L.M. Anderson,  and W . J .  H a l l ,  ( N a t i o n a l  Bureau  
of S t a n d a r d s ,  B o u l d e r ,  C o l o . ) ,  N72-24363, NASA-CR-2054, 
A v a i l  : TAC 

The r e s u l t s  o f  c o n t i n u i n g  c a v i t a t i o n  s t u d i e s  are re- 
p o r t e d ,  The c a v i t a t i o n  c h a r a c t e r i s t i c s  of l i q u i d  hydrogen 
and l i q u i d  n i t r o g e n  f l o w i n g  i n  a t r a n s p a r e n t  p l a s t i c  Ven- 
t u r i  are d i s c u s s e d .  Thermodynamic data, c o n s i s t i n g  o f  
p r e s s u r e  and  t e m p e r a t u r e  measurements  w i t h i n  f u l l y  deve loped  
hydrogen c a v i t i e s ,  a r e  r e p o r t e d .  D e t a i l s  c o n c e r n i n g  t e s t  
a p p a r a t u s ,  t e s t  p r o c e d u r e ,  and d a t a  c o r r e l a t i o n  t e c h n i q u e s  
a r e  g i v e n .  
(CAVITATION, VENTURI, PRESSURE, TEMPERATURE) 

H73 40202* COMPUTER PROGRAMS FOR THERMODYNAMIC AND 
TRANSPORT PROPERTIES OF HYDROGEN 
Roder,  H.M., R.D. McCarty,  and W . J .  H a l l ,  ( N a t i o n a l  Bureau  
o f  S t a n d a r d s ,  B o u l d e r ,  C o l o . ) .  COM-72-51081, NBS-TN-625, 
O c t  72, Avai1:TAC 

The thermodynamic and  t r a n s p o r t  p r o p e r t i e s  o f  p a r a  
and e q u i l i b r i u m  hydrogen have  been programmed i n t o  a series 



of computer  r o u t i n e s .  I n p u t  v a r i a b l e s  a r e  t h e  p a i r ' s  p r e s -  
s u r e - t e m p e r a t u r e  and p r e s s u r e - e n t h a l p y .  The programs c o v e r  
t h e  r a n g e  f rom 1 t o  5000 p s i a  ( 3 4  MN/sq m) w i t h  t e m p e r a t u r e s  
f rom t h e  t r i p l e  p o i n t  t o  6000 R (3300 K) o r  e n t h a l p i e s  
f rom - 1 3 0  B T U / ~ ~  (-623 J,,mol) t o  25,000 BTU/lb (117000 J - m o l )  
Ou tpu t  variables are e n t h a l p y  o r  t e m p e r a t u r e ,  d e n s i t y ,  
e n t r o p y ,  t h e r m a l  c?onduct iv i ty ,  v i s c o s i t y ,  v e l o c i t y  o f  sound,  
h e a t  c a p a c i t y  a t  c o n s t a n t  p r e s s u r e ,  h e a t  c a p a c i t y  a t  con- 
s t a n t  volume,  t h e  h e a t  c a p a c i t y  r a t io ,  and a h e a t  t r a n s f e r  
p a r a m e t e r .  
(THERMODYNAMICS, TRANSPORT, COMPUTER. PROPERTY) 

H73 40203 INCIPIENT AND NUCLEATE BOILING OF LIQUID 
C o e l i n g ,  K . J . ,  and H. Werte, J o u r n a l  o f  E n g i n e e r i n g  f o r  
I n d u s t r y ,  V 91:513-20, May 69 

E x p e r i m e n t a l  d a t a  a r e  p r e s e n t e d  for  n a t u r a l  convec- 
t i o n  h e a t  t r a n s f e r  and f o r  t h e  p o i n t  o f  i n c e p t i o n  o f  vapor  
f o r m a t i o n  f o r  l i q u i d  hydrogen and l i q u i d  n i t r o g e n .  N u c l e a t e  
b o i l i n g  r e s u l t s  w i t h  l i q u i d  hydrogen are a l so  p r e s e n t e d ,  
i n d i c a t i n g  t h e  s o - c a l l e d  h y s t e r e s i s  e f f e c t  w i t h  i n c r e a s i n g  
and  d e c r e a s i n g  h e a t  f l u x .  The v a r i a b l e s  cove red  i n c l u d e  h e a t e r  
s u r f a c e  m a t e r i a l ,  roughness ,  and  o r i e n t a t i o n .  
(BOILING, CONVECTION, NUCLEATE) 

H73 40204" EQUATION OF STATE AND PHASE DIAGRAM OF DENSE 
HYDROGEN 
K e r l e y ,  G . I . ,  P h y s i c s  o f  t h e  E a r t h  and  P l a n e t a r y  I n t e r i o r s ,  
V 6:78-82 Nl-3,  D e C  72 

The e q u a t i o n  o f  s t a t e  o f  hydrogen h a s  b e e n  c a l c u l a t e d  
f o r  s p e c i f i c  volumes r a n g i n g  from - 0 1  t o  10 ,000  cu  cm/mole 
and f o r  t e m p e r a t u r e s  r a n g i n g  from 200 t o  1 ,000,000 K. 
T h r e e  p h a s e s  are c o n s i d e r e d :  t h e  m o l e c u l a r  s o l i d ,  t h e  
metal l ic  s o l i d  and t h e  f l u i d .  Chemica l  e q u i l i b r i u m  be- 
tween m o l e c u l e s ,  a toms,  i o n s  and  e l e c t r o n s  i s  c o n s i d e r e d  
i n  c a l c u l a t i n g  t h e  p r o p e r t i e s  o f  t h e  f l u i d  phase .  T r a n s i -  
t i o n s  be tween  t h e  t h r e e  p h a s e s  were  d i s c u s s e d .  The t r i p l e  
p o i n t ,  w h e r e  t h e  t h r e e  p h a s e s  c o e x i s t ,  i s  c a l c u l a t e d  t o  
o c c u r  a t  2 .3  Mbar and 1679 K.  A t  h i g h e r  t e m p e r a t u r e s  and 
p r e s s u r e s ,  t h e  m o l e c u l a r  s o l i d  i s  u n s t a b l e .  
(STATE, EQUATION, PHASE) 



H73 40205 FINITE RATE EVAPORATION OF CRYOGENIC HYDROGEN 
IN TWO-PHASE AIR 
Edelman, R.,  and H. Rosenbaum, ( G e n e r a l  App l i ed  S c i e n c e s  
Labs . ,  I n c . ,  Westbury ,  N.Y.), N66-32644, NASA-CR-76978, 
S e p t  63,  Avai1:TAC 

A t h e o r e t i c a l  s t u d y  o f  two-phase cont inuum f l o w  o f  
hydrogen and a i r  f o r  a  g i v e n  r a n g e  o f  i n i t i a l  c o n d i t i o n s  
i s  p r e s e n t e d .  Of s p e c i a l  i n t e r e s t  i s  t h e  method employed 
i n  c a l c u l a t i n g  t h e  two-phase boundary  and s u b s e q u e n t  con- 
d e n s a t i o n  o f  t h e  a i r  d u r i n g  t h e  hydrogen e v a p o r a t i o n  pro-  
cess. 
(TWO-PHASE, EVAPORATION, FLOW) 

H73 40206 FLOW AND THERMAL CHARACTERISTICS OF HYDROGEN 
NEAR ITS CRITICAL POINT I N  A HEATED CYLINDRICAL TUBE 
Mahlon, W.T., (Los  Alamos S c i e n t i f i c  Lab.,  N .M. ) ,  R e p o r t  
N o .  LA-4172, Avai1:TAC 

The f l o w  c o n d i t i o n s  and mechanism o f  hydrogen n e a r  
i t s  c r i t i c a l  p o i n t  i n  a h e a t e d  c y l i n d r i c a l  t u b e  were  i n -  
v e s t i g a t e d .  A s p e c i a l  b o i l i n g  number was found t o  be 
e f f e c t i v e  i n  c o r r e l a t i n g  t e m p e r a t u r e  d i f f e r e n c e s  f o r  
p r e s s u r e s  g r e a t e r  t h a n  t h e  c r i t i c a l  p r e s s u r e .  C o r r e l a t i o n s  
were  a lso  o b t a i n e d  a s  a f u n c t i o n  o f  r educed  p s e u d o c r i t i c a l  
t e m p e r a t u r e s .  With p s e u d o c r i t i c a l  t e m p e r a t u r e s  s l i g h t l y  
less t h a n  one,  dynamic p r e s s u r e ,  t e m p e r a t u r e ,  and a v e r a g e  
h o t  w i r e  c u r r e n t  w e r e  more n e a r l y  c o n s t a n t  w i t h  r e s p e c t  
t o  r a d i u s  t h a n  a t  o t h e r  t e m p e r a t u r e s .  "Mu shaped  v e l -  
o c i t y  p r o f i l e s  were  obse rved  a t  p s e u d o c r i t i c a l  t e m p e r a t u r e s  
above one.  
(FLOW, CRITICAL POINT, PRESSURE, TEMPERATURE, BOILING) 

H73 40207 FORCED CONVECTION HEAT TRANSFER TO SUPER- 
CRITICAL CRYOGENIC HYDROGEN: PART 1. LITERATURE SURVEY 
Beech,  J.C., ( E x p l o s i v e s  Resea rch  and Development ~ s t a b l i s h -  
ment ,  Waltham Abbey, E n g l a n d ) ,  R e p o r t  No.  E R D E - ~ / S / ~ ~ ,  Fe 
28 ' 6 9 ,  Avai1:TAC 

The p u b l i s h e d  e x p e r i m e n t a l  d a t a  c o v e r i n g  f o r c e d  con- 
v e c t i o n  h e a t  t r a n s f e r  t o  c r y o g e n i c  hydrogen are  rev iewed ,  
w i t h  s p e c i a l  a t t e n t i o n  t o  t h e  n e a r - c r i t i c a l  r e g i o n s  o f  
t e m p e r a t u r e  and  p r e s s u r e .  Da ta  f o r  s t r a i g h t  and c u r v e d  
t u b e s ,  of  b o t h  c i r c u l a r  and n o n - c i r c u l a r  c r o s s - s e c t i o n s ,  
a r e  cove red :  a l so  t h e  case of  asymmetric p e r i p h e r a l  h e a t  
f l u x  t h r o u g h  t h e  w a l l s .  A  number o f  t h e o r e t i c a l  and  semi- 
e m p i r i c a l  t r e a t m e n t s  of t h e  n e a r - c r i t i c a l ,  v a r i a b l e  f l u i d  



property c o n d i t i o n  are d i scussed ,  and t h e i r  effectiveness 
i n  cor re la t ion  of n e a r - c r i t i c a l  h e a t  t ransfer  t o  c r y o g e n i c  
h y d r o g e n  considered.  
(CONVECTION, CRYOGENIC, CRITICAL POINT, HEAT TRANSFER) 

H 7 3  4 0 2 0 8  THERMODYNAMIC AND TRANSPORT PROPERTIES  O F  
F L U I D S  AND SELECTED S O L I D S  FOR CRYOGENIC APPLICATIONS 
Johnson,  V . J . ,  and D.E. D i l l e r ,  ( N a t i o n a l  B u r e a u  of Stan-  
d a r d s ,  B o u l d e r ,  C o l o . ) ,  N 7 1 - 2 0 7 3 4 ,  NASA-CR-117407:  N B S - 9 7 8 2 ,  
O c t  31  ' 7 0  A v a i 1 : T A C  

T h e  a c t i v i t i e s  and a c c o m p l i s h m e n t s  f o r  t h e  da ta  
eva lua t ion  and compilation p r o g r a m  are s u m m a r i z e d  i n  t h e  
d e s c r i p t i o n  of t h e  f o l l o w i n g  tasks: ( 1 )  propert ies of 
h y d r o g e n  and r e l a t e d  s t u d i e s  i n c l u d i n g  cu rve  f i t t i n g  
t e c h n i q u e s  and survey of t e m p e r a t u r e  scales. 
(THERMODYNAMICS, TRANSPORT, PROPERTY, F L U I D )  

H 7 3  4 0 2 0 9  HEAT TRANSFER TO CRYOGENIC HYDROGEN FLOWING 
TURBULENTLY I N  STRAIGHT AND CURVED TUBES A T  HIGH HEAT FLUXES 
A n o n ,  ( A e r o j e t - G e n e r a l  C o r p . ,  Sacramento ,  C a l i f . ) ,  N 6 7 - 1 8 1 5 6 ,  
NASA-CR-678, Fe 6 7 ,  A v a i 1 : T A C  

T h e  forced c o n v e c t i o n  h e a t  t ransfer  c h a r a c t e r i s t i c s  
of cryogenic hydrogen w e r e  s t u d i e d  a t  pressures r a n g ' n g  3 f r o m  800 t o  1500 p s i  and f luxes  f r o m  8 t o  2 7  ~ t u / i n .  sec. 
T h e  tes ts  w e r e  conducted u n d e r  condi t ions  s i m u l a t i n g  t h o s e  
predicted f o r  t h e  P h o e b u s - 2  n o z z l e ,  i n  support  of t h e  nozz le  
d e v e l o p m e n t  p r o g r a m .  
(HEAT TRANSFER, TURBULENCE, CRYOGENIC, FLOW) 

H 7 3  4 0 2 1 0  HEAT TRANSFER TO SUBLIMING SOLID-VAPOR MIXTURE 
O F  HYDROGEN BELOW I T S  T R I P L E  P O I N T  
Jones,  M.C., T.T.  N a g a m o t o ,  J . A .  B r e n n a n ,  A.1.Ch.E.  J o u r n a l ,  
V 1 2 : 7 9 0 - 5  N 4 ,  J1 66 

E x p e r i m e n t a l  s t u d y ;  h e a t  t r a n s f e r  coef f ic ien ts  are 
m e a s u r e d  for so l id  vapor m i x t u r e  of p a r a h y d r o g e n  d i s c h a r g -  
i n g  t h r o u g h  h e a t e d  brass t u b e  b e l o w  t r i p l e  p o i n t  pressure.  
(HEAT, TRANSFER, T R I P L E  P O I N T ,  SUBLIMAI'IGN) 

H 7 3  4 0 2 1 1  EdECHANICAL PROPERTIES  O F  S O L I D  PARA-HYDROGEN 
A T  4 . 2 K  
B o l ' s h u t k i n ,  D.N., Yu .E .  Stetsenko,  Z.N. L i n n i k ,  Soviet  
P h y s i c s ,  S o l i d  S t a t e ,  V 9 : 1 9 5 2 - 5  N 9 ,  M a r  68 

U l t i m a t e  s t r e n g t h ,  r e l a t ive  e longa t ion ,  and h a r d e n i n g  



c o e f f i c i e n t ,  w h i c h  depends on d e f o r m a t i o n  ra te ,  w e r e  
d e t e r m i n e d ;  t h r e e  c h a r a c t e r i s t i c  r e g i o n s  of d e f o r m a t i o n  
curves w e r e  cons idered;  l o w  value of s ta t ic  Y o u n g ' s  
m o d u l u s  of 2 9  kg/sq m i s  t o  s o m e  e x t e n t ,  due  t o  consider- 
able c o n t r i b u t i o n  of zero-point  v ib ra t ions  t o  t o t a l  l a t t i c e  
energy.  
( S O L I D ,  PARAHYDROGEN, PROPERTY) 

H 7 3  4 0 2 1 2  NUMERICAL PROCEDURES FOR CALCULATING REAL 
F L U I D  PROPERTIES  OF NORMAL AND PARAHYDROGEN 
G o l d b e r g ,  F.N., and A.M. H a f e r d ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  0 N 6 8 - 1 5 7 9 8 ,  NASA-TN-D-4341, Fe 68, 
A v a i 1 : T A C  

T h e  l i b r a r y  of s i n g l e  f u n c t i o n  c a l l s  can be used 
e f f i c i e n t l y  w i t h o u t  i n i t i a l  e s t i m a t e s .  W h e n  p h y s i c a l  
c o n d i t i o n s  are k n o w n ,  e n g i n e e r i n g  e s t i m a t e s  of d e n s i t y  
m a y  be included f o r  a d d i t i o n a l  speed i n  c a l c u l a t i o n .  
(PROPERTY, PARAHYDROGEN, COMPUTER, F L U I D )  

H 7 3  4 0 2 1 3 *  XABLES OFoPARAHYDROGEN DATA I N  ENGINEERING 
U N I T S  FROM 36 TO 5 0 0 0  R  A T  PRESSURES TO 5000 P S I A  
F a r m e r ,  O.A., ( L o s  A l a m o s  S c i e n t i f i c  L a b . ,  N.M.), R e p o r t  
No. L A - 3 6 6 9 ,  Fe 14 ' 6 7 ,  A v a i 1 : T A C  

Tables of t h e r m o d y n a m i c - t r a n s p o r t  a n d  r e l a t ed  proper- 
t ies of p a r a h y d r o g e n  are provideg i n  e n g i n e e r i n g  u n i t s  fo r  
t h e  t e m p e r a t u r e  range 36 t o  5000 R  and t h e  pressure range 
1 3  t o  5000 psia .  
(TABLE, PARAHYDROGEN, THERMODYNAMICS ) 

H 7 3  4 0 2 1 4  THERMAL BEHAVIOR AND MEASUREMENTS O F  CRYOGENIC 
L I Q U I D S  
Jonke, R . J . ,  R e v u e  S c i e n t i f i q u e  e t  T e c h n i q u e  cECLES/CERS, 
V  3 : 1 2 9 - 6 2 ,  A p r - J e  7 1  

T h e  second stage of E u r o p a  I11 is p o w e r e d  by a l i q u i d  
h y d r o g e n  and l i q u i d  o x y g e n  e n g i n e .  T o  m i n i m i z e  t h e  m o u n t  
of c ryogen ic  p rope l l an t s  requi red  - and t h u s  o p t i m i z e  t h e  
payload - t h e i r  b e h a v i o r  under  operat ional  c o n d i t i o n s  h a s  
t o  be s t u d i e d .  T h e  present  paper describes e x p e r i m e n t a l  
w o r k  on t h e  t h e r m a l  b e h a v i o r  of c ryogenic  l i q u i d s  carried 
ou t  i n  E u r o p e  d u r i n g  1967-1969 and t h e  necessary measure- 
m e n t  m e t h o d s .  
(CRYOGENIC, THERMAL, MEASUREMENTS) 



H73 40300 CRYOGENIC FLOW-METERING FU3Sl3ARCH AT NBS 
Mann, D.B., Cryogenics,  V 11:179-85, J e  7 1  

An NBS program, which focuses  a t t e n t i o n  on t h e  prob- 
l e m ,  ha s  as i ts  o b j e c t i v e s  t o  (1 )  e s t a b l i s h  p r e s e n t  s t a t e -  
o f - the-a r t  by e v a l u a t i n g  e x i s t i n g  measurement methods, 
(2 )  e s t a b l i s h  methodology t o  m a i n t a i n  p r e c i s i o n  and accur-  
acy of field-measurement dev ices ,  and ( 3 )  e s t a b l i s h  a 
comprehensive program t o  deve lop  new cryogenic  f l u i d -  
measurement systems.  The scope of t h i s  program inc ludes  
a concer ted e f f o r t  t o  deve lop  new mass-flow measurements 
f o r  c ryogenic  f l u i d s  such a s  s l u s h  o r  l i q u i d  hydrogen. 
(FLOW, CRYOGENIC, M E A S U ~ E N T ,  SLUSH) 

H73 40301 CRYOGENIC DENSITY PROBE 
Anon, In s t rumen ta t ion  Technology, V 15-.94, Oct 68 

A s e n s o r  f o r  l o c a l  d e n s i t y  of l i q u i d  hydrogen o r  oxygen 
provides  0.1 p e r c e n t  accuracy.  The method is  based on 
be t a - r ay  a b s o r p t i o n  i n  a  s i l i c o n  s u r f a c e - b a r r i e r  d e t e c t o r .  
(DENSITY, LIQUID, CRYOGENIC) 

H73 40302 TEST OF LIQUID-LEVEL SENSORS AND FISSION 
COUPLES 
McMillan, W.D., (General  Dynamics, F o r t  Worth, Tex.) ,  
NASA-CR-2162, 21-47, Avai1:TAC 

Level  s e n s o r s  f o r  gaging t h e  he igh t  of l i q u i d  H i n  
p r o p e l l a n t  t anks ,  comprised of a cont inuous capac i t ance  
probe 40-in. long and s e v e r a l  each of po in t  s enso r s  o f  
capac i t ance ,  thermal ,  and m a g n e t o s t r i c t i v e  types ,  were 
i r r a d i a t e d  i n  a l i q u i d  H dewar t o  a dose exceeding t h a t  
p r e d i c t e d  f o r  10 miss ions .  
( SENSOR, LIQUID-LEVEL) 

H73 40303 LIQUID HYDROGEN FLOW BY NMR TECHNIQUE 
Anon, In s t rumen t s  & Cont ro l  Systems, V 39:87, Aug 66 

The purpose of t h e  i n v e s t i g a t i o n  i s  t o  exp lo re  t h e  
f e a s i b i l i t y  o f  us ing  a n u c l e a r  magnet ic  resonance (NMR) 
technique t o  measure t h e  f low r a t e  of l i q u i d  hydrogen 
under  c o n d i t i o n s  t h a t  a r e  encountered i n  the f u e l i n g  of 
rocke t s .  The advantage of such a method, over  convention- 
a l  ones,  is t h a t  no e l e c t r i c a l  o r  mechanical  measuring 
dev ice  comes i n t o  c o n t a c t  w i t h  t h e  l i q u i d  t o  i n t roduce  
energy o r  h e a t  i n t o  it. Although t h i s  technique has  been 
s u c c e s s f u l l y  demonstrated i n  l a b o r a t o r y  t e s t s  us ing  ex- 



per imenta l  equipment, a c t u a l  f i e l d  tests a r e  y e t  t o  b e  per- 
formed . 
(FLOW, MEASUREMENT) 

H73 40304 QUALITY DETERMINATION OF LIQUID-SOLID HYDROGEN 
MIXTURES 
Daney, D.E., and D.B. Mann, Cryogenics,  V 7:280-5, O c t  67 

c u r r e n t  i n t e r e s t  i n  l i q u i d - s o l i d  mix tures  of  para-  
hydrogen ( ' s l u s h  hy rogen ' )  as a  p o t e n t i a l  rocke t  p r o p e l l a n t  
has l ead  t o  a  t h e o r e t i c a l  and exper imenta l  i n v e s t i g a t i o n  
o f  one method of de te rmin ing  l i q u i d - s o l i d  q u a l i t y .  S ince  
knowledge of t h e  q u a l i t y  is neces sa ry  t o  c a l c u l a t e  such 
q u a n t i t i e s  as (1) t h e  t o t a l  mass i n  a c o n t a i n e r ,  ( 2 )  t h e  
s t o r a g e  time p o s s i b l e  f o r  t h e s e  mix tures ,  and ( 3 )  t h e  
t r a n s p o r t  p r o p e r t i e s  o f  such mix tu re s ,  i t  i s  d e s i r a b l e  t o  
have an a c c u r a t e  means of q u a l i t y  de t e rmina t ion .  
(LIQUID, SOLID, PARAHYDROGEN) 

H73 40305* CRYOGENIC INSTRUMENTATTON AT AND ABOVE LIQUID 
HYDROGEN TEMPERATURE : PRESENT AND FUTURE 
K e l l e r ,  W.E., (Los Alamos S c i e n t i f i c  Lab., N.M.), N73-16743, 
LA-DC-72-855, 72, Avai1:TAC 

T h e  i n s t rumen ta t ion  problems a s s o c i a t e d  wi th  p r e s e n t  
and p o s s i b l e  f u t u r e  l a r g e  scale c ryogenic  systems ope ra t ing  
a t  o r  above l i q u i d  hydrogen tempera tures  w e r e  i n v e s t i g a t e d .  
Cryogenic systems r e l e v a n t  t o  t h e  energy problem, and t h e  
i n s t rumen ta t ion  problem f o r  l a r g e  s c a l e  usage of cryogens 
are d iscussed  a long w i t h  l i q u i f a c t i o n  and r e f r i g e r a t i o n  
systems,  s t o r a g e  systems,  and t r a n s p o r t a t i o n  of cryogens. 
(INSTRUMENTATION, CRYOGENIC, TEMPERATURE) 

H73 40306 DEVICE FOR MEASURING THE TEMPERATURE OF 
LIQUID AND GASEOUS HYDROGEN 
Chandon, H.C., and A.R. Larson,  (Aeroje t -General  Aero- 
m e t r i c s ,  San Ramon, C a l i f . ) ,  N66-31701, NASA-CR-76417, 
Apr 66, Avai1:TAC 

A cryogenic  tempera ture  t r a n s d u c e r  which is  extremely 
f a s t  i n  response t o  changing temperature ,  has medium ac- 
curacy,  and measures t empera ture  over  a wide range,  was 
developed. 
(TRANSDUCER, TEMPERATURE, CRYOGENIC ) 



H73 40307 LH2 QUALITY METER 
Anon, (Lockheed-Georgia Co., M a r i e t t a ,  Nuclear Lab.) ,  N69- 
20539, NASA-CR-100356, Oct 68, Avai1:TAC 

Two engineer ing  tes t  models,  f a b r i c a t e d  from aluminum 
and from 347 s t a i n l e s s  s t e e l ,  were t e s t e d  and c a l i b r a t e d  
i n  accordance w i t h  s p e c i f i e d  o p e r a t i n g  cond i t i ons  and 
.accuracy. The d e v i c e  was des igned  to  i n d i c a t e  t h e  r a t i o  
o f  d ry  vapor t o  w e t  vapor  be ing  ven ted  through i t s e l f .  
(VAPOR, CALIBRATION) 

H73 40308 SMALL TURBINE-TYPE FLOWMETERS FOR LIQUID 
HYDROGEN 
Warshawsky, I., H.F. Hobar t ,  and H.L. Minkin, (NASA, Lewis 
Research Center ,  Cleveland,  0.1,  N71-19703, NASA-1M-X-52984, 
71, Avai1:TAC 

S t a t i s t i c a l  d a t a  a r e  p re sen ted  on t h e  r e p r o d u c i b i l i t y  
and l i n e a r i t y  of  tu rb ine- type  s e n s o r s ,  i n  2 t o  5  cm s i z e s ,  
w i t h  v a r i o u s  types  of b e a r i n g s .  Design p r i n c i p l e s :  i n s t a l l a t i o n  
p r a c t i c e s ,  and i n s p e c t i o n  procedures  a r e  suggested t h a t  
a r e  conducive t o  r e l i a b i l i t y .  
(FLOW, CALIBRATION, DESIGN) 

H73 40309 THIN-FILM HYDROGEN SENSOR 
MacIntyre ,  J . R . ,  (General  Electr ic ,  H u n t s v i l l e ,  A l a . ) ,  and 
T.N. Marsha l l ,  Jr., In s t rumen ta t ion  Technology, V 19:29-31 
N8, Aug 72 

A s e n s o r  i s  desc r ibed  which is c h a r a c t e r i z e d  by very  
l a r g e  r e s i s t a n c e  changes f o r  r e l a t i v e l y  low amounts o f  
hydrogen. Its s i m p l i c i t y  makes it a t t r a c t i v e  f o r  con t in -  
uous moni tor ing  a p p l i c a t i o n s .  
(SENSOR, DETECTION) 



H 7 3  40400 PRESSURE VESSEL FOR USE WITH HYDROGEN 
L o n g ,  C.A., ( S t r u t h e r s  S c i e n t i f i c  a n d  I n t e r n a t i o n a l  C o r p . ) ,  
B r i t i s h  P a t e n t  1 , 1 8 2 , 1 0 1 ,  F e  2 5  ' 7 0  

T h e  costs of such vessels m a y  be r e d u c e d  by u s i n g  a 
l a m i n a t e d  s t r u c t u r e  h a v i n g  vented layers of non H - r e s i s t a n t  
s t e e l  for a l l  b u t  t h e  i n n e r m o s t  l i ne r .  H o w e v e r ,  t h e  w e l d s  
are s t i l l  susceptible t o  H e r n b r i t t l e m e n t .  M e t h o d s  are 
d e s c r i b e d  for  o v e r c o m i n g  t h i s  d i f f i c u l t y  by u s i n g  a n u m b e r  
of cons t ruc t ions  w h i c h  e l i m i n a t e  c o n t i n u o u s  gas  paths  
t h r o u g h  t h e  m e t a l  f r o m  t h e  i n n e r  l i n e r  to  t h e  o u t e r  re- 
i n f o r c e m e n t .  
(VESSEL, COST, PRESSURE) 

H 7 3  40401 HYDROGEN PRESSURE VESSEL WITH LAMINATED WALLS 
O t o ,  Y. ,  T .  Y a m a z a k i ,  T .  S h i n k a w a ,  ( M i t s u b i s h i  H e a v y  
I n d u s t r i e s ,  L t d . ) ,  B r i t i s h  P a t e n t  1 , 1 8 2 , 1 4 2 ,  F e  25 ' 7 0  

T h e  d i f f u s i o n  of H t h r o u g h  t h e  w e l d e d  j o i n t s  of t h e  
innermost l ayer  of the l a m i n a t e  is  prevented by t h e  w e l d s  
b e i n g  m a d e  onto a backing s t r i p  and n o t  onto t h e  i n n e r -  
l i n e r  of t h e  vessel .  
(VESSEL, LAMINATED, PRESSURE, WELD) 

H 7 3  4 0 4 0 2  THERMAL PROTECTION FOR LIQUID-HYDROGEN FUEL 
TANKS I N  HIGH-SPEED, LONG-RANGE AIRCRAFT 
G o s c h ,  W.D., ( R a n d  C o r p . ,  Santa M o n i c a ,  C a l i f . ) ,  A D - 6 2 5 4 0 7 ,  
65,  A v a i 1 : ~ A C  

Par t  of a c o n t i n u i n g  s t u d y  of cryogenic f u e l  s y s t e m  
i s  presented. A n  ana ly s i s  is presented of r e q u i r e m e n t s  
f o r  t h e r m a l  p rotec t ion s y s t e m s  a n d  of f u e l  boi l-off  f o r  
l i q u i d -  h y d r o g e n  tanks a b o a r d  h y p e r s o n i c ,  l o n g - r a n g e  air- 
c ra f t .  F r o m  t h i s  analys is  it s h o u l d  be possible t o  obtain 
p r e l i m i n a r y  approximations of t h e  w e i g h t s  of f u e l  boi l -  
off  and thermal  p ro tec t ion  s y s t e m s  over a w i d e  s p e c t r u m  
of tank s izes  a n d  h e a t  i npu t s .  
(AIRCRAFT, THERMAL, PROTECTION, LIQUID) 

H 7 3  40403 STRUCTURAL DESIGN CONSIDBRATIONS FOR STORAGE 
OF L I Q U I D  HYDROGEN I N  SPACE VEHICLE 
S a g a t a ,  J., S A E - P a p e r  9 9 4 D ,  Ja  11-15 '65 ,  A v a i 1 : T A C  

D e s c r i p t i o n  of S - I V  a n d  S-IVB s t a g e s  f o r  S a t u r n ,  
designed t o  use  h i g h  spec i f ic  i m p u l s e  of l i q u i d  hydrogen- 
l i q u i d  oxygen p ropu l s ion  s y s t e m .  
(INSULATION, STRUCTURE, DESIGN, LIQUID, SPACECRAFT) 



H73 40404 STRUCTURAL CONCEPTS FOR HYDROGEN-FUELED 
HYPERSONIC AIRPLANES 
Jackson, L.R., J . G .  D a v i s ,  Jr., and G.R. W i c h o r e k ,  (NASA, 
L a n g l e y  R e s e a r c h  C e n t e r ,  L a n g l e y  S t a t i o n ,  V a . ) ,  N 6 6 - 1 6 5 4 6 ,  
NASA-TN-D-3162, Fe 6 6 ,  A v a i 1 : T A C  

T w o  s t r u c t u r a l  concepts h a v e  been i d e n t i f i e d  and 
inves t iga ted  t o  ob ta in  a bet ter  i n s i g h t  i n t o  p r o b l e m s  assoc- 
iated w i t h  s t r u c t u r e s  f o r  hydrogen-fueled hypersonic a i r -  
planes. O n e  of t h e s e  i s  t h e  m u l t i w a l l  s a n d w i c h  concept 
w h i c h  c o m b i n e s  t h e  evacuated t h e r m a l  p rotec t ion,  tankage,  
and l o a d - c a r r y i n g  f u n c t i o n s  i n t o  a s i n g l e  component. T h e  
o t h e r  concept i s  based on t h e  use  of an unsealed s t r u c t u r e  
t h a t  does n o t  requi re  v a c u u m  s e a l i n g ,  b u t  r a t h e r  u t i l i z e s  
carbon d ioxide  gas  t o  purge t h e  i n s u l a t i o n  space b e t w e e n  
t h e  s t r u c t u r e  and tanks. 
(AIRCRAFT, STRUCTURAL, HYPERSONIC) 

H73 40405 OPEN-CELL CRYOGENIC INSULATION 
Y a t e s ,  G.B., ( G e n e r a l  D y n a m i c s  C o r p . ,  San D i e g o ,  C a l i f . ) ,  
A d v a n c e d  C r y o g e n i c  E n g i n e e r i n g ,  V 1 6 : 1 2 8 - 3 7 ,  70 

A c o m p l e t e l y  open-cell i n s u l a t i o n  was  feasible fo r  
a l i q u i d  H tank.  T h e  m o s t  e f f i c i e n t  and the l i g h t e s t  
w e i g h t  m a t e r i a l  w a s  t h e  poly ( p h e n y l e n e  o x i d e )  f o a m .  V e r y  
s m a l l  pore s izes  ( 1 . 5  m i l s  i n  4 0 0 - m e s h  screen) e f fec t ive ly  
m a i n t a i n e d  an i n s u l a t i n g  g a s  layer.  
( INSULATION,  OPEN-CELL, CRYOGENIC) 

H73 4 0 4 0 6  NO-LOSS CRYOGENIC STORAGE ON THE LUNAR SURFACE 
B e l l ,  J . H . ,  Jr., ( B o e i n g  C o . ,  H u n t s v i l l e ,  A l a . ) ,  NASA- 
S P - 2 2 9 ,  7 0 ,  p 23-30, A v a i 1 : T A c  

A  t e c h n i q u e  des igned t o  store c ryogenic  0 and H on 
t h e  l u n a r  surface w i t h  m i n i m u m  h e a t  leak i s  described. 
(STORAGE, CRYOGENIC, SOLIDIFICATION) 

H 7 3  4 0 4 0 7  LOW-DENSITY FOAM FOR INSULATING LIQUID-  
HYDROGEN TANKS 
S u m n e r ,  I . E . ,  (NASA, L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O . ) ,  
NASA-TN-D-5114, 69, A v a i 1 : T A C  

E x p e r i m e n t s  w e r e  carried out  t o  deve lop  a l i g h t  w e i g h t  
p o l y u r e t h a n e  f o a m  i n s u l a t i o n  f o r  l i q u i d  H tanks  of space 
v e h i c l e s  t h a t  c o u l d  be f o a m e d  i n  place on t h e  o u t s i d e  of 
t h e  t ank .  
(FOAM, POLYURETHANE, SPACECRAFT) 



H73 40408 LIQUID HYDROGEN TANK INSULATION FOR S- I1  BOOSTER 
Hammond, M.B., Jr . ,  Chemica l  E n g i n e e r i n g  P r o g r e s s  Symposium 
S e r i e s ,  V 62:213-18 N61, 66 ,  Avai1:TAc 

S- I1  b o o s t e r  i s  f i r s t  l a r g e  a i r b o r n e  t a n k  t o  have 
i n t e g r a l l y  bonded and s e a l e d  e x t e r n a l  i n s u l a t i o n ;  a l l  o f  
d e s i g n  c r i t e r i a  and m a n u f a c t u r i n g  a s p e c t s  have been  aimed 
a t  o b t a i n i n g  p r a c t i c a l  i n s u l a t i o n  w i t h  h igh  r e l i a b i l i t y .  
(INSULATION, RELIABILITY) 

H73 40409 INITIAL WARMUP OF 500,000-GALLON LIQUID 
HYDROGEN DEWAR 
Liebenberg ,  D.H., E. Mur ley ,  (Los Alamos S c i e n t i f i c  Lab.,  
N.M.) ,  R e p o r t  N o .  LA-3661, M a r  22 ' 67 ,  Avai1:TAC 

A 500,000-gal lon  l i q u i d  hydrogen dewar w a s  warmed t o  
ambien t  t e m p e r a t u r e  b y  b r e a k i n g  t h e  a n n u l a r  s p a c e  w i t h  a  
s m a l l  q u a n t i t y  o f  g a s e o u s  n i t r o g e n  and u s i n g  a n  i n s t a l l e d  
32.3-kW e lec t r ic  h e a t e r .  Some p r e v i o u s l y  r e p o r t e d  h a z a r d s  
were  n o t  obse rved  u s i n g  t h i s  p rocedure .  
(LIQUID, HAZARD) 

H73 40410 HYDROGEN TANKAGE FOR HYPERSONIC CRUISE VEHICLES 
Heathman, J . H . ,  ( G e n e r a l  Dynamics Corp. ,  San Diego,  C a l i f . ) ,  
and L.G. K e l l y ,  Amer ican  I n s t i t u t e  of A e r o n a u t i c s  and A s t r o -  
n a u t i c s ,  66, p  430-8 

S tudy  o f  n o n i n t e g r a l  l i q u i d - h y d r o g e n  t a n k a g e  f o r  hyper-  
s o n i c  a i r c r a f t  i n  a l l  a s p e c t s  a f f e c t i n g  t h e  t o t a l  i n s t a l l a t i o n  
w e i g h t .  Design c r i t e r i a  are e s t a b l i s h e d  f o r  v e h i c l e  m i s s i o n  
r e q u i r e m e n t s .  S t r u c t u r a l  c o n c e p t s  and m a t e r i a l s ,  i n s u l a t i o n  
s y s t e m s ,  and f u e l  s y s t e m  r e q u i r e m e n t s  are e v a l u a t e d .  Re-  
s u l t s  o f  a n  o p t i m i z a t i o n  b a s e d  on s t r u c t u r a l  m a t e r i a l s ,  
i n s u l a t i o n  c o n c e p t ,  i n s u l a t i o n  d i s t r i b u t i o n  and w e i g h t ,  
b o i l o f f  and s p r a y  c o o l i n g ,  and  t a n k  o p e r a t i n g  p r e s s u r e  are 
g i v e n .  T e s t  r e s u l t s  are g i v e n  and compared w i t h  a n a l y t i c a l  
p r e d i c t  i o n s .  
(TANK, HYPERSONIC, AIRCRAFT, DESIGN) 

H73 40411 EXTERNAL PRESSURIZATION SYSTEMS FOR CRYOGENIC 
STORAGE SYSTEMS 
Wapato, P.G.,  ( A i r e s e a r c h  Manufac tu r ing  C o . ,  Los Ange les ,  
C a l i f . ) ,  N71-38527, NASA-CR-115205, S e p t  10  ' 7 1 ,  Avai1:TAC 

R e c i r c u l a t i o n - t y p e  e x t e r n a l  p r e s s u r i z a t i o n  s y s t e m s  
were  i n v e s t i g a t e d  f o r  u s e  i n  p r e s s u r e  c o n t r o l  of c r y o g e n i c  
hydrogen,  oxygen and n i t r o g e n  s t o r a g e  sys t ems .  
(STORAGE, CRYOGENIC) /. 



H73 40412 EXTERNAL PRESSURIZATION SYSTEMS FOR CRYOGENIC 
STORAGE SYSTEMS: DESIGN REFERENCE MANUAL 
Wapato, P.G., A.W. Keeley .  L.N. Jew, and C.F. Young, 
(AiResea rch  Mfg. Co., Los A n g e l e s ,  C a l i f . ) ,  N71-38021, 
NASA-CR-115204, S e p t  1 0  ' 7 1 ,  Avai1:TAC 

The too l s  and t e c h n i q u e s  needed  b y  sys t em p l a n n e r s  
f o r  e s t i m a t i o n  o f  t h e  w e i g h t  and cost o f  r e c i r c u l a t i o n -  
t y p e  e x t e r n a l  p r e s s u r i z a t i o n  systems f o r  hydrogen,  oxygen, 
and n i t r o g e n  s t o r a g e  a r e  p r o v i d e d .  C h a r a & e r i z a t i o n  i n -  
f o r m a t i o n  and d e s i g n  p r o c e d u r e s  a r e  p r e s e n t e d  f o r  a l l  
m a j o r  sys t em e l e m e n t s .  
(STORAGE, CRYOGENIC, DESIGN) 

H73 40413 EFFECT OF SIZE ON NORMAL-GRAVITY SELF- 
PRESSURIZATION O F  SPHERICAL LIQUID HYDROGEN TANKAGE 
A y d e l o t t ,  J . C . ,  and C.M. S p u c k l e r ,  (NASA, ~ e w i s  Resea rch  
C e n t e r ,  C l e v e l a n d ,  0 . ) .  N69-24188, NASA-TN-D-5196, May 69 ,  
Avai1:TAC 

A s t u d y  was conducted  t o  o b t a i n  a c o r r e l a t i n g  para-  
m e t e r  which would r e l a t e  t h e  rate  o f  p r e s s u r e  rise t o  t h e  
volume o f  s p h e r i c a l  l i q u i d  hydrogen t a n k a g e .  
( TANK, VOLUME ) 

H73 40414 DEVELOPMENT OF A LIGHTWEIGHT EXTERNAL INSULATION 
SYSTEM FOR LIQUID-HYDROGEN STAGES OF THE SATURN V VEHICLE 
M i d d l e t o n ,  R.L., J.M. S t u c k e y ,  J .T.  S c h e l l ,  L.B. Mul loy ,  
and P.E. Dumire, (NASA, M a r s h a l l  S p a c e  F l i g h t  C e n t e r ,  
H u n t s v i l l e ,  A l a . ) ,  Advances i n  C r y o g e n i c  E n g i n e e r i n g ,  V  10: 
216-23, 64 

A new i n s u l a t i o n  c o n c e p t  is  d i s c u s s e d  o r i g i n a t i n g  
from t h i s  program having  a w e i g h t  o f  a p r o x i m a t e l y  0.50 l b . / f t .  

2 
8 0 and a c o n d u c t a n c e  o f  0.33 Btu . /hr .  f t .  R.  The doub le -  

seal  i n s u l a t i o n  c o n s i s t s  o f  a n  i n n e r  p o r t i o n  o f  i n d i v i d u a l l y  
s e a l e d  Myla r  honeycomb c e l l s  and a n  o u t e r  H e  pu rge  c h a n n e l  
o f  g l a s s - f i b e r - r e i n f o r c e d  p h e n o l i c  honeycomb. 
(INSULATION, HONEYCOMB) 

H73 40415 DEVELOPMENT OF ADVANCED MATERIALS COMPOSITES 
FOR USE AS INSULATIONS FOR LH2 TANKS 
Lemons, C.R., C.R. Wat t s ,  and O.K. S a l m a s s y ,  (McDonnell- 
Douglas  A s t r o n a u t i c s  C o . ,  H u n t i n g t o n  Beach,  c a l i f . ) ,  N73- 
11547,  NASA-CR-123928, Je 72, Avai1:TAC 

A s t u d y  o f  i n t e r n a l  i n s u l a t i o n  m a t e r i a l s  and f a b r i -  
c a t i o n  p r o c e s s e s  f o r  s p a c e  s h u t t l e  LH2 t a n k s  is  r e p o r t e d .  



E m p h a s i s  w a s  placed on a n  i n s u l a t i o n  s y s t e m  capable of 
r een t ry  and m u l t i p l e  r e u s e  i n  t h e  S h u t t l e  e n v i r o n m e n t .  
( L I Q U I D ,  INSULATION, SHUTTLE, COST)  

H 7 3  40416 DETERMINATION OF THE THERMAL CONDUCTIVITY, 
THE S P E C I F I C  HEAT AND THE WEIGHT BY VOLUME OF INSULATIONS 
FOR ROCKET TANKS F I L L E D  WITH L I Q U I D  HYDROGEN 
O g l i n ,  B . ,  and W . F .  Z i m n i ,  ( T e c h t r a n  C o r p . ,  G l e n  B u r n i e ,  
M d . ) ,  N 6 8 - 1 5 2 4 3 ,  NASA-TT-F-11146,  ELDO/CECLES R e v .  T e c h . ,  
V  2 : 3 - 2 8 ,  6 7 ,  ( I n  F rench) ,  A v a i 1 : T A C  

E x p e r i m e n t a l  r e s e a r c h  i n t o  i n s u l a t i n g  f o a m s  a t  t e m p e r -  
a t u r e s  d o w n  t o  t h a t  of l i q u i d  h y d r o g e n  ( 2 0 ' ~ )  is  reported. 
I n  a d d i t i o n  t o  a g e n e r a l  s t u d y  of t h e  i n s u l a t i o n  of tank  
w a l l s  f o r  cryogenic  h i g h - e n e r g y  rocket states,  a d e s c r i p t i o n  
i s  g i v e n  of var ious  measur ing  m e t h o d s  of d e t e r m i n i n g  t h e  
t h e r m a l  c o n d u c t i v i t y ,  t h e  specif ic  h e a t  a n d  t h e  d e n s i t y  
of i n s u l a t i n g  m a t e r i a l s ,  t o g e t h e r  w i t h  a c o m p r e h e n s i v e  
r e v i e w  of t h e  l i t e r a t u r e .  
(TANK, INSULATION, DENSITY, LIQUID) 

H 7 3  4 0 4 1 7  A  COMPUTER PROGRAM FOR THE CALCULATION O F  
THERMAL S T R A T I F I C A T I O N  AND SELF-PRESSURIZATION I N  A  
L I Q U I D  HYDROGEN TANK 
A r n e t t ,  R.W., and R.O. V o t h ,  ( N a t i o n a l  B u r e a u  of S tandards ,  
B o u l d e r ,  C o l o . ) ,  N 7 2 - 2 4 3 6 2 ,  NASA-CR-2026, M a y  7 2 ,  A v a i 1 : T A C  

A n  a n a l y s i s  and c o m p u t e r  p r o g r a m  are described for 
c a l c u l a t i n g  t h e  t h e r m a l  s t r a t i f i c a t i o n  a n d  t h e  associated 
s e l f - p r e s s u r i z a t i o n  of a closed l i q u i d  h y d r o g e n  t a n k .  
(STRATIFICATION, TANK, LIQUID) 

H 7 3  40418 A  CARBON DIOXIDE PURGE AND THERMAL PROTECTION 
SYSTEM FOR LIQUID-HYDROGEN TANKS O F  HYPERSONIC AIRPLANES 
Jackson, L.R. ,  M.S. A n d e r s o n ,  (NASA, H a m p t o n ,  V a . ) ,  A d v a n c e s  
i n  C r y o g e n i c  E n g i n e e r i n g ,  V  1 2 : 1 4 6 - 5 6 ,  67, A v a i 1 : T A C  

S t r u c t u r a l  s t u d i e s  s h o w e d  t h a t  t h e  C 0 2 - f r o s t  t h e r m a l  
protect ion concept m a y  o f f e r  a p rac t i ca l  purge and t h e r m a l  
p ro tec t ion  s y s t e m  f o r  H  t anks .  
(TANK, AIRCRAFT, HYPERSONIC) 



H 7 3  40419 L I Q U I D  HYDROGEN P O S I T I V E  EXPULSION BLADDERS 
W i e d e r k a r i p ,  K.E., ( B o e i n g  C o . ,  S e a t t l e ,  W a s h . ) ,  N 6 9 - 1 0 7 1 2 ,  
NASA-CR-72432, May 68, A v a i 1 : T A C  

L i q u i d  h y d r o g e n  expuls ion tes ts  p e r f o r m e d  u s i n g  
m u l t i - p l y  b ladders  f a b r i c a t e d  f r o m  M y l a r ,  K a p t o n  a n d  a n  
e x p e r i m e n t a l  polyes ter  f i l m .  
(EXPULSION, LIQUID, TEST) 

H 7 3  4 0 4 2 0  MULTILAYER INSULATION FOR LARGE VESSELS USED 
I N  TRANSPORTING AND STORING CRYOGENIC L I Q U I D S  
G l a s e r ,  P . E . ,  M e c h a n i c a l  E n g i n e e r i n g ,  V 8 7 : 2 3 - 7 ,  A u g  65 

I n v e s t i g a t i n g  t h e  t h e r m a l  performance of m u l t i l a y e r  
i n s u l a t i o n s  for  large vessels u s e d  i n  t r a n s p o r t i n g  a n d  
s t o r i n g  cryogenic  l i q u i d s  - t o  m a k e  c o m m o n p l a c e  t h e  l a r g e -  
scale u s e  of t h e s e  l i q u i d  f u e l s .  
(INSULATION, MULTILAYER, STORAGE) 

H 7 3  4 0 4 2 1  PAYLOAD OPTIMIZATION FACTORS FOR STORAGE OF 
L I Q U I D  HYDROGEN I N  A  LOW-GRAVITY ENVIRONMENT 
S h e r m a n ,  A.L.,  J o u r n a l  of Spacecraft  a n d  R o c k e t s ,  V  7 : 2 1 6 - 1 9  
N2 ,  F e  7 0  

M a n y  of t h e  A p o l l o  appl icat ion m i s s i o n s  and p o s t - A p o l l o  
s t u d i e s  require o r b i t a l  storage of cryogenic propel lants .  
D u r i n g  t h e s e  per iods i n  orb i t ,  it w i l l  be necessary t o  
vent  t h e  excess tank pressures caused by p r e s s u r a n t ,  and 
a u x i l i a r y  propel lants .  
(SPACECRAFT, STORAGE, L I Q U I D )  

H 7 3  4 0 4 2 2  VENTING OF LIQUID-HYDROGEN TANKAGE 
A y d e l o t t ,  J .C. ,  C.M. S p u c k l e r ,  (NASA, L e w i s  R e s e a r c h  C e n -  
ter, C l e v e l a n d ,  0 . ) .  NASA-TN-D-5263, 69, A v a i 1 : T A C  

A  2 2 - i n .  d i a m e t e r  s p h e r i c a l  t a n k ,  65% of w h i c h  w a s  
f i l l e d  w i t h  l i q u i d  H, w a s  subjected t o  v e n t i n g  tests by 
u n i f o q l y  h e a t i n g  t h e  tank a t  2 0 0 - 7 8 ~ ~ ,  a n d  t o p - h e a t i n g  
a t  311 K. 
(VENT, LIQUID, TANK, ANALYSIS) 



H 7 3  40500 INI~STIGATION OF TWO-PHASE HYDROGEN FLOW IN 
PUMP INLET L I N E  
U r a s e k ,  D.C., P.R. M e n g ,  a n d  R.E. C o n n e l l y ,  (NASA, L e w i s  
R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0 . ) .  NASA-TN-D-5258, J1 69, 
A v a i 1 : T A C  

A n  i n v e s t i g a t i o n  w a s  c o n d u c t e d  t o  e v a l u a t e  t h e  vapor- 
t o  m i x t u r e - v o l u m e  r a t i o  present  i n  t h e  i n l e t  l i n e  of a p u m p  
w h e n  l i q u i d  h y d r o g e n  i s  p u m p e d  i n  a b o i l i n g  c o n 2 i t i o n  f r o m  
a sealed tank. B o t h  a n  e x p e r i m e n t a l  and an  a n a l y t i c a l  
a p p r o a c h  w e r e  u s e d .  T h e  g o o d  a g r e e m e n t  obtained b e t w e e n  
t h e  e x p e r i m e n t a l  and a n a l y t i c a l  r e s u l t s  i n d i c a t e d  t h a t  
t h e  vapor- t o  m i x t u r e - v o l u m e  r a t i o  can be p red ic t ed  w i t h  
reasonable a c c u r a c y .  T h e s e  e s t i m a t e d  va lues  of vapor- 
t o  m i x t u r e - v o l u m e  r a t i o ,  w h e n  u s e d  w i t h  p r e v i o u s l y  r e p o r t e d  
r e su l t s ,  m a y  be u s e f u l  i n  p r e d i c t i n g  p u m p  i n d u c e r  perfor- 
m a n c e  w i t h  t w o - p h a s e  f l o w .  
(FLOW, TWO-PHASE, B O I L I N G )  

H 7 3  40501 BEARINGS AND SEALS FOR CRYOGENIC F L U I D S  
S c i b b e ,  H.W., (NASA, L e w i s  R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0 . )  
N 6 8 - 1 8 1 2 4 ,  NASA-TM-X-52415, 68, A v a i 1 : T A C  

B e a r i n g s  a n d  seals  i n  rocket eng ine  t u r b o p u m p s  operate 
d i r e c t l y  i n  t h e  c r y o g e n i c  p rope l l an t .  Specia l  d e s i g n  and 
l u b r i c a t i n g  t e c h n i q u e s  are r e q u i r e d  s i n c e  o r d i n a r y  o i l s  
a n d  g r e a s e s  b e c o m e  g l a s s l ike  s o l i d s  a t  t h e s e  e x t r e m e l y  
cold t e m p e r a t u r e s .  
(BEARING, PUMP, CRYOGENIC) 

H 7 3  4 0 5 0 2  HEAT TRANSFER COEFFICIENTS FOR L I Q U I D  HYDROGEN 
TUROBPUMPS 

A n o n ,  (NASA, W a s h i n g t o n  D.C. T e c h n o l o g y  U t i l i z a t i o n  D i v i s i o n ) ,  
R e p o r t  No.  P B - 1 8 0 - 5 6 7 ,  68 

A n  a n a l y t i c a l  s t u d y  e f f o r t  w a s  undertaken t o  provide 
t h e  basic cr i ter ia  fo r  h y d r o g e n  h e a t  t r ansfer  coef f ic ien ts  
as  a f u n c t i o n  of t h e  h y d r o g e n  t h e r m o d y n a m i c  s t a t e  and h e a t  
t r a n s f e r  rate i n t e n s i t y ,  as appl icable  t o  l i q u i d  h y d r o g e n  
t u r b o p u m p s .  
( L I Q U I D ,  PUMP, HEAT TRANSFER, BOILING) 

H 7 3  4 0 5 0 3  THERMODYNAMIC--IMPROVEMENTS I N  L I Q U I D  HYDROGEN 
TURBOPUMPS 
Wagner, W.R., G.S. Wong ,  a n d  E.B. M o n t e a t h ,  ( ~ o c k e t d ~ n e ,  
C a n o g a  P a r k ,  C a l i f . ) ,  N 7 0 - 2 9 7 0 5 ,  NASA-CR-102722,  D e c  '69, 
A v a i l  : TAC 

T h e  c o m p l e t e d  e f f o r t  i s  d e s c r i b e d  i n  t h e  e v a l u a t i o n  of 



t h e r m a l  c o n d i t i o n i n g  p r o b l e m s  of l i q u i d  h y d r o g e n  turbo-  
p u m p s  t o  e n h a n c e  m i x e d - p h a s e  operat ion and t o  m i n i m i z e  
e n g i n e  s y s t e m  c o n s t r a i n t s  on s t a r f s  and restarts .  
(PUMP, HEAT TRANSFER, L I Q U I D )  

H 7 3  40504 PUMPS FOR L I Q U I D  HYDROGEN 
C a r t e r ,  T.A., Jr . ,  ( A i r  R e d u c t i o n  C o . ,  I n c . )  C r y o g e n i c  
~ e c h n o l o g y ,  V 3 : 1 7 2 - 5  N4 ,  6 7  

T h e  p r o b l e m s  connected w i t h  p u m p i n g  l i q u i d  a n d  s l u s h  
H are d i s c u s s e d .  T h e  c h a r a c t e r i s t i c s  and p e r f o r m a n c e  of 
p u m p s  developed by 16 f i r m s  are described. 
( L I Q U I D ,  SLUSH, PUMP, PERFORMANCE) 

H 7 3  40505 LUBRICATION AND WEAR OF BALL BEARINGS I N  
CRYOGENIC HYDROGEN 
Scibbe, H.W., D.E. B r e w e ,  a n d  H.H. C o e ,  (NASA, L e w i s  
R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  O.), N 6 8 - 3 3 0 6 5 ,  NASA-TM-X-61165, 
68, A v a i 1 : T A C  

Seve ra l  basic d e s i g n  and m a t e r i a l  r e q u i r e m e n t s  of b a l l  
bearings used i n  l i q u i d  h y d r o g e n  t u r b o p u m p s  are presented. 
(PUMP, BEARING, WEAR, LUBRICATION) 

H 7 3  40506 HYDRAULIC DESIGN OF THE M - 1  L I Q U I D  HYDROGEN 
TURBOPUMP 
F a r q u a h r ,  J., and  B.K. L i n d l e y ,  ( A e r o j e t - G e n e r a l  C o r p . ,  
S a c r a m e n t o ,  C a l i f . ) ,  N 6 6 - 3 2 3 3 4 ,  NASA-CR-54822, J1 66, 
A v a i l  :TAC 

T h i s  r epor t  presents  t h e  d e s i g n  m e t h o d  a n d  r e s u l t i n g  
des ign  d e t a i l s  as  w e l l  a s  p e r f o r m a n c e  p r e d i c t i o n s  f o r  a 
t e n - s t a g e ,  ax ia l  f l o w ,  h y d r o g e n  p u m p  fo r  t h e  M-1 oxygen/ 
h y d r o g e n  l i q u i d  r o c k e t  e n g i n e .  
(PUMP, DESIGN,  PERFORMANCE) 

H 7 3  40507 EXPERIMENTAL STUDY OF LOW-SPEED OPERATING 
CHARACTERISTICS OF A  L I Q U I D  HYDROGEN CENTRIFUGAL TURBO- 
PUMP 
R i b b l e ,  G.H., J r . ,  and G.E. T u r n e y ,  (NASA, L e w i s  R e s e a r c h  
C e n t e r ,  C l e v e l a n d ,  O.), N 6 9 - 3 3 8 0 6 ,  NASA-TM-X-1861, A u g  69, 
A v a i 1 : T A c  

T h e  l o w  s p e e d  o p e r a t i n g  c h a r a c t e r i s t i c s  of a l i q u i d  
h y d r o g e n  c e n t r i f u g a l  t u r b o p u m p  a re  d i s c u s s e d .  T h e  t u r b o -  



pump was o p e r a t e d  a t  s e v e r a l  s p e e d s ,  r a n g i n g  from 6 . 7  t o  
4 9  p e r c e n t  o f  t h e  r a t e d  speed .  
(PUMP, LIQUID, TEST, EFFICIENCY) 

H73 40508 EXPERIMENTAL FINDINGS FROM ZERO-TANK NET 
POSITIVE SUCTION HEAD OPERATION OF THE J -2  HYDROGEN PUMP 
S t i n s o n ,  H.P., and R . J .  S t r i c k l a n d ,  (NASA, M a r s h a l l  Space  
F l i g h t  C e n t e r ,  H u n t s v i l l e ,  A l a . ) ,  N72-29807, NASA-TN-D-6824, 
Aug 72 ,  Avai1:TAC 

The r e s u l t s  o f  a series o f  l i q u i d  hydrogen turbopump 
tes ts  t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  ze ro - t ank  n e t  
p o s i t i v e  s u c t i o n  head are p r e s e n t e d .  A J-2 e n g i n e  hydro- 
gen  pump and S-IVB s t a g e  f u e l  f e e d  sys t em w e r e  u sed  f o r  
t h i s  i n v e s t i g a t i o n .  
(TEST, PUMP, SUCTION) 

H73 40509 ANALYSIS OF ROCKET-POWERED EJECTORS FOR 
PUMPING LIQUID OXYGEN AND LIQUID HYDROGEN 
F r a n c i s c u s ,  L.C., (NASA, Lewis R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  
O . ) ,  N70-42421, NASA-TN-D-6033, O C t  70, Avai1:TAC 

A p r e l i m i n a r y  a n a l y s i s  o f  t h e  u s e  o f  rocket-powered 
e j e c t o r s  f o r  pumping l i q u i d  oxygen and l i q u i d  hydrogen i n  
r o c k e t  e n g i n e s  was made. The d r i v e  g a s  i s  t h e  e x h a u s t  
g a s  o f  a s m a l l e r  hydrogen-oxygen r o c k e t  e n g i n e .  The 
a n a l y s i s  i s  one  d i m e n s i o n a l  and d o e s  n o t  i n c l u d e  shock 
or f r i c t i o n  l o s s e s .  
(EJECTOR, PUMP, LIQUID, ANALYSIS) 

H73 40510 COOLDOWN TIME FOR SIMPLE CRYOGENIC PIPELINES 
S teward ,  W.G., R.V. S m i t h ,  and  J.A. Brennan,  ( N a t i o n a l  
Bureau o f  S t a n d a r d s ,  B o u l d e r ,  C o l o . ) ,  Repor t  N o .  PB-180-981, 
68, R-469 

T h i s  p a p e r  o f f e r s  a q u i c k  method by which cooldown 
t i m e  f o r  a s i m p l e  s y s t e m  c a n  be estimated f r o m  a dimension-  
less p a r a m e t e r  r e a d  from a g r a p h .  To u s e  t h e  method i t  
i s  n e c e s s a r y  t o  know t h e  f l u i d  and  p i p e  e n t h a l p y ,  d e n s i t y ,  
and v e l o c i t y  o f  sound i n  t h e  warm g a s .  The i d e a l i z e d  model  
and c l o s e d  form s o l u t i o n  a r e  d e s c r i b e d ,  and compar ison  w i t h  
e x p e r i m e n t a l  r e s u l t s  is shown. 
(CRYOGENIC, PIPELINE) 



H 7 3  40511 A 14-M LIQUID-HYDROGEN LINE 
C r o f t ,  A.J. ,  ( U n i v e r s i t y  of  Oxford, England),  c ryogenics ,  
V 10:167-9 N2, 70 

The 14-m liquid-H t r a n s f e r  l i n e ,  between H and H e  
l i q u e f i e r s ,  is comprised of a %-inch nominal bo re  Cu tub ing ,  
w i t h  w a l l  t h i c k n e s s  of 1.15 mm, c o n c e n t r i c a l l y  i n s u l a t e d  
w i t h  a s imple  high-vacuum l i n e  made of 2-inch nominal b o r e  
cu tubing.  
(TRFINSFER, PIPE, LIQUEFACTION) 

H73 40512 ANALYSIS OF TWO-PHASE FLOW I N  LH2 PUMPS 
FOR 0 2 / ~ 2  ROCKET ENGINES 
B i s s e l l ,  W.R., (North American Rockwell Corp., Canoga 
Park,  C a l i f . ) ,  G.S. Wong, T.W. Winstead, Jou rna l  o f  Space- 
c r a f t  and Rockets,  V 7:707-13 N6, Je 70 

An a n a l y s i s  was made t o  de te rmine  t h e  two-phase 
pumping c a p a b i l i t y  of  l iquid-hydrogen pumps and t o  e s t ab -  
l i s h  hydrodynamic des ign  c r i t e r i a  t o  improve two-phase 
pump performance. 
(PUMP, FLOW, TWO-PHASE, DESIGN) 



H73 40600* MULTIPLE USE OF CRYOGENIC FLUID TRANSMISSION 
LINES 
B a r t l i t ,  J . R . ,  and F . J .  Edesku ty ,  (Los A l a m o s  S c i e n t i f i c  
Lab., Los Alamos, N . M . ) ,  R e p o r t  No. LADC-72-341, 4 t h  
I n t e r n a t i o n a l  C r y o g e n i c  E n g i n e e r i n g  Confe rence ,  The Ne the r -  
l a n d s ,  72, Avai1:TAc 

Economic a d v a n t a g e s  a c c r u i n g  from t r a n s p o r t i n g  t w o  
e n e r g y  s o u r c e s  c o n c u r r e n t l y  t h r o u g h  a s i n g l e  p i p e l i n e  have  
b e e n  r e c e n t l y  d i s c u s s e d .  Proposed  w a s  t h e  c o n c u r r e n t  
t r a n s p o r t  o f  e l e c t r i c i t y  a t  l i q u i d  hydrogen (LH2) temper- 
a t u r e s ,  20 K ,  ( u t i l i z i n g  t h e  g r e a t l y  reduced  r e s i s t i v i t y  
o f  c o p p e r )  and l i q u e f i e d  n a t u r a l  g a s  (LNG) a t  110 K, 
( u t i l i z i n g  d e c r e a s e d  pumping costs ,  t h e r m a l  s h i e l d i n g ,  
and  e n e r g y  f o r  d r i v i n g  t h e  hydrogen r e f r i g e r a t o r  o f f e r e d  
b y  LNG). T h i s  i d e a  i s  c a r r i e d  a s t e p  f u r t h e r  b y  e x p l o r i n g  
e n v i r o n m e n t a l  a s  w e l l  as economic a d v a n t a g e s  which may 
be r e a l i z e d  b y  d i s t r i b u t i n g  t h r e e  e n e r g y  s o u r c e s  c o n c u r r e n t l y  - 
LNG, LH2, and e l e c t r i c i t y .  
(COST, PIPELINE, ELECTRIC) 

H73 40601" EXPERIENCE I N  HANDLING, TRANSPORT AND STORAGE 
OF LIQUID HYDROGEN-THE RECYCLABLE FUEL 
B a r t l i t ,  J.R., F .J .  E d e s k u t y ,  and K.D. Wi l l i amson ,  Jr . ,  
(Los  Alamos S c i e n t i f i c  Lab. ,  Los Alamos, N.M.) , 7 t h  I n t e r -  
s o c i e t y  Energy  C o n v e r s i o n  E n g i n e e r i n g  Conference ,  San 
Diego,  C a l i f . ,  72,  R e p o r t  No. LADC-73-632, Avai1:TAC 

I n  t h e  past where  hydrogen h a s  been  used  on a l a r g e  
s c a l e ,  i t  h a s  sometimes proved advan tageous  t o  u s e  i t  i n  
l i q u i d  form f o r  ease i n  t r a n s p o r t  and s t o r a g e .  T h i s  
e x i s t i n g  c r y o g e n i c  t e c h n o l o g y  i s  found a d e q u a t e  t o  meet 
t h e  n e e d s  of t h e  mos t  l i k e l y  f u t u r e  a p p l i c a t i o n s  f o r  l i q u i d  
hydrogen which a r e  t r a n s p o r t a t i o n  f a c i l i t i e s ,  remote s i tes  
n o t  s e r v i c e d  b y  p i p e l i n e s ,  peak-shaving ,  and  supe rcon-  
d u c t i n g  power l i n e s .  

E x i s t i n g  l i q u e f a c t i o n  f a c i l i t i e s ,  dewar and p i p e  
s i z e s ,  f l o w  c a p a c i t i e s ,  d e s i g n  c r i t e r i a  and d a t a ,  and 
s a f e t y  a r e  d i s c u s s e d  and  compared w i t h  f u t u r e  needs .  
(TRANSPORTATION, STORAGE, LIQUID) 

H73 40602 A 10,000-GPM LIQUID HYDROGEN TRANSFER SYSTEM 
FOR THE SATURN/APOLLO PROGRAM 
~ y b r a n o w s k i ,  E., (NASA, John  F .  Kennedy Space  C e n t e r ,   la.) , 
Advance i n  Cryogen ic  E n g i n e e r i n g ,  V 17 ,  71, Avai1:TAC 

c r y o g e n i c  l o a d i n g  o f  t h e  huge S a t u r n  V booster b e g i n s  



e i g h t  h o u r s  b e f o r e  t h e  s c h e d u l e d  l i f t - o f f .  The f i r s t  
t h r e e  h o u r s  o f  f u e l i n g  i s  t h e  c o l d  hydrogen g a s  c o n d i t i o n -  
i n g  o f  t h e  S - I1  s t a g e  f u e l  t a n k .  Then i n  o n e  hour  and 
t h i r t y  m i n u t e s  a p p r o x i m a t e l y  340,000 g a l l o n s  o f  l i q u i d  
hydrogen is  l o a d e d  i n t o  t h e  S-11 and  S-IVB f u e l  t a n k s .  

T h i s  r e p o r t  b r i e f l y  d e s c r i b e s  t h e  d e s i g n  and o p e r a t i o n  
of t h e  l i q u i d  hydrogen t r a n s f e r  s y s t e m  u s e d  t o  s e r v i c e  
t h e  S a t u r n  V l a u n c h  v e h i c l e .  
(LIQUID, TRANSFER, SYSTEM) 

H73 40603* THE STORAGE AND TRANSPORTATION OF SYNTHETIC 
FUELS 
Johnson,  J.E., (Union C a r b i d e  Corp.,  L i n d e  D i v i s i o n ) ,  
R e p o r t  No. ORNL-!I'M-4307, S e p t  72, Avai1:TAC 

T h i s  r e p o r t  summarizes v a r i o u s  c o n t r i b u t i o n s  by t h e  
t e c h n i c a l  s t a f f  o f  t h e  E n g i n e e r i n g  a n d  R e s e a r c h  Depar t -  
ments o f  t h e  L i n d e  D i v i s i o n  o f  Union C a r b i d e  C o r p o r a t i o n .  
It i n c l u d e s  a  r e v i e w  o f  t h e  p rob lems  a s s o c i a t e d  w i t h  t h e  
s t o r a g e  and t r a n s p o r t a t i o n  o f  e n e r g y  by t h e  m a j o r  c a n d i -  
d a t e  s y n t h e t i c  f u e l  s y s t e m s  - hydrogen and hydrogen-der ived  
f u e l s ,  s u c h  a s  ammonia and me thano l .  P a r t i c u l a r  emphas is  
h a s  b e e n  p l a c e d  on t h e  i d e n t i f i c a t i o n  o f  l i m i t i n g  t ech -  
n o l o g i e s  and  on areas i n  which r e s e a r c h  and  development  
e f f o r t s  s h o u l d  b e  u n d e r t a k e n  t o  c o n t r i b u t e  s o l u t i o n s  t o  
t h e  n a t i o n ' s  growing problems o f  e n e r g y  r e s o u r c e s ,  t r a n s -  
m i s s i o n  and c o n v e r s i o n .  
(STORAGE, TRANSPORTATION) 

H73 40604 SHUTTLE: REACTION CONTROL SYSTEM. CRYOGENIC 
LIQUID DISTRIBUTION SYSTEM: STUDY 
Akkerman, J.W., (NASA, Lyndon B. J o h n s o n  Space  C e n t e r ,  
Hous ton ,  T e x . ) ,  N73-16765, NASA-TM-X-68913, Ja 72,  Avai1:TAC 

A c r y o g e n i c  l i q u i d  d i s t r i b u t i o n  s y s t e m  s u i t a b l e  f o r  
t h e  r e a c t i o n  c o n t r o l  sys t em on s p a c e  s h u t t l e s  i s  d e s c r i b e d .  
The sys t em thermodynamics,  o p e r a t i o n ,  pe r fo rmance  and 
w e i g h t  a n a l y s i s  are d i s c u s s e d  a l o n g  w i t h  t h e  d e s i g n ,  main- 
t a n e n c e  and  i n t e g r a t i o n  c o n c e p t s .  
(SHUTTLE, LIQUID, DISTRIBUTION) 

H73 40605 CRYOGENIC PROPELLANT ACQUISITION AND TRANSFER 
T a t r o ,  R.E., ( G e n e r a l  Dynamics, San  Diego,  C a l i f . ) ,  NASA, 
Lewis Resea rch  C e n t e r  Space  T r a n s p o r t a t i o n  System Technology 
Symposium, V 5:167-87, J1 70, N70-39613, Avai1:TAC 

The t e c h n o l o g i e s  r e q u i r e d  t o  s u c c e s s f u l l y  d e s i g n  



a c q u i s i t i o n  and t r a n s f e r  systems f o r  t h e  s h u t t l e  a r e  i n  
t h e  areas of s t o r a g e  t ank  f l u i d  dynamics and thermal  
cond i t i on ing ,  p r e s s u r i z a t i o n  and pumping system i n t e r f a c e s ,  
and r e c e i v e r  tank thermodynamics. 
(SHUTTLE, STORAGE, DESIGN)  



H73 41000* A SUMMARY OF THE CHARACTERIZATION STUDY OF 
SLUSH HYDROGEN 
S i n d t ,  C. ,  ( N a t i o n a l  Bureau  of S t a n d a r d s ,  I n s t i t u t e  o f  
~ a s i c  S t a n d a r d s ,  B o u l d e r ,  C o l o . ) ,  C r y o g e n i c s ,  V 10:372- 
8 0 ,  O c t  70,  Avai1:TAC 

D i s c u s s i o n  of a s t u d y  o f  s l u s h  hydrogen p r e p a r a t i o n ,  
s t o r a g e ,  t r a n s f e r  and equipment  which is i n  p r o g r e s s  a t  
t h e  C r y o g e n i c s  D i v i s i o n  o f  t h e  N a t i o n a l  Bureau o f  S t a n d a r d s .  
A p r o c e s s  o f  s l u s h  p r e p a r a t i o n  b y  i n t e r m i t t e n t  vacuum 
pumping is d e s c r i b e d .  O b s e r v a t i o n s  o f  s o l i d  p a r t i c l e  
s i z e  and s t r u c t u r e  w e r e  made d u r i n g  a  100 h  a g i n g  o f  
s l u s h ,  showing marked s t r u c t u r a l  c h a n g e s  and  i n s i g n i f i c a n t  
s i z e  p a r t i c l e  changes  d u r i n g  a g i n g .  It was found t h a t  
s l u s h  w i t h  o v e r  0.5 s o l i d  c o n t e n t  c o u l d  be t r a n s f e r r e d  
and pumped w i t h  l o s s e s  s imilar  t o  l o s s e s  i n  t r i p l e - p o i n t  
hydrogen when t h e  Reynolds numbers a re  h i g h .  
(SLUSH, PREPARATION, STORAGE, TRANSFER, PUMP) 

H73 41001  FLOW RGSEARCH SYSTEM FOR LIQUID AND SLUSH 
HYDROGEN 
M a r s h a l l ,  T.N., Jr . ,  (NASA, M a r s h a l l  S p a c e  F l i g h t  C e n t e r ,  
A l a . ) ,  ISA T r a n s ,  V 10:117-20 N2, 71,  Avai1:TAC 

T h i s  system is b o t h  a c n m b i n a t i o n  g r a v i m e t r i c  cal i -  
bra t ion  s y s t e m  f o r  f l o w  and q u a l i t y  i n s t r u m e n t a t i o n  and  
a hydrogen  s l u s h  g e n e r a t i o n  sys tem.  D i s c u s s i o n  f o c u s e s  
on  t h e  hydrogen s l u s h  f l o w  and g e n e r a t i o n  c a p a b i l i t y  
s i n c e  t h e  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  fo r  t h i s  u s e  
d i r e c t l y  a p p l y  t o  l i q u i d  hydrogen f l o w  r e s e a r c h .  
(LIQUID, SLUSH, FLOW, QUALITY, GENERATION) 

H73 41002 HANDBOOK OF PHYSICAL AND THERMAL PROPERTY 
DATA FOR HYDROGEN. TRIPLE POINT REGION TO CRITICAL POINT 
REGION. VOLUME I : A STUDY OF HYDROGEN SLUSH AND/OR 
HYDROGEN GEL UTILIZATION 
Anon, (Lockheed Missiles and Space  Co., Sunnyva le ,  C a l i f . ) ,  
N67-34912, NASA-CR-87655, M a r  11 ' 6 7 ,  Avai1:TAC 

P h y s i c a l  and  t h e r m a l  p r o p e r t y  d a t a  f o r  hydrogen i n  
t h e  r e g i o n s  between t h e  t r i p l e  p o i n t  and  t h e  c r i t i ca l  p o i n t  
are t a b u l a t e d  and  i l l u s t r a t e d  i n  b o t h  t h e  E n g l i s h  and  In-  
t e r n a t i o n a l  s y s t e m s  o f  u n i t s  i n  t h i s  handbook f o r  s p a c e  
v e h i c l e  d e s i g n e r s .  N e a r l y  a l l  of t h e  d a t a  p r e s e n t e d  are 
fo r  p a r a h y d r o g e n ,  s i n c e  t h i s  i s  t h e  m a j o r  component o f  
l o w  t e m p e r a t u r e  e q u i l i b r i u m  m i x t u r e s .  
(TRIPLE POINT, CRITICAL POINT, PROPERTY, SLUSH) 



H73 41003 HYDROGEN-SLUSH DENSITY REFERENCE SYSTEM 
Wei tze l ,  D.H., C.F. S i n d t ,  and D.E. Daney , (Cryogenic 
Div is ion ,  NBS, Boulder,  Colo . ) ,  Advances i n  Cryogenic 
Engineering,  V 13:523-33, 67, Avai1:TAC 

Design c o n s i d e r a t i o n s  a r e  given f o r  a  H-slush system 
f o r  c a l i b r a t i o n  of f i e l d - t y p e  ins t ruments  and ( o r )  
t r a n s f e r  s t anda rds .  A method f o r  s l u s h  measurement is 
descr ibed .  
(SLUSH, INSTRUMENTATION, DENSITY) 

H73 41004* INSTRUMENTATION FOR STORAGE AND TRANSFER OF 
HYDROGEN SLUSH 
Wei tze l ,  D.H., J . E .  Cruz, L.T. Lowe, R.J. Richards ,  and 
D.B. Mann, (Na t iona l  Bureau of S tandards ,  Boulder ,  Colo., 
Cryogenics Div . ) ,  Report  No. NBS-R-673, 71, Advances i n  
Cryogenic Engineering,  V 16:230-40, Avai1:TAC 

A program f o r  development and t e s t i n g  of d e n s i t y  and 
flow ins t rumen ta t ion  f o r  u s e  i n  hydrogen l i q u i d  and l i q u i d -  
s o l i d  mix tures  ( s l u s h )  is reviewed. Performance c r i t e r i a  
a r e  i nd i ca t ed  along wi th  exper imenta l  and a n a l y t i c a l  r e s u l t s  
which provide  some b a s i s  f o r  cho ices  among t h e  v a r i o u s  can- 
d i d a t e  systems. The d e n s i t y  work i s  near ing  completion: 
t h e  flow s t u d i e s  have n o t  y e t  provided d a t a  beyond t h e  
demonstra t ion of f e a s i b i l i t y .  
(SLUSH, INSTRUMENTATION, TRANSFER, STORAGE, FLOW) 

H73 41005* LIQUID-SOLID MIXTURES OF HYDROGEN NEAR THE 
TRIPLE POINT 
Mann, D.B., P.R. Ludtke, C.F. S i n d t ,  and D.B. Chel ton,  
(Na t iona l  Bureau of S t anda rds ,  Boulder,  Colo.,  Cryogenics 
Div.) ,  R-394, Advances i n  Cryogenic Engineering,  V 11:207- 
17,  66, Avai1:TAC 

In t e r im  r e s u l t s  of a  program t o  determine s l u s h  hydro- 
gen p r o p e r t i e s  a r e  r epo r t ed .  The program is motivated by 
t h e  d e s i r a b i l i t y  of u s ing  hydrogen i n  t h i s  s t a t e  as a  
rocke t  f u e l .  A s i m p l i f i e d  produc t ion  method was dev ised  
and d a t a  were secured on s o l i d  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  
aging e f f e c t s ,  and t e r m i n a l  v e l o c i t y  of t h e  s o l i d  p a r t i c l e s  
i n  t he  l i q u i d  mel t .  Experimental  d a t a  were a l s o  ob ta ined  
on a tmospher ic  p r e s s u r e  s t o r a g e  of t h e  s l u s h  mixture .  
(SLUSH, TRIPLE POINT, PROPERTY) 



H73 41006 MELTING CHARACTERISTICS AND BULK THERMOPHYSICAL 
PROPERTIES OF SOLID HYDROGEN 
C o n t r e r a s ,  W.,  and  M. Lee,  (Grumman Aerospace  Corp. ,  
Be thpage ,  N.Y.), R e p o r t  N o .  AFRPL-TR-72-48, J1 72 ,  Avai1:TAC 

The e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e  m e l t i n g  cha rac -  
t e r i s t ics  o f  s o l i d  hydrogen h a s  b e e n  accompl i shed .  T h i s  
r e q u i r e d  t h e  measurement o f  a p p r o p r i a t e  thermodynamic para-  
meters, t h e r m o p h y s i c a l  p r o p e r t i e s  and  f l u i d  f l o w  r a t e s  re- 
q u i r e d  t o  c h a r a c t e r i z e  t h e  m e l t i n g  of s b l i d  hydrogen i n  
terms o f  a n  overa l l  h e a t  t r a n s f e r  c o e f f i c i e n t ,  o p e r a t i n g  
c o n d i t i o n s  and i n i t i a l  s o l i d  geomet ry .  
(SOLID, PROPERTY, CONDUCTIVITY) 

H73 41007* QUALITY DETERMINATION OF LIQUID-SOLID 
HYDROGEN MIXTURES 
Daney, D.E., and D.B. Mann, ( N a t i o n a l  Bureau o f  S t a n d a r d s ,  
B o u l d e r ,  Colo . ,  C r y o g e n i c s  D i v . ) ,  C r y o g e n i c s ,  V 7:280-5 N5, 
O c t  67 ,  Avai1:Ti.Z 

C u r r e n t  i n t e r e s t  i n  l i q u i d - s o l i d  m i x t u r e s  o f  p a r a -  
hydrogen ( ' s l u s h  h y d r o g e n ' )  a s  a p o t e n t i a l  r o c k e t  pro-  
p e l l a n t  l e a d  t o  a t h e o r e t i c a l  and e x p e r i m e n t a l  i n v e s t i -  
g a t i o n  o f  one  method o f  d e t e r m i n i n g  l i q u i d - s o l i d  q u a l i t y .  
It was found t h a t  measurement o f  t h e  mass f r a c t i o n  pumped 
o f f  d u r i n g  t h e  f r eeze - thaw p r o c e s s  p r o v i d e s  a s i m p l e ,  
n o n d e s t r u c t i v e ,  and  a c c u r a t e  method o f  q u a l i t y  de te rmin-  
a t i o n .  
(SLUSH, QUALITY, PARAHYDROGEN) 

H73 41008 SLUSH AND SUBCOOLED PROPELCANTS FOR LUNAR 
AND INTERPLANETARY MISSIONS 
Vaniman, J.L., A.L. Worlund, and  T.W. Wins tead ,  (George C.  
M a r s h a l l  Space  F l i g h t  C e n t e r ,  NASA, H u n t s v i l l e ,  A l a . ) .  
Advances i n  Cryogen ic  E n g i n e e r i n g ,  V  14:20-9, 68,  Avai1:TAC 

The h e a t  a b s o r p t i o n  c a p a b i l i t y  of subcoo led  and s l u s h  
H and  0 c a n  e x t e n d  t h e  u s e  of p r e s e n t  s p a c e  v e h i c l e s  t o  
f u t u r e  l o n g  d u r a t i o n  m i s s i o n s .  
(SLUSH, SPACECRAFT) 

H73 41009* SLUSH HYDROGEN PUMPING CHARACTERISTICS 
USING A  CENTRIFUGAL-TYPE PUMP (J-2) 
Daney, D.E., P.R. Ludtke ,  and C.F. S i n d t ,  ( N a t i o n a l  Bureau o f  
S t a n d a r d s ,  B o u l d e r ,  C o l o . ,  I n s t i t u t e  f o r  B a s i c  S t a n d a r d s ) ,  R-536, 
Advances  i n  C r y o g e n i c  E n g i n e e r i n g ,  V 14:438-44, Aug 68,  Avai1:TAC 

The pumping c h a r a c t e r i s t i c s  o f  l i q u i d - s o l i d  m i x t u r e s  of 



parahydrogen  ( s l u s h  hydrogen)  a r e  of c o n s i d e r a b l e  i n t e r e s t ,  
s i n c e  i t s  u s e  as a r o c k e t  p r o p e l l a n t  c o u l d  r e q u i r e  t h a t  i t  
b e  pumped i n  ground i n s t a l l a t i o n s  and s p a c e  v e h i c l e s .  Ex- 
t r a p o l a t i o n  o f  r e l a t i o n s h i p s  f o r  pumping w a t e r  s l u r r i e s  
i n d i c a t e s  t h a t  t h e  pumping c h a r a c t e r i s t i c s  of l i q u i d  and 
s l u s h  hydrogen s h o u l d  be t h e  same when t h e  d i f f e r e n c e  i n  
d e n s i t y  is  c o n s i d e r e d .  
(SLUSH, PUMP) 

H73 41010* SLUSH HYDROGEN CHARACTERISTICS 
Mann, D.B., C.F. S i n d t ,  P.R. Ludtke ,  and D.B. C h e l t o n ,  
( N a t i o n a l  Bureau  o f  S t a n d a r d s ,  B o u l d e r ,  C o l o . ,  C ryogen ics  
D i v . ) ,  R e p o r t  N o .  R-404, 66, Avai1 :~AC 

The p a p e r  r e v i e w s  t h e  work accompl ished  t o  d a t e  by 
t h e  NBS C r y o g e n i c s  D i v i s i o n ,  and o t h e r s ,  i n  t h e  area of 
s l u s h  hydrogen p r o d u c t i o n ,  h a n d l i n g ,  and  c h a r a c t e r i s t i c s .  
(SLUSH, PRODUCTION, HANDLING, TRANSFER) 

H73 41011 THE THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 
FROM 1 TO 22K 
M u l l i n s ,  J . C . ,  W.T. Z i e g l e r .  and S. K i r k ,  ( G e o r g i a  I n s t i t u t e  
o f  Technology,  A t l a n t a ,  G a . ) ,  R e p o r t  N o .  TR-1, Nov 1 ' 6 1 ,  
Avai  1 : TAC 

The thermodynamic p r o p e r t i e s  o f  pa rahydrogen  have  
been  c a l c u l a t e d  a t  one  d e g r e e  i n t e r v a l s  f rom 1 t o  22K 
u s i n g  e x i s t i n g  t h e r m a l  and  e q u a t i o n  of s t a t e  d a t a .  The 
p r o p e r t i e s  c a l c u l a t e d  i n c l u d e  t h e  v a p o r  p r e s s u r e ,  h e a t s  
o f  v a p o r i z a t i o n  and s u b l i m a t i o n ,  e n t h a l p y ,  and e n t r o p y .  
(PROPERTIES, THERMODYNAMICS, PARAHYDROGEN) 

H73 41012 THERMAL CONDUCTIVITY OF SOLID AND LIQUID 
PARAHYDROGEN 
Dwyer, R.F.,G.A. Cook, O.E. B e r w a l d t ,  J o u r n a l  o f  C h e m i c a l  
& E n g i n e e r i n g  D a t a ,  V 11:351-3 N3, J1 66, Avai1:TAC 

Measurements  were  made a t  p r e s s u r e s  g r e a t e r  t h a n  
s a t u r a t i o n ,  and found t o  be e s s e n t i a l l y  c o n s t a n t  w i t h i n  
e x p e r i m e n t a l  error  o v e r  r a n g e  o f  c o n d i t i o n s  c o v e r e d ;  t h e r m a l  
c o n d u c t i v i t y  o f  s o l i d  was 0.0092 p l u s  o r  minus  0.0010 w/cm K 
o v e r  t e m p e r a t u r e  r a n g e  1 5  t o  1 7  K a t  p r e s s u r e s  be tween 88 and 
200 a t m o s p h e r e s ;  t h e r m a l  c o n d u c t i v i t y  o f  l i q u i d  was e s t i m a t e d  
from e x p e r i m e n t a l  measurements .  
(CONDUCTIVITY, SOLID, LIQUID, PARAHYDROGEN) 



H73 41013 METALLIC HYDROGEN: SIMULATING JUPITER I N  
THE LABORATORY 
Metz,  W.D., S c i e n c e ,  V 180:398-9, Apr  27 ' 7 3 ,  Avai1:TAC 

A t  p r e s s u r e s  and t e m p e r a t u r e s  found on t h e  e a r t h  
hydrogen is  a g a s  and it becomes s o l i d  when c o o l e d  t o  
t e m p e r a t u r e s  be low 1 4 O ~ .  But  u n d e r  e x t r e m e l y  h i g h  p r e s -  
s u r e s  hydrogen may become a m e t a l ,  and m e t a l l i c  hydrogen 
i s  commonly t h o u g h t  t o  c o n s i i t u t e  a s  much a s  40 p e r c e n t  
o f  t h e  mass o f  t h e  p l a n e t a r y  s y s t e m  - p a r t i c u l a r l y  i n  
t h e  massive p l a n e t  J u p i t e r .  B e t t e r  i n f o r m a t i o n  would 
improve t h e  c u r r e n t  models  o f  J u p i t e r  and S a t u r n .  More 
p r a g m a t i c  v i s i o n a r i e s  have s u g g e s t e d  t h a t  meta l l i c  hydro- 
gen  c o u l d  be a v e r y  u s e f u l  r o c k e t  f u e l ,  b e c a u s e  o f  i t s  
e x p e c t e d  h i g h  d e n s i t y .  It i s  even  p o s s i b l e  t h a t  m e t a l l i c  
hydrogen c o u l d  b e  a s u p e r c o n d u c t o r  a t  room t e m p e r a t u r e ,  
and  s e v e r a l  u t i l i t y  companies  are s a i d  t o  b e  c losely  
w a t c h i n g  a t t e m p t s  t o  p roduce  it i n  t h e  l a b o r a t o r y .  
(METAL, PRESSURE, PLANET) 

H73 41014 CORRELATION OF THEORY AND EXPERIMENT FOR 
HIGH-PRESSURE HYDROGEN 
Hoover, W.G., M. Ross, C.F. Bender ,  F.J. Rogers ,  and  R.J. 
O l n e s s ,  ( C a l i f o r n i a  U n i v e r s i t y ,  Livermore .  C a l i f . ) ,  P h y s i c s  
o f  t h e  E a r t h  and  P l a n e t a r y  I n t e r i o r s ,  V 6:60-4 N1-3, Dec 72, 
Avai1:TAC 

The m a g n i t u d e  o f  t h e  f o r c e s  w i t h  which hydrogen m o l e -  
c u l e s  i n t e r a c t  a r e  d i s c u s s e d  i n  t h e  l i g h t  o f  r e c e n t  m u t u a l l y  
a g r e e i n g  quantum c a l c u l a t i o n s  and h i g h - p r e s s u r e  e x p e r i m e n t s .  
The ag reemen t  i n d i c a t e s  t h e  u s e f u l n e s s  o f  a  p a r i - p o t e n t i a l  
d e s c r i p t i o n  o f  d e n s e  hydrogen and s u g g e s t s  t h a t  p r e s s u r e s  
o f  a t  least  1 . 7  Mbar w i l l  b e  r e q u i r e d  t o  make meta l l i c  hydro- 
gen.  The e x p e c t e d  l i f e t i m e  o f  t h e  m e t a l  a t  a t m o s p h e r i c  
p r e s s u r e  i s  v e r y  s h o r t .  
(METAL, PRESSURE) 

H73 41015 SOVIET AND US GROUPS SEEK HYDROGEN'S 
METALLIC PHASE 
Lubkin ,  G.B., P h y s i c s  Today, V 26:17, Mar 73,  Avai1:TAC 

A g r o u p  of R u s s i a n  e x p e r i m e n t e r s  h a s  r e c e n t l y  r e p o r t e d  
t h a t  t h e y  may have  produced m e t a l l i c  hydrogen a t  a  p r e s s u r e  
of 2.8 megabar s ,  a t  t h e  t r a n s i t i o n  t h e  d e n s i t y  changed from 

3 1 .08  t o  1 . 3  g/cm . L a s t  y e a r  a L ive rmore  g r o u p  r e p o r t e d  
on a n  a p p a r e n t l y  s i m i l a r  e x p e r i m e n t  i n  which t h e y  obse rved  



3 a  p res su re -vo lume  p o i n t  c e n t e r e d  a t  2  megabars  and 1 c m  /g. 
Some p e o p l e  have p r e d i c t e d  t h a t  metall ic  hydrogen migh t  be 
m e t a s t a b l e ,  and  o t h e r s  t h a t  it would b e  a room-tempera ture  
s u p e r c o n d u c t o r .  
(METAL, DENSITY, SUPERCONDUCTOR) 

H73 41016 'PRESSURE ON' TO MAKE METALLIC HYDROGEN 
Anon, I n d u s t r i a l  R e s e a r c h ,  Je 70 

An u n p u b l i c i z e d  race t o  c r e a t e  m e t a l l i c  hydrogen 
a p p a r e n t l y  is  underway be tween m a t e r i a l s  s c i e n t i s t s  a t  
C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N.Y., and t h e i r  R u s s i a n  c o u n t e r -  
p a r t s .  The a v a i l a b i l i t y  o f  metal l ic  hydrogen cou ld  r e v o l u -  
t i o n i z e  r o c k e t r y  and make it p o s s i b l e  t o  d i v i s e  a p e r f e c t  
room-tempera ture  e l e c t r i c a l  conduc to r .  
(METAL, CONDUCTOR) 

H73 41017 PRODUCTION OF METALLIC HYDROGEN 
V e r e s h c h a g i n ,  L.F., and  R.G. Arkhipov,  ( J o i n t  P u b l i c a t i o n s  
Resea rch  S e r v i c e ,  A r l i n g t o n ,  V a . ) ,  Trans .  o f  P r i r o d a ,  N3: 
9-12, Mar 72, ( I n  R u s s i a n ) ,  Avai1:TAC 

The r e p o r t  c o n t a i n s  a d i s c u s s i o n  of  p r e d i c t e d  p r o p e r t i e s  
o f  me ta l l i c  hydrogen.  Ways o f  a t t a i n i n g  t h e  c o l o s s a l  p r e s -  
s u r e s  r e q u i r e d  t o  k e e p  hydrogen i n  t h e  metal l ic  s ta te  a t  
room t e m p e r a t u r e  are examined.  
(METAL, PRESSURE, PROPERTY) 

H73 41018* SOLID HYDROGEN AS A SPACE STORABLE PROPELLANT-- 
A PRELIMINARY STUDY 
Hord, J . ,  ( C r y o g e n i c s  D i v i s i o n ,  N a t i o n a l  Bureau o f  S t a n d a r d s ,  
B o u l d e r ,  C o l o . ) ,  Unpub l i shed  NBS R e p o r t  10740,  M a r  3 1  ' 7 2  

The s i g n i f i c a n t  a d v a n t a g e s  o f  subcoo led  l i q u i d ,  s l u s h ,  
and s o l i d  hydrogen,  as s p a c e  s t o r a b l e  p r o p e l l a n t s ,  a r e  made 
e v i d e n t .  Maximum s t o r a g e  d u r a t i o n  o f  hydrogen p r o p e l l a n t  
i s  o b t a i n e d  by  u s i n g  s o l i d  hydrogen and t h e  maximum a l low-  
a b l e  t a n k  v e n t  p r e s s u r e .  Maximum " n o - l o s s "  s t o r a g e  d u r a t i o n  
i s  a l s o  o b t a i n e d  by  u s i n g  s o l i d  hydrogen. A compar ison  o f  
s t o r a g e  d u r a b i l i t y  o f  s u b c o o l e d  l i q u i d ,  s l u s h ,  and s o l i d  
hydrogen i s  g i v e n .  
(SLUSH, SOLID, STORAGE, SPACECRAFT) 



H 7 3  4 2 0 0 0  HOW TO DESIGN P I P I N G  SYSTEMS FOR HYDROGEN SERVICE 
C h e r r i n g t o n ,  D.C., and A.R. C u i f f r e d a ,  ( E s s o  R e s e a r c h  & En-  
g i n e e r i n g  C o . ,  F l o r h a m  P a r k ,  N . J . ) ,  O i l  & G a s  J o u r n a l ,  
V 6 5 : 1 0 2 - 6 ,  109 N 2 1 ,  6 7 ,  A v a i 1 : T A C  

A t  ambient t e m p e r a t u r e s  H2 does no t  permeate s teel  
r e a d i l y  except a t  e x t r e m e l y  h i g h  pressures. A t  h i g h  t e m -  
pera tures  and h i g h  p re s su res ,  H f r o m  d i s soc i a t ed  H2 can 
en te r  t h e  s teel  and cause p e r m a n e n t  d a m a g e  e i t h e r  by p h y s -  
i ca l  a c t i o n  of H pene t r a t ion  i n t o  t h e  crystal l a t t i ce  and 
subsurface voids ,  or by c h e m i c a l  react ion w i t h  C and o t h e r  
e l e m e n t s .  
(GAS, PIPE, DESIGN, SYSTEM) 

H 7 3  4 2 0 0 1  HYDROGEN GAS PRESSURE V E S S E L  PROBLEMS I N  
THE M-1 F A C I L I T I E S  
L a w s ,  J.S.,  V. F r i c k ,  and J. M c C o n n e l l ,  ( A e r o j e t - G e n e r a l  
C o r p .  , S a c r a m e n t o ,  C a l i f .  ) , NASA-CR-1305, J1 68, A v a i l  : TAC 

T h i s  report  del ineates  p e r t i n e n t  d a t a  and i n f o r m a t i o n  
related t o  a series of f a i lu re s ,  o r  s t r u c t u r a l  defects ,  
experienced w i t h  h i g h  p ressure ,  g a s e o u s  h y d r o g e n  s t o r a g e  
receivers p r o c u r e d  for ,  i n s t a l l e d ,  and used a s  par t  of t h e  
M-1 E n g i n e  D e v e l o p m e n t  P r o g r a m .  
(GAS, PRESSURE, VESSEL, STORAGE, FAILURE) 

H 7 3  4 2 0 0 2  HYDROGEN DISTRIBUTION TO PROCESS LABORATORIES 
H a m m e r s m i t h ,  J . W . ,  and A.W. L a r s o n ,  C h e m i c a l  E n g i n e e r i n g  
Progress,  V 6 2 : 5 4 ,  D e c  66, A v a i 1 : T A C  

T h e  A m e r i c a n  O i l  C o m p a n y ' s  r e s e a r c h  s t a f f  h a s  devel- 
oped a s y s t e m  f o r  s u p p l y i n g  h y d r o g e n  t o  i t s  process labor- 
a tor ies .  T h e  d e s i g n  f ac i l i t a tes  safe h a n d l i n g  of t h e  
i n c r e a s i n g  a m o u n t s  of h y d r o g e n  d e m a n d e d  by p e t r o l e u m  and 
p e t r o c h e m i c a l  process w o r k .  P i l o t  p l a n k s  w i t h i n  t h e  lab- 
oratories are suppl ied  t h r o u g h  i n d i v i d u a l  d i s t r i b u t i o n  sub- 
s y s t e m s .  
(GAS, DISTRIBUTION,  PETROCHEMICAL) 

H 7 3  4 2 0 0 3 "  TRANSPORTATION AND STORAGE OF HYDROGEN FOR 
ECO-ENERGY 
R e y n o l d s ,  R.A., and W.L. S l a g e r ,  (TEMPO - G e n e r a l  E l e c t r i c  
C o . ,  S a n t a  B a r b a r a ,  C a l i f . ) ,  R e p o r t  No .  G E - 7 2 - W P - 5 4 .  
D e c  7 2 ,  A v a i 1 : ~ A c  

P r i m a r y  e m p h a s i s  is  placed on c o m p a r i s o n  b e t w e e n  t h e  
cost  of p ipe l ine  t r a n s p o r t a t i o n  of n a t u r a l  g a s  and gaseous 



hydrogen.  These a n a l y s e s  i n d i c a t e d  a b o u t  a 40 p e r c e n t  
h i g h e r  c o s t  f o r  hydrogen u n d e r  comparable  c o n d i t i o n s ,  b u t  
no s i g n i f i c a n t  o p e r a t i o n a l  problems were  i d e n t i f i e d .  Anal-  
y s i s  o f  t h e  c o s t s  o f  l i q u e f a c t i o n  and s t o r a g e  d e m o n s t r a t e  
t h a t  t h e  low-energy d e n s i t y  of hydrogen f u e l s  i s  indeed  
a  problem,  b u t  t h a t  s e v e r a l  a l t e r n a t i v e s  may o f f e r  r eason-  
a b l e  s o l u t i o n s .  
(PIPE, COST, TRANSPORT, STORAGE) 

H73 42004* STANDARD FOR GASEOUS HYDROGEN SYSTEMS AT 
CONSUMER SITES 
Anon, (Compressed Gas A s s o c i a t i o n ,  I n c . ,  New York, N.Y. ) ,  
Pamphlet  G-5.1, 70, Avai1:TAC 

T h i s  S t a n d a r d  c o v e r s  t h e  g e n e r a l  p r i n c i p l e s  recommended 
f o r  t h e  i n s t a l l a t i o n  o f  g a s e o u s  hydrogen s y s t e m s  on consumer 
p r e m i s e s .  
(GAS, STANDARD, CONSUMER, SAFETY) 



H73 43000* METAL HYDRIDES AS A SOURCE OF HYDROGEN FUEL 
~ e i l l y ,  J. J., R.H. Wiswa l l ,  Jr . ,  and  K.C. Hof fman, (Brook- 
haven N a t i o n a l  Lab., Upton,  N.Y.), R e p o r t  No. BNL-14804, 
~ i v i s i o n  o f  F u e l  Chemis t ry ,  American Chemical S o c i e t y ,  
Chicago,  I l l . ,  S e p t  70, Avai1:TAC 

The u s e  o f  hydrogen as a n o n - p o l l u t i n g  f u e l  is  de- 
s i r a b l e  b u t  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  u s i n g  t h e  c ryo-  
g e n i c  o r  compressed form are f o r m i d a b l e .  However, it 
a p p e a r s  t h a t  c e r t a i n  r e v e r s i b l e  metal h y d r i d e s  c a n  be 
used  a s  a c o n v e n i e n t ,  c h e a p  and  s a f e  s o u r c e  o f  hydrogen 
f u e l .  The h e a t  o f  d i s s o c i a t i o n  c a n  b e  s u p p l i e d  by t h e  
w a s t e  h e a t  o f  t h e  e n e r g y  c o n v e r t e r  or, i n  c e r t a i n  cases, 
from t h e  s u r r o u n d i n g  env i ronment .  When t h e  h y d r i d e  is 
e x h a u s t e d  it may be r e g e n e r a t e d  by  s u p p l y i n g  hydrogen a t  
a p r e s s u r e  above  i t s  d i s s o c i a t i o n  p r e s s u r e .  M e t a l  h y d r i d e s  
o f  p a r t i c u l a r  i n t e r e s t  are VH2, Mg2NiH4 and MgH2. Vanadium 
d i h ~ d r i d e ~ c o n t a i n s  a p p r o x i m a t e l y  2 w t  % a v a i l a b l e  hydrogen 
and a t  25 C h a s  a d i s s o c i a t i o n  p r e s s u r e  r a n g i n g  from 2 
t o  5 a tmosphere ,  depend ing  on i ts  p u r i t y .  Magnesium 
n i c k e l  h y d r i d e  and magnesium h y d r i d e  c o n t a i n  3.6 w t  % 
and more t h a n  7 w t  % hydrogen b u t  b o t h  r e q u i r e  h i g h e r  
d e c o m p o s i t i o n  t g m p e r a t u r e s .  F o r  Mg2NiH4 t h e  d i s s o c i a t i o n  
p r e s s u r e  a t  275 C i s  1 .9  a tmgsphere  and f o r  MgHZ t h e  
d i s s o c i a t i o n  p r e s s u r e  a t  300 C is 1.8 a tmosphere .  These 
s y s t e m s  a p p e a r  t o  be  i d e a l  f o r  u s e  as  a hydrogen s o u r c e  
f o r  f u e l  c e l l  power s y s t e m s .  They c o u l d  a l s o  b e  used  t o  
s u p p l y  hydrogen t o  m o d i f i e d  i n t e r n a l  combust ion  e n g i n e s ,  
g a s  t u r b i n e s ,  etc.  
(DISSOCIATION, DECOMPOSITION, PRESSURE, TEMPERATURE, 
ENERGY) 

H73 43001 THE HIGHER HYDRIDES OF VANADIUM AND NIOBIUM 
R e i l l y ,  J.J., and R.H. W i s w a l l ,  Jr . ,  (Brookhaven N a t i o n a l  
Lab., Upton,  N .Y . ) ,  I n o r g a n i c  c h e m i s t r y ,  V 9,1678, 70, ~ v a i l : ~ ~ ~  

Vanadium d i h y d r i d e  and niobium d i h y d r i d e  were  p r e p a r e d  
by t h e  d i r e c t  r e a c t i o n  o f  hydrogen w i t h  t h e  m e t a l .  A t t e m p t s  
t o  p r e p a r e  t a n t a l u m  d i h y d r i d e  were  u n s u c c e s s f u l .  P r e s s u r e -  
c o m p o s i t i o n  i s o t h e r m s  were  d e t e r m i n e d  f o r  t h e  sys t ems  VH4.9-  
VH2.0 and Nb,o-g-NbHZ.O. P e r t i n e n t  thermodynamic d a t a  
were  c a l c u l a t e d  f o r  e a c h  sys t em.  The p h a s e  d iag rams  f o r  
t h e  vanadium-hydrogen sys t em and t h e  niobium-hydrogen 
sys t em were  ex tended  t o  a c o m p o s i t i o n  c o r r e s p o n d i n g  t o  MH2. 
(HYDRIDE, REACTION, METAL, PRESSURE, VANADIUM, NIOBIUM) 



H73 43002 A NEW LABORATORY GAS CIRCULATION PUMP FOR 
INTERMEDIATE PRESSURES 
R e i l l y ,  J.J., A. H o l t z ,  and  R.H. Wiswal l ,  Jr., (Brook-  
haven N a t i o n a l  Lab. ,  Upton ,  N.Y.), The Review o f  S c i e n t i f i c  
I n s t r u m e n t s ,  V 42 N10, O c t  7 1  

A l a b o r a t o r y  g a s  c i r c u l a t i o n  pump has  been  b u i l t  i n  
which t h e  pump d r i v l n g  f o r c e  i s  o b t a i n e d  by t h e  a l t e r n a t e  
decompos i t ion  and r e g e n e r a t i o n  o f  vanadium d i h y d r i d e  (VH2) . 
T h i s  c y c l i c  a c t i o n  i s  accompl i shed  by a l t e r n g t e l y  h e a t i n g  
andocoo l ing  t h e  h y d r i d e  s y s t e m  u s i n g  h o t  (50  C) and c o l d  
(18 C )  w a t e r .  The p a r t i c u l a r  pump d e s c r i b e d  i s  s u i t a b l e  
f o r  t h e  c i r c u l a t i o n  o f  g a s e s  i n  sys t ems  where t h e  p r e s s u r e  
r a n g e  is between 7 and 24  a tmospheres .  
(GAS, PUMP, DECOMPOSITION, HYDRIDE) 

H73 43003 T m  REACTION OF HYDROGEN WITH ALLOYS OF 
MAGNESIUM AND NICKEL AND THE FORMATION OF MG2NIH4 
R e i l l y ,  J.J., and R.H. W i s w a l l ,  Jr., (Brookhaven N a t i o n a l  
Lab . ,  Upton,  N.Y., I n o r g a n i c  Chemis t ry ,  V 7:2254m 68, 
A v a i l  : TAC 

I n  t h e  Mg-Ni s y s t e m  two i n t e r m e t a l l i c  compounds a r e  
formed: Mg2Ni and MgNi2. MgNi2 d i d  n o t  r e a c t  w&th H2 a t  
p r e s s u r e s  u p  t o  400 p s i a  and t e m p e r a t u r e s  t o  350 ; how-o 
e v e r ,  Mg2Ni r e a c t e d  r e a d i l y  w i t h  H2 a t  300 p s i a  and 325 . 
The p r o d u c t  o f  t h e  r e a c t i o n  was a new t e r n a r y  h y d r i d e  w i t h  
t h e  fo rmula  Mg2NiH4. The r e a c t i o n  was r e v e r s i b l e  and upon 
decompos i t ion  t h e  o r i g i n a l  s t a r t i n g  m a t e r i a l  was r e g e n e r a t e d .  
The X-ray d i f f r a c t i o n  p a t t e r n  o f  t h e  p r o d u c t  was indexed.  
S e v e r a l  p r e s u u r e - c o m p o s i t i o n  i s o t h e r m s  w e r e  o b t a i n e d .  The 
d i s s o c i a t i o n  p r e s s u r e  o f  t h e  h y d r i d e  w a s  found t o  obey  t h e  
r e l a t i o n s h i p  l o g  PsUn = ( - 3 3 6 0 / ~ )  + 6.389 from which thermo- 
dynamic d a t a  were  c a l c u l a t e d .  I n  t h e  p r e s e n c e  o f  excess 
Mg t h e  p r e s s u r e - c o m p o s i t i o n  i s o t h e r m  e x h i b i t e d  two p l a t e a u s ;  
t h e  lower  p l a t e a u  is a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  MgH2 
a s  ev idenced  b y  X-ray d i f f r a c t i o n  d a t a  and thermodynamic 
c o n s i d e r a t i o n s .  The p r e s e n c e  o f  Mg2Ni appea red  t o  have 
a c a t a l y t i c  e f f e c t  on t h e  f o r m a t i o n  o f  MgH2. 
(PRESSURE, TEMPERATURE, HYDRIDE, DISSOCIATION, THERMODYNAMIC) 

H73 43004 THE REACTION OF HYDROGEN WITH ALLOYS OF 
MAGNESIUM AND COPPER 
R e i l l y ,  J.J., and R.H. Wiswa l l ,  (Brookhaven N a t i o n a l  Lab., 
Upton, N .Y . ) ,  I n o r g a n i c  Chemis t ry ,  V 6:2220, 67 ,  Avai1:TAC 

The i n t e r m e t a l l i c  compound Mg2Cu r e a c t s  w i t h  H2 a t  
a p p r o x i m a t e l y  300° t o  form MgH2 and MgCy2. Excess  Mg i n  



t h e  a l l o y  a l s o  r e a c t s  t o  form MgH2. I n  t h e  l a t t e r  case 
a pressure-composi t ion i so therm e x h i b i t s  t w o  p l a t e a u s .  The 
e q u i l i b r i u m  d i s s o c i a t i o n  p r e s s u r e  o f  H2 was measured as a 
f u n c t i o n  of temperature  f o r  b o t h  sys tems  from which thermo- 
dynamic f u n c t i o n s  f o r  t h e  r e a c t i o n s  concerned w e r e  c a l c u l a t e d .  
(EQUILIBRIUM, DISSOCIATION. PRESSURE, THERMODYNAMIC, 
TEMPERATURE) 

H73 43005 THE EFFECT OF MINOR CONSTITUENTS ON THE 
PROPERTIES O F  VANADIUM AND NIOBIUM HYDRIDES 
R e i l l y ,  J.J., and R.H. Wiswall, Jr., (Brookhaven Nat iona l  
Lab., Upton, N.Y.), I n t e r n a t i o n a l  Meeting on Hydrogen i n  
Me ta l s ,  J u l i c h ,  Germany, Mar 72, Report  No. BNL-16546 

The s t a b i l i t y  of vanadium d i h y d r i d e  was found t o  be 
remarkably s e n s i t i v e  t o  s m a l l  amounts o f  i m p u r i t i e s .  For  
example, a t  40°c t h e  d i s s o c i a t i o n  p r e s s u r e  o f  V%2 made 
from zone-refined,vanadium i s  4.0 atm w h i l e  VH,2 made f r m  
zone- re f ined ,  h igh-pur i ty ,  vanadium c o n t a i n i n g  1.66 atomic 
p e r c e n t  S i  is 18.0 atm. Other m e t a l  contaminants ,  normally 
found i n  commercial-grade vanadium have s i m i l a r  e f f e c t s .  
R e s u l t s  a r e  given which permit  t h e  comparison of t h e  potency 
o f  v a r i o u s  me ta l  a d d i t i v e s  a f t e r  c o r r e c t i n g  f o r  t h e  e f f e c t  
of  an  a r c  m e l t i n g  s t e p ,  which a l o n e  h a s  a s l i g h t  e f f e c t  on 
t h e  subsequent  d i s s o c i a t i o n  p r e s s u r e  o f  VHA. I n  some c a s e s  
t h e  e f f e c t  of  varying t h e  c o n c e n t r a t i o n  o f  a s i n g l e  a d d i t i v e  
b y  t e n f o l d  o r  more was s t u d i e d .  It w a s  a l s o  found t h a t ,  upon 
s u b s t i t u t i o n  of deuterium f o r  hydrogen,  t h e  r e s u l t i n g  VD-2 
w a s  v e r y  much more s t a b l e  t han  VHN2. 
(HYDRIDE, VANADIUM, NIOBIUM, DISSOCIATION, PRESSURE, IMPURITY) 

H73 43006 PURE AND SIMPLE: STORING HYDROGEN I N  HYDRIDES 
Anon, S c i e n t i f i c  American, V 227:46, Aug 72 

Workers a t  t h e  P h i l l i p s  Research L a b o r a t o r i e s  i n  t h e  
Nether lands  may have found a n o t h e r  way: t h e y  have success-  
f u l l y  syn thes i zed  i n t e r m e t a l l i c  canpounds i n  which t h e  hydro- 
gen is he ld  i n  t h e  form of hydr ides .  The hydrogen can be re- 
l e a s e d  and reabsorbed a t  room t empera tu re  and a t  p r e s s u r e s  of  
a few atmospheres.  

H73 43007* METAL HYDRIDES FOR ENERGY STORAGE 
Wiswall,  R.H., Jr., and J.J. R e i l l y ,   r rook haven Nat iona l  Lab., 
Upton, N.Y.), Report No. BNL-16889, 7 t h  I n t e r s o c i e t y  Energy 
Conversion Engineer ing Conference, San Diego, Ca l i f . ,  Sep t  25 '72 

The u s e  of me ta l  hydr ides  a s  hydrogen r e s e r v o i r s  f a c i l -  



i t a t e s  t h e  s t o r a g e  and s u b d i v i s i o n  o f  c e n t r a l - s t a t i o n  power 
f o r  automotive and o t h e r  purposes.  Hydrides w i th  a wide 
range of p r o p e r t i e s  have been syn thes i zed  and s t u d i e d ,  and 
s e v e r a l  appear  t o  have promise f o r  s p e c i f i c  s t o r a g e  a p p l i -  
c a t i o n s .  R e s u l t s  are r e p o r t e d  on t h e  e f f e c t  of  a l l o y  con- 
s t i t u e n t s  on hydr ide  s t a b i l i t y ;  on t h e  format ion o f  hyd r ides  
b y  me ta l s  r e a c t i n g  w i t h  gas  mix tu re s  such a s  t h o s e  produced 
b y  t h e  steam reforming of hydrocarbons; and on t h e  f e a s i b i l i t y  
o f  i n t e g r a t e d  systems o f  hydr ide  r e s e r v o i r  p l u s  engine o r  
f u e l  c e l l .  
(HYDRIDE, ENERGY, STORAGE, STABILITY) 

H73 43008* METAL HYDRIDE ENERGY STORAGE SYSTEMS 
Hoffman, K.C., (Brookhaven Nat iona l  Lab., Upton, N.Y. ) , J .J. 
R e i l l y ,  R.H. Wiswall,  T.V. Sheehan, and W.E. Winsche, I n t e r -  
s o c i e t y  Energy Conversion Engineering Conference, Boulder,  
Colo., 68, V1:981-5 

It h a s  been founded t h a t  Mg-Ni and Mg-Cu a l l o y s  w i l l  
r e a c t  r e v e r s i b l y  w i t h  hydrogen t o  form me ta l  hydr ides .  
These me ta l  hydr ides  p rov ide  t h e  b a s i s  o f  a hydrogen s t o r a g e  
technique  w i t h  many advantages  over  bo th  l i q u i d  and com- 
p re s sed  gas  hydrogen s t o r a g e .  The p o s s i b i l i t y  of  applying 
t h i s  s t o r a g e  concept  t o  a v a r i e t y  o f  energy convers ion  systems 
has  been s t u d i e d  and s e v e r a l  a t t r a c t i v e  a p p l i c a t i o n s  have 
evolved.  Of s p e c i a l  i n t e r e s t  is a f u e l  cell  power system 
u t i l i z i n g  a me ta l  hyd r ide  as i t s  f u e l  source .  
(HYDRIDE, METAL, ENERGY, STORAGE, FUEL) 

H73 43009 REVERSIBLE ROOM TEMPERATURE ABSORPTION OF 
LARGE QUANTITIES OF HYDROGEN BY INTERMETALLIC COMPOUNDS 
Vanvucht, J.H., P h i l i p s  Research Reports-25, p 133-40, 70 

Some hexagonal i n t e r m e t a l l i c  compounds of t h e  composi t ion 
AB5, where A r e p r e s e n t s  a r a r e - e a r t h  m e t a l  and B n i c k e l  o r  
c o b a l t ,  a r e  r epo r t ed  t o  absorb  and desorb  e a s i l y  l a r g e  quan- 
t i t i e s  of hydrogen g a s  under  r e l a t i v e l y  s m a l l  p r e s s u r e s  a t  
room temperature.  Fo r  some s e l e c t e d  compounds, v i z . ,  LaNi5 
and SmCo5, a b s o r p t i o n  i so therms  and X-ray d a t a  are given.  The 
compound LaNi5 forms t h e  hydr ide  LaNi5H6., a t  room tempera ture  
under  2'5 atmosphere o f  hydrogen p re s su re .  Its u n i t  ce l l  ex- 
pands 25 v o l e %  and seems t o  r e t a i n  i t s  hexagonal symmetry. 
SmCo5 forms t h e  hydr ide  SmCo5H3 a t  room temperature  under  4"5 
atmosphere o f  hydrogen p r e s s u r e ,  w h i l e  i ts  u n i t  ce l l  expands 
10 vol.% and becomes orthorhombic. F o r  bo th  h y d r i d e s  t h e  
h e a t  of  r e a c t i o n  is found t o  be about  7 kcal/mol H2. 
(HYDRIDE, TEMPERATURE, ABSORPTION, INTERMETALLIC) 



H73 4301O* IRON TITANIUM HYDRIDE: ITS FORMATION, 
PROPERTIES, AND APPLICATION 
R e i l l y ,  J.J., and R.H. Wiswall,  Jr . ,  (Brookhaven Nat iona l  
Lab., Upton, N.Y.) ,  D iv i s ion  of F u e l  Chemistry, American 
chemical  S o c i e t y ,  Chicago, Ill . ,  Aug 73, Avai1:TAC 

The i n t e r m e t a l l i c  compound FeTi r e a c t s  w i t h  hydro- 
gen t o  form, i n  success ion ,  hydr ides  o f  t h e  approximate 
composi t ion FeTiH and FeTiH*. The composit ion limits 
have been determined and a r e  diagrammed. Both hydr ides  
have d i s s o c i a t i o n  p r e s s u r e s  of  over  one atmosphere a t  
O'C, u n l i k e  t h e  very  s t a b l e  TiH2. The r e l a t i v e  p a r t i a l  
molar e n t h a l p i e s  o f  hydrogen have t h e  r a t h e r  low va lues  
of -3.36 ~ c a l / g m  atoms of hydrogen i n  t h e  lower hydr ide  
and -3.70 t o  -4.03 in  t h e  h igher :  t h e  p r o p e r t i e s  o f  t h e  
l a t t e r  vary  wi th  t h e  hydrogen con ten t .  Pronounced hys te r -  
e s i s  e f f e c t s  a r e  observed,  t h e  a b s o r p t i o n  isotherms of 
p r e s s u r e  vs .  composit ion f r e q u e n t l y  be ing  s e v e r a l  atmos- 
phe re s  h ighe r ,  a t  a  g iven composit ion,  than  t h e  deso rp t ion  
isotherms.  The lower hydr ide ,  FeTiH, has  t e t r a g o n a l  sym- 
metry  and a  d e n s i t y  of 5.88. The hydr id ing  behavior  is  
q u i t e  s e n s i t i v e  t o  t h e  composit ion o f  t h e  Fe-Ti phase. 
If  T i  is  i n  s l i g h t  excess  over  t h e  equia tomic  p ropor t ion ,  
t h e  hydrogen s o r p t i o n  isotherm no longe r  shows t h e  p l a t e a u s  
and i n f l e c t i o n s  c h a r a c t e r i s t i c  of  t h e  appearance o f  new 
phases.  The p r o p e r t i e s  of  i ron - t i t an ium hydride  make 
it u s e f u l  f o r  hydrogen s t o r a g e .  A working hydride  r e s e r -  
v o i r  has  a c t u a l l y  been made and used a s  t h e  source  of f u e l  
f o r  a  hydrogen-burning Wankel engine.  
( IRON,  TITANIUM, HYDRIDE , STORAGE, ENGINE) 

H73 43011* METAL HYDRIDES AS A SOURCE OF FUEL FOR 
VEHICULAR PROPULSION 
Hoffman, K.C.,  W.E. Winsche, R.H. Wiswall,  J.J. R e i l l y ,  
T.V. Sheehan, and C.H. Waide, (Brookhaven Nat iona l  Lab., 
Upton, N .Y . ) ,  SAE-Internat ional  Automotive Engineering 
Congress, Ja 13 ' 6 9 ,  Paper 690232  

S t u d i e s  of t h e  e q u i l i b r i u m  r e l a t i o n s h i p s  and k i n e t i c s  
of t h e  r e v e r s i b l e  r e a c t i o n  of hydrogen w i t h  magnesium-nickel 
and magnesium-copper a l l o y s  i n d i c a t e  t h a t  such systems have 
p r o p e r t i e s  t h a t  may form t h e  b a s i s  of a  convenient  and in-  
expens ive  method of s t o r i n g  hydrogen. This  unique hydro- 
gen s t o r a g e  technicpe  o f f e r s  t h e  p o s s i b i l i t y  of u t i l i z i n g  
t h i s  c l e a n  and p o t e n t i a l l y  economical f u e l  f o r  motor v e h i c l e  
p ropuls ion .  A v e h i c l e  p rope l l ed  by a  hydrogen-fueled in- 
ternal-combust ion engine would produce an exhaust  t h a t  i s  
i n h e r e n t l y  f r e e  of t h e  hydrocarbon, carbon monoxide, and 



carbon d iox ide  p o l l u t a n t s  t h a t  a r e  major c o n t r i b u t o r s  t o  
t h e  atmospheric p o l l u t i o n  problem i n  urban a r e a s .  The 
c h a r a c t e r i s t i c s  of t h i s  v e h i c u l a r  p ropuls ion  concept  have 
been es t imated  and i n d i c a t e  t h a t  t he  hydrogen engine  is 
p o t e n t i a l l y  s u p e r i o r  i n  performance t o  o t h e r  i n h e r e n t l y  
hydrocarbon-free propuls ion  concepts  such a s  b a t t e r y  and 
f u e l  c e l l  powered e l e c t r i c  d r i v e s .  
(HYDRIDE, METAL, FUEL, ENGINE, STORAGE) 

H 7 3  43012 MAGNETS THAT ATTRACT HYDROGEN 
Z i j l s t r a ,  H., Chemical Technology, V 2:280-4 N5, May 72 

P r o p e r t i e s  of r a r e - e a r t h  elements and compounds a r e  
u s e f u l  i n  a  number of r o l e s :  a s  pet rochemical  c a t a l y s t s ,  
g r a i n  r e f i n e r s  i n  s t e e l ,  g e t t e r s  i n  vacuum tubes ,  f l u o r e s c e n t  
powders, e t c .  Now t h e r e  a r e  two newer p r o p e r t i e s  t h a t  
might a c q u i r e  economic importance i n  t h e  n e a r  f u t u r e .  

We a r e  cons ider ing  he re  a  fami ly  of compounds of 
l an than ides ,  R ,  and 3 d - t r a n s i t i o n  m e t a l s ,  T ,  of  composi- 
t i o n  RT5. Some of t h e s e  compounds are ferro-magnet ic  
and show high m a q n e t o c r y s t a l l i n e  an iso t ropy .  This  makes 
them p o t e n t i a l l y  s u i t a b l e  f o r  t h e  manufacture of permanent 
magnets. But they  a l s o  have a  remarkable a f f i n i t y  f o r  
hydrogen. 

(LANTHANIDE, AFFINITY, MAGNET, RARE EARTH) 



V. SAFETY 



H73 50000" LIQUEFIED HYDROGEN SAFETY 
Edeskuty,  F.J., and R. Reider ,  (Los Alamos S c i e n t i f i c  Lab., 
Los Alamos, N.M.) ,  U.S. Atomic Energy Commission, LA-DC- 
9569, 68, Avai1:TAC 

The a c c i d e n t  expe r i ence  and a c c i d e n t  p o t e n t i a l  i n  
t h e  u s e  of l i q u e f i e d  H is examined w i t h  r e s p e c t  t o  co ld  
damage t o  t i s s u e ,  a sphyx ia t ion ,   a air (0) m i x t u r e s ,  
m a t e r i a l  p r o p e r t i e s ,  a i r  and moi s tu re  condensat ion and 
p r e s s u r e  bu i ldup .  The c o n t r o l  o f  l i q u e f i e d  H s a f e t y  prob- 
lems i s  reviewed i n :  f a c i l i t y  des ign  which inc ludes  s i t e  
s e l e c t i o n ,  m a t e r i a l s  of  c o n s t r u c t i o n ,  d i s p o s a l ,  p r e s s u r e  
r e l i e f  ( s t o r a g e ,  i n s u l a t i o n  space ,  and e x p l t .  volumes) 
and c o n t r o l  of s p i l l s ;  s a f e  p rocedures  which inc lude  s t a n -  
dard  o p e r a t i n g  procedures ,  s a f e t y  t r a i n i n g  and educa t ion ,  
emergency procedures ,  c o n t r o l  of  i g n i t i o n  sou rces ;  and 
ope ra t ing  p r i n c i p l e s  such a s  H moni tor ing ,  s t o r a g e  above 
a tmospher ic  p r e s s u r e ,  purging ( b e f o r e  and a f t e r  o p e r a t i o n s ) ,  
i n e r t i n g ,  l eak  c o n t r o l ,  chi l ldown procedures ,  ven t ing  pro- 
cedures .  
(LIQUID, SAFETY, CONTROL, DAMAGE) 

H73 50001 LIQUEFIED HYDROGEN SAFETY. REVIEW 
Anon, American S o c i e t y  of S a f e t y  Engineers  Jou rna l ,  v 14: 
18-23 N5, May 69 

Accident  problems from use  of l i q u e f i e d  hydrogen a r e  
d i scus sed  w i t h  r e s p e c t  t o  t i s s u e  damage, a sphyx ia t ion ,  f i r e s  
and exp los ions ,  m a t e r i a l  p r o p e r t i e s  and p r e s s u r e  bu i ldup;  
adv ice  on s a f e t y  c o n t r o l s  i s  provided l n  f a c i l i t y  and equip- 
ment des ign ,  and s a f e  procedures  i nc lud ing  t h o s e  f o r  emer- 
genc i e s  and t r a i n i n g  and ope ra t ing  p r i n c i p l e s .  
(SAFETY, LIQUID, FIRE, ASPHYXIATION) 

H73 50002 SAFETY REQUIREMENTS FOR HIGH-TEMPERATURE DESIGN 
Gernhardt ,  P . ,  N69-37674, DEW Technology Report ,  V 9:353 
N2, 69, ( I n  German), Avai1:TAC 

I n  tube furnaces  used i n  hydrogen produc t ion  p l a n t  
t ub ing  i s  sub jec t ed  t o  extremely high s t r e s s e s .  A s  i t  is 
d i f f i c u l t  t o  o b t a i n  c r e e p  r u p t u r e  v a l u e s  f o r  a  s e r v i c e  l i f e  
of 10,000 hours,  de s ign  f o r  a  50,000 hour l i f e  i s  more 
a p p r o p r i a t e  i n  such p l a n t ,  t h e  des ign  s a f e t y  f a c t o r  i s  a  
t ime v a r i a b l e ,  s o  t h a t  i t  is recommended t o  use  i n i t i a l  
s a f e t y  f a c t o r s  i n  a  way t h a t  a f t e r  t h e  planned l i f e t i m e  t h e  
s a f e t y  f a c t o r s  became un i ty .  Up t o  t h a t  moment, c r e e p  



r u p t u r e s  a r e  u n l i k e l y  t o  occur .  Afterwards ,  c r e e p  r u p t u r e  
occur rences  a r e  a s c r i b e d  t o  a c t u a l  stress i n c r e a s e s  due t o  
i n t e r f a c i a l  e f f e c t s .  
(SAFETY, FURNACE, TEMPERATURE, DESIGN) 

H73 50003 DESIGN OF FAIL-SAFE CONTROL SYSTEMS FOR STEAM 
REFORMING PLANTS 
Axelrod,  L.C., and J . A .  F inneran,  (M.W. Kellogg Co., New 
York, N.Y.) ,  S a f e t y  A i r  Ammonia P l a n t s ,  V 7:l-6, 65 

The major  s a f e t y  cons idera t i .ons  i n h e r e n t  i n  t h e  des ign  
and o p e r a t i o n  of c u r r e n t  steam-CH4 reforming p l a n t s  f o r  
t h e  produc t ion  o f  NH3-synthesis gas  a r e  c i t e d  a s  s a f e t y  
o f  d e s i g n  i n  reformer  t ubes ,  t r a n s f e r  l i n e ,  compressed a i r  
sys tems,  and t h e  secondary reformer.  
(STEAM, REFORMING, CONTROL, SAFETY) 

H73 50004 THE INTENSITY OF THE NARCOTIC ACTION OF 
HYDROGEN AT HIGH PRESSURE 
Lazarev,  N.V., Farmakol. i Toksikol . ,  V 6:29-32, 43, ( I n  
Russ i an ) ,  Avail-TAC 

The b i o l o g i c a l  n a r c o t i c  a c t i o n  of hydrogen under p res -  
s u r e  was t e s t e d  i n  a p r e l i m i n a r y  experiment on a wh i t e  mouse 
i n  a p r e s s u r e  chamber con ta in ing  a mix tu re  of 95 p e r c e n t  
n i t r o g e n  and 5 p e r c e n t  oxygen; a hydrogen feed up  t o  55 
a tmospher ic  p r e s s u r e  of t h e  ni t rogen-hydrogen mix ture  d i d  
n o t  produce n a r c o s i s .  
(PRESSURE, SAFETY, NARCOTIC) 

H73 50005 A PRACTICAL SAFETY STANDARD FOR COMMERCIAL 
HANDLING OF LIQUEFIED HYDROGEN 
Connolly,  W.W., ( A i r  Reduction Co., I ~ c . ,  New York, N.Y.), 
Advances i n  Cryogenic Engineer ing ,  V 12:192-7, 67 

The t i t l e  s u b j e c t  is  d i scussed .  S a f e t y  f a c t o r s  in-  
c lude  non-confinement, welded p ip ing ,  p rope r  v e n t i l a t i o n ,  
flame p ropaga t ion  c o n t r o l ,  and i n s u l a t i o n .  
(SAFETY, STANDARD, COMMERCIAL, LIQUID, HANDLING) 

H73 50006* HANDLING HAZARDOUS MATERIALS 
Cloyd, D.R., (Clyde Will iams & Co., Columbus, O . ) ,  and W . J .  
Murphy, (Research I n s t i t u t e  of  Temple U n i v e r s i t y ,  P h i l a d e l p h i a ,  
P a . ) ,  NASA-SP-5032, Washington, D.C., S e p t  65, Avai1:TAC 

This  p u b l i c a t i o n  d e a l s  w i t h  h i g h l y  r e a c t i v e  m a t e r i a l s  
t h a t  have been s t u d i e d  i n  t h e  s e a r c h  for f u e l s  and o x i d i z e r s  



f o r  s p a c e  work: L i q u i d  hydrogen,  p e n t a b o r a n e ,  f l u o r i n e ,  
c h l o r i n e  t r i f l u o r i d e ,  o z o n e ,  n i t r o g e n  t e t r o x i d e ,  and hydra-  
z i n e  and i t s  d e r i v a t i v e s .  I t  d e s c r i b e s  b o t h  t h e  h a z a r d s  
t h a t  have r e s t r i c t e d  t h e  u s e  of t h e s e  m a t e r i a l s  and  t h e  
p r o c e d u r e s  b y  which  t h e y  have b e e n  hand led  and s t o r e d  s a f e l y .  
R e f e r e n c e s  a r e  g i v e n  t o  work done  by NASA and o t h e r  i n v e s t i -  
g a t o r s .  
(SPACECRAFT, FUEL, LIQUID, HANDLING, SAFETY) 

H73 50007 HYDROGEN VENT FLARE STACK PERFORMANCE 
Lap in .  A., ( A i r  P r o d u c t s  and  Chemica l s ,  I n c . ,  A l l en town ,  P a . ) ,  
Advances i n  Cryogen ic  E n g i n e e r i n g ,  V 1 2 ,  6 7 ,  Avai1:TAC 

T h i s  p a p e r  d e s c r i b e s  t h e  tests  t h a t  w e r e  per formed t o  
e s t a b l i s h  p r a c t i c a l  l i m i t s  f o r  a hydrogen v e n t  f l a r e  s t a c k  
o p e r a t i n g  u n d e r  a d v e r s e  w e a t h e r  c o n d i t i o n s .  The b a s i c  com- 
p o n e n t s  o f  t h e  v e n t  s t a c k  are  a f l a r e ,  m o l e c u l a r  seal, f l a m e  
f r o n t  g e n e r a t o r  i g n i t i o n  system, p i l o t s ,  s u p p o r t  s k i r t ,  
a s s o c i a t e d  p i p i n g ,  v a l v e s ,  and  gauges ;  a l l  a s sembled  and  
mounted on a c o n c r e t e  pad.  
(FLARE, VENT, SAFETY) 

H73 50008 PILOT CURRICULUM AND INSTRUCTORS GUIDE 
EMPHASIZING SAFETY I N  COMPRESSED GASES AND CRYOGENIC LIQUIDS 
Logan, E.M., and W.T. K i t t s ,  (NASA, Manned S p a c e c r a f t  
C e n t e r ,  Houston,  Tex . ) ,  N69-27573, NASA-TM-X-61563, Aug 25 
' 6 7 ,  Avai1:TAC 

Emphasis i n  t h i s  g u i d e  is  on t h e  v a r i o u s  s a f e t y  a s p e c t s  
i n  t h e  h a n d l i n g  o f  i n d u s t r i a l  compressed g a s e s  and c r y o g e n i c  
l i q u i d s  a t  t h e  Manned S p a c e c r a f t  C e n t e r ,  Houston.  S p e c i f i c -  
a l l y ,  t h e  g u i d e  c o v e r s :  (1) t h e  a tmosphere  and t h e  role o f  
q u a l i t y  c o n t r o l  i n  compressed g a s e s ;  ( 2 )  h a n d l i n g  and r e l a t e d  
a s p e c t s  o f  compressed g a s e s ;  ( 3 )  a n  i n t r o d u c t i o n  t o  cryo-  
g e n i c s  and l i q u i d  oxygen; ( 4 )  r e l a t e d  a s p e c t s  on l i q u i d  
n i t r o g e n ,  l i q u i d  hydrogen,  and l i q u i d  he l ium.  
(SAFETY, CRYOGENIC, COMPRESSED, GAS, LIQUID) 

H73 50009 SAFETY I N  THE USE OF LIQUEFIED GASES AT VERY 
LOW TEMPERATURES. PARTICULAR CASE OF LIQUID HYDROGEN. 
T h u r e l ,  G. ,  Chim. I n d . ,  Gen ie  Chim., V 102:17-25 N 1 ,  69, 
( I n  F r e n c h )  

The p h y s i o l o g i c a l  and p h y s i c a l  r i s k s  i n v o l v e d  i n  t h e  
u s e  o f  l i q u e f i e d  H and t h e  U.S. s a f e t y  r e g u l a t i o n s  a p p l i c a b l e  
a re  reviewed i n  r e l a t i o n  t o  t h e  p r o p e r t i e s  o f  H and i n  com- 



p a r i s o n  w i t h  t h o s e  o f  h y d r o c a r b o n s .  Recommendations are 
d e r i v e d  f o r  a v o i d a n c e  o f  c o n d e n s a t i o n  o f  l i q u i d  0 i n  l i q u i d  
H, o f  f o r m a t i o n  of f lammable c o n c e n t r a t i o n s  o f  H i n  t h e  
a t m o s p h e r e ,  and  for  m i n i m i z i n g  t h e  e f f e c t s  o f  any combust ion  
which o c c u r s .  
(LIQUID, SAFETY, FIRE) 

H 7 3  50010* STORAGE AND HANDLING OF CRYOBENS 
Edesku ty ,  F . J . ,  and  K.D. W i l l i a m s o n ,  Jr . ,  (Los Alamos 
S c i e n t i f i c  Lab., Los Alamos, N.M.) , Advances i n  Cryogenic  
E n g i n e e r i n g ,  V 17:56-68, Plenum P r e s s ,  New York, 7 2 ,  Avai1:TAC 

Review o f  t h e  s a f e t y  r e q u i r e m e n t s  and implemen ta t ion  
t e c h n i q u e s  o f  c ryogen  s t o r a g e  and t r a n s f e r  o p e r a t i o n s .  The 
more demanding r e q u i r e m e n t s  o f  t h e  lower b o i l i n g  t e m p e r a t u r e  
and smaller l a t e n t  h e a t  o f  v a p o r i z a t i o n  o f  l i q u i d  hydrogen 
and l i q u i d  he l ium a r e  shown t o  have  l e d  d u r i n g  t h e  l a s t  two 
d e c a d e s  t o  a  more s o p h i s t i c a t e d  t e c h n o l o g y  and t o  b e t t e r  
h a n d l i n g  p r o c e d u r e s  a p p l i c a b l e  t o  a l l  c ryogens .  S a f e  ope r -  
a t i o n  w i t h  any  c r y o g e n  c a l l s  f o r  a d e q u a t e  i n s t r u m e n t a t i o n  
and  a  t h o r o u g h  knowledge o f  t h a t  c r y o g e n  and o f  t h e  sys t em 
u s i n g  i t .  
(SAFETY, STORAGE, TRANSFER, INSTRUMENTATION) 

H73 50011" SAFETY I N  THE USE OF LIQUID HYDROGEN 
C h e l t o n ,  D.B., ( N a t i o n a l  Bureau  of  S t a n d a r d s ,  Cryogen ic  
E n g i n e e r i n g  Lab.,  B o u l d e r ,  C o l o . ) ,  Technology and Uses o f  
L i q u i d  Hydrogen, e d i t e d  by  R.B. S c o t t ,  W.H. Denton, and 
C.M. N i c h o l l s ,  Macmil lan  Co., New York; Pergarnon P r e s s ,  L t d . ,  
Oxford,  64 ,  p  359-78, Avai1:TAC 

D e t e r m i n a t i o n  of  c r i t e r i a  f o r  safe h a n d l i n g  o f  l i q u i d  
hydrogen.  The p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  hydrogen 
a r e  r ev iewed  b r i e f l y ,  and c o n s i d e r a t i o n s  e n t e r i n g  i n t o  t h e  
c h o i c e  o f  t h e  s t r u c t u r a l  m a t e r i a l s  u s e d  i n  equipment  f o r  
h a n d l i n g  l i q u i d  hydrogen are o u t l i n e d .  S e v e r a l  p o t e n t i a l l y  
h a z a r d o u s  c o n d i t i o n s  e x i s t i n g  i n  c o n n e c t i o n  w i t h  l a r g e - s c a l e  
l i q u i d - h y d r o g e n  sys t ems  a r e  d i s c u s s e d .  C e r t a i n  a d d i t i o n a l  
h a z a r d s  a r i s i n g  i n  l a b o r a t o r y  u s a g e  o f  l i q u i d  hydrogen a r e  
c o n s i d e r e d .  
(SAFETY, LIQUID, LABORATORY) 



H73 50012 HYDROGEN PLANT SHUTDOWNS REDUCED 
C i u f f r e d a ,  A.R., ( E s s o  R e s e a r c h  and  E n g i n e e r i n g  C o . ,  Florham 
P a r k ,  N . J . ) ,  B.N. Greene ,  Hydrocarbon P r o c e s s ,  V 5 1 ~ 1 1 3 - 1 7  
N5, May 72, Avai1:TAC 

T h i s  i s  a  r e p o r t  o f  t h e  American P e t r o l e u m  I n s t i t u t e  
C o m m i t t e e  which c o n t a i n s  s u r v e y  o f  34 s t e a m - r e f o r m e r  hydrogen 
p l a n t s  t h r o u g h o u t  t h e  wor ld .  R e s u l t s  show shutdown c a u s i n g  
f a i l u r e r  reduced  b u t  p e r s i s t e n t  problem remain .  These  
problems i n c l u d e  - p r e m a t u r e  s t r e s s - r u p t u r e  f a i l u r e s  o f  HK-40 
a l l o y - s t e e l  r e f o r m e r - f u r n a c e  t u b e s  caused  by  l o c a l i z e d  ove r -  
h e a t i n g ;  f a i l u r e  o f  p i g t a i l s ,  h e a d e r s  and t r a n s f e r  l i n e s  
b e c a u s e  o f  e x c e s s i v e  c r e e p ,  d e s i g n  and f a b r i c a t i o n  f a c t o r s ,  o r  
i n t e r n a l  i n s u l a t i o n  f a i l u r e s ;  and c o r r o s i o n  f a i l u r e s  of car- 
bon and a l l o y  s teels  i n  t h e  c a r b o n - d i o x i d e  removal  f a c i l i t i e s .  
(STEAM, REFORMING, DESIGN, CORROSION) 

H73 50013* SAFETY PROBLEMS AND SAFETY CODES CONCERNING 
LIQUID HYDROGEN AND LIQUID HELIUM 
Edesku ty ,  F.J., (Los Alamos S c i e n t i f i c  Lab.,  Los  Alarnos, 
N.M.), LA-DC-8463, 67 ,  Avai1:TAC 

S a f e t y  problems which o c c u r  i n  t h e  s t o r a g e  and h a n d l i n g  
o f  l i q u i d  H and l i q u i d  H e  i n c l u d e  m a t e r i a l  s e l e c t i o n ,  con- 
t a m i n a t i o n ,  p r e s s u r e  r e l i e f ,  and  s tress a n a l .  P r o p e r  
m a t e r i a l  ~ e l e c t i o n ~ r e q u i r e s  o p t i m i z a t i o n  o f  a number o f  
f a c t o r s ,  o n l y  one  of which is t h e  m e t a l  d u c t i l i t y  a t  t h e  
u s e  t e m p e r a t u r e .  C a r e f u l  c o n t r o l  must  be  e x e r c i s e d  over 
c o n t a m i n a n t s  s i n c e  t h e y  c a n  a c c u m u l a t e  o v e r  a  p e r i o d  o f  
t i m e  which c o u l d  r e s u l t  i n  l i n e  p l u g g i n g  o r  t h e  f o r m a t i o n  
o f  e x p l o s i v e  or d e t o n a b l e  m i x t u r e s .  
(SAFETY, STORAGE, PRESSURE, TEMPERATURE, CONTAMINANT) 

H73 50014* HYDROGEN SAFETY MANUAL 
Anon, (NASA, Lewis R e s e a r c h  C e n t e r ,  C l e v e l a n d ,  0.1, N68-25704, 
NASA-TM-X-52454, Washington ,  68, Avai1:TAC 

A manual  c o n t a i n i n g  s a f e t y  g u i d e l i n e s  and  s t a n d a r d s  f o r  
p e r s o n n e l  h a n d l i n g  and  u s i n g  hydrogen i s  p r e s e n t e d .  P re -  
s c r i b e d  p r e c a u t i o n s  have  g e n e r a l  a p p l i c a b i l i t y  as a c c e p t a b l e  
s t a n d a r d s  f o r  m e e t i n g  minimum s a f e t y  r e q u i r e m e n t s ,  and  are 
d e s i g n e d  t o  e n s u r e  t h a t  t h e  l i f e  and  h e a l t h  o f  p e r s o n n e l  are 
n o t  j e o p a r d i z e d  a n d , ' t h a t  t h e  r i s k  o f  damage t o  p r o p e r t y  is 
minimized.  The - n a t u r e  -- o f  h a z a r d s  o f  g a s e o u s  and  l i q u i d  
hydrogen,  h y d r o g e n - a i r  m i x t u r e s ,  and  h a z a r d s  i n d u c e d  b y  
d i f f u s i o n  and l e a k a g e  o f  hydrogen are d i s c u s s e d .  Des ign  



p r i n c i p l e s  f o r  test f a c i l i t i e s ,  equ ipmen t ,  s t o r a g e  f a c i l i t i e s ,  
and r e l a t e d  hardware  a r e  d e s c r i b e d .  I n c l u d e d  a r e  d i s c u s s i o n s  
of p r o c e d u r e s  f o r  e l i m i n a t i n g  i g n i t i o n  s o u r c e s ;  p r o t e c t i o n  
o f  p e r s o n n e l  and  equipment ;  s t o r a g e  and  test  l o c a t i o n s  and 
b l a s t  e f f e c t s ;  o p e r a t i n g  p r o c e d u r e s ;  and  emergency p r o c e d u r e s .  
(SAFETY, MANUAL, LEAKAGE, DESIGN) 

H73 50015 CONSIDERATIONS WHEN DESIGNING, ASSEMBLING, 
AND OPERATING A GASEOUS HYDROGEN PRESSURE SYSTEM 
N o r t h r u p ,  C.J .M.,  Jr., R.P. Wemple, and L.P. Baudoin,  
( S a n d i a  Labs . ,  Albuquerque ,  N . M . ) ,  N73-21257, SC-DR-72-0593, 
Nov 72, Avai1:TAC 

Much o f  t h e  i n f o r m a t i o n  r e q u i r e d  t o  d e s i g n ,  a s semble ,  
and o p e r a t e  a g a s e o u s  hydrogen s y s t e m  s a f e l y  i s  s c a t t e r e d  
t h r o u g h o u t  t h e  l i t e r a t u r e  i n  a number o f  d i v e r s e  r e p o r t s  
and a r t i c les .  T h i s  r e p o r t  d raws  on many o f  t h e s e  t e c h n i c a l  
p a p e r s  and t h e  a u t h o r s '  e x p e r i e n c e s  t o  p r e s e n t  some o f  t h e  
more common p rob lems  and s o l u t i o n s  e n c o u n t e r e d  when d e a l i n g  
w i t h  g a s e o u s  hydrogen.  
(GAS, SYSTEM, DESIGN, REVIEW) 

H73 50016 PROJECT ROVER L I Q U I D  HYDROGEN SAFETY: 
FIVE YEAR LOOK 
E h r e n k r a n z ,  T.E., (Los A l a m o s  S c i e n t i f i c  Lab.,  Los Alamos, 
N.M.) LA-DC-7689, 65,  Avai1:TAC 

Large scale u s e  o f  l i q u i d  H h a s  b e e n  a s s o c i a t e d  w i t h  
P r o j e c t  Rover  a t  J a c k a s s  F l a t s ,  Nevada, s i n c e  1959. Main 
components  o f  t h e  l i q u i d  H sys t em a r e  d e s c r i b e d .  
(LIQUID, SYSTFN, SAFETY) 

H73 50017 SAFETY OF HYDROGEN PRESSURE GAUGES 
Voth ,  R.O., ( N a t i o n a l  Bureau o f  S t a n d a r d s ,  Washington,  D.C.) 
Advances i n  Cryogen ic  E n g i n e e r i n g ,  V 17:182-7, 72 ,  Avai1:TAC 

To d e t e r m i n e  t h e  r e l a t i v e  s a f e t y  o f  v a r i o u s  gauge case 
d e s i g n s ,  t h i r t y - f i v e  p r e s s u r e  gauges  w e r e  purchased  and  
i n t e n t i o n a l l y  r u p t u r e d  u s i n g  h i g h  p r e s s u r e  hydrogen g a s .  
F i r e  w a s  e m i t t e d  from n e a r l y  a l l  g a u g e s ;  however,  gauges  
w i t h  s o l i d  f r o n t s  and p l a s t i c  c r y s t a l s  e m i t t e d  t h e  f i r e  and 
d e b r i s  o u t  t h e  rear o f  t h e  case making them s a f e r  f o r  u s e  
i n  a hydrogen sys tem.  
(SAFETY, PRESSURE, RUPTURE, FIRE) 



H73 51000 EFFECT OF WATER VAPOR ON Hz-02 DETONATIONS 
Kerkam, B.F., and  E.K. Dabora,  (Michigan  U n i v e r s i t y ,  Ann 
Arbor ,  Mich . ) ,  AIAA J o u r n a l ,  V 4:1101-2, Ja 18 '66 ,  Avai1:TAC 

The n o t e  d e s c r i b e s  t h e  e f f e c t s  o f  w a t e r  v a p o r  a d d i t i o n  
on t h e  r e a c t i o n  l e n g t h  i n  d e t o n a t i o n s  o f  two m i x t u r e s  o f  Hz- 
O 2  and  on  t h e  quench ing  c o n d i t i o n s  o f  s u c h  d e t o n a t i o n s .  It 
w a s  found t h a t  water a d d i t i o n  t o  HZ-O2 m i x t u r e s  s h o r t e n s  t h e i r  
r e a c t i o n  l e n g t h s ,  and i t s  e f f e c t s  on t h e  quench ing  l i m i t  
can b e  accoun ted  f o r  b y  ~ e l l e s '  e x p l o s i o n  l i m i t  c r i t e r i o n .  
(DETONATION, QUENCHING, REACTION) 

H73 51001 UPPER LIMIT OF FLAMMABILITY OF HYDROGEN I N  A I R ,  
OXYGEN, AND OXYGEN- INERT MIXTURES AT ELEVATED PRESSURES 
Holms ted t ,  G.S., (Lund ~ n s t i t u t e  o f  Technology,  Sweden),  
Combustion & Flame, V 17:295-301 N3, Dec 7 1  

The u p p e r  l i m i t  o f  f l a m m a b i l i t y  o f  hydrogen i n  a i r ,  
oxygen,  oxygen-helium, oxygen-neon, oxygen-argon, and  oxygen- 
c a r b o n  d i o x i d e  m i x t u r e s  was measured a t  room t e m p e r a t u r e  
and p r e s s u r e s  between 0.97 and 29 a tmospheres .  The maximum 
safe p e r c e n t a g e  o f  oxygen i n  a hydrogen-oxygen-helium mix- 
t u r e  was c a l c u l a t e d  f o r  p r e s s u r e s  be tween 0.97 and 29 
a tmospheres .  
(FLAMMABILITY, LIMIT, AIR, OXYGEN, PRESSURE) 

H73 51002 STORAGE AND HANDLING OF HYDROGEN WITH SAFETY 
S t o l l ,  A.P., Chemical  E n g i n e e r i n g ,  N185:CEll-16, Ja-Fe  65  

S a f e t y  p r e c a u t i o n s  d u r i n g  h a n d l i n g  o f  hydrogen,  l i q u i d  
or g a s e o u s ,  i n d i c a t e  t h a t  f o r m a t i o n  o f  e x p l o s i v e  m i x t u r e s  
o f  hydrogen w i t h  a i r  b o t h  i n s i d e  and  o u t s i d e  equipment  
s h o u l d  be p r e v e n t e d ;  s t o r a g e  and  h a n d l i n g  o f  l i q u i d  hydrogen 
a t  -253 C and i t s  h a n d l i n g  i n  l a b o r a t o r y .  
(SAFETY, STORAGE, HANDLING, LIQUID, GAS, EXPLOSION) 

H73 51003 THE DANGER OF EXPLOSION OF MIXTURES OF 
FLAMMABLE VAPORS AND GASES WITH AIR. X I .  THEORY OF 
EXPLOSIVE COMBUSTION AND METHODS OF COMPUTATION OF TECHNICAL 
EXPLOSIVITY PARAMETERS 
P i l c ,  A.,  ( I n s t i t u t e  Chem. I g o l n e j ,  W a r s a w ,  P o l a n d ) ,  Przemysl  
Chem., v 45:544-6 N10, 66 ,  ( I n  P o l i s h )  

A s i m p l e  e q u a t i o n  f o r  c a l c u l a t i n g  t h e  t h e o r e t i c a l  and  
real l o w e r  e x p l o s i o n  l i m i t s ,  r e g a r d i n g  t h e  d i f f u s i o n  co- 
e f f i c i e n t  o f  t h e  f lammable component i s  d e r i v e d .  The real 
l i m i t  c o n c e n t r a t i o n s  o f  upward p r o p a g a t i o n  o f  f lame f o r  



C H ~ ,  H, c2H2, and CS2, a r e  i n  s a t i s f a c t o r y  ag reemen t  w i t h  
t h o s e  o b t a i n e d  e x p t l .  
(EXPLOSION, LIMIT, CALCULATION, DIFFUSION) 

H73 51004 THE DEPENDENCE OF THE LOWER LIMIT OF HYDROGEN 
EXPLOSIVITY ON THE INITIAL TEMPERATURE OF THE HYDROGEN 
MIXTURE WITH AIR 
P i l c .  A . ,  J. S t r z e l e c k i ,  ( I n s t i t u t e  Chem. S g ~ J n e j ,  Warsaw, 
P o l a n d ) ,  Przem. Chem., V 47:151-4 N3, 68, ( I n  P o l i s h )  

The lower  l i m i t  o f  H e x p l o s i v i t y  was d e t e r m i n e d  a t  t h e  
downward p r o p a g a t i o n  o f  t h e  f l ame  a t  v a r i o u s  i n i t i a l  temper- 
a t u r e s .  The h i g h e r  t h e  i n i t i a l  t e m p e r a t u r e  o f  t h e  m i x t u r e ,  
t h e  lower  t h e  f l a m e  t e m p e r a t u r e .  
(EXPLOSION, LIMIT, TEMPERATURE) 

H73 51005 HYDROGEN FLARE STACK DIFFUSION FLAMES : LOW 
AND HIGH FLOW INSTABILITIES, BURNING RATES, DILUTION LIMITS, 
TEMPERATURES, AND WIND EFFECTS 
Grumer, J., A. S t r a s s e r ,  J . M .  S i n g e r ,  P.M. Gussey, and  
V.R. Rowe, (Bureau  o f  Mines,  P i t t s b u r g h ,  Pa. ,  S a f e t y  Re- 
s e a r c h  C e n t e r ) ,  N71-12103, NASA-CR-111419, D e c  70, Avai1:TAC 

A l a b o r a t o r y - s c a l e  hydrogen s a f e t y  s t u d y  was conduc ted  
which d e t e r m i n e d  s e v e r a l  combus t ion  c h a r a c t e r i s t i c s  o f  hydro- 
gen  d i f f u s i o n  f l ames .  Exper imen t s  show t h a t  ambient  a i r  may 
e n t e r  t h e  t o p  o f  a hydrogen f l a r e  s t a c k  when t h e  hydrogen 
f l o w  i s  low. A new c o n c e p t ,  s u p p o r t e d  by  p h o t o g r a p h i c  
e v i d e n c e ,  p r e d i c t s  t h a t  d i f f u s i o n  f l a m e s  b u r n i n g  i n  a i r  on a  
w i d e ,  u p r i g h t  p i p e  ( s t a c k )  and f e d  w i t h  s low,  upward f l o w s  
of b u o y a n t  g a s  w i l l  i n d u c e  a downward f l o w  o f  a i r  a l o n g  t h e  
w a l l s  o f  t h e  p i p e  t h a t  c a n  s u p p o r t  combust ion  w i t h i n  t h e  pipe. 
(FLARE, FLOW, INSTABILITY, SAFETY) 

H73 51006 THE OXIDATION OF HYDROGEN 
R i c h t e r i n g ,  H., ( G o t t i n g e n  U n i v e r s i t y ,  W e s t  Germany), 
Low Tempera tu re  O x i d a t i o n ,  e d i t e d  b y  W. J o s t ,  Gordon and 
B r e a c h ,  S c i e n c e  P u b l i s h e r s ,  I n c . ,  New York, 65,  p  37-82, 
Avai1:TAc 

S t u d y  o f  t h e  r e a c t i o n s  o f  m i x t u r e s  o f  hydrogen and oxygen 
u n d e r  v a r i o u s  c o n d i t i o n s .  Theseomix tu res  r e a c t  e x p l o s i v e l y  
a t  t e m p e r a t u r e s  above  500 t o  600 C. I n v e s t i g a t o r s  have 
found t h a t  a s l o w  r e a c t i o n  o c c u r s  below t h e s e  t e m p e r a t u r e s ,  
and t h a t  e x p l o s i o n  levels a r e  d e p e n d e n t  on s e v e r a l  p a r a m e t e r s  



such as t e m p e r a t u r e ,  p r e s s u r e ,  c o m p o s i t i o n ,  and a d d i t i v e s .  
T h e  l o w  pressure reaction i s  d i s c u s s e d ,  a n d  t h e  great  i m p o r -  
tance of t h e  w a l l s  i s  s h o w n .  
(EXPLOSION, TEMPERATURE, PRESSURE, REACTION) 

H 7 3  5 1 0 0 7  HAZARDS DUE TO HYDROGEN ABOARD A SPACE VEHICLE 
C a r a s ,  G.J . ,  ( R e d s t o n e  A r s e n a l ,  A l a . ) ,  R e p o r t  No. 2 9 1 ,  
S e p t  64, A v a i 1 : T A C  

T h i s  b ib l iography cons i s t s  of t w e n t y - t h r e e  a n n o t a t e d  
references on t h e  sub j ec t  of h a z a r d s  t o  space v e h i c l e s  as 
a r e s u l t  of h y d r o g e n  leaks. 
(SPACECRAFT, HAZARD, LEAK, DETECTION) 

H 7 3  51008 FLASH AND F I R E  TEST: EVALUATION OF THE BEHAVIOR 
OF NONMETALLIC MATERIALS I N  HYDROGEN 
A n o n ,  (MSC Whi te  Sands T e s t  F a c i l i t y ,  N.M.). N 7 2 - 3 0 4 9 6 ,  
NASA-TM-X-68739, M a r  3 0  ' 7 2 ,  A v a i 1 : T A C  

T e s t s  c o n d u c t e d  t o  e v a l u a t e  t h e  behavior  of n o n m e t a l l i c  
materials i n  h y d r o g e n  are described. T h e  r e s u l t s  of t h e  f l a s h  
and f i re  tes t  are presented.  T h e  f l a s h  and f i r e  test is used 
t o  evaluate t h e  t e n d e n c y  of h e a t e d  m a t e r i a l s  t o  i g n i t e  i n  
a h y d r o g e n  a t m o s p h e r e  w h e n  s u b j e c t e d  t o  an  i g n i t i o n  source. 
(FLASH, FIRE, IGNITION, NONMETALLIC) 

H 7 3  51009* HYDROGEN LEAK AND F I R E  DETECTION: A SURVEY 
R o s e n ,  B . ,  V.H. D a y a n ,  and R.L. P r o f f i t ,  ( T e c h n o l o g y  
U t i l i z a t i o n  D i v i s i o n ,  NASA, Washington, D.C.) ,  NASA-SP-5092,  
7 0 ,  A v a i 1 : T A C  

T h e  e f f o r t  d e s c r i b e d  i n  t h i s  report w a s  p e r f o r m e d  d u r i n g  
t h e  period M a r c h  1, 1 9 6 3  t o  A u g u s t  31, 1 9 6 8 .  T h i s  report 
on t h e  de tec t ion  of hydrogen f i res  and leaks c o n t a i n s  a 
c r i t i c a l  r e v i e w  of t h e  applicable l i t e ra tu re ,  a d i s c u s s i o n  of 
t h e  experiences and needs of typ ica l  p r o d u c e r s  and u s e r s  of 
h y d r o g e n ,  an eva lua t ion  of t h e  p r e s e n t  s t a t e - o f - t h e - a r t  of 
d e t e c t i n g  h y d r o g e n  f ires a n d  leaks,  a n d  r e c o m m e n d a t i o n s  f o r  
f u r t h e r  d e v e l o p m e n t  of e q u i p m e n t  and basic research. 
(SAFETY, LEAK, F I R E ,  DETECTION, REVIEW) 

H 7 3  51010 PREVENTION, DETECTION, AND SUPPRESSION OF 
HYDROGEN EXPLOSIONS IN AEROSPACE VEHICLES 
C a r a s ,  G . J . ,  ( A r m y  M i s s i l e  Command,  H u n t s v i l l e ,  A l a . ) ,  N 6 6 - 3 7 2 8 1 ,  
NASA-CR-78268, M a r  31. '66 ,  A v a i 1 : T A C  

T h i s  report r e v i e w s  and summarizes t h e  h a z a r d s  t o  aero- 



s p a c e  v e h i c l e s  c a u s e d  b y  hydrogen. T o p i c s  such  as f l a m a -  
b i l i t y  limits of hydrogen i n  hydrogen-oxygen and hydrogen-a i r  
m i x t u r e s ,  methods o f  d e t e c t i n g  h a z a r d o u s  c o n d i t i o n s ,  and means 
o f  i n h i b i t i n g  f i r e s  and  e x p l o s i o n s  are d i s c u s s e d .  
(EXPLOSION, SPACECRAFT, DETECTION, SUPPRESSION) 

H73 51011 HYDROGEN HANDLING SUIT PROTECTS NASA TECHNICIANS 
Anon, S a f e t y  Maintenance ,  V 136:23-4 N4, O c t  68 

Hydrogen h a n d l e r s  s u i t  d e s c r i b e d  is made o f  g l a s s ,  
w o o l ,  and w i t h  s p e c i a l  l i n i n g  d e s i g n e d  t o  p r o t e c t  w e a r e r  
a g a i n s t  e x t r e m e l y  h i g h  t e m p e r a t u r e s  f o r  a p p r o x i m a t e l y  t w o  
and  one -ha l f  m i n u t e s ;  s u i t  f e a t u r e s  b u i l t - i n  a i r c o n d i -  
t i o n i n g  u n i t  u t i l i z i n g  l i q u i d  a i r  a n d  p r o v i d i n g  p o s i t i v e  
p r e s s u r e  i n s i d e  s u i t  t o  p r e v e n t  g a s e o u s  hydrogen from 
e n t e r i n g  s u i t .  
(SAFETY, FIRE, PROTECTION) 

H73 51012 H2-02- NOx FLAMMABILITY AND EXPLOSIBILITY: 
A LITERATURE SURVEY 
J o h n s o n ,  J.E., Jr., ( A l l i e d  c h e m i c a l  Corp.,  I d a h o  F a l l s ,  
I d a h o ) ,  R e p o r t  No. ICP-1002, O c t  7 1  

R e s u l t s  o f  a l i t e r a t u r e  s u r v e y  are p r e s e n t e d  c o n c e r n i n g  
hydrogen  f l a m m a b i l i t y  and e x p l o s i b i l i t y .  Combustion and 
e x p l o s i o n  l i m i t s  are g i v e n  and e f f e c t s  o f  n i t r o g e n  o x i d e s  
and o t h e r  s u b s t a n c e s  on  t h e s e  l i m i t s  are d i s c u s s e d .  Reac- 
t i o n  mechanisms are i n c l u d e d  t o  h e l p  e x p l a i n  t h e s e  e f f e c t s .  
I t  was conc luded  t h a t  a l t h o u g h  n i t r o g e n  o x i d e s  d o  s e n s i t i z e  
n e a r - s t o i c h i o m e t r i c  H2-O2 m i x t u r e s  toward  t h e r m a l  i g n i t i o n ,  
t h e y  d o  n o t  i n c r e a s e  t h e  f l a m m a b i l i t y  of hydrogen n e a r  i t s  
c o m p o s i t i o n  l i m i t s  f o r  combust ion .  
(FILWWAE~ILITY, EXPLOSION, SURVEY, IGNITION, REACTION) 

H73 51013 HIGH-ALTITUDE EXPLOSION PROPERTIES OF THE 
HYDROGEN-OXYGEN SYSTEM I N  VENTED TANKS 
Kaye, S . ,  R.T. Murray, ( G e n e r a l  ~ y n a m i c s / C o n v a i r ,  San Diego. 
C a l i f . ) ,  Advances i n  Cryogen ic  E n g i n e e r i n g ,  V 13:545-54, 
67 ,  Avai1:TAC 

The e x p l o s i o n  or d e t o n a t i o n  h a z a r d  a r i s i n g  i n  t h e  
i n t e r s t a g e  o f  a S a t u r n  r o c k e t  from t h e  p r e s e n c e  o f  l i q u i d  
and  ( o r )  s o l i d  H or 0 was e v a l u a t e d .  F i r e s  g e n e r a l l y  
r e s u l t  when t h e  v e n t  is l a r g e ,  a l t h o u g h  a few e x p l o s i o n s  
a l s o  o c c u r ;  however,  f i r e s  and  e x p l o s i o n s  a l w a y s  o c c u r r e d  
when t h e  v e n t  w a s  s m a l l .  
(EXPLOSION, TANK, VENT) 



H 7 3  51014* EXPLOSION CRITERIA FOR L I Q U I D  HYDROGEN TEST 
FACILITIES 
Hord, J . ,  (Cryogenics D iv i s ion ,  Na t iona l  Bureau of S tandards ,  
Boulder,  Colo . ) ,  Unpublished NBS Report 10734, Fe 72 

Current  p r a c t i c e s  f o r  a s s e s s i n g  personnel  s a f e t y  
hazards a t  open-air  and enc losed  l i q u i d  hydrogen t e s t  
f a c i l i t i e s  a r e  reviewed. A maximum c r e d i b l e  a c c i d e n t  f o r  
an  open-a i r  test f a c i l i t y  i s  s p e c i f i e d ,  and a v a i l a b l e  H - 
a i r  exp los ion  d a t a  a r e  reviewed w i t h  due c o n s i d e r a t i o n  t o  
t h e s e  s p s c i f i c a t i o n s .  A method of a s s e s s i n g  f i r e b a l l  and 
overpressure  hazards  a t  open-ai r  test f a c i l i t i e s  is deduced; 
a l s o ,  r e f e r e n c e s  f o r  t h e  e v a l u a t i o n  of shrapne l  hazard a r e  
given.  Overpressures  i n  enc losed  test f a c i l i t i e s  a r e  d i s -  
cussed and recommendations g iven  f o r  the  minimizat ion of 
b l a s t  hazards;  p o t e n t i a l  b l a s t  hazards ,  i n  t h i s  ca se ,  a r e  
w e l l  de f ined .  Add i t i ona l  exper imenta l  work i s  needed t o  
provide b e t t e r  b l a s t  c r i t e r i a  f o r  open and enclosed l i q u i d  
hydrogen t e s t  f a c i l i t i e s .  D i r e c t i o n s  f o r  f u t u r e  work a r e  
i nd i ca t ed  . 
(SAFETY, EXPLOSION, LIQUID, CRITERIA) 



H73 52000* THE INTERGRANULAR EMBRITTLEMENT OF NICKEL 
BY HYDROGEN 
L a t a n i s i o n ,  R.M., and H. Opperhause r ,  Jr . ,  ( M a r t i n  M a r i e t t a  
Labs. ,  ~ a l t i m o r e ,  Md.), R e p o r t  N o .  MML-TR-73-03c, M a r  73,  
A v a i l  :TAC 

The m e c h a n i c a l  b e h a v i o r  o f  p o l y c r y s t a l l i n e  n i c k e l  
spec imens  t h a t  w e r e  deformed i n  t e n s i o n  and c a t h o d i c a l l y  
c h a r g e d  w i t h  hydrogen s i m u l t a n e o u s l y  was i n v e s t i g a t e d  
w i t h  p a r t i c u l a r  emphas is  on t h e  f r a c t u r e  o\E s u c h  e l e c t r o d e s .  
T h i s  p r o c e d u r e  l e a d s  t o  v e r y  d e f i n i t e  i f ,  however,  weak 
s e r r a t e d  y i e l d i n g  and a l s o  marked ly  r e d u c e s  t h e  e l o n g a t i o n  
a t  f r a c t u r e  compared t o  p o l y c r y s t a l s  unexposed t o  hydrogen. 
(EMBRITTLEMENT, INTERGRANULAR, NICKEL, BEHAVIOR, MECHANICAL) 

H73 52001 THE EFFECT OF COMPOSITION AND TENSILE STRENGTH 
ON THE SUSCEPTIBILITY OF ALLOY STEELS TO CADMIUM PLATING 
(HYDROGEN) EMBRITTLEMENT 
Langs tone ,  P.F., ( M i n i s t r y  o f  Technology,  London, E n g l a n d ) ,  
R e p o r t  No. D . M a t .  159 ,  O c t  68, Avai1:TAC 

S u s t a i n e d  l o a d ,  f r a c t u r e  t o u g h n e s s  and bend tests  
w e r e  made t o  d e t e r m i n e  t h e  s u s c e p t i b i l i t y  t o  cadmium 
p l a t i n g  (hydrogen)  e m b r i t t l e m e n t  o f  a r a n g e  o f  3% chromium- 
molybdenum-vanadium s t e e l s  o f  d i f f e r e n t  c a r b o n  c o n t e n t s ,  
i m p u r i t y  c o n t e n t s ,  and t e n s i l e  s t r e n g t h s .  S u s t a i n e d  l o a d  
l i f e  and c r i t i c a l  c r a c k  s i z e  f e l l  s h a r p l y  w i t h  i n c r e a s e  o f  
t e n s i l e  s t r e n g t h  from 110 t o  120 t o n f / s q  i n .  
( s TEEL, EMBRI TTLEMENT, STRENGTH) 

H73 52002* HYDROGEN ENVIRONMENT EMBRITTLEMENT OF METALS 
J e w e t t ,  R.P.. R.J. W a l t e r ,  W.T. C h a n d l e r ,  and R.P. Frohmberg, 
(Rocketdyne ,  Canoga Pa rk ,  C a l i f . ) ,  N73-21444, NASA-CR-2163, 

M a r  73, Avai1:TAC 
Hydrogen env i ronment  e m b r i t t l e m e n t  r e f e r s  t o  metals 

s t r e s s e d  w h i l e  exposed  t o  a hydrogen a tmosphere .  T e s t e d  i n  
a i r ,  even  a f t e r  e x p o s u r e  t o  hydrogen u n d e r  p r e s s u r e ,  t h i s  
e f f e c t  is  n o t  obse rved  on s i m i l a r  spec imens .  Much h i g h  p u r i t y  
hydrogen i s  p r e p a r e d  by  e v a p o r a t i o n  o f  l i q u i d  hydrogen,  and 
t h u s  h a s  low levels f o r  p o t e n t i a l  i m p u r i t i e s  which cou ld  
o t h e x w i s e  i n h i b i t  o r  p o i s o n  the a b s o r b e n t  r e a c t i o n s  t h a t  a r e  
i n v o l v e d .  High s t r e n g t h  s teels  and n i c k e l - b a s e  a l l o y s  a r e  
r a t e d  a s  showing ex t reme  e m b r i t t l e m e n t :  aluminum a l l o y s  and 
t h e  a u s t e n i t i c  s t a i n l e s s  s tee ls ,  as w e l l  as c o p p e r ,  have 
n e g l i g i b l e  s u s c e p t i b i l i t y  t o  t h i s  phenomeron. The c r a c k i n g  



t h a t  o c c u r s  a p p e a r s  t o  b e  a  s u r f a c e  phenomenon, i s  u n l i k e  
t h a t  o f i n t e r n a l  hydrogen e m b r i t t l e m e n t .  
(EMBRITTLEMENT, METAL, CRACK, AIR, PURITY) 

H73 52003 PETCH ANALYSIS OF HYDROGENATED TANTALUM SHEET 
Gazza,  G.E., (Army  ater rials Resea rch  Agency, Water town,  Mass.), 
AMRA-TR-66-10, May 66, Avai1:TAC 

The anomalous b e h a v i o r  i n  d u c t i l i t y  e x h i b i t e d  b y  tan-  
t a lum,  a t  low t e m p e r a t u r e ,  w i t h  hydrogen as a n  i m p u r i t y  was 
i n v e s t i g a t e d  u t i l i z i n g  a P e t c h - t y p e  a n a l y s i s .  The change  i n  
l a t t i ce  f r i c t i o n  stress and d i s l o c a t i o n  l o c k i n g  stress p a r -  
a m e t e r s  were  d e t e r m i n e d  t h r o u g h  a  t e m p e r a t u r e  r a n g e  from room 
t e m p e r a t u r e  t o  -196 C. The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  
show t h e  l o c k i n g  stress remained  e s s e n t i a l l y  unchanged b y  
s m a l l  hydrogen a d d i t i o n s  w h i l e  t h e  l a t t i c e  f r i c t i o n  stress 
i n c r e a s e d  s i g n i f i c a n t l y  a t  t e m p e r a t u r e s  below -28 C. 
(TANTALUM, DUCTILITY, STRESS) 

H73 52004 HYDROGEN EMBRITTLEMENT OF STEEL 
Tkachev, V . I . ,  A.K. L i t v i n ,  V.A. T e t e r s k i i ,  and  A . I .  Soshko,  
Problemy P r o c h n o s t i ,  V 4:69-73. D e c  7 2 , ( I n  R u s s i a n ) ,  Avai1:TAC 

A c o r r e l a t i o n  is e s t a b l i s h e d  between t h e  c h a n g e s  i n  t h e  
s t r e n g t h  and d u c t i l i t y  o f  s t ee l ,  r e s u l t i n g  from t h e  hydrogen 
c o n t e n t  and from t h e  t y p e  ' o f  i n t e r a c t i o n  be tween i r o n  and 
hydrogen.  It i s  shown t h a t  t h e  i n f l u e n c e  o f  hydrogen on t h e  
s t r e n g t h  p r o p e r t i e s  i s  most pronounced w i t h i n  t h e  t e m p e r a t u r e  
r a n g e  t h a t  i s  c h a r a c t e r i s t i c  o f  c h e m i s o r p t i o n  o f  hydrogen b y  
i r o n .  An a n a l y s i s  o f  e x p e r i m e n t a l  d a t a  shows t h a t  hydrogen 
e m b r i t t l e m e n t  is c a u s e d  b y  mechanicochemica l  p r o c e s s e s  
o c c u r r i n g  a t  t i p s  o f  d e v e l o p i n g  c r a c k s .  
(STEEL, EMBRITTLEMENT, STRENGTH, DUCTILITY, CHEMISORPTION) 

H73 52005 THFJZMODYNAMICS OF THE SOLUBILITY AND PERMEATION 
OF HYDROGEN I N  METALS AT HIGH TEMPERATURE AND LOW PRESSURE 
Shupe, D.S., and  R.E. S t i c k n e y ,  (M.I.T., Cambridge Resea rch  
Lab.,  Cambridge, Mass.), J o u r n a l  o f  Chemical  P h y s i c s ,  V 51: 
1620-25 N4, Aug 1 5  ' 6 9 ,  Avai1:TAC 

The s o l u b i l i t y  and pe rmea t ion  o f  hydrogen i n  m e t a l s  i s  
ana lyzed  on t h e  b a s i s  o f  c l a s s i c a l  thermodynamics p l u s  a 
minimum of k i n e t i c  t h e o r y .  E x p r e s s i o n s  are d e r i v e d  from x, t h e  
number of H atoms a b s o r b e d  p e r  s o l i d  atom, and  J ,  t h e  p e r -  
m e a t i o n  rate,  i n  t h e  l i m i t i n g  cases o f  cont inuum and  f r e e -  
m o l e c u l e  f l o w .  The a n a l y s i s  p r o v i d e s  a s i m p l e  e x p l a n a t i o n  o f  



e x i s t i n g  e x p e r i m e n t a l  d a t a  on  t h e  s o l u b i l i t y  and  pe rmea t ion  
o f  hydrogen i n  t u n g s t e n  and  i n  molybdenum a t  h i g h  t e m p e r a t u r e  
and  l o w  p r e s s u r e .  
(METAL, PERMEATION, SOLUBILITY, THERMODYNAMICS ) 

H73 52006 INTERNAL FRICTION MEASUREMENTS FOR THE 
ANALYSIS OF HYDROGEN I N  STEEL PARTS 
Begemann, S.H.A., (Boeing Co.. Renton ,  Wash.) ,  R e p o r t  No. 
~ 6 - 2 3 4 0 1 ,  68, Avai1:TAC 

Damping v e r s u s  t e m p e r a t u r e  c u r v e s  were d e t e r m i n e d ,  
b y  means o f  a t o r s i o n  pendulum i n t e r n a l  f r i c t i o n  a p p a r a t u s ,  
f o r  hydrogen charged  c o l d  drawn 4340 s tee l  w i r e .  A relax- 
a t i o n  p e a k ,  i d e n t i f i e d  a s  t h e  Hydrogen Cold-Work Peak,  w a s  
found i n  t h e  c u r v e s  be tween -90 C and  -70C. A p l o t  o f  t h i s  
r e l a x a t i o n  p e a k  h e k g h t  v e r s u s  c h a r g i n g  t i m e  shows a l i n e a r  
r e l a t i o n s h i p  o v e r  o n l y  a  l i m i t e d  r a n g e .  The low hydrogen 
c o n c e n t r a t i o n  levels  t h a t  c a n  c a u s e  hydrogen e m b r i t t l e m e n t  
were  found t o  b e  below t h e  l i m i t s  o f  a c c u r a t e  d e t e c t i o n  b y  
i n t e r n a l  f r i c t i o n  methods.  
(STEEL, FRICTION, INTERNAL, DAMPING, TEMPERATURE) 

H73 52007 INFLUENCE OF SURFACE TREATMENTS AND COATINGS 
ON THE EMBRITTLEMENT OF HIGH-STRENGTH STEELS BY HYDROGEN 
UNDER PRESSURE: CASE OF 35 N i C r M o  1 6  STEEL 
F i d e l l e .  J . P . ,  J.M. Deloron ,  C. Roux, and M. Rap in ,  (Oak 
Ridge  N a t i o n a l  Lab., Tenn . ) ,  R e p o r t  No. ORNL-tr-2058, 69, 
Avai1:TAC 

A rough s u r f a c e  a c c e n t u a t e s  g a s e o u s  hydrogen embrittle- 
ment.  An improvement o f  t h e  m i c r o g e o m e t r i c a l  p r o f i l e  o r  a 
s u p e r f i c i a l  compress ion  b y  b l a s t i n g  improves  t h e  l i f e  o f  steel, 
on  t h e  o t h e r  hand. E l e c t r o p l a t e d  z i n c  c a u s e s  a n  i r r e v e r s i b l e  
e m b r i t t l e m e n t  o f  t h e  i n v e s t i g a t e d  steels. The hydrogen-sus- 
c e p t i b i l i t y  of  n i c k e l  makes i t s  p r e s e n c e  u n d e s i r a b l e  e i t h e r  
as a p r i m a r y  d e p o s i t  o r  as a bond ing  c o a t .  Chromizing o f  a 
steel  which  is t o  be deformed u n d e r  hydrogen i s  not: d e s i r a b l e  
if i t  c a n n o t  f a v o r  an  a u s t e n i t i c  barr ier  c o a t i n g  t h e r e .  
(EMBRITTLEMENT, STEEL, H I G H  STRENGTH. COATING, SURFACE) 

H73 52008 HYDROGEN STRESS CRACKING OF HIGH STRENGTH STEELS 
Beck, W., E.J. Jankowsky, and P. F i s c h e r ,  (Nava l  A i r  Devel- 
OpnIent C e n t e r ,  Warmins te r ,  P a . ) ,  R e p o r t  No .  NADC-MA-7140, 
D e c  23 ' 7 1 ,  Avai1:TAC 

The r e p o r t  d e a l s  w i t h  hydrogen induced e m b r i t t l e m e n t  



and stress c r a c k i n g  o f  h i g h  s t r e n g t h  steel p a r t s .  S e l e c t e d  
mechan ica l  methods i n v o l v i n g  t h e  d i f f e r e n t  t y p e s  o f  tes t  
spec imens  f o r  t h e  measurement o f  hydrogen e m b r i t t l e m e n t  or 
d e l a y e d  f a i l u r e ,  and  r e l e v a n t  methods f o r  t h e  q u a n t i t a t i v e  
d e t e r m i n a t i o n  o f  hydrogen e x t r a c t e d  from e m b r i t t l e m e n t  s u s -  
c e p t i b l e  spec imens  a r e  p r e s e n t e d .  D i f f e r e n t  t e c h n i q u e s  f o r  
r e s t o r i n g  d u c t i l i t y  o r  p r e v e n t i n g  d e l a y e d  f a i l u r e  are a l so  
i n c l u d e d .  A new thermodynamic a p p r o a c h  t o  t h e  i n t e r p r e t a t i o n  
o f  t h e  hydrogen e m b r i t t l e m e n t  phenomenon i s  o f f e r e d  and a 
number o f  v a r i a b l e s  which c o n t r o l  t h e  g e n e r a t i o n  o r  min i -  
m i z a t i o n  o f  hydrogen e m b r i t t l e m e n t  is  a n a l y z e d  and  d i s c u s s e d  
i n  t h e  l i g h t  o f  e l e c t r o c h e m i c a l  k i n e t i c s .  
(STEEL, STRENGTH, CRACK, STRESS, EMBRITTLEMENT) 

H73 52009 HYDROGEN PERMEATION AND EMBRITTLEMENT I N  
FERROUS MATERIALS 
Namboodhiri .  T.K.G., and L. N a n i s ,  ( P e n n s y l v a n i a  U n i v e r s i t y ,  
P h i l a d e l p h i a ,  P a ) ,  R e p o r t  No.  UPH2-TR-004, Nov 7 2 ,  Avai1:TAC 

The s e n s i t i v e  e l e c t r o c h e m i c a l  p e r m e a t i o n  t e c h n i q u e  
was used  i n  c o n j u n c t i o n  w i t h  s c a n n i n g  e l e c t r o n  mic roscopy  
and t e n s i l e  l o a d i n g  t o  d e t e r m i n e  ( i )  hydrogen d i f f u s i v i t y  
and s o l u b i l i t y ,  ( i i )  e f f e c t  o f  p l a s t i c  d e f o r m a t i o n  on t h e  
above p a r a m e t e r s ,  and  (iii) s t r u c t u r a l  f e a t u r e s  and k i n e t i c s  
o f  hydrogen e m b r i t t l e m e n t ,  i n  A r m c o  i r o n  and 4 3 4 0 - s t e e l .  
(PERMEATION, EMBRITTLEMENT, METAL, SOLUBILITY) 

H73 52010 HYDROGEN-INDUCED PHASE TRANSFORMATIONS I N  
TYPE 304L STAINLESS STEELS 
Holzworth,  M.L., and  M.R. Louthan ,  (E.I.  du  Pon t  d e  Nemours 
Co., Savannah R i v e r  Lab. ,  A iken ,  S.C.),  R e p o r t  No .  DP-MS-67- 
107,  Je 2 1  '643, Avai1:TAC 

E l e c t r o l y t i c  c h a r g i n g  o f  hydrogen i n t o  Type 304L s t a i n -  
less steel a t  room t e m p e r a t u r e  and l O O C  induced p a r t i a l  t r a n s -  
f o r m a t i o n  o f  t h e  a u s t e n i t e  t o  t h e  same m a r t e n s i t i c  p h a s e s  
( a l p h a  (bcc) and e p s i l o n  ( h c p )  a s  are formed b y  cold-working  
hydrogen-f ree  a u s t e n i t e  a t  low t e m p e r a t u r e s  (-196C). 
(STAINLESS STEEL, DISLOCATION, PHASE, TRANSFORMATION) 

H73 52011 HYDROGEN BRITTLENESS I N  NONFERROUS METALS 
Kolachev,  B.A., ( F o r e i g n  Technology Div., W r i g h t - P a t t e r s o n  AFB, 
O . ) ,  R e p o r t  No.  FTDAHT-23-95-68, J1 18 '68, Ava i1 :~AC 

The book i s  d e v o t e d  t o  problems c o n c e r n i n g  t h e  i n t e r -  
a c t i o n  o f  hydrogen w i t h  metals,  and  t h e  h a r m f u l  e f f e c t s  t h i s  



h a s  on t h e  p r o p e r t i e s  o f  t h e  metal. C o n s i d e r a b l e  a t t e n t i o n  
i s  g i v e n  t o  p r o c e s s e s  t h a t  t a k e  p l a c e  d u r i n g  t h e  hydrogen- 
m e t a l  i n t e r a c t i o n ,  t h e  s ta te  o f  hydrogen i n  l i q u i d  and  s o l i d  
s o l u t i o n .  and  t h e  i n t e r a c t i o n  o f  hydrogen w i t h  d i s l o c a t i o n s  
and o t h e r  s t r u c t u r a l  i m p e r f e c t i o n s  o f  metals. The e f f e c t  o f  
hydrogen  on t h e  s t r u c t u r e  and p r o p e r t i e s  o f  t h e  f o l l o w i n g  
m e t a l s  are d i s c u s s e d :  Be, Mg, A l ,  U ,  T i ,  Z r ,  V, Nb, Ta, 
Cr ,  Mo.  W. P t ,  Cu, Ag, Au. S p e c i a l  a t t e n t i o n  i s  devo ted  
t o  t h e  hydrogen b r i t t l e n e s s  o f  T i  a l l o y s .  
(EMBRITTLEMENT. METAL, NONFERROUS, STRUCTURE ) 

H73 52012 HYDROGEN BEHAVIOR I N  METALS USING NUCLEAR 
MAGNETIC RESONANCE 
Z a m i r ,  D. ,  and  C. Korn, ( I s r a e l  Atomic Energy Commission) ,  
AD-729-690, NOV 70 ,  Avai1:TAC 

P a r a m e t e r s  c o n s i d e r e d  i m p o r t a n t  f o r  t h e  e x p l a n a t i o n  
o f  hydrogen e m b r i t t l e m e n t  o f  t i t a n i u m  and i t s  a l l o y s  have 
been  measured  u s i n g  NMR t e c h n i q u e s .  The d i f f u s i o n a l  
a c t i v a t i o n  e n e r g y  was found t o  be c o n s t a n t  w i t h  r e s p e c t  t o  
t h e  hydrogen c o n c e n t r a t i o n .  Hydrogen i n  t i t a n i u m  aluminum 
a l l o y s  w a s  found t o  e x i s t  i n  two d i f f e r e n t  c r y s t a l l o g r a p h i c  
e n v i r o n m e n t s ,  one  d i f f u s i n g  f a s t e r  t h a n  t h e  o t h e r .  X-ray 
measurements  on  hydrogen f r e e  T i 3 A 1  and  Ti3A1 c o n t a i n i n g  
hydrogen g i v i n g  a n  H / T ~  r a t i o n  o f  1 .3 ,  showed extreme d i s -  
t o r t i o n  t o  t h e  l a t t i ce  upon hydrogen a b s o r p t i o n .  
(EMBRITTLEMENT, TITANIUM, ALLOY, DIFFUSION) 

K73 52013 EVALUATION OF HYDROGEN EMBRITTLEMENT MECHANISMS 
B a r t h ,  C.F., and  E.A. S t e i g e r w a l d ,  (TRW Equipment Labs ,  
C l e v e l a n d ,  O. ) ,  Repor t  N o .  ER-7477, J1 1 '70 ,  Avai1:TAC 

The i n c u b a t i o n  t i m e  which p r e c e d e s  t h e  i n i t i a t i o n  o f  
s l o w  crack growth  i n  t h e  d e l a y e d  f a i l u r e  o f  h i g h - s t r e n g t h  
s tee l  c o n t a i n i n g  hydrogen was r e v e r s i b l e  w i t h  r e s p e c t  t o  
t h e  a p p l i e d  stress. The k i n e t i c s  of t h e  r e v e r s i b i l i t y  pro-  
cess i n d i c a t e d  t h a t  i t  was c o n t r o l l e d  b y  t h e  d i f f u s i o n  o f  
hydrogen.  R e v e r s i b l e  hydrogen e m b r i t t l e m e n t  s t u d i e s  w e r e  
a l so  c o n d u c t e d  a t  l i q u r d  n i t r o g e n  t e m p e r a t u r e s  where  
d i f f u s i o n a l  p r o c e s s e s  s h o u l d  n o t  o c c u r .  The p r e v i o u s l y  
r e p o r t e d  low t e m p e r a t u r e  e m b r i t t l e m e n t  b e h a v i o r  was conf i rmed 
i n d i c a t i n g  a basic i n t e r a c t i o n  be tween hydrogen and t h e  l a t t i c e .  
The e x p e r i m e n t a l  r e s u l t s  c o u l d  be s a t i s f a c t o r i l y  e x p l a i n e d  
b y  t h e  l a t t i c e  e m b r i t t l e m e n t  t h e o r y  p roposed  by  Tro iano .  
(EMBRITTLEMENT, MECHANISM, STEELS, STRENGTH, DIFFUSION) 



H 7 3  5 2 0 1 4  EMBRITTLEMENT . ' VOLUME 1 
A n o n ,  ( D e f e n s e  D o c u m e n t a t i o n  C e n t e r ,  A l e x a n d r i a ,  V a . )  R e p o r t  
b i b l i o g r a p h y  M a r  6 3 - D e c  69, R e p o r t  No.  D K - T A S - 7 0 - 5 1 - 1 ,  
Je 7 0 ,  A v a i 1 : T A C  

T h e  a n n o t a t e d  b i b l i o g r a p h y  is a c o m p i l a t i o n  of u n -  
c l a s s i f i ed  a n d  u n l i m i t e d  repor ts  on e r n b r i t t l e r n e n t .  C o r p o r a t e  
a u t h o r - m o n i t o r i n g  agency, sub jec t ,  and con t rac t  n u m b e r  in-  
d e x e s  are p r o v i d e d .  
(EMBRITTLEMENT, BIBLIOGRAPHY, INDEX) 

H 7 3  5 2 0 1 5  A NEW APPROACH TO BEND TESTING FOR THE DETER- 
MINATION OF HYDROGEN EMBRITTLEMENT S U S C E P T I B I L I T Y  OF SHEET 
MATERIALS 
Jones, R.L., ( G e n e r a l  ~ y n a m i c s / ~ s t r o n a u t i c s ,  San D i e g o ,  
C a l i f . ) ,  R e p o r t  NO. GDA-MRG-235, Je  15 '61 ,  A v a i 1 : T A C  

A series of e x p e r i m e n t a l  p r o g r a m s  w e r e  carried o u t  t o  
determine t h e  s u i t a b i l i t y  and s e n s i t i v i t y  of a n e w  tes t  
t e c h n i q u e  f o r  t h e  d e t e r m i n a t i o n  of h y d r o g e n  e m b r i t t l e m e n t  
s u s c e p t i b i l i t y  of m a t e r i a l s .  
(EMBRfiTLEMENT, SHEET, BENDING) 

H 7 3  5 2 0 1 6  A COMPARISON OF HYDROGEN EMBRITTLEMENT AND STRESS 
CORROSION CRACKING I N  HIGH STRENGTH STEELS 
K o r t o v i c h ,  C.S. ,  and E.A. S t e i g e r w a l d ,  (TRW E q u i p m e n t  L a b s . ,  
C l e v e l a n d ,  O . ) ,  R e p o r t  No.  E R - 7 5 3 0 ,  Je 15 ' 7 1 ,  A v a i 1 : T A C  

T h e  purpose of t h e  s t u d y  w a s  t o  c o m p a r e  t h e  k n o w n  
b e h a v i o r  of h y d r o g e n  e m b r i t t l e d  h i g h - s t r e n g t h  s teel  t o  t h e  
charac ter i s t ics  of e n v i r o n m e n t a l l y - i n d u c e d  stress corrosion 
f a i l u r e  w h e r e  h y d r o g e n  is cont inuous ly  g e n e r a t e d  a t  t h e  
s p e c i m e n  surface. 
(EMBRITTLEMENT, CRACK, STEEL,  STRENGTH, STRESS,  CORROSION) 

H 7 3  5 2 0 1 7  A COMPARISON O F  VARIOUS TEST METHODS FOR 
DETECTING HYDROGEN EMBRITTLEMENT 
Jankausky, E. J., ( N a v a l  A i r  D e v e l o p m e n t  C e n t e r ,  W a r m i n s t e r ,  P a .  ) , 
R e p o r t  No.  NADC-MA-7066, Je 8 ' 7 1 ,  A v a i 1 : T A C  

F o u r  hydrogen e m b r i t t l e m e n t  t e s t  m e t h o d s  w e r e  evaluated 
u s i n g  t h r e e  p a i n t  strippers as t h e  e m b r i t t l i n g  m e d i a .  R e s u l t s  
w e r e  c o m p a r e d  w i t h  those obtained w i t h  n o t c h e d  C - r i n g s ,  
the m e t h o d  n o w  p r e s c r i b e d  in p a i n t  s t r i p p e r  spec i f i ca t ions .  
I n  genera l ,  a l l  t h e  m e t h o d s  g ive  g o o d  r e su l t s  and good cor- 
re la t ion .  
(EMBRITTLEMENT. DETECTION, TEST) 



H73 52018 THE REACTION OF A TITANIUM ALLOY WITH HYDROGEN 
GAS AT LOW TEMPERATURES 
W i l l i a m s ,  D.N., and R.A. Wood, ( B a t t e l l e  Columbus Labs., 
Columbus, O . ) ,  J o u r n a l  of  t h e  Less-Common Metals ,  V 31:239- 
247, May 73, Avai1:TAC 

An i n v e s t i g a t i o n  of t h e  e f f e c t  of  t empera ture  on t h e  
s u r f a c e  hydr id ing  r e a c t i o n  of Ti-5A1-2.5Sn a l l o y  exposed 
t o  hydrogen a t  250 p s i g  w a s  made. ~ e a c t i o n  c o n d i t i o n s  
were c o n t r o l l e d  s o  a s  t o  expose a  vacuum-cleaned, oxide- 
f r e e  a l l o y  s u r f a c e  t o  an u l t r a - p u r e  hydrogen atmosphere. 
Reac t ion  t imes  up t o  1458 h r  were s t u d i e d .  The hydr id ing  
r e a c t i o n  was ex t remely  s e n s i t i v e  t o  exper imenta l  v a r i a b l e s  
and t h e  r e p r o d u c i b i l i t y  of r e a c t i o n  was poor. 
(GAS, REACTION, TITANIUM, ALLOY, TEMPERATURE) 

H73  52019* TESTS FOR HYDROGEN EMBRITTLEMENT OF STEELS USED 
I N  THE TANK FARM CYLINDERS 
M i l l s ,  R.L., and F.J.  Edeskuty, (Los Alamos S c i e n t i f i c  Lab., 
Los Alamos, N.M.), U.S. Atomic Energy Center,  LA-3602, 66, 
Avai1:TAC 

Specimens of a l l o y  steels used i n  H2 s t o r a g e  t anks  
were exposed t o  gaseous H2 under  p r e s s u r e  f o r  24 h r s .  I n  
s e p a r a t e  tests, specimens w e r e  expysed t o  c a t h o d i c  H2 f o r  
30 minutes  a t  a  c.d. o f  1 amp./in. Immediately fo l lowing  
exposure ,  samples were deformed through s u c c e s s i v e  180° 
bends u n t i l  broken.  None o f  t h e  s t e e l s  was measurably  
a f f e c t e d  by exposure  t o  H2 gas  under  t h e  t e s t  c o n d i t i o n s ,  
b u t  a l l  steels were e rnb r i t t l ed  by c a t h o d i c a l l y  l i b e r a t e d  
H2. Cathodic  embr i t t l ement  i nc reased  w i t h  t ime and s t r e s s  
of t h e  samples. 
(EMBRITTLEMENT, STEEL, CYLINDER, GAS, PRESSURE) 

H73 52020* TESTING FOR HYDROGEN EMBRITTLEMENT: PRIMARY AND 
SECONDARY INFLUENCES 
Nelson, H.G., (NASA, Ames Research Cente r ,  Mof fe t t  F i e l d ,  
C a l i f . ) ,  N72-31548, NASA-TM-X-62173, Aug 72, Avai1:TAC 

An overview is  p re sen ted  of t h e  hydrogen embr i t t l ement  
p roces s ,  bo th  i n t e r n a l  a s  w e l l  as e x t e r n a l ,  t o  make more 
c l e a r  t h e  t ype  of parameters  which must b e  cons idered  i n  t h e  
s e l e c t i o n  of a test method and t e s t  procedure ,  s o  t h a t  t h e  
r e s u l t i n g  d a t a  may be meaningfu l ly  app l i ed  t o  real engineer ing  
s t r u c t u r e s .  Three primary i n f l u e n c e s  on t h e  embr i t t l ement  
p roces s  a r e  cons idered :  (1) t h e  o r i g i n a l  l o c a t i o n  and form of 



t h e  hydrogen, ( 2 )  t h e  t r a n s p o r t  r e a c t i o n s  involved i n  t h e  
t r a n s p o r t  of  hydrogen from i t s  o r i g i n  t o  some p o i n t  w h e r e  i t  
can i n t e r a c t  w i t h  t h e  m e t a l  t o  cause  embr i t t l ement ,  and (3 )  t h e  
embr i t t l ement  i n t e r a c t i o n  i t s e l f .  
(EMBRITTLEMENT, TEST, PROCEDURE ) 

H 7 3  52021 HYDROGEN MOVEMENT I N  STEEL-ENTRY, DIFFUSION, AND 
ELIMINATION 
F l e t c h e r ,  E.E., and A.R. E l s e a ,  ( B a t t e l l e  Memorial I n s t . ,  
Columbus, O . ) ,  Report  No m1C-219, Je 30 '65, Avai1:TAC 

The r e p o r t  d i s c u s s e s  t h e  ways i n  which H2 e n t e r s  s t e e l s ,  
how it moves through s teel ,  and methods whereby it may be re-  
moved from steel. The s o l u b i l i t y  of H2 i s  important  i n  under- 
s t and ing  o t h e r  a s p e c t s  o f  t h e  behav io r  of  H2 i n  steel and such 
a s p e c t s  of  s o l u b i l i t y  a s  p r e f e r r e d  l a t t i c e  s c i e s ,  l a t t i c e  ex- 
pansion,  measurements o f  s o l u b i l i t y ,  and e s t i m a t e s  of  equi-  
l i b r ium H2 p r e s s u r e  i n  steel are d i scussed .  The permeation 
of H2 through s t e e l  c o n s i s t i n g  o f  i n t e r a c t i o n s  a t  b o t h  t h e  e n t r y  
and e x i t  s u r f a c e s  of t h e  m e t a l  a s  w e l l  as d i f f u s i o n  through 
t h e  bulk  me ta l  is  d i scussed .  The v a r i o u s  p o s s i b i l i t i e s  of  H2 
e n t r y  by c o r r o s i o n  pxocesses ,  e l ec t rochemica l  p roces ses ,  and 
o t h e r  means a r e  cons idered  a s  w e l l  as f a c t o r s  which i n f l u e n c e  
t h e  r a t e  of  H z  removal from i r o n  and s t e e l .  

(STEEL, DIFWSION, SOLUBILITY, PERMEATION) 

H73 52022 AN X-RAY STUDY OF HYDROGEN INDUCED PHENOMENA 
AFFECTING MECHANICAL BEHAVIORS OF AUSTENITIC STAINLESS STEELS 
Kamachi, K., and S. Miyata ,  (Yamaguchi Un ive r s i t y ,  J a p a n ) ,  
Mechanical Behavior 05 M a t e r i a l s ,  V 3 ,  Aug 15-20 '71,  ( I n  
Japanese)  

Hydrogen induced phenomena on a u s t e n i t i c  s t a i n l e s s  s t e e l s  
w e r e  s t u d i e d  by t h e  X-ray d i f f r a c t i o n  method. By hydrogenation 
of v a r i o u s  s o r t s  of a u s t e n i t i c  s t a i n l e s s  s t e e l s ,  s t r u c t u r a l  
changes,  i - e . ,  phase t r a n s f o r m a t i o n  of a u s t e n i t e  i n t o  a lpha  
phase and e p s i l o n  phase ,  development o f  l a t t i c e  d e f e c t s  such 
as d i s l o c a t i o n s  and s t a c k i n g  f a u l t s ,  and s u r f a c e  c r acks ,  
occurred.  

The r e s u l t s  by t h e  examina t ions  of X-ray were v e r i f i e d  
by d i r e c t  obse rva t ion  b y - t r a n s m i s s i o n  e l e c t r o n  microscopy. 
(STEEL, STAINLESS, AUSTENITE) 



H73 52023 HYDROGEN EMBRITTLEMENT STUDIES OF A TRIP 
STEEL 
~ccoy, R.A., (U.S. Navy, Washington, D.C.), and W.W. 
Gerberich, Metallurgical Transactions, V 4:539-547, Fe 73, 
Avai1:TAC 

The conditions of cathodic charging, gaseous hydrogen 
environment, and loading for which a TRIP steel may or may 
not be susceptible to hydrogen embrittlement were investigated. 
In the austenitic state, the TRIP steel appeared to be rel- 
atively immune to hydrogen embrittlement. It was shown that 
it is the strain-induced martensitic phase, alpha prime, 
which is embrittled. 
(STEEL, EMBRITTLEMENT, SUSCEPTIBILITY) 

H73 52024 EMBRITTLEMENT OF TRIP STEEL IN HIGH-PRESSURE 
HYDROGEN GAS 
Vandervoort, R.R., A.W. Ruotola, and E.L. Raymond, (Cali- 
fornia University, Livermore, Calif.), Metallurgical Trans- 
actions, V 4:1175-1178, Apr 73, AvailtTAC 

~xperimental study of the effects of high-pressure 
hydrogen gas on the mechanical properties of TRIP steel. The 
results obtained include the findings that TRIP steel is very 
notch-sensitive and highly susceptible to embrittlement in a 
high-pressure hydrogen environment, and that its losses in 
strength and ductility are caused by the interaction between 
hydrogen and stress-assisted martensite during deformation. 
(EMBRITTLEMENT, PRESSURE, STEEL, MECHANICAL) 

H73 52025* EFFECTS OF HIGH PRESSURE HYDROGEN ON METALS AT 
AMBIENT TEMPERATURE 
Walter, R.J., and W.T. Chandler, (Rocketdyne, Canoga Park, 
Calif.), N70-18637, NASA-CR-102425, Fe 28 '69, Avai1:TAC 

Thirty five alloys were investigated for their suscepti- 
bility to high pressure hydrogen environment embrittlement 
at ambient temperature; subsequently they were ranked according 
to their reduction of notch strength in 10,000 psi hydrogen. 
The ranking in order of decreasing embrittlement was as 
follows: (1) high strength steels and nickel-base alloys; 
(2) moderate and low strength irorkbase alloys, pure nickel, 
and titanium alloys: (3) nonstable AlSltype 300 stainless 
steels, berylium-copper, and commercially pure titanium: and 
(4)  aluminum alloys, pure copper, and the stableAlS1 type 
300 stainless steels. The degree of hydrogen environment em- 



b r i t t l e m e n t  w a s  found t o  i n c r e a s e  w i t t i  i n c r e a s i n g  hydrogen 
p r e s s u r e  and t o  be a complex f u n c t i o n  o f  n o t c h  s e v e r i t y .  
(EMBRITTLEMENT, PRESSURE, GAS, METAL, ALLOY) 

H73 52026* GAS-PHASE HYDROGEN PERMEATION THROUGH ALPHA 
IRON,  4130 STEEL, AND 304 STAINLESS STEEL FROM LESS THAN 
100 C TO NEAR 600 C 
Ne l son ,  H.G., and J.E. S t e i n ,  (NASA, A m e s  Resea rch  C e n t e r ,  
M o f f e t t  F i e l d ,  c a l i f . ) ,  N73-21442, NASA-TN-D-7265, A-4749, 
Ap 73, Avai1:TAC 

Gas p h a s e  hydrogen p e r m e a t i o n  s t u d i e s  were  conduc ted  
on ho l low,  c y l i n d r i c a l  membranes o f  t r i p l y  z o n e - r e f i n e d  a l p h a  
i r o n ,  ~ l S l  304 a u s t e n i t i c  s t a i n l e s s  s teel ,  and A l S l S A E  4130 
s tee l  i n  b o t h  t h e  n o r m a l i z e d  ( f e r r i t e  and c a r b i d e )  and quenched 
and tempered ( m a r t e n s i t e )  c o n d i t i o n s .  F o r  a l l  membrane 
m a t e r i a l s ,  e x p r e s s i o n s  f o r  t h e  c o e f f i c i e n t s  f o r  hydrogen 
p e r m e a t i o n  were  d e t e r m i n e d  by  a n a l y s i s  o f  s t e a d y  s tate 
t r a n s p o r t ;  t h e  c o e f f i c i e n t s  f o r  d i f f u s i o n  were  d e t e r m i n e d  
b y  t h e  l a g  t i m e  t e c h n i q u e  a p p l i e d  t o  n o n s t e a d y  s ta te  trans- 
p o r t ;  and t h r o u g h  a knowledge o f  t h e  S i e v e r t ' s  c o n s t a n t s ,  
t h e  s u b s u r f a c e  e q u i l i b r i u m  l a t t i c e  hydrogen c o n c e n t r a t i o n s  
were  d e t e r m i n e d .  
(PERMEATION, IRON, STEEL, MEMBRANE, DIFFUSION) 

H73 52027 HYDROGEN EMBRITTLEMENT I N  IRRADIATED STEELS 
R o s s i n ,  A.D., (Argonne N a t i o n a l  Lab.. ILL.), R e p o r t  N o .  
ANL-7266, F e  67,  Avai1:TAC 

HZ-charging c o n d i t i o n s  t h a t  c o m p l e t e l y  e m b r i t t l e  t y p e  
4340 h i g h - s t r e n g t h  steel have a n e g l i g i b l e  e f f e c t  on 212-B 
p r e s s u r e - v e s s e l  s tee l  i n  t e n s i l e  and d e l a y e d - f a i l u r e  tests. 
Much h i g h e r  H2 c h a r g e s  r e d u c e  t h e  n o t c h - t e n s i l e  s t r e n g t h  
s l i g h t l y .  Delayed f a i l u r e  is  obse rved  o n l y  a t  stresses above  
90% o f  t h e  n o t c h - t e n s i l e  s t r e n g t h  o f  t h e  hydrogena ted  212-B. 
(EMBRITTLEMENT, STEEL, STRENGTH, TENSILE) 

H73 52028 FORMATION AND DEVELOPMENT OF CRACKS DURING THE 
FRACTURE OF HYDROGEN-ADSORBED IRON 
G r i g o r ' e v a ,  G.M., K.V. Popov, and E.S. Nosyreva ,  F i z .  
Metal. M e t a l l o v e d . ,  V 30:637-9 N3, 70,  ( i n  R u s s i a n )  

T e c h n i c a l  i r o n  i n  t h e  a n n e a l e d  s t a t e  was s t u d i e d .  The 
1 0 - f o l d  f r a c t u r e d  samples  were hydrogepa ted  e l e c t r o l y t i c a l l y  
t o  a c o n t e n t  o f  3 rn1/100 g. F r a c t u r e ' s u r f a c e s  o f  samples  
t e s t e d  a t  t e m p e r a t u r e s  of maximum development  o f  reverse H 



0 0 
embrittlement (-60 to -80 ) have a very uneven surface 
with deep depressions and high hillocks. The present study of 
the structure and the arrangement of cracks in hydrogenated 
iron makes it possible to assume that under temperature- 
rate conditions for the development of reversible H brittle- 
ness the formation of the main crack is brought about by 
way of the emergence of a large number of crack nuclei, 
their developent, and the subsequent impoverishment of the 
connectors between them. 
(IRON, CRACK, FRACTURE) 

H73 52029 EFFECT OF PRESSURIZED HYDROGEN UPON INCONEL 
718 AND 2219 ALUMINUM 
Lorenz, P.M., (Boeing Co., Seattle, Wash.), N69-19152, 
NASA-CR-100208, Fe 14 '69, Avai1:TAC 

Inconel 718 and 2219-T6E46 aluminum were tested in 
the environment of pressurized high purity hydrogen gas 
using surface flawed fracture toughness specimens and preflawed 
Inconel 718 pressure vessels. Presence of pressurized 
hydrogen gas severely affected flaw growth characteristics 
of Inconel 718, but had no detectable effect upon 2219- 
T6E46 aluminum. 
(INCONEL 718, ALUMINUM 2219. EMBRITTLEMENT. HIGH PRESSURE, 
GAS ) 

H73 52030* HYDROGEN ENVIRONMENT EMBRITTLENENT 
Gray, H.R., (NASA, Lewis Research Center, Cleveland, 0.). 
N72-27574, NASA-TM-X-68088, 72, Avai1:TAC 

Hydrogen embrittlement is classified into three types: 
internal reversible hydrogen embrittlement, hydrogen reaction 
embrittlement, and hydrogen environment embrittlement. Char- 
acteristics of and materials embrittled by these types of 
hydrogen embrittlement are discussed. Hydrogen environment 
embrittlement is reviewed in detail. Factors involved in 
standardizing test methods for detecting the occurence of and 
evaluating the severity of hydrogen environment embrittlernent 
are considered. The effect of test technique, hydrogen pres- 
sure, purity, strain rate, stress concentration factor, and 
test temperature are discussed. 
(EMBRITTLEMENT, ENVIRONMENT, REACTION, REVERSIBLE) 



H73 52031 EFFECT OF HYDROGEN ON TENSILE PROPERTIES 
OF PALLADIUM-HYDROGEN SYSTEM 
Smi th ,  R . J . ,  and D.A. O t t e r s o n ,  (NASA, Lewis R e s e a r c h  C e n t e r ,  
C l e v e l a n d ,  O . ) ,  N71-19011, NASA-TN-D-6211, Mar 71, Avai1:TAC 

T e n s i l e  p r o p e r t i e s  o f  b o t h  a n n e a l e d  and a s - r e c e i v e d  
p a l l a d i u m  w i r e  were  measured  as  f u n c t i o n s  o f  hydrogen c o n t e n t .  
The y i e l d  stress, u l t i m a t e  t e n s i l e  stress, and e l o n g a t i o n  
a t  maximum stress were  d e t e r m i n e d  and showed a b r u p t  changes  
w i t h  r e s p e c t  t o  hydrogen c o n t e n t  n e a r  t h e  b o u n d a r i e s  o f  
t h e  p h a s e  d iag ram.  The dependence  o f  t h e  t e n s i l e  p r o p e r t i e s  
on hydrogen c o n t e n t  w i t h i n  a s i n g l e  phase  r e g i o n  w a s  i n t e r p r e t e d  
i n  t e r m s  o f  e l e c t r o n i c  s t r u c t u r e  and work h a r d e n i n g .  
(PALLADIUM, PROPERTY, TENSILE) 

H73 52032 DIFFUSION OF GASES THROUGH METALS 
Lombard, V.,  N70-19137, Rev. M e t .  ( p a r i s ) ,  V 26:343-50 N7, 
J1 29, NASA-TT-F-12806, ( I n  F r e n c h ) ,  Avai1:TAC 

The d i f f u s i o n  o f  hydrogen t h r o u g h  metals, u n d e r  v a r i o u s  
t e m p e r a t u r e s  and p r e s s u r e s ,  c h i e f l y  w i t h  n i c k e l ,  was i n v e s t i -  
g a t e d .  O t h e r  e l e m e n t s  i n v o l v e d  t o  some e x t e n t  are i r o n ,  
p l a t i n u m ,  n i t r o g e n ,  a r g o n  and hel ium. I t  was found t h a t  
when hydrogen i s  mixed w i t h  o t h e r  g a s e s  t h e r e  i s  n o  d i f f e r e n c e  
i n  t h e  r a t e  o f  d i f f u s i o n .  The tes ts  c o n c e r n i n g  n i t r o g e n ,  
a r g o n  and he l ium d o  n o t  p r o v i d e  any d e f i n i t i v e  r e s u l t s  
b e c a u s e  o f  p o o r  a p p a r a t u s .  I t  was found i n  a d d i t i o n  t h a t  
m e t a l  s h e e t s  p l a c e d  c l o s e  t o  one  a n o t h e r  have a n  a d d i t i v e  
v a l u e  a s  f a r  as hydrogen d i f f u s i o n  i s  c o n c e r n e d ,  i . e . ,  
hydrogen d i f f u s e s  t h r o u g h  2 mm of n i c k e l  j u s t  a s  r a p i d l y  
w h e t h e r  t h e  n i c k e l  is a s o l i d  p i e c e  o r  two p i e c e s  i n  close 
c o n j u n c t i o n .  
(DIFFUSION, METAL, RATE, TEMPERATURE, PRESSURE) 

H73 52033 COMPATIBILITY OF METALS WITH HYDROGEN 
C a t a l d o ,  C.E., (NASA, M a r s h a l l  Space  F l i g h t  C e n t e r ,  Hunts- 
v i l l e ,  A l a . ) ,  N69-19002, NASA-TM-X-53807, DeC 26 '68, 
A v a i l :  TAC 

T h i s  r e p o r t  summarizes t h r e e  d i f f e r e n t  b u t  r e l a t e d  
c a t e g o r i e s  o f  hydrogen e m b r i t t l e m e n t  problems e n c o u n t e r e d  
i n  v a r i o u s  components o f  S a t u r n  l aunch  v e h i c l e  hardware .  
The s t a t u s  o f  r e s e a r c h  programs,  e s t a b l i s h e d  t o  i n v e s t i g a t e  
t h e s e  f a i l u r e  mechanisms and s o l u t i o n s  t o  p r e v e n t  f a i l u r e s ,  
i s  p r e s e n t e d .  C o r r e c t i v e  a c t i o n s  t a k e n  t o  min imize  f a i l u r e s  
from h i g h  p r e s s u r e  hydrogen e f f e c t s ,  t h e  f o r m a t i o n  o f  h y d r i d e s  
i n  t i t a n i u m ,  and hydrogen a b s o r p t i o n  th rough  v a r i o u s  metals 



p r o c e s s i n g  t e c h n i q u e s  are d e s c r i b e d .  
(EMBRITTLEMENT, SPACECRAFT, FAILURE, PREVENTION, METAL) 

H73 52034 A STUDY OF HYDROGEN EMBRITTLEMENT OF VARIOUS 
ALLOYS 
Groeneve ld ,  T.P.,  E.E. F l e t c h e r ,  and  A.R. E l s e a ,  (Ba t t e l l e  
Memorial I n s t i t u t e ,  Columbus, O . ) ,  N69-28526, NASA-CR-98448, 
Ja 23 '69 ,  Avai1:TAC 

The s u s c e p t i b i l i t i e s  o f  14  s e l e c t e d  h i g h - s t r e n g t h  a l l o y s  
t o  h y d r o g e n - s t r e s s  c r a c k i n g  w e r e  e v a l u a t e d .  The s u s c e p t i b l e  
a l l o y s  w e r e  u s e d  t o  e v a l u a t e  t h e  h y d r o g e n - e m b r i t t l i n g  t e n -  
d e n c i e s  o f  s e l e c t e d  c l e a n i n g ,  i n h i b i t e d  a c i d  p i c k l i n g ,  and 
e l e c t r o p l a t i n g  p r o c e s s e s ,  and t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  
o f  s e l e c t e d  b a k i n g  t r e a t m e n t s  f o r  r e l i e v i n g  hydrogen em-  
b r i t t l e m e n t .  
(EMBRITTLEMENT, ALLOYS, HIGH STRENGTH, SUSCEPTIBILITY) 

H73 52035 ABSORPTION OF CATHODIC HYDROGEN BY IRON AND 
STEEL 
Radhakr i shnan ,  T.P., (Bhabha A t o m i c  R e s e a r c h  C e n t r e ,  Bombay, 
I n d i a )  , R e p o r t  No .  BARC-585, 72, Avai1:TAC 

Delayed f a i l u r e  and  embritt lement d u e  t o  hydrogen 
a b s o r p t i o n  p o s e  i n t r i c a t e  problems and  l i m i t  t h e  a p p l i c a t i o n  
o f  many h i g h - s t r e n g t h  s teels  i n  i n d u s t r y  and t echno logy .  
Hydrogen p i c k u p  o c c u r s  c o n c o m i t a n t l y  d u r i n g  v a r i o u s  c h e m i c a l  
and e l e c t r o c h e m i c a l  metal f i n i s h i n g  p r o c e s s e s  and a l s o  dur-  
i n g  g a l v a n i c  c o r r o s i o n  o f  t h e  p l a t e d  s t ee l  components.  The 
b e h a v i o r  o f  c a t h o d i c  hydrogen i n  i r on  and s teel  and ,  i n  
p a r t i c u l a r ,  t h e  v a r i o u s  f a c t o r s  which  i n f l u e n c e  a b s o r p t i o n  
w e r e  examined. The mechanism of e n t r y  and r e l e a s e  o f  hydro- 
gen  was c o n s i d e r e d  on t h e  basis o f  e l e c t r o c h e m i c a l  k i n e t i c s  
w i t h  d u e  emphas i s  on t h e  l o c a t i o n  and  s ta te  o f  hydrogen i n  
s t ee l .  
(IRON, STEEL, ABSORPTION, CATHODIC, DIFFUSION) 

H73 52036 THE LOW-TEMPERATURE EMBRITTLEMENT OF NIOBIUM 
AND VANADIUM BY BOTH DISSOLVED AND PRECIPITATED HYDROGEN 
H a r d i e ,  D., and P. McIn ty re ,  M e t a l l u r g i c a l  T r a n s a c t i o n s ,  
V 4 ,  May 73 

L i k e  o t h e r  e x o t h e r m i c  o c c l u d e r s  o f  hydrogen,  n iobium 
(columbium) and  vanadium may b e  e m b r i t t l e d  b y  t h e  p r e s e n c e  o f  
a p r e c i p i t a t e d  h y d r i d e .  However, a l l o y s  c o n t a i n i n g  hydrogen 



c o n c e n t r a t i o n s  w e l l  below t h e  s o l u b i l i t y  l i m i t s  a t  room 
tempera ture  show v e r y  i n t e r e g t i n g  f e a t u r e s  when t e s t e d  
i n  t e n s i o n  a t  subambient  temperatures .  N i o b i u m  contain-  
ing  25 ppn H, from which l i t t l e  hydr ide  p r e c i p i t a t e s  above 
77K. shows a d u c t i l i t y  minimum on cool ing  which i s  s t r a i n -  
rate-dependent and may b e  a t t r i b u t e d  t o  d i f f u s i o n  of hydro- 
gen t o  microcrack n u c l e a t i o n  sites. When t h e  hydrogen con- 
t e n t  is  inc reased  a  f u r t h e r  r educ t ion  i n  d u c t i l i t y  occurs  
a t  l o w e r  t empera tures  due t o  t h e  m a r t e n s i t i c  p r e c i p i t a t i o n  
o f  niobium hydride .  The behav io r  d i sp l ayed  by V-H a l l o y s  is 
b r o a d l y  s i m i l a r ,  excep t  t h a t  h e r e  t h e  i n f l u e n c e  of hydrogen 
d i f f u s i o n  overshadows t h e  e m b r i t t l i n g  e f f e c t  of  t h e  hydr ide  
p r e c i p i t a t i o n  is l e s s  e a s i l y  d i s t i n g u i s h e d  from t h a t  in- 
vo lv ing  hydrogen i n  s o l u t i o n  i n  vanadium than  i n  niobium. 
(EMBRITTLEMENT, TEMPERATURE, NIOBIUM, VANADIUM) 

H73 52037 EFFECT OF HIGH DISLOCATION DENSITY ON STRGSS 
CORROSION CRACKING AND HYDROGEN EMBRITTLEMENT OF TYPE 
304L STAINLESS STEEL 
Louthan, M.R., Jr.,  J .A.  Donovan, and D.E. Rawl, Jr., 
(Savannah ~ i v e r  Lab., du Pont ,  Aiken, S.C.), Corrosion,  

V 29 N3, M a r  73 
A thermochanical  t r ea tmen t  of Type 304L s t a i n l e s s  

s teel ,  which r e t a r d s  bo th  t h e  m a r t e n s i t i c  t r ans fo rma t ion  
and cop lana r  d i s l o c a t i o n  motion,  appears  t o  i n c r e a s e  t h e  
r e s i s t a n c e  t o  SCC and hydrogen embri t t lement .  However, 
t h e  importance of t h e  t r ans fo rma t ion  t o  m a r t e n s i t e  i n  
r educ t ion  r e s i s t a n c e  needs  t o  b e  f u r t h e r  r e so lved ,  because 
Tenelon and Armco 21Cr-6Ni-9Mn s t a i n l e s s  steels, which ex- 
h i b i t  cop lana r  d i s l o c a t i o n  motion b u t  do n o t  t rans form t o  
m a r t e n s i t e ,  a r e  s u s c e p t i b l e  t o  bo th  s t r e s s  c o r r o s i o n  and 
hydrogen embr i t t l ement .  
(STEEL,, STAINLESS, EMBRITTLEMENT, DISLOCATION, MARTENSITE) 

H73 52038 ENHANCED FLAW GROWTH I N  SSE MAIN ENGINE 
ALLOYS I N  HIGH PRESSURE GASEOUS HYDROGEN 
Fr i ck ,  V., G.R. J a n s e r ,  and J .A.  Brown, (Aero je t  Liquid 
Rocket Co., Sacramento, C a l i f . ) ,  Space S h u t t l e  M a t e r i a l s ,  
V 3:567-604, 71 

The e f f e c t s  o f  h igh  p r e s s u r e  gaseous hydrogen upon 
c a n d i d a t e  a l l o y s  f o r  t h e  Space S h u t t l e  Main Engine cmnponents 

, - 



were  e v a l u a t e d  f o r  s t a t i c  l o a d  c o n d i t i o n s  u s i n g  s u r f a c e  
f lawed f l a t  p l a t e  PTC spec imens .  T e s t s  w e r e  per formed i n  
h i g h  p u r i t y ,  g a s e o u s  hydrogen a t  a p r g s s u r e  o f  7200 p s i g  
and t e m p e r a t u r e s  i n  t h e  r a n g e  of -320 F t o  +I000 F. 
(GAS, PRESSURE, ENGINE, EMBRITTLEMENT) 

H73 52039 HYDROGEN EMBRITTLEMENT OF METALS 
Rogers ,  H.C., S c i e n c e ,  V 159:1057-64, N3819, M a r  8 '68 

Hydrogen i n t e r a c t s  w i t h  many metals t o  r e d u c e  t h e i r  
d u c t i l i t y  and f r e q u e n t l y  t h e i r  s t r e n g t h  a l s o .  I t  e n t e r s  
m e t a l s  i n  t h e  a t o m i c  form, d i f f u s i n g  v e r y  r a p i d l y  even  a t  
normal  t e m p e r a t u r e s .  During m e l t i n g  and  f a b r i c a t i o n ,  as 
w e l l  as d u r i n g  u s e ,  t h e r e  a r e  v a r i o u s  ways i n  which metals 
come i n  c o n t a c t  w i t h  hydrogen and a b s o r b  it. The absorbed  
hydrogen may react i r r e v e r s i b l y  w i t h  o x i d e s  or c a r b i d e s  i n  
some m e t a l s  t o  p roduce  a pe rmanen t ly  degraded  s t r u c t u r e .  
( EMBRI TTLEMENT, METAL, MECHANISM) 

H73 52040 A METHOD FOR DETERMINATION OF THE PERMEATION 
RATE OF HYDROGEN THROUGH METAL MEMBRANES 
McBreen, J., L. Nan i s ,  and W. Beck, ( U n i v e r s i t y  o f  Pennsyl -  
v a n i a ,  P h i l a d e l p h i a ,  P a . ) ,  J o u r n a l  o f  t h e  ~ l e c t r o c h e m i c a l  
S o c i e t y ,  V 113:1218 N 1 1 ,  Nov 66, Avai1:TAC 

A s e n s i t i v e  e l e c t r o c h e m i c a l  method f o r  t h e  p r e c i s e  
measurement o f  d i f f u s i o n  c o e f f i c i e n t s  and p e r m e a t i o n  rates 
o f  hydrogen t h r o u g h  metal membranes is d e s c r i b e d .  A mathe- 
matical a n a l y s i s  o f  t h e  p e r t i n e n t  d i f f u s i o n  e q u a t i o n s  i s  
g i v e n .  S u g g e s t i o n s  a r e  made r e g a r d i n g  u s e s  o f  t h e  method. 
(PERMEATION, RATE, MEMBRANE, METAL, DIFFUSION) 

H73 52041 HYDROGEN EMBRITTLEMENT AND HYDROGEN TRAPS 
B o c k r i s ,  J. O'M.,  and P.K. Subramanyan, ( U n i v e r s i t y  o f  
P e n n s y l v a n i a ,  P h i l a d e l p h i a ,  P a . ) ,  J o u r n a l  o f  t h e  E l e c t r o -  
c h e m i c a l  S o c i e t y ,  V 118:1114 N7, J1 71,  Avai1:TAC 

The p e r m e a t i o n  o f  H t h r o u g h  i r o n  and  a n  i r o n - n i c k e l  
a l l o y  a s  a f u n c t i o n  o f  t i m e  i s  r e p o r t e d .  Below a c e r t a i n  
c r i t i c a l  H o v e r p o t e n t i a l ,  t h e  H p e r m e a t i o n  o c c u r s  as a 
f u n c t i o n  o f  time i n  a s i m p l e  way; and  can be r e p e a t e d  in -  
d e f i n i t e l y  on t h e  same specimen.  
(EMBRITTLEMENT, IRON, PERNEATION) 



H73 52042 MATHEMATICS OF THE ELECTROCHEMICAL EXTRACTION 
OF HYDROGEN FROM IRON 
N a n i s ,  L., and T.K. Namboodhir i ,  ( U n i v e r s i t y  o f  p e n n s y l v a n i a ,  
P h i l a d e l p h i a ,  P a . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 119:691 N6, Je  72, Avai1:TAC 

The t r a n s i e n t  c u r r e n t  o f  hydrogen removal from i r o n  
f o l l o w i n g  s t e a d y - s t a t e  p e r m e a t i o n  is a n a l y z e d  t h e o r e t i c a l l y  
f o r  two l i m i t i n g  c o n d i t i o n s  a t  t h e  i n p u t  s i d e .  
( IRON,  EXTRACTION, MODEL, MATHEMATICAL) 

H73 52043 ON THE ROLE OF IRON DISSOLUTION I N  CmCK 
PROPAGATION DURING HYDROGEN CHARGING OF AN Fe-Pt ALLOY 
P i c k e r i n g ,  H.W., and P.J .  Byrne ,  (U.S. S t e e l  R e s e a r c h  C e n t e r ,  
M o n r o e v i l l e ,  P a . ) ,  J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  
V 120:607 N5, May 73, Avai1:TAC 

I r o n  d i s s o l u t i o n  d u r i n g  c a t h o d i c  c h a r g i n g  o f  i r o n  
and i t s  a l l o y s  is  g e n e r a l l y  n e g l i g i b l e ,  i n  agreement  w i t h  
thermodynamic c o n d i t i o n s  a t  t h e  s u r f a c e .  T h i s  i s  n o t  t r u e ,  
however,  of i r o n  a l l o y s  f o r  which hydrogen d i s c h a r g e  i s  
e a s y ,  and a l s o  may n o t  i n  g e n e r a l  be t r u e  w i t h i n  cracks o r  
c a v i t i e s .  Crack  p r o p a g a t i o n  o c c u r s  f o r  spec imens  l o a d e d  i n  
t e n s i o n  which ( i )  is i n d e p e n d e n t  o f  t h e  l e v e l  o f  hydrogen 
c h a r g i n g  and (ii) h a s  a n o d i c  d i s s o l u t i o n  o f  i r o n  a s s o c i a t e d  
w i t h  it. I n t e r n a l  (hydrogen-produced)  c r a c k i n g  d o e s  n o t  
o c c u r .  The ro le  o f  ohmic d r o p s  i n  promot ing  a n o d i c  d i s s o l u t i o n  
a t  t h e  b a s e  o f  t h e  c r a c k s  d u r i n g  hydrogen c h a r g i n g  i s  d i s -  
c u s s e d .  
(IRON, CRACKING, DISSOLUTION) 

H73 52044 PROTECTION OF STEEL FROM HYDROGEN CRACKING 
BY THIN METALLIC COATINGS 
Matsushima,  I.,  and H.H. U h l i g ,  (M.I.T., Cambridge, M a s s . ) ,  
J o u r n a l  o f  t h e  E l e c t r o c h e m i c a l  S o c i e t y ,  V 113:555 N6, Je 66 ,  
Ava i  1 : TAC 

Cold r o l l e d  and  stress r e l i e v e d  0.5% c a r b o n  s tee l  s p e c i -  
mens e l e c t r o p l a t e d  w i t h  N i ,  0.50-2.5j1 t h i c k  and b e n t  t o  t h e  
test s p a n  a f t e r  p l a t i n g  a r e  e s p e c i a l l y  r e s i s t a n t  t o  hydrogen 
c r a c k i n g  when p o l a r i z e d  c a t h o d i c a l l y  i n  d i l u t e  s u l f u r i c  a c i d  
s a t u r a t e d  w i t h  A s 2 0 3 .  A r s e n i c  or a n  As compound d e p o s i t s  
c a t h o d i c a l l y  on t h e  N i  c o a t i n g  which supp lemen t s  p r o t e c t i o n  
by  N i  a l o n e .  The mechanism o f  p r o t e c t i o n  i s  a p p a r e n t l y  one  
o f  a l t e r i n g  t h e  k i n e t i c s  o f  H+ d i s c h a r g e ,  r e s u l t i n g  i n  less 
o c c l u s i o n  o f  hydrogen by s teel .  A c c o r d i n g l y ,  such  c o a t i n g s  



t o  be  p r o t e c t i v e  need n o t  be  cont inuous .  
(STEEL, CRACKING, PROTECTION, COATING, NICKEL) 

H73 52045 PERMEATION OF ELECTROLYTIC HYDROGEN THROUGH 
PLATINUM 
~ i l e a d i ,  E . ,  M.A. Ful lenwider ,  and J. O ' M .  Bockr i s ,  
( u n i v e r s i t y  of Pennsylvania ,  P h i l a d e l p h i a ,  P a . ) ,  Jou rna l  of 
t h e  ~ l e c t r o c h e m i c a l  Soc ie ty ,  V 113:926 N9, Sept  66, Avai1 :~Ac 

The a b s o r p t i o n  and permeation o f  e l e c t r o l y t i c a l l y  
gene ra t ed  hydrogen through t h i n  p la t inum f o i l s  have been ob- 
se rved  d i r e c t l y  by an e l ec t rochemica l  method. The d i f f u s i o n  
c o e f f i c i e n t  and t h e  a s s o c i a t e d  a p p a r e n t  energy of a c t i v a t i o n  
w e r e  determined.  The c o n c e n t r a t i o n  o f  absorbed hydrogen was 
ob ta ined ,  and i t  was shown t h a t  a tomic hydrogen tends  t o  con- 
c e n t r a t e  i n  a r e a s  of h igh  s t r a i n  i n  t h e  me ta l  where i t  can be 
i n  a  lower energy  s t a t e .  
(PERMEATION, PLATINUM, DIFFUSION) 

H73 52'046 THE ROLE OF ADSORBED CN GROUPS I N  THE HYDROGEN 
EMBRITTLEMENT OF STEEL 
Beck, W.,  A.L. G la s s ,  and E. Taylor ,  (Aeronaut ica l  M a t e r i a l s  
Lab., P h i l a d e l p h i a ,  Pa . ) ,  Jou rna l  of  t h e  Elec t rochemica l  
S o c i e t y ,  V 112:53 N 1 ,  J a  65, Avai1:TAC 

Specimens of u l t r a  high s t r e n g t h  s t e e l  w e r e  charged 
c a t h o d i c a l l y  w i t h  hydrynen o r  immersed wi thou t  cha ig ing  i n  
a  NaOH s o l u t i o n  of NaC 4~ and t h e  a d s o r p t i o n  o f  C N groups 
determined by means o f  r a d i o a z t i v i t y  measurements. I n  a d d i t i o n ,  
t h e  d e s o r p t i o n  of adsorbed C N groups was a l s o  s tud ied .  
Heats ,  de s igna t ed  h e a t s  o f  adso fg t ion ,  e n e r g i e s  of  a c t i v a t i o n ,  
and t h e  s u r f a c e  yzverage w i t h  C N w e r e  c a l c u l a t e d .  It i s  
concluded t h a t  C N groups a r e  s t r o n g l y  and p r e f e r e n t i a l l y  
adsorbed on h igh ly  a c t i v e  c e n t e r s  and t h e  hydrogen recombin- 
a t i o n  r e a c t i o n  r e t a r d e d  accord ing ly .  
(EMBRITTLEMENT, STEEL) 

H73 52047 ESTIMATES OF THE POSSIBILITY OF HYDROGEN 
EMBRITTLEMENT OF TANTALUM I N  THE FRCTF 
Wohlberg, C., (Los Alamos S c i e n t i f i c  Lab., Los Alamos, N.M.),  
Report  No. LA-3508, Aug 18  '65, Avai1:TAC 

An e v a l u a t i o n  was made of t h e  p o s s i b i l i t y  of d e s t r u c t i v e  
hydr id ing  of Ta i n  t h e  FRCTF. The assumption was made t h a t  
even i f  t h e  Na used i n  t h e  r e a c t o r  i s  w e l l  g e t t e r e d  i n  advance, 
undetermined amounts o f  H2 w i l l  g e t  i n t o  t h e  system dur ing  



i n s t a l l a t i o n  o f  f u e l  e l e m e n t s  and s u b s e q u e n t  o p e r a t i o n s .  
(EMBRITTLEMENT, TANTALUM, CONTAMINATION) 

H73 52048 THE EFFECT OF LOADING MODE ON HYDROGEN 
EMBRITTLEMENT 
S a i n t  J o h n ,  C., and W.W. G e r b e r i c h ,  (Minnesota  U n i v e r s i t y ,  
M i n n e a p o l i s ,  Minn. ) ,  M e t a l l u r g i c a l  T r a n s a c t i o n s ,  V 4:589-94, 
F e  73, Avai1:TAC 

Hydrogen e m b r i t t l e m e n t  i s  shown t o  o c c u r  v e r y  e a s i l y  
i n  notched-round bars u n d e r  open ing  mode I ( t e n s i o n )  b u t  n o t  
u n d e r  a n t i p l a n e  s h e a r  mode 111 ( t o r s i o n ) .  The stress t e n s o r  
i n v a r i a n t s  u n d e r  mode 1, 11, 111 l o a d i n g s  and how t h e s e  
a f f e c t  i n t e r s t i t i a l  d i f f u s i o n  are d i s c u s s e d .  I t  i s  s u g g e s t e d  
t h a t  l o n g  r a n g e  d i f f u s i o n  of hydrogen down o r t h o g o n a l  t r a -  
j e c t o r i e s  t o  t h e  v i c i n i t y  o f  t h e  c r a c k  t i p ,  which c a n  o c c u r  
u n d e r  mode 1 b u t  n o t  mode 111, i s  a k e y  p a r t  o f  a n y  hydrogen 
e m b r i t t l e m e n t  mechanism. 
(LOAD, EMBRITTLEMENT, DIFFUSION) 

H73 52049 THE EFFECT OF SURFACE AND COATING TREATMENTS 
ON TPIE EMBRITTLEMENT OF STEEL AT HIGH RESISTANCE BY HYDROGEN 
UNDER PRESSURE: THE CASE OF 35 N i C r M o  16 STEEL 
F i d e l l e ,  J .P. ,  N69-20923, NASA-TT-F-12099, Fe  69,  Avai1:TAC 

I t  i s  shown t h a t  g o l d ,  aluminum, and cadmium can  p r o t e c t  
d i s k s  f o r  s e v e r a l  months ,  which would b e  b r o k e n  a f t e r  a  few 
m i n u t e s  u n d e r  hydrogen p r e s s u r e  i f  t h e r e  were no  c o a t i n g .  
The a u t h o r s  a n a l y z e  t h e  c a u s e  and n a t u r e  o f  t h e  r u p t u r e  o f  
35  NiCrMo 1 6  steel u n d e r  v a r i o u s  p r e s s u r e s .  
(EMBRITTLEMENT, STEEL, COATING, SURFACE, RUPTURE) 

H73 52050 THE EFFECT OF HYDROGEN AND TEMPERATURE ON 
MECHANICAL PROPERTIES OF THE Ti-5A1-2.5Sn ELI ALLOY 
N a d l e r ,  R.A., (Wes t inghouse  E l e c t r i c  Corp. ,  P i t t s b u r g h ,  Pa. ,  
A s t r o n u c l e a r  L a b . ) ,  N66-35874, NASA-CR-77890, S e p t  65,  Avai1:TAC 

The e f f e c t s  o f  hydrogen c o n t e n t  on t h e  m e c h a n i c a l  prop- 
er t ies  o f  t h e  Ti-5A1-2.5Sn ELI a l l o y  were  i n v e s t i g a t e d  i n  
t h e  t e m p e r a t u r e  r a n g e  -320 t o  + 2 0 0 ° ~ .  I n  a d d i t i o n ,  t h e  
a b s o r p t i o n  o f  hydrogen b y  t h e  a l l o y  was s t u d i e d  t o  d e t e r m i n e  
s a f e  o p e r a t i n g  l i m i t s  f o r  t h e  0.020-inch t h i c k  c o r e  band.  
The d a t a  show t h a t  Ti-5A1-2.5Sn ELI can  t o l e r a t e  300 ppM 
hydrogen a t  a l l  t e m p e r a t u r e s  i n v e s t i g a t e d .  
(PROPERTY, MECHANICAL, ALLOY) 



H73 52051 THE MECHANISM OF HYDROGEN EMBRITTLEMENT I N  STEEL 
Tetelman, A.S., (S tanford  U n i v e r s i t y ,  Dept. of  M a t e r i a l s  
Sc ience ,  C a l i f . ) ,  N67-30934, NASA-CR-85771, J1 67, Avai1:TAC 

The p roces s  of  b r i t t l e  f r a c t u r e  i n  s t r u c t u r a l  m a t e r i a l s  
can be  s e p a r a t e d  i n t o  t h r e e  s t a g e s :  (1) c rack  n u c l e a t i o n ,  
( 2 )  slow c rack  growth, and (3 )  r a p i d ,  u n s t a b l e  f r a c t u r e .  
Hydrogen e m b r i t t l e s  s t e e l  by a f f e c t i n g  t h e  f i r s t  two o f  
t h e s e  s t a g e s .  I n  corroded,  e l e c t r o l y t i c a l l y  charged,  or 
the rma l ly  charged specimens, exces s  hydrogen p r e c i p i t a t e s  a t  
i n c l u s i o n s  o r  c a r b i d e s  i n  molecu la r  form, caus ing  t h e  i n i t i a t i o n  
of vo ids  o r  microcracks .  The hydrogen p r e s s u r e  i n  t h e s e  de- 
f e c t s  causes  them t o  grow e i t h e r  by p l a s t i c  deformat ion o r  by 
c leavage ,  depending on t h e  i n t r i n s i c  toughness of t h e  p a r t i -  
c u l a r  s teel  and t h e  shape of t h e  n u c l e a t i n g  p a r t i c l e .  
(EMBRITTLEMENT. STEEL, FRACTURE, MECHANISM) 

H73 52052 STRESS CORROSION CRACKING AND HYDROGEN 
EMBRITTLEMENT I N  410 STAINLESS STEEL 
McGuire, M.F., (Case Western Reserve U n i v e r s i t y ,  Cleveland,  O . ) ,  
~73 -22471 ,  Ph.D. Thes i s ,  72, Avai1:TAC 

The s t r e s s  c o r r o s i o n  c rack ing  behav io r  of two b c c  s t a i n -  
l e s s  s t e e l s  w a s  i n v e s t i g a t e d  a s  a f u n c t i o n  o f  y i e l d  s t r e n g t h ,  
a p p l i e d  p o t e n t i a l ,  and tempera ture  i n  s e v e r a l  d i l u t e  s a l t  
s o l u t i o n s .  Hydrogen permeation r a t e s  f o r  t h e  same environ-  
mental  and m a t e r i a l  c o n d i t i o n s  were ob ta ined .  Under a l l  con- 
d i t i o n s ,  t h e  occur rence  of stress c o r r o s i o n  c rack ing  could be  
accounted f o r  by a hydrogen embr i t t l emen t  mechanism r a t h e r  
than  e i t h e r  an a d s o r p t i o n  of anodic  d i s s o l u t i o n  process .  
(STAINLESS, EMBRITTLEMENT, CORROSION, CRACK, STRESS) 

H73 52053 REVIEW OF LITERATURE ON HYDROGEN EMBRITTLEMENT 
Groeneveld, T.P., E.E. F l e t c h e r ,  and A.R. E l sea ,  ( B a t t e l l e  
I n s t i t u t e ,  Columbus, O . ) ,  N66-23505, NASA-CR-74034, J a  12 
'66,  Avai1:TAC 

Th i s  r e p o r t  d e a l s  p r i m a r i l y  w i t h  t h e  l o s s  i n  mechanical 
p r o p e r t i e s  exper ienced by high s t r e n g t h  i ron-base  and n i cke l -  
b a s e  a l l o y s  and by t i t a n i u m  a s  a r e s u l t  of  hydrogen int roduced 
i n t o  t h e  m a t e r i a l  du r ing  manufactur ing and process ing  of t h e  
a l l o y ,  o r  i n  s e r v i c e .  
(EMBRITTLEMENT, REVIEW, STRENGTH, SUSCEPTIBILITY) 



H73 52054* ROLE OF HYDROGEN IN HOT-SALT STRESS-CORROSION 
OF A TITANIUM ALLOY 
Gray, H.R., (NASA, Lewis Research Cente r ,  Cleveland.  0 . ) .  
N71-10008, NASA-TM-X-52899, 70, Avai1:TAC 

The r o l e  of  hydrogen was s t u d i e d  i n  promoting e m b r i t t l e -  
ment a t  e l e v a t e d  temperatures ,  where t h e  p roces s  of h o t - s a l t  
s t r e s s - c o r r o s i o n  occurs .  Sa l t -coa ted  specimens of t h e  Ti-8A1- 
1Mo-1V a l l o y  were sub jec t ed  t o  l ow-s t r a in - r a t e  t e n s i l e  t e s t s ,  
c r e e p  exposure  tests,  and s t r e s s - r u p t u r e  tests  t o  demonstra te  
t h e  e f f e c t s  of h o t - s a l t  s t r e s s - c o r r o s i o n .  Severe  e m b r i t t l e -  
ment and/or c rack ing  was observed i n  a l l  types  of tests.  
S i g n i f i c a n t  i n c r e a s e s  i n  hydrogen c o n c e n t r a t i o n s  i n  s t r e s s -  
corroded specimens were measured by s t anda rd  vacuum-fusion 
chemical  t echniques .  
(EMBRITTLEMENT, TITANIUM, CORROSION) 

H73 52055 PROPERTIES OF MATERIALS I N  HIGH PRESSURE HYDROGEN 
AT CRYOGENIC, ROOM, AND ELEVATED TEMPERATURES 
~ a r r % s ,  J .A. ,  Jr. and M.C. Van Wanderham, ( P r a t t  and Whitney 
A i r c r a f t ,  West Palm Beach, F l a . ) ,  N71-33728, NASA-CR-119884, 
Je  30 '71 ,  Avai1:TAC 

R e s u l t s  of mechanical p r o p e r t y  tests o f  n i c k e l ,  t i t an ium,  
and i r o n  a l l o y s  i n  5000 p s i g  gaseous helium and hydrogen a t  
v a r i o u s  tempera tures ,  and t h e  comparison of t e s t  r e s u l t s  t o  
de te rmine  deg rada t ion  of p r e p e r t i e s  due t o  t h e  hydrogen en- 
vironment are presen ted .  
(MECHANICAL, PROPERTY, METAL, PRESSURE, TEMPERATURE) 

H73 52056" INFLUENCE OF GASEOUS HYDROGEN ON METALS 
Wal te r ,  R.J . ,  H.G. Hayes, and W.T. Chandler,  (Rocketdyne, 
Canoga Park,  C a l i f . ) ,  N71-32489, NASA-CR-119917, May 24 '71,  
Avai1:TAC 

The gaseous hydrogen environment embr i t t l ement  was in- 
v e s t i g a t e d  i n  Incone l  718, Incone l  6 2 5 ,  AlSl  321 s t a i n l e s s  
. s t e e l ,  Ti-5A1-25Sn ELI, and OFHC copper.  The program was 
d i v i d e d  i n t o  t h e  fol lowing phases:  (1) T e n s i l e  t e s t s  on 
notched specimens were used t o  determine t h e  e f f e c t  of  as-  
rece ived  m a t e r i a l  cond i t i on ,  h e a t  t r ea tmen t ,  and welding 
on t h e  hydrogen environment embr i t t l ement  of  Incone l  718 i n  
5000 p s i  hydrogen.-af: room temperature .  (2) The e f f e c t  o f  
5000 p s i  hydrogen-on t h e  t e n s i l e  p r o p e r t i e s  of  t h e  a l l o y s  
was determined at' room t e m p e r a t u r e  and -200 F. (3 )  Threshold 
stress i n t e n s i t i e s  f o r  t h e  a l l o y s  l i s t e d  above and i n  a d d i t i o n  



2219-T87 aluminum a l l o y  w e r e  d e t e r m i n e d  w i t h  m o d i f i e d  WOL 
spec imens  f o r  a hydrogen p r e s s u r e  of 5000 p s i  and  room 
t e m p e r a t u r e .  
(GAS, EMBRITTLEMENT, TENSILE , PRESSURE, TEST) 

H73 52057 PERMEABILITY DATA FOR AEROSPACE APPLICATIONS 
Anon, (I .I .T. Resea rch  I n s t i t u t e ,  Chicago,  I l l . ) ,  N69-14111, 
NASA-CR-95993, M a r  68, Avai1:TAC 

A c o m p i l a t i o n  o f  d a t a  i s  p r e s e n t e d  on t h e  p e r m e a t i o n  of 
p r o p e l l a n t s  and p r e s s u r a n t  g a s e s  t h r o u g h  m e t a l s ,  n o n m e t a l s ,  
and  c o m p o s i t e  materials. The form is s u i t a b l e  f o r  u s e  b y  t h e  
d e s i g n e r s  o f  s p a c e c r a f t  l i q u i d  p r o p u l s i o n  sys t ems .  The f o l -  
lowing i n f o r m a t i o n  is  g i v e n  f o r  e a c h  Permeant  t y p e  or  t r a d e  
name, t e m p e r a t u r e ,  p e r m e a b i l i t y  rate, p e r m e a b i l i t y  rate a s  
r e p o r t e d ,  u n i t s  r e p o r t e d ,  r e f e r e n c e ,  s o l u b i l i t y ,  d i f  f u s i v i t y ,  
and  r e l e v a n t  comments. 
(SPACECRAFT, PERMEATION, PROPELLANT, METAL) 

H73 52058 LATTICE DILATATION AND HYDROGEN EMBRITTLEMENT 
CRACKING 
S y r e t t ,  B.C., ( I n t e r n a t i o n a l  N i c k e l  Co., I n c . ,  S u f f e r n ,  
N.Y.),  C o r r o s i o n ,  V 29:23-7, J a  73 

S t r e s s  c o r r o s i o n  c r a c k i n g  i n  a p r e c r a c k e d  h i g h  s t r e n g t h  
mater ia l ,  o c c u r r i n g  by a hydrogen e m b r i t t l e m e n t  mechanism, 
i s  i n v e s t i g a t e d .  The d i r e c t i o n  o f  s l o w  c r a c k  g rowth  i s  shown 
t o  b e  d e p e n d e n t  p a r t l y  on t h e  a n g u l a r  v a r i a t i o n  i n  hydrogen 
c o n c e n t r a t i o n  and p a r t l y  on t h e  a n g u l a r  v a r i a t i o n  o f  t h e  
e x t e n s i o n a l  stress. The maximum d i l a t a t i o n  o c c u r s  i n  t h e  
c r a c k  p l a n e  where  a n  i n c r e a s e d  h y d r o g e n s o l u b i l i t y  is  t o  
b e  e x p e c t e d .  
( EMBRI TTLEMENT, CRACK, STRENGTH) 

H73 52059 INVESTIGATION OF THE REACTION OF TITANIUM 
WITH HYDROGEN 
Koehl ,  B.G., D.N. W i l l i a m s ,  and E.S. B a r t l e t t ,  ( B a t t e l l e  
I n s t i t u t e ,  Columbus, O . ) ,  N69-19949, NASA-CR-99576, M a r  
18 ' 6 9 ,  Avai1:TAC , . 

An i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  between t i t a n i u m  and 
hydrogen g a s  was made t o  d e t e r m i n e  t h e  f a c t o r s  which promote 
s u r f a c e  h y d r i d i n g  and  methods o f  p r e v e n t i n g  it. H i g h - p u r i t y  
hydrogen was e s s e n t i a l  f o r  a r e a c t i o n  t o  o c c u r  be tween  
t i t a n i u m  and hydrogen g a s .  
(REACTION, TITANIUM, SURFACE, PRESSURE) 
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WATSON R  G H  
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ACADEMY OF S C I E N C E S  O F  T H E  USSR. MOSCOW. U S S R  
ADVANCED TECHNOLOGY L A B S .  I N C .  J E R I C H O I  N Y  
AEROJET L I Q U I D  ROCKET CD. SACRAMENTO. C A L I F  
AEROJET L I O U  I D  ROCKET CO. SACRAMENTO. C A L I F  
AEROJET L I Q U I D  ROCKET COI SACRAMENTO. C A L I F  
AEROJET-GENERAL AEROMETRICS.  S A N  RAMON. C A L I F  
AEROJET-GENERAL CORP. SACRAMENTO. CALIF 
AEROJET-GENERAL CORP. SACRAMENTO. C A L I F  
AEROJET-GENERAL CORPS SACRAMENTO. C A L I F  
AEROJET-GENERAL CORP. SACRAMENTO. C A L I F  
AEROJET-GENERAL CORP. SACRAMENTO. C A L I F  
AEROJET-GENERAL CORPI SACRAMENTD. C A L I F .  L I Q U I D  ROCKET  
A E R O N A U T I C A L  M A T E R I A L S  LAB .  P H I L A D E L P H I A *  P A  
AEROSPACE CORP. E L  SEGUNDO* C A L I F  
AEROSPACE CORP. EL SEGUNODI C A L I F .  L A B  O P E R A T I O Y S  
A I R  FORCE DEPT. WASHINGTON. D C 
A I R  PRODUCTS AND CHEMICALSI  I N C .  ALLENTOWN. P A  
A I R  PRODUCTS AND CHEMICALS .  I N C .  ALLENTOWN. P A  
A I R  R E D U C T I O N  CO . I N C .  NEW YORK. N Y  
A I R  R E D U C T I O N  CO. I N C  
A I R E S E A R C H  M A N U F A C T U R I N G  CO. L O S  ANGELES. C A L I F  
A I R E S E A R C H  M F G  CO. L O S  ANGELES. C A L I F  
A I R E S E A R C H  MFG C O t  L O S  ANGELES. C A L I F  
AKADEMIYA  NAUK. USSR 
ALARAMA U N I V E R S I T Y  RESEARGH I N S T I T U T E .  H U N T S V I  LLE I  A L A  
ALCORN C O M B U S T I O N  CO 
A L L I E D  C H E M l  CAL CORPI I O A H G  F A L L S .  I D A H O  
A L L I E D  C H E M I C A L  CORPr MORRISTOWN. N J 
A L L I S - C H A L M E R S  MANUFACTURING CO 
A L L I S - C H A L M F R S  M A N U F A C T V R I N G  CO 
A L L I S - C H A L M E R S  M A N U F A C T U R I N G  CO. MILWAUKEEI  W I  S  
A L L  IS -CHALMERS M A N U F A C T U R I N G  CO*  M I L W A U K E E *  W I  S  
ALL IS-CHALMERS.  MILWAUKEE.  W I S  
ALL IS -CHALMERS.  M I L Y A U K E E .  W I S  
A L L  I S O N  D I V I S I O N  OF GENERAL MOTORS 
A L L I S O N  O I V I  S I O N  OF GENERAL MOTORS 
ALUMINUM CO O F  AMERICA. ALCOA R E S E A R C H  L A B S .  NEW K E N S I N G T O N *  
A M E R I C A N  C H E M I C A L  S O C I E T Y  - D I V I S I O N  OF F U E L  C H E M I S T R Y  
A M E R I C A N  CYANAM I D  CO. STAMFORD. CONN 
A P P L I E D  P H Y S I C S  L A B .  JOHNS H O P K I N S  U N I V E R S ~ T Y I  S I L V E R  S P R I N G  
A P P L I E D  P H Y S I C S  L A B ,  JOHNS H O P K I N S  U N I V E R S I  T I .  S I L V E R  S P R I N G  
ARGGNNE N A T I O N A L  L A B .  ILL 
ARMY E L E C T R O N I C S  COMMAND* FORT MONMOUTH. N J 
ARMY F O R E I G N  S C I E N C E  AND TECHNOLOGY CENTER, CHARLOTT  ESV I L L E .  
ARMY M A T E R I A L S  RESEARCH AGENCY* WATERTOWN* MASS 
ARMY M I S S I L E  COMMAND. H U N T S V I L L E  A L A  
ASS IGNORS TO CHEVRON RESEARCH C O *  S A N  F R A N C I S C O .  C A L I F  
A S S O C I A T I O N  F R A N C A I S E  OES I N G E N I E U R S  E T  T E C H N I C I E N S  M 
A T L A N T ~ C  R I C H F I E L D  CO 
A T L ~ N T ~ C  RICHFIELD c o  
BAD GODESBERGI WEST GERMANY 
B A D I S C H E  A N I L I N  - VND S O D A - F A R R I K  A -G 
R A D I S C H E  A N I L I N -  UNO S O D A - F A B R l K  A -G 
RADISCHE A N I L I N -  UND S O D A - F A B R I K  A -G 
B A O I S C H E  A N I L I N -  UND S O D A - F A B P I K  A -G 
B A s H K I R  S C I E N T I F I C - R E S E A R C H  I N S T I T U T E  OF P E T R O L E U M  R E F I N I N G  
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B A T A A  I S E  I N T  P E T R O L E U M  M I J .  N  V. HAGUE. H O L L A N D  
B A T T E L E -  I N S T I T U T .  FRANKFURT/MAIN .  GERMANY 
B A T T E L L E  COLUMBUS L A B S .  COLUMBUS.0 
B A T T E L L E  I N S T I T U T E +  COLUMBUS. 0 
B A T T F L L E  ! N S T I T U T E .  COLUMBUS. 0 
B A T T E L L E  M E M O R I A L  I N S T I T U T E .  COLUMBUSI 0 
B A T T E L L E  M E M O R I A L  I N S T I T U T E .  COLUMBUS* 0 
B A T T E L L E  M E M O R I A L  I N S T I T U T E .  COLUMBUS. 0 
B A T T E L L E  M E M C R I A L  I N S T I T U T E +  COLUMBUS. 0 
B E C H T E L  CORP S A N  F R A N C I S C O  I C A L I F  
B H A B H A  ATOM I C  R E S E A R C H  CENTRE. BOMBAY. IN01 A  
B O E I N G  COI H U N T S V I L L E .  ALA 
B O E I N G  CO. RENTON. WASH 
B O E I N G  CO. S E A T T L E .  WASH 
H O E I N G  CO*  S E A T T L E *  WASH 
B O E L K  OW GMBH t OTTOBRUNN/NUN ICH .  GERMANY 
B O N N  U N I V E R S I T A T .  BONN. WEST GERMANY 
BROOKHAVEN N A T I O N A L  LAB.  UPTON. N  Y  
BROOKHAVEN N A T I O N A L  L A B .  UPTON. N  Y  
BROOKHAVEN N A T I O N A L  LAB.  UPTON. N Y  
BROOKHAVEN N A T I O N A L  L A B *  U P T O N *  N  Y  
BROOKHAVEN N A T I O N A L  L A B .  U P T O N *  N Y  
BROOKHAVEN N A T I O N A L  L A B *  UPTON,  N Y 
BROOKHAVEN N A T I O N A L  L A B .  UPTON. NY 
BROOKHAVEN N A T I O N A L  L A B .  UPTON. NY 
BROOKHAVEN N A T I O N A L  L A B .  U P T O N *  NY 
BROOKHAVEN N A T I O N A L  L A B .  UPTON. NY 
BUREAU O F  M I N E S .  B A R T L E S V I L L E .  OKLAI ENERGY R E S E A R C H  C E N T E R  
BUREAU O F  M I N E S .  P I T T S B U R G H I  PA. S A F E T Y  RESEARCH CENTER 
C  & I / G I R D L E R .  I N C  
C A L I F O R N I A  U N I V E R S I T Y .  L I V E R M O R E ,  C A L I F  
C A L I F O R N I A  U N I V E R S I T Y .  L I V E R M O R E +  C A L I F  
C A L I F O R N I A  U N I V E R S I T Y  L I V E R M O R E  I C A L I F *  LAWRENCE L I V E R M O R E  
C A L I F O R N I A  U N I V E R S I T Y .  R I V E R S I D E .  C A L I F  
C A S E  WESTERN R E S E R V E  U N I V E R S I T Y .  CLEVELAND.  0 
CASE-WESTERN-RESERVE U N I V E R S I T Y .  C L E V E L A N D *  0 
C A T A L Y S T  C O N S U L T I N G  S E R V I C E S .  INC .  L O U I S V I L L E .  K Y  
C A T A L Y S T S  A N 0  C H E M I C A L S  I N C  
C A T A L Y S T S  A N D  C H E M I C A L S  I N C  
C E N T R A L  E L E C T R I C I T Y  G E N E R A T I N G  BOARD. SURREY. E N G L A N D  
CHEUETRON CORPS CHEMETRON C H E M I C A L S  D I V .  CHICAGO.  ILL 
CHEW I C A L  C O N S T R U C T I  ON CORP 
C H E M I C A L  CONSTRUCT I O N  CORP 
C H E M I C A L  CONSTRUCT1  O N  CORP 
C H E M I C A L  C O N S T R U C T I O N  CORP 
C H E M I S T R Y  DEPARTMENT.  M  I T. CAMBRIDGE.  M A S S  
CHEVRON RESEARCH CO 
C H L O R I D E  B A T T E R  I E S t  L T D .  SWINTONI E N G L A N D  
C L Y D E  W l L L I A M S  & CO. COLUMBUS . 0 
CNRS. L A B O R A T O I R E  D ' E L E C T R O L Y S E  ET S E R V I C E  O 'ELECTROPHORESE.  
COLOGNE 
C O M M I S S A R I A T  A  L ' E N E R G I E  A T O M I Q U E  
COMh ' lSS ION O F  THE EUROPEAN C O M M U N I T I E S .  J O I N T  N U C L E A R  
C O M P A G N I E  G E N E R A L E  O 0 E L E C T R t C I T E  OE P A R I S *  F R A N C E  
COMPAGNIE  G E N E R A L E  D ' E L E C T R I C I T E  D E  P A R I S .  F R A N C E  
C O M P A G N I E  G E N E R A L E  D ' E L E C T R I C I T E 1  P A R I S .  F R A N C E  
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COMFRESSED G A S  A S S O C I A T I O N .  I N C .  NEW YORKI N Y 
COMSAT L A B S .  CLARKSBURG. MD 
CON-GAS SERVICE CDRP 
COOPER-BESSEMER OIV. COOPER INOS. MT VERNON. D 
CORPORATE RESEARCH AND DEVELOPMENTI SCHENECTADY*  N Y 
C R A N F I E L D  I N S T I T U T E  O F  TECHNOLOGY. C R A N F  I E L D .  BEDS. ENGLAND 
CRNS, ESSONNE. F R A N C E  
C R Y O G E N I C  D A T A  CENTER.  N A T I O N A L  BUREAU O F  S T A N D A R D S *  BOULOER 
C R Y O G E N I C  D I V I S I O N .  NBSI  BOULOERI COLO 
C R Y O G E N I C S  D I V I S I O N .  N A T I O N A L  BUREAU O F  STANDARDS. BDULDERI 
CRYOGENICS  D I V I S I O N .  N A T I D N A L  BUREAU O F  STANDARDS. BOULDER I 
CRYOGENICS  O I V I S I D N I  FcATIDNAL BUREAU O F  STANDARDS. BOULDER. 
CZECHOSLOVAK1  A 
O A V I O  TAYLOR MODEL B A S I N *  WASHINGTONI 0 C 9 AEROOYNAMICS  L A B  
DEFENSE D O C U M E N T A T I O N  CENTER*  A L E X A N O R I A v  V A  
DEPARTMENT O F  C H E M I C A L  E N G I N E E R 1  NG. N O R T H  C A R D L I N A  S T A T E  
DEPARTMENT O F  CHEMISTRY.  M I T. C A M B R I D G E *  MASS 
D E P T  A P P L  CHEMr  UASEOA U N I V E R S I T Y .  TOKYO. J A P A N  
OEUT AKAD WISSI B E R L I N .  WEST GERMANY 
OEUTSCHE GOLO- U N D  S I L B E R - S C H E I D E A N S T A L T  VDRM ROESSLER 
DEUTSCHE GOLO- UNO S I L B E R - S C H E I D E A N S T A L T  VORM ROESSLER 
O I V I S I O N  APPL.  I N S T I T U T E  F R  PETROLE.  R U E I L - M A L M A I  SON. F R A N C E  
O O S H I S H A  U N I V E R S I T Y .  KYDTOI J A P A N  
OU PONT D E  NEMOURS* E I. A N 0  CO 
DUET VERSUCHSANST LUFT-UND RAUMBAHRT*  S T U T T G A R T - V A I H I N G E N  
DUETSCHE FORSCHUNGS- UND VERSUCHSANSTALT  F U E R  L U F T -  UND 
E I D U  PONT D E  NEMOURS CO. SAVANNAH R I V E R  L A B *  A I K E N .  
ECOLE S U P E R I E U R E  D ' E L E C T R  I C  I T E .  F R A N C E  
E D I S O N  . N J 
E E S T I  N S V  T E A D  AKAD T O I M  r REEM 
E L E C T R I C  POWER STORAGE. L T D I  ENGLAND 
E L E C T R O - O P T I C A L  SYSTEMS. l N C t  P A S A D E N A *  CAL I F  
ELECTRO-OPT1  CAL SYSTEMS. I N C *  PASADENA.  C A L I F  
E L E C T R D - O P T I C A L  SYSTEMS. I N C l  PASADENA.  C A L  I F  
E L E C T R O - O P T I C A L  SYSTEMS. I N C t  P A S A D E N A *  C A L I F  
ELECTRO-OPT1  CAL  SYSTEMS. INC.  PASADENA. C A L I F  
E L E C T R O - O P T I C A L  S Y S T E M S r  I N C .  PASADENA.  C A L I F  
E L E C T R O - O P T I C A L  SYSTEMS+  I N C t  PASADENA.  C A L  IF  
E L E C T R O - O P T I C A L  SYSTEMS. I N C .  P A S A D E N A *  C A L I F  
ELECTRO-OPT I CAL SYSTEMS.  PASADENA.  C A L I F  
ENERGY C O N V E R S I O N  L T D .  DAS INGSTOKE.  ENGLAND 
ENERGY C O N V E R S I O N  L T D t  BAS INGSTOKE.  ENGLAND 
ENERGY RESEARCH CDRP I BETHEL.  CONN 
ENERGY RESEARCH CORPI BETHEL .  CONN 
ENERGY R E S E A R C H  CORP. ~ E T H E L I  CONN 
ENERGY RESEARCH I N C .  PROVO. U T A H  
ENERGY RESEARCH INCI PROVOI U T A H  
ENERGY RESEARCH. INC.  PRDVU U T A H  
ENGELHARD I N D .  I N C .  U S A 
ENGELHARD I N O U S T R  I E S  
ENGELHARD I N O U S T R I E S  
ENGELHARD I N D U S T R I E S .  E A S T  NEWARK. N J. I N S T R U M E N T S  AND 
ENGELHARD I N D U S T R I E S .  I N C .  NEWARK* N J 
ENGLEHARD I N D U S T R I E S .  E A S T  NEWARK. N J 
E N T W f C K L U N G S P R I N G  NORO. BREMEN. WEST GERMANY 
ESCHER TECHNOLOGY ASSOCIATES.  S T  JOHNS '  M I C H  
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ESCHER TECHNOLOGY ASSOCIATES 1 110061
ESCHER TECHNOLOGY ASSOCIATES 1 131002
ESSO RESEARCH & ENGINEERING CO, FLORHAM PARK, N J 1 142000
ESSO RESEARCH AND ENGINEERING'CO 1 122004
ESSO RESEARCH AND ENGINEERING CO 1 122164
ESSO RESEARCH AND ENGINEERING CO 1 122167
ESSO RESEARCH AND ENGINEERING CO 1 122201
ESSO RESEARCH AND ENGINEERING CO 1 122205
ESSO RESEARCH AND ENGINEERING CO 1 122207
ESSO RESEARCH AND ENGINEERING CO 1 123435
ESSO RESEARCH AND ENGINEERING CO. FLORHAM PARK, N J 1 150012
ESSO RESEARCH AND ENGINEERING CO LINDEN. N J 1 134200
ESSO RESEARCH AND ENGINEERING CO, LINDEN, N J 1 134805
ETHYL CORP 1 123014
EURATOM-ISPRA-VARESE, ITALY 1 121009
EURATOM, ISPRA. ITALY 1 121011
EURATOM* JOINT NUCLEAR RESEARCH CENTER, ISPRA, ITALY I 121005
EURATOM. JOINT NUCLEAR RESEARCH CENTER, ISPRA, ITALY 1 121012
EUROPAEISCHE ATOMGEMEINSCHAFT (EURATOM) EUROPAZENTRUM 1 121004
EUROPEAN ATOMIC ENERGY COMMUNITY, ISPRA9 ITALY, JOINT 1 110042
EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT, WALTHAM 1 133014
EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT, WALTHAM 1 133031
EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT* WALTHAM 1 140207
FLINDERS UNIV. OF SOUTH AUSTRALIA. BEDFORD PARK 1 110037
FLINDERS UNIVERSITY OF SOUTH AUSTRALIA 1 110084
FLINDERS UNIVERSITY OF SOUTH AUSTRALIA 1 110086
FLINDERS UNIVERSITY OF SOUTH AUSTRALIA 1 110087
FLORIDA STATE UNIVERSITY, TALLAHASSEE, FLA 1 123202
FLUOR CORP, LTD 1 122188
FMC CORP. PRINCETON, N J 1 122005
FOREIGN TECHNOLOGY DIV, WRIGHT-PATTERSON AFB, 0 1 152011
FOREIGN TECHNOLOGY DIVISION WRIGHT-PATTERSON. AFB, 0 1 133010
FOSTER WHEELER CORP 1 122217
FOSTER WHEELER CORP 1 122607
GARRETT CORP, LOS ANGELES, CALIF 1 131005
GAS COUNCIL 1 122637
GENERAL APPLIED SCIENCE LABS. INC, WESTBURY, N Y 1 133009
GENERAL APPLIED SCIENCE LABS, INC, WESTBURY, N Y 1 133057
GENERAL APPLIED SCIENCES LABS, INC. WESTBURY, N Y 1 140205
GENERAL CYNAMICS CORP, SAN DIEGO, CALIF 1 140405
GENERAL DYNAMICS CORP, SAN DIEGO, CALIF 1 140410
GENERAL DYNAMICS/ASTRONAUTICS. SAN DIEGO, CALIF 1 140005
GENERAL DYNAMICS/ASTRONAUTICS, SAN DIEGO, CALIF 1 152015
GENERAL DYNAMICS/CONVAIR. SAN DIEGO, CALIF 1 131004
GENERAL DYNAMICS/CONVAIR. SAN DIEGO, CALIF 1 151013
GENERAL DYNAMICS. FORT WORTH, TEX 1 140302
GENERAL DYNAMICS, SAN DIEGO, CALIF 1 140605
GENERAL ELECGRIC CO, LYNN, MASS 1 134256
GENERAL ELECTRIC CO 1 122189
GENERAL ELECTRIC CO 1 123006
GENERAL ELECTRIC CO 1 134227
GENERAL ELECTRIC CO 1 134635
GENERAL ELECTRIC CO 1 134833
GENERAL ELECTRIC CO, MISSILE AND SPACE VEHICLE DEPT. 1 134254
GENERAL ELECTRIC CDO MISSILE AND SPACE VEHICLE DEPT. 1 134255
GENERAL ELECTRIC CO, NEW YORK, N Y 1 134022

#)7
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GENERAL E L E C T R I C  CO. P H I L A D E L P H I  A. P A  
GENERAL ELECTRIC CO. PHILADELPHIA. PA 
G E N E R A L  E L E C T R I C  CO. R E S E A R C H  A N D  D E V E L O P M E N T  C E N T E R .  
GENERAL E L E C T R I C  COI R E S E A R C H  L A B .  S C H E N E C T A D Y .  N  Y  
G E N E R A L  E L E C T R I C  CO. S C H E N E C T A D Y .  N  Y  
G E N E R A L  E L E C T R I C  CO. S C H E N E C T A D Y .  N Y  
GENERAL ,ELECTRIC CO. SCHENECTADY, N Y 
G E N E R A L  E L E C T R I C .  H U N T S V I L L E .  A L A  
GEORGE c MARSHALL SPACE FLIGHT CENTER. NASA.  HUNTSVILLE. 
GEORGIA I N S T I T U T E  O F  T E C H N O L O G Y *  A T L A N T A *  G A  
G E O R G I A  I N S T I T U T E  O F  T E C H N O L O G Y I  A T L A N T A ,  G A  
G I R D L E R  C O R P  
G I R O L E R  C O R P  
G I R D L E R - S U E D C H E M I E  K A T A L Y S A T O R  G M 8 H 
GMBH. C R Y O G E N I C S  D I V I  F R A N K F U R T  AM M A I N *  300 H A N A U E R  
GODOARO S P A C E  F L I G H T  C E N T E R .  G R E E N B E L T .  MD 
G O T T I N G E N  U N I V E R S I T Y .  WEST GERMANY 
GOVERNMENT R E S E A R C H  L A B .  E S S O  R E S E A R C H  A N D  E N G I N E E R I N G  CO. 
G R O Z N  F I L I A L  N I P 1  " N E F T E K H I M A V T D M A T  .'' GROZNY.  U S S R  
G R O Z N Y  B R A N C H  O F  T H E  S C I E N T  I F I C - R E S E A R C H  I N S T I T U T E  F O R  T H E  
GRUMMAN A E R O S P A C E  CORP.  B E T H P A G E *  N  Y  
GRUUMAN A E R O S P A C E  C R O P .  B E T H P A G E .  N  Y  
H A R R Y  D I A M O N O  L A B S .  W A S H I N G T O N l  D  C  
HAWKER S I D O E L E Y  D Y N A M I C S *  L T O l  S T E V E N A G E .  E N G L A N D *  S P A C E  
H E N E S  M A N U F G  CO 
H I T A C H I  S H I P Y A R D .  H I T A C H I .  J A P A N  
H U L L  U N  I V E R S  1 TY I O F P T  O F  C H E M I S T R Y  I E N G L A N D  
H Y D G O C A R U O N  R E S E A R C H .  I N C  
H Y O R O C A 9 8 0 N  GESEARCH.  I N C  A N D  U N I T E D  S T A T E S  O E P T  O F  THE 
I I T R E S E A R C H  I N S T I T U T E .  C H I C A G O .  ILL  
I L L I N O I S  I N S T I T U T E  O F  TECHNOLOGYI  I N S T I T U T E  O F  G A S  
I N S T  G A Z A .  K I E V .  U S S R  
I N S T  G A Z A .  K I E V .  U S S R  
I N S T  G O R Y U C H  I S K O P .  MOSCOW. U S S R  
I N S T  K H I M .  OUSHANOE.  U S S R  
I N S T  R A D I U M +  L A B  C H E M  PHYS.  P A R I S *  F R A N C E  
I N S T I T U T  F R  P E T .  F R A N C E  
I N S T I T U T  F R A N C A I S  D U  P E T R O L E ,  F R A N C E  
I N S T I T U T  F R A N C A I S  O U  P E T R O L E .  F R A N C E  
I N S T I T U T  F R A N C A I S  D U  P E T R O L E .  R U E I L - M A L M A I S O N .  F R A N C E  
I N S T I T U T  F U R  M I K R O B I O L O G I E  OER U N I V E R S I T A T  G O T T I N G E N  
INSTITUT I N D  K J E M I .  NOR T E K  HEOGSK.  T R O N O H E I M .  NORWAY 
I N S T I T U T E  C H E M  I G O L N E J ?  WARSAW. P O L A N D  
I N S T I T U T E  G A Z A .  U S S R  
INSTITUTE O F  G A S  T E C H N O L O G Y .  C H I C A G O .  I LL  
I N S T I T U T E  O F  G A S  TECHNOLOGY.  C H I C A G O .  ILL 
I N S T I T U T E  O F  GAS T E C H N O L O G Y .  C H I C A G O .  ILL 

I N S T I T U T E  O F  G A S  T E C H N O L O G Y .  C H I C A G O 1  I LL  
[ N S T I  T U T E  O F  GAS T E C H N O L O G Y  I C H I C A G O .  ILL 
I N S T I T U T E  O F  G A S  TECHNOLOGYI  C H I C A G O I  I LL  
I N S T I T U T E  O F  GAS T E C H N O L O G Y .  C H I C A G O .  ILL 
INSTITUTE O F  GAS T E C H N O L O G Y ,  C H I C A G O .  I LL  
INSTITUTE O F  GAS T E C H N O L O G Y  C H I C A G O .  ILL  
INSTITUTE O F  GAS T F C H N O L O G Y .  C H I C A G O .  ILL 
INSTITUTE O F  G A S  T E C H N O L O G Y ,  C H I C A G O .  ILL 
INSTITUTE O F  G A S  T E C H N O L O G Y .  C H I C A G O .  I LL  



CORPORATE, SOURCE 1I:L)EX 

I N S T I T U T E  O F  GAS T E C H N O L O G Y .  C H I C A G O +  ILL 
I N S T I T U T E  O F  G A S  T t C H N O L O G Y .  C H I C A G O .  ILL 
I N S T I T U T t  O F  GAS T E C H N O L O G Y .  C H I  CAGOI ILL  
I N S T I T U T E  O F  P F T M f l C H E M I C A L  D R O C E S S E S *  A C A D E M Y  O F  S C I E N C E S .  
I N S T I T U T O  N A C I O N A L  D E  T E C N I C A  A E R D F S P A C I  ALI M A D R I D .  SPA I N  
I N S T I T U T O  N A C I O N A L  D E  T E C N I C A  A E R O E S P A C I A L r  M A D R I D .  S P A I N  
I N S T U T U T E  C H E M  I G O L N E J .  WARSAW* P O L A N D  
I N T  S E L A S  C O R P  AM. N E T H E R L A N D S  
I N T E R N A T I O N A L  N I C K E L  CGI I N C I  S U T F E R N .  N  Y  
I N T E R N A T I O N A L  N I C K E L  L T D  
I O W A  S T A T E  U N I V E R S I T Y  O F  S C I E N C E  A N D  T E C H N O L O G Y .  AMES. I O W A  
I O W A  S T A T E  U N I V E R S I T Y .  AMES.  I O W A  
I O W A  S T A T E  U N I V E H S I  TY. AMES.  I O W A  
I S R A E L  A T O M I C  F N E R G Y  C O M M I S S I O N  
J E T  P H O P U L S I  G N  L A B .  C A L I F O R N I A  I N S T I T U T E  O F  TECHNOLOGY.  
J O H N S  H O P K I N S  U N I V E R S I T Y .  S I L V E R  S P R I N G .  MO 
JOHNS H O P K I N S  U N I V E R S I T Y .  S I L V E R  S P R I N G .  M D +  A P P L I E D  P H Y S I C S  
J O I h T  P U B L I C A T I O N S  R E S E A R C H  S E R V I C E *  A R L I N G T O N *  V A  
K E R N F O R S C H U N G S A N L A G E  
K E R N F O R S C H U N G S A N L A G E  J U L I C H  G E S E L L S C H A F T  M I T  B E S C H R A N K T E R  
K E R N F O R S C H U N G S A N L A G E .  J U L I C H .  G E R M A N Y  
K E H N F O R S C H U N G S Z E N T R U Y .  K A R L S R U H E .  WEST G E R M A N Y F  I N S T I T U T  
L A B C R A T D I R E S  O E  M A H C O U S S I S .  F R A N C E  
L A W R E N C E  L I V E R M O R E  L A B .  L I V E R M O R E .  C A L I F  
L E E S O N A  MOOS L A B S *  G R E A T  N E C K .  N Y  
L I F E  S Y S T E M S *  I N C .  C L E V E L A N D  0 
L I C E  S Y S T E M S .  I N C .  C L F V E L A N D .  0 
L I F E  S Y S T E M S .  I N C .  C L E V E L A N D .  0 
L I  h C O L N  L A B *  M I T .  L E X I k G T U N .  M A S S  
L I N D E  A  -G 
L I N D E  A  - G  
L I N D E  A  - G  
L I N D E  A - G t  H O E L L R I E G E L S K R E U T H .  G E R M A N Y  
L I N D E  AG. W E R K S G R U P P E .  M U N I C H .  WEST G E R M A N Y  
L I N O E  O I V .  U N I O N  C A R B I D E  CORP.  NEW YORKI  N  Y 

L I N D E  D I V I S I O N  O F  U N I O N  C A R B I D E  
L I N D E  D I V I S I C N  O F  U N I O N  C A R B I D E  
L I N D E  R E P R E S E N T A T I V E  
L I T H I U M  C O R P  O F  A M E R I C A .  I N C  
L O C K H E E O  M I S S I L E S  A N D  S P A C E  CO. S U N N Y V A L E .  C A L I F  
L O C K H E E O - C A L  I F O R N I A  CO. A  D I V I S l O N  O F  L O C K H E E D  A I R C R A F T  CORP 
L O C K H E E O - C A L  I F O R N  I A  CO BUR B A N K .  C A L I F  
L O C K H E E O - G E O R G I  A  GO. M A R I E T T A .  N U C L E A R  L A B  
L O S  A L A M O S  S C I E N T I F C C  L A B .  L O S  A L A M O S .  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A O .  L O S  ALAMOS,  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B *  L O S  A L A M O S r  N  M 
L O S  A L A M 0 5  S C I E N T I F I C  L A B .  L O 5  ALAMOS.  N M 
L O S  A L A M O S  S C I E N T I F I C  L A B .  L O S  A L A M O S .  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B t  L O S  A L A M O S I  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B .  L O 5  A L A M O S *  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B .  L O 5  ALAMOS.  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B .  L O S  A L A M O S .  N M 
L O S  A L A M O S  S C I E N T f F I C  L A B .  L O 5  A L A M O S '  N M 
L O S  A L A M O S  S C I E N T I F I C  L A B .  L O 5  ALAMOS.  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B t  L O 5  ALAMOS.  N  M 
L O S  A L A M D S  S C t E N T I F I C  L A B ,  L O S  A L A M O S *  N  M 
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L O S  A L A M O S  S C I E N T I F I C  L A B *  L O S  A L A M O S .  N  M 
L O S  A L A M O S  S C I E N T I F I C  L A B .  N  M 
L U M M U S  CO 
L U M M U S  C O  
L U N O  I N S T U T U T E  O F  T E C H N O L O G Y  9 S W E D E N  
M W K E L L O G G  CO. NEW Y O R K .  N  Y  
MARQUARDT CORP.  V A N  NUYS.  C A L I F  
MAROUARDT COFP.  V A N  NUYS.  C A L I F  
M A R T I N  COI  D F N V E R *  C O L O  
M A R T I N  CO. D E N V E R .  C O L O  
M A R T I N  M A R I E T T A  A E R O S P A C E .  DENVER.  C O L O  
M A R T I N  M A R I E T T A  C O R P *  D E N V E R  C O L O  
M A R T I N  M A R I E T T A  L A B S '  B A L T I M O R E .  MD 
M A S S A C H U S E T T S  U N I V E R S I T Y .  A M H E R S T .  M A S S  
M A T S U S H I T A  E L E C T R I C  I N D U S T R I A L  C O *  L T O  
M A X - P L A N C K  1 N S T  K O H L E N F O R S C H .  M U E L H E  I M/RUHR . G E R M A N Y  
M C D O N N E L - D O U G L A S  CO. N E W P O R T  B E A C H *  C A L I F  
M C O C N N E L L - D O U G L A S  A S T R O N A U T I C S  COI H U N T I N G T O N  B E A C H 1  C A L I F  
M C D O N N E L L - D O U G L A S  A S T R O N A U T I C S  CO. S T  L O U I S  . MO 
M E C H A N I C A L  A N D  A E R O S P A C E  E N G I N E E R I N G .  O K L A H O M A  S T A T E  U V I V .  
M E S S E R  G R I E S H E I M  GMBH. F R A N K F U R T / M A I N ,  G E R M A N Y  
MESSERSCHMITT-EIOELKOW-RLOHM GMBH. O T T O B R U N N .  W E S T  G E R M A N Y  
M E T E O R O L O G I C A L  I N S T R U M E N T S  WORKSHOP. NEW D E L H I .  I N 0  I A  
M I A M I  V A L L E Y  H O S P I T A L .  D A Y T O N *  0 
M I C H I G A N  U N I V E R S I T Y .  A N N  ARBOR. M I C H  
M I D L A N D  R E S E A R C H  S T A T I O N .  GAS C O U N C I L .  S M I H U L L *  E N G L A N D  
M I D W E S T  R E S E A R C H  I N S T I T U T E .  K A N S A S  C I T Y .  MO 
M i  N I S T R Y  O F  A V I A T I O N *  ROCKET P R O P U L S I O N  E S T A B L I S H M E N T 1  
M I N I S T R Y  O F  T E C H N O L O G Y *  L O N D O N *  E N G L A N D  
M I N N E S O T A  U N I V E R S I T Y .  M I N N E A P O L I S .  M l N N  
N I T  C A M B R I D G E v  M A S S  
M I  TI C A M B R I O G E  R E S E A R C H  L A B .  C A M B R I D G E .  M A S S  
M I T S U B I S H I  C H E M I C A L  I N D U S T R I E S  CO. L T D  
M I T S U B I S H I  H E A V Y  I N D U S T R I E S I  L T O  
M I T S U B U S H I  CO. TOKYO.  J A P A N  
M O B I L  O I L  C O R P  
M O N T E C A T I N I  E D I S O N  S  P  A  
M S A  R E S E A R C H  C O R P S  E V A N S  C I T Y *  P A  
M S C  W H I T E  S A h D S  T E S T  F A C I L I T Y *  N  M 
N A S A  r M A R S H A L L  S P A C E  F L I G H T  C E N T E R *  H U N T S V I L L E .  A L A  
N A S A  M A N N E D  S P A C E C R A F T  C E N T E R *  H O U S T O N .  T E X  
N A S A - A S E F  S Y S T E M S  D E S I G N  I N S T I T U T E  
N A S A - A S E E  S Y S T E M S  D E S I G N  I N S T I T U T E  
N A S A *  A M E S  R E S E A R C H  C E N T E R *  M O F F E T T  F I E L D .  C A L I F  
NASA.  A M E S  R E S E A R C H  C E N T E R .  M O F F E T T  FIELD. C A L I F  
N A S A *  A M E S  R E S E A R C H  C E N T E R *  M O F F E T T  F I E L D .  C A L I F  
N A S A *  C L E V E L A N D *  0 
NASA.  H A M P T O h .  V A  
NASA.  I N S T I T U T E  O F  E L E C T R I C A L  A N D  E L E C T R O N 1  C S  E N G I N E E R S .  
N A S A +  J O H N  F K E N N E D Y  S P A C E  CENTER.  F L A  
N A S A r  L A N G L E Y  R E S E A R C H  CENTER.  H A M P T O N .  VA 
NASA.  L A N G L E Y  R E S E A R C H  CENTER.  H A M P T O N .  VA 
N A S ~ .  L A N G L E Y  R E S E A R C H  CENTER,  HAMPTON.  V A  
NASA.  L A N G L E Y  R E S E A R C H  C E N T E R *  H A M P T O N t  V A  
NASA.  L A N G L E Y  R E S E A R C H  C E N T E R *  H A M P T O N t  VA 
NASA. L A N G L E Y  R E S E A R C H  CENTER,  L A N G L E Y  S T A T I O N .  V A  
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NASA.  L A N G L E Y  R E S E A R C H  C E N T E R *  L A N G L E Y  S T A T I O N .  VA 
NASA. L A N G L E Y  RESEARCH CENTER*  LANGLEY S T A T I O N .  VA 
N A S A *  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELANDI  0 
NASA. L E W I S  RESEARCH C E N T E R *  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER.  C L E V E L A N D *  0 
NASA. L E W I S  RESEARCH C E N T F R t  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER.  C L E V E L A N D *  0 
NASA. L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH C E N T E R *  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER.  C L E V E L A N D .  0 
NASA. L E W I S  RESEARCH CENTER. C L E V E L A N D *  0 
NASA. L E W I S  RESEARCH C E N T E R *  C L E V E L A N D *  0 
NASA. L E W I S  RESEARCH CENTER. C L E V E L A N D *  0 
NASA. L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER*  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. C L E V E L A N D *  0 
NASA.  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH CENTER.  C L E V E L A N D *  0 
N A S A *  L E W I S  RESEARCH C E N T E R *  C L E V E L A N D *  0 
N A S A *  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
N A S A *  L E W I S  GESEARCH C E N T E R *  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  D 
NASA.  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA.  L E W l S  RESEARCH CENTE9 .  C L E V E L A N D *  0 
N A S A *  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA, L E W I S  RESEARCH C E N T E R *  CLEVELAND.  0 
NASA. L E W I S  f iESEARCH CENTER.  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER. C L E V E L A N D *  D 
NASA.  L E W I S  RESEARCH C E N T E R *  CLEVELAND.  D 
NASP.  L E W I S  RESEARCH CENTER*  CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH CENTER I C L E V E L A N D *  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W l  S RESEARCH CENTER. CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH C E N T E R *  CLFVELAND,  0 
NASA.  L E W I S  CESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I  S RESEARCH CENTER.  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CEh iTER*  C L E V E L A N D *  D 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA. L E W I S  RESEARCH CENTER. CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH C E N T E R *  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
NASA.  L E W I S  RESEARCH CENTER. CLEVELAND.  0 
N A S A *  L E W I S  RESEARCH CENTER.  CLEVELAND.  0 
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N A S A *  L E W I S  R E S E A R C H  C E N T E R .  C L E V E L A N O .  0 
N A S A *  L E W I S  R E S E A R C H  C E N T E R .  C L E V E L A N D .  0 
N A S A *  L E W I S  R E S E A R C H  C E N T E R .  C L E V E L A N D .  0 
N A S A ,  L E W I S  R E S E A R C H  C E N T E R .  C L E V E L A N D .  0 
N A S A *  L E W I S  R E S E A R C H  C E N T E R .  C L E V E L A N O .  0 
NASA.  L Y N D O N  B J O H N S O N  S P A C E  C E N T E R .  HOUSTON.  T E X  
N A S  P. M A N N E O  S P A C E C R A F T  C E N T E R  HOUSTON.  T E X  
N A S A .  M A N N E D  S P A C E C R A F T  C E N T E R .  HOUSTONI  T E X  
N A S A *  M A N N E O  S P A C E C R A F T  C E N T E R .  HOUSTON. T E  X  
N A S A *  M A R S H A L L  S P A C E  F L I G H T  C E N T E R .  H U N T S V I L L E .  A L A  
N A S A *  M A R S H A L L  S P A C E  F L I G H T  C E N T E R *  H U N T S V I L L E .  A L A  
N A S P *  M A R S H A L L  S P A C E  F L I G H T  C E N T E R *  H U N T S V I L L E .  A L A  
NASA.  M A R S H A L L  S P A C E  F L I G H T  C E N T E R .  H U N T S V I L L E .  A L A  
N A S P .  M A R S H A L L  S P A C E  F L I G H T  C E N T E R *  H U N T S V I L L E .  A L A  
NASA.  M A R S H A L L  S P A C E  F L I G H T  C E N T E R ,  H U N T S V I L L E .  A L A  
N A S A *  M A R S H A L L  S P A C E  F L I G H T  C E N T E R .  H U N T S V I L L E .  A L A  
NASA.  M A R S H A L L  S P A C E  F L I G H T  C E N T E R *  H U N T S V I L L E *  A L A  
N A S A .  T E C H N O L O G Y  U T I L I Z A T I O N  01 V I S I O N .  W A S H I N G T O N t  0 C 
N A S A *  W A S H I N G T O N .  0 C 
N A S A .  W A S H I N G T O N I  D  C  
N A S A *  W A S H I N G T O N .  0 C 
N A S A .  W A S H I N G T O N .  D  C  
N A S A .  W A S H I N G T O N .  D  C  
N A T I O N A L  A D V I S O R Y  C O M Y I T T E E  F O R  A E R O N A U T I C S I  L E W I S  F L I G H T  
N A T I O N A L  H U R E A U  O F  S T A N D A R D S .  B O U L D E R +  C O L O  
N A T I O N A L  B U R E A U  O F  S T A N D A R D S .  B O U L D E R .  CDCO 
N A T I O N A L  B U R E P U  O F  S T A N D A R D S .  B O U L D E R ,  C O L D  
N A T I O N A L  B U R E P U  O F  S T A N D A R D S .  R O U L D E R .  C M O  
N A T  I O N A L  B U R E A U  O F  S T A N D A R D S .  B O U L D E R .  COLO 
N A T I O N A L  B U R E A U  O F  S T A N D A R D S *  B O U L D E R .  C O L O  
1 U A T I O N A L  B U R E A U  O F  S T A N O A R D S .  B O U L D E R .  C O L O .  C R V O G E N I C S  O I V  
h A T I O N A L  B U R E A U  O F  S T A N D A R O S .  R O U L D E R .  C O L O .  C R Y O G E N I C S  O I V  
N A T I O N A L  R U R E A U  O F  S T A N O A R O S .  B O U L D E R .  C O L O .  C R V O G E N I C S  D I  V  
N A T I O N A L  B U R E A U  O F  S T A N D A R D S .  B O U L D E R .  C O L D .  I N S T I T U T E  F O R  
N A T I O N A L  O U R E A U  O F  S T A N D A R D S .  C O U L O E R .  C O L O  
N A T I O N A L  R U R E A U  O F  S T A N O A R U S .  C R Y O G E N I C  E N G I N E E R I N G  L A B  
N A T  I O N A L  B U R E A U  O F  S T A N O A R D S .  I N S T I T U T E  O F  B A S I C  S T A N O A K D S .  
N A T I O N A L  B U R E A U  O F  STANOARDS.  W A S H I N G O T N .  D  C  
N A T I O N A L  D I S T I L L E R S  A N D  C H E M I C A L  C O R P  
N A T I O N A L  T E C H h I C A L  I N F O R M A T I O N  S E R V I C E .  S P R I N G F I E L D .  VA 
N A V A L  A I R  D E V E L O P M E N T  C E N T E R .  W A R M I N S T E R  P A  
N A V A L  A I R  O E V E L O P M E N T  C E N T E R .  W A R M I N S T E R .  P A  
N A V A L  l N r E L L  I G E N C E  COWHAND. W A S H I N G T O N .  D  C  
N A V A L  R E S E A R C H  L A B .  W A S H I N G T O N .  0 C 
N O R T H  A M E R I C A N  R O C K W E L L  CORP. C A N O G A  P A R K .  C A L I F  
N O R T H  A M E R I C A N  R O C K W E L L  COKP.  R O C K E T D Y N E  D I V .  C A N O G A  P A R K  
NUCLEAR R E S E A R C H  C E N T E R .  J U E L I C H .  G E R M A N Y  
N U C L E A R  R E S E P R C H  C E N T E R .  J U E L I C H .  G E R M A N Y  
NUCLEAR R E S E A R C H  C E N T E R *  J U E L I C H .  G E R M A N Y  
OAK RIDGE N A T I O N A L  L A B .  OAK R I D G E .  T E N N  
O A K  R I D G E  N A T I O N A L  L A B .  OAK R I D G E .  T E N N  
OAK RIDGE N A T I O N A L  L A B *  T E N N  
OFFICE N A T I O N A L  D ' E T U D E S  E T  O E  R E C H E R C H E S  A E R O S P A T I A L E S ,  
OFFICE N A T I O k A L  I N D U S T R I E L  D E  L *  A Z O T E  
O H I O  STATE UNIVERSI T Y  RESEARCH FOUNDATION. C O L ~ M H U S .  o 
O H 1 0  S T A T E  U N I V E R S I T Y  R E S E A R C H  F O U N O A T I O N .  C O L U M B U S .  0 



CORPOPJiTE SOURCE INDEX 

OHIO S T A T E  U N I V E R S I T Y  R E S E A R C H  F O U N D A T I O N .  COLUMBUS.  0 
O K L I H O M A  C I T Y .  O K L A  
O K L A H O M A  S T A T E  U N I V E R S I T Y  

O K L A H O M A  S T A T E  U N I V E R S I T Y  
O K L A H O M A  S T A T E  U N I V E R S I T Y .  S T I L L W A T E R .  O K L A  
OKLAHOMA S T A T E  U N I V E R S I T Y ,  S T I L L W A T E R ,  O K L A  
O K L A H O M A  S T A T E  U N I V E R S I T Y ,  S T I L L W A V E R .  O K L A  
O K L A H O M A  S T A T E  U N I V E R S I T Y .  S T I L L W A T E R .  O K L A  
O K L A H O M A  S T A T E  U N I V E R S I T Y .  S T I L L W A T E R .  O K L A  
O K L A H O M A  S T A T E  U N I V E R S I T Y .  S T I L L W A T E R ,  O K L A .  S C H O O L  DF 
O P E R A T I O N S  R E S E A R C H *  I N C .  S I L V E R  S P R I N G  . M D  

O X F O R D  U N I V E R S I T Y +  OXFORD.  E N G L A k O  
P E  C  CORP. 1001 M A P L E T O N  AVEI  B O U L D E R .  C O L O  
P E N N S Y L V A N I A  S T A T E  U N I V E R S I T Y .  U h I V E R S l T Y  P A R K .  P A  
P E N N S Y L V A N I A  U N I V E R S I T Y  P H I L A D E L P H I  A. P A  
P E T F O C A R B O N  CEVI M A N C H E S T E R .  E N G L A N D  
P E T R O C A R B O N  C E V E L O P M E N T S  L T O  
P E T R O L E U M  R E F I N E R Y  B O S A N S K  I B R O O D  B R O S A N S K I  B R O D *  Y U G O S L A V l A  
P H I L L I P S  P E T R O L E U M  CO 
P H Y S I C S  O E P T .  U N I V E R S I T Y  O F  HOUSTON.  H O U S T O N .  T E X  
P I T T S B U R G H  C O A L  R E S E A R C H  C E N T E R .  R V R E A U  O F  M I N E S *  
P I T T S B U R G H  C C A L  R E S E A R C H  C E N T E R *  P I T T S B U R G H .  P A  
P I T T S B U R G H  E N E R G Y '  R E S E A R C H  C E N T E R *  B U R E A U  O F  M I N E S .  
POWER-GAS C O R P S  L T D  
P R A T T  & W H I T N E Y  A I R C R A F T .  E A S T  H A R T F O R D .  C O N N  
P R A T T  C W H I T N E Y  A I R C R A F T .  E A S T  H A R T F O R D .  C O N N  
P R A T T  G W H I T N E Y  A I R C R A F T .  E A S T  H A R T F O R D .  C O N N  
P R A T T  f, Y H I T N E Y  A I R C R A F T *  E A S T  H A R T F O R D .  C O N N  
P R A T T  C W H I T N E Y  A I R C R A F T .  E A S T  H A R T F O R D +  C O N N  
P R A T T  G W H I T N E Y  A I R C R A F T *  E A S T  HARTFORD.  C O N N  
P H A T T  C W H I T N E Y  A I R C R A F T .  E A S T  H A R T F O R D *  CONN. S O U T H  
P R A T T  G W H I T N E Y  A I R C R A F T .  M I D O L E T O W N .  C O N N  
P R A T T  C W H I T N E Y  A I R C R A F T .  S O U T H  WINDSOR.  C O N N  
P R A T T  G W H I T N E Y  A I R C R A F T ,  WEST P A L M  BEACH.  F L A  
P R A T T  & W H I T N E Y  O I V I  U N I T E D  A I R C R A F T  CORPI E A S T  H A R T F O R D .  
P R A T T  t W H I T N E Y .  E A S T  H A R T F O R D *  C O N N  
P R U T E C H  I N C .  A N 0  A T L A N T I C  R I C H F I E L O  C O  
P R O T O T E C H  I N C  
P U L L M A N  I N C  
P U L L M A N  I N C  
P U L L M A N  I N C  
P U L L M A N  I N C  
P U R D U E  U N I V E R S I T Y .  L A F A Y E T T E .  I N D  
P U R O U E  U N I V E R S I T Y 1  L A F A Y E T T E .  I N D  
R A N D  CORPI S A N T A  M O N I C A *  C A L I F  
R E O S T O N E  A R S E N A L *  A L A  
R E S E A R C H  O X V I S I O N .  A L C I S - C H A L M E R S .  M I L W A U K E E 9  W I S  
R E S E A R C H  F O R  I N O R G A N I C  C H E M I S T R Y .  U S T I  N A D  L A B E M .  
R O C K E T D Y N E .  C A N O G A  P A R K .  C A L I F  
R O C K E T D Y N E .  CANOGA P A R K *  C A L I F  
R O C K E T O Y N E .  C A N O G A  P A R K .  C A L I F  
R O C K E T O Y N E I  C A N O G A  P A R K .  C A L I F  
R O C K E T D Y N E .  CANOGA P A R K .  C A L I F  
R O C K E T D Y N E .  C 6 N D G A  P A R K .  C A L I F  
R O C K E T O Y N E *  C A N O G A  P A R K .  C A L I F  
R O C K E T O Y N E .  C A N O G A  P A R K .  C A L I F  



C O W O M T E  SOUP,CE I N D E X  

ROCKETDYNE*  CANOGA PARK.  CALIF 
ROCKETDYNE. CANOGA P A R K *  C A L I F  
ROCKETDYNE. CANOGA PARK. CALIF 
ROCKETDYNE. CANOGA PARK.  C A L I F .  RESEARCH D E P T  
S A N D I A  L A B S *  ALBUQUERQUE. N M 
S A N C I A  L A B S *  ALBUQUERQUE. N M 
SARATOV S E L ' 5 K O K H O Z  I N S T I  SARATOV. U S S R  
SAVANNAH R I V E R  LAB .  D U  PONT + A I K E N I  S C 
S E L A S  OF AMERICA.  NEOERLAND 
SHEFFIELD UNIVERSITY. DEPT OF FUEL TECHNOLOGY AND CHEMICAL 
S H E F F I E L D  U N I V E R S I T Y .  ENGLAND 
S H E F F I E L D  U N I V E R S I T Y *  ENGLAND. OEPT O F  C H E M I C A L  E N G I N E E R I N G  
SHELL  DEVELOPMENT CO. E M E R Y V I L L E  . C A L I F  
S H E L L  I N T E R N A T I O N A L  M A A T S C H A P P I  J N V 
S H E L L  I N T E R N A T I O N A L E  RESEARCH M A A T S C H A P P I J  N V 
S H E L L  I N T E R N A T I O N A L E  RESEARCH M A A T S C U A P P I J  N V 
S H E L L  I N T E R N A T I O N A L E  RESEARCH M A A T S C H A P P I J  N V 
S H E U  I N T E R N A T I  O N A L E  RESEARCH M A A T S C H A P P I J  N V 
S I E M E N S  A -G 
S I k Y E N S  AG. ERLANGEN* WEST GERMANY 
SIEMENS-SCHUCKERTWERKE A -G 
S O C I E T E  C H I M I O U E  D E  L A  GRANDE P A R O I S S E .  AZOTE E T  P R O O U I T S  
S O C I E T E  C H I M I Q U E  D E  L A  GRANDE P A R O I S S E .  A Z D T E  E l  P R O O U I T S  
S O C I E T E  ETUOE P R O P U L S I O h  R E A C T I O N .  V I L L E J U I F .  FRANCE 
S O C I E T E  POUR L ' E T U D E  E T  L A  R E A L 1  S A T 1  ON O ' E N G I N S  B A L  I S T 1  OUES 
SPERRY RAND CORPS V I C K E R S .  INC .  AERDSPACE D I V I S I D N I  
STANDARD O I L  CO OF C A L I F  
STANFORD U N I V E R S I T Y *  D E P T  O F  M A T E R I A L S  S C I E N C E +  C A L I F  
STEVENS I N S T I T U T E  OF TECHNOLOGY. HOBOKEN. N J 
STRUTHERS S C I E N T I F I C  A N 0  I N T E R N A T I O N A L  CORP 
SUN O I L  CO 
TEANECK. N J SEAFORD. N Y 
T E C P  HOCHSCHULE. OARMSTAOT. GERMANY 
T E C H N I S C H E  H O C H S C W L E .  AACUEN. WEST GERMANY 
T E C H N I S C H E  HOCHSCHULEI MUNCHEN. WEST GERMANY 
TECHNOLOGY U T I L I Z A T I O N  D I V I S I O N .  NASA. WASHINGTON. D C 
TECHTRAN CORPI G L E N  B U R N I E .  MD 
TEMPO - GENERAL  E L E C T R I C  C o t  SANTA BARRARA.  C A L I F  
TEMFO - GENERAL E L E C T R I C  COMPANY - C E N T E R  F O R  ADVANCED 
TEMPO - GENERAL  E L E C T R I C  COMPANY - C E N T E R  F O R  ADVANCED 
TEMPO - GENERAL  E L E C T R I C  COMPANY - C E N T E R  F O R  ADVANCED 
TEMFO - GENERAL E L E C T R I C  COMPANY - C E N T E R  FOR ADVANCED 
TEMPO - GENERAL  E L E C T R I C  COMPANY - S A N T A  B A R B A R A r  C A L I F  
TEMPO - GENERAL E L E C T R I C  COMPANY CENTER FOR ADVANCED S T U D I E S  

TEXACO DEVELCPMENT CORP 
TEXACO OEVELCPMENT CORP 
TEXACO OEVELCPMENT CORP 
TEXACO DEVELCPMENT CORP 
TEXACO OEVEL  CPMENT CORP 
TEXACO D E V E L  CPMENT CORP 
TEXACO I N C  
TEXACO INC .  MDNTEAELLO.  C A L I F  
TEXACO RESEARCH CENTER. BEACON. N Y 
TEXACO. I N C .  BEACON* N Y 
TEXAS I N S T R U M E N T S  I N C  
TEXAS I N S T R U M E N T S  I N C  
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T E X A S  I N S T R U M E N T S .  I N C  
T E X A S  I N S T R U M E N T S .  I N C .  D A L L A S .  T E X  
T E X A S  I N S T R L J M E N T S I  I N C .  D A L L A S .  T E X  
T E X A S  I N S T R U M E N T S I  I N C *  D A L L A S *  T E X  
T E X A S  I N T E R U M E N T S .  I N C  
T E X A S  T E C H N O L O G I C A L  C O L L E G E .  L U B B O C K .  T E X  
T E X A S  U N I V E R S I T Y  D F F E N S E  R E S E A R C H  L A B .  A U S T I N .  T E X  
T E X A S  U N I V E R S I T Y .  D E F E N S E  R E S E A R C H  L A B .  A U S T I N .  R E X  
T E X A S  U N I V E R S I T Y .  D E F E N S E  R E S E A R C H  L A B *  A U S T I N .  T E X  
T E X A S  U N I V E R S I T Y  I O E P T  O F  C H E M I  STRYI  A U S T I N .  T E X  
T H E  E L E C T R O L Y S E R  C 0 R P . r  L T O .  122  T H E  W E S T  M A L L .  E T O B I C O K E I  
T H E  F U T U R E S  GROUP G L A S T O N B U R Y .  C O N N  
T H E  U  5 D E P A R T M E N T  O F  I N T E R L O R *  R U R E A U  O F  M I N E S .  MORGANTOWN1 
T H E R M O  E L E C T R C N  CORPI  WALTHAM.  M A S S  
T O R O N T O  U N I V E R S I T Y .  O N T A R I O .  C A N A D A  
T O R O N T O  U N I V E R S I T Y .  O N T A R I O *  C A N A D A .  I N S T I T U T E  F O R  
T O Y O  E N G I N F E R I N G  C O R P  
T R  I N S T  G I P R O N I I G A Z *  U S S R  
T R W  E Q U I P M E N T  L A B S *  C L E V E L A N D  0 
TRW E Q U I P M E N T  L A B S .  C L E V E L A N D +  0 
TRW S Y S T E M S  GROUP.  R E O O N D O  B E A C H .  C A L I F  
T R W r  I N C  
T U R  S Y S T E M *  REOONOO B E A C H .  C A L I F  
T Y C O  L A B S  I N C .  W A L T H A M .  M A S S  
T Y C C  L A B S .  I N C .  W A L T H A M .  M A S S  
T Y C O  L A B S .  I N C I  W A L T H A M .  M A S S  
U  S  ARMY E L E C T R O N I C  COMMAND*  F O R T  MONMOUTH. N J 
U  S ARMY E L E C T R O N I C S  COMMAND*  F O R T  MONMOUTH. N  J 
U S ARMY E L E C T R O N I C S  L A B S .  F O R T  MONMOUTH. N  J 
U  S  ARMY E L E C T R O N I C S  L A R S .  F O R T  MONMOUTH. N  J 

U  S  ARMY E L E C T R O N I C S  L A B S *  F O R T  MONMOUTH. N J 
U  S  ARMY E L E C T R O N I C S  L A B S .  F O R T  MONMOUTH. N  J 
U  S  ARMY E L E C T R O N I C S  L A B S *  F O R T  MONMOUTH. N  J 
U  S  A R M Y  E L E C T R O N I C S  L A B S *  F O R T  MONMOUTH. N  J 
U  S  ARMY E L E C T R O N I C S  L A B S .  F O R T  MONMOUTH. N J 
U  S  ARMY E L E C T R O N I C S  L A B S *  F O R T  MONMOUTH. N J 

U  S  ARMY E L E C T R O N I C S  L A B S .  F O R T  MONMOUTH. N  J 
U S  ARMY E L E C T R O N I C S  L A B S .  F O R T  MDNMOUTH. N  J 
U  S  ARMY E L E C T R O N I C S  L A B S *  F O R T  MONMOUTH. N  J 

U  S  ARMY E L E C T R O N I C S  L A B S .  F O R T  WONMOUTH. N  J 
U  S  ARMY. E N G I N E E R I N G  R E S E A R C H  A N 0  D E V E L O P M E N T  C E N T E R *  F O R T  
U  S  A T O M I C  E N E R G Y  C O M M I S S I O N  
U  S  D E P A R T M E N T  O F  T H E  I N T E R I O R .  B U R E A U  O F  M I N E S .  
U  S  N A S A  
U S  N A V A L  R E S E A R C H  L A B .  W A S H I N G T E N ,  0 C 
U  S N A V Y .  W A S H I N G T O N .  U C  
U  S  S T E E L  R E S E A R C H  C E N T E R *  M O N R O E V I L L E .  PA 
U C L A .  L O S  A N G E L E S .  C A L I F  
U N I O N  A R B I O E  C O R P S  L I h D E  D I V I S I O N 1  2 7 C  P A R K  A V E *  N E W  Y O R K *  
U N I O N  C A R B I D E  CORP 
U N I C N  C A R B I D E  C O H P  
U N I O N  C A R B I D E  C O R P  
U N I C N  C A R B I D E  C O R P  
U N I O N  C A R B I O E  C O R P  
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33000 OF A T U R B U L E N T  GAS J E T  I N  A / A N A L Y S I S  O F  T H E  S E L F - I G N I T I O N  
30007 TURBOPUMP U N I T S  FOR HYDROGEN/ A N A L Y S I S  O F  T O P P I N G  AND B L E E D  
40512 W I N  L H 2  PUMPS FOR 02/H2 ROC/ A N A L Y S I S  OF TWO-PHASE FLOW F L O  
30029 E V A L U A T I O N o  P H A S E  1. P A R T  1: A N A L Y S I S ,  D E S I G N .  AND DEMONSTR 
33002 U D Y  O F  T H E  E F F E C T  OF CARBON / A N A L Y T I C A L  C H E M I C A L  K I N E T I C  S T  
31004 H E R M A L  8 /  A N  E X P E R I M E N T A L  AND A N A L Y T I C A L  E V A L U A T I O N  O F  T H E  T 
34037 TAGE-CURRENT CHA/  A MODEL FOR A N A L Y Z I N G  T H E  E X P E R I M E N T A L  VOL 

' A N D  ' NOT I N D E X E D  
4 1 0 0 2  I: A S T U D Y  O F  HYDROGEN S L U S H  AND/OR HYDROGEN G E L  U T I L I Z A T I O  
22186 P R O D U C T I O N  OF B A S I C  C H E M I C A L S  A N D I N T E R M E D I A T E S  FROM P E T R O L E U  
33046 SEMENOV A N D  FRANK-KAMENETSKY ANDMANSON E O U A T I O N S o  V s  A D D I T I  
33023 ROGEN AT A M A C H  NUMBER O F  3 o 6  A N G L E S  OF A T T A C K  UP T O  12 DEGR 
34640 H A P E  ON T H E  HYDROGEN-PLATINUM ANODE O F  A MOLTEN-CARBONATE FU 
34613 T E R X S T I C S  O F  P A L L A D I U M - S I L V E R  ANODE O N  I M P U R E  HYDROGEN S T R E A  
3 4 2 2 0  N A B I O C H E M I C A L  F U E L  C E L L  ( A N  ANODE R E A C T I 0 N ) W  /LUE SYSTEM I 
34635 L Y T E  AND N I C K E L -  S I L V E R  A L L O Y  ANODEY / L I Z E D  Z I R C O N I A  E L E C T R O  
34607 R T  O F  HYDROGEN TO C Y L I N D R I C A L  ANODES I N  S T I R P E D  E L E C T R O L Y T E S  
34642 C A T A L Y S T  S Y S T E M  FOR HYDROGEN A N O D E S 0  I I e  C H E M I C A L  R E Q U I R E M E  
3 4 6 4 1  C A T A L Y S T  SYSTEM FOR HYDROGEN ANODES*  l e  C H A R A C T E R I Z A T I O N  OF 
34639 P A R T I A L L Y  SURMERGED P L A T I N U M  ANODES* / HYDROGEN O N  MOVABLE. 
34644 A T U R E  F U E L  C E L L #  S T U D I F S  ON A N O D I C  R E A C T I O N  O F  H I G H  TEMPER 
1 0 0 1 6  ANOTHER HYDROGEN CAR OUT WEST# 
1 0 0 3 7  U L T I M A T E  ECONOMY7 A P R A C T I C A L  ANSWER TO T H E  PROBLEM OF ENERG 
34249 A P O L L O  F U E L  C E L L  SYSTEM*  
4 3 6 0 2  R A N S F E R  SYSTEM FOR THE S A T U R N  A P O L L O  PROGRAM* / I D  HYDROGEN T 
3 4 8 2 3  C E L L  POWERPLANT OPERAT I O N  I N  A P C L L O  S P A C E C R A F T *  F U E L  
22197 RRONS T O  PRODUCE HYDROGEN# A P P A R A T U S  FOR C R A C K I N G  HYDROCA 
2 0 0 0 4  E N  AND / A U T O M A T I C  LABORATORY A P P A R A T U S  F O R  O B T A I N I N G  HYDROG 
2 3 0 0 3  R E  G A S E S #  E L E C T R O L Y S I S  A P P A R A T U S  FOR P R O D U C T I O N  O F  P U  
2 2 1  56 EN-CARBON M O N O X I D E  GAS M I X T U /  A P P A R A T U S  F O R  P R O D U C I N G  HYDROG 
2 2 1 0 1  O L I N G  GASEOUS M I X T U R E S  O F  HY/  A P P A R A T U S  F O R  P R O D U C I N G  A N D  CO 
23436 I L I N G  G A S E S  I N  G/ PROCESS A N 0  A P P A R A T U S  F O R  P U R I F Y I N G  LOW-BO 
2 2 1 6 9  ACEOUS M A T E R I A L  I N T O  HYDROGE/ A P P A R A T U S  FOR R E F O R M I N G  CARBON 
23437 I E S  FROM HYOROGE/ PROCESS AND A P P A R A T U S  FOR R E M O V I N G  I M P U R I T  
2 0 0 ' 3 9  E L E C T R O L Y S I S  A P P A R A T U S #  
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4 0 1  10  F T H E R M O S I P H O N  FOR P R E C O O L I N G  A P P A R A T U S *  A P P L I C A T I O N  0 
2 2 1  1 7 OLEUM A N D  C H E M I C A L  I N D U S T R  I E S  A P P L I C A T I O N  A N D  MANUFACTURE# / 
4 0 1  10  R P R E C O O L I N G  A P P A R A T U S #  A P P L I C A T I O N  O F  T H E R M O S I P H O N  F O  
3 3 0 6 4  I N D  S T E A D Y  S T A T E  SHOCK WAVES. A P P L I C A T I O N  T O  T H E  C O M P O S I T I O N  
3 4 0 0 9  F U E L  C E L L S :  T H E O R Y  AND A P P L I C A T I O N #  
34817 F U E L  C E L L  S Y S T E M  F O R  M I L I T A R Y  A P P L I C A T I O N #  HYDROCARBON-AIR 
4 3 0 1 0  T S  F O R M A T I O N .  P R O P E R T I E S .  AND A P P L I C A T I O N #  / A N I U M  H Y D R I D E :  I 
3 4 8 0 9  U STORAGE AND A P P L I C A T I O N S  O F  G A L V A N I C  C E L L S  
1 0 0 4 2  TOR: NEW F U T U R E  P R O S P E C T S  FOR A P P L I C A T I O N S  O F  N U C L E A R  ENERGY 
2 2 1 5 3  ON AND/ E X A M P L E S  O F  P R A C T I C A L  A P P L I C A T I O N S  O F  T H E  P U R I F I C A T I  
3 0 0 0 9  OGEN-PROPELLED N U C L E A R  ROCKET A P P L I C A T I O N S a  11: E X P E R I M E N T A L  
3 5 0 0 8  OGEN-PROPELLED N U C L E A R  ROCKET A P P L I C A T I O N S .  1 : D E S I G N  O F  TUR 
3 4 8 1 5  L E  F U E L  C E L L  S Y S T E M  F O R  S P A C E  A P P L I C A T I O N S #  OPEN CYC 
3 4 8 1 2  W4TT F U E L  C E L L S  F O R  AEROSPACE A P P L I C A T I O N S #  MEGA 
5 2 0 5 7  R M E A B I L I  TY D A T A  FOR A E R O S P A C E  A P P L I C A T I O N S #  P E  
2 0 0 0 7  H Y D R O G E N - - I T S  MANUFACTURE AND A P P L I C A T I O N S #  E L E C T R O L Y T I C  
4 0 2 0 8  S E L E C T E D  S O L I D S  FOR C R Y O G E N I C  A P P L I C A T I O N S #  / OF F L U I D S  AND 
3 3 0 5 5  O N I C  C O M B U S T I O N  I N  P R O P U L S I O N  A P P L I C A T I O N S #  / A T I O N  O F  SUPERS 
3 1 0 0 7  ANE F U E L  I N  A MA/ P R E L I M I N A R Y  A P P R A I S A L  O F  HYDROGEN AND METH 
5 2 0 1 5  H E  O E T E R M I N A T X O N  O F  H Y /  A NEW APPROACH T O  B E N D  T E S T I N G  FOR T 
34101 H-TEMPERATURE HYDROGEN/ A NEW APPROACH T O  H I G H - P R E S S U R E .  H I G  
3001 8 S H U T T L E  A U X I L I A R Y  POWER U N I T  ( A P U )  # S P A C E  
2 3 6 0 7  C E R I U M  P E R C H L O R A T E S  I N  D I L U T E  AQUEOUS P E R C H L O R I C  A C I D #  / O F  
2 3 6 0 6  7 A. FOR FERROUS T O  F E R R I C  I N  AQUEOUS S U L F U R I C  A C I D  AND THE 
2 2 1 3 8  YDROGEN H E A T E D  I N  A N  E L E C T R I C  ARC# /ANE. A N D  HYDROGEN W I T H  H 

3 0 0 1 2  Y S I S  O F  T H E  PERFORMANCE O F  A N  A R C J E T  D R I V E N  B Y  HYDROGEN AND 
30033 AND E X H A U S T  N O Z Z L E  E X P A N S I O N  AREA R A T I O S *  /HAMBER PRESSURES 
1 0 0 3 2  ROGEN--A C L E A N  F U E L  FOR URBAN AREASU HYO 
3 3 0 6 5  SHOCK WAVES I N  HYDROGENOXYGEN-ARGON M I X T U R E S *  / BY I N C I D E N T  
2 2 1 0 9  U C T I V E  D E H Y D R O G E N A T I O N  OF T H E  A R O M A T I C  R I N G #  OESTR 

'AS ' NOT I N D E X E D  
34807 L C E L L *  SOME E N G I N E E R I N G  A S P E C T S  O F  HYDROGEN-OXYGEN F U E  
33044 ON* F U N D A M E N T A L  A S P E C T S  O F  S U P E R S O N I C  COMBUST1 
22149 HYDROGEN GENERATOR A S S E M B L I E S #  
5 G 0 1 5  O N S I D E R A T I O N S  WHEN D E S I G N I N G .  A S S E M B L I N G .  A N 0  O P E R A T I N G  A GA 
3 4 2 6 4  ROGFN-OXYGEN F U E /  R E L I A B I L I T Y  ASSESSMENT T E S T I N G  O F  2 KW H Y D  
3200 3 P E R R I S  SMOGLESS AUTOMOB~LE A S S C I C I A T I O N Y  
3 4 8 2 2  F U E L  C E L L S  I N  A S T R O N A U T I C S #  

' A T  ' NOT I N D E X E D  
3 0 0 2 2  E L S  F O R  THE F I R S T  S T A G E  O F  A N  A T M O S P H E R I C  BOOSTER# /DY O F  FU 
30070 O Z Z L E S /  C A T A L Y S I S  O F  HYDROGEN-ATOM R E C O M B I N A T I O N  I N  ROCKET N 
2 3 6 0 0  O F  HOT HYDROGEN 09 D E U T E R I U M  ATOMS BY P H O T O L Y S I S  O F  O R O I N A R  
3 3 0 2 3  MACH NUMBER O F  306 A N G L E S  O F  A T T A C K  UP T O  12 D E G R E E S  AND P R  
3 0 0 4 4  YDRO/ DEVELOPMENT OF PULSABLE ATTITUDE CONTROL ENGINES FOR n 
43012 MAGNETS T H A T  A T T R A C T  HYDROGEN# 
3 4 2 3 7  E N E U A T I V E  F U E L  C E L L S .  1 JL T O  AUGUST 1 9 6 6 Y  / E L E C T R O L Y T I C  R E G  
2 3 4 1 8  DURCH P E R M E A T I O N  A N  MEMBRANEN AUS P A L L A D I U M - L E G I E R U N G E N *  /F 
5 2 0 2 2  C T I N G  M E C H A N I C A L  B E H A V I O R S  O F  A U S T E N X T I C  S T A I N L E S S  S T E E L S #  / 
3 4 8 4 3  JPO-A I R S Y S T E M S #  AUTOMATED E L E C T R I C A L  S T A R T  FOR 
22626 METHANE AND CARBON M O N O X I D E  / A U T O M A T I C  CONTROL OF C O M B I N E D  
20004 F O R  O B T A I N I N G  HYDROGEN A N D  / A U T O M A T I C  L A B O R A T O R Y  APPARATUS 
3 2 0 0 3  PERR I S  SMOGLESS A U T O M O B I L E  A S S O C I  A T I O N I  
32001 T H E  HYDROGEN - A I R  F U E L E D  A U T O M O B I L E  E N F I N E  ( P A R T  I ) #  
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32000 T H E  HYDROGEN-A I R F U E L E D  A U T O M O B I L E #  
3 2 0 1 0  ONS U S I N G  N A T U R A L  GAS./ C L E A N  AUTOMOTIVE  F U E L :  E N G I N E  E M I S S I  
3 2 0 2 0  A  L I Q U I D  HYDROGEN SYSTEM FOR A U T O M O T I V E  T R A N S P O R T A T I O N #  /OF  
3 2 0 0 6  NERGY FORM OF  WATER ( H 2 0 * )  I N  A U T O M O T l V E  V E H I C L E  ADVANCED P O  
3 4 8 4 2  E L L  FOR LONG-L I F E  M I S S  I O N S X  AUTONOMOUS HYDROGEN/A I R  F U E L  C 
3 0 0 1 9  PAC/  P R E L I M I N A R Y  D E S I G N  O F  AN A U X I L I A R Y  POWER U N I T  F O R  THE S 
3 0 0 2 0  S H U T T L E *  A N  H 2 - 0 2  A U X I L I A R Y  POWER U N I T  F O R  SPACE 
3 0 0 1  8 S P A C E  S H U T T L E  A U X I L I A R Y  POWER U N I T  ( A P U ) #  
30016 P A C E  S H U T T L E /  HYDROGEN-OXYGEN A U X I L I A R Y  P R O P U L S I O N  FOR THE S 
30017 SPACE S H U T T L E  H I G H  PRESSURE A U X I L I A R Y  P R O P U L S I O N  SUBSYSTEM 
2 2 1 8 7  1 A V A I L A B L E  HYDROGEN I N  R E F I N E R Y  
2 3 6 0 4  S U N L I G H T  I N T O  C H E M I C A L  ENERGY A V A I L A B L E  I N  STORAGE FOR MAN'S 
4 0 2 0 0  R/ T E C H N I Q U E S  F O R  D E T E R M I N I N G  AVERAGE D E N S I T Y  AND R E L A T E D  P A  
33030 A T I O N S  OF H O T - G A S - S I D E  HEAT- /  A X I A L  AND C I R C U M F E R E N T I A L  V A R I  
30023 PROGRAM STUDY 3 - 2  ON A N  ELDO B L A U N C H I N G  SYSTEM W I T H  A S T A N  
2 3 2 0 0  N AND U T I L I Z A T I O N  I N  HYDROGEN B A C T E R I A *  ENERGY G E N E R A T I O  
2 3 2 0 2  T I O N  OF HYDROGEN I N  A L G A E  AND B A C T E R I A X  / I G H T -  I N D U C E D  EVOLU 
23204 B A C T E R I A L  METHANE F U E L  C E L L #  
3 0 0 1 3  E C T S  O F  S E V E R A L  I N J E C T O R  F A C E  B A F F L E  C O N F I G U R A T I O N S  ON SCREE 
2 3 2 0 1  H I L F E  VON E L E K T R O L Y S E G A S  UNO B A K T E R I E N X  /OSSENEN SYSTEM M I T  
3 4 5 1 1  L C E L L S #  WATER AND HEAT  B A L A N C E  OF  HYDROGEN-OXYGEN F U E  
4 0 5 0 5  ROGE/ L U B R I C A T I O N  AND WEAR OF  B A L L  B E A R I N G S  I N  CRYOGENIC  H Y D  
2 2 6 3 2  N BLACK FROM N A T U R A L  G A S  I N  A  B A L L  M I L L *  /HYDROGEN AND CARBO 
1 3 0 6 7  A  HYDROGEN B A S E D  ENERGY ECONOMY* 
34643 THE N I C K E L  S K E L E T A L  C A T A L Y S T  B A S E D  HYDROGEN ELECTRODE AND H 
34227 E L #  F U E L - C E L L  D E S I G N  B A S E D  ON A I R  A N D  REFORMABLE FU 
2 2 1 8 6  OCESSES FOR T H E  P R O D U C T I O N  OF  B A S I C  C H E M I C A L S  A N D I N T E R M E D I A T  
2001 3 CHEAP HYDROGEN FOR B A S I C  C H E M I C A L S #  
3 4 1 0 3  RESEARCH / C O L D  HYDROGEN AND B A S I C  E L E C T R O L Y T E  C E L L S  AT  T H E  
3 4 0 1 2  U E L  C E L L  CONCEPT, A  R E V I E W  O F  B A S I C  P R I N C I P L E S #  THE F 
3 4 1 0 5  URE B A T T E R I E S  A /  HYDROGEN AND B A S I C - E L E C T R O L Y T E  LOW-TEMPERAT 
3 4 8 2 5  W# F U E L  C E L L S  AND F U E L  B A T T E R I E S  - AN E N G I N E E R I N G  V I E  
34003 ENERGY I N T O  E L E C T R I C A L  E N E R G Y - B A T T E R I E S  AND F U E L  C E L L S *  / A L  
3 4 6 0 3  RDGEN C E L L S  O F  C G E  E X X S T I N G  B A T T E R I E S  AND FUTURE PROSPECTS 
3 4 1 0 5  C-ELECTROLYTE LOW-TEMPERATURE B A T T E R I E S  AT  T H E  CGE RESEARCH 
3 4 2 1 7  LOW TEMPERATURE F U E L  B A T T E R  I E S #  
32026 AR W I T H  H 2 - A I R  F U E L  C E L L / L E A D  B A T T E R Y  (ONE YEAR O P E R A T I N G  E X  
34243 MOLTEN-CARBONATE F U E L  B A T T E R Y  PROGRAM# 
34242 O L T E N  CARBONATE FUEL C E L L  AND B A T T E R Y  SYSTEM* /RMANCE OF  A M 
3 4 2 2 2  ROL /  A  5-KW HYDROGEN-A IR  F U E L  B A T T E R Y  W I T H  A N  A L K A L I N E  E L E C T  
3 4 8 1 1  NG E L E C T R I C I T Y  TO HY/  STORAGE B A T T E R Y - F U E L  C E L L  FOR CONVERT1 
3 4 2 2 3  A  1 KW HYDROGEN F U E L  BATTERY. 
3 4 8 4 6  T H E  F L Y I N G  H 2 / 0 2  STORAGE B A T T E R Y *  
3 4 2 1  9 I V E  HYDROGEN-OXYGEN F U E L - C E L L  B A T T E R Y #  r E C T R O L Y T  I C  REGENERAT 
3 4 0 3 7  F A HYDROGEN-OXYGEN F U E L  C E L L  B A T T E R Y #  / N T  C H A R A C T E R I S T I C S  0 
2 2 2 1 0  DRDGEN MAY BECOME U T I L I T Y  AND B E  P I P E D  TO CONSUMERS THROUGH 
4 0 5 C I  I C  F L U I D S #  B E A R I N G S  AND S E A L S  F O R  CRYOGEN 
40505 L U B R I C A T I O N  AND WEAR OF  B A L L  B E A R I N G S  I N  CRYOGENIC  HYDROGEN 
3201 8 HYDROGEN-POWERED CARS MAY B E A T  P O L L U T I O N  STANDARDS# 
2 2 2 1 0  CONSUMERS THRO/ HYDROGEN MAY BECOME U T I L I T Y  A N 0  B E  P I P E D  T O  
10007 * WHEN HYDROGEN BECOMES T H E  WORLD'S C H I E F  FUEL 
2 2 6 4 9  PROPANE C R A C K I N G  I N  F L U I D I Z E D  B E D  REACTORS# K I N E T I C S  O F  
2 2 6 4 2  GEN CONVERSION I N  A  F L U I D I Z E D  B E D  UNDER PRESSURE#  /TEAM- OXY 
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22172 S  O F  S H A L E  O I L  I N  A  F L U I D I Z E D  BED*  / K I N E T I C S  O F  T H E  P Y R O L Y S I  
30039 H E  A I R  B R E A T H /  A I R  P R E C O O L I N G  B E F O R E  C O M P R E S S I O N  E F F E C T  ON T  
33017 T H E  / C O N D I T Z O N  O F  T H E  M E D I U M  B E F O R E  T H E  F L A M E  F R O N T  D U R I N G  
40214 R Y O G E N I C  L I Q U I D S #  T H E R M A L  B E H A V I O R  AND MEASUREMENTS OF C 
34646 O F  R A N E Y - U  P R E P A R A T I O N  AND B E H A V I O R  I N  C O N T I N U D U S  S E R V I C E  
52012 AR M A G N E T I C  RESONAN/ HYDROGEN B E H A V I O R  I N  M E T A L S  U S I N G  N U C L E  
31004 C A L  E V A L U A T I O N  O F  T H E  T H E R M A L  B E H A V I O R  O F  L I Q U I D  HYDROGEN I N  
51008 F I R E  T E S T :  E V A L U A T I O N  O F  T H E  B E H A V I O R  O F  N O N M E T A L L I C  M A T E R I  
52022 HENOMENA A F F E C T I N G  M E C H A N I C A L  B E H A V I O R S  O F  A U S T E N I T I C  S T A I N L  
33064 T H E  HYDROGEN-OXYGEN R E A C T I O N  B E H I N D  S T E A D Y  S T A T E  SHOCK WAVE 
40210 L I D - V A P O R  M I X T U R E  O F  HYDROGEN BELOW I T S  T R I P L E  P O I N T *  /NG SO 
40008 O P E R T I E S  O F  HYDROGEN I S O T O P E S  BELDW T H E I R  C R I T I C A L  T E M P E R A T U  
52015 T I O N  O F  H Y /  A  NEW APPROACH T O  B E N D  T E S T I N G  F O R  T H E  D E T E R M I N A  
23414 DROGEN P U R I F I C A T I O N  P L A N T  FOR B E N Z E N E  MANUFACTURE* H Y  
10018 HYDROGEN P R O D U C T I O N  FOR B E T T E R  N U C L E A R  U T I L I Z A T I O N #  
10028 # HYDROGEN G E T S  TOP B I L L I N G  A S  F U T U R E  " C L E A N  F U E L "  
23408 Y  P E R M E A T I O N  T /  S E P A R A T I O N  O F  B I N A R Y  M I X T U R E S  OF C O  AND H2 B 
23206 B I O C H E M I C A L  F U E L  C E L L S *  
34220 SE-METHYLENE B L U E  S Y S T E M  I N  A  B I O C H E M I C A L  F U E L  C E L L  ( A N  ANOD 
23235 S b  B I O C H E M I C A L  HYDROGEN GENERATOR 
23207 L A R  HYDROGEN# B I O L O G I C A L  F O R M A T I O N  O F  MOLECU 
10070 E N E R G Y  O P T I O N S :  P H Y S I C A L  AND B I O L O G I C A L #  OUR S O L A R  
23201 E N  S Y S T E M  M I T  H I L F E  VON E L E K /  B I O R E G E N E R A T I O N  I M  GESCHLOSSEN 
34803 POWER SYSTEM# T H E  B I O S A T E L L I T E  F U E L  C E L L / B h T T E R Y  
22210 T O  CONSUMERS THROUGH G R I D  SAY B I P M  SPOKESMAN* / A N 0  B E  P I P E D  
22632 R A T I O N  O F  HYDROGEN AND C A R B O N  B L A C K  FROM N A T U R A L  G A S  I N  A  B A  
34627 F T H E  D E G R A D P T I O N  OF P L A T I N U M  B L A C K  F U E L  C E L L  CATHODES*  /Y  0 
40419 D  HYDROGEN P O S I T I V E  E X P U L S I O N  B L A D D E R S *  L I O U I  
23426 R S I  B L E E D  B U R N I N G  HYDROGEN P U R I F  I E  
30007 OGEN/ A N A L Y S I S  OF T O P P I N G  AND B L E E D  TURBOPUMP U N I T S  F O R  HYDR 
30008 E S T I G A T I O N  OF T H E  E I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  F O R  HYDRDGE 
30009 I N V E S T I G A T I O N  OF E I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  F O R  HYDROGE 
34510 E L E C T R I C A L L Y  D R I V E N  HYDROGEN BLOWER FOR V E H I C U L A R F U E L  C E L L  
34220 U S E  O F  HYDROGENASE-HETHYLENE B L U E  S Y S T E M  I N  A  B I O C H E M I C A L  F 
33049 B U S T  I O N  I N  THE FLOW F I E L D S  O F  B O D I E S  O F  R E V O L U T I O N  A N 0  NEAR 
22189 I N G  A  M I X T U R /  COMPACT R E A C T O R - B O I L E R  C O M B I N A T I O N  F O R  CONVERT 
23436 D  A P P A R A T U S  F O R  P U R I F Y I N G  L O W - B O I L I N G  G A S E S  I N  G A S M I X T U R E S #  / 
22121 HYDROGEN F R O M  H I G H - B O I L I N G  HYDROCARBON F U E L S #  
49203 I N C I P I E N T  AND N U C L E A T E  B C I L I N G  O F  L I Q U I D #  
40408 OGEN TANK I N S U L A T I O N  F O R  S - I 1  BOOSTER# L I Q U I D  HYDR 
30022 F I R S T  S T A G E  OF A N  A T M O S P H E R I C  BOOSTER# /DY O F  F U E L S  F O R  T H E  
30043 N T  D Y N A M I C S  I N  A L A R G E  ROCKET BOOSTER*  / T I G A T I O N  O F  P R O P E L L A  
40108 RMODYNAMIC C Y C L E  FOR A  S P A C E -  BORNE HYDROGEN R E L I Q U E F I E R #  / E  
23001 HYDROGEN T O  A  F U E L  C E L L  W I T H  B O R O H Y D R I D E  ADDUCT* / S U P P L Y I N G  
52016 N T  O F  N I O B I U M  AND V A N A D I U M  B Y  B O T H  D I S S O L V E D  AND P R E C I P I T I A T  
30039 C O M P R E S S I O N  E F F E C T  ON T H E  A I R  B R E A T H I N G  E N G I N E S  OF A  SPACE-C 
31006 NGE OF A  HYDROGEN-FUELED*  A I R - B R E A T H I N G  H Y P E R S O N I C  A I R C R A F T #  
32014 N C E  C H A R A C T E R I S T I C S  OF A N  AIR-BREATHINGHYDROGEN-FUELED I N T E R  
33029 USTOR A N D  F U E L - S Y S T E M  O P E R A T /  B R I E F  S T U D I E S  O F  T U R B O J E T  COMB 
34015 E A R T H *  B R I N G I N G  T H E  F U E L  C E L L  DOWN T O  
52011 L S b  HYDROGEN B R I T T L E N E S S  I N  NONFERROUS META 
33045 U R N I N G  V E L O C I T I E S  I N  HYDROGEN-BROMINE A N 0  D E U T E R I U M -  B R O M I N E  
33046 R N I N G  V E L O C I T I E S  F O R  HYDROGEN-BROMINE M I X T U R E S .  IV. E Q U A T I O N  

/ -  / 
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33045 DROGEN-BROMINE AND D E U T E R I U M -  B R O M I N E  M I X T U R E S *  / I T I E S  I N  H Y  
33047 R N I N G  V E L O C I T I E S  I N  HYDROGEN- B R O M I N E  M I X T U R E S *  / U E N T S  O N  B U  
30046 F O /  P R A T T  E W H I T N E Y  P I C K E D  T O  B U I L D  C R Y O G E N I C  ROCKET E N G I N E  
41006 M E L T I N G  C H A R A C T E R I S T I C S  AND B U L K  T H E R M O P H Y S I C A L  P R O P E R T I E S  
40004 AND S E R V I C E S  O F  T H E  N A T I O N A L  B U R E A U  O F  STANDARDS. C R Y O G E N I C  
10066 L L U T I O N - F R E E  CAR E N G I N E S  T H A T  BURN A G A S O L I N E - H Y D R O G E N  M I X T U  
22199 ON O F  HYDROCARBONS F O R  SYNTH/  BURNER F O R  T H E  P A R T I A L  O X I D A T I  
3 2 0 1  5 D E S I G N  C R I T E R I A  F O R  HYDROGEN B U R N I N G  E N G I N E S *  
33006 THERMAL R A D I A T I O N  F R O M  B U R N I N G  HYDROGEN PLUMEIT 
2 3 4 2 6  B L E E D  B U R N I N G  HYDROGEN P U R I F I E R S *  
330 32 S U P E R S O N I C  C O M B U S T I O N  A N 0  B U R N I N G  I N  R A M J E T  COMBUSTORS# 
30371 F E R  I N  A S M A L L  ROCKET CHAMBER B U R N I N G  L I Q U I D  AND G A S E O U S  H Y D  
51005 A N D  H I G H  FLOW I N S T A B I L I T I E S .  B U R N I N G  RATES.  D I L U T I O N  L I M I T S  
33046 N - B R O M I N E  M I /  C A L C U L A T I O N S  O F  B U R N I N G  V E L O C I T I E S  F O R  HYDROGE 
3 3 0 4 7  - BROM/ E F F E C T  O F  D I L U E N T S  O N  B U R N I N G  V E L O C I T I E S  I N  HYDROGEN 
33045 - B R O M I N E  A N D  D E U T E R I U M -  BROM/ B U R N I N G  V E L O C I T I E S  I N  HYDROGEN 
33036 N S F E R  I N  S M A L L  ROCKET CHAMBER B U R N I N G L I Q U I D  OXYGEN AND G A S E U  
1 5 0 6 0  HYDROGEN: I T ' S  CLEAN.  B U T  I S  I T  A P R A C T I C A L  F U E L ? #  
2 2 6 1 7  DOM K A T A L I T I C H E S K O I  K O N V E R S I I  B U T A N A  P O D  D A V L E N I E M *  /DA M E T 0  
22604 O F  H I G H - P U R I T X  HYDROGEN FROM B U T A N E  W I T H  S P E C I A L  R E F E R E N C E  
3 4 2 1 4  PERFORMANCE OF C O M P A C T - D E S I G N  B U T A N E - A I R  F U E L  C E L L *  
2 2 6 3 8  W I T H  S T E A M  O/ R E A C T I O N S  O F  N-BUTANE.  E T H Y L E N E .  AND 1 - B U T E N E  
22638 OF N-BUTANE. E T H Y L E N E *  AND I - B U T E N E  W I T H  S T E A M  OVER A S I L I C  

' B Y  ' N O T  I N D E X E D  
30024 P R E L I M I N A R Y  P R O J E C T  L A U N C H E R S  Bl A N D  8 2 s  S T U D Y  NOa 3 - 5 2  A D E  
3 0 0 2 4  NARY P R O J E C T  L A U N C H E R S  B1 AND 82. S T U D Y  NOe 3e5: A D E T A I L E D  
10062 C E E N  T A L K S  WITH.....meX 
22151 HYDROGEN STEAM REFORMING:  C C I / G I R D L E R  I N C #  
3 2 0 0 5  U R E  I N  T H E  EM/ T H E  HYDROGEN I C E N G I N E  - I T S  O R I G I N S  AND F U T  
34603 TEMPERATURE HYDROGEN C E L L S  O F  C G E E X I S T I N G  B A T T E R I E S  AND F 
2 2 1 4 4  O C E S S  AND OTHER T E C H N I /  T H E  I C I S T E A M  N A P H T H A  R E F O R M I N G  P R  
3 4 2 q 3  T E M P E R A T U R E  RANGE -20 DEGREES C T O  +60 DEGREES C X  / T H I N  T H E  
5 2 0 2 6  L E S S  S T E E L  FROM L E S S  T H A N  600 C T O  N E A R  600 C I  /ND 304 S T A I N  
52026 M L E S S  T H A N  6 3 0  C TO NEAR 603 C #  /ND 304 S T A I N L E S S  S T E E L  F R O  
34203 - 2 0  D E G R E E S  C TO 460 DEGREES C I  / T H I N  T H E  TEMPERATURE RANGE 
20019 O L Y S I S  S Y S T E M S  FOR S P A C E C R A F T  C A B I N  OXYGEN G E N E R A T I O N #  /ECTQ 
34600 F U E L - C E L L  E L E C T R O D E  I N  N I C K E L - C A D M I U M  C E L L S #  /NO T H E  OXYGEN 
52001 E P T I B I L I T Y  OF A L L O Y  S T E E L S  T O  C A D M I U M  P L A T I N G  (HYDROGEN)  E M 0  
40212 I E S /  N U M E R I C A L  PROCEDURES FOR C A L C U L A T I N G  R E A L  F L U I D  PROPERT 
3 3 0 1 4  I N  THE H Y D R O G E N - A I R  S Y S T E M U  C A L C U L A T I O N  O F  I G N I T I O N  D E L A Y S  
33035 I N E T I C S  C O N S I D E R A T I O N S  D U R I N G  C A L C U L A T I O N  O F  T H E  N O Z Z L E  FLOW 
40417 I/ A COMPUTER PROGRAM FOR T H E  C A L C U L A T I O N  OF THERMAL S T R A T I F  
33046 NSON E O U A T I O N S n  Vo A D D I T I O N A L  C A L C U L A T I O N S  8 Y  M A L L A R D - L E C H A T  
33046 T I E S  F O R  HYDRDGEN-BROMINF M I /  C A L C U L A T I O N S  O F  B U R N I N G  V E L O C I  
1 0 0 2 5  HYDROGEN F U E L  U S E  C A L L S  FOR NEW SOURCE* 
10009 "HYDROGEN: C A N D I D A T E  FOR U N I V E R S A L  F U E L n #  
3 4 5 0 5  L C O N C E P T  F O R  MYDRnGEN-OXYGEN C A P I L L A R Y  F U E L  C E L L #  / E  REMOVA 
34010 ROGEN-OXYGEN F U E L  C E L L  W I T H  A C A P I L L A R Y  MEMBRANE# / I N  A H Y D  
1 0 0 6 6  NE-HYDROGEN M/ P O L L U T I O N - F R E E  CAR E N G I N E S  T H A T  BURN A G A S O L I  
1001 6 ANOTHER H Y D R n G E N  CAR OUT WEST# 
32025 D S 6 0 * 0 0 0  FOR HYDROGEN-FUELED-CAR R E S E A R C H #  / T I O N  H A S  GRANTE 
3 2 0 2 6  B A T T E R Y  ( O N E  YEAR OPER/  C I T Y  CAR W I T H  H Z - A I R  F U E L  C E L L / L E A D  
320 17 PERFORMAN/  T H E  U C L A  HYDROGEN CAR: D E S I G N .  CONSTRUCTION.  A N 0  
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3 2 0 0 2  ON T H E  U C L A  HYDROGEN C A R #  
22632 C P R E P A R A T I O N  O F  HYDROGEN AND CARBON B L A C K  FROM N A T U R A L  GAS 
34641 ROGEN ANODES/ T H E  P L A T I N U M - O N - C A R B O N  C A T A L Y S T  S Y S T E M  F O R  H Y D  
3 4 6 4 2  ROGEN ANODES/ THE PLATINUM-ON-CARBON C A T A L Y S T  S Y S T E M  F O R  H Y D  
33002 I N E T I C  STUDY O F  T H E  E F F E C T  O F  C A R B O N  D I O X I D E  A N D  WATER VAPOR 
34834 T R O L Y T E  HYDROGEN-/ E F F E C T S  OF CARBON D I O X I D E  ON T R A P P E D  E L E C  
40418 A L  P R O T E C T I O N  SYSTEM F O R  L/ A C A R B O N  D I O X I D E  PURGE AND THERM 
31003 A L  P R O T E C T I O N  S Y S T E M  F O R  L/ A CARBON D I O X I D E  PURGE AND THERM 
34648 I C A L  S T U D I E S  O N  H I G H L Y  POROUS CARBON E L E C T R O D E S #  / L E C T R O C H E H  
3 4 6 0 6  C A R B O N  F U E L  C E L L  E L E C T R O D E S #  
22181 O F  P R O D U C I N G  HYDROGEN F R O M  A CARBON M O N O X I D E  C O N T A I N I N G  GAS 
22148 E S  F R O M  F U E L  G A /  HYDROGEN AND C A R B O N  M O N O X I D E  C O N T A I N I N G  GAS 
22626 N T R O L  OF C O M B I N E D  METHANE AND CARBON M O N O X I D E  C O N V E R S I O N  SEC 
2 2 1 5 6  ARATUS FOR P R O D U C I N G  HYDROGEN-CARBON M O N O X I D E  G A S  M I X T U R E S #  / 
34611 T U R E  F U E L  C E L /  PERFORMANCE O F  CARBON M O N O X I D E  I N  LOW-TEMPERA 
22633 F HYDROGEN A N 0  OF A HYDROGEN- CARBON M O N O X I D E  M I X T U R E *  /RE 0 
2261 6 HYDROGEN AND CARBON M O N O X I D E #  
22160 XTURE C O N T A I N I N G  HYDROGEN AND C A R B O N  M O N O X I D E *  GAS M I  
22101 E D U S  M I X T U R E S  OF HYDROGEN AND CARBON M O N O X I D E #  / C O O L I N G  G A S  
22154 XTURE C O N T A I N I N G  HYDROGEN AND C A R B O N  M O N O X I D E #  / O F  A GAS M I  
34642 C H E M I C A L  R E Q U I R E M E N T S  O F  THE CARBON S U R F A C E #  /N ANODES. 11. 
3 4 6 2 4  TEMPERATURE F U E L  C E L L S #  C A R B O N - A I R  E L E C T R O D E S  FOR LOW 
3 4 6 2 5  E L  C E L L S *  C O M P O S I T E  CARBON-METAL E L E C T R O D E S  FOR FU 
3 4 2 1 2  O P E R A T I O N  ON D I L U T E  HYDROGEN. CARBONACEOUS F U E L S *  AND D I L U T E  
22169 ROGE/ APPARATUS FOR R E F O R M I N G  CARBONACEOUS M A T E R I A L  I N T O  H Y D  
34253 L W  S T U D I E S  O F  T H E  M O L T E N  C A R B O N A T E  E L E C T R O L Y T E  FUEL C E L  
34243 # MOLTEN-CARBONATE F U E L  B A T T E R Y  PROGRAM 
3 4 2 4 2  Y S Y /  PERFORMANCE O F  A MOLTEN C A R B O N A T E  FUEL C E L L  A N D  B A T T E R  
3 4 6 4 0  E N - P L A T I N U M  ANODE O F  A MOLTEN-CARBONATE F U E L  C E L L *  / E  HYDROG 
22175 YDROCARBONS A N D  U S E  I N  N D L T E N  C A R B O N A T E  F U E L  C E L L S B  / FROM H 
10069 A HYDROGEN ENERGY C A R R I E R S  
1 0 0 6 8  A HYDROGEN ENERGY C A R R I E R *  
3201 8 RDS* HYDROGEN-POWERED C A R S  MAY B E A T  P O L L U T I O N  STANDA 
31014 E R S O N I C  TRANSPORTS T H E  C A S E  F O R  A H Y D R O G E N - F U E L E D  S U P  
31017 PORT A I R C R A F T #  T H E  C A S E  FOR HYDROGEN F U E L E D  TRANS 
2 2 6 1 2  EAH-METHANE RFFORMER F U R N A C E /  C A S E  H I S T O R Y :  F A I L U R E S  I N  A S T  
50009 LOW TEMPERATURES. P A R T I C U L A R  C A S E  O F  L I Q U I D  HYDROGEN. X /ERY 
34645 E - E L E C T R O L Y T E  I N T E R F A C E  FOR C A S E  O F  OXYGEN-HYDROGEN C E L L *  / 
52007 S B Y  HYDROGEN U N D E R  PRESSURE: C A S E  OF 35 N I C R M O  16 S T E E L S  /F 
52049 HYDROGEN UNDER PRESSURE:  THE C A S E  O F  35 N I C R M O  16 S T E E L *  / Y  
3 0 0 7 5  O M B I N A T I O N  I N  ROCKET N O Z Z L E S /  C A T A L Y S I S  O F  HYDROGEN-ATOM R E C  
34641 S s  1. C H A R A C T E R I Z A T I O N  O F  T H E  C A T A L Y S T  A N D  S U P P O R T #  /N ANODE 
34643 ODE A N D  / THE N I C K E L  S K E L E T A L  C A T A L Y S T  B A S E D  HYDROGEN E L E C T R  
22179 F R O M  HYDROCARBONS# CONTACT C A T A L Y S T  F O R  H Y D R O G E N - R I C H  G A S  
2 2 1 8 2  P R O T E C T I O N  D F  A M E T H A N A T I O N  C A T A L Y S T  I N  HYDROCARBON REFORM 
22638 VER A S I L I C A - S U P P O R T E D  N I C K E L  C A T A L Y S T  I N  T H E  T E M P E R A T U R E  R A  
34641 NODES/  THE P L A T I N U M - O N - C A R B O N  C A T A L Y S T  S Y S T E M  F O R  HYDROGEN A 
3 4 6 4 2  NODES/  THE PLATINUM-ON-CARBON C A T A L Y S T  S Y S T E M  F O R  HYDROGEN A 
22212 E W I T H  HYDROGEN HANUFACTUR I N G  C A T A L Y S T *  / O M M E R C I A L  E X P E R  I E N C  
22209 T I O N  B Y  R E F O R M I /  R A N E Y  N I C K E L  C A T A L Y S T S  F O R  HYDROGEN PREPARA 
34616 LS* R A N E Y - N I C K E L  C A T A L Y S T S  I N  G A L V A N I C  FUEL C E L  
3 4 6 3 0  I N E X P E N S I V E  CATHODE C A T A L Y S T S #  
33052 E V E L O P M E N T  OF HYDROGEN-OXYGEN C A T A L Y S T S #  D 

, / r 7  4 
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2 2 6 0 1  METHANAT I O N  C A T A L Y S T S *  
3 4 6 1  1 R E  F U E L  C E L L S C O N T A I N I N G  O X I D E  C A T A L Y S T S *  / E  I N  LOW-TEMPERATU 
2 2 1 6 2  H C P V S T A L L I N E  A L U M I N O S I L X C A T E  C A T A L Y S T S *  / M I N G  OF HEXANE W I T  
2 2 1 7 8  T I O N  O F  N -HEXANE OVER Z E O L I T E  C A T A L Y S T S 6  /N B Y  STEAM REFORMA 
22194 ROGEN B Y  I N C O M P L E T E  F L A M E L E S S  C A T A L Y T I C  COMBUSTION OF  HYDRDC 
2 2 1 9 0  R T H E  S T E A M  REFORMING OF  HYD/  C A T A L Y T I C  C O M P O S I T I O N S  USED F O  
2 2 2 3 1  ARBONS TO HYDROGEN A T  LOW T E /  C A T A L Y T I C  CONVERSION OF HYDROC 
2 2 1 8 4  BONSU C A T A L Y T I C  C R A C K I N G  O F  HYDROCAR 
2 2 6 4 6  HANE FOR T H E  P R O D U C T I O N  C F  H/ C A T A L Y T I C  D E C O M P O S I T I O N  O F  MET 
2 2 6 4 8  DCARBONS# C A T A L Y T I C  D I S S O C I A T I O N  O F  HYDR 
2 2 2 1 1  FROM HYDROCARBON F U E L /  THERMO-CATALYT IC  HYDROGEN GENERATZON 
2 2 6 3 2  GEN A N 0  CARBON B L A C K  FROM N A /  C A T A L Y T I C  P R E P A R A T I O N  OF  HYDRO 
22107 E N  MANUFACTURING*  C A T A L Y T I C  PROCESSES FOR HYDROG 
3 3 0 5 0  N-OXYGEN I G N I T I O N #  STUDY OF  C A T A L Y T I C  REACTORS F O R  HYDROGE 
22135 R/  P R E P A R A T I O N  OF  HYDROGEN B Y  C A T A L Y T I C  REFORMING O F  HYDROCA 
2 2 1 5 5  C A T A L Y T I C  REFORMING# 
2 2 1 5 7  APHTHA*  C A T A L Y T I C  S T E A M  REFORMING OF N 
2 2 1 4 7  I O U I D  HYDROCARBONS# C A T A L Y T I C  STEAM REFORMING O F  L 
3 3 0 1 0  COMPLETE O X I D A T I O N  OF  METHANE C A T A L Y Z E D  B Y  A HYDROGEN F L A M E *  
3 4 6 3 0  I N E X P E N S I V E  CATHODE C A T A L Y S T S *  
34623 T P H T H A L O C Y A N I N E  A S  F U E L  C E L L  CATHODE# COBAL  
3 4 6 2 7  N OF P L A T I N U M  B L A C K  F U E L  C E L L  CATHODES*  / Y  O F  T H E  D E G R A D A T I O  
3 4 6 2 6  USE I N  LOW T E /  DEVELOPMENT OF  C A T H O D I C  E L E C T R O C A T A L Y S T S  FOR 
5 2 0 3 5  S T E E L *  A B S O R P T I O N  OF C A T H O D I C  HYDROGEN BY I R O N  AND 
4 0 2 0 1  1: V E N T U R I *  C A V I T A T I O N  I N  L I Q U I D  CRYOGENS. 
3 4 2 2 6  SYSTEM I N  A B I O C H E M I C A L  F U E L  C E L L  ( A N  ANODE R E A C T I O N ) #  / L U E  
3 4 2 1 2  I N T E R M E D I A T E  TEMPERATURE F U E L  C E L L  - O P E R A T I O N  ON D I L U T E  H Y D  
3 4 8 2 7  FROM S H E L L g S  F U E L  C E L L  - P O R T A B L E  POWER# 
3401 3 T H E  F U E L  C E L L  - WHEN* 
34242 CE O F  A MOLTEN CARBONATE FUEL C E L L  AND B A T T E R Y  SYSTEM* /RMAN 
3 4 1 0 1  PERATURE HYDROGEN OXYGEN F U E L - C E L L  AND E L E C T R O L Y S I S - C E L L  D E S  
3 4 8 3 3  E L E C T R I C A L L Y  COUPLED F U E L  C E L L  AND HYOROGEN GENERATOR# 
34203 IDN OF A HYDROGEN-OXYGEN FUEL C E L L  AND I T S  PERFORMANCE W I T H 1  
3 4 0 0 5  C E l  F U E L  C E L L  A S  ENERGY CONVERSION D E V I  
3 4 2 0 9  OF THE HYDROGEN-CHLORINE  F U E L  C E L L  A T  H I G H  TEMPERATURES# /M 
3 4 2 1 9  N E R A T I V E  HYDROGEN-OXYGEN F U E L - C E L L  B A T T E R Y *  / E C T R O L Y T I C  REGE 
3 4 0 3 7  I C S  OF A HYDROGEN-OXYGEN F U E L  C E L L  B A T T E R Y #  /NT  C H A R A C T E R I S T  
3 4 6 2 3  COBALT  P H T H A L O C Y A N I N E  A S  F U E L  C E L L  CATHODE* 
3 4 6 2 7  D A T I O N  O F  P L A T I N U M  B L A C K  F U E L  C E L L  CATHODES*  /Y OF T H E  DEGRA 
3 4 2 6 7  N T A L  E V A L U A T I O N  O F  T H E  S I N G L E - C E L L  CONCEPT F O R  A L I G H T W E I G H T  
3 4 0 1 2  C P R I N C I P L E S *  T H E  F U E L  C E L L  CONCEPT. A R E V I E W  O F  B A S 1  
3 4 8 2 8  GENERATORL F U E L  C E L L  CONNECTED W I T H  A HYDROGEN 
4 0 4 0 5  OPEN-CELL  CRYOGENIC  I N S U L A T I O N *  
3 4 2 2 7  EFORMABLE F U E L *  F U E L - C E L L  D E S I G N  B A S E D  ON A I R  AND R 
3 4 1 0 1  E N  F U E L - C E L L  A N D  E L E C T R O L Y S I S - C E L L  D E S I G N *  /RE HYOROGEN OXYG 
3401 5 B R I N G S N G  T H E  F U E L  C E L L  DOWN 10 E A R T H #  
34241 G/ 15-KW HYDROCARBON-AIR F U E L  C E L L  E L E C T R I C  POWER P L A N T  D E S I  
34816 O P E R A T I O N S  / P C B B - 4 - X 5 6 2  F U E L  C E L L  E L E C T R I C A L  POWER SUPPLY. 
34600 ELECTRODE AND T H E  OXYGEN F U E L - C E L L  ELECTRODE I N  N I C K E L - C A D M I  
34620 ELECTROFORMED F U E L  C E L L  E L E C T R O D E  M A T R I C E S *  
34632 # F U E L  C E L L  ELECTRODES (HYDROGEN-AIR)  
3 4 6 0 5  L I G H T - W E I G H T  F U E L  C E L L  E L E C T R O D E S  - 1. 2# 
34634 RDVEMENT/ DEVELOPMENT O F  F U E L  C E L L  ELECTRODES:  ELECTRODE I M P  
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34633 T H f  N F U E L  C E L L  ELECTRODES#  
3 4 6 1 4  NEW METHODS O F  O B T A I N I N G  F U E L  C E L L  ELECTRODES*  
3 4 6 1  2 PAPER F U E L  C E L L  E L E C T R O D E S #  
3 4 6 0 6  CARBON F U E L  C E L L  ELECTRODES*  
3 4 6 3 6  RMANCE O F  FLOODED POROUS F U E L  C E L L  E L E C T R O D E S #  T H E  P E R F 0  
34604 LOW C O S T  F U E L  C E L L  ELECTRODES#  
3 4 6 2 2  AVY D I S C H A R G E  P U L S I N G  ON FUEL C E L L  ELECTROOESY / F F E C T S  O F  H E  
34257 A NEW HIGH-PERFORMANCE F U E L  C E L L  E M P L O Y I N G  CONDUCTING-  POR 
23012 A I N I N G  PURE HYDROGEN FOR FUEL C E L L  F E E D I N G  OUT O F  METHANOL* / 
3 4 8 1 1  Y TO H Y /  STORAGE B A T T E R Y - F U E L  C E L L  F O R  CONVERTING E L E C T R I C I T  
2 0 0 0 8  ND OXYGEN# E L E C T R O L Y S I S  C E L L  F O R  G E N E R A T I N G  HYDROGEN A 
3 4 8 4 2  AUTONOMOUS HYDRDGEN/A IR  F U E L  C E L L  F O R  L O N G - L I F E  M I S S I O N S *  
3420 1 P U R I F I C A T I O N  O F  F U E L  C E L L  GASES*  
2 2 1 6 6  S #  F U E L - C E L L  HYDROGEN FROM HYDROCARBON 
22122 FORMING: A GOOD ROUTE TO F U E L - C E L L  HYDROGEN* /TEMPERATURE R E  
3 4 2 2 4  D U A L  C E L L  R E G E N E R A T I V E  F U E L  C E L L  I N V E S T I G A T I O N #  
3 4 8 4  8 F U E L  C E L L  I S  G O I N G  C O M M E R I C A L I  
3 4 6 1 7  EN-OXYGEN T H I N  ELECTRODE F U E L  C E L L  MODULE# HYDROG 
2 2 1 5 8  HYDROGEN PRODUCTION FOR F U E L  C E L L  MODULES# 
3 4 6 0 1  DROGEN FEED MECHANISM OF FUEL CELL ON OPEN CIRCUITY /n ON nr 
3 4 6 3 9  MOVABLE. P A R T I A L L Y  SUBM/ F U E L  C E L L  O X I D A T I O N  O F  HYDROGEN ON 
3 4 2 6 6  I N C R E A S E D  HYDROX F U E L  C E L L  PERFORMANCE# 
3 4 8 3 1  5 KW HYDROCARBON-AIR F U E L  C E L L  POWER P L A N T *  
3 4 8 3 0  5-KW HYDROCARBON-AIR F U E L  C E L L  POWER SOURCE# 
3 4 6 0 8  N U S E  OF  HYDROCARBONS I N  F U E L  C E L L  POWER SYSTEMS*  /RLBLEMS I 
34823 P O L L 0  SPACECRAFT# F U E L  C E L L  POWERPLANT O P E R A T I O N  I N  A 
3 4 8 3 8  C I R C U L A T I N G  E L E C T R O L Y T E  F U E L  C E L L  POWERPLANTB 
3 4 5 1 9  OGEN BLOWER F O R  V E H I C U L A R F U E L  C E L L  POWERPLANT* / D R I V E N  HYDR 
3 4 0 2 3  T H E  F U E L  C E L L  PROBLEM# 
3 4 2 3 1  I F I C A T I O N  U S I N G  M O D I F I E D  F U E L  C E L L  PROCESS# HYDROGEN PUR 
23412 I C A T I O N  U S I N G  A M O D I F I E D  F ' J E L  C E L L  PROCESS# HYDROGEN P U R I F  
2 0 0 1 0  I N G  E L E C T R O L /  HYDROGEN-OXYGEN C E L L  P R O D U C I N G  E L E C T R I C I T Y  DUR 
3 4 0 2 3  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM P H A S E  1 A *  / R I M A R Y  
3 4 2 5 4  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM# /-OXYGEN P R I M A R Y  
3 4 2 5 5  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM* /-OXYGEN P R I M A R Y  
3 4 2 2 4  V E S T I G A T I O N #  D U A L  C E L L  R E G E N E R A T I V E  F U E L  C E L L  I N  
3 4 2 6 1  E U N I V E R S I T Y *  F U E L  C E L L  RESEARCH AT  OKLAHOMA S T A T  
3 4 2 6 4  OF  2 KW HYDROGEN-OXYGEN F U E L  C E L L  S T A C K S #  /SESSMENT T E S T I N G  

2 0 0 1  8 R E G E N E R A T I V E  F U E L  C E L L  STUDYY 
3 4 8 1 7  C A T 1  ON# HYDROCARBON-AIR F U E L  C E L L  SYSTEM F O R  M I L I T A R Y  A P P L I  
3 4 8 1 5  I O N S #  OPEN C Y C L E  F U E L  C E L L  SYSTEM FOR SPACE A P P L I C A T  
2 3 0 2 8  L I T H I U M  HYPOCHLORITE  TO/ F U E L  C E L L  SYSTEM U S I N G  L I T H I U M  AND 
3 4 1 0 6  R S A T U R A I  HYDROGEN-OXYGEN F U E L  C E L L  SYSTEM W I T H  REACTANT SUPE 
3 4 8 3 2  500 WATT HYDROCARBON A I R  F U E L  C E L L  SYSTEM*  
34826 G E M I N I  F U E L  C E L L  SYSTEM* 
3 4 8 0 2  V E H I C L E  F U E L  C E L L  SYSTEM#  
3 4 2 4 8  DROCARBON REFORMER - A I R  F U E L  C E L L  SYSTEM* 5 K V A  HY 
3 4 2 4 9  A P O L L O  F U E L  C E L L  SYSTEM* 
2 2 1 7 6  GAS S H I F T  CONVERTER AND F U E L  C E L L  SYSTEM#  WATER 
3 4 8 3 7  E L E C T R O L Y T E  HYDROGEN/AIR F U E L  C E L L  SYSTEM* C I R C U L A T I N G  
3 4 2 1 5  EFORMEO N A T U Q A L  G A S - A C I D  F U E L  C E L L  SYSTEM#  PERFORMANCE OF R 
3 4 0 1  9 E N E R G E T I C S :  F U E L - C E L L  SYSTEMS#  
3 4 0 2 6  LOW-TEMPERATURE F U E L  C E L L  SYSTEMS#  
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34027 HYDROCARBON - A I R  F U E L  C E L L  S Y S T E M S U  
34814 OXYGEN FUEL C E L L S :  V A R T A  F U E L  C E L L  S Y S T E M S #  HYDROGEN- 
34269 ADVANCED S P A C E C R A F T  F U E L  C E L L  S Y S T E M S *  
3 4 5 0 3  T-REMOVAL U N I T  F O R  H 2 / 0 2  F U E L  C E L L  S Y S T E M S #  / WATER- AND H E A  
34260 GEN-OXYGEN R E G E N E R A T I V E  F U E L -  C E L L  S Y S T E M S #  / -PRESSURE HYDRO 
3 4 0 3 4  A D V A N C E S  A N D  P R O B L E M S #  F U E L  C E L L  TECHNOLOGY - A S U R V E Y  O F  

34226 FUEL C E L L  TECHNOLOGY PROGRAM* 
3 4 2 2 5  C T  SUMMARY REPORTU F U E L  C E L L  TECHNOLOGY PROGRAM CONTRA 
3 4 2 5 6  F U E L  C E L L  TECHNOLOGY PROGRAMU 
3 4 2 7 1  F U E L  C E L L  TECHNOLOGY PROGRAM# 
34 84 4 S T A T U S  O F  S H U T T L E  F U E L  C E L L  TECHNOLOGY PROGRAMU 
3 4 5 5 1  N FROM A HYDROGEN-OXYGEN FUEL C E L L  T O  A HYDROGEN S T R E A M U  / I 0  
3 4 8 2 4  F U E L - C E L L  U N I T  I N  E L E C T R I C  V E H I C L E #  
2 2 1 6 1  HYDROGEN GENERATOR FOR F U E L  C E L L  U S E  I N  S U B M A R I N E S #  
34500 O N #  E V A L U A T I O N  OF F U E L  C E L L  WATER F O R  HUMAN C O N S U M P T I  
34010 N G E  I N  A HYDROGEN-OXYGEN F U E L  C E L L  W I T H  A C A P I L L A R Y  MEMBRANE 
2 3 0 0 1  S U P P L Y I N G  HYDROGEN T O  A F U E L  C E L L  W I T H  B O R O H Y D R I D E  ADDUCTU / 
3 4 8 4 0  A 500 WATT H Y D R O G E N - A I R  F U E L  C E L L  W I T H  METHANOL REFORMER# 
3 4 2 5 8  A T I O N  O F  A N  ION-MEMBRANE FUEL C E L L  W I T H  M I C R O B I A L L Y - P R O D U C E D  
3 4 6 3 5  E L E C T R O L Y T E  A N D  N I C K E L - /  F U E L  C E L L  W I T H  S T A B I L I Z E D  Z I R C O N I A  
3 4 8 n 3  THE BIOSATELLITE FUEL CELL/BATTERY POWER SYSTEM* 
3 2 0 2 6  E R /  C I T Y  CAR W I T H  H 2 - A I R  F U E L  C E L L / L E A O  B A T T E R Y  ( O N E  Y E A R  O P  
3421 1 O P E R A T I O N  O F  A F U E L  C E L L #  
3422 A HYDROGEN FOR F U E L  C E L L #  
34800 T H E  HYDROGEN-CHLORINE F U E L  C E L L *  
3 4 8 4  1 A COMPACT HYDROGEN-OXYGEN C E L L #  
3 4 2 6 8  H I G H  POWER D E N S I T Y  F U E L  C E L L #  
3 4 5 0 4  5 0 0 - W A T T  H Y D R O G E N - A I R  C E L L #  
34263 H I G H  PERFORMANCE F U E L  C E L L #  
3 4 8 3 9  A HYDROCARBON-AIR F U E L  C E L L *  
34506 LOW T E M P E R A T U R E  F U E L  C E L L #  
23204 B A C T E R I A L  METHANE F U E L  C E L L #  
3 4 2 1 8  RGE OF A HYDROGEN-OXYGEN F U E L  C E L L X  S E L F - D  I SCHA 
3 4 2 3 2  R P E R  POUND R E G E N E R A T I V E  F U E L  C E L L #  20 WATT-HOU 
3 4 2 1 4  O M P A C T - D E S I G N  B U T A N E - A I R  F U E L  C E L L #  PERFORMANCE O F  C 
3 4 2 4 0  N E Q A T I V E  HYDROGEN-OXYGEN F U E L  C E L L #  E L E C T R I  C A L L Y - R E G E  
3 4 8 5 7  P E C T S  OF HYDROGEN-OXYGEN F U E L  C E L L #  SOME E N G I N E E R I N G  A S  
3 4 2 5 3  E N  CARBONATE E L E C T Q O L Y T E  F U E L  C E L L *  S T U O I E S  O F  T H E  MOLT 
34234 N E R A T I V E  HYDROGEN-OXYGFN F U E L  C E L L #  E L E C T R O L Y T I  C A C L Y  REGE 
3 4 6 4 4  T I O N  O F  H I G H  TEMPERATURE F U E L  C E L L I  S T U D I E S  O N  A N O D I C  R E A C  
34645 E FOR C A S E  OF OXYGEN-HYDROGEN C E L L #  / - E L E C T R O L Y T E  I N T E R F A C  
3 4 6 4 0  D E  O F  e MOLTEN-CARBONATE F U E L  C E L L *  / E  HYDROGEN-PLATINUM A N 0  
3 4 5 0 5  YDROGEN-OXYGEN C A P I L L A R Y  F U E L  C E L L #  / E  REMOVAL CONCEPT FOR H 
3 4 2 6 7  A R G E A B L E  HYDROGEN-OXYGEN F U E L  C E L L X  /FOR A L I G H T W E I G H T .  R E C H  
34208 INTERHEDPATE-TEMPERATURE F U E L  CELL# / I L I Z E D  P H O S P H O R I C  A C I D  
3 4 2 4 5  MRNCE OF HYDRCGEN-OXYGEN F U E L  C E L L #  / L Y  I M P U R I T I E S  ON PERFOR 
3 4 2 5 9  A R G E A B L E  HYDROGEN-OXYGEN F U E L  C E L L #  /MANCE S T U D I E S  O N  A R E C H  
3 4 2 5 2  O L Y P E  (HYDROGEN-HALOGEN)  F U E L  C E L L Y  /QWER I N  A M O L T E N  E L E C T R  
3 4 2 7 0  C T R O L Y T E  HYDROGEN-OXYGEN F U E L  C E L L #  / P E R A T U R E +  C O N T A I N E D - E L E  
3 4 5 0 2  T Y P E  OF HYDROGEN-OXYGEN F U E L  C E L L Y  / R E J E C T I O N  FROM A M A T R I X  
34007 CONVERTERS OF F U T U R E #  F U E L  C E L L S  - E L E C T R O C H E M I C A L  ENERGY 
3 4 0 0 0  U T S T A N O I N G  PROBLEMS# F U E L  C E L L S  - P R E S E N T  P O S I T I O N  AND 0 
3 4 0 3 1  U T U P E  P R O S P E C T S *  F U E L  C E L L S  - P R E S E N T  P O S I T I O N  AND F 
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3 4 0 3 0  E N G I N E E R S *  F U E L  C E L L S  - P R O B L E M S  FOR C H E M I C A L  
34029 E OUTLOOK* F U E L  C E L L S  - T H E I R  S T A T U S  A N 0  F U T U R  
34039 HYDROGEN ECOVOMYY F U E L  C E L L S  AND E L E C T R O L Y Z E R S  I N  T H E  
3 4 8 2 5  E N G I N E E R I N G  V I E W #  F U E L  C E L L S  AN0 F U E L  B A T T E R I E S  - A N  
34813 R A T O S P H E R I C  A I R S /  H 2 - A I R  F U E L  C E L L S  AS E L E C T R I C  S U P P L Y  O N  S T  
3 4 1 0 3  YDROGEN AND B A S I C  E L E C T R O L Y T E  C E L L S  AT THE R E S E A R C H  CENTER 0 
34507 N OF R E A C T T O N  WATER F R O M  F U E L  C E L L S  BY D I F F U S I O N  AND CONOENS 
3 4 8 1 2  NSY MEGAWATT F U E L  C E L L S  FOR AEROSPACE A P P L I C A T I O  
34020 T I O N #  F U E L  C E L L S  FOR C E N T P A L  POWER GENERA 
34829 POWER S U P P L Y #  F U E L  C E L L S  FOR I M P R O V E D  E L E C T R I C A L  
3 4 8 0 8  P R I M A R Y  HYDROGEN-OXYGEN F U E L  C E L L S  F O R  S P A C E Y  
3 4 8 2 1  F U E L  C E L L S  I N  AERDSPACEY 
34822 F U E L  C E L L S  I N  A S T R O N A U T l C S Y  
34216 O F  G A S E S  M I X I N G  I N  ti2/02 F U E L  C E L L S  I N  W H I C H  GAS C I R C U L A T E S  
3 4 8 1 0  POWER OF OXYGEN-HYDROGEN FUEL C E L L S  I N T E N D E D  FOR EMERGENCY P 
3 4 6 0 3  I E S /  LOW T E V P E R A T U R E  HYDROGEN C E L L S  OF C G E E X I S T I N G  B A T T E R  
34836 COMPANY A N D  T H /  C O L D  HYDROGEN C E L L S  OF T H E  G E N E R A L  E L E C T R I C  
3 4 2 5 0  OPMENT P R O B L E M S #  F U E L  C E L L S  P R E S E N T  S T A T U S  AND D E V E L  
34818 NTENAYC/  HYDROGEN-OXYGEN F U E L  C E L L S  R E Q U I R I N G  M I N I M U M  O F  M A 1  
3 4 8 0 4  0 - W A T T  M E T A L  H Y D R I D E / A I R  F U E L  C E L L S  SYSTEM# 3 
34626 P E R A T U R E  HYDROGEN/OXYGEN F U E L  C E L L S  W I T H  A N  A L K A L I N E  E L E C T R O  
3 4 6 2 8  ROGEN COMBUSPIONY F U E L  C E L L S  W I T H  E L E C T R O C H E M I C A L  H Y D  
3 4 2 0 5  ROGEN COMBUSTIONY ELECTRIC CELLS WITH ELECTROCHEMICAL ~ Y D  
3 4 0 2 5  N S F E R  I N  E L E C T R O C H E M I C A L  F U E L  C E L L S  W I T H  I O N  EXCHANGE MEMBRA 
34209 OF T H /  H Y D R O G E N - C H L O R I N E  F U E L  C E L L S *  V e  D I S C H A R G E  M E C H A N I S M  
3 4 0 3 2  FUEL C E L L S .  A PROGRESS R E P O R T #  
341 04 F U E L  C E L L S *  D E S I G N  & COMPONENTS# 
34035 F U E L  C E L L S .  TODAY AND TOMORROW# 
3 4 2 3 7  L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S .  1 JL T O  AUGUST 1966. / E  
20120 E L E C T R O L Y S I S  F O R  E L E C T R O L Y S I S  C E L L S :  A L K A L I N E  OR A C I D Y  / O F  
3 4 0 0 8  E E L E C T R O C H E M I C A L  PRODU/ F U E L  C E L L S :  MOOERN PROCESSES F O R  T l i  
34009 F U E L  C E L L S :  THEORY A N D  A P P L I C A T I O N #  
34814 # HYDROGEN-OXYGEN F U E L  C E L L S :  V A R T A  F U E L  C E L L  S Y S T E M S  
3 4 6 2 9  M A T R I C E S  F O R  H3P04 F U E L  C E L L S #  
3461 5 NEW A I R  E L E C T R O D E  F O R  FUEL C E L L S #  
34809 A N 0  A P P L I C A T I O N S  O F  G A L V A N I C  C E L L S #  STORAGE 
34801 U S E  OF HYDROGEN I N  FUEL C E L L S #  
34616 E L  C A T A L Y S T S  I N  G A L V A N I C  FUEL C E L L S C  R A N E Y - N I C K  
3 4 8 4 5  U L T R A - P U R E  HYDROGEN F O R  F U E L  C E L L S *  
34820 F U E L  C E L L S *  
3461 8 FUEL C E L L S *  
34265 O F  S I L V E R  O X I D E - Z I N C  STORAGE C E L L S #  S E A L I N G  
34819 OROGEN GENEPATOR MANPACK F U E L  C E L L S *  H Y 
2 3 0 2 6  OMPACT H 2  GENERATORS F O R  F U E L  C E L L S *  C 
23206 B I O C H E M I C A L  F U E L  C E L L S *  
3 4 0 0 6  F U E L  C E L L S Y  
34004 E L E C T R O C H E M I C A L  FUEL C E L L S *  
23013 DROGEN FROM METHANOL FOR F U E L  C E L L S #  H Y  
2 3 0 0 9  HYDROGEN P R O D U C T I O N  F O R  F U E L  C E L L S #  
3400 1 F U E L  C E L L S *  
23003 HYDROGEN G E N E R A T I O N  F O R  F U E L  C E L L S C  
34002 H E  P R E S E N T  AND F U T U R E  O F  F U E L  C E L L S *  
34206 FUEL C E L L S *  
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3 4 0 2 2  U S E  OF  HYDROGEN I N  F U E L  C E L L S *  
3 4 2 2 9  HYDROGEN G E N E R A T I O N  FOR F U E L  C E L L S *  
34016 I O N  CHANGES I N  O P E R A T I N G  F U E L  C E L L S *  
3 4 1 0 7  PURGE D Y N A M I C S  O F  F U E L  C E L L S #  
34207 F U E L S  FOR F U E L  C E L L S *  
34221 PRESSURE OPERATION OF FUEL CELLS* 
3 4 0 3 8  F U E L  C E L L S #  
3 4 2 1 3  THANOL  I N - S I T U  REFORMING F U E L  C E L L S *  ME 
3 4 0 1 8  HYDROGEN SOURCES FOR F U E L  C E L L S *  
3 4 0 3 6  TROCHEMICAL  PROCESSES I N  F U E L  C E L L S *  U E C  
3 4 2 4 6  ACTORS A F F E C T I N G  L I F E  OF F U E L  C E L L S *  F 
3 4 1 0 0  ULTRA-PURE HYDROGEN F O R  F U E L  C E L L S *  
34024 TECHNOLOGY OF  FUEL C E L L S *  
34033 F U E L  C E L L S *  
221 15 HYDROGEN SUPPLY  FOR F U E L  C E L L S *  
22143 OM L I G H T  D I S T I L L A T E S  FOR F U E L  C E L L S *  HYDROGEN F R  
3 4 6 2 5  BON-METAL ELECTRODES FOR F U E L  C E L L S *  C O M P O S I T E  CAR 
221 3 4  L I Q U I D  HYDROCARBONS FOR F U E L  C E L L S *  HYDROGEN FROM 
2 2 1 1 0  L I Q U I D  HYDROCARBONS FOR F U E L  C E L L S *  HYDROGEN FROM 
3 4 2 1 0  E N  ION-EXCHANGF MEMBRANE F U E L  C E L L S #  HYDROGEN-OXYG 
3 4 6 2 4  ODES FOR LOW TEMPERATURE F U E L  C E L L S *  C A R B O N - A I R  E L E C T R  
3 4 2 3 5  N E R A T I V E  H 2 - 0 2  SECONDARY F U E L  C E L L S *  E L E C T R O L Y T I C  REGE 
34236 L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S *  HYDROGEN-OXYGEN E 
3 4 2 3 3  L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S *  HYOROGEN-OXYGEN E 
34239 L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S *  HYDROGEN-OXYGEN E 
34236 L E C T R O L V T I C  R E G E N E R A T I V E  F U E L  C E L L S #  HYDROGEN-OXYGEN E 
3 4 5 1 1  L A N C E  OF  HYDROGEN-OXYGEN F U E L  C E L L S #  WATER A N D  H E A T  B A  
34230 G HYDROGEN AND OXYGEN TO F U E L  C E L L S *  PROCESS FOR SUPPLY 1 N 
23007 G HYDRCGEN AND OXYGEN TO F U E L  C E L L S *  PROCESS FOR S U P P L Y  I N  
34204 PERFORMANCE O F  HYDROGEN FUEL C E L L S *  E F F E C T  O F  PRESSURE O N  
2 2 1 7 5  U S E  I N  MOLTEN CARBONATE F U E L  C E L L S *  / FROM HYDROCARBONS A N 0  
3 4 0 0 3  C A L  E N E R G Y - B A T T E R I E S  AND FUEL C E L L S *  / A L  ENERGY I N T O  E L E C T R I  
34806 N A T I O N  O F  THESE G A S F S  B Y  FUEL C E L L S Y  / A N D  SUBSEQUENT RECOMB1 
30251 OGEN-OXYGEN RECHARGEABLE  F U E L  C E L L S *  f D I U M -  TEMPERATURE HYDR 
34631 D E S  FOR HYOROGEN- OXYGEN F U E L  C E L L S *  /E L I G H T - W E I G H T  ELECTRO 
34610 N ELECTRODE PROCESSES I N  F U E L  C E L L S Y  /F S C l E N T I F I C  S T U D I E S  0 
3 4 2 0 0  FORMANCE HYDROGEN-OXYGEN F U E L  C E L L S *  / L I T Y  STUDY O F  H I G H  P E R  
3 4 6 0 0  L ELECTRODE I N  N I C K E L - C A D M I U M  C E L L S *  / N D  T H E  OXYGEN F U E L - C E L  
23029 ORS AND MEAN TEMPERATURE F U E L  C E L L S #  / O B I L E  HYDROGEN GENERAT 
3 4 5 0 9  I N T E R M E D I A T E  TEMPERATURE F U E L  C E L L S R  NOSPHATE MEMBRANES FOR 
34847 F HYDROGEN I N  E L E C T R O C H E M I C A L  C E L L S Y  / P A R A T I O N  AND CONTROL 0 
3 4 2 4 4  OCARBONS FOR U S E  I N  A C I D  F U E L  C E L L S #  / T I A L  O X I D A T I O N  O F  HYDR 
34102 ND PERFORMANCE OF  M A T R I X  FUEL C E L L S #  / T I N G  FACTORS O N  L I F E  A 
34834 DROGEN- OXYGEN. A L K A L I N E  F U E L  C E L L S *  / T R A P P E D  E L E C T R O L Y T E  HY  
34611 O X I D E  I N  LOY-TEMPERATURE F U E L  C E L L S C O N T A I N I N G  O X I D E  C A T A L Y S T  
22189 B L E  F O R  CONSUMPTION BY  A F U E L  C E L L U N I T *  / T E  F E E D  STOCK S U I T A  
34103 T R O L Y T E  C E L L S  AT  T H E  RESEARCH CENTER O F  T H E  CGElv / B A S I C  E L E C  
40007 I N  THE  F/ THE CRYOGENIC  D A T A  CENTER. A N  I N F O R M A T I O N  S E R V I C E  
3 0 0 7 4  THE NACA/NASA L E W I S  RESEARCH C E N T E R *  1 9 4 5 - 1 9 6 0 f f  / € S E A R C H  A T  
3 4 1 0 5  B A T T E R I E S  AT T H E  CGE RESEARCH CENTERR / L Y T E  LOW-TEMPERATURE 
20511 N D U S T R I A L  COM/ NUCLEAR ENERGY CENTERS. I N D U S T R I A L  AND AGRO-I  
34020 F U E L  C E L L S  FOR C E N T R A L  POWER G E N E R A T I O N *  
22177 TURE USING GAS COMPRESSORS* /WAC 
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22188 ROCR/ HYDROGEN COMPRESSION B Y  C E N T R I F U G A L  COMPRESSORS I N  H Y D  
2261 8 C E N T R I F U G A L  COMPRESSORS USED U 
40507 E R I S T I C S  O F  A L I O U I D  HYDROGEN C E N T R I F U G A L  TURBOPUMP# /HARACT 
41009 M P I N G  C H A R A C T E R I S T I C S  U S I N G  A C E N T R I F U G A L -  T Y P E  PUMP ( J - 2 ) U  / 
23607 AQUEOUS P E /  PHOTOCHEMISTRY O F  C E R I U M  PERCHLORATES I N  D I L U T E  
34105 -TEMPERATURE B A T T E R I E S  A T  T H E  CGE RESEARCH CENTER# / L Y T E  LOW 
34103 AT T H E  RESEARCH CENTER OF  T H E  CGEY / B A S I C  E L E C T R O L Y T E  C E L L S  
30071 A T  TRANSFER I N  A S M A L L  ROCKET CHAMBER B U R N I N G  L I Q U I D  AND G A S  
33036 HEAT  TRANSFER I N  S M A L L  ROCKET CHAMBER B U R N I N G L I Q U I D  OXYGEN A 
30066 STOR E F F E C T S  ON ROCKET THRUST CHAMBER PERFORMANCE# /OF CQMBU 
30038 MENT. AND CONTRACT/ E F F E C T  O F  CHAMBER PRESSURE. FLOW PER E L E  
30030 R I N E  ROCKET E N G I N E  A T  S E V E R A L  CHAMBER PRESSURES A N 0  E X H A U S T  
30058 GEN I N  R E G E N E R A T I V E  E N G I N E S A T  CHAMBER PRESSURES FROM 100 T O  
30050 ARGE HYDROGEN-OXYGEN A B L A T I V E  CHAMBER T E S T  PROGRAM# L 
30028 G A T I O N  OF I N J E C T O R S  F O R  A LOW-CHAMBER-PRESSURE HYDROGEN-FLU0 
30056 URE OF L I Q U I D  HYDROGEN THRUST CHAMBER* D E S I G N  A N 0  MANUFACT 
30062 R E G E N E R A T I V E L V  COOLED THRUST  CHAMBER# / C O A T I N G  SYSTEM FOR A 
33031 OGEN/OXYGEN ROCKET COMBUSTION CHAMBERS# / A T  TRANSFER I N  HYDR 
33037 I N  S T E E L  AND A B L A T I V E  ROCKET CHAMBERS# / B U S T I O N  I N S T A B I L I T Y  
34016 S *  CONCENTRAT I O N  CHANGES I N  O P E R A T I N G  FUEL C E L L  
10024 E N  F U E L  ECONOMY: WIDE-RANGING CHANGES# HYDROG 
22000 D U C T I O N  OF HYDROGEN FROM C O A L  CHAR I N  AN E L E C T R O R U I O  REACTO 
22001 D U C T I O N  OF  HYDROGEN FROM C O A L  CHAR I N  A N  E L E C T R O F L U I O  REACTO 
22005 CHAR O I L  ENERGY DEVELOPMENT# 
22010 0 MAKE HYDROGEN GAS FROM C O A L  CHAR WASTE# /ON OCR CONTRACT T 
41006 O P H Y S I C A L  P R O P E R T I E S /  M E L T I N G  C H A R A C T E R I S T I C S  AND B U L K  THERM 
40507 STUDY OF  LOW-SPEED D P E R A T I Y G  C H A R A C T E R I S T I C S  O F  A L I O U I D  H Y  
32014 T H l /  E M I S S I O N  AND PERFORMANCE C H A R A C T E R I S T I C S  O F  A N  A I R - B R E A  
34037 E X P E R I M E N T A L  VOLTAGE-CURRENT C H A R A C T E R I S T I C S  O F  A HYDROGEN- 
30041 E/ PERFORMANCE AND COMBUSTION C H A R A C T E R I S T I C S  OF  C O N T R O L L A B L  
30036 EMENT ON COMBUSTION S T A B I L I T Y  C H A R A C T E R I S T I C S  O F  HYDROGEN OX 
34251 R E  MEOIUM- TEMPERA/ O P E R A T I N G  C H A R A C T E R I S T I C S  O F  H I G H - P R E S S U  
40206 AR I T S  C R I T /  FLOW AND THERMAL C H A R A C T E R I S T I C S  O F  HYDROGEN N E  
22195 E HYDROGEN PRDDUC/ D E S I G N  AND C H A R A C T E R I S T I C S  O F  H AND G T V P  
34613 I L V E R  ANODE ON I M P /  O P E R A T I N G  C H A R A C T E R I S T I C S  O F  P A L L A D I U M - S  
41 009 F U G A L /  S L U S H  HYDROGEN P U M P I N G  C H A R A C T E R I S T I C S  U S I N G  A C E N T R I  
41010 S L U S H  HYDROGEN C H A R A C T E R I S T I C S #  
33013 I C H  OXYGEN-HYDRDGENCOMBUSTION C H A R A C T E R l S T I C S U  /F O X I D I Z E R - R  
34641 YSTEM FOR HYDROGEN ANODES* lo C H A R A C T E R I Z A T I O N  O F  T H E  C A T A L Y  - 

41000 H HYDROGEN# A SUMMARY O F  T H E  C H A R A C T E R I Z A T I O N  STUDY O F  S L U S  
22105 N FROM HYDROCARBON-CONTAINING CHARGED M A T E R I A L  B Y  U S E  O F  AN 
52043 K P R D P A G A T I O N  D U R I N G  HYDROGEN C H A R G I N G  OF  A N  FE-PT A L L O Y #  /C 
22605 COKE-OVEN GAS S E P A R A T I O N *  CHEAP HYDROGEN BY  REGENERATPVE 
20013 C A L S Y  CHEAP HYDROGEN FOR B A S I C  C H E M I  
20500 GE PROCESS COULD MAKE CHEAPER HYDROGEN* 
21013 ECOMPOSIT ID iN  OF  WATER THROUGH C H E M I C A L  C Y C L E S  U S I N G A  F E - C L 2  
23634 C O N V E R S I O N  OF  S U N L I G H T  I N T O  C H E M I C A L  ENERGY A V A I L A B L E  I N  S 
34003 L ENERG/ D I R E C T  CONVERSION OF C H E M I C A L  ENERGY I N T O  E L E C T R I C A  
3401 1 B L E M S  OF  D I R E C T  C O N V E R S I O N  OF  C H E M I C A L  ENERGY I N T O  E L E C T R I C A  
34030 F U E L  C E L L S  - PROBLEMS F O R  C H E M I C A L  E N G I N E E R S #  
22117 N / HYDROGEN I N  PETROLEUM A N 0  C H E M I C A L  I N D U S T R I E S  A P P L I C A T I O  
33002 E F F E C l  OF  CARBON / A N A L Y T I C A L  C H E M I C A L  K I N E T I C  STUDY O F  T H E  
33035 NS D U R I N G  C A L C U L A T I O N  OF THE /  C H E M I C A L  A I N E T I C S  C O N S I D E R A T I O  
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33066 - I N T E G R A T E D  COMBUSTION OF HY/  C H E M I C A L  K I N E T I C S  OF  T H E  SHOCK 
22628 E R S I O M  S E C T I O N  A T  T H E  R U S T A V I  C H E M I C A L  P L A N T *  /MONOXIDE CONV 
21009 HATER U S I N G  NUCLEAR H E A T #  C H E M I C A L  PROCESS TO DECOMPOSE 
33001 ROCKET E N G I N /  HYDROGEN-OXYGEN C H E M I C A L  R E A C T I O N  K I N E T I C S  I N  
34642 S T E M  F O R  HYDROGEN ANODESa I I n  C H E M I C A L  REOUIREMENTS OF THE  C 
3 3 0 1  5 HYDROGEN-A I R  M I X I N G  L A Y E R #  C H E M I C A L  TRANSFORMATIONS I N  A  
30003 T E  NUCLEAR ROCKET STAGES W I T H  C H E M I C A L  UPPER STAGES FOR UNMA 
22186 S F O R  T H E  PRODUCTION OF  B A S I C  C H E M I C A L S  A N D I N T E R M E D I A T E S  F R O  
2001 3 C H E A P  HYDROGEN FOR B A S I C  CHEMXCALSS 
10007 HYDROGEN BECOMES THE WORLD'S C H I E F  F U E L #  WHEN 
34209 RGE MECHANISM OF  T H E  HYDROGEN-CHLORINE F U E L  C E L L  A T  H I G H  T E N  
34800 T H E  HYDROGEN-CHLORINE F U E L  C E L L #  
34209 RGE MECHANISM OF  T H /  HYDROGEN-CHLORINE FUEL CELLS. Ve D I S C H A  
3 3 0 2 0  U R E S  O F  HYDROGEN. OXYGEN. AND C H L O R I N E *  /MES I N  F L O W I N G  M I X T  
2 0 0 1 2  PRESSURE-RESPONSIVE  CONTROL C I R C U I T  FOR AN E L E C T R O L Y S I S - T Y  
34601 E C H A N I S M  O F  F U E L  C E L L  ON OPEN C I R C U I T #  / H  O N  HYDROGEN F E E D  M 
3 4 8 3 6  OMPANY A N 0  T H E I R  ACCOMPANYING C I R C U I T S #  / GENERAL E L E C T R I C  C 
3 4 2 1 6  H2/02 F U E L  C E L L S  I N  W H I C H  GAS C I R C U L A T E S  THROUGH E L E C T R O L Y T E  
34838 E L L  PUWERPLANTrY C I R C U L A T I N G  E L E C T R O L Y T E  F U E L  C 
3 4 8 3 7  E N / A I R  F U E L  C E L L  SYSTEM#  C I R C U L A T I N G  E L E C T R O L Y T E  HYDROG 
4 3 0 0 2  A T E  P R E /  A  NEW LABORATORY GAS C I R C U L A T I O N  PUMP FOR I N T E R M E D I  
3 3 0 3 0  H O T - G A S - S I D E  HEAT- /  A X I A L  AND C I R C U M F E R E N T I A L  V A R I A T I O N S  OF  
32026 / L E A D  B A T T E R Y  (ONE YEAR OPER/ C I T Y  CAR W I T H  H 2 - A I R  F U E L  C E L L  
22152 S Y N T H E S I S  GAS*  C I T Y  G A S *  AND R E D U C I N G  GAS#  
3201 0 E M I S S I  O N 5  U S I N G  NATURAL  GAS./ C L E A N  A U T O M O T I V E  F U E L :  E N G I N E  
1 0 0 6 5  HNOLOGYFf C L E A N  ENERGY V I A  CRYOGENIC  T E C  
10074 YOROGEN - T H E  K E Y  TO ABUNDANT C L E A N  ENERGYC H 
1 0 9 3 2  HYDROGEN--A C L E A N  F U E L  FOR URBAN AREAS# 
2 2 0 0 9  I O N ;  A  R E D I S C O V E R E D  SOURCE O F  C L E A N  F U E L #  G A S I F  I C A T  
1 0 0 2 8  N GETS  TOP B I L L I N G  AS FUTURE "CLEAN F U E L o o #  HYDROGE 
8 0 0 4 4  A S  T H E  MASTER F U E L  TO POWER A C L E A N - A I R  F U T U R E #  /MAY EMERGE 
10050 U E L ? #  HYDROGEN: I T ' S  CLEAN.  B U T  I S  I T  A  P R A C T I C A L  F 
1 0 0 3 0  "THE  C L E A N I N G  O F  A M E R I C A " #  
3301 9 H A U S T S I  N O N E Q U P L I B R I U M  C L U S T E R  F O R M A T I O N  I N  ROCKET E X  
2 1 0 1  3 U G H  C H E M I C A L  C Y C L E S  U S I N G A  F E - C L 2  F A M I L Y #  / I O N  OF WATER THRO 
5 2 0 4 6  I T T L E M E /  T H E  R O L E  OF ADSORBED C N  GROUPS I N  T H E  HYDROGEN EMBR 
2 2 6 3 2  RE  F O R M A T I O N  O F  HYDROGEN FROM CO + H 2 0 X  LOW TEMPERATU 
2 3 0 2 0  RE F O R M A T I O N  O F  HYDROGEN FROM CO + H 2 0 9  LOW TEMPERATU 
2 3 4 3 8  A R A T I Q N  OF  B I N A R Y  M I X T U R E S  OF CO A N D  H 2  BY P E R M E A T I O N  THROUG 
22609 P R O D U C T I O N  O F  PURE H 2  AND CO B Y  METHANE WASH# 
2 2 6 2 1  HYPRO; U N I V E R S A L  O I L  PRODUCTS CO# 
22622 OCESS: U N I V E R S A L  O I L  PRODUCTS CO# HYPRO PR 
3 2 0 1 0  AS. A N 0  GAS MANUFACTURED FROM C O A L  ( S Y N T H A N E t *  /EO NATURAL  G 
2 2 6 3 3  E R #  SYSTEM E M P L O Y I N G  COAL  A S  F U E L  I N  A  STEAM REFORM 
22000 P R O D U C T I O N  O F  HVDROGEN FROM COAL  CHAR I N  AN E L E C T R O F L U I D  R 
2 2 0 0 1  P R O D U C T I O N  O F  HYDROGEN FROM C O A L  CHAR I N  A N  E L E C T R O F L U I D  R 
2 2 0 1 3  A C T  T 3  MAKE HYDROGEN GAS FROM COAL  CHAR WASTE# /ON OCR CONTR 
2 2 0 1 3  WHAT HYDROGEN FROM C O A L  COSTS#  
2 2 0 0 2  DIGS+ PHASE 11# C O A L  P R O C E S S I N G  B Y  E L E C T R O F L U I  
2 2 0 0 8  D U C T S  FROM L A S E R  P Y R O L Y S I S  OF C O A L S  OF V A R I O U S  RANKSY / S  PRO 
3 0 0 6 2  I V E L Y  COOLED THRU/  P R O T F C T I V E  C O P T I N G  SYSTEM FOR A REGENERAT 
5 2 0 4 9  I T /  T H E  EFFECT  OF SURFACE A N 0  C O A T I N G  TREATMENTS ON THE EMBR 
5 2 C 0 7  MCE OF  SURFACE TREATMENTS AND C O A T I N G S  ON T H E  EMBRKTTLEMENT 

/,3 / 
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5 2 0 4 4  GEN C R A C K I N G  B Y  T H I N  M E T A L L I C  C O A T I N G S *  /OF S T E E L  FROM HYDRO 
30035 YGEN-GASEOUS / PERFORMANCE OF C O A X I A L  I N J E C T O R S  I N  L I Q U I D  O X  
33033 OXYGEN* P A R T  II: A N A L Y S I S  FOR C O A X I A L  J E T  I N J E C T I O N *  / I Q U I D  
3 4 6 2 3  C E L L  CATHODE* C O B A L T  P V T H A L O C Y A N I N E  A S  FUEL 
50013 E /  S A F E T Y  PRCIBLEMS AND S A F E T Y  CODES C O N C F R N I N G  L I Q U I D  HYDROG 
40502 E N  TUQBOPUMPS* H E A T  T R A N S F E R  C O E F F I C I E N T S  F O R  L I Q U I D  HYDROG 
2 2 0 0 4  EN/ U N I F O R M  FLOW O F  F L U I D I Z E D  C U K E  T O  T H E  R E H E A T I N G  ZONE DUR 
2 2 6 0 5  H E A P  HYDROGEN B Y  R E G E N E R A T I V E  COKE-OWEN GAS S E P A R A T f O N Y  C 
2 2 0 0 4  D U R I N G  HYDROGEN G E N E R A T I O N  B Y  C O K I N G #  /O T H E  R E H E A T I N G  ZONE 
34193 O L Y T E  C E L L S  A T  T H E  R E S E A R C H  / C O L D  HYDROGEN AND B A S I C  E L E C T R  
34836 E R A L  E L E C T R I C  COMPANY A N D  T H /  C O L D  HYDROGEN C E L L S  O F  T H E  G E N  
3 0 0 0 9  OUP PERFORMANCE D E T E R M I W E O  I N  C O L D  N I T R O G E N *  /L AND S T A G E  GR 
3 0 0 4 5  I C  PERFORMANCE OF LOW-THRUST.  COLD-GAS R E A C T I O N  J E T S  I N  A VA 
10089 TOWER T O P  F O C U S  S O L A R  ENERGY C O L L E C T O R *  A 
22148 G A S E S  FROM F U E L  G A S I F I C A T X O N  COLUMNS# / M O N O X I D E  C O N T A I N I N G  
2 2 1 8 9  I X T U R /  COMPACT R E A C T O R - B O I L E R  C O M B I N A T I O N  F O R  C O N V E R T I N G  A M 
3 0 0 2 9  U I D  F L U O R I N E - G A S E O U S  HYDROGEN C O M B I N A T I O N #  /TORS F O R  T H E  L I Q  
2 2 6 2 6  N D X I D E  / A U T O M A T I C  C O N T R O L  OF C O M B I N E D  METHANE AND CARBON NO 
2 2 2 1 3  N A M I C  STUDY OF THE I N C O M P L E T E  C O M B U S T I O N  ( G A S I F I C A T I O N )  OF L 
33032 E T  COMBUSTORS* S U P E R S O N I C  C O M B U S T I O N  AND B U R N I N G  I N  R A M J  
30071 N A S M A L L  ROCKET CHAMBER B U R /  C O M B U S T I O N  AND H E A T  T R A N S F E R  I 
33036 N S M A L L  R O C K F T  CHAMBER B U R N I /  C O M B U S T I O N  AND H E A T  TRANSFER X 
51003 A I F e  X I *  THEORY O F  E X P L O S I V E  C O M B U S T I O N  A N D  METHODS OF COUP 
33063 E S  O F  HYDROGEN-AIR S U P E R S O N I C  C O M B U S T I O N  AT LOW D E N S I T I E S *  / 
33031 F E R  I N  HYDROGEN/OXYGEN ROCKET C O M B U S T I O N  CHAMBERS* / A T  TRANS 
30041 C O N T R O L L A B L E /  PERFORMANCE A N 0  C O M B U S T I O N  C H A R A C T E R I S T I C S  O F  
30073 O F  A HYDROGEN-OXYGEN I N T E R N A L  C O M B U S T I O N  E N G l N E  S P A C E  POWER 
30011 N-OXYGEN SPACE POWER I N T E R N A L - C O M B U S T I O N  E N G I N E *  HYDROGE 
32007 HYDROGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G I N E *  
34849 THE R E V O L T  A G A I N S T  I N T E R N A L - C O M B U S T I O N  E N G I N E #  
32014 T H I N G H Y D R O G E N - F U E L E D  I N T E R N A L  C O M B U S T I O N  E N G I N E #  /N A I R - B R E A  
30072 N F U E L E D  3 - K I L O W A T T  I N T E R N A L -  C O M B U S T I O N  E N G I N E I  /OGEN-OXYGE 
32021 ROGEN I N J E C T I O N  I N T O  I N T E R N A L  C O M B U S T I O N  E N G I N E S  E F F E C T  ON E 
32022 Y O F  HYDROGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G I N E S *  H I  STOR 
31013 U R B O J E T - E N G I N E  P E R /  E F F E C T  OF C O M B U S T I O N  GAS P R O P E R T I E S  ON T 
33055 T H E  R E A L I Z A T I O N  OF S U P E R S O N I C  C O M B U S T I O N  I N  P R O P U L S I O N  A P P L I  
33049 I N V E S T I G A T I O N S  O N  S U P E R S O N I C  C O M B U S T I O N  I N  T H E  FLOW F I E L D S  
33037 L AND A B L A T I V E  ROCKET CHAMBE/ C O M B U S T I O N  I N S T A B I L I T Y  I N  S T E E  
33016 OXYGEN-NITROGEN-STEAM M I X T U R /  C D M B U S T I O N  L I M I T S  OF HYDROGEN- 
33028 E S  I N  A D I A B A T I C .  WELL-  S T I R R /  C O M B U S T I O N  OF F U E L - L E A N  M I X T U R  
33033 AND*  S T E A D Y - S T A T E  ROCKET C O M B U S T I O N  O F  GASEOUS HYDROGEN 

, 33038 A T  LOW PRESSURES I N  A 35 DE/  C O M B U S T I O N  O F  GASEOUS HYDROGEN 
22194 N C O M P L E T E  F L A M E L E S S  C A T A L Y T I C  C O M B U S T I O N  O F  HYDROCARBON O I L S  
33011 T E  C O N S T A N T S  COMPUTED F O R  T H E  C O M B U S T I O N  O F  HYDROCARBON AND 
33003 I N  A S U P E R S O N I C  STREAM B Y  T H E  C O M B U S T I O N  O F  HYDROGEN I N  T H E  
33009 R PROGRAMS FOR T H E  M I X I N G  AND C O M B U S T I O N  O F  HYDROGEN I N  A I R  
33027 H A N E  T O  S I M U L A T E  E X P A N S I O N  O/ C O M B U S T I O N  O F  HYDROGEN AND MET 
33035 O Z Z L E  FLOW OF PRODUCTS O F  T H E  C O M B U S T I O N  OF HYDROGEN I N  A I R *  
33056 P E R S O N I C  A I R S T R E A I  M I X I N G  AND C O M B U S T I O N  OF HYDROGEN I N  A S U  
33042 L E M S  O F  M I X I N G  AND S U P E R S O N I C  C O M B U S T I O N  O F  HYDROGEN I N  H Y P E  
33066 E T I C S  O F  T H E  S H O C K - I N T E G R A T E D  C O M B U S T I O N  O F  HYOPOGEN A T  H I G H  
33053 E M I  X T U R /  D E F L A G R A T I O N  I N  T H E  COMBUST1 ON OF HYDROGEN-FLUORI  N 
33057 P E R S O N I C  A I /  I N V E S T I G A T I O N  OF C O M B U S T I O N  O F  HYDROGEN I N  A H Y  



T I T L E  I N D E X  
S E C T I O N  ' T '  

33005 E F U N D A M E N T A L  PROBLEMS ON T H E  C O M B U S T I O N  O F  L I Q U I D  O X I D I Z E R S  
33004 XPONENTS F O R  CONSTANT- VOLUME C O M B U S T I O N  O F  S T O I C H I O M E T R I C  M 
33058 N I C  F i O Y  B Y  MEANS OF HYOROGEN C O M B U S T I O N  ON A F L A T  P L A T E  I N  
33040 E T  F U E L S :  HYDROG/ T H E O R E T I C A L  C O M B U S T I O N  PERFORMANCE O F  R A M J  
33017 D U R I N G  THE I N I T I A L  P H A S E  O F  A C O M B U S T I O N  P R O C E S S 6  /ME F R O N T  
33021 L I Q U I D  O X Y G E N - L I O U I O  HYOROGEN C O M B U S T I O N  PRODUCTS* / Y S I S  O F  
30053 A N A L Y S I S  O F  A S U P E R S O N I C - C O M B U S T I O N  ROCKET CONCEPT# 
30036 F E C T  O F  THRUST PER E L E M E N T  O N  C O M B U S T I O N  S T A B I L I T Y  CHARACTER 
33007 ORT P R O P E R T I E S  O F  F U E L - O X Y G E N  C O M B U S T I O N  SYSTEMS# /NO T R A N S P  
3301 8 I N V E S T I G A T I O N  OF GH2-GO2 C O M B U S T I O N #  
33060 F F U S I O N  F L A M E S  A N 0  S U P E R S O N I C  C O M B U S T I O N #  0 I 
33044 AMENTAL A S P E C T S  O F  S U P E R S O N I C  C O M B U S T I O N #  FUN0 
34628 W I T H  E L E C T R O C H E M I C A L  HYDROGEN C O M B U S T I O N #  F U E L  C E L L S  
34235 W I T H  E L E C T R O C H E M I C A L  HYDROGEN C O M B U S T I O N #  E L E C T R I C  C E L L S  
33002 YDROGEN-AIR CONSTANT-PRESSURE C O M B U S T I O N #  / WATER VAPOR ON H 
33001 I O N  K I N E T I C S  I N  ROCKET E N G I N E  C O M B U S T I O N #  / E N  C H E M I C A L  R E A C T  
33061 D I S S I P A T I O N  A N 0  HYDROGEN-AIR C O M B U S T I O N #  / S  W I T H  D I F F U S I O N .  
33029 AT/  B R I E F  S T U D I E S  OF T U R B O J E T  COMBUSTOR AND F U E L - S Y S T E M  OPER 
30066 E X P E R I M E N T A L  I N V E S T I G A T I O N  OF COMBUSTOR E F F E C T S  ON ROCKET T H  
30037 A B I L I T Y  OF GASEOUS/  E F F E C T  O F  COMBUSTOR PARAMETERS ON T H E  S T  
33024 SURE PERFORMANCE O F  A T U B U L A R  COMBUSTOR W I T H  GASEOUS HYOROGE 
33038 O F  A 2 8 - I N C H - D I A M E T E R  R A M J E T  COMBUSTORY / A  35 DEGREE SECTOR 
33034 0 - D I M E N S I O N A L  HYDROGEN-OXYGEN COMBUSTORY / T E  D A M P I N G  I N  A TW 
30034 R I A B L E  L E N G T H  HYDROGEN O X Y G E N  COMBUSTOR# /Y L I M I T S  W I T H  A VA 
33032 B U S T I O N  A N D  B U R N I N G  I N  R A M J E T  COMBUSTORS# S U P E R S O N I C  COM 
10086 R E N E R G Y #  T H E  C O M I N G  ENERGY C R I S I S .  A N 0  SOLA 
10039 T H E  C O M I N G  HYDROGEN ECONOMY# 
31002 HYDROGEN FUELED C O M M E R C I A L  A I R C R A F T *  
22212 ROGEN M A N U F A C T U R I N G  C A T A L Y S T /  C O M M E R C I A L  E X P E R I E N C E  W I T H  H Y D  
50005 P R A C T I C A L  S A F E T Y  STANDARD F O R  C O M M E R I C A L  H A N O L I N G  O F  L I Q U E F I  
34848 F U E L  C E L L  I S  G O I N G  C O M M E R I C A L X  
23023 ENERATORS# COMPACT H I G H  P U R I T Y  HYDROGEN G 
34841 A COMPACT HYDROGEN-OXYGEN C E L L  W 
23026 C E L L S #  COMPACT H Z  GENERATORS F O R  FUEL 
22189 T I O N  FOR C O N V E R T I N G  A M I X T U R /  COMPACT R E A C T O R - B O I L E R  C O M B f N A  
34214 C E L L *  PERFORMANCE O F  COMPACT-DESIGN B U T A N E - A I R  F U E L  
34836 C E L L S  O F  THE G E N E R A L  E L E C T R I C  COMPANY A N 0  T H E I R  A C C O M P A N Y I N G  
22195 PMENT B Y  H I T A C H I  S H I P B U I L D I N G  COMPANY# /OGEN P R O D U C T I O N  E Q U I  
30022 T H E  F I R S T  STAGE O F  A N  ATMOS/ C O M P A R A T I V E  S T U D Y  OF F U E L S  F O R  
52016 L E M E N T  AND S T R E S S  CORROS10/  A C O M P A R I S O N  O F  HYOROGEN E M B R I T T  
30003 H i T E  N U C L E A R  ROCKET S T A G E S  W /  C O M P A R I S O N  O F  S M A L L  WATER-GRAP 
10075 E N  C O N C E P T S #  ECONOMIC C O M P A R I S O N  O F  TWO SOLAR/HYDROG 
52017 HODS F O R  D E T E C T I N G  HYOROGE/ A C O M P A R I S O N  O F  V A R I O U S  T E S T  MET 
52033 YDROGENZ C O M P A T I B I L I T Y  OF M E T A L S  W I T H  H 
20507 I O N  B Y  WATER E L E C T R O L Y S I S  A N 0  C O M P E T I T I V E  PROCESSES# /ROOUCT 
34014 C O M P L E T E  POWER SOURCES# 
20511 N D U S T R I A L  A N 0  A G R O - I N D U S T R I A L  COMPLEXES*  / ENERGY CENTERS. I 
30042 OXYGEN/HYOROGEN COMPONENT TECHNOLOGY S T A T U S #  
23435 R O C E S S  F O R  S E P A R A T I N G  GASEOUS COMPONENTS FROM GASEOUS M I X T U R  
34104 F U E L  C E L L S .  D E S I G N  E COMPONENTS# 
34625 D E S  FOR F U E L  C E L L S #  C O M P O S I T E  CARBON-METAL E L E C T R O  
33041 PERFORMANCE A N A L Y S I S  O F  C O M P O S I T E  P R O P U L S I O N  S Y S T E M S #  
40415 L O P M E N T  OF ADVANCED M A T E R I A L S  C O M P O S I T E S  F O R  U S E  A S  I N S U L A T I  

937 
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52001 TH ON T H E  SUSC/ T H E  E F F E C T  OF C O M P O S I T I O N  AND T E N S I L E  STRENG 
33064 DCK WAVES. A P P L I C A T I O N  T O  THE C O M P O S I T I O N  L I M I T S  AND TRANSVE 
22190 M R E F O R M I N G  OF  HYO/ C A T A L Y T I C  C O M P O S I T I O N S  U S E 0  FOR THE STEA 
4 3 0 0 9  OF  HYDROGEN B Y  I N T E R M E T A L L I C  COMPOUNDS# /F L A R G E  Q U A N T I T I E S  
5 0 0 0 8  S G U I D E  E M P H A S I Z I N G  S A F E T Y  I N  COMPRESSED GASES AND CRYOGENIC  
3 4 8 0 6  OF WATEReSEPARATE STORAGE OF  COMPRESSED HYDROGEN AND OXYGEN 
2 2 1 8 8  PRESSORS I N  HYDROCR/ HYDROGEN COMPRESSION B Y  C E N T R I F U G A L  COM 
30039 BREATH/  A I R  P R E C O O L I N G  BEFORE COMPRESSION E F F E C T  ON THE A I R  
22188 E N  COMPRESSION BY  C E N T R I F U G A L  COMPRESSORS I N  HYDROCRACKING P 
22618 C E N T R I F U G A L  COMPRESSORS U S E D L  
22177 AS T U R B I N E - D R I V E N  C E N T R I F U G A L  COMPRESSORS# /UFACTURE U S I N G  G 
51003 I V E  COMBUSTION A N 0  METHODS OF COMPUTAT ION O F  T E C H N I C A L  EXPLO 
3 3 0 6 4  E T I C S  O F  T H E  HYDROGEN-OXYGEN/ COMPUTAT IONAL  STUDY O F  THE K I N  
33011 N E N E R G I E S  AND R A T E  CONSTANTS COMPUTED FOR T H E  COMBUSTION OF  
4 0 4 1 7  L A T I O N  OF THERMAL S T R A T I F I /  A COMPUTER PROGRAM FOR T H E  CALCU 
3 3 0 0 9  NG A N 0  COMBUSTION OF  HYDROGE/ COMPUTER PROGRAMS FOR THE M I X 1  
4 0 2 0 2  N A M I C  AND TRANSPORT P R O P E R T I /  COMPUTER PROGRAMS FOR THERMODY 
2 2 6 1 3  METHANE- HYDR/ P R O D U C T I O N  OF CONCENTRATED HYDROGEN FROM T H E  
2 3 4 3 4  ETHANE-HYOROGE/ S E P A R A T I O N  OF  CONCENTRATED HYDROGEN FROM A M 
10072 F SOLAR ENERGY* L A R G E - S C A L E  CONCENTRAT ION A N 0  CONVERSION 0 
3 4 0 1 6  T I N G  F U E L  C E L L S *  CONCENTRAT ION CHANGES I N  OPERA 
2 3 4 3 8  R Y O G E N I C  PROCESSES* CONCENTRAT ION O F  HYDROGEN BY C 
3 0 0 0 1  PERFORMANCE# 3 - K I L O W A T T  CONCENTRIC  T U B U L A R  R E S I S T O J E T  
3 4 2 6 7  E V A L U A T I O N  OF T H E  S I N G L E - C E L L  CONCEPT FOR A L I G H T W E I G H T .  R E C  
3 4 5 0 5  PILL/ S T A T I C  M O I S T U R E  REMOVAL CONCEPT FOR HYDROGEN-OXYGEN CA 
10004 # A NEW CONCEPT I N  ENERGY T R A N S M I S S I O N  
3 4 0 1  2 N C I P L E S ~  T H E  F U E L  C E L L  CONCEPT, A R E V I E W  OF B A S I C  P R I  
3 2 0 2 4  I N G  HYDROGEN I N J E C T I O N  E N G I N E  CONCEPT# NASA T E S T  
1 0 0 0 1  GY F U E L "  THE HYDROGEN ECONOMY CONCEPT# " T H E  ECOLO 
3 0 0 5 3  SUPERSONIC-COMBUSTION ROCKET CONCEPT* A N A L Y S I S  OF A 
22173 E P A R I N G  PURE HYDROGEN S T /  NEW CONCEPTS AN0 T E C H N I Q U E S  FOR PR 
4 0 4 0 4  Y P E R S O N I C  A I R P L A N /  STRUCTURAL  CONCEPTS FOR HYDROGEN-FUELED H 
3 0 0 3 3  L U A T I O N  OF SPEECH S U P P R E S S I O N  CONCEPTS I N  A 2 0 . 0 0 0 -  POUND-TH 
1 0 0 7 5  P A R I S O N  OF  TWO SOLAR/HYOROGEN CONCEPTS# ECONOMIC COM 
5 0 0 1 3  E T Y  PROBLEMS AND S A F E T Y  CODES CONCERNING L I Q U I D  HYDROGEN AND 
3 4 5 0 7  M F U E L  C E L L S  B Y  D I F F U S I O N  AND CONDENSAT ION#  / C T I O N  WATER F R O  
3 3 0 1 7  T H E  F L A M E  FRONT D U R I N G  T H E  / C O N D I T I O N  OF T H E  M E D I U M  BEFORE 
34257 RFORMANCE F U E L  C E L L  E M P L O Y I N G  CONOUCT.ING- POROUS-TEFLON E L E C  
41012 I D  PARAHYDROGEN# THERMAL C O N O U C T I V I T Y  O F  S O L I D  AN0 LIOU 
4 0 4 1 6  D E T E R M I N A T I O N  OF  THE  THERMAL  C O N D U C T I V I T Y .  T H E  S P E C I F I C  H E A  
3 0 0 1 3  S E V E R A L  I N J E C T O R  F A C E  B A F F L E  C O N F I G U R A T I O N S  ON SCREECH I N  A 
3 4 8 2 8  RATORU F U E L  C E L L  CONNECTED W I T H  A HYDROGEN GENE 
1 0 0 5 8  THER/  HEAT-STORAGE W E L L S  FOR CONSERVING ENERGY AND R E D U C I N G  
10059 ORAGE WELLS* CONSERVING ENERGY W I T H  H E A T  S t  
3 3 0 3 5  I O N  OF THE/  C H E M I C A L  K I N E T I C S  C O N S I D E R A T I O N S  D U R I N G  C A L C U L A T  
4 0 4 0 3  L I Q U I D  HYD/  STRUCTURAL D E S I G N  C O N S I D E R A T I O N S  FOR STORAGE OF  
5 0 0 1  5 ASSEMBL ING.  AND O P E R A T I N G  A /  C O N S f O E R A T I O N S  WHEN D E S I G N I N G .  
3 3 0 0 4  AND I S E N T R O P I C  EXPONENTS FOR CONSTANT- VOLUME COMBUSTION O F  
3 3 0 0 2  0 WATER VAPOR ON HYDROGEN-AIR CONSTANT-PRESSURE COMBUSTION#  / 
3301 1 A C T I V A T I O N  E N E R G I E S  A N D  R A T E  CONSTANTS COMPUTED F O R  T H E  COM 
4 3 0 0 5  O F  VANA/ THE E F F E C T  O F  M INOR C O N S T I T U E N T S  ON T H E  P R O P E R T I E S  
2 2 6 0 4  I A L  REFERENCE TO M A T E R I A L S  OF  CONSTRUCTION AND O P E R A T I N G  PRO 
3 4 2 0 3  GEN F U E L  C E L L  AND I T S  PERFOQ/  CONSTRUCTION O F  A HYDROGEN-OXY 
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32017 H E  U C L A  HYDROGEN CAR: D E S I G N *  CONSTRUCTION.  AND PERFORMANCE* 
4 2 0 0 4  R GASEOUS HYDROGEN SYSTEMS AT CONSUMER S I T E S *  STANDARD F O  
22210 ECOME U T I L I T Y  AND BE P I P E 0  TO CONSUMERS THROUGH G R l Q  SAY  B I B  
22189 RMATE F E E 0  STOCK S U I T A B L E  FOR C O N S U M P T I O N  B Y  A F U E L  C E L L U N I T  
34500 OF F U E L  C E L L  WATER FOR HUMAN CONSUMPTION. E V A L U A T I O N  
22179 R I C H  GAS FROM HYDROCARBONS# C O N T A C T  C A T A L Y S T  FOR HYDROGEN- 
22625 A L  D E S C R I P T I O N  O F  THE  THERMAL-CONTACT P R E P A R A T I O N  O F  HYDROGE 
22620 A L  D E S C R I P T I O N  OF  THE THERMAL CONTACT PROCESS FOR T H E  PRODUC 
3 4 2 7 0  L E A K A G E  I N  A  LOW-TEMPERATUREv CONTAINEO-ELECTROLYTE HYOROGEN 
22105 I T Y  HYDROGEN FROM HYDROCARBON-CONTAIN ING CHARGED M A T E R I A L  BY  
22137 A T I O N  OF  HYDROGEN OR HYDROGEN-CONTAIN ING GAS M I X T U R E S #  /€PAR 
23419 C T I O N A T I O N  OF A I R  OR HYDROGEN-CONTAIN ING GAS M I X T U R E S #  F R A  
22181 DROGEN FROM A CARBON MONOXIDE C O N T A I N I N G  GAS STREAM A N 0  HEAT 
2 2 1 4 8  HYDROGEN AND CARBON MONOXIDE C O N T A I N I N G  GASES FROM F U E L  GAS 
2 2 6 5 0  BONS* P R O D U C T I O N  OF HYDROGEN-CONTAIN ING GASES FROM HYDROCAR 
2 2 2 0 3  W I T H  STEAM TO O B T A I N  HYDROGEN-CONTAIN ING GASESY /DROCARBONS 
2 3 4 3 7  V I N G  IMPUR I T l E S  FROM HYDROGEN-CONTAIN ING GASES#  /US FOR REMO 
2 2 1 5 4  MANUFACTURE OF  A GAS M I X T U R E  C O N T A I N I N G  HYOROGEN A N D  CARBON 
2 2 1  60 MONOXIDE*  GAS M I X T U R E  C O N T A I  N I N G  HYDROGEN AND CARBON 
2 2 1 8 9  F U E L  AND STEAM T O  A HYDROGEN-CONTAIN ING REFORMATE F E E D  STOC 
3 4 6 4 6  P R E P A R A T I O N  AND B E H A V I O R  I N  C O N T I N U O U S  S E R V I C E  O F  RANEY-#  
3 4 2 2 5  F U E L  C E L L  TECHNOLOGY PROGRAM CONTRACT SUMMARY REPORT* 
2 2 0 1 0  FRO/  I G T  G E T S  $ 1 8 - M I L L I O N  OCR CONTRACT TO H A K E  HYDROGEN GAS 
3 0 0 3 8  ESSURE. FLOW P E R  ELEMENT. AND C O N T R A C T I O N  R A T I O  ON ACOUSTIC-  
23209 T I O N  I N  SEVERAL  ALGAE 1 1 s  THE C O N T R I B U T I O N  O F  PHOTO-SYSTEM I 
2 0 0 1 2  L Y S I S - T Y /  PRESSURE-RESPONSIVE CONTROL  C I R C U I T  FOR A N  ELECTRO 
3 0 0 4 4  ELOPMENT OF  P U L S A B L E  A T T I T U D E  CONTROL  E N G I N E S  F O R  HYDROGEN A 
2 2 1 5 4  A  GAS M I X T U R E  COMTA/ PRESSURE CONTROL  I N  T H E  MANUFACTURE OF  
22626 D CARBON MONOXIDE  / AUTOMATIC  CONTROL  OF COMBINED METHANE AN 
3201 1 A L T E R N A T I V E  F U E L S  FOR CONTROL  O F  E N G I N E  E M I S S I O N #  
34847 CHEM/ I N  S I T U  P R E P A R A T I O N  AND CONTROL  OF  HYDROGEN I N  ELECTRO 
3 2 0 2 3  PERFORMANCE AND N I T R I C  O X I D E  CONTROL  PARAMETERS OF T H E  HYDR 
4 1 6 0 4  I D  D I S T R I B /  SHUTTLE:  R E A C T I O N  CONTROL  SYSTEM. CRYOGENIC  L I Q U  
5 0 0 0 3  R M I N G  PL/ D E S I G N  O F  F A I L - S A F E  CONTROL SYSTEMS FOR STEAM R E F 0  
3 0 0 6 9  OXYGEN/HYDROGEN) FOR R E A C T I O N  CONTROL  SYSTEMS*  11, EXPER I M E N  
3 C 0 6 4  OXYGEN/HYDROGENJ FOR R E A C T I O N  CONTROL  SYSTEMS. VOLUME 2: E X P  
3 0 0 6 5  USTORS FOR CRYOGENIC R E A C T I O N  CONTROL  SYSTEMS. VOLUME 1# /HR 
3 0 0 4 1  COMBUSTION C H A R A C T E R I S T I C S  OF C O N T R O L L A B L E  HIGH-ENERGY ROCKE 
4 0 2 0 7  P E R - C R I T I C A L  CRYOGENI /  FORCED C O N V E C T I O N  H E A T  TRANSFER TO S U  
3 4 2 6 2  MENTAL  WORK TO D A T E  O N  ENERGY C O N V E R S I O N  AND STORAGE AT OKLA 
3 4 0 0 5  F U E L  C E L L  A S  ENERGY C O N V E R S I O N  D E V I C E #  
4 0 1 0 5  OGEN L I Q U E F I E D  W I T H  TWO-STAGE C O N V E R S I O N  FOR PRODUCTION OF 9 
2 2 6 4 2  CARBOY GASES B Y  STEAM- OXYGEN C O N V E R S I O N  I N  A  F L U I D I Z E D  BED 
34621 E N  D I /  ELECTROCHEMICAL  ENERGY C O N V E R S I O N  I N  PALLADIUM-HYDROG 
22168 N A T E  UNDER PRESSURE# VAPOR C O N V E R S I O N  OF A G A S O L I N E  R A F F I  
3 4 0 4 3  I N T O  E L E C T R I C A L  ENERG/ D I R E C T  C O N V E R S I O N  OF  C H E M I C b L  ENERGY 
3 4 0 1 1  T E C H N I C A L  PROBLEMS O F  D I R E C T  C O N V E R S I O N  OF  C H E M I C A L  ENERGY 
3 4 0 2  1 THE C O N V E R S I O N  OF  ENERGY# 
2 2 2 0 1  HYDROGEN A T  LOW T E /  C A T A L Y T I C  C O N V E R S I O N  OF HYDRDCARBONS T O  
22196 D I T S  M I X T U R E S  W I T H  HY /  STEAM C O N V E R S I O N  OF L I O U E F I E D  GAS A N  
22205 EONS T O  HYDROGEN* S E L E C T I V E  C O N V E R S I O N  OF  NAPHTHA H IDROCAR 
10072 LARGE-SCALE  CONCENTRAT ION AND C O N V E R S I O N  OF SOLAR ENERGY*  
2 3 6 0 4  E M I C A L  ENERGY A V A I L A B L E  I N  S /  C O N V E R S I O N  OF  S U N L I G H T  I N T O  CH 
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2 2 6 2 6  D METHANE AND CARBON M O N O X I D E  C O N V E R S I O N  S E C T I O N  A T  T H E  R U S T  
3 2 C 1 3  DROGEN* CONVERTED I C  E N G I N E  R U N S  O N  H Y  
22176 # WATER G A S  S H I F T  CONVERTER AND F U E L  C E L L  S Y S T E M  
3 4 0 0 7  E L L S  - E L E C T R O C H E M I C A L  ENERGY C O N V E R T E R S  OF F U T U R E *  FUEL C 
2 2 1 8 9  E A C T O R - B O I L E R  C O M B I N A T I O N  FOR C O N V E R T I N G  A M I X T U R E  O F  A R E F 0  
34811 STORAGE B A T T E R Y - F U E L  C E L L  F O R  C O N V E R T I N G  E L E C T R I C I T Y  T O  HYDR 
33026 E S  FOR A HYDROGEN-OXYGEN ROC/ C O O L A N T - S I D E  H E A T - T R A N S F E R  R A T  
4 0 5 1 0  E N I C  P I P E L I N E S #  COOLDOWN T I M E  F O R  S I M P L E  CRYOG 
30062 G SYSTEM FOR A R E G E N E R A T I V E L Y  COOLED T H R U S T  CHAMBER# / C O A T I N  
4 0 1 0 3  U N I T  W I T H  A H E L I U M  E X P A N S I O N  C O O L I N G  C Y C L E #  / N  L I Q U E F A C T I O N  
22101 A P P A R A T U S  FOR P R O D U C I N G  AND C O O L I N G  GASEOUS M I X T U R E S  O F  H Y  
31008 5 OR HYDROGEN F U E L  F O R  D I R E C T  C O O L I N G  O F  A F I R S T - S T A G E  T U R B I  
4 3 0 C 4  W I T H  A L L O Y S  OF M A G N E S I U M  AND COPPERY / R E A C T I D N  O F  HYDROGEN 
3 0 C 0 4  GAS CORE N U C L E A R  R E A C T O R *  
2 2 6 1 9  HYDROGEN: S E L A S  CORP OF A M E R I C A *  
2 2 1 0 2  EAM REFORMING: F O S T E R  WHEELER C O R P O R A T I O N #  HYDROGEN* S T  
41014 R I M E N T  FOR H I G H - P R E S S U R E  HYD/  C O R R E L A T I O N  O F  THEORY AND E X P E  
3 3 0 2 6  AND A NEW T E C H N I Q U E  FOR D A T A  C O R R E L A T I O N #  /EN-OXYGEN R O C K E T  
5 2 0 5 2  N E M B R I T T L E M E N T  I N  4 1 1  S T R E S S  C O R R O S I O N  C R A C K I N G  A N 0  HYDROGE 
52037 D I S L O C A T I O N  D E N S I T Y  O N  S T R E S S  C O R R O S I O N  C R A C K I N G  A N 0  HYDROGE 
5 2 0 1 6  OGEN E M B R I T T L E M E N T  AND S T R E S S  C O R R O S I O N  C R A C K I N G  I N  H I G H  S T R  
52054 F HYDQOGEN " I N  H O T - S A L T  S T R E S S - C O R R O S I O N  OF A T I T A N I U M  A L L O Y *  
34604 LOW COST F U E L  C E L L  E L E C T R O D E S *  
1 0 0 1 2  I Q U I D  HYDROGEN PRODUC/ S T U D Y *  C O S T *  AND S Y S T E M  A N A L Y S I S  OF L 
2 2 2 1 5  ANUFACTURE I N C R E A S E  L I T T L E  I N  COST*  P L A N T S  FOR HYDROGEN M 
2 2 1 1 2  S I G N  V A R I A B L E S  AND P R O D U C T I O N  C O S T S  I N  L A R G E - S C A L E  M A N U F A C T U  
2201 3 WHAT HYDROGEN FROM C O A L  C O S T S #  
2 3 5 0 0  GE P R O C E S S  COULD MAKE CHEAPER HYDROGEN# 
34833 GENERATOR*  E L E C T R I C A L L Y  C O U P L E D  F U E L  C E L L  AND HYDROGEN 
40302 U I  0 - L E V E L  SENSORS AND F I S S I O N  COUPLES*  T E S T  O F  L I Q  
23405 S #  C 0 2  REMOVAL B Y  H E A T L E S S  PROCES 
52043 E R O L E  O F  I R O N  D I S S O L U T I O N  I N  CRACK PROPAGATION DURXNG HYDRO 
5 2 0 3 7  N D E N S I T Y  DN S T R E S S  C O R R O S I O N  C R A C K I N G  AND HYDROGEN E M B R l T T L  
52052 EMENT I N  4 1 /  S T R E S S  C O R R O S I O N  C R A C K I N G  AND HYDROGEN E M B R I T T L  
52044 E C T I O N  OF S T E E L  FROM HYDROGEN C R A C K I N G  BY T H I N  M E T A L L I C  COAT 
22197 C E  HYDROGEN# A P P A R A T U S  FOR C R A C K I N G  HYDROCARBONS T O  PRODU 
22649 T O R S #  K I N E T I C S  O F  P R O P A N E  C R A C K I N G  I N  F L U I D I Z E D  B E D  R E A C  
52016 T T L E M E N T  A N D  S T R E S S  C O R R O S I O N  C R A C K I N G  I N  H I G H  S T R E N G T H  S T E E  
52008 L S Y  HYDROGEN S T R E S S  C R A C K I N G  O F  H I G H  S T R E N G T H  S T E E  
2 2 2 0 3  S T E A M  T O  O B T A I N  / S T E A M  P H A S E  C R A C K I N G  O F  HYDROCARBONS W I T H  
22184 C A T A L Y T I C  C R A C K I N G  O F  HYDROCARBONS# 
2 2 1 3 8  E T Y L E N E .  ETHYLENE.  METHANE. / C R A C K I N G  O F  HYDROCARBONS T O  AC 
21008 T H E R H O C H E M I C A L  C R A C K I N G  O F  WATER# 
52058 ON A N D  HYDROGEN E N B R I T T L E M E N T  C R A C K I N G *  L A T T I C E  D I L A T A T I  
52028 F O R M A T I O N  AND DEVELOPMENT OF C R A C K S  D U R I N G  T H E  F R A C T U R E  O F  
3 0 0 3 9  B R E A T H I N G  E N G I N E S  OF A SPACE-CRAFT L A U N C H  V E H I C L E *  / T H E  A I R  
10015 H E A T E D  TOWNS P L A C E D  ON ENERGY C R I S I S  S O L U T I O N  L I S T n #  /ROCEN- 
10086 T H E  C O M I N G  ENERGY C R I S I S t  AND S O L A R  ENERGY*  
31011 000. A I R L I N E S  F A C E  ENERGY C R I S I S *  
32015 E N G I N E S #  D E S I G N  C R I T E R I A  F O R  HYDROGEN B U R N I N G  
51014 E S T  F A C I L I T I E S #  E X P L O S I O N  C R I T E R I A  FOR L I Q U I D  HYDROGEN T 
40207 E C T I O N  H E A T  T R A N S F E R  T O  S U P E R - C R I T I C A L  C R Y O G E N I C  HVDROGEN: P 
40206 E R I S T I C S  O F  HYDROGEN N E A R  I T S  C R I T I C A L  P O I N T  I N  A H E A T E D  C Y L  
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40412 AL PRESSURIZATION SYSTEMS FOR CRYOGENIC STORAGE SYSTEMS: DES

40411 AL PRESSURIZATION SYSTEMS FOR CRYOGENIC STORAGE SYSTEMS# /RN

10065 CLEAN ENERGY VIA CRYOGENIC TECHNOLOGY#

23406 HYDROGEN, CRYOGENIC UPGRADING#

52055 IN HIGH PRESSURE HYDROGEN AT CRYOGENIC* ROOM, AND ELEVATED

40004 NATIONAL BUREAU OF STANDARDS, CRYOGENICS DIVISION# / OF THE

40007 ATION SERVICE IN THE FIELD OF CRYOGENICS# /CENTER, AN INFORM
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40201 CAVITATION IN LIQUID CRYOGENSo 1: VENTURI#

50010 STORAGE AND HANDLING OF CRYOGENS#

22162 TEAM REFORMING OF HEXANE WITH CRYSTALLINE ALUMINOSILICATE CA

34037 ZING THE EXPERIMENTAL VOLTAGE-CURRENT CHARACTERISTICS OF A H

50008 DE EMPHASIZING SAFETY / PILOT CURRICULUM AND INSTRUCTORS GUI

40209 G TURBULENTLY IN STRAIGHT AND CURVED TUBES AT HIGH HEAT FLUX



T I T L E  I N D E X  
S E C T I O N  * T *  

40108 O F  A P R A C T I C A L  THERMODYNAMIC C Y C L E  FOR A S P A C E -  BORNE HYDRO 
34815 C E  A P P L I C A T I O N S *  O P E N  C Y C L E  FUEL C E L L  S Y S T E M  FOR SPA 
40103 T H  A H E L I U M  E X P A N S I O N  C O O L I N G  C Y C L E R  /N L I Q U E F A C T I O N  U N I T  W I  

21013 I O N  OF WATER THROUGH C H E M I C A L  C Y C L E S  U S I N G A  F E - C L 2  F A M I L Y *  / 
21004 HYDROGEN P R O D U C T I O N  C Y C L I C  P R O C E S S #  
2101 4 U N D A M E N T A L S  D F  T H E R M O C H E M I C A L  C Y C L I C  P R O C E S S E S #  F 
52019 S T E E L S  U S E D  I N  T H E  T A N K  F A R M  C Y L I N D E R S *  /N E M B R I T T L E M E N T  OF 
34607 E L E /  TRANSPORT O F  HYDROGEN T O  C Y L I N D R I C A L  ANOOES I N  S T I R R E D  
40206 T S  C R I T I C A L  P O I N T  I N  A H E A T E D  C Y L I N D R I C A L  T U B E #  /OGEN NEAR I 
22106 R E F I N E R Y  STREAMS R A N G I N G  F R O M  C 6  T O  H E A V Y  O I L S #  /ROM E X C E S S  
221 13 STWASSERSTOFFER-ZEUGUNG DURCH D A M P F R E F O R M I E R E N  VON KOHLENWAS 
3 3 0 3 4  AN E X P E R I M E N T  ON P A R T I C U L A T E  D A M P I N G  I N  A T W O - D I M E N S I O N A L  H 
51003 S O F  F L A M M A B L E  VAPORS AN/ T H E  DANGER O F  E X P L O S I O N  O F  M I X T U R E  
40007 R V I C E  I N  T H E  F/ THE C R Y O G E N I C  D A T A  CENTER.  A N  I N F O R M A T I O N  S E  
33026 OCKET AND A NEW T E C H N I Q U E  FOR D A T A  C O R R E L A T I O N #  /EN-OXYGEN R 
52057 S #  P E R M E A B I L I T Y  D A T A  F O R  AEROSPACE A P P L I C A T I O N  
41002 P H Y S I C A L  AND THERMAL P R O P E R T Y  D A T A  F O R  H Y D R O G E N e T R I P L E  P O I N T  
40213 36 D/ T A B L E S  OF PARAHYDROGEN D A T A  I N  E N G I N E E R I N G  U N I T S  FROM 
3 4 2 6 2  STORAGE/  E X P E R I M E N T A L  WORK T O  D A T E  O N  ENERGY C O N V E R S I O N  AND 
2261 7 I C H E S K O I  K O N V E R S I  I B U T A N A  POD D A V L E N I E M C  / D A  METODOM K A T A L I T  
21009 H E A T *  C H E M I C A L  P R O C E S S  T O  DECOMPOSE WATER U S I N G  N U C L E A R  
2 2 6 4 6  H E  P R O D U C T I O N  O F  H/ C A T A L Y T t C  D E C O M P O S I T I O N  O F  METHANE FOR T 
21013 C H E M I C A L  C Y C L E S  U S I /  T H E R M A L  D E C O M P O S I T I O N  O F  WATER THROUGH 
21006 A T U R E  THERMAL PROCESS F O R  T H E  D E C O M P O S I T I O N  O F  WATER* /EMPER 
23602 Z A T I O N  O F  SOLAR ENERGY B Y  T H E  D E C O M P O S I T I O N  O F  WATER I N T O  H Y  
21000 O D Y N A M I C S  O F  M U L T I - S T E P  WATER D E C O M P O S I T I O N  P R O C E S S E S #  /HERM 
23203 DRDGEN F O R M A T I O N  B Y  A N A E R O B I C  D E C O M P O S I T I O N #  HY 
2 1 0 1 0  L E A R  H E A T  PROCESSES F O R  WATER D E C O M P O S I T I O N #  / L U A T I O N  OF NUC 
30017 U X I L I A R Y  P R O P U L S I D N  S U B S Y S T E M  D E F I N I T I O N  S T U D Y *  / P R E S S U R E  A 
33053 OF HYDROGEN-FLUORINE M I X T U R /  D E F L A G R A T I O N  I N  T H E  C O M B U S T I O N  
3 4 6 2 7  F U E L  C E L L  C A T /  A STUDY O F  T H E  D E G R A D A T I O N  O F  P L A T I N U M  B L A C K  
33038 OGEN A T  LOW PRESSURES I N  A 35 DEGREE S E C T O R  O F  A 2 8 - I N C H - D I A  
33023 396 A N G L E S  OF A T T A C K  U P  T O  12 D E G R E E S  A N D  P R E S S U R E  A L T I T U D E S  
3 4 2 0 3  H I N  T H E  TEMPERATURE R A N G E  -20 D E G R E E S  C TO +60 DEGREES C I  / T  
3 4 2 0 3  RE RANGE -20 DEGREES C T O  +60 D E G R E E S  C #  / T H I N  THE TEMPERATU 
33029 ON W I T H  HYDROGEN F U E L  AT -400 D E G R E E S  F# / U E L - S Y S T E M  O P E R A T I  
40213 U N I T S  FROM 36 DEGREES T O  5000 D E G R E E S  R A T  P R E S S U R E S  T O  5000 
30048 ON TEMPERATURES U P  T O  2 C O . 0 0 0  D E G R E E S  R #  / S T A T E  A T  S T A G N A T I  
4 0 2 1 3  I N  E N G I N E E R I N G  U N I T S  FROM 36 D E G R E E S  T O  5000 DEGREES R AT P 
22109 C R I N G #  D E S T R U C T I V E  D E H Y D R O G E N A T I O N  OF T H E  A R O M A T I  
33014 T E Y #  C A L C U L A T I O N  OF I G N I T I O N  D E L A Y S  I N  T H E  HYOROGEN-AIR S Y S  
23025 N TC S A T I S F Y  S M A L L  I N D U S T R I A L  DEMANDS* / R @ D U C T I O N  O F  HYDROGE 
3 0 0 2 9  P A R T  1: A N A L Y S I S .  D E S I G N *  AND D E M O N S T R A T I O N  O F  H I G H  PERFORMA 
30069 Y O G E N I C  PROP€/  E V A L U A T I O N  AND D E M O N S T R A T I O N  O F  T H E  U S E  O F  CR 
30064 Y O G E N I C  PROPE/ E V A L U A T I O N  AND D E M O N S T R A T I O N  O F  THE U S E  O F  C R  
30064 E X P E R I M E N T A L  E V A L U A T I O N S  AND OEMONSTRATIOrJ#  /EMS. VOLUME 2: 
30069 E X P E R I M E N T A L  E V A L U A T I O N S  AND  DEMONSTRATION^ /L SYSTEMS*  I 1. 
4 0 2 0 4  O F  S T A T E  AND P H A S E  D I A G R A M  O F  D E N S E  HYDROGEN* E Q U A T I O N  
33063 S U P E R S O N I C  C O M B U S T I O N  A T  LOW D E N S I T I E S *  / E S  O F  HYDROGEN-AIR 
4 0 2 0 0  I Q U E S  F O R  D E T E R M I N I N G  A V E R A G E  D E N S I T Y  AND R E L A T E D  P A R A M E T E R S  
4 0 4 0 7  QUID-HYDROGEN T A N K S #  L O W - D E N S I T Y  F O A M  F O R  I N S U L A T I N G  L I  
3426 8 H I G H  POWER D E N S I T Y  F U E L  C E L L #  
52037 A/ E F F E C T  O F  H I G H  D I S L O C A T I O N  D E N S I T Y  O N  S T R E S S  C O R R O S I O N  CR 
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40301 C R Y O G E N I C  D E N S I T Y  PROBEW 
41003 HYDROGEN-SLUSH D E N S P Y  Y R F F E R E N C F  S Y S T E M #  
3 2 0 2 5  A S  GRANTED $ 6 0 , 0 0 0  FOR H/ r n E  DEPARTMENT OF TRANSPORTAT~ON H 
5 1 0 0 4  O F  HYDROGEN E X P L O S I V I T Y  / THE D E P E N D E N C E  OF T H E  LOWER L P Y P T  
2 0 5 0 1  D Y Y  ENERGY D E P O T  E L E C T R O L Y S I S  S Y S T E M S  S T U  
30024 824 S T U D Y  NOe 3.5: A D E T A I L E D  D E S C R I P T I O N  O F  THE C R Y O G E N I C S T  
22625 T A C T  P R E P A R A T I O /  M A T H E M A T I C A L  O E S C R X P T P O N  O F  THE THERMAL-CON 
22620 T A C T  PROCESS F O /  M A T H E M A T I C A L  O E S C R P P T I O N  OF THE THERMAL CON 
34104 F U E L  C E L L S *  D E S I G N  G COMPONENTS# 
22135 H AND G T Y P E  HYDROGEN PRODUC/ D E S I G N  AND C H A R A C T E R I S T I C S  OF 
30055 L H 2 / 0 2  E N G I N E S #  D E S I G N  A N D  F A B R P C A T P O N  O F  SMAL 
30056 I D  HYDROGEN T H R U S T  CHAMBER# D E S I G N  AND MANUFACTURE O F  L P O U  
34102 N L I F E  AND P E R /  T H E  E F F E C T  O F  D E S P G N  A N D  O P E R A T I N G  F A C T O R S  0 
3 4 2 2 7  A B L E  F U E L #  F U E L - C E L L  D E S I G N  H A S E O  O N  A I R  AND REFORM 
3 4 2 1 4  PERFORMANCE OF C O M P B C T - D E S I G N  B U Y A N E - A I R  F U E L  C E L L #  
40433 AGE OF LPOUPO H Y D /  S T R U C T U R A L  D E S I G N  C O N S I D E R A T I O N S  F O R  STOR 
32015 U R N I N G  E N G I N E S *  D E S I G N  C R I T E R I A  FOR HYDROGEN €3 
40106 N ENGPNE FOR TONNAGE HYDROGE/ D E S I G N  O F  A C R Y O G E N I C  E X P A H S I O  
40197 # D E S I G N  O F  A HYDROGEN L X O U E F I E R  
39019 N I T  FOR T H E  S P A C /  P R E L I M P N A R Y  D E S I G N  O F  A N  A U X I L I A R Y  POWER U 
5 0 0 0 3  S T E M S  FOR S T E A M  R E F O R M I N G  PL/ D E S I G N  O F  F A I L - S A F E  CONTROL S Y  
30067 C K E T  ENGIN~SX D E S I G N  O F  L I O U X O  P R O P E L L A N T  RO 
4 0 5 0 6  GEN TURBOPUMP# H Y D R A U L I C  D E S I G N  O F  T H E  M-1 L I O U P D  HYDRO 
3 0 0 0 8  C L E A R  ROCKET A P P L I C A T I O N S .  1: D E S I G N  O F  T U R B I N E  AND E X P E R I W E  
42000 OGEN S E R V I C E #  HOW T O  D E S I G N  P I P I N G  SYSTEMS FOR HYDR 
4 0 4 1 2  OR C R Y O G E N I C  STORAGE SYSTEMS:  D E S P G N  R E F E R E N C E  MANUAL# BMS F 
2 3 5 0 6  C T I O N  B Y  E L E C T R O L Y S I S #  D E S I G N  S T U D Y  O F  HYDROGEN PRODU 
2 2 1 1 2  N C O S T S  I N  L A R G E - S C A L E  MANUP/ D E S P G N  V A R P A B L E S  AND PRODUCTXO 
30029 N a  P H A S E  I s  P A R T  1: A N A L Y S I S *  O E S I G N s  AND DEMONSTRATPON OF H 
32017 ORMAN/ T H E  U C L A  HYDROGEN CAR: DESPGN. CONSTRUCT !ON* AND P E R F  
50002 I R E M E N T S  FOR H I G H - T E M P E R A T U R E  OESPGN# S A F E T Y  REOU 
34241 UEL C E L L  E L E C T R I C  POWER P L A N T  OESPGN# / - K W  HYDROCARBON-AIR F 
34101 E L - C E L L  4 N D  E L E C T R O L Y S I S - C E L L  D E S I  GN# / R E  HYDROGEN OXYGEN FU 
23004 EMERGENCY L I F E  SUPPORT S Y S T E M  D E S I G N S  /REFORMPNG F O R  U S E  I N  
31004 O F  L I O U I O  W O R O G E N  I N  A T A N K  OESPGNED A N D  PNSULAPEDFOR U S E  
50015 R A T I N G  A /  C O N S I D E R A T I O N S  WHEN D E S I G N I N G *  ASSEMBLPNGe AND O P E  
22109 THE A R O M A T I C  R I N G #  D E S T R U C T 1  V E  DEHYDROGENATPON OF 
3 0 0 2 4  S B1 A N 0  B 2 r  S T U D Y  NO* 305: A D E T A I L E D  D E S C R P P T I O N  O F  T H E  CR 
52017 N OF V A R I O U S  T E S T  METHODS F O R  D E T E C T I N G  HYDROGEN E M B R X T T t E M E  
51010 HYDROGEN E X P L O S I /  P R E V E N T I O N .  D E T E C T I O N I  AND S U P P R E S S I O N  O F  
51 009 HYDROGEN L E A K  A N D  F I R E  OETECTBON:  A SURVEY# 
52015 ROACH TO BEND T E S T I N G  F O R  T H E  OETERMPNATPOH OF HYDROGEN EMBR 
4 0 3 0 4  HYDROGEN M I X T U R E S *  Q U A L I T Y  D E T E R M I N A T E O N  O F  L P O U P D - S O L I D  
41007 HYDROGEN M I X T U R E S #  Q U A L I T Y  D E T E R M I N A T I O N  O F  L I O U P D - S O L I D  
40416 O N O U C T I V I T Y .  T H E  S P E C I F I C  HE/  D E T E R M I N A T I O N  O F  THE T l i E R M A L  C 
31006 N G E  O F  A HYDROGEN-FUELED*  AX% D E T E R M I N A T I O N  O F  THE C R U P S E  RA 
52040 N R A T E  O F  HYDRO/ A METHOD F O R  O E T E R M I N A T I O N  O F  THE PERMEATSO 
30009 L AND S T A G E  GROUP PERFORMANCE D E T E R M I N E D  I N  C O L D  N I T R O G E N *  / 
40200 D R E L A T E D  P A R /  T E C H N I Q U E S  F O R  D E T E R M I N I N G  AVERAGE D E N S I T Y  A N  
33065 A V E S  I N  HYDROG/ I N I T I A T I O N  O F  D E T O N A T I O N  B Y  I N C I D E N T  SHOCK W 
30054 A S I B P L I T Y  S T U D I E S  O F  R O T A T I N G  D E T O N A T I O N  WAVE ROCKET MOTOR* / 
51000 F F E C T  O F  WATER VAPOR O N  H Z - 0 2  DE?ONATPONS# E 
33064 A N S V E R S E  S T A B I L I T Y  OF G A S E O U S  D E T O N A T f O N S #  / O N  L I H l f S  AND T R  
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2 3 6 0 0  B Y  P H O T O L Y S I S  O F  O R D I N A R Y  OR D E U T E R A T E D  WATER VAPORY /ATOMS 
2 3 6 0 0  F O R M A T I O N  OF HOT HYDROGEN OR D E U T E ~ I U M  ATOMS B Y  P H O T O L Y S I S  
2 3 0 2 2  P R O D U C T I O N  O F  HYDROGEN F O R  D E U T E R I U M  E X T R A C T P O N Y  
33045 I T I E S  I N  HYDROGEN-BROMINE AND OEUYERPUM- B R O M I N E  M I X T U R E S #  / 
34510 HYDROGEN BLOWER F O R  V E H I C U L /  D E V E L O P P N G ' E L E C T R I C A L L Y  D R P V E N  
22136 DROGEN GENERATOR/ E X P L O R A T O R Y  OEVELOPMENT MODEL M I N I A T U R E  H Y  
30073 E N  I N T E R N A L  C O M B U S T I O N  E N G I N /  D E V E L O P M E N T  O F  A HYDROGEN-OXYG 
30059 E N  S P A C E  POWER S U P P L Y  S Y S T E M /  D E V E L O P M E N T  O F  A HYDROGEN-OXYG 
4 0 4 1 4  X T E R N A L  I N S U L A T I O N  S Y S T E M  F O /  D E V E L O P M E N T  O F  A L I G H T W E I G H T  E 
40108 RMODYNAMIC C Y C L E  F O R  A SPACE/  D E V E L O P M E N T  O F  A P R A C T I C A L  T H E  
30060 T H R U S T  ( N O M I N A L  VACUUM) L I Q U /  D E V E L D P M E N T  O F  A l r 5 0 O e 0 0 0 - L B -  
40415 A L S  C O M P O S I T E S  F O R  USE A S  IN /  D E V E L O P M E N T  O F  ADVANCED WATER1 
34626 O C A T A L Y S T S  FOR USE I N  LOW T E /  D E V E L O P M E N T  O F  C A T H O D I C  E L E C T R  
5 2 0 2 8  H E  F R A C T U R E  OF/ F O R M A T I O N  AND D E V E L O P M E N T  O F  C R A C K S  D U R I N G  T 
34634 RODES; ELECTRODE I M P R O V E M E N T /  DEVELOPMENT O F  F U E L  C E L L  E L E C T  
30072 F U E L E D  3 - K I L O W A T T  I N T E R N A L - /  D E V E L O P M E N T  O F  HYDROGEN-OXYGEN 
33052 C A T A L Y S T S #  D E V E L O P M E N T  O F  HYDROGEN-OXYGEN 
22631 A T I O N  PROCESSES# D E V E L O P M E N T  O F  HYDROGEN P R E P A R  
30061 I Q U I D  HYDROGEN P R O P U L S I V E  UN/ D E V E L O P M E N T  O F  L I Q U I D  O X Y G E N / L  
3 0 0 6 3  E R A T O R S  FD-R T H E  M-1 E N G I N E  O/  OEVELOPMENT O F  L 0 2 / L H 2  GAS G E N  
3 0 0 4 4  D E  CONTROL E N G I N E S  F O R  HYDRO/  DEVELOPMENT O F  P U L S A B L E  A Y T I T U  
30049 E N G I N E :  A 40 K N  T H R U S T  / T H E  DEVELOPMENT O F  T H E  S E P R HM4 
3 4 8 3 5  DEVELOPMENT O F  UNDERSEA POWERR 
34250 F U E L  C E L L S  P R E S E N T  S T A T U S  AND DEVELOPMENT P R O B L E M S #  
2 2 1 2 9  A K I N G M  R E F I N I N G  P P O C E S S  DEVELOPMENT;  I M P R O V E M E N T S  I N  Y 

22005 CHAR O I L  ENERGY D E V E L O P M E N T #  
2 3 4 0 0  E N E R A T I O N  MOLECULAR S I E V /  NEW D E V E L O P M E N T S  I N  HYDROGEN G A S  G 
43306 RATURE O F  L I Q U I D  AND GASEOUS/  D E V I C E  F O R  M E A S U R I N G  THE TEMPE 
3 4 0 0 5  U E L  C E L L  A S  ENERGY C O N V E R S I O N  D E V I C E #  F 
4 0 4 0 9  0 0 . 0 0 0 - G A L L O N  L I Q U I D  HYDROGEN DENARY I N I T I A L  WARMUP OF 5 
4 0 2 0 4  E O U A T I O N  OF S T A T E  A N D  P H A S E  D I A G R A M  O F  D E N S E  HYDROGEN# 
21010 N U C L E A R  H E A T  PROCES/ M O L L I E R  D I A G R A M S  FOR T H E  E V B L U A T I O N  O F  
33038 35 D E G R E E  SECTOR OF A 2 8 - I N C H - D I A M E T E R  R A M J E T  COMBUSTOR* /A 
34507 T I D N  WATER FROM F U E L  C E L L S  B Y  D I F F U S I O N  AND C O N O E N S A T I O N #  / C  
3 4 6 2 1  V E R S I O N  I N  P A L L A D I U M - H Y D R O G E N  D I F F U S I O N  E L E C T R O D E #  /ERGY CON 
34637 D E  O F  O P E R 4 T I O N  O F  POROUS G A S - D I F F U S I O N  E L E C T R O O E S  WPTH HYDR 
34619 E OF O P E R A T I O N  O F  POROUS GAS- D I F F U S I O N  E L E C T R O O E S  WPTH HYDR 
33060 C C O M B U S T I O N #  D I F F U S I O N  F L A M E S  AND S U P E R S O N I  
51005 F L O W  I /  HYDROGEN F L A R E  S T A C K  D I F F U S I O N  F L A M E S :  LOW AND H I G H  
5 2 0 3 2  A L S *  D I F F U S I O N  O F  G A S E S  THROUGH MET 
2341 7 R O O U C T I O N  AND P U R I F I C A T I O N  B Y  D I F F U S I O N  P R O C E S S #  HYDROGEN P 
2 3 4 1  5 F U L L Y  I N T E G R A T E D  HYDRCIGEN D I F F U S I O N  S Y S T E M #  
2 3 4 2 2  YDROGENB P A L L A D I U M  D I F F U S I O N  Y I E L D S  HIGH-VOLUME H 
5 2 0 2 1  OGEN MOVEMENT I N  S T E E L - E N T R Y .  D I F F U S I O N .  AND E L I M I N A T I O N #  /R 
33061 N T E P N A L  S U P E R S O N I C  F L D W S  W I T H  D I F F U S I O N .  D I S S I P A T I O N  AND H Y D  
2 3 4 0 4  U N G  YON R E I N S T - W A S S E R S T O F F  I N  D I F F U S I O N S A N L A G E N t ,  E R Z E U G  
5 2 0 5 8  TLEMENT C R A C K I N G #  L A T T I C E  D I L A T A T I O N  AND HYDROGEN E M B R I T  
3 3 C 4 7  I N  HYDROGEN- BROH/  E F F E C T  OF D I L U E N T S  O N  B U R N I N G  V E L O C I T I E S  
2 3 6 0 7  T R Y  OF C E R I U M  P E Q C H L O R A T E S  I N  D I L U T E  AQUEOUS P E R C W L O R I C  A C I D  
3 4 2 1 2  T U R E  F U E L  C E L L  - O P E R A T I O N  ON D I L U T E  WYOROGENI CARBONACEOUS 
3 4 2 1 2  OGEN. CAR8ONACEOUS F U E L S *  AND D I L U T E  OXYGEN# /ON D I L U T E  HYDR 
3 3 0 0 4  M I X T U R E S  O F  HYDROGEN- O X Y G E N  D I L U T E D  W l T H  H E L I U M  HYDROGEN# / 
51005 I N S T A B I L I T I E S .  A U R N I N G  R A T E S *  D I L U T I O N  V M I T S r  TEMPERATURES. 
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33034 P A R T I C U L A T E  D A M P I N G  I N  A TWO-D IMENSIONAL  HYDROGEN-OXYGEN CO 
3306% O F  HYDROGEN AND A I R  NEA /  TWO-DIMENSIONAL.  SUPERSONIC  M l X l N G  
34647 N ELECTRODES*  E X T E N D I N G  T H E  D I M E N S I O N S  OF AIR-HYDROGEN T H I  
30010 N I C  GENERATORS A N 0  T H E R M I O N I C  D I O D E S #  /-OXYGEN F I R E D  T H E R M I O  
33002 STUDY O F  THE E F F E C T  O F  CARBON D I O X I D E  AND WATER VAPOR O N  HYO 
34834 HYDROGEN-/ E F F E C T S  OF CARBON D I O X I D E  O N  TRAPPED E L E C T R O L Y T E  
31003 E C T I O N  SYSTEM FOR L/ A CARBON D I O X I D E  PURGE AND THERMAL PROT 
40418 E C T I O N  SYSTEM F O R  L/ A CARBON D I O X I D E  PURGE AND THERMAL PROT 
34609 H N O N S T O I C H I O M E T R I C  MANGANESE D I O X I D E #  / T I O N  OF  HYDROGEN W I T  
34011 C A L  AND T E C H N I C A L  PROBLEMS O F  D I R E C T  CONVERSION OF C H E M I C A L  
34003 ENERGY I N T O  E L E C T R I C A L  ENERG/ OIS 'ECT CONVERSION OF C H E M I C A L  
31008 METHANE OR HYDROGEN F U E L  F O R  D I R E C T  C O O L I N G  O F  A F I R S T - S T A G  
21011 W /  PROCEEDINGS ROUND T A B L E  ON D I R E C T  P R O D U C T I O N  OF HYDROGEN 
34209 ROGEN-CHLORINE F U E L  CELLS .  VI D I S C H A R G E  MECHANISM O F  T H E  H I D  
3421 8 F U E L  C E L L #  S E L F - D I S C H A R G E  OF A HIOROGEN-OXYGEN 
34622 ELECTRODES/  E F F E C T S  O F  HEAVY D I S C H A R G E  P U L S I N G  ON F U E L  C E L L  
22011 D F O S S I L  F U E L S  I N  A MICROWAVE D I S C H A R G E #  / S I F I C A T X O N  O F  S O L 1  
52037 CORROSION CRA/ E F F E C T  OF  H I G H  D I S L O C A T X O N  D E N S I T Y  D N  STRESS 
23024 D I S P O S A B L E  HYDROGEN GENERATOR* 
33061 E R S O N I C  FLOWS W I T H  D I F F U S I O N *  D I S S I P A T I O N  AND HYDROGEN-AIR C 
22648 C A T A L Y T I C  D I S S O C  I A T I O N  OF  HYDROCARBONS# 
52043 ON O U R I N /  ON T H E  ROLE  OF I R O N  D I S S D L U T I O N  I N  CRACK P R O P A G A T I  
52036 NIOBIUM AND VANADIUM BY BOTH DISSOLVED AND PRECIPITIATEO nv 
22143 HYDROGEN FROM L I G H T  D I S T I L L A T E S  FOR F U E L  C E L L S *  
22008 T S  FROM L A S E R  P Y R O L Y S I S  O F  C /  D I S T R I B U T I O N  OF  GASEOUS PRODUC 
10006 UNXVERSAL FUE/  P R O D U C T I O N  AND D I S T R I B U T X O N  O F  HYDROGEN A S  A 
22603 N #  P R O D U C T I O N  AND D I S T R I B U T I O N  O F  L I Q U I D  HYOROGE 
40604 TROL SYSTEYD CRYOGENIC  L I Q U I D  D I S T R I B U T I O N  SYSTEM: S T U D Y #  / N  
42002 T O I R E S Y  HYDROGEN D I S T R I B U T I O N  T O  PROCESS LABORA 
40004 REAU O F  STANDARDS. C R Y O G E N I C S  D I V I S I O N #  / OF T H E  N A T I O N A L  B U  
31011 I S #  0001 A I R L I N E S  F A C E  ENERGY C R I S  
3401 5 B R I N G I N G  THE F U E L  C E L L  DOWN T O  EARTH*  
33003 R S O N I C  STREAM a/ R E D U C T I O N  OF DRAG O F  A P R O J E C T I L E  I N  A SUPE 
30012 THE PERFORMANCE O F  AN ARCJET  D R I V E N  B Y  HYDROGEN AND N I T R O G E  
22177 MANUFACTURE U S I N G  GAS T U R B I N E - D R I V E N  C E N T R I F U G A L  COMPRESSORS 
34510 I C U L /  D E V E L O P I N G  E L E C T R I C A L L Y  D R I V E N  HYDROGEN BLOWER FOR VEH 
34224 LL I N V E S T I G A T I O N #  D U A L  C E L L  R E G E N E R A T I V E  F U E L  C E  
51007 V E H I C L E #  HAZARDS D U E  T O  HYDROGEN ABOARD A SPACE 
22113 R REINSTWASSERSTOFFER-ZEUGUNG DURCH DAMPFREFORMIEREN VON KOH 
23418 UND R E I N I G U N G  VON WASSERSTOFF DURCH P E R M E A T I O N  AN MEMBRANEN 
33035 M I C A L  K I N E T I C S  C O N S I D E R A T I O N S  D U R I N G  C P L C U L A T I O N  OF  T H E  NOZZ  
20010 E N  C E L L  PRODUCING E L E C T R I C I T Y  D U R I N G  E L E C T R O L Y S I S #  /GEN-OXYG 
52043 S O L U T I O N  I N  CRACK P R O P A G A T I O N  D U R I N G  HYDROGEN CHARGING O F  AN 
22004 E D  COKE TO THE R E H E A T I N G  ZONE D U R I N G  HYDROGEN GENERAT ION B Y  
52028 I O N  AND DEVELOPMENT OF CRACKS D U R I N G  T H E  FRACTURE OF  HYDROGE 
33017 M E D I U M  BEFORE T H E  F L A M E  FRONT D U R I N G  T H E  I N I T I A L  P H A S E  OF  A 
30045 UST. COLD-GAS R E A C T I O N  J E T S  / O Y A N M I C  PERFORMANCE O F  LOW-THR 
30043 L I N V E S T I G A T I D N  OF P R O P E L L A N T  D Y N A M I C S  I N  A L A R G E  ROCKET BOO 
34107 PURGE D Y N A M I C S  OF  F U E L  C E L L S *  
34501 OM A HY /  I N V E S T I G A T I O N  OF  T H E  D Y N A M I C S  O F  WATER R E J E C T I O N  F R  
34502 R I M E N T A L  I N V E S T I G A T I O N  OF  T H E  D Y N A M I C S  O F  WATER R E J E C T I O N  F R  
34603 E R A T U R E  HYDROGEN C E L L S  OF  C G E E X I S T I N G  B A T T E R I E S  AND FUTUR 
30049 S T  / T H E  DEVELOPMENT OF T H E  S E P R H M 4  ENGINE :  A 40 K N  THRU 
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10088 ERGY A L T E R N A T I V E S :  S U N *  Wf ND 9 EARTH. WATER# E N  
34015 R I N G I N G  THE F U E L  C E L L  DOWN T O  E A R T H #  B 
10048 ECO-ENERGY S T U D I E S  A T  TEMPO# 
10047 HYDROGEN P R O D U C T I O N  FOR ECO-ENERGY# 
10059 ECO-ENERGYY 
42003 N AND STORAGE O F  HYDROGEN FOR ECO-ENERGY# TRANSPORTAT I D  
10001 NOMY CONCEPT* "THE ECOLOGY F U E L "  THE HYDROGEN ECO 
10075 AR/HYDROGEN CONCEPTS*  ECONOMIC COMPARISON O F  TWO S O L  
34260 N-OXYGEN R E G E N E R A T I V E  F U E L -  / ECONOMIC HIGH-PRESSURE HYDROGE 
20507 E N  PRODUCTION B Y  WATER E/  THE ECONOMICS  O F  HYDROGEN AND OXYG 
31013 U P P L Y  F O R  A f R  TRANSPORT*/  THE ECONOMICS  OF  L I Q U I D  HYDROGEN S 
22651 N FROM GASEOUS FEEDSTOCKY ECONOMICS  OF  PROOUCING HYDRDGE 
32020 U I D  HYDROGEN SYST /  L O G I S T I C S .  ECONOMICS. AND SAFETY  OF  A L I P  
lOO81 OF THE HYDROGEN/ T H E  METHANOL ECDNOMY - A P R A C T I C A L  V E R S I O N  
10085 # THE HYDROGEN ECONOMY - A N  U L T I M A T E  ECONOMY? 
10001 HE ECOLOGY FUEL"  T H E  HYDROGEN ECONOMY CONCEPT* "T 
10037 A P R A C T I C A L  ANS/  T H E  HYDROGEN ECONOMY--AN U L T I M A T E  ECONOMY? 
10037 HYDROGEN ECONOMY--AN U L T I M A T E  ECONOMY? A P R A C T I C A L  ANSWER TO 
10085 YDROGEN ECONOMY - A N  U L T I M A T E  ECONOMY?# T H E  H 
10073 A HYDROGEN ECONOMY?# 
10024 HYDROGEN F U E L  ECONOMY: WIDE-RANGING CHANGES# 
10067 A HYDROGEN B A S E D  ENERGY ECONOMY# 
10053 HYDROGEN AND T H E  E L E C T R I C  ECONOMY# 
10056 T H E  HYDROGEN ECONOMY# 
10039 THE COMING HYDROGEN ECONOMY* 
10026 A HYDROGEN ECDNOMYU 
10000 T H E  HYDROGEN ECONOMY* 
34039 E L E C T R O L Y Z E R S  I N  T H E  HYDROGEN ECONOMY# F U E L  C E L L S  AND 
10046 E R O L E  I N  T H E  N A T I O N ' S  ENERGY ECONOMY* HYDROGEN: I T S  F U T U R  
32021 E F F E C T  ON E M I S S I O N S  AND F U E L  ECONOMYY /L COMBUSTION E N G I N E S  
10061 T I C A L  V E R S I O N  OF THE HYDROGEN ECONOMYU /NOL ECONOMY - A P R A C  
10005 "THE HYDROGEN ECONOMY"# 
10014 COND THOUGHTS ON THE HYDROGEN ECONOMY"# " S E  
33002 C H E M I C A L  K I N E T I C  STUDY O F  THE  E F F E C T  O F  CARBON D I O X I D E  AND W 
30038 OW PER ELEMENT, AND CONTRACT/  E F F E C T  O F  CHAMBER PRESSURE. FL 
31010 R T I E S  ON TURBOJET-ENGINE  P E R /  E F F E C T  O F  COMBUSTION GAS PROPE 
30037 O N  THE S T 4 B l L I T Y  OF GASEOUS/ E F F E C T  OF  COMBUSTOR PARAMETERS 
52001 ILE STRENGTH ON T H E  SUSC/  T H E  E F F E C T  OF  C O M P O S I T I O N  AND T E N S  
34102 FACT ' JRS  ON L I F E  AND PER/  THE E F F E C T  O F  D E S I G N  AND OPERATXNG 
33047 V E L O C I T I E S  I N  HYDROGEN- BROM/ E F F E C T  OF  D I L U E N T S  ON B U R N I N G  
52037 S I T Y  ON STRESS CORROSION CRA/ E F F E C T  O F  H I G H  D I S L O C A T I O N  D E N  
52050 TURE O N  M E C H A N I C A L  PROPE/  T H E  E F F E C T  OF  HYDROGEN AND TEMPER4  
52C31 P R O P E R T I E S  O F  P A L L A D I U M -  HYD/ E F F E C T  O F  HYDROGEN O N  T E N S I L E  
52548 GGEN E M B R I  TTLEMFNT*  THE  E F F E C T  O F  L O A D I N G  MODE O N  HYDR 
43005 N THE P R O P E 4 T I E S  O F  VANA/ THE E F F E C T  O F  MINOR C O N S T I T U E N T S  0 
34245 T I E S  ON PERFORMANCE O F  HYDRO/ E F F E C T  O F  OXYGEN-SUPPLY I M P U R I  
34540 I S C U S  SHAPE ON T H E  HYDRO/ T H E  E F F E C T  O F  P R E O X I O A T I O N  A N D  MEN 
34204 N C E  OF HYDROGEN F U E L  C E L L S *  E F F E C T  O F  PRESSURE O N  PERFORMA 
52029 UPON I N C O N E L  718 AND 2219 A /  E F F E C T  O F  P R E S S U R I Z E D  HYDROGEN 
40413 T Y  S E L F - P R E S S U R I Z A T I O N  OF SP/  E F F E C T  O F  S I Z E  O N  NORMAL-GRAVI  
52049 TREATMENTS ON THE E M B R I T /  THE  E F F E C T  OF  SURFACE AND C O A T I N G  
30036 N COMBUSTION S T A B I L I T Y  CHARA/ E F F E C T  OF THRUST PER ELEMENT 0 
51000 D E T O N A T I O N S #  E F F E C T  OF  WATER VAPOR O N  H 2 - 0 2  
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32021 0 I N T E R N A L  COMBUSTION E N G I N E S  E F F E C T  ON E M I S S X O N S  A N D  F U E L  E 
30039 P R E C O O L I N G  BEFORE COMPRESSPON E F F E C T  ON T H F  / r I R  B R E A T H I N G  E N  
34834 R A P P E D  ELECTROLYTE HYDROGEN-/ E F F E C T S  d~ CARBON D I O X I D E  ON T 
39622 SPNG ON F U E L  C E L L  ELECTRODES/  E F F E C T S  O F  HEAVY DPSCHARGE P U L  
5 2 0 2 5  GEN ON M E T A L S  AT A M B I E N T  TEM/ E F F E C T S  O F  H I G H  PRESSURE HYDRO 
3 0 0 1  3 C E  B A F F L E  C O N F I G /  S T A B I L I Z P N G  E F F E C T S  O F  SEVERAL  I N J E C T O R  F A  
3 0 0 6 6  A L  P N V E S T I G A T I O N  O F  COMBUSTOR E F F E C T S  ON ROCKET THRUST CHAM8 
5 1 0 0 5  L I M I T S .  YEMPERATURES.AND WIND E F F E C T S #  / I N G  RATES. D I L U T I O N  
2 3 2 0 8  TYON BY  SEVERAL  ALGAE 11. THE E F F E X V  OF  I N H P B X ~ O q S  O F  PHOTOP 
23602 THE PURPOSE O F  XMPROVING THE E F F I C I E N C Y  O F U T I L I Z A T I O N  O F  SO 
401 0 4  HYDROGEN L I O U E F I E R S  W I T H  E F F I C I E N T  H E A T  EXCHANGERS# 
30009 FOR HYDRUG/ I N V E S T I G A T I O N  O F  E I G H T - S T A G E  BLEED-TYPE T U R B I N E  
3 8 0 0 8  FOR H Y /  I N V E S T I G A T I O N  OF  THE  E I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  
22113 VASSERSTOFFER-ZEUGUNG DURCH / E P N  NEUES VERFAHREN ZUR R E I N S 1  
4 0 5 0 9  Y /  A N A L Y S I S  OF  ROCKET-POWERED E J E C T O R S  FOR P U M P I N G  L I Q U I D  OX 
20513 C T R O L Y T E  HYDROGEN B Y  PRESSURE E L C T R O L Y S I S  I N  THE ZDANSKY-LON 
3 0 0 2 3  UT'URE PROGRAM STUDY 3 - 2  ON A N  ELDO 8 L A U N C H I N G  SYSTEM W I T H  A 
3 0 0 2 3  ON A N  ELDO B L A U N C H I N G  S Y S T E /  EL00 F U T U R E  PROGRAM STUDY 3.2 
3 0 0 2 4  ARY PROJECT LAUNCHERS B 1  AND/ E L D O  F U T U R E  PROGRAMS* P R E L I M I N  
30025 H i G H  ENERGY UPPER STAGES FOR EL00 V E H I C L E S *  
3 0 0 1 2  AN/  E X P E R P & N ? ~ L  RESEARCH ON E L E C G R l C  PROPULSION. NOTE V I I :  
2 2 1 3 8  E N  WPTH HYOROGFN H E A T E D  I N  AN E L E C T R I C  ARC* /AN€. AND HYOROG 
3 4 2 0 5  MXCAL HYOROGEN COMBUSTIONY E L E C T R  I C  C E L L S  W I T H  ELECTROCHE 
3 4 8 3 6  HYDROGEN C E L L S  OF THE GENERAL E L E C T R I C  COMPANY AN0 T H E I R  ACC 
1 0 C 5 3  HYDROGEN AND T H E  E L E C T R I C  ECONOMY# 
8 0 0 4 3  HYDROGEN SYSTEMS FOR E L E C T R I C  ENERGY* 
3 4 2 4 1  -KW HYDROCARBON-AIR F U E L  C E L L  E L E C T R I C  POWER P L A N T  D E S I G N *  / 

3 4 8 1 3  I C  A I Q S /  H 2 - A I R  F U E L  C E L L S  A S  E L E C T R I C  S U P P L Y  ON STRATOSPHER 
1 3 0 2 9  A R T I C U L A R  REFEREN/  A HYDROGEN-ELECTRIC  U T I L I T Y  SYSTEM W I T H  P 
3 4 8 2 4  F U E L - C E L L  U N I T  I N  E L E C T R I C  V E H l C L E #  
3 4 8 0 6  S 1 S  OF MATE/  STORAGE O F  SOLAR E L E C T R I C A L  ENERGY BY E L E C T R O L Y  
3 4 0 0 3  R S  I O N  O F  C H E M I C A L  ENERGY I NTO E L E C T R I C A L  E N E R G Y - B A T T E R I E S  AN 
1 0 6 6 1  R B N S P O H T A T I O N  SYSTEMS AND FOR E L E C T R I C A L  POWER G E N E R A T I O N #  / 
3 4 8 1 6  TPONS / P C 8 8 - 4 - X 5 6 2  F U E L  C E L L  E L E C T R I C A L  POWER SUPPLY, OPERA 
3 4 8 2  9 F U E L  C E L L S  F O R  I M P R O V E D  E L E C T R I C A L  POWER S U P P L Y *  
34843 YSTEMSU AUTOMATED E L E C T R I C A L  STPRT  FOR J P 4 - A I R  S 
3 4 0 1 1  R S I O N  OF  C H E M I C A L  ENERGY I N T O  E L E C T R f C A L C  / S  OF D I R E C T  CONVE 
3 4 8 3 3  AND HYOROGEN GENERATOR* E L E C T R I C A L L Y  COUPLED F U E L  C E L L  
3 4 5 1 3  LOWER FOR V E H I C U L /  O E V F L O P I N G  E L E C T R I C A L L Y  D R I V E N  HYDROGEN B 
3 4 2 4 9  OGFN-OXYGEN F U E L  C E L L #  E L E C T R I C A L L Y - R E G E N E R A T I V E  HYDR 
23010 YDROGEN-OXYGEN C E L L  P R O D U C I N G  E L E C T R i C I T Y  D U R I N G  E L E C T R O L V S I  
3 4 8 1 1  T E R Y - F U E L  C E L L  FOR C O N V E R T I N G  E L E C T R I C I T Y  TO HYDROGEN A N 0  OX 
3 4 6 2 6  W T E /  DEVELOPMENT OF C A T H O D I C  E L E C T R O C A T A L Y S T S  FOR USE I N  L O  
3 4 0 1 7  E L E C T R O C A T A L Y T I C  R E A C T I O N S #  
3 4 8 4 4  ON A N D  CONTROL OF HYDROGEN I N  E L E C T R O C H E M I C A L  C E L L S #  / P A R A T I  
3 4 6 2 1  I O N  I N  PALLADIUM-HYDROGEN D I /  E L E C T R O C H E M I C A L  ENERGY CONVERS 
3 4 0 0 7  E R S  O F  F U T U R E #  F U E L  C E L L S  - E L E C T R O C H E M I C A L  ENERGY CONVERT 
5 2 3 4 2  HYOROGEN / MATHEMATICS  OF  T H E  E L E C T R O C H E M I C A L  E X T R A C T I O N  O F  
3 4 0 0 4  E L E C T R O C H E M I C A L  F U E L  C E L L S *  
3 4 0 2 5  H I O N  EXCHA/  MASS TRANSFER I Y  E L E C T R O C H E M I C A L  F U E L  C E L L S  W I T  
3 4 2 Q 5  S T I O N #  E L E C T R I C  C E L L S  W I T H  E L E C T R O C H E M I C A L  HYDROGEN COMBU 
34628 S T I O N #  FUEL C E L L S  W I T H  E L t C T R O C H E M I C A L  HYDROGEN COWBU 
2 3 6 0 3  WATER A T  A SEMICONDUCTCIR E L € /  E L E C T R O C H E M I C A L  P H O T O L Y S I S  O F  - 
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34805 STUDY OF M U L T I P L E  R E S E R V E  E L E C T R O C H E M I C A L  POWER SOURCE* 
23019 STUDY OF M U L T I P L E  R E S E R V E  E L E C T R O C H E M I C A L  POWER SOURCEY 
34036 U E L  C E L L S *  E L E C T R O C H E M I C A L  PROCESSES I N  F 
22105 CHARGED M A T E R I A L  B Y  U S E  OF AN E L E C T R O C H E M I C A L  P R O C E S S #  / I N G  
34008 L L S :  MODERN PROCESSES FOR T H E  E L E C T R O C H E M I C A L  P R O D U C T I O N S  OF 
34648 H L Y  POROUS CARBON E L E C T R O D E S /  E L E C T R O C H E M I C A L  S T U D I E S  ON H I G  
34202 A D V A N C E D  E L E C T R O C H E M I C A L  TECHNOLOGY# 
34645 ACE FOR C A S E  D F  O X Y /  S T U D Y  O F  E L E C T R O D E  - E L E C T R O L Y T E  I N T E R F  
34643 L E T A L  C A T A L Y S T  B A S E D  HYDROGEN E L E C T R O D E  AND HOW I T  WORKS# /E 
34600 SE O F  THE A D S O R P T I O N  HYDROGEN E L E C T R O D E  AND T H E  OXYGEN F U E L -  
34636 U R E S /  P 3 T E N T I A L  O F  A P L A T I N U Y  E L F C T R O D E  AT LOW P D R T I A L  P R E S S  
3461 5 NEW A I R  E L E C T R O D E  FOR F U E L  C E L L S #  
3461 7 HYDROGEN-OXYGEN T H I N  ELECTRODE F U E L  C E L L  M O D U L E #  
34634 MENT CJF F U E L  C E L L  E L E C T R O D E S ;  E L E C T R O D E  IMPROVEMENT AND L I F E  
34600 RODE AND T H E  OXYGEN F U E L - C E L L  E L E C T R O D E  I N  N I C K E L - C A D M I U M  CE 
34620 ELECTROFORMED F U E L  C E L L  E L E C T R O D E  M A T R I C E S *  
34610 T A T E  O F  S C I E N T I F I C  S T U D I E S  ON E L E C T R O D E  P R O C E S S E S  I N  F U E L  C E  
34602 YDRDGEN ON A P A S S I V E  P L A T I N U M  E L E C T R O D E #  O X I D A T I O N  OF H 
23603 S OF WATER P T  A SEMICONDUCTOR ELECTRODEM / C H E M I C A L  P H O T O L Y S I  
34621 P A L L A D I U M - H Y D R O G E N  D I F F U S I O N  E L E C T R O D E *  /ERGY C O N V E R S I O N  I N  
34632 F U E L  C E L L  E L E C T R O D E S  ( H Y D R O G E N - A I R ) #  
34605 L I G H T - W E I G H T  F U E L  C E L L  E L E C T R O D E S  - 1. 2* 
34257 I N G  CONDUCTING-  P O R O U S - T E F L O N  E L E C T R O D E S  AND L I Q U I D  E L E C T R O L  
34625 C O M P O S I T E  CARBON-METAL E L E C T R O D E S  F O R  F U E L  C E L L S #  
34631 HIGH-PERFORMANCE L I G H T - W E I G H T  E L E C T R O D E S  F O R  HYDROGEN- OXYGE 
34624 F U E L  C E L L S #  C A R B O N - A I R  E L E C T R O D E S  F O R  LOW TEMPERATURE 
34637 A T I O N  OF POROUS G A S - D I F F U S I O N  E L E C T R C D E S  W I T H  HYDROGEN F U E L #  
34619 T I O N  O F  POROUS GAS- D I F F U S I O N  E L E C T R O D E S  W I T H  HYDROGEN F U E L #  
34634 E N T /  DEVELOPMENT O F  F U E L  C E L L  ELECTRODES:  E L E C T R O D E  IMPROVEM 
3461 2 P A P E R  F U E L  C E L L  E L E C T R O D E S *  
34614 ETHODS O F  O B T A I N I N G  F U E L  C E L L  E L E C T R O D E S *  NEW M 
34633 T H I N  F U E L  C E L L  E L E C T R O D E S #  
34606 CARBON F U E L  C E L L  E L E C T R O D E S #  
34604 LOW C O S T  F U E L  C E L L  E L E C T R O D E S #  
34636 E OF F L O O D E D  POROUS F U E L  C E L L  E L E C T R O D E S *  T H E  PERFORMANC 
34647 M E N S f O N S  O F  A I R - H Y D R O G E N  T H I N  E L E C T R O D E S #  E X T E N D I N G  T H E  D l  
34622 I S C H A R G E  P U L S I N G  ON F U E L  C E L L  E L E C T R O D E S #  / F F E C T S  O F  H E A V Y  D 
34648 U D I E S  ON H I G H L Y  POROUS C A R B O N  E L E C T R O D E S #  / L E C T R O C H E M I C A L  S T  
22001 HYDROGEN FROM C O A L  CHAR I N  A N  E L E C T R O F L U I D  REACTOR*  / I O N  O F  
2205n HYDROGEN FROM C O A L  CHAR I N  AN E L E C T R O F L U I D  REACTORS / I O N  O F  
22002 C O A L  P R O C E S S I N G  B Y  E L E C T R O F L U I D I C S .  P H A S E  I I X  
34620 ODE M A T R I C E S *  ELECTROFORMED F U E L  C E L L  E L E C T R  
20001 N / PERFORMANCE S T U D I E S  ON AN E L E C T R O L Y S E R  FOR T H E  P R O D U C T 1 0  
2001 4 MODERN E L E C T R D L Y  SER TECHNOLOGY Y 
20507 N D  OXYGEN P R O D U C T I O N  B Y  WATER E L E C T R O L Y S I S  AND C O M P E T I T I V E  P 
20009 E L E C T R O L Y S I S  A P P A R A T U S #  
20003 D U C T I O N  OF P U R E  G A S E S #  E L E C T R O L Y S I S  A P P A R A T U S  F O R  P R O  
20503 DROGEN AND OXYGEN* E L E C T R O L Y S I S  A S  A SOURCE O F  MY 
20008 NG HYDROGEN AND OXYGEN* E L E C T R O L Y S I S  C E L L  FOR G E N E R A T I  
20020 S E L E C T  I O N  O F  E L E C T R O L Y S I S  FOR E L E C T R O L Y S I S  C E L L S :  A L K A L I N E  0 
20020 C E L L S :  A L K A L I N E /  S E L E C T I O N  O F  E L E C T R O L Y S I S  F O R  E L E C T R O L Y S I S  
20017 ONG-TERM O P E R A T I O N  O F  A WATER E L E C T R O L Y S I S  MODULE* L 
34856 OF S O L A R  E L E C T R I C A L  ENERGY B Y  E L E C T R O L Y S I S  O F  W A T E R 1 S E P A R A T E  
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2 3 0 1 6  I F E  SYSTEM'  S T A T I C  F E E D  WATER E L E C T R O L Y S I S  SYSTEM* /OF THE L 
29501 ENERGY DEPOT E L E C T R O L Y S I S  SYSTEMS STUDY*  
2 3 0 1 9  ?:?H T E S T  PROGRAM OF TWO WATER E L E C T R O L Y S I S  SYSTEMS FOR SPACE 
3 4 1 0 1  HYDROGEN OXYGEN F U E L - C E L L  AND E L E C T R O L Y S I S - C E L L  D E S I G N *  /RE 
2 0 5 0  5 FUTURE*  WATER E L E C T R O L Y S I S - P R O S P E C T  FOR THE 
2 0 0 1 2  O N S I V E  CONTROL C I R C U I T  FOR 4 N  ELECTROLYSIS -TYPEHYDROGEN GENE 

20006 PRODUCTION O F  HYDROGEN B Y  E L E C T R O L Y S I S *  
20506 UDY O F  HYDROGEN PRODUCTION BY  E L E C T R O L Y S I S #  D E S I G N  S T  
2 0 5 1  0 L I D  POLYMER E L E C T R O L Y T E  WATER E L E C T R O L Y S I S #  /ENERAT I O N  B Y  SO 
2 0 0 1 0  P R O D U C I N G  E L E C T R I C I T Y  D U R I N G  E L E C T R O L Y S I S #  /GEN-OXYGEN C E L L  
3 4 2 5 2  G E N E R A T I N G  POWER I N  A  MOLTEN E L E C T R R Y T E  (HYDROGEN-HALOGEN) 
3 4 6 3 5  C E L L  W I T H  S T A B I L I Z E 0  Z I R C O N l A  E L E C T R O L Y T E  AND N I C K E L -  S I L V E R  
34103 R C H  / COLD HYDRDGEN AND B A S I C  E L E C T R O L Y T E  C E L L S  AT THE  RESEA 
3 4 1 0 6  W I T H  REACTANT SUPERSATURATED E L E C T R D L Y T E  F E E D #  / C E L L  SYSTEM 
3 4 2 5 3  U D I E S  OF  THE  MOLTEN CARBONATE E L E C T R O L Y T E  F U E L  C E L L #  S T  
3 4 8 3 8  N T #  C I R C U L A T I N G  E L E C T R O L Y T E  F U E L  C E L L  POWERPLA 
34837 C E L L  SYSTEM#  C I R C U L A T I N G  E L E C T R O L Y T E  HYDROGEN/A IR  F U E L  
3 4 2 7 0  A  LOW-TEMPERATURE. C O N T A I N E D - E L E C T R O L Y T E  HYDROGEN-OXYGEN F U  
3 4 8 3 4  O F  CARBON O I O X I D E  ON TRAPPED E L E C T R O L Y T E  HYDROGEN- OXYGEN. 
2 0 5 1 3  RE  E L C T R O L Y S I S  I N  T H E  ZDANSK/  E L E C T R O L Y T E  HYDROGEN B Y  PRESSU 
3 4 6 4 5  OF  OXY/  STUDY OF  ELECTRODE - E L E C T R O L Y T E  I N T E R F A C E  FOR CASE 
3 4 1 0 5  T T E R I E S  A/  HYDROGEN AND B A S I C - E L E C T R O L Y T E  LOW-TEMPERATURE B A  
2 0 5 1 9  N G E N E R A T I O N  B Y  S O L I D  POLYMER E L E C T R O L Y T E  WATER E L E C T R O L Y S I S  
34626 N F U E L  C E L L S  W I T H  AN A L K A L I N E  E L E C T R O L Y T E *  / E  HYDRDGEN/OXYGE 
3 4 2 2 2  F U E L  B A T T E R Y  W I T H  AN A L K A L I N E  E L E C T R O L Y T E #  /KW HYDROGEN-AIR 
3 4 2 1 6  W H I C H  GAS C I X C U L A T E S  THROUGH E L E C T R O L Y T E #  /02 F U E L  C E L L S  I N  
20509 DROGENY S O L l D  E L E C T R O L Y T E S  OFFER ROUTE T O  H Y  
3 4 2 5 7  - T E F L O N  ELECTRODES AND L I Q U I D  E L E C T R O L Y T E S *  /DUCT ING-  POROUS 
3 4 6 0 7  C Y L I N D R I C A L  ANODES I N  S T I R R E D  E L E C T R O L Y T E S *  /OF HYDROGEN TO 
2 0 0 1 1  E L E C T R O L Y T I C  HYDROGEN P L A N T #  
20007 UFACTURE AND A P P L I C A T I O N S #  E L E C T R O L Y T I C  HYDROGEN-- ITS MAN 
2 0 5 0 4  D U C T I O N  W I T H  S O L I D  POLYMER# E L E C T R O L Y T I C  HYDROGEN F U E L  PRO 
5 2 0 4 5  P L A T I N U M *  P E R M E A T I O N  OF  E L E C T R O L Y T I C  HYDROGEN THROUGH 
2 0 0 0 5  THE  PRODUCTION/  O P E R A T I O N  O F  E L E C T R O L Y T I C  I N S T A L L A T I O N S  FOR 
20002 ROGEN A N 0  OXYGEN* E L E C T R U Y T I C  P R O D U C T I O N  O F  HYD 
34237 C E L L S .  1 JL/ HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  
34219 OGEN-OXYGEN F U E L - C E L L  B A T T E R /  E L E C T R O L Y T I C  R E G E N E R A T I V E  HYDR 
34233 C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  
3 4 2 3 9  C E L L S *  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  
34235 2 SECONDARY F U E L  C E L L S *  E L E C T R O L Y T I C  R E G E N E R A T I V E  H2-0 
34236 C E L L S *  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  
3 4 2 3 8  C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  
3 4 2 3 4  HYDROGEN-OXYGEN F U E L  C E L L Y  E L E C T R O L Y T I C A L L Y  R E G E N E R A T I V E  
2 0 5 1 3  T R O L Y S I S  I N  T H E  ZDANSKY-LONZA ELECTROLYTOR*  /BY PRESSURE E L C  
3 4 0 3 9  ECONOMY# F U E L  C E L L S  AND E L E C T R O L Y Z E R S  I N  THE HYDROGEN 
23201 L O S S E N E N  SYSTEM M I T  H I L F E  VON E L E K T R O L Y S E G A S  UND B A K T E R I E N *  / 
30036 Y CHARA/  E F F E C T  OF THRUST P E R  E L E M E N T  ON COMBUSTION S T A B I L I T  
3 0 0 3 8  OF CHAMBER PRESSUREI FLOW PER ELEMENT. AND CONTRACTION R A T I O  
22119 N FROM L I Q U I D  HYDROCARBONS AT E L E V A T E D  PRESSURES*  /F HYDROGE 
5 1 0 3 1  A N 0  OXYGEN- INERT  M I X T U R E S  A T  E L E V A T E D  PRESSURES#  /. OXYGEN* 
5 2 0 5 5  ROGEN A T  CRYOGENICI  ROOM. A N D  E L E V A T E D  TEMPERATURES# /RE H Y D  
5 2 0 5 0  R O P E R T I E S  O F  T H E  T I - 5 A L - 2 . 5 S N  E L I  A L L O Y #  /RE ON M E C H A N I C A L  P 
1 0 0 7 6  P L A N  FOR THE E L I M I N A T I O N  OF P O L L U T I O N #  
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52021 N STEEL-ENTRY.  D I F F U S I O N .  AND E L I M I N A T I O N Y  /ROGEN MOVEMENT I 
5 2 0 4 1  P S X  HYDROGEN E M B R I T T L E M E N T  AND HYDROGEN T R A  
52016 S 1 0 /  A C O M P A R I S O N  OF HYDROGEN E M B R I T T L E M E N T  AND S T R E S S  CORRO 
52058 T T I C E  D I L A T A T I O N  AND HYDROGEN E M B R I T T L E M E N T  C R A C K I N G X  L A  
52009 I A L /  HYDROGEN P E R M E A T I O N .  AND E M B R I T T L E M E N T  I N  F E R R O U S  MATER 
52027 E E L S Y  HYDROGEN E M B R I T T L E M E N T  I N  I R R A D I A T E D  S T  
52051  T H E  M E C H A N I S M  OF HYDROGEN E M B R I T T L E M E N T  I N  S T E E L *  
52052 R R O S I O N  C R A C K I N G  AND HYDROGEN E M B R I T T L E M E N T  I N  410 S T A I N L E S S  
5 2 C 1 3  E V A L U A T I O N  OF HYDRCGEN E M B R I T T L E M E N T  M E C H A N I S M S #  
52007 R E A T M E N T S  AND C O A T I N G S  ON T H E  E M B R I T T L E M E N T  OF H I G H - S T R E N G T H  
52047 F THE P O S S I B I L I T Y  OF HYDROGEN E M B R I T T L E M E N T  O F  HYDROGEN EMBR 
52039 HYDROGEN E M B R I T T L E M E N T  O F  M E T A L S #  
52002 HYDROGEN E N V I R O N M E N T  E M B R I T T L E M E N T  OF M E T A L S *  
52000 ROGENX T H E  I N T E R G R A N U L A R  E M B R I T T L E M E N T  O F  N I C K E L  B Y  H Y D  
5 2 0 3 6  A N A D I U M  / THE LOW-TEMPERATURE E M B R I T T L E M E N T  OF N I O B I U M  A N 0  V 
52049 A N 0  C O A T I N G  TREATMENTS ON T H E  E M E R I T T L E M E N T  O F  S T E E L  A T  H I G H  
52046 B E D  C N  GROUPS K N  T H E  HYDROGEN E M B R I T T L E M E N T  O F  S T E E L *  /ADSOR 
52004 HYDROGEN E M B R I T T L E M E N T  O F  S T E E L *  
52019 N T H E  TAN/  T E S T S  FOR HYDROGEN E M B R I T T L E M E N T  O F  S T E E L S  U S E D  I 
5 2 0 4 7  GEN E M B R I T T L E Y E N T  OF HYDROGEN E M B R I T T L E M E N T  O F  T A N T A L U M  I N  T 
52024 H I G H - P R E S S U R E  HYDROGEN G A S #  E M B R I T T L E M E N T  OF T R I P  S T E E L  I N  
52037 R R O S I D N  C R A C K I N G  A N D  HYOROGEN E M B R I T T L E M E N T  OF T Y P E  304L S T A  
5 2 0 3 4  SY A STUDY OF HYDROGEY E M B R I T T L E M E N T  O F  V A R I O U S  A L L O Y  
5 2 0 2 3  P S T E E L #  HYDROGEN E M B R I T T L E M E N T  S T U D I E S  O F  A T R I  
5201 5 THE D E T E R M I N A T I O N  OF HYDROGEN E M B R I T T L E M E N T  S U S C E P T I B I L I T Y  0 
5201 4 E M B R I T T L E M E N T a  VOLUME 1 Y  
5 2 0 2 0  ONDARY / T E S T I N G  F O R  HYDROGEN E M B R I T T L E M E N T :  P R I M A R Y  AND SEC 
52053 I E W  OF L I T E R A T U R E  ON HYDROGEN E M B R I T T L E M E N T X  R E V  
52030 HYDROGEN E N V I R O N M E N T  E M B R I  T T L E M E N T C  
5 2 0 4 8  T OF L O A D I N G  MODE OW HYDROGEN E M B R t T T L E M E N T #  T H E  E F F E C  
52001 TO C A D M I U M  P L A T I N G  ( H Y D P O G E N )  E M B R I T T L E M E N T #  / A L L O Y  S T E E L S  
52017 E T H O D S  FOR D E T E C T I N G  HYOPOGEN E H B R I T T L E M E N T U  / V A R I O U S  T E S T  M 
10044 OYER A C L E A N - A I /  HYDROGEN MAY EMERGE A S  T H E  MASTER FUEL T O  P 
23004 O P E L L A N T  R E F O R M I N G  FOR U S E  I N  EMERGENCY L l F E  SUPPORT S Y S T E M  
3 4 8 1 0  ROGEN FUEL C E L L S  I N T E N D E D  FOR EMERGENCY POWER S U P P L Y *  /N-HYD 
32005 I T S  O R I G I N S  AND F U T U R E  I N  T H E  E M E R G I N G  E N E R G Y - T R A N S P O R T A T I O N  
32014 C T E R I S T I C S  OF A N  A I R - E R E A T H I /  E M I S S I O N  AND PERFORMANCE CHARA 
3 2 0 1 1  E F U E L S  F O R  CONTROL O F  E N G I N E  E M I S S I O N #  A L T E R N A T I V  
3 2 0 2 1  C O M B U S T I O N  E N G I N E S  E F F E C T  ON E M I S S I O N S  AND F U E L  ECONOMYY /L 
32010 C L E A N  A U T O M O T I V E  F U E L :  E N G I N E  E M I S S I O N S  U S I N G  N A T U R A L  GAS. H 

2 2 1 0 0  E M P H A S I S  OF H2 STRENGTHENED# 
50008 R I C U L U M  AND I Y S T R U C T O R S  G U I D E  E M P H A S I Z I N G  S A F E T Y  I N  COMPRESS 
2 2 6 3 0  EAM REFORMER# S Y S T E M  E M P L O Y I N G  C O A L  A S  F U E L  I N  A S T  
34257 EW HIGH-PERFORMANCE F U E L  C E L L  E M P L O Y I N G  CONOUCTING-  POROUS-T 
10062 C t E N  T A L K S  WITH.o.sc.r# 
3401 9 E N E R G E T I C S :  F U E L - C E L L  S Y S T E M S #  
33011 MPUTED FOR THE CO/ A C T I V A T I O N  E N E R G I E S  AND R A T E  C O N S T A N T S  C O  
10078 NSF-RANN ENERGY A B S T R A C T S *  
10088 . EARTH.  WATER# ENERGY A L T E R N A T I V E S :  SUN. W I N D  
10058 -STORAGE WELLS F O R  C O N S E R V I N G  ENERGY AND R E D U C I N G  T H E R M A L  P O  
23604 I O N  O F  S U N L I G H T  I N T O  C H E M I C A L  ENERGY A V A I L A B L E  I N  STORAGE F O  
34806 STORAGE O F  SOLAR E L E C T R I C A L  ENERGY B Y  E L E C T R O L Y S I S  O F  WATE 
23602 C I E N C Y  O F U T I L I Z A T I O N  O F  S O L A R  ENERGY B Y  T H E  D E C O M P O S I T I O N  OF 
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10068 A HYDROGEN ENERGY C A R R I E R *  
10069 A HYDROGEN ENERGY C A P R I E R #  
20511 A G R O - I N D U S T R I A L  COM/ NUCLEAR ENERGY GFNTERS. I N D U S T R I A L  AND 
10089 A TOWER TOP FOCUS SOLAR ENERGY COLLECTOR#  
34262 E X P E R I M E N T A L  WORK TO D A T E  ON ENERGY C O N V E R S I O N  AND STORAGE 
34095 F U E L  C E L L  A S  ENERGY CONVERSION D E V I C E *  
34621 -HYDROGEN D I /  E L E C T R O C H E M I C A L  ENERGY C O N V E R S l O N  I N  P A L L A D I U M  
34007 F U E L  C E L L S  - E L E C T R O C H E M I C A L  ENERGY CONVERTERS OF FUTURE*  
10015 DROGEN-HEATED TOWNS P L A C E D  O N  ENERGY C R I S I S  S O L U T I O N  L I S T " #  / 
10086 Y #  T H E  COMING ENERGY C R I S I S .  AND SOLAR ENERG 

31011 DODI A I R L I N E S  F A C E  ENERGY C R I S I S *  
20501 EMS S T U D l Y  ENERGY DEPOT E L E C T R O L Y S I S  S Y S T  
22905 CHAR O I L  ENERGY DEVELOPMENT#  
10067 A HYDROGEN B A S E D  ENERGY ECONOMY* 
10046 S F U T U R E  R O L E  I N  THE N A T I O N ' S  ENERGY ECONOMY# HYDROGEN: I T  
32006 A U T O M O T I V E  V E /  ON T H E  H I G H E R  ENERGY FORM O F  WATER (H20*) I N  
23203 I O N  I N  HYDROGEN B A C T E R I A #  ENERGY G E N E R A T I O N  AND U T I L I Z A T  
23015 METHOD F O R  U T I L I Z I N G  NUCLEAR ENERGY I N  THE  PRODUCTION O F  HY 
34053 D I R E C T  C O N V E R S I O N  OF C H E M I C A L  ENERGY I N T O  E L E C T R I C A L  EMERGY- 
3401 1 D I R E C T  CONVERSION OF C H E M I C A L  ENERGY I N T O  E L E C T R I C A L #  / S  OF  
10055 T H E  ENERGY L A B Y R I N T H #  
10043 HYDROGEN: K E Y  TO THE ENERGY MARKET#  
10036 HYDROGEN. MASTER-KEY TO T H E  EMERGY MARKET*  
13052 T H E  I N F L U E N C E  I N  A N  ENERGY MARKETPLACE#  
10971 I N F L U E N C E  O F  HYDROGEN I N  AN ENERGY MARKETPLACE#  
10020 CRYOGENIC  H2 AND N A T I O N A L  ENERGY MEEDS# 
10064 R T R A N S P O R T A T I O N  AND N A T I O N A L  ENERGY NEEDS*  / T H E T I C  F U E L S  F O  
10070 I O b O G I C A L f f  OUR SOLAR ENERGY O P T I O N S :  P H Y S I C A L  AND B 
10023 HYDROGEN F I G U R E S  I N  MANY ENERGY PROPOSALS# 
21003 DUCT I O N  OF HYDROGEN FROM WAT/ ENERGY R E Q U I R E M E N T S  I N  T H E  PRO 
30074 RCH A T  T H E  NACA/NASA L E /  H I G H  ENERGY ROCKET P R O P E L L A N T  RESEA 
30041 E R I S T i C S  nF C O N T R O L L A B L E  HIGH-ENERGY ROCKET P R O P U L S I O N  S Y S T E  
10029 L A R  REFERENCETO F U S I O N  A S  THE ENERGY SOURCFff  /M W I T H  P A R T I C U  
10084 T R I A L  S O C I E T Y #  ENERGY SOURCES ON A P O S T - I N D U S  
43008 METAL HYDR I D E  ENERGY STORAGE SYSTEMS#  
43007 M E T A L  H Y O R I O E S  FOR ENERGY STORAGE#  
10049 ECO-ENERGY S T U O I E S  AT TEMPO# 
10037 PCAL  ANSWER TO THE PROBLEM OF ENERGY S U P P L Y  AND P O L L U T I O N #  / 
190Q2 A HY DROGEM-ENERGY SYSTEM # 

I O O ~  I HYDROGEN-ENERGY SYSTEM# 
10054 R O P U L S I O N f f  HYDROGEN ENERGY SYSTEMS A N 0  V E H I C U L A R  P 
23202 A R I A R L E  P H O T O S Y N T H E T I C  U N I T S .  ENERGY TRANSFER AND L I G H T -  I N 0  
10079 E N *  ENERGY T R A N S M I S S I O N  V 1.4 HYDROG 
10004 A NEW CONCEPT I N  ENERGY T R A N S M I S S I O N #  
30025 E H I C L E S *  H I G H  ENERGY U P P E R  STAGES FOR ELDO V 
10042 P E C T S  FOR APP/  HYDROGEN AS AN ENERGY VECTOR: NEW F U T U R E  PROS 
10065 Yt? C L E A N  ENERGY V I A  CRYOGENIC  TECHNOLOG 
10059 # CONSERVING ENERGY W I T H  H E A T  STORAGE WELLS 
34003 EMYCAL  ENERGY I N T O  E L E C T R I C 4 L  E N E R G Y - B A T T E R I E S  AND F U E L  C E L L  
32025 N S  AND FUTURE I N  T H E  E M E R G I N G  ENERGY-TRANSPORTATION-ENVIRONM 
10043 HYOROGEN SYSTEMS FOR E L E C T R I C  ENERGY*  
10050 ECO-ENERGY# 
10347 HYDROGEN PRODUCT I O N  FOR ECO-ENERGY U 
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1 0 0 7 4  N - T H E  K E Y  TO ABUNDANT C L E A N  ENERGY*  HYDROGE 
10086 M I N G  ENERGY C R I S I S .  A N D  S O L A R  ENERGY# T H E  C O  
10035 HYDROGEN AND ENERGY # 
34021 T H E  C O N V E R S I O N  OF ENERGY*  
2 0 5 1 2  YDROGEN G E N E R A T I O N  B Y  T H E R M A L  E N E R G Y #  S Y S T E M  S T U D Y  O F  H 
4 2 0 0 3  D STOQAGE OF HYDROGEN F O R  ECD-ENERGY# T R A N S P O R T A T I O N  A N  
23018 N T  F O R  THE WDRKING O F  N U C L E A R  E N E R G Y #  P R O C E S S  A N D  E Q U I P M E  
10072 A T I O N  AND C O N V E R S I O N  O F  S O L A R  E N E R G Y #  L A R G E - S C A L E  CONCENTR 
23002 OR T H E  U T I L I Z A T I O N  OF N U C L E A R  ENERGY# METHOD O F  A N D  P L A N T  F 
1 0 0 4 2  S FOR A P P L I C A T I O N S  O F  N U C L E A R  E N E R G Y #  /: NEW F U T U R E  P R O S P E C T  
3 4 0 0 8  L E C T R O C H E M I C A L  P R O D U C T I O N S  O F  E N E R G Y *  / N  PROCESSES F O R  T H E  E 
3 2 0 5 1  ROGEN - A I R  F U E L E D  A U T O M O B I L E  E N G I N E  ( P A R T  I)* T H E  H Y O  
3 0 G 4 7  N A N D  HYDROG/ T H E  S E P R  ROCKET E N G I N E  - H M 4  W I T H  L I Q U I D  OXYGE 
3 2 0 0 5  E I N  T H E  EM/ T H E  HYDROGEN I C E N G I N E  - I T S  O R I G I N S  AND F U T U R  
5 2 0 3 8  ANCED FLAW GROWTH I N  S S E  M A I N  E N G I N E  A L L O Y S  I N  H I G H  P R E S S U R E  
3 0 0 3 0  OF A H Y D R U G E N - F L U O R I N E  ROCKET E N G I N E  A T  S E V E R A L  CHAMBER P R E S  
33001 L R E A C T I O N  K I N E T I C S  I N  ROCKET E N G I N E  C O M B U S T I O N #  / E N  C H E M I C A  
3 2 0 2 4  SA T E S T I N G  HYDROGEN I N J E C T I g N  E N G I N E  CONCEPT*  N A  
32011 F R N A T I V E  F U E L S  F O R  C O N T R O L  O F  E N G I N E  E M I S S I O N #  A L T  
3 2 0 1 5  GAS./ C L E A N  A U T O M O T I V E  F U E L :  E N G I N E  E M I S S I O N S  U S I N G  N A T U R A L  
30046 K E D  T O  B U I L D  C R Y O G E N l C  ROCKET E N G I N E  F O R  L A T E  ' 7 0 5  U S E R  / P I C  
40106 S I G N  O F  A C R Y O G E N I C  E X P A N S I O N  E N G I N E  F O R  TONNAGE HYDROGEN L I  
32004 T H E  HYDROGEN E N G I N E  I N  P E R S P E C T I V E #  
3 0 0 2 3  N C H I N G  SYSTEM W I T H  A S T P N D A R D  E N G I N E  O F  6-8 TONS O F  T H R U S T *  / 
30063 H2 G A S  GENERATORS FOR T H E  M-1 E N G I N E  O P E R A T I O N S #  / T  O F  L02/L 
31010 ON GAS P R O P E R T I E S  ON T U R R O J E T - E N G I N E  PERFORMANCE W I T H  HYOROG 
3 2 0 1  3 C O N V E R T E D  I C  E N G I N E  R U N S  ON HYDROGEN* 
30073 EN-OXYGEN I N T E R N A L  C O M B U S T I O N  E N G I N E  S P A C E  POWER S Y S T E M *  / O G  
3 3 0 4 3  AN E V A L U A T I O N  OF L O X / H Y D R O G E N  E N G I N E  TECHNOLOGY F O R  ADVANCED 
30049 EVELOPMENT O F  T H E  S E P R HM4 E N G I N E :  A 40 K N  T H R U S T  L I Q U I D  
3 2 0 0 7  E N - F U E L E D  I N T E R N A L  C O M B U S T I O N  E N G I N E #  H Y  DROG 
3001 4 S P A C E  S H U T T L E  E N G I N E *  
34849 T A G A I N S T  I N T E R N A L - C O M B U S T  I O N  E N G I N E #  T H E  R E V O L  
30011 A C F  POWER I N T E R N A L - C O M B U S T I O N  E N G I N E #  HYDROGEN-OXYGEN S P  
3'3949 S T  L I Q U I D  DXYGEN AND HYDROGEN E N G I N E Y  / F N G I N E :  A 40 K N  T H R U  
3 2 0 1 2  S I R I L I T Y  O F  A HYDROGEN O X Y G E N  E N G I N E #  / A S  A FUEL A N 0  THE F E A  
3 2 0 1 4  E N - F U E L E D  I N T E R N A L  C O Y B U S T I O N  E N G I N E *  / N  A I R - B R E A T H I N G H Y O R O G  
32023 DL P A R A M E T F R S  O F  T H E  HYDROGEN E N G I N E *  /NO N I T R I C  O X I D E  CONTR 
30072 K I L O W A T T  I N T E R N A L -  C O M B U S T I O N  E N G I N E *  /OGEN-OXYGEN F U E L E D  3- 
30037 ASEOUS H Y D R O G E N - L I Q U I D  D X V G E N  E N G I N E Y  /ON T H E  S T A B I L I T Y  OF G 
30028 SURE H Y D R O G E N - F L U O R I N E  ROCKET E N G I N E S  /OR A LOW-CHAMBER-PRES 
3 3 0 6 0  L I O U I D H Y D R O G E N / L I O U I D  OXYGEN E N G I N E #  /RUST ( N O M I N A L  VACUUM) 
34807 N-OXYGEN F U E L  C E L L #  SOME E N G I N E E R I N G  A S P E C T S  O F  HYOROGE 
40000 U I D  HYDROGEN. LOW-TEMPERATURE E N G I N E E R I N G  T E C H N O L D G V L  /. L I Q  
40213 A B L E S  O F  PARAHYDROGEN D A T A  I N  E N G I N E E R I N G  U N I T S  FROM 36 DEGR 
34825 C E L L S  A N D  FUEL B A T T E R I E S  - A N  E N G I N E E R I N G  V I E W S  FUEL 
3 4 0 3 3  C E L L S  - PROBLEMS F O R  C H E M I C A L  E N G I N E E R S #  F U E L  
32021 T I O N  I N T O  I N T E R N A L  C O M B U S T I O N  E N G I N E S  E F F E C T  ON E M I S S I O N S  A N  
30044 O F  P U L S A B L E  A T T I T U D E  C O N T R O L  E N G I N E S  F O R  HYDROGEN A N D  D X Y G E  
30039 Y E F F E C T  ON T H E  A I R  B R E A T H I N G  E N G I N E S  OF A S P A C E - C R A F T  L A U N C  
10066 YDROGEN M/ P O L L U T I O N - F R E E  CAR E N G I N E S  T H A T  B U R N  A G A S O L I N E - H  
30048 R E T I C A L  PERFORMANCE O F  R D C K E T  E N G I N E S  U S I N  +-G SEOUS HYDROGEN 
30067 N O F  L I Q U I D  P R O P E L L A N T  ROCKET ENGINES.  D E S  I G 

I / / n  
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32015 C R I T E R I A  F O R  HYDROGEN B U R N I N G  E N G I N E S *  D E S I G N  
30000 N A S A  E X P E R I E N C E  W I T H  HYDROGEN E N G I N E S *  RECENT 
30055 NO F A B R I C A T I O N  O F  S M A L L  H 2 / 0 2  E N G I N E S *  D E S I G N  A 
32022 E N - F U E L E D  I N T E R N A L  C O M B U S T I O N  E N G I N E S *  H I S T O R Y  O F  HYDROG 
30036 I C S  O F  HYDROGEN OXYGEN ROCKET E N G I N E S #  / A B I L I T Y  C H A R A C T E R I S T  
40512 I N  L H 2  PUMPS FOR 0 2 / H 2  ROCKET E N G I N E S *  /TWO-PHASE FLOW FLOW 
30058 E N  A N D  OXYGEN I N  R E G E N E R A T I V E  E N G I N E S A T  CHAMBER P R E S S U R E S  F R  
52038 IN ENGINE ALLOYS IN n r tn  PRE/ ENHANCED FLAW GROWTH IN SSE MA 
32010 S U S I N G  N A T U R A L  G A S *  HYDROGEN-ENRICHED N A T U R A L  GAS. AND GAS 
52021 I/ H Y D R O G E N  MOVEMENT I N  STEEL-ENTRY.  D I F F U S I O N .  AND E L I M I N A T  
52002 E T A L S *  HYDROGEN E N V I R O N M E N T  E M B R I T T L E M E N T  OF M 
52030 HYDROGEN E N V I R O N M E N T  E M B R I T T L E M E N T *  
32005 M E R G I N G  E N E R G Y - T R A N S P O R T A T I O N - E N V I R O N M E N T  S Y S T E M #  / I N  T H E  E 
40421 U I D  HYDROGEN I N  A L O N - G R A V I T Y  E N V I R O N M E N T *  /R STORAGE O F  L I Q  
33046 YDROGEN-BROMINE M I X T U R E S *  I V *  E Q U A T I O N  O F  SEMENOV A N 0  F R A N K -  
40204 AGRAM O F  DENSE HYDROGEN# E Q U A T I O N  OF S T A T E  AND P H A S E  D l  
33046 A T I O N S  B Y  M A L L A R D - L E C H A T E L I E R  E Q U A T I O N #  /. A D D I T I O N A L  C A L C U L  
33046 NO F R A N K - K A M E N E T S K Y  ANDMANSON E Q U A T I O N S s  Vm A D D I T I O N A L  C A L C U  
22195 N D  G T Y P E  HYDROGEN P R O D U C T I O N  E Q U I P M E N T  B Y  H I T A C H I  S H I P B U I L D  
23018 U C L E A R  ENERGY# PROCESS AND E Q U I P M E N T  FOR THE WORKING O F  N 
-..,.A* 
LJ-U- FF i H  D ~ F F U S ~ O N S A N L A G E N U  E R Z E U G U N G  VON REINST-WASSERSTO 
43111 OGEN A T  T H E  ROCKET P R O P U L S I O N  E S T A B L I S H M E N T *  /OF L I Q U I D  HYDR 
30021 H I C L E S  U S I N G  A H /  PERFORMANCE E S T I M A T E S  FOR SPACE S H U T T L E  V E  
52047 F HYDROGEN E M B R I T T L E M E N T  O F  / E S T I M A T E S  O F  T H E  P O S S I B I L I T Y  0 
22638 €AM O/ R E A C T I O N S  O F  N-BUTANE. ETHYLENE.  AND 1-BUTENE W I T H  S T  
22138 O F  HYDROCARRONS TO ACETYLENE.  E T H Y L E N E .  METHANE. A N D  HYOROGE 
30064 F T H E  U S E  O F  C R Y O G E N I C  PROPE/  E V A L U A T I O N  AND D E M O N S T R A T I O N  0 
30069 F T H E  U S E  OF C R Y O G E N I C  PROPE/ E V A L U A T I O N  AND D E M O N S T R A T I O N  0 
34506 F O R  HUMAN C O N S U M P T I O N #  E V A L U A T I O N  OF F U E L  C E L L  WATER 
5201 3 L E M E N T  M E C H A N I S M S #  E V A L U A T I O N  O F  HYDROGEN E M B R I T T  
33022 A F U L L - S C A L E  AFTERBURNER# E V A L U A T I O N  O F  HYDROGEN FUEL I N  
30040 I N E  TECHNOLOGY F O R  ADVANC/ A N  E V A L U A T I O N  O F  LOXfHYDROGEN E N G  
21010 C E S /  M O L L I E R  D I A G R A M S  FOR T H E  E V A L U A T I O N  O F  NUCLEAR H E A T  PRO 
30033 O N  C O N C E P T S  I N  A 20.000- POU/ E V A L U A T l O N  O F  S P E E C H  S U P P R E S S 1  
23004 A N T  R E F Q R M I N G  FOR U S E  I N  EM€/ E V A L U A T I O N  OF S T O R A B L E  P R O P E L L  
51008 N O N U E T A /  F L A S H  AND F I R E  T E S T :  E V A L U A T I O N  O F  T H E  B E H A V I O R  OF 
34267 C O N C E P T  F O R  A L/ E X P E R I M E N T A L  E V A L U A T I O N  OF T H E  S I N G L E - C E L L  
31004 N E X P E R I M E N T A L  AND A N A L Y T I C A L  E V A L U A T I O N  O F  THE THERMAL BEHA 
30029 F L U O R I N E - H Y D R O G E N  PERFORMANCE E V A L U A T I O N .  P H A S E  1. P A R T  1: A 
30064 STEMS, VOLUME 2: E X P E R I M E N T A L  E V A L U A T I O N S  A N D  D E M O N S T R A T I O N #  
30069 R O L  SYSTEMS. I I s  E X P E R I M E N T A L  E V A L U A T I O N S  A N D  D E M O N S T R A T I O N #  
40205 G E N  I N  TWO-PHASE/ F I N I T E  R A T E  E V A P O R A T I O N  O F  C R Y O G E N I C  HYDRO 
23202 Y T R A N S F E R  AND L I G H T -  I N D U C E D  E V O L U T I O N  O F  HYDROGEN I N  A L G A E  
22153 I O N S  OF T H E  P U R I F I C A T I O N  AND/ E X A M P L E S  O F  P R A C T I C A L  A P P L I C A T  
22106 G F R O M  C 6  TO H/ HYDROGEN F R O M  E X C E S S  R E F I N E R Y  STREAMS R A N G I N  
34010 F U E L  C E L L  W I T H  A C A P I L L /  M A S S  EXCHANGE I N  A HYDROGEN-OXYGEN 
34210 HYDROGEN-OXYGEN I O N - E X C H A N G E  MEMBRANE F U E L  C E L L S *  
34025 O C H E M I C A L  F U E L  C E L L S  W I T H  I O N  EXCHANGE MEMBRANES* / I N  E L E C T R  
40104 I Q U E F I E R S  W I T H  E F F I C I E N T  H E A T  E X C H A N G E R S #  HYDROGEN L 
30030 S E V E R A L  CHAMBER P R E S S U R E S  AND E X H A U S T  N O Z Z L E  E X P A N S I O N  AREA 
33019 M C L U S T E R  F O R M A T I O N  I N  ROCKET E X H A U S T S *  N O N E Q U I L I B R I U  
34603 A T U R E  HYDROGEN C E L L S  O F  C G E E X I S T I N G  B A T T E R I E S  A N D  F U T U R E  
30030 P R E S S U R E S  AND E X H A U S T  N O Z Z L E  E X P A N S I O N  AREA R A T I O S *  /HAMBER 
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40103 Q U E F A C T I O N  U N I T  W I T H  A H E L I U M  E X P A N S I O N  C O O L I N G  C Y C L E #  / N  L I  
40106 YOROGE/ D E S I G N  O F  A C R Y O G E N I C  E X P A N S I O N  E N G I N E  FOR TONNAGE H 
33027 ROGEN AND METHANE T O  S I M U L A T E  E X P A N S I O N  OF S T O R A B L E  P R O P E L L A  
40601 ORT AND STORAGE OF L I Q U I D  HY/  E X P E R I E N C E  I N  H A N D L I N G .  T R A N S P  
30000 E S #  R E C E N T  N A S A  E X P E R I E N C E  W I T H  HYDROGEN E N G I N  
22212 A C T U R I N G  C A T A L Y S T /  COMMF R C I A L  E X P E R I E N C E  W I T H  HYDROGEN MANUF 
2211 6 RBON F U E L S #  E X P E R I E N C E  W I T H  L I Q U I O  HYDROCA 
32026 D B A T T E R Y  (ONE YEAR O P E R A T I N G  E X P E R I E N C E S ) #  /R F U E L  C E L L / L E A  
41014 YO/ C O R R E L A T I O N  O F  THEORY AND E X P E R I M E N T  F O R  H I G H - P R E S S U R E  H 
33034 I N G  I N  A T W O - D I M E N S I O N A L  / AN E X P E R I M E N T  ON P A R T I C U L A T E  DAMP 
31004 h L U A T I O N  O F  T H E  T H E R M A L  B/ A N  E X P E R I M E N T A L  AND A N A L Y T I C A L  E V  
30069 R E A C T I O N  CONTROL S Y S T E M S r  f I a  EXPERIMENTAL E V A L U A T I O N S  AND D 
30064 O N  CONTROL SYSTEMSe VOLUME 2: E X P E R I M E N T A L  E V A L U A T I O N S  A N 0  D 
3 4 2 6 7  S I N G L E - C E L L  CONCEPT FOR A L/ E X P E R I M E N T A L  E V A L U A T I O N  O F  T H E  
40508 0 - T A N K  N E T  P O S I T I V E  S U C T I O N  / E X P E R I M E N T A L  F I N D I N G S  FROM Z E R  
30031 ROCKET PERFORMANCE A T  LOWS E X P E R I M E N T A L  H Y D R O G E N - F L U O R I N E  
30002 A C O U S T I C  L I N E R S  TO S U P P R E S S  / E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  
30066 COMBUSTOR E F F E C T S  ON ROCKET / E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  
33025 HOT-GAS S I D E  H E A T - T R A N S F E R  R /  E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  
33049 S U P E R S O N I C  C O M B U S T I O N  I N T H /  E X P E R I M E N T A L  I N V E S T I G A T I O N S  ON 
34502 T H E  D Y N A M I C S  OF WATER R E J E C T /  E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  
30009 L E A R  RC'CKET A P P L I C A T I O N S a  I I : E X P E R I M E N T A L  O V E R A L L  AND S T A G E  
30030 HYDROGEN-FLUORINE ROCKET ENG/ E X P E R I M E N T A L  PERFCRMANCE O F  A 
30008 ONSo 1: D E S I G N  O F  T U R B I N E  A N 0  E X P E R I M E N T A L  PERFORMANCE O F  F I  
30012 R I C  P R O P U L S I O N *  N O T E  V I I :  AN/  E X P E R I M E N T A L  R E S E A R C H  ON E L E C G  
34619 O P E R A T I O N  O F  POROUS G A S -  O I F /  E X P E R I M E N T A L  STUOY O F  MQDE O F  
34637 O F  O P E R A T I O N  OF POROUS G/ A N  E X P E R I M E N T A L  STUOY O F  T H E  MODE 
4 0 5 0 7  0 O P E R A T I N G  C H A R A C T E R I S T I C S  / E X P E R I M E N T A L  S T U D Y  O F  LOW-SPEE 
34037 H A /  A MOOEL F O R  A N A L Y Z I N G  T H E  E X P E R I M E N T A L  VOLTAGE-CURRENT C 
3 4 2 6 2  N E R G Y  C O N V E R S I O N  AND STORAGE/  E X P E R I M E N T A L  WORK TO D A T E  ON E 
30058 OXYGEN I N  R E G E N E R A T I V E  E N G I N /  E X P E R I M E N T S  W I T H  HYDROGEN AND 
22136 M I N I A T U R E  HYDROGEN GENERATOR/ E X P L O R A T O R Y  D E V E L O P M E N T  MODEL 
51012 R/  H 2 - 0 2 - N O X  F L A M M A B I L I T Y  AND E X P L O S I B I L I T Y :  A L I T E R A T U R E  S U  
51014 HYDROGEN T E S T  F A C I L I T I E S #  E X P L O S I O N  C R I T E R I A  F O R  L I Q U I D  
51003 A B L E  VAPORS AN/  T H E  DANGER O F  E X P L O S I O N  O F  M I X T U R E S  OF F L A M M  
51013 DROGEN-OXYGEN / H I G H - A L T I T U D E  E X P L O S I O N  P R O P E R T I E S  O F  T H E  HY 
51010 AND S U P P R E S S I O N  OF HYDROGEN E X P L O S I O N S  I N  AEROSPACE V E H I C L  
51003 G A S E S  W I T H  A I R e  X I *  THEORY OF E X P L O S I V E  C O M B U S T I O N  AND METHO 
51004 F T H E  LOWER L I M I T  OF HVDROGEN E X P L O S I V I T Y  O N  T H E  I N I T I A L  TEM 
51003 S OF C O M P U T A T I O N  O F  T E C H N I C A L  E X P L O S I V I T Y  P A R A M E T E R S *  /ETHOD 
33004 I C  H E A T  R A T I O S  AND I S E N T R O P I C  E X P O N E N T S  F O R  CONSTANT-  VOLUME 
4041 9 L I Q U I D  HYDROGEN P O S I T I V E  E X P U L S I O N  B L A D D E R S #  
34647 R-HYDROGEN T H I N  E L E C T R O D E S #  E X T E N D I N G  T H E  D I M E N S I O N S  O F  A 1  
4 0 4 1 4  DEVELOPMENT O F  A L I G H T W E I G H T  E X T E R N A L  I N S U L A T I  09 S Y S T E M  F O R  
4 0 4 1 2  S FOR C R Y O G E N I C  STORAGE S Y S T *  E X T E R N A L  P R E S S U R I Z A T I O N  SYSTEM 
4041 1 S FOR C R Y O G E N I C  STORAGE SY S T /  E X T E R N A L  P R E S S U R I Z A T I O N  S Y S T E M  
52042 M A T I C S  O F  T H E  E L E C T R O C H E M I C A L  E X T R A C T I O N  O F  HYDROGEN FROM I R  
2 3 0 2 2  I O N  OF HYDPOGEN F O R  D E U T E R I U M  E X T R A C T I O N #  PRODUCT 
3 4 2 5 5  E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E )  FUEL C 
34254 E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C 
34028 E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E )  FUEL C 
2 0 0 0 0  S U P P L Y  FOR ADVANCED MANNED Mi' E X T R A T E R R E S T R I A L  P R O P E L L A N T  R E  
33029 HYDROGEN FUEL A T  -400 DEGREES F #  W P E R A T I O N  W I T H  

# / 
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30055 I N E S *  D E S I G N  AND F A B R I C A T I O N  OF S M A L L  H 2 / 0 2  E N G  
30013 G E F F E C T S  O F  S E V E R A L  I N J E C T O R  F A C E  B A F F L E  C O N F I G U R A T I O N S  O N  

31011 DOD. A I R L I N E S  F A C E  ENERGY C R I S I S *  
5 i O ~ 4  E R I n  F O R  L I Q U I D  HYDROGEN T E S T  F A C I L I  T I E S *  E X P L O S I O N  C R I T  
42001 R E  V E S S E L  PROBLEMS I N  T H E  M-1 F A C I L I T I E S @  /DROGEN G A S  P R E S S U  

2221 7 HYDROGEN-KEY F A C T O R  I N  R E F I N I N G ' S  F U T U R E #  
3 4 2 4 6  C E L L S s  F A C T O R S  A F F E C T I N G  L I F E  O F  F U E L  
4 0 4 2 1  HYDROGE/ P A Y L O A D  O P T I M I Z A T I O N  F A C T O R S  F O R  STORAGE O F  L I Q U I D  
34102 F F E C T  O F  D E S I G N  AND O P E R A T I N G  F A C T O R S  ON L I F E  A N 0  PERFORMANC 
50003 S T E A M  R E F O R M I N G  P L /  D E S I G N  O F  F A I L - S A F E  CONTROL SYSTEMS FOR 
2 2 6 1 2  FORMER F U R N A C E /  C A S E  H I S T O R Y :  F A I L U R E S  I N  A STEAM-METHANE R E  
21013 C H E M I C A L  C Y C L E S  U S I N G A  F E - C L 2  F A M I L Y *  / I O N  O F  WATER THROUGH 
52019 N T  D F  S T E E L S  U S E D  I N  T H E  T A N K  FARM C Y L I N D E R S *  /N E M B R I T T L E M E  
21013 HROUGH C H E M I C A L  C Y C L E S  U S I N G A  F E - C L 2  F A M I L Y *  / I O N  O F  WATER T 
5 2 0 4 3  U R I N G  HYDROGEN C H A R G I N G  O F  A N  F E - P T  A L L O Y *  /CK P R O P A G A T I O N  D 
32012 E/  HYDROGEN AS A F U E L  A N 0  T H E  F E A S I B I L I T Y  O F  A HYDROGEN OXYG 
31008 R HYDROGEN F U E L  FOR / THERMAL F E A S I B I L I T Y  O F  U S I N G  METHANE 0 
30054 G D E T O N A T I O N  WAVE ROCKET MOT/ F E A S I B I L I T Y  S T U D I E S  O F  R O T A T I N  
33048 DROGEN POWDERED M E T A L  I G N I T I /  F E A S I B I L I T Y  S T U D Y  OF OXYGEN/HY 
3 4 2 0 6  ORMANCE HYDROGEN-OXYGEN F U E L /  F E A S I B I L I T Y  S T U D Y  OF HIGH D E P F  
?"5: GE%C F E D E R A L  P A N E L  REPORTS ON HYDRO 
34601 O P E N  C /  R E S E A R C H  DN HYDROGEN F E E D  M E C H A N I S M  O F  F U E L  C E L L  O N  
22189 H Y D R O G E N - C O N T A I N I N G  R E F O R M A T E  F E E D  STOCK S U I T A B L E  F O R  CONSUM 
22131 J E T  F U E L  A S  A F E E D  S T O C K #  
2 3 0 1 6  U S  O F  T H E  L I F E  SYSTEM'  S T A T I C  F E E D  WATER E L E C T R O L Y S I S  S Y S T E M  
34106 N T  S U P E R S A T U R A T E D  E L E C T R O L Y T E  F E E O X  / C E L L  SYSTEM W I T H  R E A C T A  
22185 : H Y D Q O D E S U L F U R I Z A T I O N  O F  T H E  F E E D *  /ROGEN FRDM HYDROCARBONS 
23012 G P U R E  HYDROGEN F O R  F U E L  C E L L  F E E D I N G  OUT O F  METHANOL* / I N I N  
22114 J E T  F U E L  A S  F E E D S T O C K #  
22651 O O U C I N G  HYDROGEN FROM GASEOUS F E E D S T O C K #  ECONOMICS O F  P R  
22629 TEAM R E F O R M I N G  OF HYDROCARBON F E E O S T O C K S U  S 
33023 S S U R E  A L T I T U D E S  U P  T O  110.000 F E E T #  /P TO 12 DEGREES AND P R E  
23606 L D S  A T  2537 A S  FOR F E R R O U S  T O  F E R R I C  I N  AQUEOUS S U L F U R I C  A C I  
5 2 0 0 9  M E A T I O N ,  A N 0  F M B R I T T L E M E N T  I N  F E R R O U S  M A T E R I A L S #  /DROGEN P E R  
23606 QUANTUM Y I E L D S  A T  2537 A *  F O R  FERROUS T O  F E R R I C  I N  AQUEOUS 5 
2 2 6 1 4  N I C A L  HYDROGEN P R O D U C T I O N  FOR F E R T I L I Z E R  I N D U S T R Y  I N  I N D I A #  / 
40007 AN I N F O R M A T I O N  S E R V I C E  I N  T H E  F I E L O  OF C R Y O G E N I C S #  / C E N T E R *  
33049 R S D N I C  C O M B U S T I O N  I N  T H E  FLOW F I E L D S  O F  B O D I E S  O F  R E V O L U T I O N  
1 0 0 2 3  L S U  HYDROGEN F I G U R E S  I N  MANY ENERGY PROPOSA 
40415 I N S U L A T I O N S  F O R  ROCKET T A N K S  F I L L E D  W I T H  L I Q U I D  HYDROGEN* / 
417309 T H I N - F  I L M  HYDROGEN SENSOR# 
2 3 4 0 8  P E R M E A T I O N  THROUGH P O L Y M E R I C  F I L M S #  / X T U R E S  OF CO AND H 2  8 Y  
1 0 0 1 2  OF L I Q U I D  HYDROGEN P R O D U C T I O N  F I N A L  R E P O R T #  /YSTEM A N A L Y S I S  
40508 S I T I V E  S U C T I O N  / E X P E R I M E N T A L  F I N D I N G S  FROM ZERO-TANK N E T  P O  
4 0 2 0 5  O G E N I C  HYDROGEN I N  TWO-PHASE/ F I N I T E  R A T E  E V A P O R A T I O N  OF C R Y  
51009 HYDROGEN L E A K  AND F I R E  D E T E C T I O N :  A SURVEY# 
51309 E H A V I O R  OF N O N M F T A /  F L A S H  AND F I R E  T E S T :  E V A L U A T I O N  OF T H E  B 
30010 D T H E R M I  O N I C /  HYDROGEN-OXYGEN F I R E D  T H E R M I O N l C  GENERATORS A N  
3 0 9 2 2  R A T I V E  S T U D Y  O F  F U E L S  F O R  THE F I R S T  S T A G E  O F  AN ATMOSPHERIC 
3 0 0 2 1  N E  F U E L E D  TURSORAMJET POWERED F I R S T  S T A G E *  /ROGEN OR A METHA 
3 0 0 C 8  D E X P E R I M E N T A L  PERFORMANCE O F  F I R S T  TWO S T A G E S *  / T U R B l N E  AN 
3 1 0 0 8  F U E L  F O R  D I R E C T  C O O L I N G  O F  A F I R S T - S T A G E  T U R B I N E  S T A T O R #  /N 
4 0 3 0 2  T OF L I Q U I D - L E V E L  SENSORS AND F I S S I O N  C O U P L E S #  T E S  
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50016 ROVER L I Q U I D  HYDROGEN S A F E T Y :  F I V E  Y E A R  L O O K #  P R O J E C T  
33017 T I O N  3F THE M E D I U M  B E F O R E  T H E  F L A M E  FRONT D U R I N G  T H E  I N I T I A L  
33019 T H A N E  C A T A L Y Z E D  B Y  A HYDROGEN F L A M E #  / M P L E T E  O X I D A T I O N  O F  ME 
22194 O F  H/ HYDRDGEN BY I N C O M P L E T E  F L A M E L E S S  C A T A L Y T I C  C O Y B U S T I O N  
3 3 0 6 0  ON# D I F F U S I O N  F L A M E S  AND S U P E R S O N I C  COMBUST1 
51005 YDROGEN F L A R E  S T A C K  D I F F U S I D N  F L A M E S :  LOW A N D  H I G H  FLOW I N S T  
51012 : A L I T E R A T U R E  SUR/ H 2 - 0 2 - N O X  F L A M M A B I L I T Y  AND E X P L O S I B I L I T Y  
5 1 0 0 1  R t  OXYGEN, AN/ UPPER L I M I T  O F  F L A M M A B I L I T Y  O F  HYDROGEN I N  A I  
51033 R OF E X P L O S I O N  OF M I X T U R E S  OF F L A M M A B L E  VAPORS AND GASES W I T  
51005 LOW AND H I G H  FLOW I/ HYDROGEN F L A R E  S T A C K  D I F F U S I O N  FLAMES: 
5 3 0 3 7  HYDROGEN V E N T  F L A R E  STACK PERFORMANCE# 
51008 N OF T H E  B E H A V I O R  OF NONMETA/  F L A S H  AND F I R E  TEST:  E V A L U A T I O  
33058 S OF HYDROGEN C O Y R U S T I O N  OM A F L A T  P L A T E  I N  T A N G E N T I A L  F L O W #  
3 3 0 4 9  D I E S  O F  R E V O L U T I O N  AND N E A R  A F L A T  P L A T E  I N T A N G E N T I A L  FLDWX / 
52038 A L L O Y S  I N  H I G H  P R E /  ENHANCED FLAW GROWTH I N  S S E  M A I N  E N G I N E  
34636 RCIDESU THE PERFORMANCE O F  F L O O D E D  POROUS F U F L  C E L L  E L E C T  
40206 C S  O F  HYDROGEN NEAR I T S  C R I T /  FLOW AND T H E R M A L  C H A R A C T E R I S T I  
33058 H E A T  A D D I T I O N  I N  S U P E R S O N I C  FLDW B Y  MEANS O F  HYDROGEN COMB 
40303 L I Q U I D  HYDROGEN FLOW B Y  NMR T E C H N I Q U E #  
3 3 0 4 9  S U P E R S O N I C  C O M B U S T I O N  I N  T H E  FLOW F I E L D S  O F  B O D I E S  OF R E V O L  
40512 H 2  ROC/ A N A L Y S I S  D F  TWO-PHASE FLOW FLOW I N  LH2 PUMPS FOR 02/ 
4 0 5 1 2  C/ A N A L Y S I S  OF TWO-PHASE FLDW FLOW I N  L H Z  P U M P S  FOR 0 2 / H 2  Rfl 
40503 I G A T I O N  OF TWO-PHASE HYDROGEN FLDW I N  PUMP I N L E T  L I N E #  / V E S T  
51005 I F F U S I O N  FLAMES: LOW AND H I G H  FLDW I N S T A B I L I T I E S .  B U R N I N G  R A  
22004 R E H E A T I N G  ZONE D U R I N /  U N I F O R M  FLDW O F  F L U I O I Z F D  COKE T O  T H E  
33035 I N G  C A L C U L A T I D N  OF T H E  N O Z Z L E  FLOW O F  PRODUCTS O F  T H E  COMBUS 
70038 E F F E C T  O F  CHAMBER P R E S S U R E *  FLOW P E R  ELEMENT.  A N D  CONTRACT 
41001 D A N D  S L U S H  HYDROGEN# FLOW R E S E A R C H  SYSTEM F O R  L I O U I  
40200 M E T E R S  I N  TWO-PHASE C R Y O G E N I C  FLOW S Y S T E M S #  /ND R E L A T E D  P A R A  
4030 0 C R Y O G E N I C  F L O W - M E T E R I N G  R E S E A R C H  A T  N B S U  
33049 E A R  A F L A T  P L A T E  I N T A N G E N T I A L  F L O W #  / I E S  O F  R E V O L U T I O N  AND N 
33058 ON A F L A T  P L A T E  I N  T A N G E N T I A L  FLOW# /OF HYDROGEN C O M B U S T I O N  
33020 T O C H E M I C A L  I N D U C T I O N  T I M E S  I N  F L O W I N G  M I X T U R E S  O F  HYDROGEN. 
40209 R A N S F E R  TO C R Y O G E N I C  H Y D R O G E N  F L O W I N G  T U R B U L E N T L Y  I N  S T R A I G H  
40308 f S M A L L  T U R B I N E - T Y P E  FLOWMETERS FOR L I Q U I D  HYDROGEN 
33061 A L Y S I S  O F  I N T E R N A L  S U P E R S O N I C  FLOWS W I T H  D I F F U S I O N .  D I S S I P A T  
30051 ALE-MODEL T E S T S  O F  H I G H - S P E E D  FLOWS# A C O U S T I C  S C  
40006 S T A T E S *  TRENDS I N  C R Y O G E N I C  F L U I D  P R O D U C T I O N  I N  T H E  U N I T E D  
4 0 2 1 2  OCEDURES FOR C A L C U L A T I N G  R E A L  F L U I D  P R O P E R T I E S  O F  NORMAL A N D  
4 0 6 0 0  M U L T I P L E  U S E  O F  C R Y O G E N I C  F L U I D  T R A N S M I S S I O N  L I N E S #  
34508 T Y  SENSOR FOR A HYO/ U S E  O F  A F L U I D I C  O S C I L L A T O R  A S  A H U M 1 0 1  
22649 N E T I C S  O F  PROPANE C R A C K I N G  I N  F L U I D I Z E D  B E D  R E A C T O R S #  K I 
22642 STEAM-  OXYGEN C O N V E R S I O N  I N  A F L U X D I Z E D  BED UNDER P R E S S U R E *  / 
2 2 1 7 2  E P Y R O L Y S I S  O F  S H A L E  O I L  I N  A ' F L U I D I Z E D  BED*  / K I N E T I C S  O F  T H  
2 2 0 0 4  G ZONE D U R I N /  U N I F O R M  FLOW OF F L U I D I Z E 0  COKE TO T H E  R E H E A T I N  
4 0 2 0 8  C AND TRANSPDRT P R O P E R T I E S  O F  F L U I D S  A N D  S E L E C T E D  S O L I D S  F O R  
40001 ORATORY# U S E S  O F  C R Y O G E N I C  F L U I D S  I N  I N D U S T R Y  A N D  T H E  L A B  
40002 C R Y O G E N I C  F L U I D S Y  
40501 R I N G S  A N D  S E A L S  F O R  C R Y O G E N I C  F L U I D S #  B E A  
33053 I N  T H E  C D M B U S T I O N  O F  H Y D R O G E N - F L U O R I N E  M I X T U R E S I  / L A G R A T  I O N  
36028 LOW-CHAMBER-PRESSURE HYDROGEN-FLUORINE R O C K E T  E N G I N E *  /OR A 
30030 T A L  PERFORMANCE O F  A H Y D R O G E N - F L U O R I N E  R O C K E T  E N G I N E  A T  S E V E  
30031 LOW# E X P E R I M E N T A L  PERFORMANCE A T  
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3 0 0 2 9  ANCE I N J E C T O R S  F O R  T H E  L I Q U I D  F L U O R I N E - G A S E O U S  HYDROGEN COMB 
3 0 0 2 9  E V A L U A T Y O N c  P H A S E  1. P A R T  I : /  F L U O R I N E - H Y D R O G E N  PERFORMANCE 
30027 TUDYY L ITHIUM-FLUORINE-HYDRDGEN P R O P E L L A N T  S 
30026 T R I E R G O L I C  ROCKET F U E L  S Y S T E M  F L U O R I N E - L I T H I U M  HYDRIDE-HYDRO 
40209 AND CURVED TUBES A T  n I G n  HEAT FLUXESY /BULENTLY IN STRAIGHT 
34846 T H E  F L Y I N G  H2/02 STORAGE B A T T E R Y *  
46407 ROGEN T A N K S A  L O W - D E N S I T Y  F O A M  F O R  I N S U L A T I N G  L I Q U I D - H Y D  
10089 A TOWER T O P  F O C U S  SOLAR ENERGY C O L L E C T O R #  

'FOR ' NOT I N D E X E D  
40207 R TO S U P E R - C R I T I C A L  C R Y O G E N I /  F O R C E D  C O N V E C T I O N  H E A T  T R A N S F E  
3 2 0 0 6  T I V E  VE/  ON T H E  H I G H E R  E N E R G Y  FORM O F  WATER (H20*i I N  AUTOMO 
52028 R A C K S  D U R I N G  T H E  F R A C T U R E  OF/ F O R M A T I O N  AND DEVELOPMENT O F  C 
2 3 2 0 3  S I T I O N #  HYDROGEN F O R M A T I O N  B Y  A N A E R O B I C  DECOMPO 
33019 N O N E Q U I L I B R  I U M  C L U S T E R  F O R M A T  I O N  I N  ROCKET E X H A U S T S #  
23600 E U T E R I U M  ATOMS B Y  P H O T O L Y S I S /  F O R M A T I O N  OF H O T  HYDROGEN OR D 
22602 + H20* LOW TEMPERATURE F O R M A T I O N  OF HYDROGEN FROM CO 
2 3 0 2 3  + H 2 0 Y  LOW TEMPERATURE F O R M A T I O N  O F  HYDROGEN F R O M  C O  
43003 M A G N E S I U M  AND N I C K E L  AND T H E  F O R M A T I O N  O F  M G Z N I H 4 C  / L O Y S  OF 
2 3 2 0 7  N# B I O L O G I C A L  FORMAT I O N  OF MOLECULAR HYDROGE 
43010 L/ I R O N  T I T A N I U M  H Y D R I D E :  I T S  F O R M A T I O N .  P R O P E R T I E S *  AND A P P  
22011 SCHARG/ G A S I F I C A T I O N  O F  S O L I D  F O S S I L  F U E L S  I N  A MICROWAVE D I  
2 2 1 0 2  HYDROGEN. S T E A M  R E F O R M I N G :  F O S T E R  WHEELER C O R P O R A T I O N #  
2 2 6 1 3  E N  F R O M  THE METHANE- HYDROGEN F R A C T I O N  O F  PYROGASY / D  HYDROG 
23434 ROGEN FROM A METHANE-HYDROGEN F R A C T I O N  O F  P Y R O L Y S I S  GAS* / Y D  
23419 E N - C O N T A I N I N G  GAS M I X T U R E S *  F R A C T I O N A T I O N  OF A I R  OR HYDROG 
52028 E L O P M E N T  O F  CRACKS D U R I N G  T H E  F R A C T U R E  OF HYDROGEN-ADSORBED 
33046 o I V e  E Q U A T I O N  O F  SEMENOV AND F R A N K - K A M E N E T S K Y  ANDMANSON E Q U  
52047 R I T T L E W E N T  OF T A N T A L U M  I N  T H E  F R C T F #  / L E M E N T  O F  HYDROGEN E M B  
10066 A S O L I N E - H Y D R O G E N  M/ P O L L U T I O N - F R E E  C A R  E N G I N E S  T H A T  BURN A G 
2 3 0 2 7  THOLEUM# F R E E  HYDROGEN I N  G E N E S I S  O F  P E  
5 2 0 0 6  A N A L Y S I S  O F  HYDROGE/ I N T E R N A L  F R I C T I O N  MEASUREMENTS F O R  THE 

'FROM ' NOT I N D E X E D  
33017 F T H E  M E D I U M  B E F O R E  T H E  F L A M E  F R O N T  D U R I N G  T H E  I N I T I A L  P H A S E  
3 1 0 0 C  AEROENERGY: A NEW F R O N T I E R *  
22189 I N G  A M I X T U R E  O F  A R E F O R M A B L E  FUEL A N D  STEAM TO A HYDROGEN-C 
32012 HYDROGEN OXYGE/  HYDROGEN A S  A F U E L  AND T H E  F E A S I B I L I T Y  O F  A 
22131 J E T  F U E L  A S  A F E E D  S T O C K I  
22114 J E T  F U E L  A S  F E E D S T O C K #  
33029 Y S T E M  O P E R A T I O N  W I T H  HYDROGEN F U E L  A T  -400 DEGREES F X  / U E L - S  
34825 G V I E W #  F U E L  C E L L S  AND F U E L  B A T T E R I E S  - A N  E N G I N E E R I N  
3421 7 LOW TEMPERATURE F U E L  B A T T E R I E S #  
34243 MOLTEN-CARBONATE FUEL B A T T E R Y  PROGRAMS 
3 4 2 2 2  E L E C T R O L /  A 5-KW HYDROGEN-AIR F U E L  B A T T E R Y  W I T H  AN A L K A L I N E  
34223 A 1 KW HYDROGEN F U E L  B A T T E R Y Y  
34220 B L U E  S Y S T E M  I N  A B I O C H E M I C A L  F U E L  C E L L  ( A N  ANODE R E A C T I O N ) #  
34212 E H/ I N T E R M E D I A T E  TEMPERATURE F U E L  C E L L  - O P E R A T I O N  O N  D I L U T  
34827 FROM S H E L L ' S  F U E L  C E L L  - P O R T A B L E  POWERX 
340 13 T H E  F U E L  C E L L  - WHEN* 
34242 ORMANCE O F  A M O L T E N  C A R B O N A T E  F U E L  C E L L  AND B A T T E R Y  SYSTEM# / 
34833 OR# E L E C T R I C A L L Y  C O U P L E D  F U E L  C E L L  AND HYDROGEN GENERAT 
34203 T R U C T I O N  O F  A kIYDROGEM-OXYGEN F U E L  C E L L  AND I T S  PERFORMANCE 
34005 DEW I C E #  F U E L  C E L L  A S  ENERGY C O N V E R S I O N  
34209 N I S M  O F  T H E  HYDROGEN-CHLORINE F U E L  C E L L  A T  H I G H  TEMPERATURES 
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34037 E R I S T I C S  O F  A HYDROGEN-OXYGEN FUEL C E L L  B A T T E R Y #  /NT C H A R A C T  
34623 C O B A L T  P H T H A L O C Y A N I N E  A S  F U E L  C E L L  CATHODE* 
34627 D E G R A D A T I O N  OF P L A T I N U M  B L A C K  F U E L  C E L L  CATHODES# / Y  O F  T H E  
34012 B A S I C  P R I N C I P L E S #  T H E  F U E L  C E L L  CONCEPT*  A R E V I E W  O F  
3 4 8 2 8  ROGEN GENERATOR* F U E L  C E L L  CONNECTED W I T H  A H Y D  
3401 5 B R I N G I N G  T H E  F U E L  C E L L  DOWN T O  E A R T H #  
34241 D E S I G /  15-KW HYDROCARBON-AIR F U E L  C E L L  E L E C T R I C  POWER P L A N T  
34816 P L Y *  O P E R A T I O N S  / P C 8 B - 4 - X 5 6 2  F U E L  C E L L  E L E C T R I C A L  POWER S U P  
3 4 6 2 0  ELECTROFORMED F U E L  C E L L  E L E C T R O D E  M A T R I C E S #  
3 4 6 2 2  O F  H E A V Y  D I S C H A R G E  P U L S I N G  ON F U E L  C E L L  E L E C T R O D E S #  / F F E C T S  
34632 - A I R ) #  F U E L  C E L L  E L E C T R O D E S  (HYDROGEN 
34633 T H I N  F U E L  C E L L  E L E C T R O D E S #  
34636 PERFORMANCE O F  F L O O D E D  POROUS FUEL C E L L  E L E C T R O D E S *  T H E  
34604 LOW COST ~ U E L  CELL ELECTRODES# 
34634 E IMPROVEMENT/  D E V E L O P M E N T  O F  F U E L  C E L L  ELECTRODES;  E L E C T R O D  
3461 2 P A P E R  F U E L  C E L L  E L E C T R O D E S #  
34605 L I G H T - W E I G H T  F U E L  C E L L  E L E C T R O D E S  - 1, 2 Y  
34614 NEW METHODS O F  O B T A I N I N G  F U E L  C E L L  E L E C T R O D E S #  
34606 CARBON F U E L  C E L L  E L E C T R O D E S *  
34257 - P O R /  A NEW H I G H - P E R F O R M A N C E  F U E L  C E L L  E M P L O Y I N G  C O N D U C T I N G  
23012 F O B T A I N I N G  P U R E  HYDKOGEN FOR F U E L  C E L L  F E E D I N G  OUT O F  METHA 
34811 R I C I T Y  TO HY/  STORAGE B A T T E R Y - F U E L  C E L L  FOR C O N V E R T I N G  E L E C T  
34842 N S #  AUTONOMOUS H Y D R O G E N / A I R  F U E L  C E L L  F O R  L O N G - L I F E  M I S S 1 0  
3 4 2 0 1  P U R I F I C A T I O N  O F  F U E L  C E L L  G A S E S #  
34224 D U A L  C E L L  R E G E N E R A T I V E  FUEL C E L L  I N V E S T I G A T I O N X  
3484 8 F U E L  C E L L  I S  G O I N G  C O M M E R l C A L #  
34617 YDRDGEN-OXYGEN T H I N  E L E C T R O D E  F U E L  C E L L  MCIDULEX H 
221 5 8  HYDROGEN P R O D U C T I O N  FOR F U E L  C E L L  MODULES# 
34601 ON HYDROGEN F E E D  M E C H A N I S M  O F  F U E L  C E L L  ON O P E N  C I R C U I T #  /H 
34639 N ON MOVABLE. P A R T I A L L Y  SURM/ F U E L  C E L L  O X I D A T I O N  O F  HYDROGE 
3 4 2 6 6  I N C R E A S E D  HYDROX F U E L  C E L L  PERFCRMANCEC 
3483 1 5 KW HYDROCARBON-AIR F U E L  C E L L  POWER P L A N T #  
34831) 5-KW HYDROCARBON-AIR FUEL C E L L  POWER SOURCE* 
34608 E M S  I N  USE OF HYDROCARBONS I N  F U E L  C E L L  POWER S Y S T E M S 1  / R L B L  
34823 I N  APOLLO SPACECRAFT # F U E L  C E L L  POWERPLANT O P E R A T I O N  
3483 8 C I R C U L A T I N G  E L E C T R O L Y T E  F U E L  C E L L  POWERPLANT# 
34023 THE F U E L  C E L L  PROBLEM*  
34231 N P U R I F I C A T I O N  U S I N G  M O D I F I E D  FUEL C E L L  PROCESS# HYDROGE 
23412 P U R I F I C A T I O N  U S I N G  A M O D I F I E D  F U E L  C E L L  PROCESS# HYDROGEN 
34028 I M A R Y  E X T R A T E R R E S T R l A L  ( H O P E )  F U E L  C E L L  PROGRAM P H A S E  1 A #  /R 
34254 I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM# / -OXYGEN P R  
34255 I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E 1  F U E L  C E L L  PROGRAM* / -OXYGEN P R  
34261 S T A T E  U N I V E R S  I T Y Y  F U E L  C E L L  R E S E A R C H  A T  OKLAHOMA 
3 4 2 6 4  S T I N G  O F  2 KW HYDROGEN-OXYGEN F U E L  C E L L  S T A C K S #  / S E S S M E N T  T E  
2001 8 R E G E N E R A T I V E  F U E L  C E L L  S T U D Y #  
34817 A P P L I C A T I D N Y  HYDROCPRBON-AIR F U E L  C E L L  S Y S T E M  FOR M I L I T A R Y  
34815 L I C A T I O N S X  O P E N  C Y C L E  F U E L  C E L L  S Y S T E M  FOR S P A C E  A P P  
2 3 0 2 8  AND L I T H I U M  H Y P O C H L O R I T E  TO/ F U E L  C E L L  S Y S T E M  U S I N G  L I T H I U M  
34106 SUPERSATURA/  HYDROGEN-OXYGEN F U E L  C E L L  S Y S T E M  W I T H  R E A C T A N T  
3424 9 A P O L L O  F U E L  C E L L  SYSTEM# 
34248 VA HYDROCARBON REFORMER - A I R  F U E L  C E L L  S Y S T E M #  5 K 
34826 G E M I N I  F U E L  C E L L  S Y S T E M #  
34802 V E H I C L E  F U E L  C E L L  S Y S T E M #  

. 1-2 6 
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34837 T I N G  E L E C T R O L Y T E  H Y D R O G E N / A I R  F U E L  C E L L  S Y S T E M 6  C I R C U L A  
34832 500 WATT HYDROCARBON B I R  F U E L  C E L L  S Y S T E M #  
22$75 l A T E R  GAS S H I F T  CONVERTER AND F U E L  C E L L  S Y S T E M *  
34215 O F  REFORMED N A T U R A L  G A S - A C I D  F U E L  C E L L  S Y S T E M #  PERFORHANCE 
34026 LOW-TEMPERATURE F U E L  C E L L  S Y S T E M S #  
34269 ADVANCED S P A C E C R A F T  F U E L  C E L L  S Y S T E M S #  
34027 HYDROCARBON - A I R  F U E L  C E L L  S Y S T E M S #  
34914 OGEN-OXYGEN F U E L  C E L L S :  V A R T A  F U E L  C E L L  S Y S T E M S #  HY DR 
34533 D H E A T - R E M O V A L  U N I T  F O R  H2/02 F U E L  C E L L  S Y S T E M S I  / WATER- A N  
34256 FUEL C E L L  TECHNOLOGY PROGRAM# 
3 4 2 2 6  F U E L  C E L L  TECHNOLOGY PROGRAM# 
34271 F U E L  C E L L  TECHNOLOGY PROGRAM* 
3422 5 O N T R A C T  SUMMARY REPORT# F U E L  C E L L  TECHNOLOGY PROGRAM C 
34034 Y O F  ADVANCES AND P R O B L E M S #  F U E L  C E L L  TECHNOLOGY - A SURVE 
34844 S T A T U S  O F  S H U T T L E  F U E L  C E L L  TECHNOLOGY PROGRAM* 
34501 E C T I O N  FROM A HYDROGEN-OXYGEN F U E L  C E L L  T O  A HYDROGEN S T R E A M  
22161 HYDROGEN GENERATOR FOR F U E L  C E L L  USE I N  S U B M A R I N E S #  
34500 UMPT I ON# E V A L U A T I G N  OF F U E L  C E L L  WATER FOR HUMAN CONS 
34010 E X C H A N G E  I N  A HYDROGEN-OXYGEN F U E L  C E L L  W I T H  A C A P I L L A R Y  M E M  
2 3 0 0 1  S S  O F  SUPPLYI"@G HYDROGEN T O  A F U E L  C E L L  W I T H  BOROHYORIDE 1\00 
3 4 8 4 0  E R I  A 5 C 0  M A T T  H Y D R O G E N - A I R  F U E L  C E L L  W I T H  METHANOL REFORM 
34258 O P E R A T I  ON OF A N  ION-MEMBRANE F U E L  C E L L  W I T H  M I C R O B 1  ALLY-PRO 
34635 D N I A  E L E C T R O L Y T E  AND N I C K E L - /  F U E L  C E L L  W I T H  S T A B I L I Z E D  Z I R C  
34803 @ T H E  B I O S A T E L L I T E  F U E L  C E L L / B A T T E R Y  POWER S Y S T E M  
32026 AR O P E R /  C I T Y  CAR W I T H  H Z - A I R  F U E L  C E L L / L E A D  B A T T E R Y  CONE Y E  
34839 A HYDROCARBON-AIR F U E L  C E L L #  
34800 T H E  HYDROGEN-CHLCRI  NE F U E L  C E L L #  
34506 L O U  T E M P E R A T U R E  F U E L  C E L L U  
34228 HYDROGEN FOR F U E L  C E L L Y  
3 4 2 6 3  H I G H  PERFORMANCE F U E L  C E L L *  
3 4 2 3 2  T-HOUR P E R  POUND R E G E N E R A T I V E  F U E L  C E L L *  
3 4 2 1  €3 I S C H A R G E  O F  A HYDROGEN-OXYGEN F U E L  C E L L U  
3426 R H I G H  POWER D E N S I T Y  F U E L  C E L L *  
3 4 2 1  1 O P E R A T I O N  O F  A F U E L  C E L L #  
2 3 2 0 4  B A C T E R I A L  METHANE F U E L  C E L L #  
3421 4 O F  C O M P A C T - D E S I G N  B U T A N F -  A I R  F U E L  C E L L *  PERFORMANCE 
3 4 2 4 0  - R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L  C E L L Y  E L E C T R I C A L L Y  
34807 N G  A S P E C T S  O F  HYDROGEN-OXYGEN F U E L  C E L L *  SOME E N G I N E E R 1  
3 4 2 5 3  M O L T E N  C A R B O N A T E  E L E C T R O L Y T E  F U E L  C E L L #  S T U D I E S  O F  T H E  
3 4 2 3 4  R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L  C E L L #  E L E C T R O L Y T I C A L L Y  
3 4 6 4 4  R E A C T I O N  OF H I G H  TEMPERATURE F U E L  C E L L #  S T U D I E S  ON A N O D I C  
3 4 6 4 3  M ANODE OF A MOLTEN-CARBONATE F U E L  C E L L #  / E  H Y D R O G E N - P L A T I N U  
34505 F O R  HYDROGEN-OXYGEN C A P I L L A R Y  F U E L  C E L L #  / E  REMOVAL CONCEPT 
3 4 2 6 9  R E C H A R G E A B L E  HYDROGEN-OXYGEN F U E L  C E L L #  /FDR A L I G H T W E I G H T I  
34208 A C I D  INTERMEDIATE-TEKPEPATURE F U E L  C E L L U  / I L I Z E D  P H O S P H O R l C  
34245 ERFGRMANCE O F  HYDROGEN-OXYGEN F U E L  C E L L #  / L Y  I M P U R I T I E S  ON P 
3 4 2 5 9  R E C H A R G E A B L E  HYDROGEN-OXYGEN F U E L  C E L L *  /MANCE S T U D I E S  ON A 
3 4 2 5 2  L E C T R O L Y T F  (HYDROGEN-HALOGEN) F U E L  C E L L #  /OWER I N  A MOLTEN E 
3 4 2 7 0  0 - E L E C T R O L Y T E  HYDROGEN-OXYGEN F U E L  C E L L #  /PERATURE. C O N T A I N E  
3 4 5 0 2  A T R I X  T Y P E  OF HYDROGEN-OXYGEN F U E L  C E L L #  / R E J E C T I O N  FROM A M 
3 4 0 0 7  N F R G Y  C O N V E R T E R S  O F  F U T U R E #  F U E L  C E L L S  - E L E C T R O C H E M I C A L  E 
34000 AND O U T S T A N D I N G  P R D B L E M S *  F U E L  C E L L S  - P R E S F N T  P O S I T I O N  
34031 A N 0  F U T U R E  P R O S P E C T S #  F U E L  C E L L S  - P R E S E N T  P O S I T I O N  

20 WAT 
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34030 I C A L  E N G I N E E R S #  F U E L  C E L L S  - P R O B L E M S  F O R  CHEM 
34029 F U T U R E  O U T L O O K #  F U E L  C E L L S  - T H E I R  S T A T U S  A N D  
34039 N  THE HYDROGEN ECONOMY# F U E L  C E L L S  AND E L E C T R O L Y Z E R S  I 
34825 - AN E N G I N E E R I N G  V I E W #  F U E L  C E L L S  AND F U E L  B A T T E R I E S  
34813 ON S T R A T O S P H E R I C  A I R S /  H Z - A I R  F U E L  C E L L S  A S  E L E C T R I C  S U P P L Y  
34507 R A T I O N  O F  R E A C T I O N  WATER F R O M  F U E L  C E L L S  B Y  D I F F U S I O N  AND CO 
34812 C A T I O N S #  MEGAWATT F U E L  C E L L S  F O R  AEROSPACE A P P L I  
7402Q E N E R A T I O N *  F U E L  C E L L S  F O R  C E N T R A L  POWER G  
34829 I C A L  POWER S U P P L Y #  F U E L  C E L L S  F O R  I M P R O V E D  E L E C T R  
34808 P R I M A R Y  HYDROGEN-OXYGEN F U E L  C E L L S  F O R  S P A C E #  
34821 F U E L  C E L L S  I N  AEROSPACE# 
34822 F U E L  C E L L S  I N  A S T R C N A U T I C S *  
34216 L E M S  O F  GASES M I X I N G  I N  H2/02 F U E L  C E L L S  I N  W H I C H  G A S  C I R C U L  
34810 I N A L  POWER OF OXYGEN-HYDROGEN F U E L  C E L L S  I N T E N D E D  F O R  EMERGE 
34250 D E V E L O P M E N T  PROBLEMS# F U E L  C E L L S  P R E S E N T  S T A T U S  AND 
34818 F M A I N T E N A N C f  HYDROGEN-OXYGEN F U E L  C E L L S  R E Q U I R I N G  M I N I M U M  0 
34804 3 9 - W A T T  M E T A L  H Y D R I O E / A I R  F U E L  C E L L S  S Y S T E M #  
34626 W TEMPERATURE HYDROGEN/OXYGEN F U E L  C E L L S  W I T H  A N  A L K A L I N E  E L  
34628 L HYDROGEN C O M B U S T I O N #  F U E L  C E L L S  W I T H  E L E C T R O C H E M I C A  
34025 S  TRANSFER I N  E L E C T R O C H E M I C A L  F U E L  C E L L S  W I T H  I O N  EXCHANGE M 
34209 N I S M  OF T H /  HYDROGEN-CHLORINE F U E L  C E L L S .  V4 D I S C H A R G E  MECHA 
34032 F U E L  C E L L S *  A PROGRESS REPORT*  
34104 S #  F U E L  C E L L S .  D E S I G N  & COMPONENT 
34935 # F U E L  C E L L S *  TODAY AND TOMORROW 
34237 GEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S .  1 JL T O  AUGUST 196 
34g08 OR T H E  E L E C T R O C H E M I C A L  PROOU/ F U E L  C E L L S :  MODERN P R O C E S S E S  F 
34009 T I O N #  F U E L  C E L L S :  THEORY A N D  A P P L I C A  
34814 STEMSY HYDROGEN-OXYGEN F U E L  C E L L S :  V A R T A  F U E L  C E L L  S Y  
3480 1 U S E  O F  HYDROGEN I N  F U E L  C E L L S #  
34845 U L T R A - P U R E  HYDROGEN FOR F U E L  C E L L S #  
3461 5 NEW A I R  E L E C T R O D E  F O R  FUEL C E L L S W  
34629 M A T R I C E S  FOR H3P04 F U E L  C E L L S *  
34625 E  CARBON-METAL E L E C T R O D E S  F O R  FUEL C E L L S *  COMPOS I T  
3461 6 - N I C K E L  C A T A L Y S T S  I N  G A L V A N I C  F U E L  C E L L S #  R A N E Y  
3461 8 FUEL C E L L S #  
34820 F U E L  C E L L S Y  
3481 9 HYDROGEN GENE RAT OF^ MANPACK FUEL C E L L S +  
34001 F U E L  C E L L S *  
23003 HYDROGEN G E N E R A T I O N  FOR F U E L  C E L L S #  
34064 E L E C T R D C H E M I C A L  FUEL C E L L S #  
23026 COMPACT H2 GENERATORS F O R  F U E L  C E L L S #  
34006 F U E L  C E L L S Y  
2301 3 HYDROGEN FROM METHANOL FOR F U E L  C E L L S #  
34002 T H E  P R E S E N T  AND F U T U R E  O F  F U E L  C E L L S #  
23009 HYDROGEN P R O D U C T I O N  FOR F U E L  C E L L S *  
23206 B I O C H E M I C A L  F U E L  C E L L S #  
34246 F A C T O R S  A F F E C T I N G  L I F E  O F  F U E L  C E L L S *  
34038 F U E L  C E L L S #  
3423 3 METHANOL I N - S I T U  R E F O R M I N G  F U E L  C E L L S #  
3401 8 HYDROGEN SOURCES FOR F U E L  C E L L S *  
3422 1 P R E S S U R E  O P E R A T I O N  OF F U E L  C E L L S *  
34107 PURGE D Y N A M I C S  O F  F U E L  C E L L S *  
34206 F U E L  C E L L S #  
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34016 N T R A T I O N  CHANGES I N  O P E R A T I N G  F U E L  C E L L S C  
34207 F U E L S  F O R  F U E L  C E L L S *  
3 4 2 1 0  -OXYGEN ION-EXCHANGE MEMBRANE F U E L  C E L L S *  

34100 U L T R A - P U R E  HYDROGEN F O R  F U E L  C E L L S *  
34229 HYDROGEN G E N E R A T I  ON FOR FUEL C E L L S *  
34036 E L E C T R O C H E M I C A L  PROCESSES I N  F U E L  C E L L S #  
34033 F U E L  C E L L S #  
34024 TECHNOLOGY OF F U E L  C E L L S #  
34022 U S E  O F  HYDROGEN I N  F U E L  C E L L S *  
22143 E N  F R O M  L I G H T  D I S T I L L A T E S  FOR F U E L  C E L L S *  HYDROG 
22110 FROM L I Q U I D  HYDROCARBONS FOR F U E L  C E L L S *  HYDROGEN 
221 15 HYDROGEN S U P P L Y  FOR FUEL C E L L S #  
22134 F R O M  L I Q U I D  HYDROCARBONS FOR F U E L  C E L L S #  HYDROGEN 
34624 L E C T R O D E S  FOR LOW TEMPERATURE F U E L  C E L L S *  C A R B O N - A I R  E 
34235 R E G E N E R A T t V E  H Z - 0 2  SECONDARY F U E L  C E L L S *  E L E C T R O L Y T I C  
3 4 2 3 9  G E N  E L E C T R O L Y T I C  R E G E N E R A T I V E  FUEL C E L L S *  HY DROGEN-OXY 
3 4 2 3 8  GEY E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S *  HYDROGEN-OXY 
34236 G E N  E L E C T R O L Y T I C  R E G E N E R A T I V E  FUEL C E L L S *  HYDROGEN-OXY 
34233 GEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S *  HYDROGEN-OXY 
34511 A T  B A L A N C E  O F  HYDROGEN-OXYGEN F U E L  C E L L S *  WATER AND H E  
34230 P L Y I N G  HYDRDGEN AND OXYGEN T O  F U E L  C E L L S *  PROCESS F O R  S U P  
23007 P L Y I N G  HYDROGEN A N D  O X Y G E N  T O  F U E L  C E L L S I  PROCESS F O R  S U P  
34204 R E  O N  PERFORMANCE O F  HYDROGEN FUEL C E L L S C  E F F E C T  O F  P R E S S U  
22175 S AND U S E  I N  M O L T E N  C A R B O N A T E  FUEL C E L L S #  / FROM HYDROCARBON 
34003 E C T R I C A L  E N E R G Y - B A T T E R I E S  AND F U E L  C E L L S #  / A L  ENERGY I N T O  E L  
34806 C O M B I N A T I O N  O F  T H E S E  GASES B Y  FUEL C E L L S *  / A N D  SUBSEQUENT R E  
34251 HYDRqGEN-OXYGEN R E C H A R G E A B L E  F U E L  C E L L S #  / D I U M -  TEMPERATURE 
34631 E C T R O D E S  F O R  HYDROGEN- OXYGEN F U E L  C E L L S #  /E L I G H T - W E I G H T  EL 
34610 I E S  ON E L E C T R O D E  PROCESSES I N  F U E L  C E L L S #  /F S C I E N T I F I C  S T U D  
34200 H PERFORMANCE HYDROGEN-OXYGEN F U E L  C E L L S *  / L I T Y  STUDY O F  H I G  
23029 N E R A T O R S  A N D  MEAN T E M P E R A T U R E  FUEL C E L L S #  / O B I L E  HYDROGEN G E  
34509 F O R  I N T E R M E D I A T E  T E M P E R A T U R E  F U E L  C E L L S #  /OSPHATE MEMBRANES 
34244 HYDROCARBONS FOR U S E  I N  A C I D  F U E L  C E L L S #  / T I A L  O X I D A T I O N  OF 
34102 I F E  AND PERFORMANCE O F  M A T R I X  F U E L  C E L L S #  / T I N G  F A C T O R S  ON L 
34834 T E  HYDROGEN- OXYGEN. A L K A L I N E  F U E L  C E L L S #  / T R A P P E D  E L E C T R O L Y  
34611 N M O N O X I D E  I N  LOW-TEMPERATURE F U E L  C E L L S C O N T A I N I N G  O X I D E  C A T  
2 2 1 8 9  S U I T A B L E  F O R  C O N S U M P T I O N  B Y  A FUEL C E L L U N I T I I  / T E  F E E D  STOCK 
10024 N G E S I  HYDROGEN FUEL ECONOMY: W I D E - R A N G I N G  C H A  
32021 G I N E S  E F F E C T  O N  E M I S S I O N S  AND FUEL ECONOMY* /L C O M B U S T I O N  EN 
3 1 0 0 8  O F  U S I N G  METHANE OR HYOROGEN FUEL F O R  D I R E C T  C O O L I N G  O F  A F 
10045 L I Q U I D  HYDROGEN A S  A F U E L  F O R  THE F U T U R E *  
4 0 0 0 0  OGENB LOW-TEMPERATURE E N G I N E /  F U E L  FOR TOMORROWS L I Q U I D  HYDR 
10061 P R O S P E C T S  F O R  HYDROGEN A S  A F U E L  F O R  T R A N S P O R T A T I O N  S Y S T E M  
10032 HYDROGEN--A C L E A N  F U E L  FOR U R B A N  AREAS* 
43011 M E T A L  H Y D R I D E S  A S  A SOURCE O F  F U E L  F O R  V E H I C U L A R  P R O P U L S I O N *  
10080 OUTEC HYDROGEN F U E L  FROM WATER BY A N U C L E A R  R 
2 2 1 4 8  O N O X I D E  C O N T A I N I N G  GASES FROM F U E L  G A S I F I C A T I O N  COLUMNS# / M 
33022 E R #  E V A L U A T I O N  OF HYDROGEN FUEL I N  A F U L L - S C A L E  A F T E R B U R N  
31007 A I S A L  O F  HYDROGEN AND METHANE F U E L  I N  A MACH 207 S U P E R S O N I C  
33039 R I  T E S T S  W I T H  HYDROGEN F U E L  I N  A S I M U L A T E D  A F T E R B U R N E  
22630 S Y S T E M  E M P L O Y I N G  C O A L  AS F U E L  I N  A S T E A M  REFORMER# 
10027 HYDROGEN - F U E L  O F  T H E  F U T U R E ? #  
10021 I S  HYDROGEN T H E  FUEL O F  T H E  F U T U R E ? #  
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10034 HYDROGEN: S Y N T H E T I C  F U E L  O F  T H E  F U T U R E #  
10008 HYDROGEN: L I K E L Y  F U E L  O F  T H E  F U T U R E #  
10063 nHYDROGEN S Y N T H E T I C  F U E L  O F  T H E  F U T U R E n #  
20504 YMER# E L E C T R O L Y T I C  HYDROGEN F U E L  P R O O U C T I O N  W I T H  S O L I D  P O L  
30026 N C E S  O F  THE T R I E R G O L I C  ROCKET F U E L  S Y S T E M  F L U O R I N E - L I T H I U M  H 
40402 R O T E C T I O N  FOR L I Q U I D - H Y D R O G E N  F U E L  T A N K S  I N  H I G H -  SPEED. L O N  
10044 OGEN MAY EMERGE A S  T H E  MASTER F U E L  T O  POWER A C L E A N - A I R  F U T U  
10025 HYDROGEN FUEL U S E  C A L L S  FOR NEW SOURCE* 
34260 HYDROGEN-OXYGEN R E G E N E R A T I V E  F U E L -  C E L L  S Y S T E M S #  / -PRESSURE 
34101 t i -TEMPERATURE HYDROGEN OXYGEN F U E L - C E L L  AND E L E C T R O L Y S I S - C E L  
34219 R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L - C E L L  B A T T E R Y S  / E C T R O L I T I C  
34227 AND R E F O R M A B L E  F U E L S  F U E L - C E L L  D E S I G N  B A S E D  ON A I R  
34630 OGEN E L E C T R O D E  A N D  T H E  OXYGEN F U E L - C E L L  E L E C T R O D E  I N  N I C K E L -  
22166 ARBONS* F U E L - C E L L  HYDROGEN F R O M  HYDROC 
22122 R E  REFORMING;  A GOOD R O U T E  T O  F U E L - C E L L  HYDROGEN# / T E M P E R A T U  
3401 9 E N E R G E T I C S :  F U E L - C E L L  S Y S T E M S #  
34824 I C L E #  F U E L - C E L L  U N I T  I N  E L E C T R I C  V E H  
33028 CI WELL-  S T I R R /  C O M B U S T I O N  O F  F U E L - L E A N  M I X T U R E S  I N  A D I A B A T I  
33007 C AND TRANSPORT P R O P E R T I E S  O F  F U E L - O X Y G E N  C O M B U S T I O N  S Y S T E M S  
33029 I E S  OF T U R B O J E T  COMBUSTOR AND F U E L - S Y S T E M  O P E R A T I O N  W I T H  H Y D  
10077 UED QUARTERL/  HYDROGEN F U T U R E  F U E L *  ( A  L I T E R A T U R E  S U R V E Y  I S S  
10013 HYDROGEN: TOMORROW* S F U E L ? #  
lOO6O CLEAN. B U T  I S  I T  A P R A C T I C A L  F U E L ? #  HYDROGEN: I T ' S  
32010 A T U R A L  GAS./ C L E A N  A U T O M O T I V E  F U E L :  E N G I N E  E M I S S I O N S  U S I N G  N 
32008 L I O U f D  HYDROGEN A S  A MOTDR F U E L *  
10057 HYDROGEN A S  A FUEL* 
10041 HYDROGEN: T H E  NEW F U E L #  
10082 T H E  WONDERFUL F U E L #  
10007 GEN BECOMES T H E  WORLD'S C H I E F  F U E L #  WHEN HYDRO 
43000 R I D E S  A S  A SOURCE O F  HYDROGEN F U E L #  M E T A L  H Y D  
31005 G E N  A S  A S U P E R S O N I C  TRANSPORT F U E L #  L I Q U I D  HYDRO 
22208 I Q U I D  HYDROCARBONS T O  GASEOUS F U E L #  R E F O R M I N G  OF L 
34227 N B A S E D  ON A I R  AND R E F O R M A B L E  F U E L #  F U E L - C E L L  D E S I  G 
22009 R E D I S C O V E P E D  SOURCE O F  C L E A N  F U E L #  G A S I F I C A T I O N ;  A 
32009 E N ' S  P O T E N T I A L  A S  A V E H I C U L A R  F U E L #  SURVEY O F  HYDROG 
34637 S I O N  E L E C T R O D E S  W I T H  HYDROGEN F U E L *  / I O N  OF POROUS G A S - D I F F U  
10006 ON O F  HYDROGEY AS A U N I V E R S A L  F U E L #  / O D U C T I O N  AND D I S T R I B U T I  
34619 S I O N  E L E C T R O D E S  W I T H  HYDROGEN F U E L #  /ON OF POROUS GAS- DIFFU 
40601 U I D  HYOROGEN - T H E  R E C Y C L A B L E  F U E L *  /PORT A N D  STORAGE O F  L I Q  
31010 PERFORMANCE W I T H  HYDROGEN A S  F U E L #  / T I E S  O N  T U R B O J E T - E N G I N E  
10001 C E P T Y  " T H E  ECOLOGY F U E L o '  T H E  HYDROGEN ECONOMY CON 
10009 OGEN: C A N D I D A T E  FOR U N I V E R S A L  FUEL1*# "HY DR 
10028 TOP B I L L I N G  A S  F U T U R E  " C L E A N  FUELg '#  HYDROGEN G E T S  
31015 S Y M P O S I U M  ON L I Q U I D  HYDROGEN-FUELED A I R C R A F T *  WORKING 
32001 1 ) *  THE HYDROGEN - A I R  F U E L E D  A U T O M O B I L E  E N G I N E  ( P A R T  
32000 T H E  H Y D R O G E N - A I R  F U E L E D  A U T O M O B I L E #  
31002 HYDROGEN F U E L E D  C O M M E R C I A L  A I R C R A F T Y  
40404 U C T U R A L  CONCEPTS F O R  HYDROGEN-FUELED H Y P E R S O N I C  A I R P L A N E S *  / 
32022 I N E S S  H I S T O R Y  OF HYDQOGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G  
32014 S OF A N  AIR-BREATHINGHYDROGEN-FUELED I N T E R N A L  C O M B U S T I O N  EN6 
52007 I N E Y  HYDROGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G  
31012 I A L S  AND PROBLEMS O F  HYOROGEN F U E L E D  S U P E R S O N I C  AND HYPERSON 
31014 T H E  C A S E  FOR A HYDROGEN-FUELED S U P E R S O N I C  TRANSPORT. 
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31017 T H E  C A S E  F O R  HYDROGEN F U E L E D  T R A N S P O R T  A I R C R A F T *  
30021 U S I N G  A HYOROGEN OR A METHANE F U E L E D  T U R B O R A M J E T  POWERED F I R  

32016 P R O S P E C T S  FOR HYDROGEN-FUELED V E H I C L E S #  
30072 E V E L O P M E N T  C F  HYDROGEN-OXYGEN~FUELED 3 - K I L O W A T T  I N T E R N A L -  CO 
32025 G R A N T E D  $60.000 FOR HYDROGEN-FUELED-CAR R E S E A R C H #  / T I O N  H A S  
31006 H E  C R U I S E  RANGE OF A HYDROGEN-FUELED. A I R - B R E A T H I N G  HYPERSON 
22213 T I O N  ( G A S I F I C A T I O N )  OF L I Q U I D  F U E L S  A T  H I G H  P R E S S U R E #  /OMBUS 
31 00 1 C R Y O G E N I C  F U E L S  F O R  A I R C R A F T #  
3201 1 I S S I O N I  A L T E R N A T I V E  F U E L S  FOR C O N T R M ' O F  E N G l N E  E M  
34207 F U E L S  F O R  F U E L  C E L L S #  
30022 N ATMOS/ C O M P A R A T I V E  STUOY O F  F U E L S  FOR T H E  F I R S T  S T A G E  OF A 
1003'3 "HYOROGEN A N D  S Y N T H E T I C  F U E L S  F O R  T H E  FUTUREe'# 
10064 A T I O N A L  ENERGY N E E /  S Y N T H E T I C  F U E L S  F O R  T R A N S P O R T A T I O N  AND N 
22011 G A S I F I C A T I O N  OF S O L I D  F O S S I L  F U E L S  I N  A MICROWAVE D I S C H A R G E  
34212 O I L U T E  HYDROGEN. CARBONACEOUS FUELS.  AND O I L U T E  OXYGEN# / O N  
33040 B U S T I O N  PERFORMANCE O F  R A M J E T  F U E L S :  HYDROGEN# / O R E T I C A L  COM 
22121 FROM H I G H - B O I L I N G  HYDROCARBON F U E L S #  HYDROGEN 
22116 IENCE WITH LIQUID HYDROCARBON FUELS# EXPER 
22123 S Y N T H E T I C  GAS FROM HEAVY F U E L S *  
10031 HYDROGEN AND .OTHER S Y N T H E T I C  F U E L S #  
40603 D T R A N S P O R T A T ~ O N  OF S Y N T H E T I C  F U E L S #  T H E  S T O R A G E  A N  
22211 N G E N E R A T I O N  FROM HYDROCARBON F U E L S #  / E R M O - C A T A L Y T I C  HYDROGE 
33011 N OF HYDROCARBON AND HYDROGEN F U E L S #  / U T E D  F O R  THE C O M B U S T 1 0  
33022 L U A T I O N  OF HYDROGEN F U E L  I N  A F U L L - S C A L E  A F T E R B U R N E R #  E V A  
23415 U S I D N  SYSTEM* F U L L Y  I N T E G R A T E 0  HYDROGEN D I F F  
33044 N I C  C O M B U S T I O N #  F U N D A M E N T A L  A S P E C T S  O F  S U P E R S 0  
33005 M R U S T I O N  OF L I Q U I D  O X I D /  SOME F U N O A M E N T A L  PROBLEMS ON T H E  CO 
21014 C Y C L I C  P R O C E S S E S #  F U N D A M E N T A L S  O F  THERWOCHEMICAL 
22640 E R A T U R E  HYDROCARBON R E F O R M I N G  F U R N A C E #  H I G H - T E M P  
22612 S I N  A STEAM-METHANE REFORMER F U R N A C E S  / A S E  H I S T O R Y :  F A I L U R E  
10029 M W I T H  P A R T I C U L A R  REFERENCETO F U S I O N  A S  T H E  ENERGY SOURCE# / 
19028 HYDROGEN G E T S  T O P  B I L L I N G  A S  F U T U R E  " C L E A N  F U E L " #  
10077 V E Y  1 SSUED QUARTERL/  HYDROGEN F U T U R E  F U E L *  ( A  L I T E R A T U R E  SUR 
32005 I C E N G I N E  - I T S  O R I G T N S  AND F U T U R E  I N  T H E  E M E R G I N G  ENERGY- 
34002 T H E  P R E S E N T  AND F U T U R E  O F  F U E L  C E L L S #  
34029 F U E L  C E L L S  - T H E I R  S T A T U S  AND F U T U R E  O U T L O O K *  
30023 E L D O  8 L A U N C H I N G  S Y S T E /  E L D O  F U T U R E  PROGRAM STUOY 3.2 ON AN 
39024 ROJECT L A U N C H E R S  81 AND/ E L D O  F U T U R E  PROGRAMS, P R E L I M I N A R Y  P 
10042 OGEN A S  AN ENERGY VECTOR: NEW F U T U R E  P R O S P E C T S  FOR A P P L I C A T I  
34031 C E L L S  - P R E S E N T  P O S I T I O N  AND F U T U R E  P R O S P E C T S #  F U E L  
34603 C G E E X I S T I N G  B A T T E R I E S  AND F U T U R E  P R O S P E C T S #  / E N  C E L L S  OF 
10046 ERGY ECONOMY# HYDROGEN: I T S  F U T U R E  R O L E  I N  T H E  N A T I O N ' S  EN 
10027 HYORDGEN - F U E L  O F  THE F U T U R E ? *  
10021 [ S  HYOROGEN T H E  F U E L  3F T H E  F U T U R E ? #  
10034 DROGEN: S Y N T H E T I C  F U E L  O F  THE F U T U R E *  H Y 
10045 I 0  HYDROGEN AS A F U E L  FOR T H E  F U T U R E #  L I  QU 
20555 E L E C T R O L Y S I S - P R O S P E C T  FOR T H E  F U T U R E S  WATER 
lOOO8 HYDROGEN: L I K E L Y  F U E L  OF THE F U T U R E #  
22217 OGEN-KEY F A C T O R  I N  R E F I N I N G ' S  F U T U R E #  HYOR 
34007 C H E M I C A L  ENERGY CONVERTERS OF F U T U R E #  F U E L  C E L L S  - E L E C T R O  
40305 3 G E N  TEMPERATURE: P R E S E N T  AND F U T U R E #  / A N 0  ABOVE L I Q U I D  HYOR 
10044 TER F U E L  T O  P3WER A C L E A N - A I R  F U T U R E #  / M A Y  EMERGE A S  T H E  MAS 
10063 YDROGEN S Y N T H E T I C  F U E L  O F  THE F U T U R E * * #  " H 
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1 0 0 3 3  N AND S Y N T H E T I C  F U E L S  F O R  T H E  F U T U R E m #  "HYDROGE 
34603 MPERATURE HYDROGEN C E L L S  O F  C G E E X I S T I N G  B A T T E R I E S  AND F U T  
2 2 1 9 5  AND C H A R A C T E R I S T I C S  O F  H AND G T Y P E  HYDROGEN P R O D U C T I O N  E O U  
4 3 4 0 9  I N I T I A L  WARMUP O F  5 0 0 * 0 0 0 - G A L L O N  L I Q U I D  HYDROGEN DEWAR* 
34809 STORAGE AND A P P L I C A T I O N S  OF G A L V A N I C  C E L L S *  
3461 6 R A N E Y - N I C K E L  C A T A L Y S T S  I N  G A L V A N I C  F U E L  C E L L S #  
2 2 2 0 0  YDROCARBONS* S Y N T H E S I S  GAS AND HYDROGEN FROM L I Q U I D  H 
22163 S P R O D U C T I O N  D F  OXE S Y N T H E S I S  GAS AND HYDROGEN* S I  MULTANEOU 
2 2 1 9 6  S T E A M  C O N V E R S I O N  O F  L I Q U E F I E D  GAS A N 0  I T S  M I X T U R E S  W I T H  HYDR 
52018 T I T A N I U M  A L L O Y  W I T H  HYDRDGPN GAS AT LOW TEMPERATURES*  /OF A 
2 2 1 6 5  HYDROGEN OR AMMONIA S Y N T H E S I S  GAS AT M E D I U M  P R E S S U R E &  / C I Y G  
2 2 2 0 4  Q I J I D  HYDROCARB/ HYDROGEN-RICH GAS B Y  P A R T I A L  O X I D A T I O N  O F  L I  
2 2 6 2 7  C H N I C A L  HYDROGEN FROM N A T U R A L  GAS B Y  P L A S M A  J E T  S Y N T H E S I S #  / 
3 4 2 1 6  I N  H 2 / 0 2  F U E L  C E L L S  I N  W H I C H  GAS C I R C U L A T E S  THROUGH E L E C T R O  
43002 M E D I A T E  P R E /  A NEW L A B O R A T O R Y  GAS C I R C U L A T I O N  PUMP F O R  I N T E R  
3 0 0 0 4  GAS CORE N U C L E A R  REACTOR# 
22010 OCR CONTRACT T O  MAKE HYDROGEN GAS FROM C O A L  CHAR WASTE# /ON 
22123 S Y N T H E T I C  GAS FROM H E A V Y  F U E L S *  
22179 CT C A T A L Y S T  F O R  H Y D R O G E N - R I C H  GAS F R O M  HYDR0CARBONS.U CONTA 
23400 NEW DEVELOPMENTS I N  HYDROGEN GAS G E N E R A T I O N  MOLECULAR S I E V E  
30063 I N E  O /  DEVELOPMENT OF L 0 2 / L H 2  GAS GENERATORS F O P  T H E  M - 1  E N G  
2 2 6 3 2  AND CARBON B L A C K  FROM N A T U R A L  GAS I N  A B A L L  M I L L *  /HYDROGEN 
10003 L E A R  AGE# GAS I N D U S T R Y ' S  R O L E  I N  T H E  NUC 
33000 S E L F - I G N I T I O N  OF A T U R B U L E N T  GAS J E T  I N  A S T R E 4 M  O F  O X I D I Z I  
22635 S Y N T H E S I S  GAS M A N U F A C T U R E #  
3 2 0 1 0  G E N - E N R I C H E D  N A T U R A L  G A S *  AND GAS MANUFACTURED FROM C O A L  ( S Y  
2 2 1 6 ' 3  N AND CARBON M O N O X I D E +  G A S  M I X T U R E  C O N T A I N I N G  HYDROGE 
22154 N T R O L  I N  THE MANUFACTURE O F  A GAS M I X T U R E  C O N T A I N I N G  HYDROGE 
2 2 1 7 1  HYDROGEN-RICH GAS M I  XTUREY 
2 2 1 8 3  E T H A N O L *  S Y N T H E S I S - G A S  M I X T U R E S  F O R  AMMONIA AND M 
23403 Y O F  HYDROGEN FROM I N D U S T R I A L  GAS MIXTURES.  RECOVER 
23419 OF A I R  OR H Y D R O G E N - C O N T A I N I N G  GAS M I X T U R E S #  F R A C T I O N A T I O N  
22137 DROGEN OR H Y D R O G E N - C O N T A I N I N G  GAS M I X T U R E S #  / € P A R A T I O N  OF H Y  
2 2 1 5 6  C I N G  HYDROGEN-CARBON M O N O X I D E  GAS M I X T U R E S #  /RATUS F O R  PROOU 
40 11 2 C T I O N  O F  HYDROGEN-HYDROCARBON G A S  Y l  XTURESU /THOMSON L I  QUEFA 
22132 r F O R  P R O D U C T I O N  O F  S Y N T H E S I S  GAS OR HYDROGEN# /NG. I N  T U B E S  
42001 N T H E  M-1 F A C I L I T I E /  HYDROGEN GAS P R E S S U R E  V E S S E L  PROBLEMS I 
22191 U S E  O F  HYDROGEN I N  TOWN G A S  P R O D U C T I O N &  
2261 5 S Y N T H E S I S  GAS P R O D U C T I O N #  
31010 I N E  P E R /  E F F E C T  O F  C O M B U S T I O N  GAS P R O P E R T I E S  ON TURBOJET-ENG 
30045 RFORMANCE OF LOW-THRUST*  COLD-GAS R E A C T I O N  J E T S  I N  A VACUUMU 
2 2 6 2 4  A I R  AND GAS S E P A R A T I O N  P L A N T S *  
2 2 6 0 5  G E N  B Y  R E G E N E R A T I V E  COKE-OVEN G A S  S E P A R A T I O N #  C H E A P  HYDRO 
22176 ELL SYSTEM*  WATER G A S  S H I F T  CONVERTER AND FUEL C 
33025 R I M E N T A L  I N V E S T I G A T I O N  O F  HOT-GAS S I D E  H E A T - T R A N S F E R  R A T E S  F 
22181 A CARBON MONOXIDE C O N T A I N I N G  GAS S T R E A M  AND H E A T  RECOVERY# / 
22177 / HYDROGEN M A N U F A C T U R E  U S I N G  GAS T U R B I N E - D R I V E N  C E N T R I F U G A L  
22639 RDGEN G E N E R A T I O N  FROM N A T U R A L  GAS W I T H  H E A T  FROM N U C L E A R  R E A  
34619 F MODE O F  O P E R A T I O N  O F  POROUS GAS- D I F F U S I O N  E L E C T R O D E S  W I T H  
34215 RFORMANCE O F  REFORMED N A T U R A L  G A S - A C I D  F U E L  C E L L  S Y S T E M #  P E  
34637 E MODE O F  O P E R A T I O N  OF POROUS G A S - D I F F U S I O M  E L E C T R O D E S  W I T H  
52026 THROUGH A L L H A  IRON. 4130 S T E /  GAS-PHASE HYDROGEN P E R M E A T I O N  
33030 U M F E R E N T I A L  V A R I A T I O N S  O F  H O T - G A S - S I D E  HEA,I- T R A N S F E R  R A T E S  
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32010 4s. HYDROGEN-ENRICHED NATURAL  GAS. A N 0  G A S  MANUFACTURED FROM 
22 152 S Y N T H E S I S  GAS. C I T Y  GAS, AND R E D U C I N G  GAS*  
22152 S #  S Y N T H E S I S  G A S *  C I T Y  G A S *  A N 0  R E D U C I N G  GA 
32010 N G I N E  E M I S S I O N S  U S I N G  N A T U R A L  GAS. HYDROGEN-ENRICHED N A T U R A L  
22 193 S Y N T H E S I S  GAS* 
22192 R E D U C I N G  GAS#  
22152 S GAS. C I T Y  GAS. AND R E D U C I N G  GAS#  S Y N T H E S I  
22130 I O N  OF  HYDROGEN AND S Y N T H E S I S  GAS*  PRODUCT 
2262 8 PRODUCTION OF R E D U C I N G  GAS# 
22645 AMMONIA S Y N T H E S I S  GAS* 
22140 E N  FROM PETROLEUM AND N A T U R A L  GAS# MANUFACTURE O F  HYDROG 
23423 DROGEN F R O M  AMMONIA S Y N T H E S I S  GAS* C R Y O G E N I C  RECOVERY O F  HY  
52024 E E L  I N  H IGH-PRESSURE HYDROGEN GAS*  E M B R I T T L E M E N T  O F  T R I P  S T  
22199 OF HYDROCARBONS FOR S Y N T H E S I S  GAS* / R  T H E  P A R T I A L  O X I D A T I O N  
23434 YDROGEN F R A C T I O N  O F  P Y R O L Y S I S  GAS# /YDROGEN FROM A METHANE-H 
23435 S M I X /  PROCESS FOR S E P A R A T I N G  GASEOUS COMPONENTS FROM GASEOU 
33064 S AND TRANSVERSE S T A B I L f T Y  OF GASEOUS D E T O N A T I O N S #  /ON L I M I T  
22651 CS O F  PROOUCING HYDROGEN FROM GASEOUS FEEDSTOCK*  ECONOMI  
22208 I N G  OF L I Q U I D  HYDROCARBONS T D  GASEOUS F U E L *  REFORM 
33033 D Y - S T A T E  ROCKET COMBUSTION OF GASEOUS HYDROGEN AND# ST E A  
33023 OF A 2 8 - I N C H  R A M J E T  U T I L I Z I N G  GASEOUS HYDROGEN AT  A MACH NUM 
33038 R E S  I N  A 35 D E /  C O M B U S T I O N  OF  GASEOUS HYOROGEN AT  LOW P R E S S U  
30029 CTORS F O R  T H E  L I Q U I D  F L U O R I N E - G A S E O U S  HYDROGEN C O M B I N A T I O N X  / 
30048 MANCE O F  ROCKET E N G I N E S  U S I N G  GASEOUS HYDROGEN I N  T H E  I D E A L  
52056 I N F L U E N C E  OF  GASEOUS HYDROGEN ON M E T A L S *  
50015 . ASSEMBL ING.  AND O P E R A T I N G  A GASEOUS HYDROGEN PRESSURE S Y S T  
42004 NSUMER S I T E S *  STANOARD FOR GASEOUS HYDROGEN SYSTEMS A T  CO 
30037 ARAMETERS ON THE S T A B I L I T Y  O F  GASEOUS H Y D R O G E N - L f Q U I D  OXYGEN 
30071 ET CHAMBER B U R N I N G  L I Q U I D  AND GASEOUS HYDROGEN# / S M A L L  ROCK 
52038 N G I N E  A L L O Y S  I N  H I G H  PRESSURE GASEOUS HYDROGEN# / S S E  M A I N  E 
33036 MBER B U R N I N G L I Q U I D  O X 7 G E N  AND GASEOUS HYDROGENS / ROCKET  CHA 
33024 E OF A TUBULAR COMBUSTOR W I T H  GASEOUS HYDROGEN# / PERFORUANC 
40306 T H E  TEMPERATURE OF L I Q U I D  AND GASEOUS HYDROGEN* / M E A S U R I N G  
30035 A L  I N J E C T O R S  I N  L I Q U I D  OXYGEN-GASEOUS HYDROGEN# I C E  OF C O A X 1  
23606 P A N Y I N G  R E D U C T I O N  OF  WATER T O  GASEOUS HYDROGEN# /D THE ACCOM 
22101 T U S  FOR PROOUCING AND C O O L I N G  GASEOUS M I X T U R E S  O F  HYOROGEN A 
23435 A T I N G  GASEOUS COMPONENTS FROM GASEOUS M I X T U R E S #  /S FOR SEPAR 
30005 OGY# I N V E S T I G A T I O N  O F  GASEOUS NUCLEAR ROCKET TECHNOL 
22008 R O L Y S I S  OF C /  D I S T R I B U T I O N  O F  GASEOUS PRODUCTS FROM L A S E R  P Y  
5QC08 H A S I Z I N G  S A F E T Y  I N  COMPRESSED GASES AND CRYOGENIC  L I Q U I D S #  / 
50009 A F E T Y  I N  THE  U S E  OF  L I Q U I F I E D  GASES AT VERY LOW TEMPERATURES 
34806 EQUENT R E C O M B I N A T I O N  OF  T H E S E  GASES B Y  F U E L  C E L L S #  /AND SUBS 
22642 OF HYDROGEN FROM HYDROCARBON GASES B Y  STEAM- OXYGEN CONVERS 
22148 N D  CARBON MONOXIDE  C O N T A I N I N G  GASES FROM F U E L  G A S I F I C A T I O N  C 
22650 U C T I O N  O F  HYDROGEN-CONTAIN ING GASES FROM HYDROCARBONS# PROD 
2201 2 O R G A N I C  M A T E R I A L S #  GASES FROM L A S E R  P Y R O L Y S I S  O F  
23436 T U S  F O R  P U R ~ F Y I N G  L O W - B O I L I N G  GASES I N  G A S M I X T U R E S #  / APPARA 
34216 L S  f N  W H I C H  GAS / PROBLEMS OF  GASES M I X I N G  I N  H2/02 F U E L  C E L  
22190 REFORMING OF HYDROCARBONS T O  GASES R I C H  I N  HYDROGEN# /STEAM 
52032 D I F F U S I O N  OF  GASES THROUGH METALS#  
51003 TURES O F  F L A M M A B L E  VAPORS AND GASES W I T H  A I R *  X I e  THEORY O F  
22174 HYDROGEN-RICH S Y N T H E S I S  GASES# 
22164 HYDROGEN-R I C H  GASES. 



T I T L E  I N D E X  
S E C T I O N  ' T *  

3420 1 P U R I F I C A T I O N  O F  F U E L  C E L L  GASES# 
23439 R A T I O N  O F  HYDROGEN FROM OTHER GASES#  SEP A 
22637 PRODUCTION OF  HYDROGEN-RICH GASESU 
23433 RECOVERY FROM R E F I N E R Y  WASTE GASES# HYDROGEN 
20003 ARATUS FOR PRODUCTION OF PURE GASES*  ELECTROLYSIS APP 
22644 YDROGEN BY REFORMING R E F I N E R Y  GASES*  T H E  MANUFACTURE OF  H 
22153 U R I F I C A T I O N  AND S E P A R A T I O N  OF  GASES* / A P P L I C A T I O N S  OF  T H E  P 
22203 TO O B T A I N  HYDROGEN-CONTAINING GASES#  /OROCARBONS W I T H  STEAM 
23440 N OF  HYOROGEN FROM I N D U S T R I A L  GASES# /EMPERATURE R E G E N E R A T I O  
23437 T I E S  FROM HYDROGEN-CONTAIN ING GASES*  / U S  FOR R E M O V I N G  I H P U R I  
22148 D E  C O N T A I N I N G  GASES FROM F U E L  G A S X F I C A T I O N  COLUMNS* / MONOXI  
22011 U E L S  I N  A MICROWAVE O I S C H A R G /  G A S I F I C A T I O N  OF  S O L I D  F O S S I L  F 
22213 OF T H E  INCOMPLETE COMBUSTION ( G A S I F I C A T I O N )  OF L I Q U I D  F U E L S  
22009 OURCE O F  C L E A N  F U E L #  G A S I F I C A T I O N ;  A REDISCOVERED S 
23436 U R I F Y I N G  L O W - B O I L I N G  GASES I N  GASMIXTURESY / APPARATUS FOR P 
22168 U R E #  VAPOR CONVERSION O F  A G A S O L I N E  R A F F l N A T E  UNDER P R E S S  
10066 -FREE CAR E N G I N E S  THAT  B U R N  A GASOLINE-HYDROGEN M I X T U R E *  /ON 
50017 S A F E T Y  OF  HYDROGEN PRESSURE GAUGES# 
20500 HYDROGEN* GE PROCESS COULD MAKE CHEAPER 
41002 YDROGEN SLUSH AND/OR HYDROGEN G E L  U T l L l Z A T I O N R  / A  STUDY OF  H 
3482 6 G E M I N I  F U E L  C E L L  SYSTEM* 
34836 H /  COLD HYDROGEN C E L L S  O F  THE  GENERAL E L E C T R I C  COMPANY AND T 
20008 # E L E C T R O L Y S I S  C E L L  FOR G E N E R A T I N G  HYDROGEN AND OXYGEN 
23014 G E N E R A T I N G  HYDROGEN# 
34252 L E C T R O L Y T E  (HIDROGEN-HALOGEN/  G E N E R A T I N G  POWER I N  A MOLTEN E 
23200 HYDROGEN B A C T E R I A #  ENERGY G E N E R A T I O N  AND U T I L I Z A T I O N  I N  
22004 E H E A T I N G  ZONE D U R I N G  HYDROGEN G E N E R A T I O N  B Y  C O K I N G #  /O THE  R 
23017 MINUM/WATER P E A C T I O /  HYDROGEN G E N E R A T I O N  BY  MEANS O F  T H E  A L U  
20510 ECTROLYTE WATER E L € /  HYOROGEN G E N E R A T I O N  BY  S O L I D  POLYMER EL 
22178 M OF N-HEXANE OVER / HYDROGEN G E N E R A T I O N  B Y  STEAM REFORMAT10  
2051 2 SYSTEM STUDY OF HYDROGEN G E N E R A T I O N  BY  THERMAL ENERGY* 
23003 HYDROGEN G E N E R A T I O N  F O R  F U E L  C E L L S #  
3422 9 HYDROGEN G E N E R A T I O N  F O R  F U E L  C E L L S #  
22211 E L /  THERMO-CATALYT IC  HYOROGEN G E N E R A T I O N  FROM HYDROCARBON F U  
22639 T H  H E A T  FROM NUCLEA/  HYDROGEN G E N E R A T I O N  FROM NATURAL  G A S  Y I  
23400 DEVELOPMENTS I N  HYDROGEN GAS G E N E R A T I O N  MOLECULAR S I E V E S #  / 
33059 TEMPERATURES B Y  PRECOMBUSTIO /  G E N E R A T I  ON OF H I G H  S T A G N A T I O N  
22175 DROCARRONS AND USE I N  MOLTEN/  G E N E R A T I O N  OF  HYDROGEN FROM H Y  
22642 DROCARBON GASES BY  STEAM- OX /  G E N E R A T I O N  OF  HYDROGEN FROM HY  
34020 F U E L  C E L L S  FOR C E N T R A L  POWER GENERAT ION#  
21002 THERMOCHEMICAL HYDROGEN G E N E R A T I  ON# 
20019 S FOR SPACECRAFT C A B I N  OXYGEN G E N E R A T I O N *  / E C T R O L Y S I S  SYSTEM 
10061 TEMS AND FOR E L E C T R I C A L  POWER G E N E R A T I O N U  / R A N S P O R T A T I O N  S Y S  
22149 HYDROGEN GENERATOR A S S E M B L I E S #  
22161 SUBMARINES#  HYDROGEN GENERATOR FOR F U E L  C E L L  USE I N  
3481 9 HYDROGEN GENERATOR MANPACK F U E L  C E L L S *  
23021 / M O D I F I C A T I O N  OF  A HYDROGEN GENERATOR M L - 5 3 9 / T M  TO PROOUCE 
23013 PORTABLE  HYDROGEN GENERATOR# 
23009 P O R T A B L E  HYDROGEN GENERATOR* 
23006 S E L F - R E G U L A T I N G  HYDROGEN GENERATOR* 
23024 D I S P O S A B L E  HYDROGEN GENERATOR# 
34828 E L L  CONNECTED W I T H  A HYOROGEN GENERATOR# 
20508 OXYGENHYDROGEN GENERATORY 

F U E L  C 
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3 4 8 3 3  D U P L E D  F U E L  C E L L  AND HYDROGEN GENERATOR# E L E C T R I C A L L Y  C 
20012 A N  E L E C T R O L Y S I S - T Y P E H Y D R O G E N  GENERATOR,# / O N T R D L  C I R C U I T  FOR 
221 36 MEN? MODEL MP Nf ATURE HYDROGEN G E N E R A V O R t  / X P L O R A T O R Y  D E V E L O P  
2 3 0 2 9  E F U E L  C E L L S /  M O B I L E  HYDROGEN GENERATORS A N D  MEAN TEMPERATUR 
30010 ROGEN-OXYGEN F I R E 0  T H E R M I O N I C  GENERATORS AND THERM I O N I C  D l 0 0  
2 3 0 2 6  COMPACT H Z  GENERATORS F O R  F U E L  C E L L S *  
30063 D /  D E V E L O P M E N T  O F  L O 2 / L H 2  GAS GENERATORS FOR T H E  M - 1  E N G I N E  
2 3 2 0 5  B I O C H E M I C A L  HYDROGEN GENERATORS*  
2221 6 M I N I A T U R E  HYDROGEN GENERATORS# 
23023 COMPACT H I G H  P U R I T Y  HYDROGEN G E N E R A T O R S *  
22145 M I N I A T U R E  HYDROGEN GENERATORS# 
23027 F H E E  HYDROGEN I N  G E N E S I S  O F  PETRQLEUMC 
2 3 2 0  1 VON E L E K /  B I O R E G E N E R A T  I O N  It4 GESCHLOSSENEN SYSTEM M I T  H l L F E  
22010 TO Y A K E  HYOROGEN GAS F R O /  I G T  G E T S  S I B - M I L L I O N  OCR CONTRACT 
1 0 0 2 8  € A N  F U E L w #  HYDROGEN G E T S  T O P  B I L L I N G  A S  F U T U R E  " C L  
3 3 0 1 8  I N V E S T I G A T I O N  O F  G H 2 - G 0 2  CQMRUSTIONX 
34848 F U E L  C E L L  I S  G O I N G  C O M M E R I C A L #  
2 2 1 2 2  LOW-TEMPERATURE REFORMING;  A GOOD R O U T E  TO F U E L - C E L L  HYOROG 
3 3 C 1 8  I N V E S T I G A T I O N  O F  GH2-GO2 C O M B U S T I O N #  
4 0 6 0 2  Y S T E M  F O R  THE S A T U R /  A 1 C . 0 0 9 - G P M  L I Q U I D  HYDROGEN T R A N S F E R  S 
3 2 0 2 5  A R T M E N T  O F  T R A N S P O R T A T I O N  H A S  G R A N T E D  860.000 FOR HYDROGEN-F 
3 6 0 0 3  W /  C O M P A R I S O N  OF S H A L L  W A T E R - G R A P H I T E  N U C L E A R  ROCKET S T A G E S  
4 0 4 2 1  E O F  L I Q U I D  HYDROGEN I N  A L O W - G R A V I T Y  E N V I R O N M E N T #  /R STORAG 
40413 S P /  E F F E C T  O F  S I Z E  ON N O R M A L - G R A V I T Y  S E L F - P R E S S U R I Z A T I O N  O F  
22210 BE P I P E D  T O  CONSUMERS THROUGH G R I D  S A Y  B I P M  SPOKESMAN* / A N D  
2 3 6 0 6  T 2537 A n  FOR FERROUS T O  F E R /  GROSS AND N E T  QUANTUM Y I E L D S  A 
30009 X P E R I M E N T A L  O V E R A L L  A N D  S T A G E  GROUP PERFORMANCE D E T E R M I N E D  I 
5 2 0 4 6  L E M E I  THE R O L E  OF ADSORBED C N  GROUPS I N  THE HYDROGEN E M B R I T T  
41315 C P H A S E #  S O V I E T  A N D  U.S.. GRCUPS S E E K  HYDROGEN'S  M E T A L L I  
52C38 Y S  I N  H I G H  P R E /  ENHANCED FLAW GHLVITH I N  S S E  M A I N  E N G I N E  A L L 0  
5 0 0 9 8  Of C U R R I C U L U M  AND t N S T R U C T O R S  G U I D E  E M P H A S I Z I N G  S A F E T Y  I N  C O  
2 2 1 5 5  D E S I G N  AND C H A R A C T E R I S T I C S  G F  H AND G T Y P E  HYOROGEN P R O D U C T 1  
3 4 2 5 2  M O L T E N  E L E C T R O L Y T E  (HYDROGEN-HALOGEN)  F U E L  C E L L #  /OWER I N  A 
41032 A L  P R O P E R T Y  D A T 4  F O R  HYUROGE/ HANUBOGK O F  P H Y S I C A L  A N D  THERM 
5 0 0 5 6  H A N D L I N G  HAZARDOUS M A T E R I A L S #  
5 0 0 1 D  STORAGE AND H A N O L I N G  OF CRYOGENSU 
5 1 0 6 2  T Y #  S T D R A G F  AND H A N D L I N G  O F  HYDROGEN W I T H  S A F E  
50005 A F E T Y  STANDARD FOR C O M M E R I C A L  H A N O L I N G  OF L I Q U E F I E D  HYDROGEN 
5 1 0 1 1  C H N I C I A N S Y  HYDFOGEN H A N D L I N G  S U I T  P R O T E C T S  N A S A  T E  
4 , 3 6 0 1  E OF L I Q U I D  H Y /  E X P E R I E N C E  I N  H A N O L I N G .  TRANSPORT AND STOHAG 
3 2 0 2 5  D E P A R T M E N T  O F  T R A N S P O R T A T I O N  H A S  GRANTEO S b 0 + 0 0 0  F O R  HYOROG 
57336 H A N D L I N G  H A Z A R D O U S  M A T E R I A L S #  
51007 A S P A C E  V E H I C L E #  H A Z A R D S  D U E  T O  HYDROGEN ABOARD 
4 0 5 3 8  ERO-TANK NET P O S I T I V E  S U C T I O N  H E A D  O P E R A T I O N  O F  T H E  J-2 HYOR 
3.3058 3 W  B Y  MEANS O F  HYDROGEN COMB/ H E A T  A D D I T I O N  I N  S U P E R S O N I C  FL 
34511 N F U E L  C E L L S *  WATER AND H E A T  B A L A N C E  O F  HYDROGEN-OXYGE 
4 0 1 0 4  G E N  L I Q U E F I E R S  W I T H  E F F I C I E N T  H E A T  E X C H A N G E P S #  HYDRO 
4 3 2 0 9  I G H T  A N 0  CURVED T U B E S  A T  U I G H  H E A T  F L U X E S #  / B U L E N T L Y  I N  STRA 
2 2 6 3 9  E R A T I O N  FROM N A T U R A L  GAS W I T H  H E A T  F R O M  N U C L E A R  REACTOR*  / E N  
2 1 3 1 0  FOR T H E  E V A L U A T I O N  OF N U C L E A R  H E A T  P G O C E S S E S  FOR WATER OECOM 
330C4 3 N E N T S  F O R  C O N S T A N T /  S P E C I F I C  H E A T  R A T I U S  AND I S E N T R O P I C  E X P  
2 2 1 8 1  I D E  C O N T A I N I N G  G A S  S T R E A Y  4ND H E A T  R E C O V E R Y #  / A  CARBON MONOX 
1 0 C 5 9  C O N S E R V I N G  ENERGY W I T H  H E A T  STORAGE W E L L S #  
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4 0 5 0 2  L I Q U I D  HYDROGEN TURBOPUMPSY H E A T  TRANSFER C O E F F I C I E N T S  FOR 
3 0 7 7 1  T CHAMBER BUR/ C O M B U S T I O N  AND H E A T  T R A N S F E R  I N  A S M A L L  ROCKE 
3 3 0 3 1  E N  R O C K E T /  A N  I N T R O D U C T I O N  T O  H E A T  T R A N S F E R  I N  HYDROGEN/OXYG 
33036 CHAMBER R U R N I /  C O M B U S T I O N  AND H E A T  T R A N S F E R  I N  S M A L L  ROCKET 
4 3 2 0 9  ROGEN F L O W I N G  T U R B U L E N T L Y  IN /  H E A T  TRANSFER TO C R Y O G E N I C  H Y D  
40210 I D - V A P O R  W I X T U R E  O F  HYDROGEN/ H E A T  T R A N S F E R  T O  S U B L I M I N G  S O L  
4 0 2 0 7  L CRYCJGENI/ FOQCED C O N V E C T I O N  H E A T  T R A N S F E P  T O  S U P E R - C R I T l C A  
3 3 C 3 0  R L  V A R I A T I O N S  OF H O T - G A S - S I D E  H E P T -  TRANSFER R A T E S  I N  A HYDR 
3 4 5 3 3  E L  C E L L  / I M P R O V E D  NATER-  AND H E A T - R E M O V A L  U N I T  FOR H 2 / 0 2  F U  
1 0 0 5 8  I N G  ENERGY AND R E D U C I N G  T H E & /  HEAT-STORAGE W E L L S  F O R  CONSERV 
33926 OGEN-OXYGEN ROC/ C O O L A N T - S I D E  H E A T - T R A N S F E R  R A T E S  FOR A HYDR 
3 3 9 2 5  I N V E S T I G A T I O N  OF HOT-GAS S I D E  H E A T - T R A N S F E R  R A T E S  FOR A HYDR 
2 1 0 0 1  HYDROGEN RY MEANS OF Y E A C T O R  H E A T #  O B T A l  N I N G  
2 1 0 C 5  T I O N  FROM WATER U S I N G  N U C L E A Q  H E A T #  HYDROGEN PRODUC 
213212 T I O N  FROM WATER U S I N G  YUCLEAi? H E A T #  HYDROGEN PRODUC 
2 1 0 C 4  DECOMPOSE WATER U S I N G  N U C L E A R  H E A T #  C H E M I C A L  PROCESS T O  
2 1 0 1 1  T I O N  OF HYDROGEN W I T H  N U C L E A R  H E A T *  / T A B L E  ON D I R E C T  PRODUC 
4 9 4 1 6  A L  C O N D U C T I V I T Y .  T H E  S P E C I F I C  H E A T A N D  THE W E I G H T  B Y  VOLUME 0 
4 0 2 0 6  N E P R  I T S  C R I T I C A L  P O I N T  I N  A H E P T E D  C Y L I N D R I C A L  T U B E #  /OGEN 
2 2 1 3 8  E. b N D  HYDROGFN W I T H  HYOROGEN H E A T E D  I N  AN E L E C T R I C  A 9 C #  / A N  
1 0 0 1 5  C R I S I S  S O L U T I O N  L I /  "HYDROGEN-HEATED TOWNS P L A C E D  ON ENERGY 
3 3 0 6 8  I C A T I O N U  N U C L E A R  H E A T I N G  AND P R O P E L L A N T  S T R A V I F  
2 3 4 0 2  U P G R A D I N G  HYDROGEN V I A  H E A T L E S S  ADSORPTfONY 
2 3 4 0 5  C 0 2  R E M O V A L  B Y  H E A T L E S S  P R O C E S S #  
3 4 6 2 7  L C E L L  E L E C T R O D E S /  E F F E C T S  O F  H E A V Y  D I S C H A R G E  P U L S I N G  ON F U E  
22123 S Y N T H E T I C  G A S  F R O M  H E A V Y  F U E L S #  
22106 RY S T R E A M S  R A N G I N G  FROM C 6  T O  H E A V Y  O I L S #  /ROM E X C E S S  R E F I N E  

2221 8 HYDROGEN F R O M  H E A V Y  R E S I D U E S *  
2221 4 HYDROGEN FROM H E A V Y  T A I L I N G S *  
4 0 1 0 3  N E O N  L I Q U F F A C T I O N  U N I T  W I T H  A H E L I U M  E X P A N S I O N  C O O L I N G  C Y C L E  
3 3 C 0 4  HYDROGEN- OXYGEN D I L U T E D  W I T H  H E L I U M  HYDROGEN* / M I X T U R E S  O F  

40101 M U L T I P L E - U N I T  H Y D R O G E N - H E L I U M  L I Q U E F I E R #  
40139 P R O D U C I N G  L I Q U E F I E D  H Y D R O G E N *  H E L I U M .  AND NEON# /ROCESS FOR 
4 0 1 0 ' 3  L I Q U E F A C T I O N  O F  HYDRf lGEN AND H E L I U M .  O B T A I N I N G  ULTRALOW T E M  
50013 NG L I Q U I D  HYDRCGEN A N D  L I Q U I D  H E L I U M #  / S A F E T Y  CODES CONCERN1 
2 2 1 7 8  I O N  B Y  STEAM R E F O R M A T I O N  O F  N-HEXANE OVER Z E O L I T E  C A T A L V S T S A  
2 2 1 6 2  O S I L I C A T E /  STEAM R E F O R M I N G  O F  H E X A N E  W I T H  C R Y S T A L L I N E  A L U M I N  
5 2 0 3 7  R E S S  CORROSION CRA/  E F F E C T  O F  H I G H  D I S L O C A T I O N  D E N S I T Y  O N  S T  
30074 R E S E A R C H  A T  T H E  N A C A / N A S A  L E /  H I G H  ENERGY ROCKET P R O P E L L A N T  
3 0 0 2 5  L D O  V E H I C L E S *  H I G H  ENERGY U P P E R  S T A G E S  FOR E 
5 1 0 0 5  ACK D I F F U S I O N  F L A M E S :  LOW AND H I G H  FLOW I N S T A B I L I T I E S v  B U R N 1  
4 3 2 0 9  S T H A I G H T  AND CURVED T U B E S  A T  H I G H  H E A T  F L U X E S *  / B U L E N T L Y  I N  

3 4 2 6 3  H I G H  PERFORMANCE F U E L  C E L L *  
3 4 2 0 0  EN FUEL/ F E A S I B I L I T Y  S T U D Y  O F  H I G H  PERFORMANCE HYDROGEN-OXYG 
3 0 0 2 9  D E S I G N .  AND D E M O N S T R A T I O N  O F  H I G H  PERFORMANCE I N J E C T O R S  F O R  
3 4 2 6 8  H I G H  POWER D E N S I T Y  F U E L  C E L L #  
33066 T E D  C 3 M B U S T I O N  OF HYDROGEN A T  H I G H  P R E S S U R E  AND L O U  TEMPERAT 
30017 S I O N  S U B S Y S T E M /  SPACE S H U T T L E  H I G H  P R E S S U R E  A U X I L I A R Y  P R O P U L  
52038 I N  S S E  M A I Y  E N G I N E  A L L O Y S  I N  H I G H  P R E S S U R E  GASEOUS HYDROGEN 
52055 G/  P R O P E R T I E S  OF M A T E R I A L S  I N  H I G H  P R E S S U R E  HYDROGEN A T  C R Y 0  
5 2 0 2 5  L S  A T  A M B I E N T  TEM/ E F F E C T S  O F  H I G H  P R E S S U R E  HYDROGEN O N  META 
2 2 2 3 2  I O N #  H I G H  P R E S S U R E  HYDROGEN PRODUCT 
50004 A R C O T I C  A C T I O N  OF HYDROGEN A T  H I G H  P R E S S U R E *  / N S I T Y  O F  T H E  N 

/ / /  d-- 
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2220% DROGEN A T  LOW TEMPERATURE AND H I G H  P R E S S U R E #  /OCARBONS TO H Y  
22213 P F I C P T I O N B  OF L I Q U I D  F U E L S  A T  H I G H  P R E S S U R E #  / O M B U S T I O N  ( G A S  
2220A EOM OF L I Q U I D  HYDROCARBCNS AT H I G H  P R E S S U R E S #  / A R T P A L  D X I D A T  
22105 D C A R B O N - C O N T A I N I N G  CHARGED M/ H I G H  P U R I T Y  HYDROGEN FROM HYDR 
23023 S 1  COMPACT H I G H  P U R I T Y  HYDROGEN GENERATOR 
52349 T H E  E M B R I T T L E M E N T  OF S T E E L  A T  H I G H  R E S I S T A N C E  B Y  HYDROGEN U N  
33859 Y P R E C O M B U S T I O /  G E N E R A T I O N  OF H I G H  S T A G N A T I O N  TEMPERATURES B 
52EP6 S T R F S S  C O R R O S I O N  C R A C K I N G  I N  H I G H  S T R E N G T H  S T E E L S #  /ENT AND 
52008 HYDROGEN S T R E S S  C R 4 C K I N G  O F  H I G H  S T R E N G T H  S T E E L S *  
34644 S T U D I E S  ON A N O D I C  R E A C T I O N  OF H I G H  T E M P E R A T U R E  F U E L  C E L L #  
52005 T I O N  OF HYDROGEN I N  M E T A L S  A T  H I G H  T E M P E R A T U R E S  AND LOW P R E S  
34209 YDROGEN-CHLORINE F U E L  C E L L  A T  H I G H  T E M P E R A T U R E S *  /M O F  T H E  H 
40402 L I Q U I D - H Y O R D G F N  F U E L  T A N K S  I N  H I G H -  S P E E D *  LONG-RANGE A I R C R A  
51013 T I E S  OF T H E  HYDROGEN-OXYGEN / H I G H - A L T I T U D E  E X P L O S I O N  PROPER 
22121 Y HYDROGEN F R O M  H I G H - B O I L I N G  HYDROCARBON F U E L S  
30041 A R A C T E R I S T  I C S  O F  C O N T R O L L A B L E  H I G H - E N E R G Y  ROCKET P R O P U L S I O N  
34257 L O Y I N G  C D N D U C T I N G -  POR/  A NEW H I G H - P E R F O R M A N C E  F U E L  C E L L  EMP 
34631 E L E C T 9 0 D E S  FOR HYDROGEN- O X I /  H I G H - P E R F O R M A N C E  L I G H T - W E I G H T  
34263 R E G E N E R A T I V E  F U E L -  / E C O N O M I C  H I G H - P R E S S U R E  HYDROGEN-OXYGEN 
41014 OF THEORY AND E X P E R I M E N T  F O R  H I G H - P R E S S U R E  HYDROGEN# / A T I O N  
52024 M B R I T T L E M E N T  O F  T R I P  S T E E L  I N  H I G H - P R E S S U R E  HYDROGEN G A S Y  E 
34251 O P E R A T I N G  C H A R A C T E R I S T I C S  O F  H I G H - P R E S S U R E  MEDIUM-  T E M P E R A T  
22170 ROCARBONS# H I G H - P R E S S U R E  R E F O R M I N G  O F  H Y D  
34101 E HYDROGEN/ A NEW APPROACH TO HIGH-PRESSURE.  H I G H - T E M P E R A T U R  
22694 N E  W I T H  S P E C I A /  P R O D U C T I O N  O F  H I G H - P U R I T Y  HYDROGEN FROM BUTA 
30051 A C O U S T I C  SCALE-MODEL T E S T S  OF H I G H - S P E E D  PLOWS# 
52007 THNGS ON T H E  E M B R I V T L E M F N T  O F  H I G H - S T R E N G T H  S T E E L S  B Y  HYDROG 
50002 S A F E T Y  R E Q U I R E M E N T S  FOR H I G H - T E M P E R A T U R E  D E S I G N *  
22640 E F O R M I N G  F U R N A C E #  H I G H - 7  EMPERATURE HYDROCARBON R 
34108 EW APPROACH TO HIGH-PRESSURE.  H I G H - T E M P E R A T U R E  HYDROGEN OXYG 
2 3422 P A L L A D P  UM D I F F U S I O N  Y I E h D S  H I G H - V O L U M E  HYDROGEN# 
32806 20*) I N  A U T O M O T I V E  V E /  O N  T H E  H I G H E R  ENERGY FORM O F  WATER 6H 
43001 D N I O B I U M ? #  T H E  H l G H E R  H Y D R I D E S  O F  V A N A D I U M  A N  
23429 Y A D S O R P T I O N  PROCESS PRODUCES H I G H E R - P U R I T Y  HYDROGEN* N E  
34645 S/ E L E C T R O C H E M I C A L  S T U D I E S  ON H I G H L Y  POROUS CARBON E L E C T R O O E  
23201 M I N  GESCHLOSSENEN S Y S T E M  M I T  H P L F E  WON E Q E K T R O L Y S E G A S  U N D  B 
32022 E R N A L  C O M B U S T I O N  E N G I N E S *  H I S T O R Y  OF HYDROGEN-FUELED I N T  
22612 E T H A N E  REFORMER F U R N A C E /  C A S E  H I S T O R Y :  F A I L U R E S  I N  A STEAM-M 
22195 ROGEN P R O D U C T I O N  E Q U I P M E N T  B Y  H I  T A C H 1  S H I P B U I L D I N G  COMPANY# / 
30049 H E  DEVELOPMENT OF THE S E P R HM4 E N G I N E :  A 40 K N  T H R U S T  L I Q  
30047 ROG/ T H E  SEPR ROCKET E N G I N E  - H M 4  W I T H  L I Q U I D  OXYGEN A N D  H Y O  
22627 P R O D U C T I O N  OF ACETYLENE.  HYS HOMOLOGS* AND T E C H N I C A L  HYDROG 
34254 GEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E ?  F U E L  C E L L  PROGRAM# /-OXY 
34028 GEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM P H A S E  
34255 GEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM* / -OXY 
23600 S B Y  P H O T O L Y S I S /  F O R M A T I O N  OF HOT HYDROGEN OR D E U T E R I U M  ATOM 
33025 E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  HOT-GAS S I D E  HEAT-TRANSFER R A T  
33030 C I R C U M F E R E N T I A L  V A R I A T I O N S  O F  H O T - G A S - S I D E  HEAT-  T R A N S F E R  R A  
5 2 0 5 4  T I T A N I U /  R O L E  O F  HYDROGEN PN H O T - S A L T  STRESS-CORROSION OF A 
34232 E L  C E L L Y  20 WATT-HDUR P E R  POUND R E G E N E R A T I V E  FU 
34643 B A S E D  HYDROGEN E L E C T R O D E  AND HOW I T  WORKS# / E L E T A L  C A T A L Y S T  
22007' E R A T I O  A F F E C T  P A R T I A L  OXPOA/ HOW P R E S S U R E  A N D  OXYGEN/METHAN 
42008 OR HYDROGEN S E R V I C E #  HOW T O  D E S I G N  P I P I N G  SYSTEMS F 
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34500 U A T I O N  O F  F U E L  C E L L  WATER F O R  HUMAN C O N S U M P T I O N *  E V A L  
34508 O F  A F L U I D I C  O S C I L L A T O R  A S  A H U M I D I T Y  S E N S O R  F O R  A HYDROGEN 
40506 Q U I D  HYDROGEN T U R B O P U M P S  H Y D R A U L I C  D E S I G N  O F  T H E  M-1  L I  
43008 L( M E T A L  H Y D R I O E  E N E R G Y  S T O R A G E  S Y S T E M S  
30026 F U E L  S Y S T E M  F L U O R I N E - L I T H I U M  H Y O R I D E - H Y O R O G E N Y  / O L I C  R O C K E T  
34804 3 0 - W A T T  M E T A L  H Y D R I O E / A I R  F U E L  C E L L S  S Y S T E M #  
43010 T I E S P  A N 0  A P P L /  I R O N  T I T A N I U M  H Y D R I D E :  I T S  F O R M A T I O N .  P R O P E R  
43011 OR V E H I C U L A R  P R O P U L S I O /  M E T A L  H Y O R l O E S  A S  A SOURCE O F  FUEL F 
43050 E N  FUEL* M E T A L  H Y D R I O E S  A S  A SOURCE OF H I D R O G  
43007 M E T A L  H Y D R I D E S  F O R  E N E R G Y  S T O R A G E #  
43001 UMY T H E  H I G H E R  H Y D R I D E S  O F  V A N A D I U M  A N 0  N I O B I  
43006 0 S I M P L E :  S T O R I N G  HYOROGEN I N  H Y D R I D E S Y  P U R E  A N  

43005 R T I E S  OF V A N A D I U M  A N 0  N I O B I U M  H Y D R I D t S *  / T U E N T S  ON T H E  P R O P E  
34027 S T E M S #  H Y D R O C A R B O N  - A I R  F U E L  C E L L  SY 
34832 EM# 5 0 W A T T  HYDROCARBON A I R  FUEL C E L L  S Y S T  
33011 OMPUTED F O R  T H E  C O M B U S T I O N  O F  HYDROCARBON A N D  HVORDGEN F U E L S  
22629 S T E A M  R E F O R M I N G  O F  HYDROCARBON F E E D S T O C K S #  
22121 H Y D R O G E N  F R O M  H I G H - B O I L I N G  HYDROCARBON F U E L S  W 
22115 E X P E R I E N C E  W I T H  L I Q U I D  HYDROCARBON F U E L S *  
2221 1 Y T I C  HYDROGEN G E N E R A T I O N  F R O M  HYDROCARBON F U E L S #  / E R M O - C A T A L  
43112 MSON L I Q U E F A C T I O N  O F  HYDRDGEN-HYDROCARBON G A S  M I X T U R E S #  / T H O  
22642 G E N E R A T I O N  O F  H Y D R O G E N  F R O M  HYDROCARBON G A S E S  B Y  STEAM-  OX 
22194 E L E S S  C A T A L Y T I C  C O M B U S T I O N  OF HYOROCARBON O I L S #  / M P L E ? E  F L A M  
34248 L C E L L  S Y S T E M #  5 K V A  HYDROCARBON REFORMER - A I R  F U E  
221 93 H Y D R O G E N  F R O M  H Y D k O C A R B O N  R E F O R M I N G #  
22182 OF A M E T H A N A T I D N  C A T A L Y S T  I N  HYDROCARBON Q E F O R H I N G Y  / E C T I O N  
22640 H I G H - T E M P E R A T U R E  HYDROCARBON R E F O R M I N G  F U R N A C E R  
22132 N TUBES.  F O R  P R O O U C T I O N  O F  S /  HYDROCARBON S T E A M  R E F O R Y l N G v  I 
34247 5 0 0 - W A T T  I N D I R E C T  HYDROCARBON S Y S T E M #  
34241 T R I C  POWER P L A N T  O E S I G /  15 -KW H Y D R O C A R B O N - A I R  FUEL C E L L  E L E C  
3481 7 E M  F O R  M I L I T A R Y  A P P L  I C A T I O N U  H Y D R O C A R B O N - A I R  FUEL C E L L  S Y S T  
34839 A H Y D R O C A R B O N - A I R  FUEL C E L L *  
34839 R S O U 9 C E #  5-KW H Y D R O C A R B O N - A I R  FUEL C E L L  POWE 
34831 R P L A N T #  5 KW HYDROCARBON-APR FUEL C E L L  POWE 
22105 M /  H I G H  P U R I T Y  H Y D R O G E N  F R O M  H Y D R O C A R B O N - C O N T A I N I N G  C H A R G E D  
33012 N E T f C S  O F  HYDROGEN-OXYGEN AND HYDROCARBON-OXYGEN R E A C T I O N S #  / 
22175 G E N E R A T I O N  O F  H Y D R O G E N  FR 'JM HYDROCARBONS A N 0  U S E  I N  M O L T E N  
22119 C T I O N  O F  HYOROGEN F 9 0 M  L I Q U I D  HYOROCARBONS A T  E L E V A T E D  P R E S S  
22204 Y P A R T I A L  O X I O A T I O N  O F  L I Q U I D  HYDROCARBONS A T  H I G H  P R E S S U R E S  
221 34 H Y D R O G E N  F R O M  L I Q U I D  HYDROCARBONS F O R  FUEL C E L L S *  
22110 H Y D R O G E N  F R O M  L I Q U I D  HYDROCARBONS F O R  F U E L  C E L L S #  
22199 F O R  T H E  P A R T I A L  O X I O A T I O N  O F  H Y D R O C A R B C N S  F O R  S Y N T H E S I S  G A S  
34244 M O D I F I E D  P A R T I A L  O X X D A T I O N  O F  HYDROCARBONS F O R  U S E  I N  A C I D  F 
34608 R S Y /  SOME P R L B L E M S  I N  U S E  O F  HYDROCARBONS I N  F U E L  C E L L  P O Y E  
22138 YLENEI  METHANE.  / C R A C K I N G  O F  HYDROCARBONS T O  A C E T Y L E N E *  E T H  
22190 E D  F O R  T H E  S T E A M  R E F O R M I N G  O F  HYOROCARBONS T O  G A S E S  R I C H  I N  
22208 R E F O R M I N G  O F  L I Q U I D  HYDROCARBONS T O  GASEOUS F U E L #  
22205 L E C T I V E  C O N V E R S I O N  O F  N A P H T H A  HYOROCARBONS T O  H Y D R O G E N #  S E  
22201 W T E /  C A T A L Y T I C  C O N V E R S I O N  O F  H I O R O C A R B O N S  T O  HYDROGEN A T  L O  
22197 E N #  A P P A R A T U S  F O R  C R A C K I N G  HYDROCARBONS T O  PRODUCE HYDROG 
22203 A I N  / S T E A M  P H A S C  C R A C K I N G  O F  HYDROCARBONS W I T H  S T E A M  T O  O B T  
22185 T i O N  O F  T H E  F E /  H Y D R O G E N  F R O M  HYDROCARBONS:  H Y O R O O E S U L F U R I Z A  
22141 FROM T H E  P A R T I A L  O X I D A T I O N  O F  HYDROCARBONS# H Y D R O G E N  
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22166 F U E L - C E L L  HYDROGEN F R O M  H Y D R O C A R B O N S *  
22147 T I C  S T E A M  R E F O R M I N G  O F  L I Q U I D  HYDROCARBOEIS*  
221 70 H I G H - P R E S S U R E  R E F O R M I N G  O F  HYDROCARBONS*  
22200 G A S  AND H Y D R O G E N  F R O M  L I Q U I D  H Y D R O C A R B O N S #  
22108 S T E A M  P E F O R M I N G  P A R A F F I N I C  H Y D R O C A R B O N S #  
22184 C A T A L Y T I C  C R A C K I N G  O F  HYDROCARBONS# 
22120 P R E P A R A T I O N  O F  HYDROGEN FROM H Y D R O C A R B O N S #  
2 2 6 4 8  C A T A L Y T I C  D I S S O C I A T I O N  O F  H Y D R O C A R B O N S #  
22179 S T  F O R  H Y D R D G E N - R I C H  G A S  F R O M  H Y D R O C A R B O N S #  C O N T A C T  C A T A L Y  
22650 Y D R O G E N - C O N T A I N I N G  G A S E S  F R O M  H Y D R O C A R B O N S #  PRODUCT I O N  OF H 
2 2 1 7 3  G P U R E  H Y D R O G E N  S T A R T I N G  F R O M  H Y D R O C A R B O N S #  / E S  F O R  P R E P A R I N  
22156 D I N T E R M E D I A T E S  F R O M  P E T R O L E U M  H Y D R O C A R B O N S #  / I C  C H E M I C A L S  A N  
22135 G F N  B Y  C A T A L Y T I C  R E F O R M I N G  O F  H Y D R O C A R B O N S #  / R A T I O N  O F  HYDRO 
22159 P U R I F I C A T I O N  O F  HYDROGEN I N  H Y D R O C O N V E R S I O N  P R O C E S S E S #  
2 2 1 8 8  B Y  C E N T R I F U G A L  COMPRESSORS I N  H Y D R O C R A C K I  NG P R O C E S S E S #  / I O N  
22146 HYDROGEN FOR H Y D R O C R A C K I N G X  
2 3 0 0 5  F R O M  A C E T O N I T R I L E  AND AMMONI /  H Y D R O C Y A N I C  A C I D  AND HYDROGEN 
22185 HYOROGEN F R O M  HYDROCARBONS:  H Y D R O D E S U L F U R I Z A T l O N  O F  T H E  FE 
32031 LE E N G I N E  ( P A R T  I ) #  T H E  HYDROGEN - A I R  F U E L E D  A U T O M O B I  
10027 H Y D R O G E N  - F U E L  O F  T H E  F U T U R E ?  
1 Q 9 7 4  C L E A N  E N E R G Y *  H Y D R O G E N  - T H E  K E Y  T O  A B U N D A N T  
40601 A N S P G R T  AND S T O R A G E  O F  L I Q U I D  H Y D R O G E N  - T H E  R E C Y C L A B L E  F U E L  
5 1 9 0 7  EM H A Z A R D S  D U E  TCJ H Y D R O G E N  A B O A R D  A S P A C E  V E H I C L  
33062 N S I O N A L .  S U P E R S D Y I C  M I X I N G  O F  HYDROGEN AND A I R  N E A R  A W A L L #  / 
33054 S U P E R S O N I C  M I X I N G  OF HYDROGEN A N D  A I R #  
34103 C E L L S  A T  THE RESEARCH 1 COLD H Y D R O G E N  A N D  B A S I C  E L E C T R O L Y T E  
3 4 1 0 5  L O W - T E M P E R A T U R E  B A T T E R I E S  A/  H Y D R O G E N  A N 0  B A S I C - E L E C T R O L Y T E  
2 2 1 5 4  E O F  A G A S  M I X T U R E  C O N T A I N I N G  HYDROGEN A Y D  C A R B O N  M O N O X I D E #  / 

22101 0 C O O L I N G  G A S E O U S  M I X T U R E S  O F  H Y D R O G E N  A N 0  C A R B O N  M O N O X I D E #  / 
221 6 0  G A S  M I X T U R E  C O N T A I N I N G  H Y D R O G E N  A N D  C A R B O N  M O N O X I D E *  
22148 O N T A I N I N G  G A S E S  FROM F U F L  GA/  H Y D R O G E N  A N D  C A R B O N  M O N O X I D E  C 
22632 N A /  C A T A L Y T I C  P R E P A R A T I O N  O F  H Y D R O G E N  A N D  CARBON B L A C K  FROM 
2261 6 H Y D R O G E N  A N D  C A R B O N  M O N O X I D E #  
1 0 0 3 5  H Y D R O G E N  A Y D  E N E R G Y #  
4 0 1 0 0  U L T R A L O W  TE/  L I Q U E F A C T I O N  O F  H Y D R D G E N  P N D  H E L I U M .  O B T A I N I N G  
50013  A F E T Y  C O D E S  C O N C E R N I N G  L I Q U I D  H Y D R O G E N  A N D  L I Q U I O  H E L I U M #  / S  
33027 TE E X P A N S I O N  @ /  C O M B U S T I O N  O F  H Y D R O G E N  AND M E T H A N E  T O  S I M U L A  
3 1 0 0 7  M A /  P R E L I M I N A R Y  A P P R A I S A L  O F  HYDROGEN A N D  Y E T H A N E  F U E L  I N  A 
3 0 C 1 2  RMANCE O F  A N  A R C J E T  D R I V E N  R Y  HYDROGEN A N D  N I T R O G E N #  / P E R F 0  
22b33 S I M U L T A N E O U S  M A N U F A C T U P E  O F  H Y D R O G E N  A N 0  O F  A HYOROGEN- C A  
1 0 0 3 1  U E L S *  H Y D R O G k N  A N D  OTHCR S Y N T H E T I C  F 
20537 B Y  WATER E/  T H E  E C O N O M I C S  OF H Y D R O G E N  AND O X Y G E N  P R O D U C T I O N  
2 3 ~ 3 7  L L S ~  PROCESS FQR SUPPLYING HYDRCGEN AND CXYGEN TO FUEL CE 
3 3 0 5 9  A T I V E  E N G I N /  E X P E R I M E N T S  W I T H  H Y D h O G E N  AND OXYGEN I N  REGENER 
3 4 2 3 ?  L L S #  P R O C E S S  F O R  S U P P L Y I Y G  H Y D R O G E N  A N D  C X Y G E N  T O  F U E L  C E  
34811  F O G  C O N V E R T I N G  E L E C T R I C I T Y  T O  H Y D R O G E N  A N D  O X Y G E N  A N D  V I C E  V 
3 4 8 5 6  E P A R A T F  S T O O A S E  OF COMPRESSED H Y D K O G E N  AND OXYGEN. AND S U R S E  
33C44 A T T I T U D E  CONTROL E N G I N E S  F O R  H Y D R O G E N  AND OXYGENY / P U L S A B L E  
2 3 6 C 2  E D F C O M P D S I T I O N  OF WATER I N T O  H Y D R O G E N  A N D  OXYGEN*  /GY B Y  T H  
2302'3 T H I U M  H Y P O C H L O Q I T C  T O  PRODUCE H Y D R O G E N  A N D  CXYGENf4 /M AND L I  
2 p 5 0 3  E L F C T Q O L Y S I S  A S  A SOURCE O F  H Y D R O G E N  AND C X Y G F N #  
2 C i C 3 2  E L E C T R O L Y T I C  P R O D U C T I O N  D F  H Y D R O G E N  AND O X Y G E N #  
2 9 0 2 4  A T O R Y  A P P A S A T U S  F O R  O B T A I N I N G  HYDROGEN A N D  OXYGEN# / I C  L A B O R  
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2 0 0 3 8  C T R O L Y S I S  C E L L  F O R  G E N E R A T I Y G  HYDROGEN A N D  O X Y G E N U  ELE 
2 0 0 9 5  L A T I O N S  F O R  T H E  P Q O D U C T I C N  O F  H Y D R O G E N  A N 0  O X Y G E N #  /C I N S T A L  
2 0 0 1 5  M A K I N G  HYDROGEN AND O X Y G E N *  
10022 HYDROGEN AND POWER: A L E T T E R #  
10017 H Y D R O G E N  AND POWER: A L E T T E R X  
2200 3 P R O D U C T I O N  O F  A M I X T U P E  O F  HYDROGEN AND S T E A M #  
2 2 1 3 0  P R O O U C T I O N  O F  HYDROGEN A N D  S Y N T H E S I S  G A S #  
1 9 C 3 3  OR THE F U T U R E L #  "HYDROGEN AND S Y N T H E T I C  F U E L S  F 
5 2 0 5 5  C H A N I C A L  P R O P E /  T H E  E F F E C T  O F  HYOROGEN A N D  T E M P E R A T U R E  OM ME 
1 0 0 5 3  OMY# HYDROGEN A N D  T H E  E L E C T R I C  E C O N  
33033 R O C K E T  C O M B U 5 T I O N  O F  G A S E O U S  H Y D k O G E N  AND# S T E A D Y - S T A T E  
3 4 6 4 2  ON-CARBON C A T A L Y S T  S Y S T E M  F O R  HYDROGEN A N O D E S *  I I r  C H E M I C A L  
3 4 6 4 1  ON-CARBON C A T A L Y S T  S Y S T E M  F O R  H Y D R O G E N  A N O O F S c  l o  C H A R A C T E R 1  
3 2 0 1 2  S I H I L I T Y  O F  A HYDKOGEN O X Y G E /  HYDROGEN A S  A F U E L  A N D  T H E  F E A  
1 0 C 4 5  U R E #  L I Q U I D  HYDROGEN A S  A F U E L  F O R  T H E  F U T  
10061 R T A T I U Y  S Y S T E M /  P R O S P E C T S  F O R  HYDROGEN A S  A F U E L  F O R  T R A N S P O  
1 0 0 5 7  HYDROGEN A S  A F U E L C  
3200 8 L I Q U I D  HYDROGEN AS A MOTOR F U E L #  
4 1 0 1 8  R O P F L L A N T - - A  P R E L I M I N A /  S O L I D  HYDROGEN A S  A S P A C E  S T O R A B L E  P 
3 1 0 0 5  P O R T  F U E L #  L I Q U I D  HYDROGEN A S  A S U P E R S O N I C  T R A N S  
10006 RCIDUCTIOY AND D I S T R I B U T I O N  O F  HYDROGEN A S  A U N I V E R S A L  F U E L #  / 
1 0 0 4 2  NEW F U T U R E  P R ~ S P E C T S  FOR APP/  H Y D R O G E N  A S  A N  E N E R G Y  VECTOQ: 
7 1 0 1 C  B O J E T - E N G I N E  P E R F O R M A N C E  W I T H  HYDROGEN A S  F U E L #  / T I E S  O N  TUR 
33023 I N C H  R A M J E T  U T I L I Z I N G  G A S E O U S  HYDROGEN A T  A M A C H  NUMBER OF 3 
52055 OF M A T E R I A L S  I N  H I G H  P R E S S U 3 F :  HYDROGEN A T  C R Y O G E N I C .  ROOM. A 
5 3 0 0 4  I T Y  OF THE N A R C O T I C  A C T I O N  O F  HYDROGEN A T  H I G H  P R E S S U R E #  / N S  
3 3 0 6 6  H O C K - I N T E G R A T E D  C P M B U S T I C N  OF HYDROGEN A T  H I G H  P R E S S U R E  AND 
3 3 0 3 8  35 D E /  C O M B U S T I O N  O F  G A S E O U S  HYDROGEN A T  L O W  P R E S S U R E S  I N  A 
2 2 2 0 1  C O N V E R S I O N  O F  H Y D R O C A R B O N S  T O  HYDROGEN A T  LOW T E M P E R A T U R E  A N  
4 0 1 1 1  I O N  E S T /  P R O D U C T I O N  OF L I Q U I D  HYDROGEN A T  T H E  R O C K E T  P R O P U L S  
4 5 2 1 1  I C A L  P R G P E R T I E S  O F  S O L I D  PARA-HYDROGEN A T  4 * 2 K #  MECHAN 
2 3 2 0 0  G E N E R A T I O N  AND U T I L I Z A T I O N  I N  HYDROGEN B A C T E R I A #  ENERGY 
1 0 0 6  7 A HYDROGEN B A S E D  E N E R G Y  ECONOMY# 
10007 H I E F  F U E L #  WHEN HYDROGEN B E C O M E S  THE WORLD'S C 
52012 I N G  N U C L E A R  U A G N E T I C  R E S O N A N /  HYDROGEN B E H A V I O R  I N  M E T A L S  U S  
4 0 2 1 0  L I M I N G  S O L I D - V A P I R  M I X T U R E  O F  HYDROGEN BELOW I T S  T R I P L E  P O I N  
34510 E V E L O P I N G  E L E C T R I C A L L Y  D R I V E N  H Y D R O G E N  BLOWER F O R  V E H I C U L A R F  
52011 ROUS M E T A L S @  HYDROGEN B R I T T L E N E S S  I N  N O N F E R  
3 2 0 1  5 D E S I G N  C R I T E R I A  F O R  HYDROGEN B U R N I N G  E N G I N E S #  
22135 G O F  H Y D R g C A R /  P l 4 E P A R A T I O N  O F  HYDROGEN B Y  C A T A L Y T I C  R E F O R M I N  
2 3 4 3 8  S *  C O N C E N T R A T I O N  O F  H Y D R O G E N  B Y  C R Y O G E N I C  P R O C E S S E  
2 0 0 0 6  P R O D U C T I O N  O F  HYDROGEN B Y  E L E C T R O L Y S I S #  
22194 SS C A T A L Y T I C  C O M B U S T I O N  O F  H /  HYDROGEN B Y  I N C O M P L E T E  F L A M E L E  
43039 R P T I O N  O F  L A R G E  Q U A N T I T I E S  O F  HYDROGEN B Y  I N T E R M E T A L L I C  COMP 
52335 A B S O R P T I O N  OF C A T H O D I C  HYDROGEN B Y  I R O N  AND S T E E L #  
2 1 0 0 1  E A T #  O B T A I N I N G  H Y D R O G E N  B Y  M E A N S  O F  REACTOR H 
23425 R A T U R E S U  P U R I F l C A T I n N  O F  HYDROGEN B Y  WEANS O F  LOW TEMPE 
20513 I S  I N  T H E  Z D A N S K /  E L E C T R O L Y T E  HYOROGEN B Y  P R E S S U R E  E L C T R O L Y S  
2 2 6 4 4  G A S E S #  T H E  M A N U F A C T U R E  O F  HYDROGEN BY R E F O R M I N G  R E F I N E R Y  
2 2 1 0 4  H A Y  M A N U F A C T U R E  O F  HYDROGEN B Y  R E F O R M I N G  O F  N A P H T  
2 2 6 0 5  O V E N  G A S  S E P A R A T I O N #  C H E A P  HYDROGEN B Y  R E G E N F R 4 T I V E  COKE- 
22206 HYDROGEN B Y  S T E A M  R E F O R M I N G #  
22636 R M I N G X  HYDROGEN B Y  S T E A M - M E T H A N E  R E F 0  
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1001 6 ANOTHER HYDROGEN C A R  OUT WEST# 
32017 T I O N .  AND PERFORMAN/ T H E  U C L A  HYDROGEN CAR: D E S I G N *  CONSTRUC 

32002 ON T H E  U C L A  HYDROGEN C A R #  
34645 I N T E R F A C E  FOR C A S E  O F  OXYGEN-HYDROGEN C E L L #  / - E L E C T R O L Y T E  
34603 NG B A T T E R I E S /  LOW TEMPERATURE HYDROGEN C E L L S  O F  C G E E X I S T 1  
34836 E L E C T R I C  COMPANY A N 0  T H /  COLD HYDROGEN C E L L S  O F  T H E  GENERAL 
45507 G C H A R A C T E R I S T I C S  OF A L I Q U I D  HYDROGEN C E N T R I F U G A L  TURBOPUMP 
41010 S L U S H  HYDROGEN C H A R A C T E R I S T I C S O  
52C43 N I N  CRACK P R C P A G A T I O N  D U R I N G  HYDROGEN C H A R G I N G  OF A N  FE-PT 
30029 R THE L I Q U I D  F L U O R I N E - G A S E O U S  HYDROGEN C O M B I N A T I O N #  /TORS F O  
33021 L Y S I S  OF L I Q U I D  O X Y G E N - L I Q U I D  HYDROGEN C O M B U S T I O N  PROOUCTSC / 
33058 N S U P E R S O N I C  FLOW BY M E 4 N S  OF HYDROGEN C O M B U S T I O N  O N  A F L A T  
34205 I C  C E L L S  W I T H  E L E C T R O C H E M I C A L  HYDROGEN C O M B U S T I O N *  E L E C T R  
34628 E L  C E L L S  W I T H  E L E C T R O C H E M I C A L  HYDROGEN C O M B U S T I O N #  FU 
22188 F U G A L  COMPRESSORS I N  HYDROCR/ HYDROGEN C O M P R E S S I O N  B Y  C E N T R I  
52044 L L I /  P R O T E C T I O N  O F  S T E E L  FROM HYDROGEN C R A C K I N G  B Y  T H I N  META 
34270 W-TEMPERATURE, CON/ S I M U L A T E D  HYDROGEN CROSS-LEAKAGE I N  A L O  
40409 HMUP O F  5 C 0 . 0 0 0 - G A L L O N  L I Q U I D  HYDROGEN DEWARX I N I T I A L  WA 
3462 1 NERGY C O N V E R S I O N  I N  P A L L A D I U M - H Y D R O G E N  D I  F F U S I O N  E L E C T R O D E O  / 
234 15 F U L L Y  I N T E G R A T E D  HYDRQGEN D I F F U S I O N  S Y S T E M #  
42002 S S  L A B O R A T O I R E S #  HYDROGEN D I S T R I B U T I O N  TO PROCE 
10085 ECONOMY?# T H E  HYDROGEN ECONOMY - A N  U L T I M A T E  
1003 1 " T H E  ECOLOGY F U E L "  T H E  HYDROGEN ECONOMY C O N C E P T #  
15337 ECONOMY? A P R A C T I C A L  A N S /  THE HYDROGEN ECONOMY--AN U L T I M A T E  
10073 A HYDROGEN ECONOMY?Y 
10056 THE HYDROGEN ECONDWY# 
80026 A HYDROGEN ECONOMY# 
P DO39 T H E  COWING HYDROGEN ECONOMY# 
10000 THE HYDROGEN ECONOMY# 
34039 E L L S  ARID E L E C T R O L Y Z E R S  HM T H E  HYDROGEN ECONOMY# F U E L  C 
10081 - A P R A C T I C A L  V E R S I O N  O F  THE HYDROGEN ECONOMY# !NOL ECONOMY 
10005 'THE HYDROGEN ECONOMY"# 
l0Qt4 "SECOND THOUGHTS ON THE HYDROGEN ECONOHVeQff 
34609 GEN FU/ U S E  OF T H E  A D S O R P T I O N  HYDROGEN E L E C T R O D E  A N D  BWE OXV 
34643 I C K E L  S K E L E T A L  C A T A L Y S T  B A S E D  HYDROGEN E L E C T R O D E  A N D  HOW LIP 
52016 E S S  C O R R O S I O /  A C O M P A R I S O N  OF HYDROGEN E M B R I T T L E M E N T  AND S T R  
52034 OUS A L L O Y S #  A S T U D Y  O F  HYDROGEN E M B R I T T L E M E N T  O F  WARP 
52027 D I A T E D  S T E E L S #  HYDRQGEN E M B R I T T L E W E N T  EN I R R A  
52037 S T R E S S  CORROSXON C R A C K I N G  AND HYDROGEN E M B R H Y T L E M E N T  O F  T Y P E  
52024 1 AND SECONDARV / T E S T I N G  F O R  HYDROGEN E M B R I I T L E M E M T :  P R I U A R  
52313 SMS# E V A L U A T I O N  OF HYDROGEN E M B R I T T L E M E N ?  MECHANP 
5204% ROGEN ? R A P S #  HYDROGEN EHBRIQTLEMEMT AND HYD 

52017 U S  T E S T  METHODS F O R  D E T E C T I N G  HYDROGEN EMBRPPPLEMENTf f  / V A R I O  
52004 L #  H I D R O G E N  E M B R I T T L E W E N T  O F  S T E E  
5 2 0 2 3  O F  A T R I P  S T E E L #  HYDROGEN E M B R I  T T L E M E M T  S T U D I E S  
52015 THNG F O R  T H E  D E T E R M I N A T I O N  O F  HYDROGEN E M B R I T T L E M E N T  S U S C E P T  
52039 L S #  HYDROGEN EMBR%?T'LEKENT O F  MET& 
52019 L S  U S E D  EN T H E  B A N /  T E S T S  FOR HYDROGEN E W B R X T T L E M E N T  OF S B E E  
52053 R E V I E W  O F  L I T E R A T U R E  ON HYDROGEN E M B R P B B L E W E N V I  
52052 S T R E S S  CORROSION C R A C K I N G  AND HYDROGEN E M B R I B B L E M E N T  PM 410 
5205% l id  T H E  MECHANHSM OF HYDROGEN EWBW%TBLEWENT I N  S T E E  
52046 O F  ADSORBFD C N  GROUPS I N  T H E  HYDROGEN EMBW%BTbEff lEMB O F  S T E E  
52047 O F  HYDROGEN E M B R P T T L E M E N T  OF HYDROGEN EMBRXPUQ.EUENU OF TAPIT 
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5 2 0 4 8  T H E  E F F E C T  O F  L O A D I N G  MODE ON HYDROGEN E M B R I T T L E M E N T B  
52047 T I M A T E S  OF THE P O S S I B I L I T Y  OF HYDRDGEN E M B R I T T L E M E N T  O F  HYDR 
5 2 0 5 8  Gff L A T T I C E  D I L A T A T I O N  AND HYDROGEN E M B R I T T L E M E N T  C R A C K I N  
10069 A HYDROGEN ENERGY C A R R I E R #  
10068 A HYDROGEN ENERGY C A R R I E R #  
10054 H I C U L A R  PROPULSLONY HYDROGEN ENERGY S Y S T E M S  A N D  V E  
3 2 0 0 4  # T H E  HYDROGEN E N G I N E  I N  P E R S P E C T I V E  
30049 0 K N  T H R U S T  L I Q U I D  O X Y G E N  AND HYDROGEN E N G I N E #  / E N G I N E :  A 4 
3 2 0 2 3  I D E  CONTROL PARAMETERS O F  T H E  HYDROGEN E N G I N E *  /ND N I T R I C  O X  
30000 R E C E N T  N A S A  E X P E R I E N C E  W I T H  HYOROGEN E N G I Y E S W  
5 2 0 0 2  MENT O F  M E T A L S #  HYDROGEN ENVXRONMENT E M B R I T T L E  
52039 MENTX HYDROGEN E N V I R O N M E N T  E M B R I T T L E  
51010 D E T E C T I O N .  AND SUPPRESSSON OF HYDROGEN E X P L O S I O N S  I N  AEROSPA 
5 1 0 8 4  ENDENCE O F  THE LOWER L I M I T  OF HYDROGEN E X P L O S I V I T Y  ON T H E  I N  
34601 L C E L L  ON OPEN C/ R E S E A R C H  ON HYDROGEN F E E 0  M E C H A N I S M  OF F U E  
1 0 0 2 3  Y P R O P O S A L S #  HYDROGEN F I G U R E S  I N  MANY ENERG 
33010 I O N  OF METHANE C A T A L Y Z E D  B Y  A HYDROGEN F L A M E #  / M P L E T E  O X I D A T  
51005 F L A M E S :  LOW A N D  H I G H  FLOW I/ HYDROGEN F L A R E  S T A C K  O I F F U S I O N  
4 0 3 0 3  # L I Q U I D  HYDROGEN FLOW B Y  NMR T E C H N I Q U E  
4 0 5 0 3  N/ I N V E S T I G A T I O N  OF TWO-PHASE HYDROGEN FLOW I N  PUMP I N L E T  L I  

4 3 2 0 9  N /  H E A T  T 9 A N S F E P  TO C R Y O G E N I C  HYDROGEN F L O W I N G  T U R B U L E N T L Y  I 
2 3 0 1  3 C H E A P  HYDROGEN FOR B A S I C  C H E M I C A L S #  
2 3 0 2 2  I O N #  P R O D U C T I D N  O F  HYDROGEN F O R  D E U T E R I U M  E X T R A C T  
4 2 0 0 3  T R A N S P O R T A T I O N  AND STORAGE OF HYDROGEN FOR ECO-ENERGYC 
23012 OU/ METHOD OF O B T A I N I N G  PURE HYDROGEN FOR F U E L  C E L L  F E E D I N G  
34845 U L T R A - P U R E  HYDROGEN F O R  F U E L  C E L L S #  
3 4 2 2  8 HYDPOGEN FOR F U E L  C E L L #  
3410; U L T R A - P U R E  HYDROGEN FOR F U E L  C E L L S *  
2 2 1 4 6  HYDRCGEN F O R  H Y D R O C R A C K P N G t  
2 3 2 0 3  C D E C O M P O S I T I O N Y  HYDRGGEN F O R M A T I O N  B Y  ANAEROBX 
23434 R A T E D  HYDROGEN FROM A METHANE-HYDROGEN F R A C T I O N  O F  P Y R O L Y S I S  
2 2 6 1 3  E D  HYDROGEN FROM THE METHANE-  HYDROGEN F R A C T I O N  O F  PYROGASX / 
22181 E C O N T A I /  METHOD O F  P P C D U C I N G  HYDROGEN FROM A CARBON M D N O X I D  
2 3 4 3 4  E /  S E P A R A T I g N  O F  CONCENTRATED HYDROGEN FROM A METHANE-HYDROG 
2 3 0 0 5  AMMONI /  H Y D R O C Y A Y I C  A C I D  AND HYDROGEN FROM A C E T O N I T R I L E  AND 
2 3 4 2 3  S G A S #  C R Y O G F N I C  RECOVERY OF HYDROGEN FROM AMMONIA S Y N T H E S I  -- 

2 2 6 0 4  I A /  P R O D U C T I O N  OF H I G H - P U R I T Y  HYDROGEN FROM B U T A N E  W I T H  S P E C  
2 2 6 0 2  LOW TEMPERATURE F O R M A T I O N  OF HYDROGEN FROM CO + H 2 0 t  
2 3 0 2 0  LOW TEMPERATURE F O R M A T I O N  OF HYDROGEN FROM CD + H 2 0 #  - 
2 2 0 0 1  E L E C T R O F L L J I D  R/ P R O D U C T I O N  OF HYDROGEN FRO* C O A L  CHAR I N  A N  
2 2 0 0 0  E L E C T P O F L U L O  R /  PRODUCTXON OF HYDROGEN FROM C O A L  CHAR I N  A N  
2 2 0 1  3 WHAT HYDROGEN FROM C O A L  C O S T S X  
2 2 1 0 6  STREAMS R A N G I N G  FROM C 6  T O  H/ HYDROGEN FROM E X C E S S  R E F I N E R Y  
22651 K X  E C O N O M I C S  O F  P R O D U C I N G  HYDROGEN F.ROM GASECUS F E E D S T D C  
2 2 2 1 8  HYDROGEN 'FROM H E A V Y  R E S I D U E S #  
2 2 2 1 4  HYDROGEN FROM H E A V Y  T A L L I N G S W  
22121 ROCARBON F U E L S *  HYOROGEN FROM H I G H - B O I L I N G  H Y D  
2 2 1 2 0  P R E P A R A T I O N  OF HYDROGEN FROM HYDROCARBONS# 
22166 F U E L - C E L L  HYDROGEN FROM HYDROCARBONS# 
2 2 1 7 5  U S E  I N  MOLTEN/ G E N E R A T I O N  OF HYDROGEN FROM HYDROCARBONS AND 
2 2 1 8 5  D 9 O D E S U L F U R I Z A T I O N  O F  T H E  F E /  HYDROGEN FROM HYDROCARBONS: H Y  
2 2 1 0 5  A I N I N G  CHARGED M/ H I G H  PUP I T Y  HYDROGEN FROM HYDROCARBON-CONT 
2 2 1 9 8  R U I N G #  E N  FROM HYDROCARBON R E F 0  
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22642 S BY STEAM-  OX/  G E N E R A T I O N  O F  HYDROGEN FROM HYDROCARBON GASE 
23403 I X T U R E S *  RECOVERY O F  HYDROGEN FROM I N D U S T R I A L  GAS M 
234A0 #-TEMPERATURE R E G E N E R A T I O N  O F  HYDROGEN FROM I N D U S T R I A L  G A S E S  
52042 E L E C T R O C H E M I C A L  E X T R A C T I O N  OF HYDROGEN FROM I R O N #  / S  O F  THE 
22143 S F O R  F U E L  C E L L S Y  HYDROGEN FROM L I G H T  D I S T I L L A T E  
22119 O N S  A T  E L E V A T E /  P R O D U C T I O N  O F  HYDROGEN F R O M  L I Q U I D  HYDROCARB 
22134 O N S  F O R  FUEL C E L L S &  HYDROGEN FROM L I Q U I D  HYDROCARB 
22110 O N S  F O R  F U E L  C E L L S &  HYDROGEN FROM L I Q U I D  HYDROCARB 
22200 ONSY S Y N T H E S I S  G A S  AND HYDROGEN FROM L I Q U I D  HYOROCARB 
23013 L C E L L S Y  HYDROGEN FROM METHANOL F O R  F U E  
22641 HYDROGEN FROM M E T H A N E #  
22647 RC HYDROGEN FROM METHANE AND WATE 
22627 . I T S  HOMOLOGS. AND T E C H N I C A L  HYOROGEN FROM N A T U R A L  GAS B Y  P 
23439 S E P A R A T I O N  O F  HYDROGEN FROM OTHER G A S E S Y  
22140 T U R A L  G A S #  MANUFACTURE O F  HYDROGEN FROM P E T R O L E U M  A N D  N A  
22613 R /  P R O D U C T I O N  O F  CONCENTRATED HYDROGEN FROM T H E  METHANE- HYO 
22141 A T I O N  O F  HYDROCARBONS# HYDROGEN FROM T H E  P A R T I A L  O X I D  
2261 0 M E T H A N E #  A C E T Y L E N E  A N 0  HYDROGEN FROM T H E  P Y R O L Y S I S  O F  
23000 L K A L I  / PROCESS F O R  P R O D U C I N G  HYDROGEN FROM WATER U S I N G  AN A 
21003 I R E M E N T S  I N  T H E  P R O D U C T I O N  OF HYDROGEN F R O U  WATER# /RGY R E Q U  
33029 NO F U E L - S Y S T E M ' O P E R A T I O N  W I T H  HYDROGEN FUEL A T  -400 DEGREES 
34223 A 1 KW HYDRDGEN F U E L  B A T T E R Y &  
34810 G T H E  N O M I N A L  POWER O F  OXYGEN-HYDROGEN F U E L  C E L L S  I N T E N D E D  F 
34204 OF P R E S S U R E  ON PERFORMANCE OF HYDROGEN F U E L  C E L L S *  E F F E C T  
10024 N G I N G  CHANGES# HYDROGEN FUEL ECONOMY: WIDE-RA 
31008 A S P B I L I T Y  O F  U S I N G  METHANE OR HYDROGEN F U E L  FOR D I R E C T  C O O L 1  
10090 N U C L E A R  ROUTE& HYDROGEN F U E L  FROM WATER B Y  A 
33022 A F T E R B U R N E R #  E V A L U A T I O N  O F  HYDROGFN F U E L  I N  A F U L L - S C A L E  
33039 F T E R B U R N E R f f  T E S T S  W I T H  HYDROGEN F U E L  I N  A S I M U L A T E D  A 
20504 S O L I D  POLYMER# E L E C T R O L Y T I C  HYDROGEN F U E L  PRODUCT I O N  W I T H  
40402 T H E h M A L  P R O T E C T I O N  F U R  L I Q U I D - H Y D R O G E N  F U E L  TANKS I N  H I G H -  S 
10025 W SOURCE# HYDROGEN F U E L  USE C A L L S  F O R  NE 
43000 M E T A L  H Y D R I D E S  A S  A SOURCE OF HYDROGEN F U E L *  
34637 G A S - D I F F U S I O N  E L E C T R O D E S  W I T H  HYDROGEN F U E L #  / I O N  O F  POROUS 
3461 9 AS- D I F F U S I O N  E L E C T R O D E S  W I T H  HYDROGEN F U E L #  /ON O F  POROUS G 
31002 C R A F T #  HYDROGEN F U E L E D  C O M M E R C I A L  A l R  
31012 f P O T E N T I A L S  A N D  PROBLEMS O F  HYDROGEN F U E L E D  S U P E R S O N I C  A N D  
31017 R A F T #  T H E  C A S E  FOR HYDROGEN F U E L E D  T R b N S P O R T  A I R C  
33011 C O M R U S T I O N  OF HYDROCARBON AND HYOROGEN F U E L S #  /UTED F O R  T H E  
10077 P T U R E  SURVEY I S S U E D  Q U A R T E R L /  HYDROGEN F U T U R E  F U E L *  ( A  L I T E R  
52018 T I O N  O F  A T I T A N I U M  A L L O Y  W I T H  HYDROGEN G A S  AT LOW TEMPERATUR 
22010 - M I L L I O N  OCR CONTRACT TO MAKE HYDROGEN G A S  FROM C O A L  CHAR WA 
23400 L A R  S I E V /  NEW D E V E L O P M E N T S  I N  HYDROGEN G A S  G E N E R A T I O N  MOLECU 
42001 R 3 B L E M S  I N  THE M-1 F A C I L I T I E /  HYDROGEN GAS PRESSURE V E S S E L  P 
52024 F T Q I P  S T E E L  I N  H I G H - P R E S S U R E  HYDRCGEN G A S #  E M B R I T T L E M E N T  0 
410C2 TUDY O F  HYDROGEN S L U S H  AND/OR HYDROGEN G E L  U T I L I Z A T I O N #  /A S 
23317 F T H E  ALUMINUM/WATER R E A C T I O /  H Y D R a G E N  G E N E R A T I O N  B Y  MEANS 0 
22639 A L  G A S  W I T H  H E A T  FROM N U C L E A /  HYDROGEN G E N E R A T I O N  FROM NATUR 
23003 E L L S *  HYDROGEN G E N E R A T I O N  F O R  F U E L  C 
22211 CARRCN F U E L /  T H E R M O - C A T A L Y T I C  HYDROGEN G E N E P A T I O N  FROM HYDRO 
20512 ENERGY# SYSTEM S T U D Y  OF HYDROGEN G E N E R A T I O N  B Y  T H E R M A L  
20513 OLYMER E L E C T R O L Y T E  WATER E L E /  HYDROGEN G E N E R A T I O N  B Y  S O L I D  P 
22004 TO T H E  R E H E A T I N G  ZONE D U R I N G  HYDPOGEN G E N E R A T I O N  BY C O K I N G *  
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22178 E F O R M A T I O N  O F  N-HEXANE OVER / HYDROGEN G E N E R A T I O N  B Y  STEAM R 
34229 E L L S #  HYDROGEN G E N E R A T I O N  F O R  F U E L  C 
2 1 0 3 2  T H E R M O C H E M I C 4 L  HYDROGEN G E N E R A T I O N #  
22149 HYDROGEN GENERATOR A S S E M B L I E S *  
2 2 1 6 1  LL U S E  I N  S U B M A R I N E S #  HYDROGEN GENERATOR F O R  FUEL C E  
2 3 0 2 1  0 PRODUCE / M n D I F I C A T I O N  O F  A HYDROGEN GENERATOR M L - 5 3 9 / T M  T 
34819 L C E L L S #  HYDROGEN GENERATOR MANPACK F U E  
34833 H I C A L L Y  C O U P L E D  F U E L  C E L L  AND HYDROGEN GENERATORY E L E C T  
3 4 8 2 8  F U E L  C E L L  CONNECTED W I T H  A HYDROGEN GENERATORY 
23006 S E L F - R E G U L A T  I N G  HYDROGEN GENERATORY 
2 3 0 Q  8 P G R T A B L E  HYDROGEN GENERATOR*  
23024 D I S P O S A B L E  H I O R O G E N  GENERATOR# 
23010 P O R T A B L E  HYDROGEN GENERATOR*  
22136 Y DEVELOPMENT MODEL M I N I A T U R E  HYDROGEN GENERATOR# I X P L O R A T O R  
2 3 0 2 9  EMPERATURE F U E L  C E L L S /  M O B I L E  HYDROGEN GENERATORS AND MEAN T 
2 3 2 0 5  B I O C H E M I C A L  HYDROGEN GENERATORS# 
2 2 2 1  6 M I N I A T U R E  HYDROGEN GENERATORS# 
23023 COMPACT H I G H  P U R I T Y  HYDROGEN GENERATORS# 
2 2 1 4 5  M I N I A T U R E  HYDROGEY GENERATORS# 
1 0 0 2 8  U T U R E  " C L E A N  F U E L n #  HYDROGEN GETS T O P  B I L L I N G  A S  F 
51011 5 N A S A  T E C H N I C I A N S #  HYDROGEN H A N D L I N G  S U I T  P R O T E C T  
22138 E l  METHANE. AND HYDROGEN W I T H  HYDROGEN H E A T E D  I N  A N  E L E C T R I C  
32005 I N S  AND FUTURE I N  THE EM/ THE HYDROGEN I C E N G I N E  - I T S  O R I G  
3 3 0 5 7  N V E S T I G A T I O N  O F  C O M B U S T I O N  OF HYDROGEN I N  A H Y P E R S O N I C  A I R  S 
40421 F A C T O R S  F O R  STORAGE O F  L I Q U I D  HYOROGEN I N  A L O W - G R A V I T Y  E N V I  
33056 R E A /  M I X I N G  AND C O M B U S T I O N  OF HYDROGEN I N  A S U P E R S O N I C  A I R S T  
31004 H E  T H E R M A L  B E H A V I O R  O F  L I Q U I D  HYDROGEN I N  A T A N K  D E S I G N E D  A N  
3 3 0 5 9  THE M I X I N G  AND C O M B U S T I O N  OF HYDROGEN I N  A I R  STREAMS# / F O R  
51001 P P E F  L I M I T  OF F L A M M A B I L I T Y  C F  HYDROGEN I N  A I R .  OXYGEN. AND 0 
33035 P R O D U C T S  DF THE C O M B U S T I O N  OF HYDROGEN I N  A I R Y  / Z L E  FLOW O F  
2 3 2 3 2  0 L I G H T -  I N D U C E D  E V O L U T I O N  O F  HYDROGEN I N  A L G A E  AND B A C T E R I A  
10071 ACE* I N F L U E N C E  OF HYDROGEN I N  A N  ENERGY M A R K E T P L  
3 4 8 4 7  T U  P R E P A R A T I O N  AND C O N T R O L  OF HYDROGEN I N  E L E C T R O C H E M I C A L  C E  
3480 1 U S E  O F  HYDROGEN I N  F U E L  C E L L S #  
34622 U S E  O F  HVDROGEN I N  F U E L  C E L L S #  
23027 UMY F R E E  HYDROGEN I N  G E N E S I S  O F  P E T R O L E  
5 2 0 5 4  R R O S I O N  O F  A T I T A N I U K  R O L E  OF HYDROGEN I N  HOT-SALT STRESS-CO 

43036 P U R E  AND S I M P L E :  S T O R I N G  HYDROGEN I N  H Y D R I D E S R  
22159 O C E S S E S *  P U R I F I C A T I O N  OF HYDROGEN I N  H Y D R O C O N V E R S I O N  P R  
33042 A N D  S U P E R S O N I C  C O M B U S T I O N  O F  HYDROGEN I N  H Y P E R S O N I C  RAMJETS 
22139 MANUFACTURE OF HYDROGEN I N  I M P U R E  S T A T E *  
52005 S O L U B I L I T Y  AND P E R M E A T I O N  O F  HYDROGEN I N  M E T A L S  A T  H I G H  T E M  
33008 UPPER S E L F - I G N I T I O N  L I M I T  OF HYDROGEN I N  O X Y G E N #  
2 2 1 1 7  I C A L  I N D U S T R I E S  A P P L I C A T I O N  / HYDROGEN I N  P E T R O L E U M  A N D  CHEM 

2 2 1 8 7  A V A I L A B L E  HYDROGEN I N  R E F I N E R Y #  
40403 R A T I O N S  F O R  STORAGE O F  L I O U I D  HYDROGEN I N  S P A C E  V E H I C L E *  /OE 
5 2 0 0 6  SUREMENTS FOR T H E  A N A L Y S I S  OF HYDROGEN I N  S T E E L  P A R T S *  / MEA 
30048 R O C K E T  E N G I N E S  U S I N G  GASEOUS HYOROGEN I N  T H E  I D E A L  S T A T E  A T  
33003 C STREAM B Y  T H E  C O M B U S T I O N  OF HYDROGEN I N  T H E  T U R B U L E N T  WAKE 
22191 N U  U S E  O F  HYDROGEN I N  TOWN GAS P R O O U C T I O  
4 0 2 0 5  R A T E  E V A P O R A T I O N  OF C R Y O G E N I C  HYDROGEN I N  TWO-PHASE A I R *  /E 
5 2 0 2 2  E C T I N G  MEC/ A N  X-RAY S T U D Y  O F  HYDROGEN I N D U C E D  PHENOMENA A F F  
33043 E I N J E C T O R S  NORMAL/  M I X I N G  O F  HYOROGEN I N J E C T E D  FROM M U L T I P L  
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3 2 0 2 4  E P T #  N A S A  T E S T I N G  HYDROGEN I N J E C T I O N  E N G I N E  CONC 
32021 AL C O M B U S T I O N  E N G I N E /  P A R T I A L  HYDROGEN I N J E C T I O N  I N T O  I N T E R N  
4 0 0 0 8  SURVEY O F  T H E  P R O P E R T I E S  OF HYDROGEN I S O T O P E S  BELOW T H E I R  
51009 ON: A SURVEY# HYDROGEN L E A K  AND F I R E  D E T E C T 1  

4 0 5 1  1 A 1 4 - M  L I Q U I D - H Y D R O G E N  L I N E *  
40106 E X P A N S I O N  E N G I N E  FOR TONNAGE HYDROGEN L I Q U E F A C T I D N C  / O G E N I C  
40105 AGE C O N V E R S I O N  F O R  P R O O U C T I O /  HYDROGEN L I Q U E F I E D  W I T H  TWO-ST 

40107 D E S I G N  O F  P HYDROGEN L I Q U E F I E R *  
4 0 1 0 4  I E N T  H E A T  EXCHANGERS# HYDROGEN L I Q U E F I E R S  W I T H  E F F I C  
22177 T U R B I N E - D R I V E N  C E N T R I F U G A L  / HYDROGEN MANUFACTURE U S I N G  GAS 
2 2 1 5 0  HYDROGEN MANUFACTURE* 
2 2 2 1  5 L I T T L E  I N  COST# P L A N T S  FOR HYDROGEN MANUFACTURE I N C R E A S E  
22219 A M I N I M U M  P O L L U T I O N  R O U T E  F O R  HYDROGEN MANUFACTURE* / A T I O N *  
2 2 2 1 2  T /  COMMERCIAL E X P E R I E N C E  W I T H  HYDROGEN M A N U F A C T U R I N G  C A T A L Y S  
22107 C A T A L Y T I C  PROCESSES FOR HYDROGEN M A N U F A C T U R I N G #  
2 2 2 1 0  D B E  P I P E D  TO CONSUMERS THRO/ HYDROGEN MAY BECOME U T I L I T Y  A N  
10044 TER F U E L  T O  POWER A C L E A N - A I I  HYDROGEN MAY EMERGE A S  T H E  M A S  
S I C 0 4  H E  I N I T I A L  TEMPERATURE O F  T H E  HYDROGEN M I X T U R E  W I T H  A I R #  / T 
10066 E N G I N E S  T H A T  BURN A G A S O L I N E - H Y D R O G E N  M I X T U R E #  /ON-FREE CAR 
41007 D E T E R M I N A T I O N  OF L I Q U I D - S O L I D  HYDROGEN M I X T U R E S *  Q U A L I T Y  
4 0 3 0 4  D E T E R M I N A T I O N  O F  L I Q U I D - S O L I D  HYDROGEN M I X T U R E S *  Q U A L I T Y  
5 2 0 2 1  RY.  D I F F U S I O N .  AND E L I M I N A T I /  HYDROGEN MOVEMENT I N  S T E E L - E N T  
43206 N D  T H E R M A L  C H A R A C T E R I S T I C S  OF HYDROGEN N E A R  I T S  C R I T I C A L  P O 1  
41005 # L I Q U I D - S O L I D  M I X T U Q E S  OF HYDROGEN NEAR T H E  T R I P L E  P O I N T  
23409 O H M I N G  AND MDLECU/ U L T R A - P U R F  HYDROGEN O B T A I N E D  B Y  STEAM R E F  
3 4 6 C 2  E L E C T R O D E #  O X I D A T I O N  O F  HYDROGEN O N  A P A S S I V E  P L A T I N U M  
5 2 0 2 5  T E M I  E F F E C T S  O F  H I G H  P R F S S U R E  HYDROGEN O N  M E T A L S  AT A M B I E N T  
5 2 0 5 6  I N F L U E N C E  OF GASEOUS HYDROGEN ON M E T A L S #  
34639 S U B # /  F U E L  C E L L  O X I D A T I O N  OF HYDROGEN O N  MOVABLE*  P A R T I A L L Y  
52031 O F  P A L L A D I U M -  H Y D /  E F F E C T  OF HYDROGEN ON T E N S I L E  P R O P E R T I E S  
30021 P A C E  S H U T T L E  V E H I C L E S  U S I N G  A HYDROGEN OR A METHANE F U E L E D  T 
22165 G A S  A T  M E D I U M  P R E S /  P R O D U C I N G  HYDROGEN OR AMMONIA S Y N T H E S I S  
23600 P H O T O L Y S I S /  F O R M A T I O N  O F  HOT HYDROGEN OR D E U T E R I U M  ATOMS BI 
2 2 1  37 6 G A S  M I X T U R E /  P R E P A R A T I O N  OF HYDROGEN OR HYDROGEN-CONTAINKN 
3 4 6 3 8  E A T  LOW P A R T I A L  P R E S S U R E S  O F  HYDROGEN OR OXYGEN# / E L E C T R O D  
3 0 0 3 4  L I M I T S  W I T H  A V A R I A B L E  L E N G T H  HYDROGEN OXYGEN COMBUSTOR* / Y  
3 2 0 1 2  F U E L  AND T H E  F E A S I B I L I T Y  O F  A HYDROGEN OXYGEN E N G I N E #  / A S  A 
34101 GH-PRESSURE. H I G H - T E M P E R A T U R E  HYDROGEN O X Y G E N  F U E L - C E L L  AND 
3 0 0 3 6  S T A B I L I T Y  C H A R A C T E R I S T I C S  OF HYDROGEN OXYGEN ROCKET E N G I N E S  
3 0 0 2 9  N o  P H A S E  1 .  P A R T  I : /  F L U O R I N E - H Y D R O G E N  PERFORMANCE E V A L U A T I O  
52026 L H A  I R O N ,  4130 S T E /  G A S - P H A S E  HYDROGEN P E R M E A T I O N  THROUGH A C  
52009 T T L E M E N T  I N  F E R R O U S  M A T E R I A L /  HYDROGEN P E R M E A T I O N *  A N 0  E M 8 R I  
23289 V E R A L  A L G A E /  T H E  M E C H A N I S M  O F  HYDROGEN P H O T O P R O D U C T I O N  I N  S E  
23208 V E R A L  A L G A E /  T H E  M E C H A N I S M  OF HYDROGEN P H O T O P R O D U C T I O N  B Y  S E  
5 0 0 1 2  E D #  HYDROGEN P L A N T  SHUTDOWNS REDUC 
20011 E L E C T R O L Y T I C  HYDROGEN P L A N T #  
22124 T U R E  I N  R E F I N I N G  O P E R A T I O N S C  HYDROGEN P L A N T S  T A K I N G  NEW S T A  
33006 HERMAL R A D I A T I O N  FROM B U R N I N G  HYDRDGEN P L U M E #  T 
40419 ADDERS# L I Q U I D  HYDROGEN P O S I T I V E  E X P U L S I O N  BL 
22209 I /  R A N E Y  N I C K E L  C A T A L Y S T S  FOR HYDROGEN P R E P A R A T I O N  BY REFORM 
22631 U D E V E L O P M E N T  O F  HYDROGEN P R E P A R A T I O N  P R O C E S S E S  
50017 S A F E T Y  O F  HYDROGEN P R E S S U R E  GAUGES# 
50015 L I N G *  AND O P E R A T I N G  A GASEOUS HYDROGEN P R E S S U R E  S Y S T E M #  /EM@ 
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4 0 4 0  1 L A M 1  NATED WALLS# HYDROGEN PRESSURE V E S S E L  W I T H  
22623 HYDROGEN PRODUCING SYSTEM# 
2 3 4 1 7  C A T I O N  B Y  D I F F U S l O N  PROCESS#  HYDROGEN PRODUCTION AND P U R I F I  
2261 4 I ZER INDUSTRY I N  I /  T E C H N I C A L  HYDROGEN PRODUCTION FOR F E R T I L  
2260 8 ACT I ON# HYDROGEN PRODUCTION A N D  h I Q U E F  
2 3 0 0 9  E L L S #  HYDROGEN PRODUCTION FOR F U E L  C 
22180 EFORMINGU HYDROGEN PRODUCTION B Y  STEAM R 
22133 E R Y  O P E R A T I O N S *  I N T E G R A T E  HYDROGEN PRODUCTION W I T H  R E F I N  
2 2 1  58 E L L  MODULESU HYDROGEN PROOUCTION FOR F U E L  C 
2 2 1 9 5  A R A C T E R I S T I C S  OF  H AND G T Y P E  HYDROGEN PRODUCTXON E Q U I P M E N T  
20506 L Y S I S Y  D E S I G N  STUDY OF HYDROGEN PRODUCTION B Y  E L E C T R O  
1 0 0 1 2  AND SYSTEM A N A L Y S I S  C F  L I Q U I D  HYDROGEN PRODUCTION F I N A L  R E P 0  
1 0 0 4 7  ERGYX HYDROGEN PRODUCTION FOR ECO-EN 
2 1 0 0 5  U S I N G  NUCLEAR H E A T *  HYDROGEN PRODUCTION FROM WATER 
2 1 0 0 4  CESSU HYDROGEN PRODUCTfON C Y C L I C  PRO 
2 1 0 1 2  U S I N G  NUCLEAR HEATY HYUROGEN PRODUCT I O N  FROM WATER 
10018 NUCLEAR U T I L I Z A T I O N #  HYDROGEN PRODUCTION FOR B E T T E R  
110049  NUCLEAR POWER P L A N T S  FOR HYDROGEN PRODUCTION#  
2 2 2 0 2  H I G H  P R E S S U P E  HYDROGEN PRODUCTION#  
22125 I N N O V A T I O N S  I N  HYDROGEN PRODUCTION#  
2 3 0 ' 1 1  HYDROGEN PRODUCT I O N #  
2 2 6 0 0  I N N O V A T I O N S  I N  HYDROGEN PRODUCTION#  
3 0 0 2 7  L I T H I U M - F L U O R I N E - H Y D R O G E N  P R O P E L L A N T  S T U D Y #  
3 3 0 6 1  PMENT OF L I Q U I D  O X Y G E N / L I Q U I D  HYOROGEN P R O P U L S l V E  U N I T  WITH 
2 2 6 1  1 O P T I M I Z E  HYDROGEN P R U D I C T I O N  BY MODEL# 
4 0 5 0 8  I O N  H E A D  O P E R A T I O N  O F  T H E  5-2 HYDROGEN PUMP* / P O S l T P V E  SUCT 
41 0 0 9  C S  U S I N G  A C E N T R I F U G A L /  S L U S H  HYDROGEN P U M P I N G  CHARACT E R I S T I  
2 3 4 1  4 L? BENZENE MANUFACTURE# HYDROGEN P U R I F I C A T I O N  P L A N T  F O  
2 3 4 2 0  S #  RESEARCH S T U D I E S  O N  S O L I D  HYDROGEN P U R I F I C A T I D N  MEMBRANE 
2341 3 HYDROGEN P U R X F I C A T I O N Y  
2 3 4 2 4  HYDROGEN P U R I F I C A T I O N #  
2 3 4 1 2  M O D I F I E D  F U E L  C E L L  PROCESS#  HYDROGEN P U R I F I C A T I O N  U S I N G  A 
2 3 4 2 1  EMPERATURESX HYDROGEN P U R I F I C A T I O N  A T  LOW T 
2 3 4 3 2  HYDROGEN P U R I F I C A T I O N #  
34231 D I F I E D  F U E L  C E L L  PROCESSY HYDROGEN P U R I F l C A T I O N  U S I N G  MO 
2 3 4 2 6  B L E E D  B U R N I N G  HYDROGEN P U R I F I E R S #  
2 3 4 3 3  Y WASTE GASES# HYDROGEN RECOVERY FROM R E F I N E R  
2 3 4 1  0 HYDROGEN RECOVERY PROCESS# 
2 3 4 1  1 NEW HYDROGEN RECOVERY ROUTE# 
2 3 4 2 7  L U S T E R  I N  SOME P L A N T S C  HYDROGEN RECOVERY T A K E S  O N  NEW 
4 0 1 0 8  A M I C  C Y C L E  FOR A S P A C E -  BORNE HYDROGEN R E L I O U E F I F R U  /ERMODYN 
5 0 0 1 4  HYDROGEN S A F E T Y  MANUALS 
5 0 0 0 1  L I Q U E F I E D  HYDROGEN S A F E T Y *  R E V I E W #  
5 0 C 1 6  K #  PROJECT  ROVER L I Q U I D  HYDROGEN SAFETY:  F I V E  YEAR L O O  
5 0 0 0 0  L I Q U E F I E D  HYDROGEN S A F E T Y #  
4 0 3 0 9  T H I N - F  I L M  HYDROGEN SENSOR# 
4 2 0 6 0  TO D E S I G N  P I P I N G  SYSTEMS FOR HYDROGEN S E R V I C E *  HOW 
4 1 0 0 2  R E G I O N *  VOLUYE I: A STUDY OF  HYDROGEN S L U S H  AND/OR HYDROGEN 
4 1 0 9 4  N FOR STORAGE AND TRANSFER OF HYDROGEN S L U S H #  / N S T R U M E N T A T I O  
2 1 0 0 7  I C A L  MEANSX HYDROGEN SOUGHT V I A  THERMOCHEM 
3 4 0 1  8 S #  HYDROGEN SOURCES FOR F U E L  C E L L  
4 0 4 1 4  I N S U L A T I O N  SYSTEM F O R  L I Q U I D - H Y D R O G E N  STAGES O F  T H E  SATURN 
2 2 3 7 3  TECHNIQUES FOR P R E P A R I N G  PURE HYDROGEN S T A R T I N G  FROM HYDROCA 

1 /m(7 



T I T L E  I N D E X  

S E C T I O N  '1' 

22151 I / G I R D L E R  I N C *  HYDROGEN S T E A M  REFORMING: C E 
34501 YDROGEN-OXYGEN F U E L  C E L L  TO A HYDROGEN S T R E A M #  / I O N  FROM A H 
34613 L A D I U M - S I L V E R  ANODE ON I M P U R E  HYDROGEN STREAMS*  / T I C S  O F  P A L  
52008 G H  S T R E N G T H  S T E E L S #  HYDROGEN S T R E S S  C R A C K I N G  O F  Hf  
22115 # HYDROGEN S U P P L Y  F O R  FUEL CELLS 
31013 O R T A /  T H E  ECONOMICS O F  L I Q U I D  HYDROGEN S U P P L Y  FOR A I R  TRANSP 

10063 F U T U R E n #  "HYDROGEN S Y N T H E T I C  F U E L  O F  T H E  
32020 O M I C S I  AND S A F E T Y  O F  A L I Q U I D  H Y D R O G E N  S Y S T E M  F O R  A U T O M O T I V E  
52031 S I L E  P R O P E R T I E S  O F  P A L L A D I U M -  HYDROGEN SYSTEM. /ROCEN ON T E N  
4 2 0 0 4  I T E S *  S T b N D A R D  FOR GASEOUS HYDROGEN S Y S T E M S  AT CONSUMER S 
10043 E N E R G Y *  HYDROGEN S Y S T E M S  FOR E L E C T R l  C 
40408 -11 B O O S T E R #  L I O U I O  HYDROGEN T A N K  I N S U L A T I O N  FOR S 
40417 L F - P R E S S U R I Z A T I O N  I N  A L I Q U I D  HYDROGEN T A N K #  / I C A T I O N  AND S E  
4 5 4 1 9  C C R U I S E  V E H I C L E S #  HYDROGEN TANKAGE FOR H Y P E R S O N I  
4 3 4 2 2  V E N T I N G  OF L I Q U I D - H Y D R O G E N  T A N K A G E #  
40413 U R I Z A T I O N  O F  S P H E R I C A L  L I O U I D  HYDROGEN TANKAGE# / S E L F - P R E S S  
40418 P R D T E C T I O N  S Y S T E M  F O R  L I Q U I D - H Y D R O G E N  T A N K S  OF H Y P E R S O N I C  A 
3 1 0 3 3  P R O T E C T I O N  SYSTEM FOR L I O U I D  H Y D R O G E N  T A N K S  OF H Y P E R S O N I C  A 
40407 T Y  F O A M  FOR I N S U L A T I N G  L I Q U I D - H Y D R O G E N  T A N K S #  LOW-DENS I 
40005 L I O U I D  HYDROGEN TECHNOLOGY# 
40305 M E N T A T I O N  A T  AND ABOVE L I O U I D  HYDROGEN TEMPERATURE: P R E S E N T  
5101 4 E X P L O S I O N  C R I T E R I A  FOR L I O U I  D HYDROGEN T E S T  F A C I L I T I E S #  
10021 E ? #  I S  H Y D R O G E N  T H E  FUEL OF T H E  F U T U R  
3 4 6 4 7  T E N D I N G  T H E  D I M E N S I O N S  O F  A IR-HYDROGEN T H I N  E L E C T R O D E S #  E X  
5 2 0 4 b  I O N  OF T H E  P E R M E P T I O N  R A T E  O F  HYDROGEN THROUGH M E T A L  MEMBRAN 
6 2 0 4 5  P E R M E A T I O N  O F  E L E C T R O L Y T I C  HYDROGEN THROUGH P L A T I N U M #  
3 0 0 5 6  I G N  AND MANUFACTURE O F  L I O U I D  HYDROGEN T H R U S T  CHAMBER# D E S  
23001 OROHYDR/ PROCESS O F  S U P P L Y I N G  HYDROGEN TO A FUEL C E L L  W l T H  B 
34607 I N  S T I R R E D  E L E /  TRANSPORT OF H Y D R O G E N  T O  C Y L I N D R I C A L  ANODES 
2 3 0 2 5  S T R I A L  DEMANDS/ P R O O U C T I O N  O F  HYOROGEN TO S P T I S F Y  S M A L L  I N D U  
49602 H E  S A T U R /  A 10 .000-GPM L I O U I D  HYOROGEN TRANSFER SYSTEM FOR T 
5 2 0 4  1 HYDROGEN E M B R I  T T L E M E N T  AND HYDROGEN TRAPS. 
4 0 5 0 6  U L l C  D E S I G N  O F  THE M-1 L I Q U I D  HYOROGEN TURBOPUMPY HYDRA 
4 0 5 0 3  Y N A M I C  I M P R O V E M E N T S  I N  L I O U I D  HYDROGEN TURBOPUMPS# THERMOO 
4 0 5 0 2  N S F E R  C O E F F  l C I  E N T S  FOR tl OU I D  HYDROGEN TURBOPUMPS* H E A T  T R A  
52037 N T  O F  H I G H - S T R E N G T H  S T E E L S  B Y  HYDROGEN UNDER PRESSURE: C A S E  
52049 F S T E E L  A T  H I G H  R E S I S T A N C E  B Y  HYDROGEN UNDER PRESSURE: T H E  C 
2 3 4  16 LOW P U R I T Y  HYDROGEN UPGRADER*  
2340 1 C R Y O G E N I C  HYDROGEN U P G R A D I N G #  
52029 2 2 1 9  A /  E F F E C T  OF P R E S S U R I Z E D  HYDROGEN UPON I N C O N E L  718 AND 
5 0 0 0 7  ORMANCE* HYDROGEN VENT F L A R E  S T A C K  P E R F  
2 3 4 0 2  ON# U P G R A D I N G  HYDROGEN V I A  H E A T L E S S  A D S O R P T I  
4 3 0 3 4  I U M  A N D  COPP/ T H E  R E A C T I O N  O F  HYDROGEN W I T H  A L L O Y S  O F  MAGNES 
43393 I U M  AND N I C K /  T H E  R E A C T I C N  O F  HYDROGEN W I T H  A L L O Y S  O F  MAGNES 
2 2 1 3 8  Y L E N E .  E T H Y L E N E .  METHANE. A N 0  HYDROGEN W I T H  HYDROGEN H E A T E D  
34609  C MANGANESE D I O X /  R E A C T I O N  O F  HYDROGEN W I T H  N O N S T O I C U I O M E T R I  
2101 1 T A B L E  ON D I R E C T  PRODUCT I O N  O F  HYDROGEN W I T H  NUCLEAR H E A T *  / 
51002 STORAGE AND H A N D L I N G  O F  HYDROGEN W I T H  S A F F T Y *  
40000 NE/ F U E L  FOR TOMORROWo L I Q U I D  HYDROGEN. LOW-TEMPERATURE E N G I  
53009 E S o  P A R T I C U L A R  C A S E  OF L I Q U I D  H Y D R O G E N * #  / E R Y  LOW TEMPERATUR 
4 1 0 0 2  AND T H E R M A L  PROPERTY D A T A  FOR H Y O R O G E N e T R I P L E  P O I N T  R E G I O N  T 
52001 OY S T E E L S  TO C A D M I U M  P L b T 1 N G  ( H Y D R O G E N )  E M B R I T T L E M E N T #  / A L L  
33047 E N T S  !3N B U R N I N G  V E L O C I T I E S  I N  HYDROGEN- B R O M I N E  M I X T U R E S #  /U 



T I T L E  I N D E X  
S E C T I O N  * T D  

22633 U F A C T U R E  O F  HYDROGEN A N D  O F  A  HYDROGEN- C A R B O N  M O N O X I D E  M I X T  
33004 OF S T O I C H I O M E T R I C  M I X T U R E S  O F  HYDROGEN- OXYGEN D I L U T E D  W I T H  
34631 E L I G H T - W E I G H T  E L E C T P O D E S  F O R  HYDROGEN- OXYGEN F U E L  C E L L S *  / 
30038 A C O U S T I C - N O D E  I N S T A B I L I T Y  I N  HYDROGEN- OXYGEN R O C K E T S #  / O N  
34834 I O X I D E  ON T R A P P E D  E L E C T R O L Y T E  HYDROGEN- OXYGEN. A L K A L I N E  FUE 
30007 AND B L E E D  TURDOPUMP U N I T S  FOR HYDROGEN- P R O P E L L E D  N U C L E A R  Rf f  
10032 AN AREAS*  HYDROGEN--A C L E A N  F U E L  FOR U R B  
20007 A P P L I C A T I O N S #  E L E C T R O L Y T I C  H Y D R O G E N - - I T S  MANUFACTURE AND 
52028 CRACKS D U P I N G  T H E  F R A C T U R E  O F  HYDROGEN-ADSORBED I R O N #  / T  O F  
34504 SOC-WATT H Y D R O G E N - A I R  C E L L #  
33061 T H  D I F F U S I O N .  01 S S I P A T I O N  A N 0  H Y D R O G E N - A I R  C O M B U S T I O N *  / S  W I  
3.3002 ON O I J X I D E  AND WATER VAPOR O N  HYDROGEN-AIR CONSTANT-PRESSURE 
34222 A N  A L K A L I N E  E L E C T R O L /  A  5-KW H Y D R O G E N - A I R  F U E L  B A T T E R Y  W I T H  
34840 THANOL REFORMER# A  500 WATT H Y D R O G E N - A I P  F U E L  C E L L  W I T H  ME 
32000 # T H E  H Y D R O G E N - A I R  F U E L E D  A U T O M O B I L E  
33015 C H E M I C A L  T R A N S F O R M A T I O N S  I N  A  H Y D R O G E N - A I R  M I X I N G  L A Y E R C  
33063 T I O N  A T  LOW D E N S I /  S T U D I E S  OF HYDROGEN-AIR S U P E R S O N I C  COMBUS 
33014 I O N  OF I G N I T I O N  D E C A Y S  I N  T H E  HYDROGEN-AIR SYSTEM# C A L C U L A T  
34632 F U E L  C E L L  E L E C T R O D E S  ( H Y D R O G E N - A I R ) #  
30070 ROCKET N O Z Z L E S /  C A T A L Y S I S  O F  HYDROGEN-ATOM R E C O M B I N A T I O N  I N  
33045 - BROM/ B U R N I N G  V E L O C I T I E S  I N  HYDROGEN-BROMINE AND D E U T E R I U M  
33'246 ONS OF B U R N I N G  V E L O C I T I E S  FOR HYDROGEN-BROMINE M I X T U R E S s  IV. 
22156 I X T U /  A P P A R A T U S  FOR P R O D U C I N G  HYDROGEN-CARBON M O N O X I D E  GAS M 
34800 T H E  HYDROGEN-CHLORINE F U E L  C E L L *  
3420 9 V4 0 I S C H A R G E  M E C H A N I  SM O F  TH/  HYDROGEN-CHLOR I NE F U E L  C E L L S *  
34209 V, D I S C H A R G E  M E C H A N I S M  O F  THE,  HYDROGEN-CHLORINE F U E L  C E L L  A T  
22203 OCARRONS W I T H  S T E A M  T O  O B T A I N  H Y D R O G E N - C O N T A I N I N G  G A S E S *  / D R  
22189 E F O R M A B L E  FUEL AND S T E A M  T O  A H Y D R O G E N - C O N T A I N I N G  REFORMATE 
22137 E l  P R E P A R A T I O N  O F  HYDROGEN OR H Y D R O G E N - C O N T A I N I N G  GAS M I X T U R  
23419 E S #  F R A C T I O N A T I O N  OF A I R  OR H Y D R O G E N - C O N T A I N I N G  G A S  M I  XTUR 
23437 FOR a E M O V I N G  I M P U R I T I E S  FROM H Y D R O G E N - C O N T A I N I N G  G A S E S *  / U S  
22650 HYDROCARBONS# P R O D U C T I O N  OF H Y D R O G E N - C O N T A I N I N G  G A S E S  FROM 
10029 EM W I T H  P A R T I C U L A R  R E F E R E N /  A  H Y D R O G E N - E L E C T R I C  U T I L I T Y  S Y S T  
10011 HYDROGEN-ENERGY SYSTEMX 
10002 A HYDROGEN-ENERGY S Y S T E M #  
3201 0 E M I S S I O N S  U S I N G  N A T U R A L  G A S *  HYDROGEN-ENRICHED N A T U R A L  GAS. 
33053 AGRATXON I N  T H E  C O M B U S T I O N  O F  H Y D R O G E N - F L U O R I N E  M I X T U R E S #  /L 
30031 RMANCE A T  LOWW E X P E R I M E N T A L  H Y D R O G E N - F L U O R I N E  ROCKET P E R F 0  
30028 R S  FOQ A LOW-CHAMBER-PRESSURE H Y D R O G E N - F L U O R I N E  ROCKET E N G I N  
30030 E X P E R I M E N T A L  PERFORMANCE O F  A  H Y D R O G E N - F L U O R I N E  R O C K E T  E N G I N  
31015 WORKING S Y M P O S I U M  ON L I Q U I D  HYDROGEN-FUELED A I R C R A F T #  
40404 P L A N /  S T R U C T U R A L  C O N C E P T S  F O R  HYDROGEN-FUELED H Y P E R S O N I C  A I R  

32007 S T I O N  E N G I  N E X  HYDROGEN-FUELED I N T E R N A L  COMBU 
32022 S T I O N  E N G I N E S #  H I S T O R Y  O F  HYDROGEN-FUELED I N T E R N A L  COMBU 
31014 N S P O R T I  T H E  C A S E  F O R  A HYDROGEN-FUELED S U P E R S O N I C  T R A  

320 16 P R O S P E C T S  FOR HYDROGEN-FUELED V E H I C L E S #  
32025 A T I O N  H A S  GQANTED S60.000 FOR HYDROGEN-FUELED-CAR RESEARCH*  / 
31006 T I O N  O F  T H E  C R U I S E  R A N G E  O F  A  HYDROGEN-FUELED. A I R - B R E A T H I N G  
34252 OWER I N  A MOLTEN E L E C T R O L Y T E  (HYDROGEN-HALOGEN) F U E L  C E L L #  / 
10015 N ENERGY C R I S I S  S O L U T I O N  L I /  "HYDROGEN-HEATED TOWNS P L A C E 0  0 
40101 M U L T I P L E - U N I T  H Y D R O G E N - H E L I U M  L I Q U E F I E R #  
40112 OULES-THOMSON L I Q U E F A C T I O N  O F  HYDROGEN-HYDROCARBON GAS M I X T U  
52010 R M A T I O N S  I N  T Y P E  304L S T A I N L Y  HYDROGEN- INDUCED P H A S E  T R A N S F O  .- 



S E C T I O N  ' T '  
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22217 G ' S  F U T U R E *  HYDROGEN-KEY F A C T O R  I N  R E F  I N I N  
30037 5 ON T H E  S T A B I L I T Y  O F  GASEOUS H Y D R O G E N - L I Q U I D  OXYGEN E N G I N E #  
40103 T W I T H  A H E L I U M  E X P A N S I O N  CO/ HYDROGEN-NEON L I Q U E F A C T I O N  UNI 

36050 ER T E S T  PROGRAMY L A R G E  HYDROGEN-OXYGEN A O e A T  i V E  CHAM0 
33012 N-OXYGEN R E A C T I D /  K I N E T I C S  O F  HYDROGEN-OXYGEN AND HYDROCARBO 
39416 U L S I D N  F O R  THE SPACE S H U T T L E /  HYDROGEN-OXYGEN A U X I L I A R Y  PROP 
34505 M O I S T U R E  REMOVAL CONCEPT FOR HYDROGEN-OXYGEN C A P I L L A R Y  F U E L  

33052 DEVELOPMENT O F  HYDROGEN-OXYGEN C A T A L Y S T S #  
3484 1 A COMPACT HYDROGEN-OXYGEN C E L L *  
20010 E L E C T R I C I T Y  D U R I N G  E L E C T R O L /  HYDROGEN-OXYGEN C E L L  P R O D U C I N G  
33001 I O N  K I N E T I C S  I N  ROCKET E N G I N /  HYDROGEN-OXYGEN C H E M I C A L  R E A C T  
33034 D A M P I N G  I N  A T W O - D I M E N S I O N A L  HYDROGEN-OXYGEN COMBUSTOR# / T E  
34239 € G E N E R A T I V E  F U E L  C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R 
34233 E G E N E R A T I V E  F U E L  C E L L S *  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R 
34239 E G E N E R A T I V E  F U E L  C E L L S Y  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R 
34236 E G E N E R A T I V E  F U E L  C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R 
34237 E G E N E R A T I V E  F U E L  C E L L S ,  1 JL/ HYDROGEN-OXYGEN E L E C T R O L Y T I C  R 
30010 I C  GENERATORS A N 0  T H E R M I O N I C /  HYDROGEN-OXYGEN F I R E D  T H E R M I O N  
34203 I T S  P E R F O R /  C O N S T R U C T I O N  O F  A HYDROGEN-OXYGEN F U E L  C E L L  AND 
34259 N C E  S T U D I E S  ON A R E C H A R G E A B L E  HYDROGEN-OXYGEN F U E L  C E L L #  /MA 
34037 -CURRENT C H A R A C T E R I S T I C S  O F  A HYDROGEN-OXYGEN FUEL C E L L  B A T 1  
34502 J E C T I O N  FROM A M A T R I X  T Y P E  OF HYDROGEN-OXYGEN F U E L  C E L L #  /RE 
34270 RATURE. C O N T A I N E D - E L E C T R O L Y T E  HYDROGEN-OXYGEN F U E L  C E L L #  / P E  
34219 ER/ E L E C T R O L Y T I C  R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L - C E L L  B A T T  
34240 E L E C T R I C A L L Y - R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L  C E L L Y  
3421 8 S E L F - D I S C H A R G E  O F  A HYDROGEN-OXYGEN FUEL C E L L #  
34234 E L E C T R O L Y T I C A L L Y  R E G E M E 4 A T I V E  HYDROGEN-OXYGEM FUEL C E L L C  
34264 V V  ASSESSMENT T E S T I N G  OF 2 KW HYDROGEN-OXYGEN F U E h  C E L L  STAC 
34200 I T Y  S T U D Y  O F  H l G H  PERFORMANCE HYDROGEM-OXYGEN F U E L  C E L L S #  / b  
34245 I M P U R I T I E S  ON PERFORMANCE O F  HYDROGEN-OXYGEN F U E L  C E L L #  / k Y  
34136 EM WITH REACTANT SUPERSATURA! HYDROGEN-OXYGEN FUEL cEeL SYST 
34501 ICS OF WATER R E J E C T I O N  FROM A HYDROGEN-OXYGEN FUEL C E L L  T O  W 
3451 1 WATER AND MEAT B A L A N C E  O F  HYDROGEN-OXYGEN F U E L  C E L L S O  
34267 R A L I G H T W E I G H T I  R E C H A R G E A B L E  HQDROGEN-OXYGEN F U E L  C E L L O  / F O  
34010 A C A P I L L B  M A S S  EXCHANGE I N  A HYDROGEN-OXYGEN F U E L  C E L L  W I T H  
30072 A T ?  I N T E R N A L - /  DEVELOPMENT O F  HYDROGEN-OXYGEN F U E L E D  3-KHLOW 
34814 RTW F U E L  C E L L  SYSTEMS# HYDROGEN-OXYGEN F U E L  C E L L S :  YA 
34807 SOME E N G I N E E R I N G  A S P E C T S  O F  HYDROGEN-OXYGEN F U E L  C E L L *  
34808 S P A C E *  P R I M A R Y  HYDROGEN-OXYGEN FUEL C E L L S  F O R  
34818 U I R P N G  M I N I M U M  OF M A I N T E N A N C /  HYDROGEN-OXYGEN F U E L  C E L L S  REQ 
33050 U D Y  O F  C A T A L Y T I C  R E a C T O R S  FOR HYDROGEN-OXYGEN I G N I ? I O Y @  S T  
30673 S T P O N  E N G I N /  OEYELOPMENT O F  A HYDROGEN-OXYGEN I N T E R N A L  COHBU 
34210 EMBRANE F U E L  C E L L S #  HYDROGEN-OXYGEN ION-EXCHANGE M 
30032 RESONANCE T U B E  I G N I T I O N  O F  HYDROGEN-OXYGEN M I X T U R E S *  
34254 E R R E S T R I A L  ( H O P E )  F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T  
34028 E R R E S T R Y A L  ( H O P E )  F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T  
34255 E R R E S T R I A L  ( H O P E )  F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T  
33064 S T U D Y  O F  T H E  K I N E T I C S  O F  T H E  HYDROGEN-OXYGEN R E A C T I O N  BEHIN 
34258 - P R E S S U R E  M E D I U M -  T E M P E R A T U R E  HYDROGEN-OXYGEN R E C H A R G E A B L E  F 
34260 U E L -  / ECONOM I6 H I G H - P R E S S U R E  HYDROGEN-OXY GEN R E G E N E R A T I V E  F 
33025 I D E  H E A T - T R A N S F E R  R A T E S  F O R  A HYDROGEN-OXYGEN ROCKET*  /GAS S 
33030 I D E  H E A T -  T R A N S F E R  R A T E S  I N  A HYDROGEN-OXYGEN ROCKETC /GAS-$ 
33026 I D E  H E A T - T R A N S F E R  R A T E S  F O R  A HYDROGEN-OXYGEN ROCKET A N 0  A N 



T I T L E  I N D E X  

SECTION S T *  

30033 P T S  I N  A 20.000- POUND-THRUST HYDROGEN-OXYGEN R O C K E T #  /CONCE 
30013 E E C H  I N  A 20r000 POUND-THRUST HYDROGEN-OXYGEN R O C K E T #  /N SCR 
30002 L I N E R S  T O  S U P P R E S S  S C R E E C H  I N  HYDROGEN-OXYGEN R O C K E T S *  / T I C  
30011 T E R N A L - C O M B U S T I O N  E N G I N E C  HYDROGEN-OXYGEN S P A C E  POWER I N  
30015 A C P S  T H R U S T E R  TECHNOLOGY R E V /  HYDROGEN-OXYGEN S P A C E  S H U T T L E  
30059 P P L I  SYSTEM/  DEVELOPMENT O F  A HYDROGEN-OXYGEN S P A C E  POWER S U  
51013 E E X P L O S I O N  P R O P E R T I E S  O F  T H E  HYDROGEN-OXYGEN S Y S T E M  I N  VENT 
3 4 6 1 7  F U E L  C E L L  MODULEY HYDROGEN-OXYGEN T H I N  E L E C T R O D E  
33016 M l X T U R /  C O M B U S T I O N  L I M I T S  O F  HYDROGEN-OXYGEN-NITROGEN-STEAM 
34640 I O N  A N D  M E N I S C U S  SHAPE O N  T H E  H Y D R O G E N - P L A T I N U M  ANODE O F  A M 
3 2 0 1 8  P O L L U T I O N  STANDARDS* HYDROGEN-POWERED C A R S  MAY B E A T  
3201 9 L O 5  ALAMOS L A B  M A K I N G  HYDROGEN-POWERED T R U C K *  
30009 - S T A G E  B L E E D - T Y P E  T U R B I N E  F O R  HYDROGEN-PROPELLED N U C L E A R  ROC 
30008 - S T A G E  B L E E D - T Y P E  T U R B I N E  F O R  HYDROGEN-PROPELLED N U C L E A R  ROC 
22204 X I D A T I O N  O F  L I Q U I D  HYDROCARS/ HYDROGEN-RICH G A S  B Y  P A R T I A L  D 
22179 RBONS# CONTACT C A T A L Y S T  F O R  HYDROGEN-RICH GAS F R O M  HYDROCA 
2 2 1 7 1  H Y D R O G E N - R I C H  GAS M I X T U R E #  
22 164 HYDROGEN-R I C H  GASES# 
2263 7 P R O D U C T I O N  O F  HYDROGEN-RICH GASES*  
2 2 1 7 4  HYDROGEN-RICH S Y N T H E S I S  G A S E S #  
41003 C E  S Y S T E M *  HYDROGEN-SLUSH D E N S I T Y  R E F E R E N  
34508 OR A S  A H U M I D I T Y  SENSOR F O R  A HYDROGEN-STEAM M X X T U R E I  / I L L A T  
34842 G - L I F E  M I S S I O N S #  AUTONOMOUS H Y D R O G E N / A I R  F U E L  C E L L  F O R  L O N  
34837 C I R C U L A T I N G  E L E C T R O L Y T E  H Y D R O G E N / A I R  F U E L  C E L L  S Y S T E M #  
34626 T S  F O R  U S E  I N  LOW TEMPERATURE HYDROGEN/OXYGEN F U E L  C E L L S  W I T  
3305 1 T R A N S I E N T  MODEL O F  HYDROGEN/OXYGEN R E A C T O R S  
33031 R O D U C T I O N  T O  H E A T  TRANSFER I N  HYDROGEN/OXYGEN ROCKET COMBUST 
34212 E L  C E L L  - O P E R A T I O N  ON D I L U T E  HYDROGEN. CARBONACEOUS F U E L S .  
2 340 6 HYDROGEN. C R Y O G E N I C  U P G R A D  I N G I  
40109 O C E S S  F O R  P R O D U C I N G  L I Q U E F I E D  HYDROGEN. H E L I U M .  AND NEON# /R 
10036  ERGY M A R K E T #  HYDROGEN. MASTER-KEY T O  T H E  E N  
33029 T I M E S  I N  F L O W I N G  M I X T U R E S  O F  HYDROGEN. OXYGEN. AND C H L O R I N E  
221 18 HYDROGEN* P A R T I A L  O X I D A T  I O N #  
22128 HYDROGEN. P A R T i A L  O X I D A T I O N #  
22127 HYDROGEN. S T E A M  R E F O R M I N G #  
22102 T E R  WHEELER C O R P O R A T I O N #  HYDROGEN* S T E A M  REFORMING:  F O S  
10009 S A L  F U E L n #  "HYDROGEN: C A N D I D A T E  F O R  U N I V E R  
10060 T A P R A C T I C A L  F U E L ? #  HYDROGEN: I T ' S  CLEAN. B U T  I S  I 
10046 H E  N A T I O N ' S  ENERGY ECONOMY# HYDROGEN: I T S  F U T U R E  R O L E  I N  T 
1 0 0 4 0  R K E T R  HYDROGEN: K E Y  T O  THE ENERGY MA 
10038 U T U R E Y  HYDROGEN: L I K E L Y  FUEL O F  T H E  F 
4 0 2 0 7  R TO S U P E R - C R I T I C A L  C R Y O G E N I C  HYDROGEN: P A R T  I s  L I T E R A T U R E  S 
22619 A *  HYDROGEN: S E L A S  CORP O F  A M E R I C  
41013 N T H E  L A B O R A T O R Y #  M E T A L L I C  HYDROGEN: S I M U L A T I N G  J U P I T E R  I 
1 0 6 3 4  E F U T U R E *  HYDROGEN: S Y N T H E T I C  F U E L  O F  T H  
1 3 0 4 1  HYDROGEN: T H E  NEW F U E L #  
10013 HYDROGEN: TOMORROW'S F U E L 7 1  
20500 GE P R O C E S S  COULD MAKE CHEAPER HYDROGEN@ 
1 0 0 5 1  F E D E R A L  P A N E L  R E P O R T S  ON HYDROGEN# 
10079 ENEQGY T R A N S M I S S I O N  V I A  HYDROGEN# 
22111 LOW-TEMPERATURE R E F O R M I N G  FOR HYDROGENS 
2 3 5 0 9  D E L E C T R O L Y T E S  OFFER R O U T E  T O  HYDROGEN* 
20502 P R E P A R A T I O N  O F  P U R E  HYDROGEN* 

SOL I 
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P A L L A D I U M  
PRODUC T I  

51006 T H E  O X I D A T I O N  O F  HYDROGEN# 
5 2 0 3 3  COMPAT I B I L X T Y  O F  M E T A L S  W I T H  HYDROGEN# 
41016 P R E S S U R E  ON" T O  MAKE M E T A L L I C  HYDROGEN# 
40504 P U M P S  F O R  L I O U I D  HYDROGEN* 
41017 PRODUCT I O N  OF M E T A L L I C  HYDROGEN# 
430 12 MAGNETS T H A T  A T T R A C T  HYDROGEN# 
50011 S A F E T Y  I N  T H E  U S E  O F  L I O U I D  HYDROGENS 
2 3 4 3 1  P E R M E A T  I O N  METHOO RECOVERS HYDROGEN*  
22643 P R E P A R A T I O N  OF HYDROGEN# 
2 3 4 2 2  D I F F U S I O N  Y I E L D S  HIGH-VOLUME HYDROGEN* 
22603 ON AND D I S T R I B U T I O N  O F  L I O U I D  HYDROGEN# 

23014 G E N E R A T I N G  HYDROGEN# 
23430 S E P A R A T I O N  P L A N T  F O R  PURE HYDROGEN* 
22634 HYDROGEN* 
23207 O G Z C A L  F O R M A T 1  ON O F  MOLECULAR HYDROGEN# 
4 0 1 0 2  L I Q U E F A C T I O N  AND STORAGE OF HYDROGENY 
40003 L I Q U I D  HYDROGEN* 
40113 T H E  P R O D U C T I O N  D F  L I Q U I D  HYDROGEN* 
40403 P R E S S U R E  V E S S E L  FOR U S E  W I T H  HYDROGEN# 
22207 P R O D U C T I O N  O F  HYDROGEN# 
22129 HYDROGEN# 
22167 PRODUCT I O N  O F  HYOROGENU 
2 2 1 4 2  P R O C E S S  F O R  P R O D U C T I O N  O F  HYDROGEN* 
32013 CONVERTED I C  E N G I N E  R U N S  O N  HYDROGEN# 
30057 N B Y  L I Q U I D  OXYGEN AND L I Q U I D  HYDROGEN# P R O P U L S I  0 
40308 N E - T Y P E  FLOWMETERS FOR L I O U I D  HYDROGEN# S M A L L  T U R B I  
41001 H S Y S T E M  F O R  L I Q U I D  A N D  S L U S H  HYDROGEN# FLOW R E S E A R C  
4 0 2 0 4  T E  A N D  P H A S E  D I A G R A M  O F  DENSE HYDROGEN# E Q U A T I O N  O F  S T A  
52000 AR E M B R l T T L E M E N T  OF N I C K E L  R Y  HYDROGEN# T H E  I N T E R G R A N U L  
2 3 4 2 9  R O C E S S  PRODUCES H I G H E R - P U R I T Y  HYDROGEN# NEW A D S O R P T I O N  P 
2 2 1 9 7  C K I N G  HYDROCARBONS TO PRODUCE HYOROGENR A P P A R A T U S  F O R  CRA 
5 2 0 5 7  T H E  R E A C T I O N  O F  T I T A N I U M  W I T H  HYDROGEN* I N V E S T I G A T I O N  O F  
2 2 2 0 5  ON O F  N A P H T H A  HYDR!3CARBONS T O  HYDROGEN# S E L E C T I V E  CDNVERSI. 
41000 ARACTERIZATION STUDY OF SLUSH HYDROGEN* A SUMMARY OF THE cn 
2 2 1 6 3  T I O N  O F  O X 0  S Y N T H E S I S  GAS AND HYDROGEN# S I M U L T A N E O U S  PRODUC 
4 3 4 1 6  C K E T  T P N K S  F I L L E D  W I T H  L I Q U I D  HYDROGEN# / I N S U L A T f O N S  F O R  R O  
40306 E R A T U R E  O F  L I O U I D  AND GASEOUS HYDROGEN* / M E A S U R I N G  T H E  TEMP 
33024 U B U L A R  COMBUSTOR W I T H  GASEOUS HYDROGEN# / PERFORMANCE O F  A T 
33036 N I N G L I Q U I D  OXYGEN AND GASEOUS HYDROGEN# / ROCKET CHAMBER B U R  
30071 E R  B U R N I N G  L I Q U I D  AND GASEOUS HYDROGEN# / S M A L L  ROCKET CHAMB 
5 2 0 3 8  L O Y S  I N  H I G H  P R E S S U R E  GASEOUS HYDROGEN*  / S S E  M A I N  E N G I N E  A L  
52036 H D I S S O L V E D  A N D  P R E C I P I T I A T E D  HYDROGEN# / A N D  V A N A D I U M  B Y  B O T  
41014 E X P E R I M E N T  F O R  H I G H - P R E S S U R E  HYDROGEN# / A T I O N  OF T H E O R Y  AND 
4 5 5 0 5  OF B A L L  B E A R I N G S  I N  C R Y O G E N I C  H Y D R G G E N I  / B R I C A T I D N  AND WEAR 
22646 M E T H A N E  F q R  T H E  P R O D U C T I O N  O F  HYDROGENY / C  D E C O M P O S I T I O N  O F  
3 0 0 3 5  TORS I N  L I Q U I D  OXYGEN-GASEOUS H Y D R 0 6 E N U  / C E  OF C O A X I A L  I N J E C  
2 2 1 1 2  I N  L A R G E - S C A L E  MANUFACTURE O F  HYDROGENS /O P R O D U C T I O N  C O S T S  
23606 R E D U C T I O N  OF WATER TO GASEOUS HYDROGEN* / D  T H E  A C C O M P A N Y I N G  
40509 P I N G  L I O U I D  O X Y G E N  AND L I O U I D  HYDROGEN*  / E D  E J E C T O R S  FOR P U M  
2 2 6 2 5  HEQMAL-CONTACT P R E P A R A T I G N  O F  HYDROGENS / E S C R I P T I O N  O F  T H E  T 
2 3 0 2 1  TOR M L - 5 3 9 / T M  T O  PRODUCE PURE HYDROGEN# /F A HYDROGEN G E N E R A  
2 2 6 1 0  PROCESS F O R  T H E  P R O D U C T I O N  O F  HYDHDGENU / H E  THERMAL CONTACT 
33359 P E R A T U R E S  B Y  P R E C O M B U S T I O N  OF HYDROGEN# / H I G H  S T A G N A T I O N  T E M  



T I T L E  I N D E X  
S E C T I O N  S T *  

I 
34258 E L L  W I T H  M I C R O B I A L L Y - P R O D U C E D  HiYDROGENX / IC lN-MEMBRANE F U E L  C 
33064 N -  O X Y G E N  D I L U T E D  W I T H  H E L I U M  H Y D R O G E N #  / M I X T U R E S  O F  HYOROGE 
4 0 2 0 2  C AND T R A N S P O R T  P R O P E R T I E S  OF HYDROGEN*  /MSB FOR THERMOOYNAMI 
2 2 1 3 2  R O D U C T I O N  O F  S Y N T H E S I S  GAS OR H'YDROGEN# /NC.. I N  T U B E S *  FOR P 
30026 S T E M  F L U O R I N E - L I T H I U M  HYDRIOE-H'YOROGENU / O L l I C  ROCKET F U E L  S y  
2 2 1 9 6  I E D  G A S  AND I T S  M I X T U R E S  W I T H  H'~DROGEN# / O h l V E R S I O N  OF L I Q U E F  
23015 R E N E R G Y  I N  T H E  P R O D U C T I O N  O F  Hl 'DROGENff /OR U T I L I Z I N G  N U C L E A  
33040 PERFORWANCE O F  R A M J E T  F U E L S :  HY'DROGENU / O R E T I C A L  C O M B U S T I O N  
2 2 1  6 9  NG CARBONACEOUS M A T E R I A L  I N T O  H Y  DROGENY / P A R A T U S  F O R  R E F O R M I  
33005 U S T I O N  O F  L I Q U I D  O X I D I Z E R S  I N  H Y D R O G E N *  / R O B L E M S  O N  T H E  COMB 
2 2 1 9 0  HYDROCARBONS T O  GASES R I C H  I N  H Y D R O G E N *  / S T E A M  R E F O R M I N G  O F  
20001 Q O L Y S E K  FOR T H E  P R O D U C T I O N  O F  H Y D R O G E N #  / S T U D I E S  O N  A N  E L E C T  
2 2 1 2 2  NG; A GOOD ROUTE T O  F U E L - C E L L  HYIOROGEN* / T E M P E R A T U R E  R E F O R M I  
41006 O P H Y S I C A L  P R O P E R T I E S  O F  S O L I D  HY[>ROGEN# / T I , C S  AND B U L K  THERM 
51008 R OF N O N M E T A L L I C  M A T E R I A L S  I N  HYL)ROGENY / T I O N  O F  T H E  B E H A V I O  
50005 MER'~ICAL H A N D L I N G  O F  L I Q U E F I E D  HYCjROGFNff  / T Y  STANDARD FOR COM 
23016 C3XILi)E S O L U T I O N  A S  A SOURCE O F  H Y D ' R O G E N I  /UM W I T H  S O D I U M  HYDR 
4 1 G 1 5  S Y V I E T  AND U o S a  GROUPS S E E K  H Y D R O G E N ' S  M E T A L L I C  P H A S E *  
3 2 0 9 9  C U L A R  F U E L #  S U R V E Y  OF H Y D R O G E N ' S  P O T F N T I A L  A S  A V E H I  
3 4 2 2 0  T E M  I N  A B I O C H E M I /  T H E  U S E  OF H Y D R O G E N A S E - M E T H Y L E N E  B L U E  S Y S  
52003 \ P E T C H  A N A L Y S I S  OF H Y D R O G E N A T E D  T A N T A L U M  S H E E T Y  
33013 A T I O N  O F  O X d D I Z E R - R I C H  OXYGEN-HYDISOGENCOMBUSTION C H A R A C T E R I S  
30047 - h ~ 4  W I T H  L I Q U I D  O X Y G E N  AND H Y D I ? O G E N D E S I G N  AND D P E R A T I O N *  / 
33065 O h  B Y  I N C I D E N T  SHOCK WAVES I N  HYDf IOGENOXYGEN-ARGON M I X T U R E S #  
3 4 2 6 6  INCREASED H Y D ~ ~ I ~ X  FUEL CELL PERFORMANCE* 
23016 C T I O N  O F  A L U M I N U M  W I T H  S O D I U M  H Y O R ' t 3 X I O E  S O L U T I O N  A S  A SOURCE 
2 2 0 0 6  ' HYGA',; PROGRAMS* 
33057 F C O M R U S T I O N  O F  HYDROGEN I N  A HYPE~;SONIC A I R  STREAM* / T I O N  0 
31oog Y ITECHNDLOGY FOR AIRBREATHING HYPER\SONIC AIRCRAFT* K E 
3 1 0 1 2  YD,ROGEN F U E L E D  SUPERSUNXC AND H Y P E R S O N I C  A I R C R A F T #  /EMS OF H i 31006 YD'ROGEN-FUELED. A I R - B R E A T H I N G  HYPER.,SONIC A I R C R A F T *  / E  O F  A H 
31003 F'OR L X Q U I  0 HYDROGEN T A N K S  OF HYPEIR$, jONIC A I R P L A N E S *  / S Y S T E M  
4 0 4 1 8  F O R  L I Q U I D - H Y D R O G E N  T A N K S  OF HYPEI2S;ONIC A I R P L A N E S *  / S Y S T E M  
40404 CZONCEPTS FOR HYDROGEN-FtJELED H Y P E I 2 S O N i C  A I R P L A N E S *  /UCTURAL 
4041 0 HYDRDGEN T A N K A G E  F O R  HYPEI?S,ONIC \ C R U I S E  V E H I C L E S #  
33042 N I I C  C O M B U S T I O N  O F  HYDROGEN I N  H Y P E I ? S O N I C  R A M J E T S #  /O S U P E R S 0  
31016 HYPEI?S~NIC TRANSPORTS# 
31004 N E D  AND I N S U L A T E O F O R  U S E  I N  A H Y P E ~ ? S O ~ I X C  V E H I C L E *  / A N K  O E S I G  
23028 TlEM U S I N G  L I T H I U M  AND L I T H I U M  HYP~(~HLO\RITE T O  PRODUCE HYDROG 
2 2 6 2 2  RI2OUCTS COX H Y P R f l  PR$ICESS: U N I V E R S A L  O I L  P 
22421 C(3# HYPRC3; U N I V E R S A L  O I L  PRODUCTS 
22609 P R O D U C T I O N  O F  P U R E  H2 A t J D  C O \ B Y  METHANE WASHY 
1 0 0 2 1 )  C R Y O G E N I C  H2 A r d D  N A T \ I O N A L  ENERGY N E E D S *  
23408 13F B I N A R Y  M I X T U R E S  O F  CO A N 0  H 2  Blf D E R M k 7 A T I O N  THROUGH P O L Y M  
23026 COMPACT H2 GIENERATO\.RS F D R  F U E L  C E L L S *  
22100 E M P H A S I S  O F  H2 S.~RENGTH~:NEOY 
32026 ( O N E  Y E A R  OPER/ C I T Y  CAR W I T H  H 2 - A I ' R  F U E L  \CELL/LEAD B A T T E R Y  I 3481 3 Sl IF(PLY ON S T R A T O S P H E R I C  A 1  RS/  H 2 - A I , R  FUEL C ' E L L S  AS E L E C T R I C  
30020 Y P A C E  SHUTTLE. AN HZ-02 AUXILIA\~Y POWER UNIT FOR 
51000 \ E F F E C T  O F  WATER VAPOR O N  H Z - 0 2  O E T O N & T B O N S #  

R E G E N E R A T I V E  H2-02 S E C O N D A R Y  F U E L  C E L L S *  2 SUR/ H 2 - 0 2 - - N O X  F L A M L I A B I L I T Y  AND E X P  
S M A L L  H2/02 E N G I N E S #  \ D E  
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34503 E R -  AND HEAT-REMOVAL U N I T  FOR H2/02 F U E L  C E L L  S Y S T E M S I  / WAT 
34216 PROBLEMS OF GASES M I X I N G  I N  H2/02 F U E L  C E L L S  I N  W H I C H  G A S  
34846 T H E  F L Y I N G  H 2 / 0 2  STORAGE B A T T E R Y  # 
10010 " T H E  H 2 I N D E N B U R G  S O C I E T Y m ' #  
32006 H I G H E R  ENERGY CORM O F  WATER tH20*) I N  A U T O M O T I V E  V E H I C L E  A D  
22602 R M A T I O N  nF HYDROGEN F R O M  CO + H Z O #  LOW TEMPERATURE F O  
2 3 0 2 0  R M A T I O N  OF HYDPOGEN F R O M  CO + H 2 0 #  LOW TEMPERATURE F O  
3 4 6 2 9  M A T R I C E S  FOR H3P04 F U E L  C E L L S C  
32035 U T U R E  I N  THE EM/ THE HYDROGEN I C E N G I N E  - I T S  O R I G I N S  AND F 
2 2 1 4 4  P R O C E S S  AND OTHER f E C H N I /  T H E  I C I S T E A M  NAPHTHA R E F O R M I N G  
22144 E S S  A N D  OTHER T E C H N I /  T H E  I C I S T E A M  N A P H T H A  R E F O R M I N G  PROC 
2 2 1 5 1  HYDROGEN STEAM R E F O R M I N G :  C & I / G I R D L E R  I N C #  
4 1 0 0 2  C R I T I C A L  P O I N T  R E G I O N S  VOLUME I: A S T U D Y  O F  HYDROGEN S L U S H  A 
30019 FOR T H E  SPACE SHUTTLE.  VOLUME I: SUMMARY# / L I A R Y  POWER U N I T  
3 2 0 1 3  CONVERTED It E N G I N E  R U N S  ON HYDROGEN# 
30048 U S I N G  GASEOUS HYOROGEN I N  T H E  I D E A L  S T A T E  A T  S T A G N A T I O N  TEMP 
33014 N - A I R  SYSTEMS' C A L C U L A T I O N  O F  I G N I T I O N  D E L A Y S  I N  T H E  HYDROGE 
33008 OXYGEN*  U P P E R  S E L F - I G N I T I O N  L I M I T  O F  HYDROGEN I N  
33000 T I N  A / A N A L Y S I S  OF T H E  S E L F - I G N I T I O N  O F  A T U R B U L E N T  G A S  J E  
3 0 0 3 2  XTURESW RESONANCE T U B E  I G N I T I O N  OF HYDROGEN-OXYGEN M I  
3 3 0 5 6  R E A C T O R S  FOR HYDROGEN-OXYGEN I G N I T I O N #  S T U D Y  O F  C A T A L Y T I C  
3 3 0 4 8  XYGEN/HYDROGEN POWDERED M E T A L  I G N I T I O N #  / S I R I L I T Y  S T U D Y  OF 0 
22010 A C T  TO M A K E  HYDROGEN GAS FRO/ I G T  G E T S  8 1 8 - M I L L I O N  OCR CONTR 

'11 * N O T  I N D E X E D  
2 3 2 0 1  L F E  VON E L E K /  B I O R E G E N E R A T I O N  I N  GESCHLOSSENEN S Y S T E M  M I T  H I  
34208 T E R M E D I A T E - T E M P E R A T U R E  F U E L  / I M M O B I L I Z E D  P H O S P H O R I C  A C I D  I N  
3 4 8 2 9  L Y #  F U E L  C E L L S  FOR I M P R O V E D  E L E C T R I C A L  POWER S U P P  
34503 A L  U N I T  FOR H 2 / 0 2  FUEL C E L L  / I M P R O V E D  WATER- A N 0  HEAT-REMOV 
34634 E L  C E L L  E L E C T R O D E S ;  E L E C T R O D E  IMPROVEMENT A N D  L I F E  T E S T I N G #  / 
40503 N TURBOPUMPS* THERMODYNAMIC I M P R O V E M E N T S  I N  L I Q U I D  HYDROGE 
22129 R E F I N I N G  P R O C E S S  DEVELOPMENT;  I M P R O V E M E N T S  I N  M A K I N G #  
2 2 1 2 6  REFORMERS# I M P R D V  I N G  R E L I A B I L I T Y  O F  S T E A M  
23602 E S T I G A T I O N  FOR T H E  PURPOSE O F  I M P R O V I N G  T H E  E F F I C I E M C Y  O F U T I  
34613 O F  P A L L A D I U M - S I L V E R  ANODE O N  I M P U R E  HYDROGEN S T R E A M S #  / T I C S  
221 39 MANUFACTURE O F  HYDROGEN I N  I M P U R E  S T A T E *  
23437 S S  A N D  APPARATUS/FOR R E M O V I N G  I M P U R I T I E S  FROM HYDROGEN-CONTA 
34245 YDRO/ E F F E C T  OF P X Y G E N - S U P P L Y  I M P U R I T I E S  ON PERFORMANCE OF H 

I * I N  ' NOT I N D E X E D  

22151 TEAM REFDRMING:~~ c t I/GIRDLER INCC HYDROGEN s 
30058 100 T O  3 0 0  POUNDS P E R  SQUARE I N C H  A B S O L U T E #  /PRESSUIRES FROM 
33023 HYDROGEN/ PERFORMANCE OF A 2 8 - I N C H  R A M J E T  U T I L I Z I N G  GASEOUS 
33038 I N  A 35 DEGREE SECTOR O F  A 2 8 - I N C H - D I A M E T E R  R A M J E T  COMBUSTOR 
33065 I N I T I A T I O N  O F  D E T O N A T I O N  B Y  I N C I D E N T  SHOCK WAVES I N  HYOROG 
4 0 2 0 3  O F  L I Q U I D #  I N C I P I E N T  AND N U C L E A T E  B O I L I N G  
2 2 2 1 3  A /  THERMODYNAMIC S T U D Y  O F  T H E  I N C O M P L E T E  C O M B U S T I O N  ( G A S I F I C  
22194 C O M B U S T I O N  O F  H/ HYDROGEN B Y  I N C O M P L E T E  F L A M E L E S S  C A T A L Y T I C  
33010 E S T I G A T I O N  O F  T H E  R E A C T I O N  OF I N C O M P L E T E  O X I D A T I O N  O F  METHAN 
52029 O F  P R E S S U R I Z E D  HYDROGEN U P O N  I N C O N E L  718 A N D  2219 A L U M I N U M #  
22215 A N T S  F O R  HYDROGEN MANUFACTURE I N C R E A S E  L I T T L E  I N  C O S T *  PL 
34266 FORMANCEW I N C R E A S E D  HYDROX F U E L  C E L L  P E R  
2 2 6 1 4  ON FOR F E R T I L I Z E R  I N D U S T R Y  I N  I N D I A #  / I C A L  HYDROGEN P R O D U C T 1  
34247 5 0 0 - W A T T  I N D I R E C T  HYDROCARBON S Y S T E M *  
23202 S *  E N E R G Y  T R A N S F E R  A N D  L I G H T -  I N D U C E D  E V O L U T I O N  OF HVOROGEN 

1 
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52010 I N  T Y P E  304L S T A I N L /  HYDROGEN- INDUCED P H A S E  T R A N S F O R M A T I O N S  
52022 C /  A N  X-RAY S T U D Y  O F  HYDROGEN I N D U C E D  PHENOMENA A F F E C T I N G  ME 
33020 TURES O F  HYDRO/ P H O T O C H E M I C A L  I N D U C T I O N  T I M E S  I N  F L O W I N G  M I X  
2051 1 COM/ N U C L E A R  ENERGY CENTERS.  I N D U S T R I  A L  AND AGRO- I N D U S T R I  A L  
2051 1 C E N T E R S *  I N D U S T R I A L  AND A G R O - I N D U S T R I A L  C O M P L E X E S #  / ENERGY 
2 3 0 2 5  OF HYDROGEN T O  S A T I S F Y  S M A L L  I N D U S T R I A L  DEMPNDSZ / R O D U C T I O N  
23403 RECOVERY O F  HYDROGEN FROM I N D U S T R I A L  GAS M I X T U R E S *  
23440 R E G E N E R A T I O N  O F  HYDROGEN FROM I N D U S T R I A L  G A S E S Y  /EMPERATURE 
10084 E N E R G Y  SOURCES ON A P O S T - I N D U S T R I A L  S O C I E T Y #  
22117 GEN I N  P E T R O L E U M  AND C H E M I C A L  I N D U S T R I E S  A P P L I C A T I O N  AND MAN 
40001 U S E S  O F  C R Y O G E N I C  F L U I D S  I N  I N D U S T R Y  AND T H E  L A B O R A T O R Y #  
2 2 6 1 4  GEN P R O D U C T I O N  F O R  F E R T I L I Z E R  I N D U S T R Y  I N  I N D I A *  / I C A L  HYDRO 
10003 AGE# GAS I N D U S T R Y ' S  R O L E  I N  T H E  N U C L E A R  
51001 E N  I N  A I R .  OXYGEN. AND O X Y G E N - I N E R T  M I X T U R E S  A T  E L E V A T E D  P R E  
34630 I N E X P E N S I V E  CATHODE C A T A L Y S T S *  
1 0 6 5 2  L A C E #  T H E  I N F L U E N C E  I N  A N  ENERGY MARKETP 
52056 ON M E T A L S #  I N F L U E N C E  OF GASEOUS HYDROGEN 
10071 ERGY M A R K E T P L A C E *  I N F L U E N C E  O F  HYDROGEN I N  A N  E N  
52007 S A N D  C O A T I N G S  ON THE € M E R I T /  I N F L U E N C E  O F  S U R F A C E  TREATMENT 
52020 L E M E N T :  P R I M A R Y  AND SECONDARY I N F L U E N C E S *  / HYOROGEN E M B R I T T  
40097 T H E  C R Y O G E N I C  D A T A  CENTER. A N  I N F O R M A T I O N  S E R V I C E  I N  T H E  F I E  
2 3 2 0 8  V E R A L  A L G A E  I I o  T H E  E F F E X T  OF I N H I B I T O R S  O F  PHOTOPHOSPHORYLA 
3301 7 R E  T H E  F L A M E  F R O N T  D U R I N G  T H E  I N I T I A L  P H A S E  O F  A C O M B U S T I O N  
51004 F HYDROGEN E X P L O S I V I T Y  ON THE I N I T I A L  TEMPERATURE O F  T H E  H Y D  
40409 ON L I Q U I D  HYDROGFN DEWARZ I N I T I A L  WARMUP O F  5 0 0 . 0 0 0 - G A L L  
33065 C I D E N T  SHOCK WAVES I N  HYDROG/ I N I T I A T I O N  OF D E T O N A T I O N  B Y  I N  
33043 R S  NOQMAL/  M I X I N G  OF HYDROGEN I N J E C T E D  FROM M U L T I P L E  I N J E C T 0  
32024 N A S A  T E S T I N G  HYDROGEN I N J E C T I O N  E N G I N E  CONCEPT# 
32021 T I O N  E N G I N E /  P A R T I A L  HYDROGEN I N J E C T I O N  I N T O  I N T E R N A L  CDMBUS 
33033 11: A N A L Y S I S  FOR C O A X I A L  J E T  I N J E C T I O N #  / I Q U I D  OXYGEN* P A R T  
39013 T A B I L I Z I N G  E F F E C T S  OF S E V E R A L  I N J E C T O R  F A C E  B A F F L E  C O N F I G U R A  
30028 E S S U R E  HYDR/  I N V E S T I G A T I O N  OF I N J E C T O R S  FOR A LOW-CHAMBER-PR 
30029 N S T R A T I O N  O F  H I G H  PERFORMANCE I N J E C T O R S  FOR T H E  L I Q U I D  F L U O R  
30035 E O U S  / P E R F O R V A N C E  O F  C O A X I A L  I N J E C T O R S  I N  L I Q U I D  OXYGEN-GAS 
33043 DROGEN I N J E C T E D  FROM M U L T I P L E  I N J E C T O R S  NORMAL T O  A SUPERSON 
43500 0 - P H A S E  HYDROGEN FLOW I N  PUMP I N L E T  L I N E *  / V E S T I G A T I O N  O F  TW 
22600 T I O N #  I N N O V A T I O N S  I N  HYDROGEN PRODUC 
2 2 1 2 5  T C O N Z  I N N O V A T I O N S  I N  HYDROGEN PRODUC 
51005 I O N  F L A M E S :  LOW AND H I G H  FLOW I N S T A B I L I T I E S +  B U R N I N G  RATES.  
3 0 6 3 8  A C T I O N  R A T I O  ON ACOUSTIC-MODE I N S T A B I L I T Y  I N  HYDROGEN- OXYGE 
33037 I V E  ROCKET CHAMBE/ C O M B U S T I O N  I N S T A B I L I T Y  I N  S T E E L  AND A B L A T  
30034 A B L E  L E Y G T H  H Y D /  L O N G I T U D I N A L  I N S T A B I L I T Y  L I M I T S  W I T H  A V A R I  
20005 ON/ O P E R A T I O N  OF E L E C T R O L Y T I C  I N S T A L L A T I O N S  FOR T H E  P R O D U C T 1  
50008 S A F E T Y  / P I L O T  C U R R I C U L U M  P N D  I N S T R U C T O R S  G U I D E  E M P H A S I Z I N G  
4 0 3 0 5  I Q U I D  HYDROGEN TEM/ C R Y O G E N I C  I N S T R U M E N T A T I O N  A T  AND ABOVE L 
41004 D T R A N S F E R  OF HYDROGEN S L U S H /  I N S T R U M E N T A T I O N  FOR STORAGE A N  
3 1 0 0 4  DROGEN I N  A TANK D E S I G N E D  AND I N S U L A T E D F O R  U S E  I N  A HYPERSON 
40407 K S X  L O W - D E N S I T Y  F O A M  FOR I N S U L A T I N G  L I Q U I D - H Y D R O G E N  T A N  
40420 SEO I N  T R A N S P O R T ? /  M U L T I L A Y E A  I N S U L A T I O N  F O R  L A R G E  V E S S E L S  U 
4040 8 L I Q U I D  HYDROGEN T A N K  I N S U L A T I O N  F O R  S - I 1  BOOSTER# 
40414 E N T  O F  A L I G H T W E I G H T  E X T E R N A L  I N S U L A T I O N  S Y S T E M  FOR L I Q U I D - H  
40405 O P E N - C E L L  C R Y O G E N I C  I N S U L A T I O N #  
49415 T E R I A L S  C O M P O S I T E S  F O R  U S E  AS I N S U L A T I O N S  F O R  LH2 T A N K S #  /MA 
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40416 ATANO T H E  W E I G H T  B Y  VOLUME O F  I N S U L A T I O N S  F O R  R O C K E T  T A N K S  F 
33049 O L U T I O N  AND N E C R  A F L A T  P L A T E  I N T A N G E N T I A L  FLOY(# / I E S  O F  R E V  
22133 * I T H  R E F I Y E R Y  OPERAT:ONS* I N T E G R A T E  HYDROGEN P R O D U C T I O N  
33066 H E M I C A L  K I N E T I C S  O F  T H E  S H O C K - I N T E G R A T E 0  C O M B U S T I O N  O F  HYDRO 
23415 S Y S T E M *  F U L L Y  I N T E G R A T E D  HYDROGEN D I F F U S  I O N  
2 2 1 0 3  I NTEGRATEO REFORMER U N I T #  
34810 OF OXYGEN-HYDROGEN F U E L  C E L L S  I N T E N O E O  FOR EMERGENCY POWER S 
5 0 0 0 4  ON O F  HYOROGEN A T  H I G H  P /  THE I N T E N S I T Y  O F  T H E  N A R C O T I C  A C T 1  
34645 DY O F  E L E C T R O D E  - E L E C T R O L Y T E  I N T E R F A C E  FOR C A S E Q F  OXYGEN-H 
52000 N I C K E L  B Y  HYDROGEN* T H E  I N T E R G R A N U L A R  E M B R I T T L E M E N T  O F  
43002 TORY G A S  C I R C U L A T I O N  PUMP F O R  I N T E R M E D I A T E  P R E S S U R E S *  /ABORA 
34212 C E L L  - O P E R A T I O N  ON D I L U T E  H/ I N T E R M E O I A T E  T E M P E R A T U R E  F U E L  
34509 ON I U M  P H O S P H A T E  MEMBRANES FOR I N T E R M E O I  A T E  T E M P E R A T U R E  F U E L  
3 4 2 0 8  I M M O B I L I Z E D  P H O S P H O R I C  A C I D  I N T E R M E D I A T E - T E M P E R A T U R E  F U E L  
43009 RGE Q U A N T I T I E S  O F  HYDROGEN B Y  I N T E R M E T A L L I C  COMPOUNDS* /F L A  
32014 AIR-BREATHINGHYDROGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G I N E Y  / N  
30073 ELOPMENT O F  A  HYDROGEN-OXYGEN I N T E R N A L  C O M B U S T I O N  E N G I N E  S P A  
32022 H I S T O R Y  OF HYDROGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G I N E S #  
3 2 0 0 7  HYOROGEN-FUELED I N T E R N A L  C O M B U S T I O N  E N G I N E *  
3 2 G 2 1  R T I A L  HYDROGEN * I N J E C T I O N  I N T O  I N T E R N A L  C O M B U S T I O N  E N G I N E S  E F  
5 2 0 0 6  FOR THE A N A L Y ~ I S  OF HYDROGE/ I N T E R N A L  F R I C T I O N  MEASUREMENTS 
33061 D I F F U S I O N *  D /  A N  A N A L Y S I S  OF I N T E R N A L  S U P E R S O N I C  F L O W S  W I T H  
30072 OGEN-OXYGEN F U E L E D  3 - K I L O W A T T  I N T E R N A L -  C O M B U S T I O N  E N G I N E #  / 
3 4 8 4  9 T H E  R E V O L T  A G A I N S T  I N T E R N A L - C O M B U S T I O N  E N G I N E *  
30011 HYDROGEN-OXYGEN S P A C E  POWER I N T E R N A L - C O M B U S T I O N  E N G I N E *  
41008 L E D  P R O P E L L A N T S  FOR L U N A R  AND I N T E R P L A N E T A R Y  M I S S I O N S &  /BCOO 
23604 I N  S/ C O N V E R S I O N  OF S U N L I G H T  I N T O  C H F M I C A L  ENERGY A V A I L A B L E  
3 4 0 0 3  C O N V E R S I O N  OF C H E M I C A L  ENEYGY I N T O  E L E C T R I C A L  E N E R G Y - B A T T E R 1  
34011 C O N V E R S I O N  OF C H E M I C A L  ENERGY I N T O  E L E C T R I C A L #  / S  O F  D I R E C T  
23602 BY T H E  D E C O M P O S I T I O N  O F  WATER I N T O  HYDROGEN AND OXYGEN# /GY 
2 2 1 6 9  F O R M I N G  CARBONACEOUS M A T E R I A L  I N T O  HYDROGEN* / P A R A T U S  F O R  R E  
32021 E /  P A R T I A L  HYDROGEN I N J E C T I O N  I N T O  I N T E R N A L  C O M B U S T I O N  E N G I N  
3 3 0 3 1  I N  HYDROGEN/OXYGEN ROCKET/  A N  I N T R O D U C T I O N  T O  HEAT T Q A N S F E R  
23602 OF I M P R O V I N G  T H E  E F F I C I E N C Y  / I N V E S T I G A T I O N  FOR T H E  P U R P O S E  
30002 R S  T O  S U P P R E S S  / E X P E R I M E N T A L  I N V t S T I G A T I O N  O F  A C O U S T I C  L I N E  
30066 E C T S  ON POCKET / E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  COMBUSTOR EFF 
33057 HYOROGEN I N  A H Y P E R S O N I C  A I /  I N V E S T I G A T I O N  O F  C O M B U S T I O N  O F  
30009 L E E O - T Y P E  T U R B I N E  FOR HYOROG/ I N V E S T I G A T I O N  O F  E I G H T - S T A G E  B 
3 0 0 0 5  AR R O C K E T  TECHNOLOGY# I N V E S T I G A T I O N  O F  GASEOUS N U C L E  
33018 S T I O N #  I N V E S T I G A T I O N  O F  GH2-GO2 COMBU 
33025 H E A T - T R A N S F E R  R /  E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  HOT-GAS S I O E  
30028 A LOW-CHAMBER-PRESSURE HYOR/ I N V E S T I G A T I O N  O F  I N J E C T O R S  F O R  
3 3 0 1 3  OXYGEN-HYDROG/ A  P R E L I M I N A R Y  I N V E S T I G A T I O N  O F  O X I D I Z E R - R I C H  
30043 N A M I C S  I N  A L A R G E  RO/ O R B I T A L  I N V E S T I G A T I O N  OF P R O P E L L A N T  OY 
33010 OF I N C O M P L E T E  O X I O A T I O N  O F  M/ I N V E S T I G A T I O N  O F  T H E  R E A C T I O N  
3 0 0 0 8  GE B L E E D - T Y P E  T U R B I N E  F O P  H Y /  I N V E S T I G A T I O N  O F  T H E  E I G H T - S T A  
3 4 5 3 2  O F  WATER R E J E C T /  E X P E R I M E N T A L  I N V E S T I G A T I O N  O F  T H E  O Y N A M I C S  
34501 OF WATER R E J E C T I O N  FROM A H Y /  I N V E S T I G A T I O N  O F  T H E  O Y N A M I C S  
52059 O F  T I T A N I U M  W I T H  HYDROGEN# I N V E S T I G A T I O N  O F  T H E  R E A C T I O N  
3 5 0 6 5  C R Y O G E N I C  R E A C T I O N  C O N T R O L  / I N V E S T I G A T I O N  O F  THRUSTORS F O R  
4 0 5 0 9  ROGEN FLOW I N  PUMP I N L E T  L I N /  I N V E S T I G A T I O N  O F  TWO-PHASE HYO 
3 4 2 2 4  L C E L L  R E G E N E R A T I V E  F U E L  C E L L  I N V E S T I G A T I O N #  D U A  
3 3 0 4 9  O M B U S T I O N  I N  T H /  E X P E R I M E N T A L  I N V E S T I G A T I O N S  ON S U P E R S O N I C  C 
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34025 E C T R O C H E M I C A L  F U E L  C E L L S  W I T H  I O N  EXCHANGE MEMBRANES* / I N  E L  
34210 L S #  HYDROGEN-OXYGEN I O N - E X C H A N G E  CEMBRANE F U E L  C E L  
34258 C R O B I A L L /  THE O P E R A T I O N  O F  A N  ION-MEMBRANE F U E L  C E L L  W I T H  M I  
52035 P T I O N  O F  C A T H O D I C  HYDROGEN B Y  I R O N  AND S T E E L *  ABSOR 
52043 A G A T I O N  D U R I N /  ON T H E  R O L E  O F  I R O N  D I S S O L U T I O N  I N  CRACK PROP 
43013 MATION.  P R O P E R T I E S .  A N D  A P P L /  I R O N  T I T A N I U M  H Y D R I D E :  I T S  FOR 
5 2 0 2 6  OGEN P E R M E A T I O N  THROUGH A L L H A  IRON. 4130 S T E E L .  AND 304 S T A I  
52042 L E X T R A C T I O N  O F  HYDROGEN FROM I R O N *  / S  O F  T H E  E L E C T R O C H E M I C A  
5 2 0 2 8  F R A C T U R E  O F  HYDROGEN-ADSORBED I R O N *  / T  O F  C R A C K S  D U R I N G  THE 
5 2 3 2 7  HYDROGEN E M B R I T T L E M E N T  I N  I R R A D I A T E D  S T E E L S #  
3 4 8 4  8 F U E L  C E L L  I S  G O I N G  C O M M E R I C A L #  
1 0 0 2 1  TURE?*  I S  HYDROGEN T H E  F U E L  O F  T H E  FU 
10069 HYDROGEN: I T ' S  CLEAN,  B U T  I S  I T  A P R A C T I C A L  F U E L ? #  
3 3 0 0 4  ANT/  S P E C I F I C  H E A T  R A T I O S  AND I S E N T R O P I C  EXPONENTS FOR CONST 
4 0 0 3 8  OF T H E  P R O P E R T I E S  OF H Y D P O G E N  I S O T O P E S  BELOW T H E I R  C R I T I C A L  
10077 RE F U E L *  ( A  L I T E R A T U R E  S U R V E Y  I S S U E D  Q U A R T E R L Y ) #  /ROGEN F U T U  

' I T  * NOT I N O E X E D  
' I T S  * NOT I N D E X E D  

33046 OR HYDROGEN-BROMINE M I X T U R E S *  IV .  E Q U A T I O N  O F  SEMENOV AND F R  
4 0 5 0 8  S U C T I O N  H E A D  O P E R A T I O N  O F  THE J-2 HYDROGEN PUMP# / P O S I T I V E  
41009 I N G  A C E N T R I F U G A L -  T Y P E  PUMP ( J - 2 ) C  / P I N G  C H A R A C T E R I S T I C S  U S  
2 2 1 3 1  J E T  F U E L  A S  A F E E D  S T O C K *  
2 2 1 1 4  J E T  F U E L  A S  F E E D S T O C K *  
3 3 0 0 0  F- I G N I T I O N  O F  A T U R B U L E N T  GAS J E T  I N  A S T R E A M  O F  O X I D I Z I N G  A 
3 3 0 3 3  P A R T  11' A N A L Y S I S  F O R  C O A X I A L  J E T  I N J E C T I O N *  / I O U 1 0  OXYGEN. 
22627 E N  FROM N A T U R A L  GAS B Y  P L A S M A  J E T  S Y N T H E S I S *  / C H N I C A L  HYDROG 
3 0 0 4 5  LOW-THRUST. COLD-GAS R E A C T I O N  J E T S  I N  A VACUUM# /ORMANCE O F  
3 4 2 3 7  I C  R E G E N E R A T I V E  F U E L  C E L L S .  1 JL T O  AUGUST 1 9 6 6 #  / E L E C T R ( K Y T  
401 12 HYDROGEN-HYDROCARBON GAS M I /  JOULES-THOMSON L I Q U E F A C T I O N  OF 
34843 UTOMATED E L E C T R I C A L  S T A R T  F O R  J P 4 - A I R  S Y S T E M S *  A 

41013 M E T A L L I C  HYDROGEN: S I M U L A T I N G  J U P I T E R  I N  T H E  L A B O R A T O R Y #  
33046 E Q U A T I O N  O F  SEMENOV A N D  FRANK-KAMENETSKY ANDMANSON E Q U A T I O N S  
2 2 6 1 7  P O L U C H E N I  E VODORODA METODOM K A T A L I T I C H E S K O I  K O N V E R S I  I B U T A  
2 2 2 1 7  E* HYDROGEN-KEY F A C T O R  I N  R E F I N I N G ' S  F U T U R  
31 009 G H Y P E R S O N I C  A I R C R A F T *  KEY TECHNOLOGY FOR A I R B R E A T H I N  
1 0 0 7 4  HYDROGEN - T H E  K E Y  T O  ABUNDANT C L E A N  ENERGY# 
13040 HYDROGEN: K E Y  T O  T H E  ENERGY MAQKETY 
10036 HYDROGENI MASTER-KEY T O  T H E  ENERGY M A R K E T #  
30001 S I S T O J E T  PERFORMANCE# 3 - K I L O W A T T  C O N C E N T R I C  T U B U L A R  R E  
3 0 0 7 2  T O F  HYDROGEN-OXYGEN F U E L E D  3 - K I L O W A T T  I N T E R N A L -  C O M B U S T I O N  
33002 CARBON / A N A L Y T I C A L  C H E M I C A L  K I N E T I C  S T U D Y  O F  T H E  E F F E C T  O F  
33035 C A L C U L A T I O N  O F  T H E /  C H E M I C A L  K I N E T I C S  C O N S I D E R A T I O N S  D U R I N G  
33001 OGEN-OXYGEN C H E M I C A L  R E A C T I O N  K I N E T I C S  I N  ROCKET E N G I N E  COMB 
33012 D HYDROCARBON-OXYGEN R E A C T 1 0 1  K I N E T I C S  O F  HYDROGEN-OXYGEN A N  
2 2 6 4 9  N F L U I D I Z E D  B E D  R E A C T O R S *  K I N E T I C S  OF P R O P A N E  C R A C K I N G  I 
3 3 0 6 4  N/ C O M P U T A T I O N A L  S T U D Y  O F  T H E  K I N E T I C S  O F  T H E  HYDROGEN-OXYGE 
33066 E D  C O M B U S T I O N  O F  HY/  C H E M I C A L  K I N E T I C S  OF T H E  S H O C K - I N T E G R A T  
30049 T H E  S E P R HM4 E N G I N E :  A 40 K N  T H R U S T  L I Q U I D  OXYGEN A N 0  H Y  
2 2 1 1 3  NG DURCH D A M P F R E F O R M I E R E N  VON KOHLENWASSERSTOFFEN*  /ER-ZEUGU 
22617 ORODA METODOM K A T A L I T I C H E S K O I  K O N V E R S I I  B U T A N A  POD D A V L E N I E M  
3 4 2 4 8  FUEL C E L L  SYSTEM*  5 K V A  HYOROCARBON REFORMER - A I R  
3 4 2 4 1  L E C T R I C  POWER P L A N T  D E S I G /  15-KW HYDROCARBON-AIR F U E L  C E L L  E 
34830 OWER SOURCE* 5-KW HYDROCARBDN-AIR F U E L  C E L L  P 

/n/ 
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34831 OWER P L A N T #  5 KW HYDROCARBON-AIR FUEL C E L L  P 
3 4 2 2 3  A 1 KW HYDROGEN F U E L  B A T T E R Y *  
3 4 2 2 2  I T H  AN A L K A L I N E  E L E C T R O L /  A 5-KW HYDROGEN-AIR F U E L  B 4 T T E R Y  E! 
34264 I L X T V  ASSESSMENT T E S T I N G  O F  2 KW HYDROGEN-OXYGEN F U E L  C E L L  S 
3 2 0 1 9  UCKX L O S  ALAMOS L A B  M A K I N G  HYDROGEN-POWERED TR 
4 2 0 0 2  ROGEN D l S T R I B U T I O N  T O  PROCESS L A B O R A T O I R E S #  H Y D  
20004 N I N G  HYDROGEN A N D  / A U T O M A T I C  L A B O R A T O R Y  APPARATUS FOR O B f A f  
43002  P FOR I N T E R M E D I A T E  P R E /  A NEW L A B O R A T O R Y  GAS C I R C U L A T I O N  P U M  
41013 E N :  S I M U L A T I N G  J U P I T E R  I N  T H E  L A B O R A T O R Y #  M E T A L L I C  HYDROG 
40001 I C  F L U I D S  I N  I N D U S T R Y  AND THE L A B O R A T O R Y #  U S E S  O F  CRYOGEN 
1 3 0 5 5  T H E  ENERGY L A B Y R I N T H *  
4 9 4 8 1  HYDROGEN P R E S S U R E  V E S S E L  W I T H  L A M I N A T E D  WALLS*  
3 0 0 5 Q  CHPMBER T E S T  PROGRAM# L A P G E  HYDROGEN-OXYGEN A B L A T I V E  
43009 DOM T E M P E R A T U R E  A B S O R P T I O N  OF L A R G E  Q U A N T I T I E S  O F  HYDROGEN B 
30043 N OF P R O P E L L A N T  D Y N A M I C S  f N  A L A R G E  ROCKET BOOSTERS / T I G A T 1 0  
4 0 4 2 0  T I /  M U L T I L A Y E R  I N S U L A T I O N  FOR L A R G E  V E S S E L S  U S E D  I N  TRANSPOR 
1 0 0 7 2  C O N V E R S I O N  O F  S O L A R  E N E R G Y #  L A R G E - S C A L E  C O N C E N T R A T I O N  AND 
22112 A B L E S  A N D  P R O D U C T I O N  C O S T S  I N  L A R G E - S C A L E  MANUFACTURE O F  H Y D  
2 2 0 0 8  T I O N  O F  GASEOUS PRODUCTS FROM L A S E R  P Y R O L Y S I S  O F  C O A L S  O F  VA 
2 2 0 1 2  E R l A L S d  G A S E S  FROM L A S E R  P Y R O L Y S I S  O F  O R G A N I C  MAT 
30046 D C R Y O G E N I C  R O C K E T  E N G l N E  FOR L A T E  '70s U S E #  / P I C K E D  T O  BUIL 
5 2 4 5 8  N E M B R I  T T L E M E N T  C R A C K I N G #  L A T T I C E  D I L A T A T I O N  A N D  HYDROGE 
30039 H I N G  E N G I N E S  O F  A S P A C E - C R A F T  L A U N C H  V E H I C L E *  /THE A I R  B R E A T  
3 0 0 2 4  PROGRAMS. P R E L I M I N A R Y  P R O J E C T  L A U N C H E R S  81 AND B2. S T U D Y  NO. 
30023 ROGRAM S T U D Y  3 - 2  ON A N  E L D O  €3 L A U N C H I N G  S Y S T E M  W I T H  A S T A N D A  
33015 I D N S  I N  A H Y D R O G E N - A I R  M I X I N G  L A Y E R #  CHEW 1 C A L  TRANSFORMAT 
30060 U/ D E V E L O P H E M T  O F  A 1 . 5 0 0 . 0 0 0 - L B - T H R U S T  ( N O M I N A L  VACUUM) L I Q  
3 3 0 5 5  S U P E R S O N I C  C D M B U S T I O /  S T U D I E S  L E A D I N G  T O  T H E  R E A L I Z A T I O N  O f  
51009 VEY*  HYDROGEN L E A K  AND F I R E  D E T E C T I O N :  A S U R  
34270 CON/ S I M U L A T E D  HYDROGEN CROSS-LEAKAGE I N  A LOW-TEMPERATUREI 
33028 LL- S T X R R I  C O M B U S T I O N  OF F U E L - L E A N  M I X T U R E S  I N  A D I A B A T I C .  WE 
33046 I O N A L  C A L C U L A T I O N S  B Y  M A L L A R D - L E C H A T E L I E R  E Q U A T I O N #  /. A D D I T  
23418 ON A N  MEMBRANEN AUS P A L L A D I U M - L E G I E R U N G E N S  /F DURCH P E R M E A T I  
30034 B I L I T Y  L I M I T S  W I T H  A V A R I A B L E  L E N G T H  HYDROGEN O X Y G E N  COMBUST 
5 2 0 2 6  AND 304 S T A I N L E S S  S T E E L  FROM L E S S  T H A N  600 C T O  N E A R  600 C #  
1001 7 HYDROGEN AND POWER: A L E T T E R *  
1 0 0 2 2  HYDROGEN AND POWER: A L E T T E R S  
4 0 3 0 2  L E S *  T E S T  O F  L I Q U I D - L E V E L  SENSORS AND F I S S I O N  COUP 
30074 A N T  R E S E A R C H  A T  T H E  N A C A / N A S 4  L E W I S  R E S E A R C H  C E N T E R *  1945-19 
40512 S I S  O F  TWO-PHASE FLOW FLOW I N  L H 2  P U M P S  FOR 0 2 / H 2  ROCKET E N G  
40307 LH2 Q U A L I T Y  M E T E R #  

40415 E S  F O R  U S E  A S  I N S U L A T I O N S  FOR LH2 T A N K S #  / M A T E R I A L S  C O M P O S I T  
34102 S I G N  A N D  O P E R A T I N G  F A C T O R S  O N  L I F E  AND PERFORMANCE O F  M A T R I X  
34842 D R O G E N P A I R  F U E L  C E L L  F O R  L O N G - L I F E  M I S S I O N S *  AUTONOMDUS H Y  
34246 F A C T O R S  A F F E C T I N G  L I F E  O F  FUEL C E L L S *  

23004 E F O R M I N G  FOR U S E  I N  EMERGENCY L I F E  SUPPORT S Y S T E M  D E S I G N *  /R 
20016 E L E C T R O L Y S I S  / S T A T U S  O F  T H E  L I F E  S Y S T E M *  S T A T I C  F E E D  WATER 
3 4 6 3 4  ES; E L E C T R O D E  IMPROVEMENT AND L IFE  T E S T I N G @  /L C E L L  E L E C T R O D  
22143 L S #  HYDROGEN FROM L I G H T  D I S T I L L A T E S  FOR F U E L  C E L  

23202 I C  U N I T S .  ENERGY T R A N S F E R  AND L I G H T -  I N D U C E D  E V O L U T I O N  O F  H Y  
34631 DROGEN- OXY/  H IGH-PERFORMANCE L I G H T - W E I G H T  E L E C T R O D E S  F O R  H Y  
34605 D E S  - 11 2 #  L IGHT-WE I G H T  F U E L  C E L L  E L E C T R O  

40414 N S Y S T E M  F O /  D E V E L O P M E N T  OF A L I G H T W E I G H T  E X T E R N A L  I N S U L A T I O  
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34267 T H E  S I N G L E - C E L L  CONCEPT F O R  L I G H T W E I G H T *  R E C H A R G E A B L E  HYDR I 

HYDROGEN! L I K E L Y  F U E L  O F  T H E  F U T U R E #  
51001 GEN I N  A I R *  OXYGEN, AN/  U P P E P  L I M I T  O F  F L A M M A R I L I T Y  OF HYDRO 
51004 T H E  DEPENDENCE O F  T H E  LOWER L I M I T  OF HYD~,OGEN E X P L O S I V I T Y  
3 3 G 0 8  UPPER S E L F - I G N I T  I O N  L I M I T  OF HYOROGEN I N  OXYGEN* 
33064 P P L I C A T I O N  T O  T H E  C O M P O S I T I O N  L I M I T S  A N D  T T A N S V E R S E  S T A B I L I T  
33016 OGEN-STEAM M I X T U R /  COMBUSTI,ON L I M I T S  O F  HYDROGEN-OXYGEN-NITR 
30034 HYD/ L O N G I T U D I N A L  I N S T A B I L I T Y  L I M I T S  W l T H  !A V A R I A B L E  LENGTH 
51005 T I E S .  B U R N I N G  R A T E S *  D I L U T I O N  L I M I T S .  TEMPERATURESIAND WIND 
40511 A 1 4 - M  L I Q U I D - H Y D R O G E N  L I N E #  i 
40500 E HYDROGEN FLOW I N  PUMP I N L E T  L I N E *  / V E S T I G A T I O N  O F  TWO-PHAS 
30002 T A L  I N V E S T I G A T I O N  O F  A C O U S T I C  L I N E R S  TO S~IPPRESS S C R E E C H  I N  
40600 C Q Y O G E N I C  F L U I D  T R A N S M I S S I O N  L I N E S #  1 M U L T I P L E  U S E  OF 
40102 DROGEN# I L I Q U E F A C T I O N  AND STORAGE O F  H Y  
4 0 1 0 0  E L I U M .  O B T A I N I N G  ULTRALOW T E /  L I Q U E F A C T I O N  O F  HYDROGEN AND H 
40112 CARBON GAS M I /  JOULES-THOMSON L I Q U E F A C T I O N  O F  HYDROGEN-HYDRO 
40103 M E X P A N S I O N  CO/  HYDROGEN-NEON L I Q U E F A C T 1 , O N  U N I T  W I T H  A H E L l U  
2 2 6 0 8  HYDROGEN P R O D U C T I O N  AND L I P U E F A C T I O N *  
40106 N E N G I N E  F n R  TONNAGE HYDROGEN L I  O U E F A C T I O N *  / O G E N I C  E X P A N S I O  
22196 W I T H  H Y /  STEAM C O N V E R S I J N  OF LIOUEF XED/ GAS A N 0  I T S  M I X T U R E S  
50001 I E W X  L I Q U E F I E D  HYDROGEN SAFETY.  R E V  
50000 L I Q U E F I E D  HYDROGEN S A F E T Y *  
40199 D NEON/ PROCESS FOR P R O D U C I N G  L I Q U E F I E D  HYDROGEN. H E L I U M .  A N  
5 0 0 0 5  R D  F O R  C O M M E R I C A L  H A N D L I N G  O F  L I Q U E F I E D  HYDROGEN# / T Y  STANDA 
40105 R S I O N  F O R  P R O D U C T I D /  HYDROGEN L I Q U E F I E D  W I T H  TWO-STAGE CONVE 
4 9 1 0 1  M U L T I P L E - U N I T  HYDROGEN-HELIUM L I Q U E F I E R *  
40107 D E S I G N  OF A HYDROGEN L I Q U E F I E R #  
401 04 EXCHANGERS*  HYDROGEN L I Q U E F  I E R S  W I T H  E F F I C I E N T  H E A T  
40306 M E A S U R I N G  THE TEMPERATURE O F  L I Q U I D  A N D  G4SEOUS HYDROGEN# / 
30071 S M A L L  ROCKET CHAMBER B U R N I N G  L I Q U I D  A N D  GASEOUS HYDROGEN# / 
41001 FLOW RESEARCH SYSTEM FOR LIQUID AND skusn HYDROGEN# 
4 0 2 0 1  C A V I T A T I O N  I N  L I Q U I D  CRYOGBNS. 1: V E N T U R I *  
40604 I O N  C O N T R O L  SYSTEM* C R Y O G E N I C  L I Q U I D  D I S T R I B U T I O N  SYSTEM: S T  
34257 POROUS-TEFLON E L E C T R O D E S  A N 0  L I Q U I D  E L E C T R O L Y T E S #  / D U C T I N G -  
3 0 0 2 9  PERFORMANCE I N J E C T O R S  F O R  T H E  L I O U I O  F L U O R I N E - G A S E O U S  HYDROG 
2 2 2 1 3  C O M B U S T I O N  ( G A S I F I C A T I O N )  0- L I O U I O  F U E L S  A T  H I G H  P R E S S U R E #  
50013 O N C E R N I N G  L I Q U I D  HYDROGEN AND L I Q U I D  H E L I U M #  / S A F E T Y  CODES C 
22116 E X P E R I E N C E  W I T H  L I Q U I D  HYDROCARBON F U E L S #  
2 2 1 1 0  E L L S *  HYDROGEN FROM L I Q U I D  HYDROCARBONS F O R  F U E L  C 
2 2 2 0 4  H G A S  B Y  P A R T I A L  O X I D A T I O N  OF L I Q U I D  HYDROCAPBONS A T  H I G H  P R  
2 2 1 1 9  P R O D U C T I O N  O F  HYDROGEN F R D M  L I Q U I D  HYOROCARBONS A T  E L E V A T E  
2 2 1 3 4  E L L S #  HYDROGEN F R O M  L I Q U I D  HYDROCARBONS FOR F U E L  C 
2 2 2 0 8  F U E L #  R E F O R M I N G  O F  L I Q U I D  HYOROCARBONS TO GASEOUS 
2 2 2 0 0  N T H E S I S  GAS AND HYDROGEN FROM L I Q U I D  HYDROCARBONS# S Y 
2 2 1 4 7  C A T A L Y T I C  STEAM R E F O R M I N G  O F  L I Q U I O  HYDROCARBONS# 
4 0 6 0 1  ING.  TRANSPORT AND STORAGE OF L I Q U I D  HYDROGEN - T H E  R E C Y U A B  
5 0 0 1 3  S AND S A F E T Y  CODES C O N C E R N I N G  L I Q U I D  HYDROGEN A N D  L I Q U I O  H E L  
1 0 0 4 5  THE FUTUREW L I Q U I D  HYDROGEN A S  A F U E L  F O R  
3 1 0 0 5  C T R A N S P O R T  F U E L *  L I Q U I D  HYDROGEN A S  A S U P E R S O N I  
3 2 3 C 8  L Y  L I Q U I D  HYDROGEN A S  A MOTOR F U E  
401 11 P R O P U L S I O N  E S T /  PRODUCT I O N  OF . L I Q U I D  HYDROGEN AT T H E  ROCKET 
40507 P E R A T I N G  C H A R A C T E Q I S T I C S  O F  A L I Q U I D  HYDROGEN C E N T R I F U G A L  T U  
33021 I V E  A N A L Y S I S  O F  L I Q U I D  O X Y G E N - L I Q U I D  HYDROGEN C O M R U S T t O N  PRO 
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40409 T I A L  VARMUP O F  5 0 0 . 0 0 0 - G A L i L O N  L I Q U I D  HYDROGEN OEWAR* IN1 
40303 C H N I O U E #  L I Q U I D  HYDROGEN FLOW BY NMR T E  
40421 Z A T I O N  F A C T O R S  F O R  STORAGE O F  L I O U I D  HYDROGEN I N  A LOW-GRAVI  
31004 ON O F  THE T H E R M A L  B E H A V I O R  O F  L I Q U I D  HYDROGEN I N  A T A N K  D E S I  
40403 C O N S I D E R A T I O N S  FOR STORAGE O F  L I Q U I D  HYDROGEN I N  S P A C E  V E H I C  
4 0 4 1  9 S I O N  B L A D D E R S *  L I Q U I D  HYDROGEN P O S I T I V E  E X P U L  
1 0 0 1 2  C O S T *  AND S Y S T E M  A N A L Y S I S  O F  L I Q U I D  HYOROGEN P R O D U C T I O N  F I N  
5001 6 E A R  L O O K #  P R O J E C T  ROVER L I Q U I D  HYDROGEN S A F E T Y :  F I V E  Y 
31013 T R A N S P O R T A f  T H E  E C O N O M I C S  O F  L I Q U I D  HYDROGEN S U P P L Y  F O R  A I R  
32020 S. ECONOMICSI  AND S A F E T Y  O F  A L I O U I D  HYDROGEN S Y S T E M  F O R  A U T  
31003 THERMAL P R O T E C T I O N  S Y S T E M  F O R  L I O U I D  HYDROGEN T A N K S  O F  HYPER 
40417 A N D  S E L F - P R E S S U R I Z A T I O N  I N  A L I Q U I D  HYDROGEN T A N K #  / I C A T I O N  
6 0 4 1 3  F - P R E S S U R I Z A T I O N  O F  S P H E R f C A L  L I Q U I D  HYDROGEN T A N K A G E #  / S E L  
40408  N F O R  S - I 1  ROOSTER# L I Q U I D  HYDROGEN T A N K  I N S U L A T I O  
40005 L I Q U I D  HYDROGEN TECHNOLOGY# 
40305 I N S T R U M E N T A T I O N  A T  A N D  ABOVE L I O U I D  HYDROGEN TEMPERATURE:  P 

5 1 0 1 4  S *  E X P L O S I O N  C R I T E R I A  FOR L I Q U I D  HYDROGEN T E S T  F A C I L I T I E  
3 0 0 5 6  # D E S I G N  A N 0  M A N U F A C T U R E  O F  L I Q U I D  HYDROGEN T H R U S T  CHAMBER 
40602 M F O R  THE S A T U R /  A 1 0 . 0 0 0 - G P M  L I Q U I D  HYDROGEN T R A N S F E R  S Y S T E  
40506 H Y D R A U L I C  D E S I G N  OF T H E  M-1 L I Q U I D  HYOROGEN TURBOPUMP# 
4 0 5 ~ 2  E A T  TRANSFER COEFFICIENTS FOR LIQUIO HYDROGEN TURBDPUMPS# n 
4 C 5 0 3  THERMODYNAMIC I M P R O V E M E N T S  I N  L I Q U I D  HYDRDGFN TURDOPUMPSU 
4 0 0 0 6  RE E N G I N E /  F U E L  F O R  TOMORROWa L I Q U I D  HYOROGENe LOW-TEMPERATU 
50909 P E R A T U R E S s  P A R T I C U L A R  C A S E  O F  L I Q U I D  HYDROGEN.# / E R Y  LOW T E M  
31015 TY WORKING S Y M P O S I U M  ON L I Q U I D  HYDROGEN-FUELED A I R C R A F  
30057 O P U L S I O N  B Y  L I Q U I D  O X Y G E N  AND L I O U I D  HYDROGEN# P R  
5001 l S A F E T Y  I N  T H E  U S E  O F  L I Q U I D  HYDROGEN# 
4000 3 L I Q U I D  HYDROGEN# 
40308 L T U R B I N E - T Y P E  FLOWMETERS FOR L I Q U I D  HYOROGEN* SMAL 
4 0 5 0 4  P U M P S  F O R  L I Q U I D  HYDROGEN# 
4 C l l 3  T H E  P R O D U C T I O N  O F  L I Q U I D  HYDROGEN# 
2 2 6 0 3  R O D U C T I O N  AND D I S T R I B U T I O N  O F  L I Q U I D  HYDROGEN# P 
40416 F O R  R O C K E T  T A N K S  F I L L E D  W I T H  L I Q U I D  HYDROGEN# / I N S U L A T I O N S  
40509 F O R  P U M P I N G  L I Q U I O  O X Y G E N  AM0 L I Q U I D  HYDROGEN* /ED E J E C T O R S  
33005 P R O B L E M S  O N  T H E  C O M B U S T I O N  O F  L I Q U I D  O X I D I Z E R S  I N  HYDROGEN* / 

30049 R HMO E N G I N E :  A 4 0  K N  THRUST L I O U I D  O X Y G E N  AND HYDROGEN E N G  
30047 SEPR R O C K E T  E N G l N E  - H Y 4  W I T H  L I Q U I D  O X Y G E N  AND H Y D R O G E N D E S I  
3 0 0 5 7  GEN* P R O P U L S I O N  B Y  L I Q U I D  O X Y G E N  A N D  L I Q U I D  HYDRO 
40509 -POWERED E J E C T O R S  F O R  P U M P I N G  L I Q U I O  OXYGEN AND L I Q U I O  HYDRO 
30037 S T A R I L I T Y  OF GASEOUS H Y D R O G E N - L I Q U I D  OXYGEN E N G I N E #  /ON THE 
33033 I S  F O R  C O A X I A L  J E T  I N J E C T I O N /  L I Q U I D  OXYGEN* P A R T  11: A N A L Y S  
30035 MANCE OF C O A X I A L  I N J E C T O R S  I N  L I Q U I D  OXYGEN-GASEOUS HYDROGEN 
33021 COM/ Q U A N T I T A T I V E  A N A L Y S I S  OF L I Q U I D  O X Y G E N - L I Q U I D  HYDROGEN 
30061 P R O P U L S I V E  U N /  OEVELOPMENT O F  L I Q U I D  O X V G E N / L I Q U I D  HYDROGEN 
41012 H A L  C O N D U C T I V I T Y  O F  S O L I D  AND L I Q U I D  PARAHYDROGEN* THER 
30067 E S Y  D E S I G N  OF L I Q U I D  P R O P E L L A N T  ROCKET E N G I N  
2 3 6 0 1  6. 1 4 7 0  / P R I M A R Y  PRODUCTS OF L I Q U I D  WATER P H O T O L Y S I S  A T  123 
4 0 4 0 2  H I G H - /  THERMAL P R O T E C T I O N  FOR L I Q U I D - H Y D R O G E N  F U E L  T A N K S  I N  
4051 1 A 1 4 - ' 4  L I Q U I D - H Y D R O G E N  L I N E #  
40414 X T E R N 4 L  I N S U L A T I O N  S Y S T E M  FOR L I Q U I D - H Y D R O G E N  S T A G E S  OF T H E  
4 3 4 2 2  V E N T I N G  OF L I Q U I D - H Y D R O G E N  TANKAGE*  
4 0 4 1 8  T H E P M A L  P R O T E C T I O N  S Y S T E M  FOR L I Q U I D - H Y D R O G E N  T A N K S  O F  HYPER 
4 0 4 0 7  W - D E N S I T Y  F C A Y  F O R  I N S U L A T I N G  L I O U I D - H Y D R O G E N  TANKSY L 0 



T I T L E  I N D E X  
SECT I O N  ' T  * 

4 0 3 0 2  ON C O U P L E S #  T E S T  O F  L I Q U I D - L E V E L  SENSORS AND F I S S I  
40304 * Q U A L I T Y  D E T E R M I N A T I O N  OF L I Q U I D - S O L I D  HYDROGEN M I X T U R E S  
4 1 0 0 7  O U A L I T Y  D E T E R M I N A T I O N  O F  L I Q U I D - S O L I D  HYDROGEN M I X T U R E S  
41005 G E N  NEAR T H E  T R I P L E  P O I N T #  L I Q U I D - S O L I D  M I X T U R E S  O F  HYDRO 
40203 P I E N T  AND N U C L E A T E  B O I L I N G  O F  L I Q U I D #  I N C  I 
30060 OC-LB-THRUST ( N D M I N A L  VACUUM)  L I O U I D H Y D R O G E N / L I O U I D  OXYGEN E 
40214 AND MEASUREMENTS O F  C R Y O G E N I C  L I Q U I D S *  THERMAL B E H A V  I O R  
4 0 4 2 0  P O R T I N G  A N D  S T O R I N G  C R Y O G E N I C  L I Q U I D S #  / E S S E L S  U S E D  I N  T R A N S  
5 0 Q O B  OMPRESSED G A S E S  AND C R Y O G E N I C  L I Q U I D S *  / H A S I Z I N G  S A F E T Y  I N  C 
S O 0 0 9  MPERATU/  S A F E T Y  I N  THE U S E  O F  L I Q U I F I E D  G A S E S  AT V E R Y  LOW T E  
1 0 0 1 5  CED ON ENERGY C R I S I S  S O L U T I O N  L I S T " #  /ROGEN-HEATED TOWNS P L A  
5 2 0 5 3  L E M E N T U  R E V I E W  O F  L I T E R A T U R E  ON HYDROGEN E M B R I T T  
10077 E R L /  HYDROGEN F U T U R E  F U E L *  ( A  L I T E R A T U R E  SURVEY I S S U E D  QUART 
5 1 0 1 2  M A B I L I T Y  A N D  E X P L O S I R I L I T Y :  A L I T E R A T U R E  S U R V E Y *  / 2 - N C X  F L A M  
4 0 2 0 7  L C R Y O G E N I C  HYDROGEN: P A R T  l o  L I T E R A T U R E  S U R V E Y #  / E R - C R I T I C A  
2 3 0 2 8  T E  TO/  F U E L  C E L L  S Y S T E M  U S I N G  L I T H I U M  AND L I T H I U M  H Y P O C H L O R I  
30026 C ROCKET F U E L  SYSTEM F L U O R I Y E - L I T H I U M  H Y D R I D E - H Y D R O G E N *  / O L I  
2 3 0 2 8  C E L L  SYSTEM U S I N G  L I T H I U M  AND L I T H I U M  H Y P O C H L O R I T E  T O  PRODUC 
3 0 0 2 7  E L L A N T  S T U D Y #  L I T H I U M - F L U O R I N E - H Y D R O G E N  PROP 
2 2 2 1 5  HYDROGEN MANUFACTURE I N C R E A S E  L I T T L E  I N  C O S T #  P L A N T S  FOR 
5 2 C 4 8  T T L E M E N T Y  T H E  E F F F C T  OF L O A D I N G  MODE O N  HYDROGEN E M B R I  
3 2 0 2 0  T Y  O F  A L I Q U I D  HYDROGEN S Y S T /  L O G I S T I C S .  ECCNOMICS.  AND S A F E  
3 4 8 4 2  U S  H Y D R O G E N / A I R  F U E L  C E L L  FOR L O N G - L I F E  M I S S I O N S #  AUTONOMO 
4 0 4 0 2  E N  F U E L  T A N K S  I N  H I G H -  SPEED. LONG-RANGE A I R C R A F T *  /D-HYDROG 
2 0 0 1 7  E L E C T R O L Y S I S  MDDULE* LONG-TERM O P E R A T I O N  O F  A WATER 
3 5 0 3 4  S W I T H  A V A R I A B L E  L E N G T H  H Y D /  L O N G I T U D I N A L  I N S T A B I L I T Y  L I M I T  
20513 R E  E L C T R O L Y S I S  I N  THE ZDANSKY-LONZA ELECTROLYTORW / B Y  P R E S S U  
50016 I D  HYORDGEN S A F E T Y :  F I V E  YEAR L O O K #  P R O J E C T  ROVER L I O U  
32019 -POWERED TRUCK*  L O 5  A L A M O S  L A B  M A K I N G  HYOROGEN 
40406 LUNAR S U R F A C E #  NO-LOSS C R Y O G E N I C  STORAGE ON T H E  
51005 F L A R E  S T A C K  D I F F U S I O N  F L A M E S :  LOW A N 0  H I G H  FLOW I N S T A B I L I T I E  

34604 LOW C O S T  F U E L  C E L L  E L E C T R O D E S #  
33063 - A I R  S U P E R S O N I C  C O M B U S T I O N  AT LOW D E N S I T I E S #  / E S  O F  HYDROGEN 
34638 A L  O F  A P L A T I N U M  E L E C T R O D E  A T  LOW P A R T I A L  P R E S S U R E S  O F  HYDRO 
30016 THE S P A C E  S H U T T L E *  VOLUME 2: LOW P R E S S U K E  T H R U S T E R S *  / N  F O R  
33038 U S T I O N  O F  GASEOUS HYOROGEN A T  LOW P R E S S U R E S  I N  A 35 DEGREE S 
52005 T A L S  A T  H I G H  TEMPERATURES AND LOW P R E S S U R E S *  /HYDROGEN I N  ME 

2341 6 LOW P U R I T Y  HYDROGEN UPGRADER# 
2 2 2 0 1  F HYDROCARBONS T O  HYDROGEN A T  LOW T E M P E R A T U R E  AND H I G H  P R E S S  
22602 YDROGEN FROM CO + H 2 0 U  LOW T E M P E R A T U R E  F O R M A T I O N  OF H 
23020 YDROGEN FROM CO + H20Y LOW T E M P E R A T U R E  F O R M A T I O N  OF H 
3450 6 LOW T E M P E R A T U R E  F U E L  C E L L #  
3 4 6 2 4  C A R B O N - A I R  E L E C T R O D E S  FOR LOW T E M P E R A T U R E  FUEL C E L L S #  
34217 # LOW T E M P E R A T U R E  F U E L  B A T T E R I E S  
34603 O F  C G E E X I S T I N G  S A T T E R I E S /  LOW T E M P E R A T U R E  HYDROGEN C E L L S  
34626 C E L E C T R O C A T A L Y S T S  FOR U S E  I N  LOW T E M P E R A T U R E  HYOROGEN/OXYGE 
21006 S F O R  THE D E C O M P O S I T I O N  O F /  A LOW T E M P E R A T U R E  T H E R M A L  PROCES 
50009 SE O F  L I Q U I F I E D  G A S E S  A T  VERY LOW TEMPERATURES-  P A R T I C U L A R  C 
2 3 4 2 5  A T l O N  O F  HYDROGEN BY MEANS OF LOW T E M P E R A T U R E S #  P U R I F f C  

2 3 4 2 1  HYDROGEN P U R I F I C A T I O N  A T  LOW T E M P E R A T U R E S #  
33066 HYDROGEN A T  H I G H  P R E S S U R E  AAD LOW TEMPERATURES# / B U S T I O N  OF 
52018 UM A L L O Y  W I T H  HYDROGEN GAS A T  LOW T E M P E R A T U R E S *  / O F  A T I T A N 1  
23436 S AND A P P A R A T U S  F O R  P U R I F Y I N G  L O W - B O I L I N G  G A S E S  I N  G A S M I X T U R  



T I T L E  I N D E X  

S E C T I O N  ' T '  

3 0 0 2 1 3  E S T I G A T I O N  O F  I N J E C T O R S  F O R  A LOW-CHAMBER-PRESSURE HYDROGEN- 
40407 G L I Q U I O - H Y D R O G E N  T A N K S Y  L O W - D E N S I T Y  F O A M  FOR I N S U L A T I N  
40421 ORAGE O F  L I Q U I D  HYDROGEN I N  A L O W - G R A V I T Y  E N V I R O N M E N T #  /4 S T  
3 3 0 2 4  T U B U L A R  CDMBUSTOR W I T H  GASEO/  LOW-PRESSURE PERFORMANCE O F  A 
40507 S T I C S  / E X P E R I M E N T A L  S T U D Y  OF LOW-SPEED O P E R A T I N G  C H A R A C T E R 1  
34105 YDROGEN AND B A S I C - E L E C T Q O L Y T E  LOW-TEMPERATURE B A T T E R I E S  AT T 
52036 OF N I O B I U M  AND V A N A D I U M  / THE LOW-TEMPERATURE E M B R I T T L E M E N T  
40000 OR TOMORROWo L I O U I D  HYDROGEN. LOW-TEMPERATURE E N G I  N E E R I N G  T E  
3 4 0 2 6  EMSY LOW-TEMPERATURE F U E L  C E L L  S Y S T  
34611 ORMANCE O F  C A R B O N  M O N O X I D E  I N  LOW-TEMPERATURE F U E L  C E L L S C O N T  
22122 OOD R O U T E  T O  F U E L - C E L L  HYDRO/ LOW-TEMPERATURE REFORMING;  A G 
2211 1 HYDROGEN# LOW-TEMPERATURE R E F O R M I N G  FOR 
2 3 4 4 0  F HYDROGEN FROM I N D U S T R I A L  G/ LOW-TEMPERATURE R E G E N E R A T I O N  0 
34270 D HYDROGEN CROSS-LEAKAGE I N  A LOW-TEMPERATURE*  C O N T A I N E D - E L E  
30045 JETS  / O Y A N M I C  PERFORMANCE O F  LOW-THRUST. COLD-GAS R E A C T I O N  
30031 L U O R I N E  R O C K E T  PERFORMANCE A T  LOW# E X P E R I M E N T A L  HYDROGEN-F 
5 1 0 G 4  I V I T Y  / T H E  DEPENDENCE O F  T H E  LOWER L I M I T  O F  HYDROGEN E X P L O S  
3 0 0 4 0  FOR ADVANC/ A N  E V A L U A T I O N  O F  LOX/HYDROSEN E N G I N E  TECHNOLOGY 
30063 M-1 E N G I N E  O/  D E V E L O P M E N T  OF L02/LH2 GAS GENERATORS F O R  T H E  
40505 E A R I N G S  I N  C R Y O G E N I C  HYDROGE/ L U B R I C A T I O N  AND WEAR OF B A L L  B 
41008 A N D  SUBCOOLED P R O P E L L A N T S  FOR L U N A R  AND I N T E R P L A N E T A R Y  M I S S 1  
40406 L O S S  C R Y O G E N I C  STORAGE ON THE L U N A R  S U R F A C E #  NO- 
23427 YDROGEN RECOVERY T A K E S  O N  NEW L U S T E R  I N  SOME P L A N T S #  H 
4051 1 A 1 4 - M  L I Q U I D - t i Y D R O G E N  L I N E #  
3 0 0 6 3  0 2 / L H 2  G A S  GENERATORS FOR THE M-1 E N G I N E  O P E R A T I O N S #  / T  OF L 
42001 ESSURE VESSEL PROBLEMS I N  THE M-1 F A C I L I T I E S #  /DROGEN G A S  P R  
4 0 5 0 6  H Y D R A U L I C  D E S I G N  O F  THE M-1 L I  W I D  HYDROGEN TURBOPUMPY 
33023 I L I Z I N G  GASEOUS HYDROGEN A T  A MACH NUMBER O F  3.6 A N G L E S  OF A 
31007 YDROGEN A N D  M E T H A N E  F U E L  I N  A MACH 2.7 S U P E R S O N I C  TRANSPORT*  
22172 O F  S H A L E  O I L  I N  A F L U I D I Z E D /  M A C R O K I N E T I C S  O F  T H E  P Y R O L Y S I S  
43004 ON O F  HYOROGEN W I T H  A L L O Y S  O F  M A G N E S I U M  A N 0  COPPER* / R E A C T 1  
43003 ON O F  HYOROGEN W I T H  A L L O Y S  O F  M A G N E S I U M  AND N I C K E L  A N 0  T H E  F 
5 2 0 1 2  A V I D R  I N  M E T A L S  U S I N G  NUCLEAR M A G N E T I C  RESONANCE# /ROGEN B E H  
4301 2 MAGNETS T H A T  A T T R A C T  HYDROGEN# 
52038 E N H A N C E D  F L A W  GROWTH I N  SSE M A I N  E N G I N E  A L L O Y S  I N  H I G H  P R E  
3481 8 EL C E L L S  R E Q U I R I N G  M I N I M U M  O F  MA I N T E N A N C E Y  /DROGEN-OXYGEN FU 
20500 GE P R O C E S S  COULD MAKE C H E A P E R  HYDROGEN# 
2 2 0 1 0  S S I B - M I L L I O N  OCR CONTRACT TO MAKE HYOROGEN GAS FROM C O A L  C H  
41016 "PRESSURE ON" TO MAKE M E T A L L I C  HYDROGEN# 
20015 M A K I N G  HYDROGEN AND OXYGEN# 
3201 9 L O S  ALAMOS L A B  M A K I N G  HYDROGEN-POWERED T R U C K #  
22129 DEVELOPMENT;  I M P R O V E M E N T S  I N  M A K I N G #  R E F I N I N G  PROCESS 
3 3 0 4 6  Vo A D D I T I O N A L  C A L C U L A T I O N S  BY M A L L A R D - L E C H A T E L I E R  E O U A T  I O N *  / 
23604 ERGY A V A I L A B L E  I N  STORAGE FOR # A N o S  U S E #  / T  I N T O  C H E M I C A L  E N  
34609 DROGEN W I T H  NONSTO I C H I  O M E T R I C  MANGANESE D I O X I D E #  / T  I O N  O F  H Y  
20000 P E L L A N T  R E S U P P L Y  F O R  ADVANCED MANNED M I S S I O N S 1  / R E S T R I A L  PRO 
3481 9 HYDROGEN GENERATOR MANPACU F U E L  C E L L S #  
50014 HYDROGEN S A F E T Y  M A N U A L #  
40412 AGE SYSTEMS: D E S I G N  R E F E R E N C E  M A N U A L #  /MS FOR C R Y O G E N I C  STOR 
34816 I C A L  POWER S U P P L Y a  O P E R A T I O N S  M A N U A L #  1x562 F U E L  C E L L  E L E C T R  
2000 7 E L E C T R O L Y T I C  HYOROGEN-- ITS M A N U F A C T U R E  AND A P P L I C A T I O N S #  
22215 C O S T #  P L A N T S  FOR HYDROGEN MANUFACTURE I N C R E A S E  L I T T L E  I N  
22154 O N T A /  P R E S S U R E  CONTROL I N  T H E  MANUFACTURE O F  A GAS M I X T U R E  C 



S E C T I O N  ' T *  
T I T L E  I N D E X  

22139 U R E  S T A T E S  MANUFACTURE O F  HYDROGEN I N  I M P  
22140 E T R O L E U M  A N D  N A T U R A L  G A S #  M A N U F A C T U R E  O F  HYDROGEN FROM P 
22104 O R M I N G  O F  N A P H T H A #  MANUFACTURE O F  HYDROGEN B Y  R E F  
22112 O D U C T I O N  C O S T S  I N  L A R G E - S C A L E  MANUFACTURE OF HYDROGEN# / D  P R  
2 2 6 3 3  A HYDROGEN- C A /  S I M U L T A N E O U S  MANUFACTURE O F  HYDROGEN A N D  OF 
22644 O R M I N G  R E F I N E R Y  GASES# T H E  MANUFACTURE O F  HYDROGEN B Y  R E F  
30056 T H R U S T  CHAMBER* D E S I G N  AND MANUFACTURE O F  L I Q U I D  HYDROGEN 
22177 D R I V E N  C E N T R I F U G A L  / HYDROGEN M A N U F A C T U R E  U S I N G  GAS T U R B I N E -  
22150 HYDROGEN MANUFACTURE# 
22635 S Y N T H E S I S  GAS MANUFACTURE# 
2341 4 U R I F  I C A T I O N  P L A N T  FOR B E N Z E N E  MANUFACTURE# HYDROGEN P 
22219 P O L L U T I O N  R O U T E  FOR HYDROGEN MANUFACTURE*  / A T I O N *  A M I N I M U M  
221 1 7  A L  I N D U S T R I E S  A P P L I C A T I O N  AND MANUFACTURE. /OLEUM AND C H E M I C  
32010 E N R I C H E D  N A T U R A L  GAS.  A N D  GAS MANUFACTURED FROM C O A L  ( S Y N T H A  
22212 C I A L  E X P E R I E N C E  W I T H  HYOROGEN M A N U F A C T U R I N G  C A T A L Y S T #  /OMMER 
2 2 1 0 7  A L Y T l C  PROCESSES FOR HYDROGEN M A N U F A C T U R I N G #  C A T  
10023 HYDROGEN F I G U R E S  I N  MANY ENERGY P R C P O S A L S I  
10036 GEN. MASTER-KEY T O  T H E  ENERGY M A R K E T #  HYDRO 
10040 HYDROGEN: K E Y  TO T H E  ENERGY M A R K E T #  
10052 T H E  I N F L U E N C E  I N  A N  E N E R G Y  M A R K E T P L A C E #  
10071 ENCE O F  HYDROGEN I N  A N  ENERGY M A R K E T P L A C E *  INFLU 
34010 YGEN F U E L  C E L L  W I T H  A C A P I L L /  MASS EXCHANGE I N  A HYDROGEN-OX 
34025 A L  F U E L  C E L L S  W I T H  I O N  E X C H A /  M A S S  TRANSFER I N  E L E C T R O C H E M I C  
10044 I/ HYDROGEN MAY EMERGE A S  THE MASTER F U E L  T O  POWER A CLEAN-A 
10038 T H E  MASTER OF A NEW AGE# 
10036 T #  HYDROGEN. M A S T E R - K E Y  TO T H E  ENERGY MARKE 
2 2 1 0 5  YDROCARBON-CONTA I N I N G  CHARGED M A T E R I A L  B Y  U S F  O F  A N  E L E C T R O C  
2 2 1 6 9  U S  FOR R E F O R M I N G  CARBONACEOUS M A T E R I A L  I N T O  HYDROGEN# / P A R A T  
40415 S I N /  DEVELOPMENT O F  ADVANCED M A T E R I A L S  C O M P O S I T E S  FOR U S E  A 
5 2 0 5 5  ROGEN A T  CRYOG/ P R O P E R T I E S  OF M A T E R I A L S  I N  H I G H  P R E S S U R E  H Y D  
51008 F T H E  B E H A V I O R  OF N O N M E T A L L I C  M A T E R I A L S  I N  HYDROGEN# / T I O N  0 
22604 A N €  W I T H  S P E C I A L  R E F E R E N C E  T O  M A T E R I A L S  O F  C O N S T R U C T I O N  AND 
50006 H A N D L I N G  H A Z A R D O U S  M A T E R I A L S *  
2 2 0 1 2  OM L A S E R  P Y R O L Y S I S  O F  O R G A N I C  M A T E R I A L S #  G A S E S  F R  
5 2 0 1 5  E M E N T  S U S C E P T I B I L I T Y  O F  S H E E T  M A T E R I A L S *  / HYDROGEN E M R R I T T L  
52009 AND E M B R I T T L E M E N T  I N  F E R R O U S  M A T E R I A L S Y  /DROGEN P E R M E A T I O N .  
2 2 6 2 5  E THERMAL-CONTACT P R E P A Q A T I O /  M A T H E M A T I C A L  D E S C R I P T I O N  O F  T H  
2 2 6 2 0  E THERMAL CONTACT PROCESS FO/  M A T H E M A T I C A L  D E S C R I P T I O N  O F  T H  
5 2 0 4 2  I C A L  E X T R A C T I O N  OF HYDROGEN f M A T H E M A T I C S  O F  T H E  ELECTROCHEM 
34629 M A T R I C E S  FOR H 3 P O 4  F U E L  C E L L S #  
3 4 6 2 0  TROFORMEO F U E L  C E L L  E L E C T R O D E  M A T R I C E S #  E L  E C  
3 4 1 0 2  R S  ON L I F E  AND PERFORMANCE O F  M A T R I X  F U E L  C E L L S #  / T I N G  F A C T 0  
3 4 5 0 2  I C S  OF WATER R E J E C T I O N  FROM A M A T R I X  T Y P E  O F  HYDROGEN-OXYGEN 

3201 8 HYDROGEN-POWERED C A R S  MAY B E A T  P O L L U T I O N  S T A N D A R D S #  
2 2 2 1 0  D TO CONSUMERS THRD/ HYDROGEN YAY RECOME U T I L I T Y  A N D  B E  P I P E  
10044 TO POWER A C L E A N - A I /  HYDROGEN MAY EMERGE A S  T H E  MASTER FUEL 
23029 D B I L E  HYOROGEN GENERATORS AND MEAN T E M P E R A T U R E  F U E L  C E L L S *  / 
33658 D D I T I O N  I N  S U P E R S O N I C  FLOW BY MEANS OF HYDROGEN C O M B U S T I O N  0 
2 3 4 2 5  PURIFICATION OF HYDROGEN BY MEANS OF Low TEMPERATURES* 
2 1 0 0 1  O B T A I N I N G  HYDROGEN R Y  MEANS OF REACTOR H E A T *  
23017 A C T I O /  HYOROGEN G E N E R A T I O N  B Y  MEANS OF THE ALUMINUM/WATER R E  
21007 G E N  S 3 U G H T  V I A  T H E R M O C H E M I C A L  MEANS# HYORO 
5 2 0 C 6  OF HYOROGE/ I N T E R N A L  FRICTION MEASUREME,NTS F O R  THE A N A L Y S I S  
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40214 I D S #  T H E R M A L  B E H A V I O R  AND M E A S U R E M E N T S  O F  C R Y O G E N I C  L I Q U  
40306 I Q U I D  A N D  G A S E O U S /  D E V I C E  F O R  M E A S U R I N F  T H E  T E M P E R A T U R E  O F  L 
52022 N I N O U C E D  PI . IENOMENA A F F E C T I N G  M E C H A N I C A L  B E H A V I O R S  O F  A U S T E N  
52050 F H Y D R O G E N  A N D  T E M P E R A T U R E  O N  M E C H A N I C A L  P R O P E R T I E S  O F  T H E  T 

4 0 2 1  1 P A R A - H Y D R O G E N  A T  4 .2K# M E C H A N I C A L  P R O P E R T I E S  O F  S O L I D  
3 4 6 0 1  C /  R E S E A R C H  ClN H Y D R O G E N  F E E D  M E C H A N I S M  O F  FUEL C E L L  O N  O P E N  

5 2 0 5 1  E M E N T  I N  S T E E L *  T H E  M E C H A N I S M  O F  H Y D R O G E N  E M H R I T T L  
23299 D U C T I O N  I N  S E V E R A L  A L G A E /  T H E  M E C H A N I S M  O F  H Y D R O G E N  P H O T O P R O  
23208 D U C T I O N  B Y  S E V E R A L  A L G A E /  T H E  M E C H A N I S M  O F  H Y D R O G E N  P H O T O P R O  
3 4 2 0 9  R I N E  FUEL C E L L S *  V r  D I S C H A R G E  M E C H A N I S M  O F  T H E  H Y D R O G E N - C H L O  
5 2 0 1 3  I O N  O F  H Y D R O G E N  E M B R I T T L E M E N T  M E C H A N I S M S #  E V A L U A T  
33017 D U R I N G  T H E  / C O N D I T I O N  O F  T H E  M E D I U M  B E F O R E  T H E  F L A M E  F R O N T  
22165 N OR A M M O N I A  S Y N T H E S I S  G A S  A T  M E D I U M  P R E S S U R E #  / C I N G  H Y O R O G E  
34251 R A C T E R I S T I C S  O F  H I G H - P R E S S U R E  M E D I U M -  T E M P E R A T U R E  H Y D R O G E N - 0  

34812 A C E  A P P L I C A T I O N S *  M E G A W A T T  F U E L  C E L L S  F O R  A E R O S P  
4 1 0 t 6  L K  T H E R M O P H Y S I C A L  P H O P E i ? T I E S /  M E L T I N G  C H A R A C T E R I S T I C S  A N D  R U  
3 4 2 3 8  I A L L /  T H E  O P E R A T I O N  O F  A N  I O N - M E M B R A N E  F U E L  C E L L  W I T H  M I C R O B  
3 4 2 1 0  H Y D R O G E N - O X Y G E N  I O N - E X C H A N G E  M E M B R A N E  FUEL. C E L L S Y  
34010 E N  F U E L  C E L L  W I T H  A C A P I L L A R Y  M E M B R A N E *  / I N  A H Y D R O G E N - O X Y G  
2341d S S E R S T O F F  O U R C H  P E R M E A T I O N  A N  M E M B R A N E N  AUS P A L L A D I U M - L E G I E R  
3 4 5 G Y  P E R A T U R E /  Z I R C O N I U M  P H O S P H A T E  M E M H R A N E S  F O R  I N T E R M E D I A T E  T E M  
2 3 4 2 9  N S O L I D  H Y D R D G E N  P U R I F I C A T I O N  M E M B R A N E S *  R E S E A R C H  S T U D I E S  0 
5 2 0 4 C  A T E  O F  H Y D R O G E N  T H R O U G H  M E T A L  M E M B R A N E S #  /F T H E  P E R M E A T I O N  R 
3 4 0 2 5  F U E L  C E L L 3  W I T H  I O N  E X C H A N G E  M E M B R A N E S #  / I N  E L E C T R O C H E M I C A L  
3 4 6 4 0  H E  E F F E C T  O F  P R E D X I O C T I C N  A N D  M E N I S C U S  S H A P E  O N  T H E  H Y D R O G E N  
34625 S #  C O M P O S I T E  C A R B O N - M E T A L  E L E C T R O D E S  FOR F U E L  C E L L  
4.3008 Y S T E M S #  M E T A L  H Y D R I D E  E N E R G Y  S T O R A G E  S 
3 4 8 0 4  Y S T E H #  3 0 - W A T T  M E T A L  H Y D R I D E / A I R  F U E L  C E L L S  S 
4 3 0 0 Q  H Y D R O G E N  F U E L #  M E T A L  H Y D R I D E S  A S  A S O U R C E  O F  
4 3 3 1 1  F U E L  F O R  V E H I C U L A R  P R O P U L S I O /  M E T A L  H Y D R I D E S  A S  A S O U R C E  O F  
43007 A G E #  M E T A L  H Y D R I O E S  F O R  E N E R G Y  S T O R  
33048 Y O F  O X Y G E N / H Y D R O G E N  P O W D E R E D  M E T A L  I G N I T I O N #  / S I B I L I T Y  S T U D  
5 2 0 4 0  T I O N  H A T E  O F  HYDROGEPI  T H R O U G H  M E T A L  M E M B R A N E S *  /F T H E  P E R M E A  
2 3 0 9 0  E N  F R O M  WATER U S I N G  A N  A L K A L I  M E T A L U  / S  F O R  P R O D U C I N G  H Y D R O G  
52044 R O M  H Y D R O G E N  C F A C K I N G  B Y  T H I N  M E T A L L I C  C O A T I N G S #  / O F  S T E E L  F 
4101  3 J U P I T E R  I N  T H E  L A B O R A T O R Y #  M E T A L L I C  HYDROGEN:  S I M U L A T I N G  

4 1 C 1 6  " P R E S S U R E  ON" T O  M A K E  M E T A L L I C  H Y D R O G E N #  
4 1 0 1  7 P R O D U C T  I Q N  O F  M E T A L L I C  H Y D R O G E N *  
4 1 C 1 5  0 UI SI G R O U P S  S E E K  H Y D R O G E N ' S  M E T A L L I C  P H A S E #  S O V I E T  A N  
5 2 C 2 5  O F  H I G H  P R E S S U R E  H Y D R O G E N  O N  M E T A L S  A T  A M B I E N T  T E M P E R A T U R E *  
52055 A N 0  P E R M E A T I O N  D F  H Y D R D G E N  I N  M E T A L S  A T  H I G H  T E M P E R A T U P E S  A N  
52012 R E S O N A N /  H Y D R D G E N  R E H A V I L ? R  I N  M E T A L S  { ) S I N G  N U C L E A R  M A G N E T I C  
52333  C D M P A T I D I L I T Y  S F  M E T A L S  W I T H  H Y D R O G F N #  
52056 L U E N C E  OF G A S E O U S  H Y D R U G F N  G N  M E T A L S #  I N F  
5 2 0 3 2  E N V I R O N M E N T  E M B R I T T L E M E N T  O F  M k T A L S U  H Y D R O G E N  
5 2 3 2  D I F F U S I O N  O F  G A S E S  T H R O U G H  M E T A L S *  
52 C 3  9 H Y D R O G E N  E M O R I T T L E M E N T  O F  M E T A L S #  
5201 1 G E N  B R I T T L E N E S S  I N  N O N F E R R O U S  M E T A L S #  H Y D R O  
'43 3" 7 L H 2  O U P L I T Y  M E T E R #  

4'2 3'3:) C R Y O G E N I C  F L O W - M E T E R I N G  R E S E A R C H  AT N D S #  

22192 ARBON R E F C R Y /  P 8 O T E C T I O N  O F  A H E T H A N A T I O N  C A T A L Y S T  I N  H Y O R O C  
22601  M E T H A N A T I O N  C C T A L Y S T S E  

2 2 6 2 6  A U T O M A T I C  C O N T R O L  O F  C O M R I N E O  M E T H A N E  A N D  C A R B O N  M O N O X I D E  CO 
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22647 HYDHOGEN FROM METHANE A N D  WATER# 
3301 0 '3N D F  I N C O V P L E T E  O X I D A T  I O N  OF M E T H A N E  C A T A L Y Z E D  MY A HYDROGE 
22646 H/ C A T A L Y T I C  D E C J M P C S I T I G N  OF M E T H A N E  F C H  THC P R O D U C T I O N  OF 

23204 B A C T E R I A L  METHANE F U E L  C E L L #  
31007 ARY A P P R A I S A L  OF HYORGGEN AND METHANE F U E L  I N  A MACH 207 S U P  
3C021 E H I C L E S  U S I N G  A YYDRDGEN OR A METHANE F U E L E D  TURBORAMJET POW 
310CB T H E R M A L  F E A S I B I L I T Y  O F  U S I N G  METHANE OR HYDROGEN F U E L  FCR 0 
2261 2 H I S T O R Y :  F A I L U R E S  I N  A STEAM-METHANE REFORMER FURNACE* / A S €  

22607 STEAM-METHANE R E F O R M I N G *  
22636 HYDROGEN BY STEAV-METHANE R E F O R M I N G #  
33027 O/ C O M B U S T I O N  OF HYDRCGEN AND METHANE T O  S I M U L A T E  E X P A N S I O N  
22609 U D U C T I O N  O F  P U R E  H2 AND CO B Y  METHANE WASH# P R  
22613 O N C E N T R A T E D  HYDROGEN FROM THE METHANE- HYDROGEN F R A C T I O N  OF 
23434 CONCENTRATED H Y 9 R O G E N  FROM A MFTHANE-HYDROGEN F R A C T I O N  OF P 
22133 RRONS TO A C E T Y L E N E *  E T H Y L E N E *  M E T H A N E *  A N D  HYDHOGEN W I T H  H Y D  

22641 HYDROGEN FROM METHANE*  
22610 YDROGEN FROM THE P Y Q O L Y S I S  OF M E T H A N E #  A C E T Y L E N E  AND H 
10081 V E R S I O N  Q F  THE HYDRCiGEN/ THE METHANOL ECONCMY - A P R A C T I C A L  

23913 HYDROGEN FROM METHANOL F O R  F U E L  C E L L S #  
30213 L C E L L S #  METHANOL I N - S I T U  R E F f l R M I N G  F U E  
34840 T H Y D R O G E N - A I R  F U E L  C E L L  W I T H  METHANOL REFORCERY A SCO WAT 
22183 -GAS M I X T U R E S  FOR 4MMOYIA AND M E T H A N O L #  S Y N T H E S I S  
23012 FOR F U E L  C E L L  F E E D I N G  OUT OF WETHANOLX / I N I N G  PURE HYDROGEN 
5 2 C 4 9  E  P E R M E A T I O N  R A T E  O F  HYDRO/ A  METHOD F O R  D E T E R M I N A T I O N  O F  T H  
2301 5 NERGY I N  T H E  PROOUCT I O N  D F  H/  METHOD F O R  U T I L I Z I N G  NUCLEAR E 
23002 I L I Z A T I O N  OF N U C L E A R  ENERGY*  METHOD T F  AND P L A N T  F O R  T H E  U T  
23012 GEN FOR F U E L  C E L L  F E E D I N G  OU/ METHOD O F  O R T P I N I N G  P U R E  HYDRO 
22181 ROW A CARBON M O N O X I D E  C O N T A I /  METHOD O F  P R O D U C I N G  HYDROGEN F 
23431 P E R M E A T I O N  METHOD R E C O V E R S  HYDROGEN# 
52017 A C O M P A R I S O N  OF V A R I O U S  T E S T  METHODS F O R  D E T E C T I N G  HYDROGEN 
51003 Y OF E X P L O S I V E  C O M H U S T I O N  AND METHODS OF C O M P U T A T I O N  O F  T E C H  
3461 4 E L E C T R O D E S #  NEW METHODS O F  O B T A I N I t I G  F U E L  C E L L  
3 4 2 2 0  C H E M I /  THE USE OF HYDEOGENASE-METHYLENE B L U E  SYSTEM I N  A  610 
2261 7 S I  I S U T A /  P O L U C H E N I E  VODORRDA METODOM K A T A L  I T  I C H E S K O I  KONVER 
43003 D N I C K E L  A N D  T H E  F O R M A T I C N  OF M G 2 N I H 4 U  / L O Y S  O F  M A G N E S I U M  AN 
34258 N ION-MEMBRANE F U E L  C E L L  W I T H  M I C R O B I A L L Y - P R O D U C E D  HYDROGEN# 
22011 ON O F  S O L I D  F C S S I L  F U E L S  I N  P  MICROWAVE D I S C H A R G E #  / S I F I C A T I  
3481 7 R B O N - A I R  F U E L  C E L L  S Y S T E M  F G R  M I L I T A R Y  A P P L I C A T I O N #  HYDROCA 
22632 CK FROM N A T U R A L  GAS I N  A  B A L L  M I L L #  /HYDROGEN AND CARBON B L A  
22010 YDROGEN G A S  FRO/  I G T  GETS I 1 8 - M I L L I O h  OCR CONTRACT TO MAKE H 
22216 M I N I A T U R E  HYDROGEN GENERATORS# 
22136 E X P L O P A T O R Y  DEVELOPMENT MODEL M I N I A T U R E  HYDROGEN GENERATOR* / 
22145 MINIATURE HYDROGEh GENERATORS# 

34818 N-OXYGEN F U E L  C E L L S  R E Q U I R I N G  MINIMUM OF M A I N T E N A N C E #  /DROGE 
22219 DROGEN / P A R T I A L  O X I D A T I O N o  A . M I N I M U M  P O L L U T I O N  ROUTE F O R  H Y  
4 3 0 5 5  E R T I E S  O F  VANA/  T H E  E F F E C T  OF H I N O R  C O N S T I T U E N T S  ON THE PROP 
34842 N f A X R  FUEL C E L L  FOR L O N G - L I F E  M I S S I O N S #  AUTONOMOUS HYDROGE 
41008 FOR L U N A R  AND I N T E R P L A N E T A R Y  M I S S I O N S *  /BCOOLED P R O P E L L A N T S  
30040 N G l N E  TECHNOLOGY FOR ADVANCED M I S S I O N S #  /N O F  LOX/HYDROGEN E 
20000 R E S U P P L Y  FOR ADVANCED MANNED M I S S I O N S #  / R E S T R I A L  P R O P E L L A N T  
30003 C A L  U P P E R  S T h G E S  F O R  UNMANNED M I S S I O N S #  / T  S T A G E S  W I T H  C H E M I  
23201 A T I O N  I M  GESCHLOSSENEN SYSTEM M I T  H I L F E  VON E L E K T R O L Y S E G A S  U 
33039 GE/ COMPUTER PROGRAMS FOR T H E  M I X I N G  AND C O M B U S T I O N  OF HYDRO 
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33056 GEN I N  A S U P E R S O N I C  4 I R S T R E A I  M I X I N G  AND C O M B U S T I O N  O F  HYDRO 
3 3 0 4 2  GN O F  HYDROGEN I/ P R O B L E M S  O F  M I X I N G  AND S U P E R S O N I C  C O M B U S T 1  
34216 W H I C H  G A S  / PRODLEWS O F  G A S E S  M I X I N G  I N  H2/02 F U E L  C E L L S  I N  
3301 5 S F O R M A T I  ONS I N  A H Y D R O G E N - A I R  M I X I N G  L A Y E R *  C H E M I C A L  T R A N  
3 3 ' 3 5 4  S U P E R S O N I C  M I X I N G  O F  HYDROGEN A N D  A I R #  
33062 T W O - D I M E N S I O N A L .  S U P E R S O N I C  M I X I N G  O F  HYDROGEN A N D  A I R  N E A  
3 3 0 4 3  OM M U L T I P L E  I N J E C T O R S  NORMAL/  M I X I N G  OF HYDROGEN I N J E C T E D  F R  
2 2 1 5 4  L I N  THE MANUFACTURE O F  A GAS M I X T U R E  C O N T A I N I N G  HYDROGEN A N  
2 2 1  6 0  D C A R H J N  M O N 9 X I D E a  GAS M I X T U R E  C O N T A I N I N G  HYDROGEN A N  
2 2 1 8 9  C O M B I N A T I O N  FOR C O N V E R T I N G  C M I X T U R E  O F  A R E F O R M A B L E  F U E L  A 
2 2 0 0 3  P R O D U C T I O N  O F  A M I X T U R E  O F  HYDROGEN A N D  S T E A M #  
4 C 2 l 0  SFER TO S U R L I M I + 4 G  S O L I D - V A P O R  M I X T U R E  O F  HYDROGEN BELOW I T S  
51004 L TEMPERATURE OF T H E  HYDHOGFN M I X T U R E  W I T H  A I R #  / T H E  I N I T I A  

22171 YYDROGEN-RICH GAS M I X T U R E *  
34508 Y SFNSOF. FOR A HYDROGEY-STEAM M I X T U R E Y  / I L L A T O R  AS A H U M I D I T  
10066 T H A T  B U R N  A G A S O L I N F - H Y D R O G E N  M I X T U R E *  /ON-FREE CAR E N G I N E S  
2 2 6 3 3  F A HYDROGEN- CARBOY M O N O X I D E  M I X T U R E #  / R E  O F  HYDROGEN AND 0 
5 1 0 3 1  AXR. OXYGEN*  AND O X Y G E Y - I N E P T  M I X T U R E S  A T  E L E V A T E D  P R E S S U R E S  
2 2 1 8 3  N O L #  S Y N T H E S I S - G A S  M I X T U R E S  F O R  AMMONIA AND METHA 
3 3 0 2 4  T I R R /  C O M B U S T I O N  O F  F U E L - L E A N  M I X T U R E S  I N  A D I A B A T I C .  WELL- S 
2 3 4 0 8  A T I O N  T /  S E P A R A T I O N  O F  D I N A R Y  M I X T U R E S  O F  CO AND H 2  B Y  PERME 
51003 N /  T H E  DANGER O F  E X P L O S I O N  OF M I X T U R E S  O F  F L A M M A B L E  VAPORS A 
4 1 0 C 5  T R I P L E  P O I N T Y  L I Q U I D - S O L I D  M I X T U R E S  O F  HYDROGEN N E A 6  T H E  
3 3 0 C 4  C D M R U S T I D Y  OF S T O I C H I O M E T R I C  M I X T U R E S  U F  HYDROGEN- OXYGEN D 
3 3 0 2 0  A L  I N D U C T I 9 N  T I M E S  I N  F L O W I N G  M I X T U R E S  O F  HYDROGEN. OXYGEN. 
2 2 1 0 1  P R O D U C I N G  AND C O O L I N G  GASEOUS M I X T U R E S  O F  HYDROGEN AND CARBO 
2 2 1 3 6  S I O N  OF L I Q U E F I E D  GAS AND I T S  M I X T U R E S  W I T H  HYDROGEN# /ONVER 
3 3 0 4 6  L O C I T I E S  FOR HYDROGEN-BROMINE MIXTURES. IV .  E Q U A T I O N  O F  SEME 
2 3 4 0 3  H Y D h O G E N  FQOM I N D U S T N  I A L  GAS M I X T U R E S *  R E C O V E R Y  O F  
30032 E I G N I T I O N  OF H'fDROGEN-OXYGEN M I X T U R E S #  RESONANCE T U B  
4 1 0 0 7  T I O N  OF L I Q U I D - S O L I D  HYDROGEN M I X T U R E S #  Q U A L I T Y  D E T E R M I N A  
4 5 3 3 4  T I O N  OF L I Q U I D - S O L I D  HYDROGEN M I X T U R E S #  Q U A L I T Y  D E T E R M I N A  
23419 I R  OR H Y D R O G E N - C O N T A I N I N G  GAS M I X T U R E S *  F R A C T I O N A T I D N  OF A 
3 3 0 6 5  WAVES I N  HYDROGENOXYGEN-AkGON M I X T U R E S #  / B Y  I N C I D E N T  SHOCK 
3 3 0 1 6  YDRCGEN-OXYGEN-NITRGGEN-STEAM M I X T U R E S #  / B U S T I O N  L I M I T S  OF H 
2 2 1  37 E N  OR H Y D R O G E N - C O N T A I N  I N G  GAS M I X T U R E S #  / E P A R A T I O N  O F  HYDROG 
33345 R O M I N E  AND D E U T E R I U M -  B G O M I N E  M I X T U R E S #  / I T I E S  I N  HYDROGEN-B 
3 3 0 5 3  M B U S T I O N  O F  H Y D R O G E N - F L U O R I N E  M I X T U R E S *  / L A G R A T I O N  I N  T H E  CO 
221 56 HYDROGEN-CAQBON H O N O X I D E  GAS M I X T U R E S *  / R A T U S  FOR P R O D U C I N G  
2 3 4 3 5  SEOUS COMPONENTS FROM GASEOUS M I X T U R E S *  / S  F O R  S E P A R A T I N G  GA 
40112 N OF HYDROGEN-HYDROCARBON GAS M I X T U R E S *  /THOMSON L I Q U E F A C T I O  
33047 L O C I T I E S  I N  HYDROGEN- B R O M I N E  M I X T U R E S Y  /UENT,S ON B U R N I N G  V E  
2 3 6 2 1  A T I O N  D F  A HYDROGEN GENERATOR M L - $ 3 9 / T M  TO PRODUCE P U R E  HYDR 
2 3 0 2 9  M E A N  TEMPERATURE F U E L  C E L L S /  M O B I L E  HYDROGEN GENERATORS A N D  
3 0 C 3 8  C O N T R A C T I O N  R A T I O  ON ACGUSTIC-MODE I N S > A B I L I T Y  I N  HYDROGEN- 
34637 A N  E X P E R I M E N T A L  S T U D Y  O F  T H E  MODE O F  O P E R A T I O N  O F  POROUS GA 
34619 S-  D I F P  E X P E R I M E N T A L  S T U D Y  OF MODE O F  O P E R A T I O N  OF POROUS GA 
52048 # T H E  E F F E C T  O F  L O A D I N G  MODE O N  HYDROGEN E M B R I T T L E M E N T  
34037 M E N T A L  VOLTAGE-CURRENT C H A /  A MODEL FOR A N A L Y Z I N G  T H E  E X P E R l  
2 2 1 3 6  ATOR/ EXPLORATORY D E V E L O P M E N T  MODEL M I N I A T U R E  HYDROGEN GENER 
3 3 0 5 1  OR# T R A N S I E N T  MODEL OF HYDROGEN/OXYGEN R E A C T  
30051 S #  A C O U S T I C  SCALE-MODEL T E S T S  O F  HaIGH-SPEED FLOW 
2 2 6 1 1  T I M I Z E  HYDROGEN P R U D I C T I O N  B Y  MODEL# O P  
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20014 # MODERN E L E C T R O L Y S E R  TECHNOLOGY 
3 4 0 0 8  R O C H E M I C A L  PRODU/ F U E L  C E L L S :  MODERN P R O C E S S E S  FOR T H E  E L E C T  
2 3 0 2 1  E R A T D R  M L - 5 3 9 / T M  T O  PRODUCE / M O D I F I C A T I O N  O F  A  HYDROGEN G E N  
2 3 4 1 2  HYDROGEN P U R I F I C A T I O N  U S I N G  A M O D I F I E D  FUEL C E L L  PROCESS*  
34231 HYDRgGEN PUG I F I C A T I O N  U S I N G  M O D I F I E D  F U E L  C E L L  P R O C E S S #  
3 4 2 4 4  HYOROCARBONS FOR U S E  I N  A C I D /  M O D I F I E D  P A R T I A L  O X I D A T I O N  O F  
34617 YGEN T H I N  E L E C T R O D E  F U E L  C E L L  MODULE* HYDROGEN-OX 
2 0 0 1 7  A T I O N  OF A  WATER E L E C T R 2 L Y S I S  MODULE# LONG- TERM OPER 
22155 OGEN P R O D U C T I O N  FOR F U E L  C E L L  MODULES* HY DR 
34505 VDRDGEN-OXYGEN C A P I L L /  S T A T I C  M O I S T U R E  R E M O V A L  CONCEPT FOR H 
23207 B I O L O G I C A L  FORMAT I O N  OF MOLECULAR HYDROGEN# 
23409 T A I N E D  B Y  STEAM R E F O R M I N G  AND MOLECULAR S I E V E  A D S D R P T I O N X  / B  
2 3 4 3 0  T S  I N  HYDROGEN G 4 S  G E N E R A T I O N  MOLECULAR S I E V E S *  / DEVELOPMEN 
2 1 0 1 0  A T I O N  OF NUCLEAR H E A T  PROCES/  M O L L I E R  D I A G R A M S  FOR T H E  E V A L U  
3 4 2 5 3  U E L  C E L L #  S T U D I E S  O F  T H E  M O L T E N  C A R B O N A T E  E L E C T R O L Y T E  F 
34242 B A T T E R Y  SY/  PERFORMANCE O F  A  M O L T E N  C A R B O N A T E  F U E L  C E L L  AND 
2 2 1 7 3  FROM HYDROCAPBONS A N D  U S E  I N  M O L T E N  C A R B O N A T E  F U E L  C E L L S #  / 
3 4 2 5 2  ALOGEN/  G E N E R A T I N G  PCWER I N  A M O L T E N  E L F C T O O L Y T E  (HYDROGEN-H 
3 4 2 4 3  PROGV4MU MOLTEN-CARBONATE FUEL B A T T E R Y  
3 4 6 4 0  H Y D R O G E N - P L A T I N U M  ANODE O F  A  MOLTEN-CARBONATE F U E L  C E L L *  / E  
2 2 1 8 1  I J U C I N G  HYDRDGEN FROM A CARBON M O N O X I D E  CONTAININ'G G A S  STREAM 
2 2 1 4 8  F U E L  GA/ HYDROGEN AND C A R B O N  M O N O X I D E  CONTAINING G A S E S  FROM 
2 2 6 2 6  F C O M B I N E D  METHANE A N D  C A R B O N  M O N O X I D E  C O N V E R S I O N  S E C T I O N  A T  
221 56 F O R  P R O D U C I N G  HYDROGEN-CARBON M O N O X I D E  G A S  M I X T U R E S #  / R A T U S  
34611 E L  C E L /  PERFORMANCE O F  C A R B O N  M U N O X I D E  I N  LOW-TEMPERATURE FU 
2 2 6 3 3  GEN AND OF A HYDROGEN- C A R B O N  M O N O X I D E  M l X T U R E Y  / R E  O F  HYDRO 
2 2 6 1 6  HYDROGEN AND CARBON M O N O X I D E #  
2 2 1 6 0  O N T A I N I N G  HYDROGEN AND C A R B O N  M O N O X I D E *  GAS M I X T U R E  C 
2 2 1 0 1  X T l l R E S  OF HYDROGEN AND C A R S O N  M O N O X I D E *  / C O O L I N G  GASEOUS M I  
22154 O N T A I N I N G  HYDROGEN AND CARBON M O N O X I D E #  / OF A GAS M I X T U R E  C 
2 0 0 1 9  R E L E C T R O L Y S I S  SYSTEMS F/ S I X - M O N T H  T E S T  PROGRAM O F  TWO WATE 

3 2 0 0 8  L I O U I D  HYDQGGEN A S  A  MOTOR F U E L *  
30054 T A T I N G  D E T O N A T I O N  WAVE ROCKET MOTOR# / S I B I L I T Y  S T U D I E S  OF RO 
3 4 6 3 s  C E L L  O X I D A T I O N  OF HYDROGEN ON M O V A B L E *  P A R T I A L L Y  SUBMERGED P 

5 2 0 2 1  S I  ON*  A N D  E L I M I N A T  I/ HYDROGEN MOVEMENT I N  STEEL-ENTRY.  D I F F U  
2 1 0 0 0  P R O C E S S E S /  THERMODYNAMICS OF M U L T I - S T E P  WATER D E C O M P O S I T I O N  
4 6 4 2 3  E  V E S S E L S  USED I N  T R A N S P O R T I /  M U L T I L A Y E R  I N S U L A T I O N  FOR L A R G  
3 3 0 4 3  I N G  OF HYDROGEN I N J E C T E D  FROM M U L T I P L E  I N J E C T O R S  NORMAL TO A  
3 4 8 3 5  A L  POWER SOURCEC S T U D Y  OF M U L T I P L E  R E S E R V E  E L E C T R O C H E M I C  

23019 A L  POWER SOURCE# S T U D Y  OF M U L T I P L E  R E S E R V E  E L E C T R O C H E M I C  
4 0 6 0 0  D T R A N S M I S S I O N  L I N E S #  M U L T I P L E  U S E  O F  C R Y O G E N I C  F L U 1  
4 0 1 0 1  L I Q U E F I E R #  M U L T I P L E - U N I T  HYDROGEN-HEL I U N  
3 0 C 6 1  OGEN P R O P U L S I V E  U N I T  W I T H  3 0 C  N VACUUM T H R U S T *  / / L I Q U I D  HYDR 
2 2 6 3 8  N E  W I T H  S T E A K  O/ R E A C T I O N S  OF Y-BUTANE.  E T H Y L E N E .  AND 1-BUTE 
2 2 1 7 8  A T I O N  B Y  STEAM R E F O R M A T I O N  OF N-HEXANE OVER Z E O L I T E  C A T A L Y S T  
3 0 0 7 4  E T  P R O P E L L A N T  R E S E A R C H  AT THE hlACA/NA/SA L E W I S  RESEARCH C E N T E  
2 2 2 3 5  E N *  S E L E C T I V E  C O N V E R S I O N  OF NAPHTHA HYDROCARBONS TO HYDROG 
2 2 1 4 4  OTHER T E C H N l /  THE 1 C I S T E A M  N A P H T H A  WEFORMING PROCESS AND 
2 2 1 5 7  C A T A L Y T I C  S T E A M  R E F O R M I N G  OF N A P H T H A #  
2 2 1 0 4  E  OF HYDRCGEN B Y  R E F O R M I N G  OF N A P H T H A #  MANUFACTUR 
5 0 0 ' 3 4  H I G H  P /  TH'i I N T E N S I T Y  OF T H E  N A R C C T I C  A C T I C N  O F  HYDROGEN A T  
3 C 0 0 3  E N G I N E S #  RFCENT NASA E X P E R I E N C E  W I T H  HYDROGEN 
5 1 C l l  DRDGEN H A N D L I N G  S U I T  P R O T E C T S  N A S A  T E C H N I C I A N S #  HY 



T I T L E  I N D E X  

S E C T I O N  ' T *  

32024 N E N G I N E  C O N C E P T *  N A S A  T E S T I N G  H Y D R O G E N  I N J E C T 1 0  
10046 ROGEN: I T S  F U T U R E  R O L E  I N  T H E  N A T I O N Z S  E N E R G Y  ECONOMY# H Y D  
40004 L I C A T I O k S  AND S E R V I C E S  O F  THE N A T I O N A L  B U R E A U  O F  S T A N D A R D S .  
13964 F U E L S  F O R  T R A N S P O R T A T I O N  A N 0  N A T I O N A L  E N E R G Y  N E E D S #  / T H E T I C  

10020 C R Y O G E N I C  H2 A N D  N A T I O N A L  E N E R G Y  N E E D S #  
22627 . AND T E C H N I C A L  H Y D R O G E N  F R O M  N A T U R A L  G A S  B Y  P L A S M A  J E T  S Y N T  
22632 YDROGEN A N D  CARBON B L A C K  F R O M  N A T U R A L  G A S  I N  A  B A L L  M I L L #  /H 
22639 L E U  HYDROGEN G E Y E R A T I O N  F R O M  N A T U R A L  G A S  W I T H  H E A T  F R O M  N U C  
34215 TEMY P E R F O R M A N C E  O F  R E F O R M f D  N A T U R A L  G A S - A C I D  FUEL C E L L  S Y S  
32010 A T U R A L  G A S *  H Y D R O G E N - E N R I C H E D  N A T U R A L  G A S +  AND GAS M A N U F A C T U  
3201 0 F U E L :  E N G I N E  F M I S S I O N S  U S I N G  N A T U R A L  GAS. H Y D R O G E N - E N R I  CHED 
2 2 1 4 3  F HYCROGEN F R O M  P E T R O L E U M  A N D  N A T U R A L  G A S #  M A N U F A C T U R E  0 
40300 N I C  F L O W - M E T E R I N G  R E S E A R C H  A T  N B S #  CRYOGE 
33049 S 'JF B O D I E S  OF R E V O L U T I O N  A N D  N E A R  A  F L A T  P L A T E  I N T A N G E N T I A L  
33062 I C  M I X I N G  O F  H Y D R O G E N  A N D  A I R  N E A R  A  W A L L #  / S I O N A L .  S U P E R S O N  
4 0 2 9 6  L C H A R A C T E R I S T I C S  O F  H Y D R O G E N  N E A R  I T S  C R I T I C A L  P O I N T  I N  A  H  
410Q5 I D - S O L I D  M I X T U R E S  O F  H Y D P O G E N  N E A R  T H E  T R I P L E  P O I N T #  L I Q U  
5 2 3 2 6  S T E E L  F R O M  L E S S  T H A N  6 0 ' 7  C  T O  N E A R  6 0 C  C #  / N D  304 S T A I N L E S S  
10020 O G E N I C  H2 AND N A T I O N A L  E N E R G Y  N E E D S #  C R Y  
1 0 0 6 4  P O R T A T I O N  A N D - @ A T I O N k L  E N E R G Y  N E E D S #  / T H E T I C  F U E L S  F O R  T R A N S  
40103  H E L I U M  E X P A N S I O N  CO/ HYDRCGEN-NEON L I Q U E F A C T I O N  U N I T  W I T H  A  
40109 O U E F I E D  H Y D R O G E N *  H E L I U M .  AND N E O N *  /ROCESS F O R  P Q O D U C I N G  L I  
4 3 5 C f l  E N T A L  F I N D I N G S  F R O M  ZERr7-TANK N E T  P O S I T I V E  S U C T I O N  H E A D  OPER 
23636 F O R  F E R R O U S  T O  F E R /  G R O S S  AND N E T  QUANTUM Y I E L D S  A T  2537 AO 
221 1 3 E R S T O F F E R - Z E U G U N G  D U F C H  / E I N  N E U E S  V E R F A H R E N  ZUR R E I N S T W A S 5  

'NEW * N O T  I N D E X k D  
4 3 0 0 3  W I T H  A L L O Y S  O F  M A G N E S I U M  AND N I C K E L  A N D  T H E  F O R M A T I O N  O F  MG 
52000 N T E R G R A Y U L A R  E M B R I T T L E M E N T  UF N I C K E L  B Y  HYDROGEN# T H E  I 
2 2 6 3 8  S T E A M  OVER A  S I L I C A - S U P O D P T E D  N I C K E L  C A T A L Y S T  I N  T H E  T E M P E R A  
2 2 2 0 9  P R E P A R A T I O N  B Y  R E F O R M I /  R 4 N E Y  N I C K E L  C A T A L Y S T S  F O R  H Y D R O G E N  
34616 U E L  C E L L S *  R A N E Y - N I C K E L  C A T A L Y S T S  I N  G A L V A N I C  F 
34643 H Y D R O G E N  E L E C T R O D E  A N D  / T H E  N I C K E L  S K E L E T A L  C A T A L Y S T  B A S E D  
34635 I Z E D  Z I R C O N I A  E L E C T R O L Y T E  AND N I C K E L -  S l L V E R  A L L O Y  A N O D E #  /L 
3 4 6 0 0  O X Y G E N  F U E L - C E L L  E L E C T R O D E  I N  N I C K E L - C A D M I U M  C E L L S #  / N D  T H E  
5 2 0 C 7  E N  UNDER P R E S S U R E :  C A S E  O F  35 N I C R M O  16 S T E E L #  / L S  B Y  HYDROG 
52049 N D E R  P R E S S U R E :  T H E  C A S E  C F  35 N I C R M O  16 S T E E L #  /Y  H Y D R O G E N  U 
52036 - T E M P F R A T U R E  E M R H I T T L F M E N T  IIIF N I C ' B I U M  AND V A N A D I U M  B Y  B O T H  D 
4 3 0 0 5  H E  P R O P E R T I k S  O f  V A N A D I U M  AND N I O B I U M  H Y D R I D E S A  / T U E N T S  CN T  
43301  GHER H Y D R I O E S  C F  V A N A D I U M  AND N I G B I U M #  T H E  H I  
3 2 0 2 3  S O F  T H E  H Y D /  P E R F O W V A N C E  AND N I T R I C  O X I D E  C O N T R g L  P A R A M E T E R  
33016 I O N  L I M I T S  O F  H Y D R O G E N - O X Y G E N - N I T R O G E N - S T E A M  M I X T U R E S #  / B U S T  
3 0 3 1 2  A H C J E T  D R I V E N  B Y  H Y D R O G E N  AND N I T R O G E N #  / P F R F O R H A N C E  O F  A N  
3 0 C P c )  E R F O R M A N C E  D E T E R M I N E D  I N  C O L D  N I T R O G E N #  /L A N 0  S T A G E  GROUP P 
4 0 3 C  3 L I Q U I D  HYDROGEN FLOW B Y  NMfi  T E C H N I Q U E #  

3 C 3 2 4  C T  L A U N C H E R S  F l  A Y D  82 S T U D Y  NOc 3-5: A D E T A I L E D  D E S C R I P T I O  
4 0 4 0 6  HE L U M A R  S U R F A C E *  N O - L O S S  C R Y O G E N I C  S T O R A G E  ON T  

34810 E N  F U E L  C E L L /  S T A B I L I Z I N G  T H E  N O M I N A L  POWER O F  OXYGEN-HYDROG 
30060 E N T  OF A  1 .SCO.CGC-L8-THRUST ( N O M I N A L  V A C U U M )  L I Q U I D H Y D R O G E N  
3 3 0 1 9  OW I N  R O C K E T  F X H A U S T S #  N O N E Q U I L I  R R I U M  C L U S T E R  F O R M A T I  
5201 1 H Y D R 3 G E N  B R I T T L E N E S S  I N  N O N F E R R O U S  M E T A L S #  

51008 E V A L U A T I O N  OF T H E  R E H A V I O R  O F  N O N M E T A L L I C  M A T E R I A L S  I N  HYDRO 
3 4 6 0 9  OX/  R E A C T I O N  3 F  H Y D 2 3 G E N  W I T H  N O N S T O I C H I O M E T R I C  MANGANESE D I  
4 2 2 1 2  T I N G  R E A L  F L U I D  P R O P E R T I E S  O F  N O R M A L  A N D  P A R A H Y D R O G E N #  4 C U L A  
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3 3 0 4 3  E C T E D  FROM M U L T I P L E  I N J E C T O R S  NORMAL T O  A S U P E R S O N I C  A I R S T R E  
4 9 4 1 3  T I O N  O F  S P /  E F F E C T  O F  S I Z E  LIN N O R M A L - G R A V I T Y  S E L F - P R E S S U R I Z A  
30012 E A R C H  ON E L E C G R I C  P R O P U L S I O N e  N O T E  V I I :  A N A L Y S I S  O F  T H E  P E R F  
51012 L I T Y :  A L I T E R A T U R E  SUR/ H 2 - 0 2 - N O X  F L A M M A B I L I T Y  AN0 E X P L U S I B I  
3 0 0 3 0  CHAMBER PRESSURES AND E X H A U S T  N O Z Z L E  E X P A N S I O N  AREA R A T I O S #  / 
3 3 0 3 5  ONS D U R I N G  C A L C U L A T I O N  OF THE N O Z Z L E  FLOW OF PRODUCTS O F  T H E  
3 0 0 7 0  -ATOM R E C O M R I N A T I O N  I N  R O C K E T  N O Z Z L E S *  / A T A L Y S I S  O F  HYDROGEN 
1 G S 7 8  NSF-RANN ENERGY A B S T R A C T S #  
10003 G A S  I N D U S T R Y ' S  R O L E  I N  THE N U C L E A R  AGEU 
2 0 5 1 1  R I A L  AND A G R O - I N D U S T R I A L  COM/ N U C L E A R  ENERGY CENTERS. I N D U S T  
23015 ON O F  H/ METHOD FOR U T I L I Z I N G  N U C L E A R  ENERGY I N  T H E  PRODUCT1 
2 3 0 1 8  E O U I P M E N T  FOR THE W O R K I N G  OF N U C L E A R  ENEQGYU P R O C E S S  A N D  

2 3 0 0 2  P L A N T  FOR THE U T I L I Z A T I O N  O F  N U C L E A R  E N E R G Y #  METHOD O F  AND 
1 0 0 4 2  P R O S P E C T S  FOR A P P L I C A T I O N S  OF N U C L E A R  ENERGYY /: NEW F U T U R E  
2 1 0 1 0  I A G F A M S  FOR T H E  E V A L U A T I O N  OF N U C L E A R  H E A T  PROCESSES FOR WAT 
2 1 G 1 2  N P R O D U C T I O N  FROM WATER U S I N G  N U C L E A R  H E A T #  HYDROGE 
2 1 0 0 5  N P R O D U C T I O N  FROM WATER U S I N G  N U C L E A R  H E A T #  HYDROGE 
2 1 0 C 9  C E S S  TO DECOMPOSE WATER U S I N G  N U C L E A R  H E A T #  C H E M I C A L  PRO 
2 1 0 1 1  T P R O D U C T I O N  OF HYDROGEN W I T H  N U C L E A R  H E A T #  / T A B L E  ON O I R E C  
3 0 3 6 8  S T R A T I F I C A T I O N *  N U C L E A R  H E A T I N G  AND P R O P E L L A N T  
5 2 C 1 2  OGEN B E H A V I O R  I N  M E T A L S  U S I N G  N U C L E A R  M A G N E T I C  RESONANCE# /R 
10049 G E N  PRODUCTTONU N U C L E A R  POWER P L A N T S  FOR HYDRO 
30004 G A S  CORE N U C L E A R  R E A C T O F *  
22639 OM N A T U R A L  GAS W I T H  H E A T  FROM:NUCLEAR REACTOR# / E N E R A T I O N  F R  
3 0 0 3 8  U R S I N E  FOR HYDROGEN-PROPELLED N U C L E A R  ROCKET A P P L I C A T I O N S r  1 
30099 U k R I N E  FOR HYDROGEN-PROPELLED N U C L E A R  ROCKET A P P L I C A T I O N S *  I 
30093 R I S O N  9F S H A L L  W A T E R - G R A P H I T E  N U C L E A R  ROCKET S T A G E S  W I T H  C H E  
3000 5 I N V E S T I G A T I O N  O F  GASEOUS N U C L E A R  ROCKET TECHNCLOGYY 
3 0 0 0 7  U N I T S  F O R  HYDQOGEN- P R O P E L L E D  N U C L E A R  R O C K E T S #  / D  TURBOPUMP 
1 0 0 8 0  HYDPOGEN F U E L  FROM WATER B Y  A N U C L E A R  ROUTE# 
21016 WATER S P /  THERMOCHEMICAL AND N U C L E A R  TECHNOLOGY F O R  NUCLEAR 
10018 YDROGEN P R O D U C T I O N  FOR B E T T E R  N U C L E A R  U T I L I Z A T I O N #  H 
2 1 0 1 6  A L  AND N U C L E 4 R  TECHNOLOGY FOR N U C L E A R  WATER S P L I T T I N G *  / E M I C  
21015 N U C L E A R  W A T E R S P L I T T I N G B  
4020 3 I N C I P I E N T  AND N U C L E A T E  B O I L I N G  O F  L I Q U I D #  
3 3 0 2 3  NG GASEOUS HYDROGEN AT A MACH NUMBER OF 3 e 6  ANGLES O F  A T T A C K  
4 0 2 1 2  L A T I N G  R E A L  F L U I D  P R O P E P T I E S /  N U M E R I C A L  PROCEDURES F O R  C A L C U  
2 2 2 3 3  OF HYDROCARBONS W I T H  S T E A M  T O  O B T A I N  H Y D R O G E N - C O N T A I N I N G  GAS 
23409 D MOLECU/ ULTRA-PURE HYDROGEN O B T A I N E D  BY STEAM R E F O R M I N G  AN 
34614 # NEW METHODS O F  O B T A I N I N G  F U E L  C E L L  E L E C T R O D E S  
2 0 0 9 4  A T I C  L A B O R A T O R Y  A P P A R A T U S  FOR O B T A I N I N G  HYDROGEN A N D  OXYGEN# 
2 1 0 9 1  REACTOR H E A T *  O B T A I N I N G  HYDEGGEN B Y  M E A N S  O F  
2 3 0 1 2  E L  C E L L  F E E D I N G  OU/ METHOD O F  O B T A I N I N G  PURE HYDROGEN FOR F U  
4 3 1 0 0  C T I O N  OF HYDROGEN AND H E L I U M .  O B T A I N I N G  ULTRALOW TEMPERATURE 
22019 G A S  F R O /  I G T  GETS $ 1 8 - M I L L I O N  OCR CONTRACT TO MAKE HYDROGEN 

' O F  * NOT I N D E X E D  
20509 S O L I D  E L E C T R O L Y T E S  O F F E R  ROUTE T O  HYDROGEN* 
2 3 6 0 2  E OF I M P R O V I N G  T H E  E F F I C I E N C Y  O F U T f L I Z A T I O N  OF S O L A R  ENERGY 

22005 C H A R  O I L  ENERGY D E V E L O P M E N T #  
22172 I C S  O F  THE P Y R O L Y S I S  O F  S H A L E  O I L  I N  A F L U I D I Z E D  B E D #  / K I N E T  
2 2 6 2  2 HYPRO PROCESS: U N I V E R S A L  O I L  PRODUCTS CO# 
2 2 6 2 1  HYPRO; U N I V E R S A L  O i L  PRODUCTS COC 
22194 T I C  C O M B U S T I O N  O F  HYDROCARBON OILS" / M P L E T E  F L A M E L E S S  C A T A L Y  
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2 2 1 0 6  EAMS R A N G I N G  F R O M  C 6  T O  H E A V Y  O I L S U  /ROM E X C E S S  R E F I N E R Y  S T R  
3 4 2 6 1  F U E L  C E L L  RESEARCH AT OKLAHOMA S T A T E  U N I V E R S I T Y #  
3 4 2 6 2  HGY C O N V E R S I O N  A N 0  STORAGE AT OKLAHOMA S T A T E  U N I V E R S I T Y #  / N E  

' O N  ' NOT I N D E X E D  
32026 2 - A I R  F U E L  C E L L / L E A D  B A T T E S Y  ( O N E  YEAR O P E R A T I N G  E X P E R I E N C E S  
3 4 6 2 1  E E D  M E C H A N I S M  OF F U E L  C E L L  ON OPEN C I R C U I T #  / H  ON HYOROGEN F 
34815 R S P A C E  A P P L I C A T I O N S U  OPEN C Y C L E  F U E L  C E L L  S Y S T E M  F O  
49405 * O P E N - C E L L  C R Y O G E N I C  I N S U L A T I O N  
50015 E N  D E S I G N I N G .  A S S E M B L I N G .  A N 0  O P E R A T I N G  A GASEOUS HYDROGEN P 
40507 P E R I M E N T A L  STUDY OF LOW-SPEED O P E R A T I N G  C H A R A C T E R I S T I C S  O F  A 
34613 A L L A D I U M - S I L V E R  ANODE ON I M P /  O P E R A T I N G  C H A R A C T E R I S T I C S  O F  P 
3 4 2 5 1  I G H - P R E S S U R E  M E D I U M -  TEMPERA/  O P E R A T I N G  C H A R A C T E R I S T I C S  O F  H 
32026 L C E L L / L E A D  B A T T E R Y  ( O N E  YEAR O P E R A T I N G  E X P E R 1 F N C E S ) U  /R F U E  
3 4 1 0 2  P E R /  T H E  E F F E C T  O F  D E S I G N  AND O P E R A T I N G  F A C T O R S  ON L I F E  AND 

34016 C O N C E N T R A T I O N  CHANGES I N  O P E R A T I N G  F U E L  C E L L S #  
2 2 6 0 4  M A T E R I A L S  OF C O N S T R U C T I Q N  A N 0  3 P E R A T I N G  P R O B L E M S #  /RENCE T O  
34823 U F U E L  C E L L  POWERPLANT OPERAT I O N  I N  A P O L L O  S P A C E C R A F T  
3421 1 O P E R A T I O N  OF A F U E L  C E L L #  
20017 S I S  MODULE# LONG-TERM O P E R A T I O N  O F  C WATER E L E C T R O L Y  
3425s U E L  C E L L  W I T H  M I C R O B I A L L /  THE O P E R A T I O N  OF A N  ION-MEMBRANE F 
20095 A L L A T I O N S  FOR THE P R O D U C T I O N /  O P E R A T I O N  OF E L E C T R O L Y T I C  I N S T  
3 4 2 2 1  PRESSURE OPERAT I O N  O F  F U E L  C E L L S #  
34637 R I M E N T A L  STUDY O F  THE MODE OF O P E R A T I O N  OF POQOUS G A S - D I F F U S  
34619 E X P E R I M E N T A L  S T U D Y  OF MODE OF O P E R A T I O N  OF POROUS GAS- D I F F U  
40508 ANK N E T  P O S I T I V E  S U C T I O N  H E A D  O P E R A T I O N  OF T H E  J - 2  HYOROGEN 
34212 D I A T E  TEMPERATURE F U E L  C E L L  - O P E R A T I O N  ON D I L U T E  HYDROGEN* 
33029 J E T  COMBUSTOR A N 0  F U E L - S Y S T E M  O P E R A T I O N  W I T H  HYDROGEN F U E L  A 
30047 O X Y G E N  AND HYDROGENOESIGN AND O P E R A T I O N U  /- HM4 W I T H  L I Q U I D  
34816 C E L L  E L E C T R I C A L  POWER S U P P L Y *  O P E R A T I O N S  MANUAL# / X 5 6 2  F U E L  
2 2 1 3 3  OGEN P R O D U C T I O N  W I T H  R E F I N E R Y  O P E R A T I O N S #  I N T E G R A T E  HYDR 
2 2 1 2 4  A K I N G  NEW S T A T U R E  I N  R E F I N I N G  O P E R A T I O N S #  HYDROGEN P L A N T S  T 
39063 GENERATORS FOR T H E  M - 1  E N G I N E  O P E R A T I O N S #  / T  OF L 0 2 / L H 2  GAS 
4 0 4 2 1  GE O F  L I Q U I D  HYOROGE/ P A Y L O A D  O P T I M I Z A T I O N  FACTORS F O R  STORA 
2 2 6 1 1  Y MOOELW O P T I M I  ZE HYORQGEN P R U D I C T  I O N  R 
10070 A L U  OUR S O L A R  ENERGY O P T I O N S :  P H Y S I C A L  AND B I O L O G I C  

'OR * NOT I N D E X E D  
30043 L L A N T  D Y N A M I C S  I N  A L A R G E  RO/ O R B I T A L  I N V E S T I G A T I O N  OF PROPE 
2 3 6 0 0  T E R I U M  ATOMS B Y  P H O T O L Y S I S  O F  O R D I N A R Y  OR DEUTERATEO WATER V 
22012 G A S E S  FROM L A S E R  P Y R O L Y S I S  O F  O R G A N I C  M A T E R I A L S *  
3 2 0 0 5  THE HYDROGEN I C E N G I N E  - I T S  O R I G I N S  AND F U T U R E  I N  T H E  EMER 
3 4 5 0 8  R F O R  A H Y D /  U S E  OF A F L U I D I C  O S C I L L A T O R  AS A H U M I D I T Y  SENSO 

'OTHER ' NOT I N D E X E D  
10070 I C A L  A N 0  B I O L O G I C A L #  OUR S O L A R  ENERGY O P T I O N S :  P H Y S  

'OUT ' NOT I N D E X E D  
3 4 0 2 9  L L S  - T H E I R  S T A T U S  AND F U T U R E  O U T L O O K #  F U E L  C E  
34000 C E L L S  - PRESENT P O S I T I O N  AND O U T S T A N D I N G  P R O B L E M S #  F U E L  
2 2 6 G 5  HYDROGEN B Y  R E G E N E R A T I V E  COKE-OVEN GAS S E P A R A T I O N #  CHEAP 
22638 L E N E e  AND 1 - B U T E N E  W I T H  S T E A M  OVER A S I L I C A - S U P P O R T E D  N I C K E L  
22178 S T E A M  R E F O R M A T I O N  OF N-HEXANE OVER Z E O L I T E  C A T A L Y S T S *  / N  B Y  
39009 P P L I C A T I O N S a  11: E X P E R I M E N T A L  O V E R A L L  A N 0  S T A G E  GROUP PERFOR 
22141 HYDROGEN FROM THE P A R T I A L  O X I D A T I O N  OF HYDROCARBONS# 
22199 S Y N T H /  BURNER FOR T H E  P A R T I A L  O X I D A T I O N  O F  HYDROCARBONS FOR 
3 4 2 4 4  U S E  I N  A C I D /  M O D I F I E D  P A R T I A L  O X I D A T I O N  OF HYDROCARBONS FOR 
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34639 L E I  P A R T I A L L Y  SUBM/ FUEL C E L L  O X I D A T I O N  O F  HYDROGEN ON MOVAB 
34602 S I V E  P L A T I N U M  E L E C T R O D E #  O X I D A T I O N  O F  HYDROGEN ON A P A S  
51006 THE O X I D A T I O N  O F  HYDROGEN# 
22204 H Y D R O G E N - R I C H  GAS R Y  P A R T I A L  O X I D A T I O N  O F  L I Q U I D  HYDROCARBO 
33010 O F  T H E  R E A C T I O N  O F  I N C O M P L E T E  O X I D A T I O N  O F  METHANE C A T A L Y Z E D  
22606 P A R T  I A L - O X I D A T I O N  P R O C E S S #  
22219 R O U T E  F O R  HYDROGEN / P A R T I A L  O X I D A T I O N o  A M I N I M U M  P O L L U T I O N  
221 18 HYOROGENI P A R T I A L  O X I D A T r O N I  
22 12 8 HYDROGEN. P A R T I A L  O X I D A T I O N #  
22007 /METHANE R A T I O  A F F E C T  P A R T I A L  O X I D A T I O N #  /RESSURE AND OXYGEN 
3461 1 P E R A T U R E  F U E L  C E L L S C O N T A I N I N G  O X I D E  C A T A L Y S T S #  /E I N  LOW-TEM 
32023 E HYD/  PERFORMANCE AND N I T R I C  O X I D E  CONTROL P A R A M E T E R S  O F  T H  
34265 S E A L I N G  O F  S I L V E R  O X I D E - Z I N C  STORAGE C E L L S #  
33013 P R E L I M I N A R Y  I N V E S T I G A T I O N  OF O X I D I Z E R - R I C H  OXYGEN-HYDROGENC 
33005 S ON T H E  C O M B U S T I O N  O F  L I Q U I D  O X I D I Z E R S  I N  HYDROGEN# /ROBLEM 
33000 B U L E N T  G A S  J E T  I N  A S T R E A M  OF O X I D I Z I N G  AGENTS / I O N  OF A TUR 
22163 # S I M U L T A N E O U S  P R O D U C T I O N  nF O X 0  S Y N T H E S I S  GAS AND HYDROGEN 
30053 ROGRAM# L A R G E  HYDROGEN-OXYGEN A B L A T I V E  CHAMBER T E S T  P 
33036 S O C K E T  CHAYBER B U R N I N G L I Q U f O  OXYGEN A N 0  GASEOUS H Y D 9 0 G E N b  / 
33ClE R E A C T I O /  K I N E T I C S  O F  HYOYOGEM-OXYGEN A N 0  HYDROCARBON-OXYGEN 
30049 E N G I N E :  A 40 K N  T H R U S T  L I Q U I D  OXYGEN AND HYOROGEN E N G I N E #  / 
30047 C K E T  E N G I N E  - HM4 W I T H  L I Q U I D  OXYGEN A N 0  H Y D R O G E N D E S I G N  AND 
30057 P R O P U L S I O N  B Y  L I Q U I D  OXYGEN A N 0  L I Q U I D  HYDROGEN* 
43509 D E J E C T O R S  F D R  P U M P I N G  L I Q U I D  U X Y G E N  AND L I Q U I D  HYDROGEN# /E 
34811 G E L E C T R I C I T Y  TO HYDROGEN A N D  OXYGEN AND V I C E  V E R S A #  / V E R T I N  
30016 R T H E  S P A C E  S H U T T L E /  HYDROGEN-OXYGEN A U X I L I A R Y  P R O P U L S I O N  F O  
34505 R E M O V A L  CONCEPT FOR HYDROGEN-OXYGEN C A P I L L A G Y  F U E L  C E L L #  /E 
33052 DEVELOPMENT OF HYDROGEN-OXYGEN C A T A L Y S T S #  
20010 I T Y  D U R I N G  E L E C T R O L /  HYDROGEN-OXYGEN C E L L  P R O D U C I N G  E L E C T R I C  
3484 1 A COMPACT HYDROGEN-OXYGEN C E L L #  
33001 I C S  I N  ROCKET E N G I N /  HYDROGEN-OXYGEN C H E M I C A L  R E A C T I O N  K I N E T  
33007 TRANSPORT P R O P E R T I E S  O F  F U E L - O X Y G E N  C O M B U S T I O N  S Y S T E M S #  /NO 
33034 I N  A T W O - D I M E N S I O N A L  UYOR4GEq-OXYGEN COMBUSTORY / T E  D A M P I N G  
30034 T H  A V A Y I 4 B L E  L E N G T H  HYDROGEN OXYGEN COMBUSTOR# /Y L I M I T S  W I  
22642 M HYDROCARRON GASES B Y  STEAM- O X Y G E N  C O N V E R S I O N  I N  A F L U I D 1 2  
33004 O M E T R I C  M I X T U R E S  O F  HYDRUGEN- OXYGEN D I L U T E D  W I T H  H E L I U M  HYO 
34237 V E  F U E L  C E L L S *  1 J L I  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I  
34238 V E  F U E L  C E L L S *  HYDROGEN-OXYGEN E L F C T P C L Y T I C  R E G E N E R A T I  
34236 V E  FUEL C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I  
34239 V E  F U E L  C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I  
34233 V E  FUEL C E L L S #  HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I  
32012 T H E  F E A S I B I L I T Y  OF A HYOROGEN OXYGEN E N G I N E *  / A S  A F U E L  AND 
30037 T Y  O F  GASEOUS H Y D R O G E N - L I O U I O  OXYGEN E N G I N E *  /ON T H E  S T A B I L I  
3006C VACUUM)  L I O U I D H Y D R O G E N / L I Q U  I D  OXYGEN E N G I N E  # /RUST ( N O M I N A L  
30010 TORS AND T H E R M I O N I C /  HYOROGEN-OXYGEN F I R E D  T H E R M I O N I C  GENERA 
34203 R /  C O N S T R U C T I O N  O F  A HYDROGEN-OXYGEN F U E L  C E L L  AND I T S  P E R F 0  
34037 C H A R A C T E R I S T I C S  OF A HYDHOGEN-OXYGEN F U E L  C E L L  B A T T E R Y #  / N T  
34264 MENT T E S T I N G  O F  2 KW HYDROGEN-OXYGEN F U E L  C E L L  S T A C K S #  / S E S S  
34106 E A C T A N T  S U P E R S A T V R A I  HYDROGEN-OXYGEN F U E L  C E L L  S Y S T E M  W I T H  R 
34501 TER R E J E C T I C Y  FROM A HYDHOGEN-OXYGEN F U E L  C E L L  T O  A HYDROGEN 
34010 MASS EXCHANGE I N  A YYDROGEN-OXYGEN FUFL C E L L  W I T H  A C A P I L L  
34243 R l C A L L Y - R E G E N E R A T I V E  HYDFDGEN-OXYGEN F U E L  C E L L #  E L E C T  
3421 8 S E L F - D I  SCHARGE OF A HYDROGEN-OXYGEN F U E L  C E L L #  
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34234 T I C A L L Y  R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L  C E L L #  E L E C T R O L Y  
34807 G I N E E R I N G  A S P E C T S  O F  HYDROGEN-OXYGEN F U E L  C E L L #  SOME E N  
34267 WEIGHT, RECHARGEABLE HYDROGEN-OXYGEN FUFC C E L L #  / F O R  A L I G H T  
34245 E S  ON PERFOHMANCE O F  HYDROGEN-OXYGEN F U E L  C E L L C  / L Y  f M P U R I T l  
34259 E S  ON A RECHARGEABLE HYDROGEN-OXYGEN F U E L  C E L L #  /MANCE S T U D 1  
34270 O N T A I N E D - E L E C T R O L Y T E  HYDROGEN-OXYGEN F U E L  C E L L #  / P E R A T U R E *  C 
34502 ROM A M A T R I X  T Y P E  O F  HYDROGEN-OXYGEN F U E L  C E L L #  / R E J E C T l O N  F 
34808 P R I M A R Y  HYDROGEN-OXYGEN F U E L  C E L L S  F O R  S P A C E Y  
34318 N I M U M  O F  M A I N T E N A N C /  HYDROGEN-OXYGEN F U E L  C E L L S  P E O U I R I N G  M I  
34814 C E L L  SYSTEMSC HYDROGEN-OXYGEN F U E L  C E L L S :  V A R T A  F U E L  
34511 AND H E A T  B A L A N C E  O F  HYDROGEN-OXYGEN F U E L  C E L L S #  WATER 
34200 O F  H I G H  PERFORMANCE HYDqOGEN-OXYGEN F U E L  C E L L S #  / L I T Y  S T U D Y  
34631 I G H T  E L E C T R O D E S  FOR HYDROGEN- O X Y G E N  F U E L  C E L L S #  /E L I G H T - W E  
34151 RE. H I G H - T E M P E R A T U R E  HYDROGEN O X Y G E N  F U E L - C E L L  AND E L E C T R O L Y  
34219 R O L Y T I C  R E G E N E R A T I V E  HYDROGEN-OXYGEN F U E L - C E L L  B A T T E R Y #  /ECT 
34600 ON H Y D R D G E N  E L E C T R O D E  AND T H E  O X Y G E N  F U E L - C E L L  E L E C T R O D E  I N  
30072 N A L - /  D E V E L O P M E N T  OF HYDROGFN-OXYGEN F U E L E D  3 - K I L O W A T T  I N T E R  
20019 S Y S T E M S  F O R  SPACECRAFT C A B I N  O X Y G E N  G E N E R A T I O N #  / E C T R O L Y S I S  
33053 T A L Y T I C  REACTORS FOR HYDROGEN-OXYGEN I G N I T I O N *  S T U D Y  O F  CA 
30058 E X P E R I M E N T S  W I T H  HYDROGEN AND OXYGEN I N  R E G E N E R A T I V E  E N G I N E S  
30'373 I N /  DEVELOP MEN^ O F  A HYDROGEN-OXYGEN I N T F R N A L  C O M B U S T I O N  ENG 
3421 0 U E L  C E L L S X  HYDROGEN-OXYGEN ION-EXCHANGE MEMBRANE F 

30032 N C E  T U B E  I G N I T I O N  OF HYDROGEN-OXYGEN M I X T U R E S #  RESONA 
34028 L ( H O P E )  F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A  
34254 L ( H O P E )  F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A  
34255 L ( H O P E )  F U E L  C E L L  / HYDROGEN-CXYGEN P R I M A R Y  E X T R A T E R R E S T R I A  
205'27 T H E  E C O N O M I C S  O F  HYDROGEN AND OXYGEN P R U O U C T I ' 3 N  BY WATER ELE 
33064 T H E  K I N E T I C S  OF THE HYDROGEN-OXYGEN R E A C T I O N  B E H I N O  S T E A D Y  
33012 DROGEN-OXYGEN AND HYDROCPRBON-OXYGEN R E P C T I O N S C  / € T I C S  O F  H Y  
34251 M E D I U M -  TEMPERATURE HYDROGEN-OXYGEN R E C H A R G E A B L E  F U E L  C E L L S  
34260 O N O M I C  H I G H - P R E S S U R E  HYDROGEN-OXYGEN P E G E N E R A T I V E  F U E L -  C E L L  
33026 T R A N S F E R  R A T E S  FOR A HYDROGEN-OXYGEN ROCKET AND A NEW T E C H N I  
30036 Y C H A Y A C T E R I S T  I C S  OF HYDROGEN OXYGEN ROCKET E N G I N E S *  / A B I L I T  
30033 26.000- POUND-THRUST HYDROGEN-OXYGEN ROCKET*  /CONCEPTS I N  A 
33025 T R A N S F E R  R A T E S  F O R  A HYDROGEN-OXYGEN ROCKETS /GAS S I D E  H E A T -  
33039 T R A N S F E R  R A T E S  I N  A HYDROGEN-OXVGEN ROCKET# / G A S - S I D E  H E A T -  
33013 2C.CO0 POUND-THRUST HYDROGEN-OXYGEN R O C K E T #  /N SCREECH I N  A 
30038 MODE I N S T A B I L I T Y  I N  HYDROGEN- OXYGEN R O C K E T S #  / ON A C O U S T I C -  
30002 S U P P R E S S  SCREECH I N  HYDQOGEN-OXYGEN R O C K E T S #  / T I C  L I N E R S  T O  
3001 1 MRUSTSON E N G I N E #  HYDROGEN-OXYGEN S P A C E  POWER I N T E R N A L - C O  
3 0 0 5 9  EM/ D E V E L O P M E V T  OF A HYDROGEN-OXYGEN S P A C E  POYEP S U P P L Y  S Y S T  
30015 STER TECHNOLOGY R E V /  HYDROGEN-OXYGEN S P A C E  S H U T T L E  A C P S  T H R U  
51013 ON P R O P E R T I E S  O F  THE HYDROGEN-OXYGEN S Y S T E M  I N  V E N T E D  T A N K S #  
34617 L MODULE# HYDROGEN-OXYGEN T H I N  E L E C T R O D E  F U E L  C E L  
34233 S S  F O R  S U P P L Y I N G  HYDROGEN AND OXYGEN TO F U E L  C E L L S #  PROCE 
23007 S S  F O R  S U P P L Y I N G  HYDROGEN AND OXYGEN T O  F U E L  C E L L S #  PROCE 
33033 C O A X I A L  J E T  I N J E C T I O N /  L I Q U I D  OXYGEN* P A R T  11: A N A L Y S I S  FOR 
30035 F C 0 4 X I A L  I Y J E C T O R S  I N  L I Q U I D  OXYGEN-GASEOUS HYDRDGENU / C E  0 
34645 T R O L Y T E  I N T E R F A C E  FOR CASE OF OXYGEN-HYDRCGEN C E L L #  / - E L E C  
34810 B I L I Z I N G  THE N ' 3 M I N A L  POWER OF OXYGEN-HYDRIJGEN F U E L  C E L L S  I N T  
33C13 N V E S T I G A T I O N  O F  OX I 0 1  Z E R - R I C H  OXYGEN-HYDRGGFNCOMBUST I O N  CHAR 
51001 HYDROGEN I N  A I R .  OXYGEN*  AND O X Y G E N - I N E R T  M I X T U R E S  A T  E L E V A  
33C21 A N T I T A T I V Z  4 N A L Y S I S  OF L I O U I D  OXYGEN-L I Q U I D  HYDROGEN COMBUST 



T I T L E  I N D E X  
S E C T I O N  * T '  

33016 C O M B U S T I O N  L I Y I T S  OF HYDROGEN-OXYGEN-NITROGEN-STEAM M I X T U R E S  
3 4 2 4 5  R F S R M A N C E  O F  H Y D R J /  E F F E C T  O F  O X Y G E N - S U P P L Y  I M P U R I T I E S  O N  P E  
3 0 0 4 2  NOLOGY S T A T U S #  OXYGEN/HYDROGEN COMPONENT T E C H  
3 3 0 4 8  I G N I T I /  F E A S I B I L I T Y  S T U D Y  OF OXYGEN/HYDROGEN POWDERED M E T A L  
3 0 C 6 9  U S E  OF C R Y O G E N I C  P R O P E L L A N T S  ( O X Y G E N / H Y O R O G E N )  FOR R E A C T I O N  
3 0 0 6 4  U S E  OF C R Y O G E N I C  P R O P E L L A N T S  ( O X Y G E N / H Y D R O G E N )  FOR R E A C T I O N  
3 0 0 6 1  I V E  U N /  D E V E L O P M F N T  O F  L I Q U I D  O X Y G E N / L I Q U I D  H Y D H O G E N  P R O P U L S  
2 2 0 C 7  R T I A L  O X I D A /  HOW P R E S S U R E  AND K)XYGEN/HETHANE RPTI I I )  A F F E C T  P A  
3 4 8 3 4  T R A P P E D  E L E C T R l L Y T E  HYDROGEN-  O X Y G E N *  A L K A L I N E  FUEL C E L L S #  / 
3 3 0 2 3  F L O W I N G  M I X T U R E S  O F  HYDROGEN. OXYGEN.  AND C H L O H I N E X  / M k S  I N  
51001 W M A B I L I T Y  O F  HYDROGEN 1 W  A I R .  OXYGFN.  A N 0  O X Y G E N - I N E R T  M I X T U  
3 4 8 0 6  GE O F  COMPRESSFD H Y D R O G E N  A N 0  O X Y G E N *  AND S U B S E Q U E N T  R E C O M R I  
2 0 0 0 2  1 C  P R O D U C T I O N  '3F H Y D P O G E N  A N 0  O X Y G E N #  E L E C T H O L Y T  
2001 5 M A K I N G  HYDROGEN AND O X Y G E N #  
20503 S A S  A  SOURCE O F  H Y D R 3 G E N  A N D  O X Y G E N #  E L E C T R O L Y S I  
3 3 0 0 9  I G N I T I O N  L I M I T  O F  HYDROGEN I N  O X Y G E N *  U P P E R  S E L F -  
2 0 0 3 8  L F O R  G E N E R A T I N G  HYDR'YGEN A N 0  O X Y G E N #  E L E C T R O L Y S I S  C E L  
34638 T I A L  P R E S S U R E S  O F  H Y O R O G F N  OR O X Y G E N #  / E L E C T R O D E  A T  LOW P A R  
20005 H E  P R 3 D U C T I O N  O F  H Y D R O G E N  A N D  O X Y G E N *  /C I N S T A L L A T I O N S  F O R  T  
23602 ON O F  WATER I N T O  H Y D R O G E N  A N D  O X Y G E N *  /GY B Y  T H E  D E C O M P O S I T I  
20004 U S  F O R  O B T A I N I N G  HYDQOGEN A N D  O X Y G E N #  / I C  L A B O R A T O R Y  A P P A R A T  
23028 O R I T E  T O  PRODUCE HYOROGEN AND ( IXYGEN# / M  AND L I T H I U M  H Y P O C H L  
34212 ARBONACEOUS F U E L S *  AND O I L U T E  OXYGEN*  / O N  O I L U T E  HYDROGEN. C  
30044 T Q O L  E N G I N E S  F O R  H Y D R O G E N  A N D  O X Y G E N #  / P U L S A R L E  k T T I T U D E  C O N  
20508 OXYGENHYDROGEN G E N E S A T O R #  
35020 A C E  S H U T T L E #  A N  H 2 - 0 2  A U X I L I A R Y  POWER U N I T  F O R  SP 
51009 E F F E C T  O F  WATER VAPOR ON H Z - 0 2  D E T O N A T I O N S #  
34235 E L E C T R O L Y T I C  R E G E N E R A T I V E  H2-02 SECONDARY F U E L  C E L L S #  
51012 I B I L I T Y :  A  L I T E Q A T U R E  S U h /  H 2 - 0 2 - N O X  F L A M M A B I L I T Y  A N D  E X P L O S  
4 9 5 1 2  S E  FLOW FLOW I N  L H 2  P U M P S  F O R  02/H2 ROCKET E N G I N E S #  /TWO-PHA 
30049 / T H E  D E V E L O P M E N T  OF T H E  S  E P R H M 4  E N G I N E :  A  40 K N  T H R U S T  
23422 H - V O L U M E  H Y D R 3 G E N #  P A L L A D I U M  D I F F U S I O N  Y I E L D S  H I G  
52031 OGEN O N  T E N S I L E  P R O P E R T I E S  O F  P A L L A D I U M -  H Y D R O G E N  S Y S T E M #  /R  
34621 C H E M I C A L  ENERGY C O N V E R S I O N  I N  P A L L A D I U M - H Y O A O G E N  D I F F U S I O N  E 
23418 H P E R M E A T I O N  A N  MEMBRANEN A U S  P A L L A D I U M - L E G I E R U N G E N #  / F  DURC 
34613 O P E R A T I N G  C H A R A C T E R I S T I C S  O F  P A L L A D I U M - S I L V E R  ANODE 9N I M P U  
10051 F E D E R A L  P A N E L  R E P O R T S  Q N  HYDROGEN*  
3461 2 P A P E R  F U E L  C E L L  E L E C T R O D E S #  
4 0 2 1 1  E C H A N I C A L  P R O P E R T I E S  O F  S O L I D  PARA-HYDROGEN A T  4 ~ 2 K #  M 
22108 S T E A M  R E F O R M I N G  P A R A F F I N I C  H Y D R O C A R B O N S #  
45213 NG U N I T S  FROM 36 0 /  T A B L E S  O F  PARAHYDROGEN D A T A  I N  E N G I N E E R 1  
4 1 0 1 1  E T H E R M O D Y N A M I C  P R O P E R T I E S  O F  P A R A H Y D R O G E N  F R O M  1 T O  2 2 K I  / H  
4101 2 D U C T  I V I T Y  3F S O L I D  A N D  L I Q U I O  P A R A H Y D R O G E N *  T H E R M A L  C O N  
40212 L U I D  P R O P E R T I E S  OF N O R M A L  AND PARAHYDROGEN# / C U L A T I N G  R E A L  F 
4 0 1 0 5  V E R S I O N  F O R  P R O D U C T I O N  O F  9 8 %  PARAHYDROGEN*  / H  TWO-STAGE C O N  
4 5 2 0 0  G A V E R A G E  D E N S I T Y  A N 0  R E L A T E D  P A R A M E T E R S  I N  TWO-PHASE CRYOGE 
32023 A N C E  AND N I T R I C  O X I D E  C O N T R O L  P A R A M E T E R S  O F  T H E  HYDROGEN E N G  
30037 G A S E O U S /  E F F E C T  O F  COMBUSTOR P A R A M E T E R S  ON T H E  S T A B I L I T Y  O F  
51003 T X O N  OF T E C H N I C A L  E X P L O S I V I T Y  P A R A M E T E R S *  / E T H O D S  O F  COMPUTA 
33033 JET I N J E C T I O N /  L I Q U I O  OXYGEN* PA'RT 11: A N A L Y S I S  F O R  C O A X I A L  
40207 - C R I T I C A L  C R Y O G E N I C  HYDROGEN: P A P T  l a  L I T E R A T U R E  S U R V E Y *  /ER 
32001 A I R  F U E L E D  A U T O M O B I L E  E N G I N E  ( P A R T  1 ) #  T H E  H Y D R O G E N  - 
30029 F O R M A N C E  E V A L U A T I O N *  P H A S E  D E S I G N ,  AND 
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32021 n INTERNAL COMBUSTION ENGINE/ PARTIAL HYDROGEN INJECTION INT 
22199 O N S  F O R  S Y N T H /  BURNER F O R  T H E  P A R T I A L  O X I D A T I O N  O F  HYDROCARB 
22204 D R O C A 9 8 /  H Y D R O G E N - Q I C H  G A S  B Y  P A R T I A L  O X I D A T I O N  O F  L I Q U I D  H Y  
22141 ONSU H Y D R O G E N  F R O M  T H E  P A R T I A L  O X I D A T I O N  O F  HYDROCARB 
3 4 2 4 4  O N S  FOR U S E  I N  A C I D /  M O D I F I E D  P A R T I A L  O X I D A T I O N  OF H Y D R O C A R B  
22219 O L L U T I O N  R O U T E  F O R  HYDROGEN / P A R T I A L  O X I D A T I O N *  A M I N I M U M  P 
22128 HYDROGENI P A R T I A L  O X I D A T I O N #  
22118 HYDROGEN. P A R T 1  A L  O X I D A T I O N #  
22097 D O X Y G E N / M E T H A N E  R A T I O  A F F E C T  P A R T I A L  O X I D A T I O N #  / R E S S U R E  A N  
34638 F A P L A T I N U M  E L E C T R O D E  A T  LOW P A R T I A L  P R E S S U R E S  OF HYDROGEN 
2 2 6 5 6  P A R T I A L - O X I D A T I O N  P R O C E S S #  
34639 P T I  O N  O F  H Y D R O G E N  ON MOVABLE.  P A R T I A L L Y  SUBMERGED P L A T I N U M  A 
50009 S E S  A T  V E R Y  LOW T E M P E R A T U R E S *  P A R T I C U L A R  C A S E  O F  L I Q U I D  HYDR 
1 0 0 2 9  - E L E C T R I C  U T I L I T Y  S Y S T E M  W I T H  P A R T I C U L A R  R E F E R E N C E T O  F U S I O N  
3 3 0 3 4  I M E N S I O N A L  / A N  E X P E R I M E N T  O N  P A R T I C U L A T E  D A M P I N G  I N  A TWO-D 
520"b A N A L Y S I S  O F  HYDROGEN I N  S T E E L  P A R T S Y  / MEASUREMENTS F O R  T H E  
3 4 6 0 2  O X I D A T I O N  O F  HYDROGEN O N  A P A S S I V E  P L A T I N U M  E L E C T R O D E #  
40421 OR S T O R A G E  O F  L I Q U I D  HYOROGE/ P A Y L O A D  O P T I M I Z A T I O N  F A C T O R S  F 
34816 A L  POWER S U P P L Y e  O P E R A T I O N S  / P C 8 8 - 4 - X 5 6 2  F U E L  C E L L  E L E C T R I C  
30036 I L I T Y  C H A R P J  E F F E C T  O F  T H R U S T  P E R  E L E M E N T  ON C O M B U S T I O N  S T A B  
3 7 0 3 8  E C T  O F  CHAMBER PRESSURE.  FLOW P E R  ELEMENT,  AND C O N T R A C T I O N  R 
34232 L L #  2 0  WATT-HOUR PER P O U N D  R E G E N E R A T I V E  F U E L  C E  
3 0 0 5 8  S S U R E S  F R O M  100 T O  300 POUNDS P E R  S Q U A R E  I N C H  A B S O L U T E #  / P R E  
23607 P E /  P H O T O C H E M I S T R Y  O F  C E R I U M  P E R C H L O R A T E S  I N  D I L U T E  AQUEOUS 
2 3 6 C 7  E R C H L O R A T E S  I N  D I L U T F  AQUEOUS P E R C H L O R I C  A C I D 1  / O F  C E R I U M  P 

3 3 9 4 1  I T E  P R O P U L S I O N  S Y S T E M S #  P E R F O R M A N C E  A N A L Y S I S  O F  COMPDS 
3 0 0 4 1  R A C T E R I S T I C S  O F  C O N T R O L L A B L E /  P E R F O R M A N C E  AND C O M B U S T I O N  C H A  
32023 O N T R O L  P A R A M E T E R S  OF T H E  HYD/  P E R F O R M A N C E  AND N I T R I C  O X I D E  C 
30031 N T A L  Y Y D R O G E N - F L U O R I N E  ROCKET P E R F O R M A N C E  A T  LOW# E X P E R I M E  
32014 A N  A I R - E R E A T H I /  E M I S S I O N  AND P E R F O R M A N C E  CHARACTER I S T  I C S  O F  
3 3 0 0 9  E M T A L  O V E R A L L  A N D  S T A G E  GROUP P E R F O R M A N C E  D E T E R M I N E D  I N  C O L D  
3 0 0 2 1  E S H U T T L E  V F H I C L E S  U S I Y G  A H/ P E R F O R M A N C E  E S T I M A T E S  F O R  S P A C  
3 9 0 2 9  1 .  P A R T  1:/ F L U O R I N E - H Y D P O G E N  P E R F O R M A N C E  E V P L U A T I O N .  P H A S E  
3 4 2 6 3  H I G H  P E R F O R M A N C E  F U E L  C E L L A  
34257 G C O N D U C T I N G -  POR/  A NEW H I G H - P E R F O R M A N C E  F U E L  C E L L  E M P L O Y I N  
3 4 2 0 0  E L /  F E A S I B f L I T Y  S T U D Y  O F  H I G H  P E R F O R M A N C E  HYDROGEN-OXYGEN FU 
30029 GNI AND D E M O N S T R A T I O N  OF H I G H  P E R F O R M A N C E  I N J E C T O R S  F O R  T H E  
34631 R O D E S  F O Q  HYDROGEN- O X Y /  H I G H - P E R F O R M A N C E  L I G H T - W E I G H T  E L E C T  
3 0 0 3 7  R I N E  R O C K E T  ENG/  E X P E R I M E N T A L  P E R F O R M A N C E  O F  A H Y D R O G E N - F L U 0  
34242 A T E  F U E L  C E L L  A N 0  B A T T E R Y  S Y /  P E R F O R M A N C E  O F  A M O L T E N  CARBON 
33024 S T O G  WITH GASEO/ LOW-PRESSURE P E K F O R M A N C E  O F  A T U B U L A R  COMBU 
33023 T U T I L I Z I N G  G A S E O U S  HYDROGEN/  P E R F O R M A N C E  O F  A 2 8 - I N C H  R A M J E  
30012 O N *  N O T E  V I I :  A N 4 L Y S I S  OF T H E  P E R F O R M A N C E  O F  AN A R C J E T  D R I V E  
34611 I N  L O W - T E M P E R A T U R E  F U E L  C E L /  P E R F O R M A N C E  O F  CARBON M O N O X I D E  
30035 R S  I N  L I Q U I D  O X Y G E N - G A S E O U S  / P E R F O R M A N C E  O F  C O A X I A L  I N J E C T 0  
3421 4 B U T A N E - A I R  FUEL C E L L #  P E R F O R M A N C E  O F  COMPACT-DES I G N  
3 0 0 0 8  N O F  T U R B I N E  A N D  E X P E R I M E N T A L  P E R F O R M A N C E  O F  F I R S T  TWO S T A G E  
3 4 6 3 6  F U E L  C E L L  E L E C T R O D E S #  T H E  P E R F O R M A N C E  O F  F L O O D E D  P O R O U S  
34245 F O X Y G E N - S U P P L Y  I M P U R I T I E S  ON P E R F O R M A N C E  O F  HYDROGEN-OXYGEN 
3 4 2 0 4  E L L S #  E F F E C T  O F  P R E S S U R E  O N  P E R F O R M A N C E  O F  HYDROGEN FUEL C 
30045 D - G A S  R E A C T I O N  J E T S  / O Y A N M I C  P E R F O R M A N C E  O F  LOW-THRUST. C O L  
34102 O P E R A T I N G  F A C T O R S  ON L I F E  AND P E R F O R M A N C E  O F  M A T R I X  F U E L  C E L  
33040 YDROG/ T H E O R E T I C A L  C O M B U S T I O N  P E R F O R M A N C E  O F  R A M J E T  F U E L S :  H 
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34215 L G A S - A C I D  F U E L  C E L L  SYSTEM*  PERFORMANCE O F  REFORMED NATURA 
3 0 3 4 9  U S I N G  GASEOUS H Y /  T H E O R E T I C A L  PERFORMANCE O F  ROCKET E N G I N E S  
34259 R G E A B L E  HYDROGEN-OXYGEN F U E L /  PERFORMANCE S T U D I E S  ON A RECHA 
20001 TROLYSER FOR T H E  P R O D U C T I O N  / PERFORMANCE S T U D I E S  O N  A N  E L E C  
31010 P R O P E R T I E S  ON T U R B O J E T - E N G I N E  PERFORMANCE W I T H  HYDROGEN AS F 
34203 OGEN-OXYGEN F U E L  C E L L  AND I T S  PERFORMANCE W I T H I N  T H E  TEMPERA 
3 4 2 6 6  I N C R E A S E D  HYDROX F U E L  C E L L  P E R F O R M A N C E I  
50007 HYDROGEN V E N T  F L A R E  S T A C K  PERFORMANCE*  
30001 C O N C E N T R I C  T U B U L A R  R E S I S T O J E T  PERFORMANCE# 3 - K I L O W A T T  
32017 AR: D E S I G N .  C O N S T R U C T I O N .  AND PERFORMANCE*  / U C L A  HYDROGEN C 
30066 E C T S  ON ROCKET THRUST CHAMBER PERFORMANCE# / O F  COMBUSTOR EFF 
3 0 C 2 6  ROCKET F U E L  S Y S /  T H E O R E T I C A L  PERFORMANCES OF T H E  T R I E R G O L I C  
5 2 0 5 7  F A P P L I C A T I O N S #  P E R M E A B I L I T Y  D A T A  FOR AEROSPAC 
2 3 4 1 8  I N I G U N G  VON WASSERSTOFF DURCH P E R M E A T I O N  AN MEMBRANEN AUS P A  
23431 ROGFN# P E R M E A T I O N  METHOD RECOVERS HYO 
5 2 0 4 5  ROGFN THROUGH P L A T I N U M #  P E R M E A T I O N  OF E L E C T R O L Y T I C  H Y D  
52005 Y N A M I C S  O F  THE S O L U B I L I T Y  AND P E R M E A T I O N  OF HYDROGEN I N  META 
5 2 0 4 0  T H O 0  F C R  D E T E R M I N A T I O N  O F  T H E  P E R M E A T I O N  R A T E  O F  HYDROGEN T H  
5 2 0 2 6  4130 S T E /  GAS-PHASE HYDROGEN P E R M E A T I O N  THROUGH A L L H A  IRON.  
2 3 4 3 8  N A R Y  M I X T U R E S  OF CO AND H 2  B Y  P E R M E A T I O N  THRCUGH P O L Y M E R I C  F 
52039  I N  FERROUS M A T E R I A L /  HYOROGEY P E R M E A T I O N t  AND E M B R I T T L E M E N T  
3 2 0 0 3  O C I A T I O N #  P E R R I S  SMOGLESS A U T O M O B I L E  A S S  
32004 THE HYDROGEN E N G I N E  I N  P E R S P E C T I V E X  
5200 3 T A N T A L U M  S H E E T #  P E T C H  A N A L Y S I S  OF HYDROGENATED 
22117 I E S  A P P L I C A T I O N  / HYDROGEN I N  P E T R O L E U M  AND C H E M I C A L  I N D U S T R  
2 2 1 4 C  MANUFACTURE OF HYDROGEN FROM P E T R O L E U M  A N 0  N A T U R A L  GCS* 
22186 E M I C A L S  A N D I N T E R M E D I A T E S  FROM P E T R O L E U M  HYDROCARSONS# / I C  C H  
2 3 0 2 7  F R E E  HYDROGEN I N  G E N E S I S  OF P E T R O L E U M *  
4 0 2 C 5  O F  C R Y O G E N I C  HYDROGEN I N  TWO-PHASE A I R #  / E  R A T E  E V A P D R A T I O N  
2 2 2 3 3  W I T H  S T E A M  TO O B T A I N  / S T E A M  P H A S E  C R A C K I N G  OF HYDROCARBONS 
4 0 2 0 3  AND R E L A T E D  P A R A M E T E R S  I N  TWO-PHASE C R Y O G E N I C  FLOW S Y S T E M S *  / 
4 0 2 0 4  N #  E Q U O T I Q N  O F  S T A T E  AND P H A S E  D I A G R A M  O F  DENSE HYDROGE 
40512 OR a2/n2 R O C /  ANALYSIS OF TWO-PHASE FLOW FLOW IN L H ~  PUMPS F 
4 0 5 0 0  L E T  L I N /  I N V E S T I G A T I O N  OF TWO-PHASE HYDROGEN FLOW I N  PUMP I N  
5 2 0 2 6  UGH A L L H A  I R O N .  4130 S T E /  GAS-PHASE HYDROGEN P E R M E A T I O N  THRO 
2 2 0 0 2  R O C E S S I Y G  B Y  E L E C T R C I F L U I D I C 5 .  P H A S E  I I #  COAL P  
3 3 0 1 7  L A M F  F R O N T  D U R I N G  THE I N I T I A L  P H A S E  OF A  C O M B U S T I O N  PROCESS# 
52019 394L S T A I N L /  HYDROGEN- INDUCED P H A S E  T R A N S F O R M A T I O N S  I N  T Y P E  
3 0 0 2 9  ROGEN PERFORMANCE E V A L U A T I O N .  P H A S E  1. P A R T  1: A N A L Y S I S .  D E S  
3 4 0 2 8  R I A L  ( H n P E 1  F U E L  C E L L  PROGRAM P H A S E  1 A #  / R I M A R Y  E X T R A T E R R E S T  
4 1 0 1 5  OUPS S E E K  HYDROGEN'S  M E T A L L I C  P H A S E *  S O V I E T  A N D  U o S a  GR 
5 2 0 2 2  L A Y  STUDY O F  HYDROGEN I N D U C E D  PHENOMENA A F F E C T I N G  M E C H A N I C A L  
3 4 5 0 9  E D I A T E  TEMPERATURE/  Z I R C O N I U M  P H C S P H A T E  MEMBRANES F O R  I N T E R M  
3 4 2 * ? e  EMPERATURE FUEL / IMMOBILIZED PHOSPHORIC ACID INTERMEDIATE-T 
2 3 2 0 9  ALGAE I I. T H E  C O N T R I B U T I O N  O F  PHOTO-SYSTEM I I.# / I N  S E V E R A L  
3 3 0 2 0  1 N F L O W I N G  M I X T U R E S  O F  HYDRO/ P H O T O C H E M I C A L  I N D U C T  I O N  T I M E S  
23607 L D R A T E S  I N  D I L U T E  AQUEOUS P E /  P H O T O C H E M I S T R Y  OF C E R I U M  P E R C H  
2 3 6 0 5  "PHGTOCHEM I S T R Y " #  
2 3 6 0 1  MARY PRODUCTS O F  L I Q U I D  WATER P H O T O L Y S I S  AT 1236. 1470 AND 1 
2 3 6 0 0  YDROGEN OR D E U T E R I U M  ATOMS B Y  P H O T O L Y S I S  OF O R D I N A R Y  O F  OEUT 
2 3 6 0 3  ONDUCTOR E L E /  E L E C T R O C H E M I C A L  P H O T O L Y S I S  O F  WATER A T  A  S E M I C  
2 3 2 0 8  THE EFFEXT OF INHIBITORS CF P~OTOPHOSPHORYLATIONS /LGAE 11 
2 3 2 0 4  A E I  THE M E C H A N I S M  OF HYOROGEN P H O T O P R O D U C T I O N  B Y  S E V E R A L  A L G  

. / K  / 
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23209 AE/ T H E  MECHANISM O F  HYDROGEN PHOTOPRODUCTION I N  S E V E R A L  A L G  
23202 RANSFER AND L I G H T -  / V A R I A B L E  P H O T O S Y N T H E T I C  U N I T S .  ENERGY T  
34523 T H O D E I  C O B A L T  P H T H A L O C V A N I N E  AS F U E L  C E L L  CA 
10070 OUR SOLAR ENERGY OPT IONS:  P H Y S I C A L  AND B I O L O G I C A L #  
34011 S OF D I R E C T  C O N V E R S I O N  O F  CH/ P H Y S I C A L  AND T E C H N I C A L  PROBLEM 
$10g2 DATA FOR HYDROGE/ HANDBOOK OF P H Y S I C A L  AND THERMAL PROPERTY 
30046 E T  E N G I N E  FO/  P R A T T  G WHITNEY P I C K E D  TO B U I L D  CRYOGENIC  ROCK 
500J38 R S  G U I D E  E V P H A S I Z I N G  S A F E T Y  / P I L O T  CURRICULUM AND I N S T R U C T 0  
22210 GEN MAY BECOME U T I L I T Y  AND BE P I P E D  TO CONSUMERS THROUGH G R I  
40510 OWN T I M E  FOR S I M P L E  CRYOGENIC  P I P E L I N E S #  COOLD 
42000 R V I C E f f  HOW T O  D E S I G N  P I P I N G  SYSTEMS FOR HYDROGEN SE 
10015 ON L I /  "HYDROGEN-HEATED TOWNS PLACED O N  ENERGY C R I S I S  S O L U T I  
10076 L L U T I O N *  P L A N  F O R  THE E L I M I N A T I O N  O F  P O  
34241 - A I R  F U E L  C E L L  E L E C T R I C  POWER P L A N T  D E S I G N #  /-KW HYDROCARBON 
2341 4 HYDROGEN P U R I F I C A T I O V  P L A N T  FOR BENZENE MANUFACTURE# 
23430 S E P A R A T I O N  P L A N T  FOR P U R E  HYDROGEY# 
23032 UCLEAR ENERGY*  METHOD OF  AND P L A N T  FOR THE U T I L I Z A T I O N  OF N 
50012 HYDROGEN P L A N T  SHUTDOWNS REDUCED# 
2001 1 E L E C T R O L Y T I C  HYDROGEN P L A N T Y  
34831 DROCAROON-AIR F U E L  C E L L  POWER P L A N T #  5 KW H Y  
22626 C T I O N  A T  THE  R U S T A V I  C H E M I C A L  P L A N T #  /MONOXIDE CONVERSION S E  
2221 5 E I N C R E A S E  L I T T L E  I N  COST#  P L A N T S  F O R  HYDROGEN MANUFACTUR 
10049 0 NUCLEAR POWER P L A N T S  FOR HYDQOGEN P R O D U C T I O N  
22124 E F I N I N G  OPFRATXONSIY HYDROGEN P L A N T S  T A K I N G  NEW STATURE I N  R 
22624 A I R  AND GAS S E P A R A T I O N  P L A N T S Y  
23427 Y T A K E S  ON NEW L U S T E R  I N  SOME P L A N T S #  HYDROGEN RECOVER 
50303 L SYSTEMS FOR STEAM R E F C R M I N G  P L A N T S #  / N  OF  F A I L - S A F E  CONTRO 
22627 HYDROGEN FROM NATURAL  GAS B Y  PLASMA J E T  S Y N T H E S I S *  / C H N I C A L  
33058 HYDROGEN COMRUSTION ON A F L A T  P L A T E  I N  T A N G E N T I A L  FLOW# /OF 
33049 OF R E V O L U T I O N  CND NEAR A F L A T  P L A T E  I N T A N G E N T I A L  FLOW# / I E S  
52001 T Y  O F  A L L O Y  S T E E L S  TO CACMIUM P L A T I N G  (HYDROGEN) E M B R I T T L E M E  
34643 E N I S C U S  SHAPE ON THE HYDROGEN-PLATINUM ANODE OF A MOLTEN-CAR 
34639 MOVABLE. P A R T I A L L Y  SUBMERGED P L A T I N U M  ANODES# / HYDROGEN ON 
34627 A STUDY OF THE D E G R A D A T I O N  OF P L A T I N U M  B L A C K  F U E L  C E L L  CATHO 
34638 I A L  PRESSURES/  P O T E N T I A L  O F  A  P L A T I N U M  ELECTRODE A T  LOW P A R T  
34602 T I O N  OF HYDROGEN O N  A P A S S I V E  P L A T I N U M  ELECTRODE#  9x1 DA 
34641 STEM FOR HYDROGEN ANODES/ THE PLATINUM-ON-CARBON C A T A L Y S T  S Y  
34642 STEM F O R  HYDROGEN ANODES/ THE  PLATINUM-ON-CARBON C A T A L Y S T  S Y  
52045 E L E C T R O L Y T I C  HYDROGEN THROUGH P L A T I N U M #  P E R M E A T I O N  O F  
33006 D I A T  I O N  FROM R U R N I  NG HYDROGEN PLUME#  THFRMAL R A  
2261 7 A L I T I C H F S U G I  K O N V E R S I  I HUTANA POD D A V L E N I E M *  /OA METODOM K A T  
40206 OF HYDROGEN NEAR I T S  C R I T I C A L  P O I N T  I N  A H E A T E D  C Y L I N D R I C A L  
410C2 E R T Y  D A T A  FOR H Y D R D G F N a T R I P L E  P O I N T  R E G I O N  TO C K I T I C A L  P O I N T  
41002 I P L E  P C I N T  R E G I O N  TO C R I T I C A L  P O I N T  R E G I O N *  VOLUME I: A STUD 
41005 S OF HYDROGEN NEAR THE T R I P L F  P O I N T #  L I O U I O - S O L I D  M I X T U R E  
4021 0 O F  HYDROGEN BELOW I T S  T R I P L E  P O I N T #  /NG SOL ID -VPPOR M I X T U R E  
22219 P A R T I A L  O X I D A T I O N J  A M I N I M U M  P O L L U T I O N  ROUTE FOR HYDROGEN M 
32318 YDROGFN-PJWEPFD CARS MAY BEAT V O L L U T I O N  STANDAFDS# H 
1C066 T UURN k GCSOLINE-HYDROGEN M/ P O L L U T I O N - F R E E  CAR E N G I N E S  T H A  
13C76 P L A N  FOR THE E L I M I N A T I C N  O F  P O L L U T I O N #  
10387 POWER W I  TH3UT  P O L L U T I O N #  
10058 G ENFRGV A N 0  R E D U C I N G  THERMAL P O L L U T I O N #  / t L L S  FOR C O N S E R V I N  
10037 PROBLEM GF ENERGY S U P P L Y  AND P O L L U T I O N #  / I C A L  ANSWER TO THE 
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22617 T A L I T I C H E S K O I  K O N V E R S I I  B U T A /  P O L U C H E N I E  VOOOROOA METOOGM K A  
23510 HYDROGEN G E N E R A T I O N  B Y  S O L I D  POLYMER E L E C T R O L Y T E  WATER E L E C  
20504 E N  F U E L  P R O D U C T I O N  W I T H  S O L I D  P O L Y M E P Z  E L E C T R O L Y T I C  HYDROG 
234?8 AND H Z  RY P E R M E A T I O N  THROUGH P O L Y M E R I C  F I L M S *  / X T U R E S  OF CO 
30006 TECHNOLOGY# POODLE R A D I O I S O T O P E  P R O P U L S I O N  
34648 T H O C H E M I C A L  S T U D I E S  ON H I G H L Y  POROUS CARBON E L F C T H O D F S Y  / L F C  
34636 T H E  PERFORMANCE OF FLOOOEO POROUS F U E L  C E L L  E L E C T R O D E S #  
34619 STUOY OF M 3 0 E  @F O P E R A T I O N  OF POROUS GAS- D I F F U S I O N  E L E C T R O D  
34637 Y OF T H E  MODE OF O P E R A T I O N  O F  POROUS G A S - O I F F U S I O Y  E L E C T R O D E  
34257 EL C E L L  E M P L O Y I N G  CONDUCTING-  POROUS-TEFLON E L E C T R O D E S  AND L 
23010 P O R T A B L E  HYDROGEN GENERATOR# 
23038 P O R T A B L E  HYOROGEN GENERATORY 
34827 FROM S H E L L ' S  F U E L  C E L L  - P O R T A B L E  POWER# 
34031 F U E L  C E L L S  - P R E S E N T  P O S I T I O N  AND F U T U R E  P R O S P E C T S *  
340CO EMS# F U E L  C E L L S  - P R E S E N T  P O S I T I O N  AND O U T S T A N D I N G  PROBL 
4041 9 L I O U I D  HYDROGEN P O S i T I V E  E X P U L S I O N  B L A D D E R S #  
40508 L F I N O I N G S  FROM ZERO-TANK N E T  P O S I T I V E  S U C T I O N  H E A D  O P E R A T I O  
52047 T L E M E N T  OF / E S T I M A T E S  O F  T H E  P O S S I B I L l T Y  O F  HYOROGEN E M B R I T  
15084 ENERGY SOUPCES ON A P O S T - I N D U S T R I A L  S O C I E T Y *  
32009 SURVEY O F  H Y D R O G E N ' S  P O T E N T I A L  A S  A V E H I C U L A R  F U E L #  
34638 ODE A T  LOW P A R T I A L  P R E S S U R E S /  P O T E N T I A L  OF A P L A T I N U M  E L E C T R  
31012 ROGEN F U E L E D  S U P E R S O N I C  A M 0  / P O T E N T I A L S  A N D  P R O B L E M S  O F  HYO 
34232 20 WATT-HOUR PER POUNO R E G E N E R A T I V E  FUEL C E L L *  
30013 A T I O N S  ON SCREECH I N  A 2C.000 POUND-THRUST HYOROGEN-OXYGEN R 
30033 R E S S I O N  CONCEPTS I N  A 20.000- POUND-THRUST HYOROGEN-OXYGEN R 
30058 BER P R E S S U R E S  FROM 100 T O  300 POUNOS P E R  S Q U A R E  I N C H  ABSCKUT 
33048 L I T Y  STUOY OF OXYGEN/HYDROGEN POWOEREO M E T A L  I G N I T I O N *  / S I B 1  
10044 EMERGE A S  T H E  MASTER F U E L  T O  POWER A C L E A N - A I R  F U T U R E #  /MAY 
34268 H I G H  POWER D E N S I T Y  FUEL C E L L *  
34020 F U E L  C F L L S  FOR C E N T R A L  POWER G E N E R A T I O N *  
10061 ON SYSTEMS A N 0  FOR E L E C T R I C A L  POWER G E N E R A T I O N *  / R A N S P O R T A T 1  
34252 (HYDROGEN-HALOGEN/ G E N E R A T I N G  POWER I N  A M G L T E N  E L E C T R O L Y T E  
30011 N E *  HYDROGEN-OXYGEN S P A C E  POWER I N T E R N A L - C O M B U S T I O N  E N G I  
34810 C E L L /  S T A B I L I Z I N G  T H E  N O M I N A L  POWER OF OXYGEN-HYDROGEN F U E L  
34241 C A R B O N - A I R  F U E L  C E L L  E L E C T R I C  POWER P L A N T  D E S I G N *  /-KW HYDRO 
34831 KW HYDROCARBON-AIR F U E L  C E L L  POWER P L A N T #  5 
10049 U C T I O N #  N U C L E A R  POWER P L A N T S  F O R  HYDROGEN PROD 
34830 -KW HYDROCARBON-AIR F U E L  C E L L  POWER SOURCE# 5 
34835 T I P L E  R E S E R V E  E L E C T R O C H E M I C A L  POWER SDURCEY S T U D Y  O F  MUL 
23019 T I P L E  R E S E R V E  E L E C T R O C H E M I C A L  POWER SOURCE* S T U D Y  OF MUL 
34014 C O M P L E T E  POWER SOURCES# 
30059 N T  O F  A HYDROGEN-OXYGEN S P A C E  POWER S U P P L Y  S Y S T E M #  /EVELOPME 
34816 8 - 4 - X 5 6 2  F U E L  C E L L  E L E C T R I C A L  POWER S U P P L Y a  O P E R A T I O N S  MANUA 
34829 C E L L S  F O R  I M P R O V E D  E L E C T Q I C A L  POWER S U P P L Y #  F U E L  
34810 C E L L S  I N T E N D E D  FOR EMERGENCY POWER S U P P L Y #  /N-HYDROGEN F U E L  
34803 I O S A T E L L I T E  F U E L  C E L L / R A T T E R Y  POWER SYSTEM# THE 0 
30073 E R N A L  C O M B U S T I O N  E N G I N E  S P A C E  POWER SYSTEM*  /OGEN-OXYGEN I N T  
34608 O F  HYDROCARBONS I N  F U E L  C E L L  POWER S Y S T E M S #  / R L B L E M S  I N  U S E  
32006 N A U T O M O T I V E  V E H I C L E  ADVANCED POWER SYSTEMS*  /WATER (H20*) I 
3001 8 S P A C E  S H U T T L E  A U X I L I A R Y  POWER U N I T  ( A P U ) #  
30020 AN H 2 - 0 2  A U X I L I A R Y  POWER U N I T  F O R  S P A C E  S H U T T L E #  
30019 M I N A R Y  D E S I G N  O F  A N  A U X I L I A R Y  POWER U N I T  F O R  T H E  S P A C E  S H U T T  
10087 POWER W I T H O U T  P O L L U T I O N *  
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1 0 0 1 7  HYDROGEN AND POWER: A L E T T E R #  
1 0 0 2 2  HYDROGEN AND POWER: A L E T T E R *  
1901 9 SOLAR SEA POWER# 
1 0 0 8 3  SOLAR POWER# 
3 4 8 2 7  S H E L L V S  F U E L  C E L L  - P O R T A B L E  POWER# FROM 
3 4 8 3 5  DEVELCJPMENT OF UNDERSEA POWER* 
3 2 0 1 8  N S T A N D A R D S #  HYDROGEN-POWERED C A R S  MAY B E A T  P O L L U T I O  
40509 I Q U I D  R X Y /  A N A L Y S I S  OF ROCKET-POWERED E J E C T O R S  FOR P U M P I N G  L 
3 9 0 2 1  A M E T H A N E  F U E L E D  TURBORAMJET POWERED F I R S T  STAGEX /RDGEN OR 
32019 O S  A L A M D S  L A B  M A K I N G  HYDROGEN-POWERED T R U C K #  L 
3 4 8 2 3  S P A C E C R A F T #  F U E L  C E L L  POWERPLANT O P E R A T I O N  I N  A P O L L D  
34838 U L A T I N G  E L E C T R O L Y T E  F U E L  C E L L  P O W E R P L A N T #  C I  R C  
34510 BLOWER FOR V E H I C U L A R F U E L  C E L L  POWERPLANTY / D R I V E N  HYDROGEN 
10037 ONOUY--AN U L T I M A T E  ECONOMY? A P R A C T I C A L  ANSWER T O  T H E  P R O B L E  
22153 P U R I F I C A T I O N  AND/ E X A M P L E S  OF P R A C T I C A L  A P P L I C A T I O N S  O F  T H E  
10060 O t E N :  I T ' S  C L E A N .  B U T  I S  I T  A P R A C T I C A L  F U E L ? #  HYDR 
50005 C O M M E R I C A L  H A N D L I N G  O F  L I a /  A P R A C T I C A L  S A F E T Y  S T A N D A R D  FOR 
4 0 1 0 8  FOS 4 S P A C E /  DEVELOPMENT O F  A P R A C T I C A L  THERMODYNAMIC C Y C L E  
10081 GEN/ T H E  M E T H A N O L  ECONOMY - A P R A C T I C A L  V E R S I O N  9 F  T H E  HYDRO 
30046 D C R Y O G E N I C  R O C K E T  E N G I N E  FO/  P R A T T  E W H I T N E Y  P I C K E D  T O  B U I L  
5 2 0 3 6  A N A D I U M  B Y  B O T H  D I S S O L V E D  AND P R E C I P I T I A T E O  HYDROGEN# /AND V 
3 3 0 5 9  GH S T A G N A T I O N  TEMPERATURES BY P R t C O M B U S T I O N  O F  HYDROGEN# / H I  
4 0 1 1 9  P L I C A T I O N  O F  T H F R M O S I P H O N  FOR P R E C O O L I N G  A P P A R A T U S *  AP 
30039 E F F E C T  O N  T H E  A I R  B R E A T H /  A 1 9  P R E C O O L I N G  B E F O R F  C O M P R E S S I O N  
31007 GEN AND M E T H A N E  F U E L  I N  A MA/  P R E L I M I N A R Y  A P P R A I S A L  O F  HYDRO 
30019 I A R Y  POWER U N I T  F O R  T H E  S P A C /  P R E L I M I N A P Y  D E S I G N  3F AN A U X I L  
3301 3 X l D I  Z E R - R I C H  OXYGEN-HYDROG/ A P R E L I M I N A R Y  I N V E S T I G A T I O N  O F  D 
3 0 0 2 4  8 1  AND/ E L D O  F U T U R E  PROGRAMS. P R E L I M I N A R Y  P R O J E C T  L A U N C H E R S  
4 1 C 1 8  S P A C E  S T O P A B L E  P R O P E L L A N T - - A  P H E L I M I N A R Y S T U D Y #  /DRDGEN A S  A 
34640 E ON T H E  HYDRO/  T H E  E F F E C T  OF P R E O X I D A T I O N  AND M E N I S C U S  S H A P  
3 4 6 4 6  N T I N U O U S  S E R V I C E  O F  R A N E Y - #  P R E P A R A T I O N  A N D  B E H A V I O R  I N  CD 
34847 ROGEN I N  E L E C T R O C H E M /  I N  S I T U  P R E P A R A T I O N  AND CONTROL OF H Y D  
2 2 2 0 9  N I C K E L  C A T A L Y S T S  FOR HYDROGEN P R E P A R A T I O N  B Y  REFORMINGHYDROC 
2 2 6 3 2  HBON B L A C K  FROM N A /  C A T A L Y T I C  P R E P A R A T I O N  OF HYDROGEN AND CA 
2 2 6 2 5  I P T I O N  O F  T H E  THERMAL-CONTACT P R E P A R A T I O N  O F  HYDROGEN# /ESCR 
2 2 6 4 3  P R E P A R A T I O N  OF HYDROGEN* 
22135 ALYTIC REFORMING OF HYDROCAR/ PREPARATION at= HYDROGEN RY C A T  
2 2 1 2 0  YDROCARRCINSU PREPARATION OF HYDROGEN F ~ O M  H 
22137 R O G E N - C O N T A I N I N G  G A S  M I X T U R E /  P R E P A R A T I O N  OF HYDROGEN OR H Y D  
2 0 5 0 2  P R E P A R A T I O N  O F  P U R E  HYDROGEN* 
2263 1 D E V E L O P M E N T  OF HYDROGEN P R E P A R A T  lON P R O C E S S E S #  
2 2 1 7 3  W C O N C E P T S  AND T E C H N I O U E S  FOR P R E P A R I N G  P U R E  HYDROGEN S T A R T I  
3 4 0 0 2  L S #  T H E  P R E S E N T  A N D  F U T U R E  OF F U E L  C E L  
40305 L I Q U I D  HYDROGEN TEMPERATURE:  P R E S E N T  A N 0  F U T U R E *  / A N D  ABOVE 
34000 N G  P R O B L E M S *  F U E L  C E L L S  - P R E S E N T  P O S I T I O N  AND O U T S T A N O I  
34031 O S P E C T S *  FUEL C E L L S  - P R E S E N T  P O S I T I O N  AND F U T U R E  PR 
34610 U D I E S  ON E L E C T R O D E  P R O C E S S E S /  P R E S E N T  S T A T E  O F  S C I E N T I F I C  S T  
3 4 2 5 0  P R O B L E M S *  F U E L  C E L L S  P R E S E N T  S T A T U S  AND D E V E L O P M E N T  
3 3 0 2 3  F A T T 4 C K  UP T O  12 DEGREES AND P R E S S U R E  A L T I T U D E S  UP T O  110.0 
33066 O M B U S T I O N  O F  HYDROGEN A T  H I G H  P R E S S U R E  AND LOW T E M P E R A T U R E S *  
2 2 0 0 7  T I 0  A F F E C T  P A R T I A L  O X I D A /  HOW P R E S S U R E  AND OXYGEN/METHANE RA 
30017 SUBSYSTEM/  S P A C E  S H U T T L E  H I G H  P R E S S U R E  A U X I L I A R Y  P R O P U L S I O N  
33002 APOR ON H Y D R O G E N - A I R  CONSTANT-PRESSURE CDMBUSTIDNb' / WATER V 
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22154 C T U R E  O F  A G A S  M I X T U R E  C O N T A /  P R E S S U R E  C O N T R O L  I N  T H E  MANUFA 
20513 A N S K /  E L E C T R O L Y T E  HYDROGEN B Y  PRESSURE E L C T R O L Y S I S  I N  T H E  ZD 
52038 S E  M A I N  E N G I N E  A L L O Y S  I N  H I G H  P R E S S U R E  GASEOUS HYDROGEN# / S 
5001 7 S A F E T Y  OF HYDROGEN P R E S S U R E  GAUGESU 
52055 O P E R T I E S  O F  M A T E R I A L S  I N  H I G H  P R E S S U R E  HYDROGEN A T  C R Y O G E N I C  
52024 T L E M E N T  O F  T R I P  S T E E L  I N  H I G H - P R E S S U R E  HYDROGEN G A S #  E M B R I T  
52025 A M B I E N T  TEM/ E F F E C T S  O F  H I G H  P R E S S U R E  HYDROGEN ON M E T A L S  A T  
22202 H I G h  P R E S S U R E  HYDROGEN P R O D U C T I O N *  
30028 F I N J E C T O R S  F O R  A LOW-CHAMBER-PRESSURE H Y D R O G E N - F L U O R I N E  ROC 
34260 E R A T I V E  F U E L -  / E C O N O M I C  H I G H - P R E S S U R E  HYDROGEN-OXYGEN REGEN 
41014 HEORY AND E X P E R I M E N T  F O R  H I G H - P R E S S U R E  HYDROGEN* / A T I O N  OF T 
34251 A T I N G  C H A R A C T E R I S T I C S  O F  H I G H - P R E S S U R E  M E D I U M -  TEMPERATURE H 
34204 ROGEN F U E L  C E L L S *  E F F E C T  OF P R E S S U R E  ON PERFORMANCE OF H Y D  
4101 6 HYDROGEN# "PRESSURE ON" T O  MAKE M E T A L L I C  
34221 L S U  P R E S S U R E  O P E R A T I O N  O F  F U E L  C E L  
33024 L A R  COMRUSTOR W I T H  B A S E D /  LOW-PRESSURE PERFORMANCE OF A T U B U  
22170 BONSX H I G H - P R E S S U R E  R E F O R M I N G  O F  HYDROCAR 
50C15 O P E R A T I N G  A GASEOUS HYDROGEN P R E S S U R E  S Y S T E M #  / E M R L I N G .  AND 
30016 S P A C E  S H U T T L E *  VOLUME 2: LOW P R E S S U R E  THRUSTERS# / N  FOR T H E  
40400 YDROGENW P R E S S U R E  V E S S E L  FOR U S E  W I T H  ti 
42001 E M - 1  F A C I L I T I E /  HYDROGEN GAS P R E S S U R E  V E S S E L  PROBLEMS I N  T H  
40401 WALLSY HYDROGEN P R E S S U R E  V E S S E L  W I T H  L A M I N A T E D  
20012 H C U I T  FOR A N  E L E C T R O L Y S I S - T Y /  P R E S S U R E - R E S P C N S I V E  C O N T R O L  C I  
23428 PRESSURE-SWING A D S O R P T I O N #  
30038 D C O N T R A C T /  E F F E C T  O F  CHAMBER P R E S S U R E *  FLOW P E R  E L E M E N T .  A N  
34101 ROGEN/ A NEW APPROACH T O  H I G H - P R E S S U R E *  H I G H - T E M P E R A T U R E  H Y D  
52007 N G T H  S T E E L S  B Y  HYDROGEN UNDER PRESSURE:  C A S E  O F  35 N I C R M O  16 
52049 R E S I S T A N C E  B Y  HYDROGEN UNDER PRESSURE:  THE C A S E  O F  35 N I C R M  
22168 OF A G A S O L I N E  R A F F I N A T E  UNDER P R E S S U R E #  VAPOR C O N V E R S I O N  
22165 M O N I A  S Y N T H E S I S  G A S  AT M E D I U M  P R E S S U R E #  / C I N G  HYDROGEN OR AM 
50004 I C  A C T I O N  O F  HYDROGEN A T  H I G H  P R E S S U R E #  / N S I T Y  O F  T H E  NARCOT 
22201 N A T  LOW TEMPERATURE A N D  H I G H  P R E S S U R E #  /OCARBONS T O  HYDROGE 
22213 T I O N )  O F  L I Q U I D  F U E L S  AT H I G H  P R E S S U R E *  / O H B U S T I O N  ( G A S I F I C A  
22642 S I O N  I N  A F L U I D I Z E D  B E D  UNDER P R E S S U R E #  /TEAM-  OXYGEN CONVER 
30030 K E T  E N G I N E  A T  S E V E R A L  CHAMBER P R E S S U R E S  AND E X H A U S T  N O Z Z L E  E 
30058 E G E N E R A T I V E  E N G I N E S A T  CHAMBER P R E S S U R E S  FROM 100 T O  300 POUN 
33038 ON O F  GASEOUS HYDROGEN A T  LOW P R E S S U R E S  I N  P 35 DEGREE S E C T 0  
34638 I N U M  E L E C T G O D E  A T  LOW P A R T I A L  P R E S S U R E S  OF HYDROGEN OR OXYGE 
40213 D E G R E E S  T O  5C00 D E G R E E S  R AT P R E S S U R E S  TO 5000 P S I A W  /OM 36 
51001 E N - I N E R T  M I X T U R E S  A T  E L E V A T E D  P R E S S U R E S *  /. OXYGEN*  AND OXYG 
43002 U L A T I O N  PUMP F O R  I N T E R M E D I A T E  P R E S S U R E S #  /ABORATORY G A S  C I R C  
22204 F LIauxo HYDROCARBONS A T  HIGH PRESSURES# /ARTIAL DXIDATION o 
22119 Q U I D  HYOR7CARBONS A T  E L E V A T E D  P F E S S U R E S #  /F HYDROGEN F R O M  L I  
52005 A T  H I G H  TEMPERATURES AND LOW P R E S S U R E S #  /HYDROGEN I N  M E T A L S  
4041 7 ERMAL S T R A T I F I C A T I O N  AND S E L F - P R E S S U R I  Z A T I O N  I N  A L I O U  I D  H Y D  
40413 F S I Z E  ON N O R M A L - G R A V I T Y  S E L F - P R E S S U R I Z A T I O N  OF S P H E R I C A L  L I  
40412 O G E N I C  STORPGF S Y S T /  E X T E R N A L  P R E S S U R I Z A T I O N  S Y S T E M S  F O R  C R Y  
40411 O G E N I C  STORAGE S Y S T /  E X T E R N A L  PRESSURIZATION S Y S T E M S  FOR CRY 
35052 O G E N I C  P R 3 P E L L A N T S U  ADVANCED P R E S S U R I Z A T I O N  S Y S T E M S  F O R  CRY 
52029 N E L  718 AND 2219 A/ E F F E C T  OF P R E S S U R I Z E D  HYDROGEN U P O N  I N C O  
51010 P R E S S I O N  O F  HYDROGEN E X P L O S I /  ~ R E V E N T I O N I  D E T E C T I O N .  AND S U P  
52020 G F O R  HYDROGEN E M B R I T T L E M E N T :  P R I M A R Y  AND SECONDARY I N F L U E N C  
34028 I F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E  
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34255 ) F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E  
3 4 2 5 4  ) F U E L  C E L L  / HYDROGEN-OXYGEN P R I M A R Y  E X T R A T E R R E S T R I A L  ( H O P E  
3 4 8 0 8  E i i S  F O R  SPACE*  P R I M A R Y  HYDROGEN-OXYGEN F U E L  t 
23601 ER P H O T O L Y S I S  AT  1 2 3 6 .  1 4 7 0  / P R I M A R Y  PRODUCTS O F  L I O U I D  WAT 
3 4 0 1 2  LL CONCEPT.  A R E V I E W  O F  B & S I C  P R I N C I P L E S *  T H E  F U E L  C E  
3 4 6 0 8  5 I N  F U E L  C E L L  POWER SY/  SOME P R L B L E M S  I N  U S E  OF HYDROCARBON 
4 0 3 0  1 CRYOGENIC  D E N S I T Y  PROBE#  
1 0 0 3 7  MY? A P R A C T I C A L  ANSWER T O  THE PROBLEM OF ENERGY S U P P L Y  AND P 
3 4 0 2 3  T H E  F U E L  C E L L  PROBLEM# 
5 0 0 1  3 E R N I N G  L I O U I D  HYOROGE/ S A F E T Y  PROBLEMS A N 0  S A F E T Y  CODES CONC 
3 4 0 3 0  S #  F U E L  C E L L S  - PROBLEMS F O R  C H E M I C A L  E N G I N E E R  
4 2 0 0 1  HYDROGEN GAS PRESSURE V E S S E L  PROBLEMS I N  T H E  M - l  F A C I L I T I E S  
3 4 0 1 1  OF CH/  P H Y S I C A L  AND T E C H N I C A L  PROBLEMS OF  D I R E C T  CONVERSION 
3 4 2 1 6  / 0 2  F U E L  C E L L S  I N  WHICH G A S  / PROBLEMS OF  GASES M I X I N G  I N  H 2  
31012 P E R S O N I C  A N D  / P O T E N T I A L S  AND PROBLEMS O F  HYDROGEN F U E L E D  S U  
3 3 0 4 2  N I C  COMBUSTION OF  HYDROGEN I/ PROBLEMS OF  M I X I N G  AND SUPERS0  
3 3 0 0 5  L I Q U I D  O X I D /  SOME FUNDAMENTAL PROBLEMS O N  T H E  COMBUSTION OF  
3 4 2 5 0  R E S E N T  S T A T U S  AND DEVELOPMENT PROBLEMS# F U E L  C E L L S  P 
3 4 0 0 0  SENT  P O S I T I O N  AND O U T S T A N D I N G  PRORLEMSY F U E L  C E L L S  - P R E  
3 4 0 3 4  GY - A SURVEY OF  ADVANCES AND PROBLEMS#  F U E L  C E L L  TECHNOLO 
2 2 6 0 4  OF CONSTRUCTFUN AND O P E R A T I N G  PROBLEMS*  /RENCE TO M A T E R I A L S  
4 5 2 1 2  L F L U I D  P R O P E R T I E S /  N U V E R I C A L  PRCCEDURES FOR C A L C U L A T I N G  R E A  
2 1 0 1 1  E C T  P R O D U C T I O N  OF  HYDROGEN W /  P R O C E E D I N G S  ROUND T A B L E  O N  D I R  
2 3 4 3 5  F Y I N G  L O W - R O I L I N G  GASES I N  G/ PROCESS AND APPARATUS F O R  P U R I  
2 3 4 3 7  V I N G  I M P U R I T I E S  FROM HYDPOGE/ PROCESS A N 0  APPARATUS FOG REMO 
2 3 0 1 8  WORKING OF YUCLEAR ENERGY# PROCESS AND EQUIPMENT FOR THE 
2 2 1 4 4  I C I S T E A M  NAPHTHA REFORMING PROCESS A N 0  OTHER T E C H N I Q U E S #  / 
2 0 5 0 0  ROGEN* GE PROCESS COULD MAKE CHEAPER H Y D  
22129 N T S  I N  M A K I N G #  R E F  I N  I N G  PROCESS DEVELOPMENT: I MPROVEME 
2 3 0 0 0  FROM WATER U S I N G  AN A L K A L I  / PROCESS FOR PRODUCING HYDROGEN 
4 0 1 0 9  D HYDROGEN* H E L I U M .  AND NEON/ PROCESS F O R  PRODUCING L I O U E F I E  
2 2 1 4 2  OGENW PROCESS F O R  P R O D U C T I O N  D F  HYDR 
2 3 4 3 5  COMPONENTS FROM GASEOUS M I X /  PROCESS F O R  S E P A R A T I N G  GASEOUS 
2 3 0 0 7  AND OXYGEN TO F U E L  C E L L S #  PROCESS FOR S U P P L Y I N G  HYDROGEN 
3 4 2 3 0  AND OXYGEN TO F U E L  C E L L S *  PROCESS FOR S U P P L Y I N G  HYOROGEN 
2 1 0 0 6  OF/  A LOW TEMPERATURE THERMAL PROCESS FOR T H E  D E C O M P O S I T I O N  
2 2 6 2 0  I P T I O N  OF THE  THERMAL CONTACT PROCESS FOR T H E  P R O D U C T I O N  OF  
4 2 0 0 2  HYDROGEN D I S T R I B U T I O N  T O  PROCESS L A B O R A T O I R E S Y  
2 3 0 5 1  TO A F U E L  C E L L  W I T H  BOROHYDR/ PROCESS OF S U P P L Y I N G  HYDROGEN 
2 3 4 2 9  HYDROGENE NEW A D S O R P T l O N  PROCESS PRODUCES H I G H E R - P U R I T Y  
2 1 0 3 9  NG NUCLEAR H E A T #  C H E M I C A L  PROCESS TO DECOMPOSE WATER U S 1  
2 2 6 2 2  S CO# HYPRO PROCESS: U N I V E R S A L  O I L  PRODUCT 
2 2 6 0 6  P A R T I A L - O X I D A T I O N  PROCESS# 
2 1 0 0 4  HYDROGEN P R O D U C T I O N  C Y C L I C  PEOCESSW 
2 3 4 0 5  C 0 2  REM3VAL  BY H E A T L E S S  PROCESSW 
2 3 4 1  3 HYDROGEN RECOVERY PROCESS# 
3 4 2 3 1  T I O N  U S I N G  M O D I F I E D  F U E L  C E L L  P R O C k S S #  HYDROGEN P U R I F I C A  
2 3 4 1 2  ON U S I N G  A M O D I F I E D  F U E L  C E L L  PROCESS# HYDROGEN P U R I F I C A T I  
2 3 4 1 7  AND P U P I F I C A T I O N  B Y  D I F F U S I O N  PROCESSW HYDROGEN P R O D U C T I O N  
2 2 1 0 5  B Y  U S E  OF AN E L E C T R O C H E M I C A L  PROCESS* / I N G  CHARGED M A T E R I A L  
3 3 0 1 7  I N I T I A L  PHASE OF  A COMBUSTION PROCESS# /ME FRONT D U R I N G  THE 
2 2 1  3 7 T U R I N G #  C A T A L Y T I C  PROCESSES FOR HYDROGEN MANUFAC 
3 4 0 9 8  C A L  PRCDU/ F U F L  C E L L S :  MODERN PROCESSES FOR T H E  ELECTROCHEMI  
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2 2 1 8 6  F B A S I C  C H E M I C A L S  A/ S E L E C T E D  PROCESSES FOR T H E  P R O D U C T I O N  0 
2 1 0 1 0  HE E V A L U A T I O N  OF  NUCLEAR HEAT  PROCESSES FOR WATER DECOMPOSXT 
3 4 0 3 6  E L E C T R O C H E M I C A L  PROCESSES I N  F U E L  C E L L S #  
3 4 6 1 0  I E N T I F I C  S T U D I E S  ON ELECTRODE PROCESSES I N  F U E L  C E L L S #  /F SC 
2 1 0 1 4  T A L S  OF  THERMOCHEMICAL C Y C L I C  PROCESSES#  FUNDAMEN 
2 2 6 3 1  PMENT OF HYDROGEN P R E P A R A T I O N  PROCESSES# OEVELO 
2 3 4 3 8  T I O N  OF  HYDROGEN B Y  CRYOGENIC  PROCESSES*  CONCENTRA 
221 59 F HYDROGEN I N  HYDROCONVERSION PROCESSES# P U R I F I C A T I O N  0 
2 1 0 0 3  U L T I - S T E P  WPTER D E C O M P O S I T I O N  PROCESSES*  /HERMODYNAMICS OF  M 
2 2 1 a a  COMPRESSORS IN HYDROCRACKING PROCESSES# /ION B Y  CENTRIFUGAL 
2 C 5 0 7  E L E C T R O L Y S I S  AND C O M P E T I T I V E  PROCESSES# /RODUCTION RY  WATER 
2 2 0 0 2  P H A S E  I I #  C O A L  P R O C E S S I N G  BY  E L E C T R O F L U I D I C S I  
23026 M AND L I T H I U M  H Y P O C H L O R I T E  T O  PRODUCE HYDROGEN AND OXYGEN* / 
2 2 1 9 7  FOR C R A C K I N G  HYDROCARBONS T O  PRQDUCE HYDROGEN* APPARATUS 
2 3 0 2 1  DROGEN GENERATOR M L - 5 3 9 / T M  TO PRODUCE PURE HYDROGEN# /F A HY  
34258 N E  F U E L  C E L L  W I T H  M I C R O B I A L L Y - P R O D U C E D  HYDROGEN# / ION-MEMBRA 
23429 Nff  NEW A D S O R P T I O N  PROCESS PRODUCES H I G H E R - P U R I T Y  HYDROGE 
2 2 1 0 1  M l X T U R E S  O F  HYf  APPARATUS FOR PRODUCING AND C O O L I N G  GASEOUS 
2 9 0 1 0  LECTROL /  HYDROGEN-OXYGEN C E L L  PRODUCING E L E C T R I C I T Y  D U R I N G  E 
2 3 0 0 0  U S I N G  AN A L K A L I  / PROCESS F O R  PRODUCING HYDRQGEN FROM WATER 
22651 S FEEDSTOCKS ECONOMICS  OF  PRODUCING HYDROGEN FROM GASEOU 
22181 ON M O N O X I D E ' C O N T A I /  METHOD OF PRODUCING HYDROGEN FROM A C A R 5  
2 2 1 6 5  S Y N T H E S I S  GAS AT M E D I U M  PRES/  PRODUCING HYDFOGEN OR AMMONIA 
2 2 1 5 6  X I D E  GAS M I X T U /  APPARATUS FOR PRODUCING HYDROGEN-CARBON MONO 
4 0 1 0 9  H E L I U M *  AND NEON/ PROCESS FOR PRODUCING L I Q U E F I E D  HYDROGENI 
2 2 6 2 3  HYDROGEN P R O D U C I N G  SYSTEM* 
2 2 6 0 3  L I Q U I D  HYDROGEN* P R O D U C T I O N  AND D l S T R I B U T I O N  O F  
1 C 0 0 6  HYDROGEN A S  A U N I V E R S A L  F U E /  PRC!DUCTION AND D I S T R l B U T I O N  OF 
22 6 0  8 HYDROGEN PRODUCTION AND L I Q U E F A C T I O N #  
2 3 4 1 7  D I F F U S I O N  PROCESS* HYDROGEN PRODUCTION AND P U R I F I C A T I O N  B Y  
2 0 5 0 6  D E S I G N  STUDY OF HYDROGEN P R O D U C T I O N  B Y  E L E C T R O L Y S I S #  
2 2 1 8 0  HYDROGEN P R O D U C T I O N  BY  STEAM REFORMING*  
2 0 5 0 7  N O M I C S  O F  HYDROGEN AND OXYGEN P R O D U C T I O N  B Y  WATER E L E C T R O L Y S  
2 2 1 1 2  E MANUF/ D E S I G N  V A R I A B L E S  AND P R O O U C T I O N  COSTS I N  LARGE-SCAL  
2 1 0 0 4  HYDROGEN P R O D U C T I O N  C Y C L I C  PROCESS* 
2 2 1 9 5  T I C S  O F  H AND G TYPE HYDROGEN P R O D U C T I O N  E Q U I P M E N T  BY  H I T A C H  
1 0 0 1 2  M 4 N A L Y S I S  OF L I Q U I D  HYDROGEN PRODUCTION F I N A L  REPORT# / Y S T E  
l O C l 6  U T I L I Z A T I O N #  HYDROGEN PRODUCTION FOR B E T T E R  NUCLEAR 
10047 HYDROGEN P R O D U C T I O N  FOR ECO-ENERGY # 
2 2 6 1 4  STRY I N  If T E C H N I C A L  HYDROGEN PRODUCTION FDR F E R T I L I Z E R  I N D U  
2 2 1 5 8  E S #  HYDROGEN P R O D U C T I O N  FOR F U E L  C E L L  MDDUL 
2 3 0 0 9  HYDROGEN P R O D U C T I O N  FOR F U E L  C E L L S C  
21005 C L E A R  H E A T #  HYDROGEN P R O D U C T I O N  FROM WATER U S I N G  N U  
2 1 0 1 2  C L E A R  H E A T I  HYDROGEN P R O D U C T I O N  FROM WATER U S I N G  N U  
4 0 0 0 6  S#  TRENDS I N  C R Y 3 G E N I C  F L U I D  P R O D U C T I O N  I N  THE U N I T E D  S T A T E  
2 2 0 0 3  ROGEN AND STEAMY PROOUCTION OF A M I X T U R E  O F  HYD 
2 2 6 2 7  OMOLOGS. AND T E C H N I C A L  HYDRO/ PRODUCTION OF ACETYLENE. I T S  H 
2 2 1 8 6  A /  S E L E C T E D  PROCESSES F O R  T H E  P R D D U C T l O N  OF B A S I C  C H E M I C A L S  
2 2 6 1 3  ROGEN FROM THE METHANE- HYDR/  P R O D U C T I O N  OF CONCENTRATED HYD 
2 2 6 0 4  OGEN FROM BUTANE WITH SPECXA/  PRODUCTION OF H I G H - P U R I T Y  HYDR 
2 2 6 3 7  SESM PRODUCTION OF HYDROGEN-RICH GA 
2 2 2 0 7  P R P D U C T I O N  OF HYDROGEN* 
2 2 1 6 7  PRODUCT1 ON OF HYDROGEN* 
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22620 ERMAL  CONTACT PROCESS FOR THE P R O D U C T I O N  OF  HYDROGEN# / H E  T H  
21011 E E D I N G S  ROUND T A B L E  ON D I R E C T  P R O D U C T I O N  OF  HYDROGEN W I T H  N U  
22139 T H E S I S  GAS#  P R O D U C T I O N  OF HYDROGEN AND S Y N  
20005 R O L Y T i C  I N S T A L L A T I O N S  FOR THE P R O D U C T I O N  OF  HYDROGEN AND OXY 
20001 E S  O N  AN ELECTROLYSER F O P  T H E  P R O D U C T I O N  OF  HYDROGENY / S T U D 1  
20002 GEN# E L E C T R O L Y T I C  P R O D U C T I O N  O F  HYDROGEN AND OX* 
22000 A L  CHAR I N  AN E L E C T R O F L U I D  R /  P R O D U C T I O N  OF  HYDROGEN FROM CO 
22142 PROCESS FOR P R O D U C T I O N  OF HYDROGEN# 
22119 Q U I D  HYDROCARBONS AT E L E V A T E /  P R O D U C T I O N  O F  HYDROGEN FROM L I  
20006 T R O L Y S I S #  P R O D U C T I O N  OF  HYDROGEN BY  E L E C  
22031 A L  CHAR I N  AN E L E C T R O F L U I D  R /  P R O D U C T I O N  OF HYDROGEN FROM CO 
2lG03 T /  ENERGY REQUIREMENTS I N  THE  P R O D U C T I O N  OF HYDROGEN FROM WA 
23015 I L I Z I N G  NUCLEAR ENERGY I N  THE P R O D U C T I O N  OF HYDROGEN+ /OR U T  
22646 O M P O S I T I O N  O F  METHANE FOR THE P R O D U C T I O N  O F  HYDROGEN* /C DEC 
23022 T E R I U M  E X T R A C T I O N #  P R O D U C T I O N  OF HYDROGEN F O R  DEU 
23025 S F Y  S M A L L  I N D U S T R I A L  DEMANDS/ P R G D U C T I O N  OF  HYDROGEN TO S A T 1  
22650 I N G  G A S E S  FROM HYDROCARBONS# P R O D U C T I O N  OF  HYDROGEN-CONTAIN 
4Q113 THE P R O D U C T I O N  OF L I O U I D  HYDROGEN* 
40111 AT T H E  ROCKET P R O P U L S I O N  E S T /  P R O D U C T I O N  OF L I Q U I D  HYDROGEN 
41017 NY PRODUCT I O N  OF  MET A L L  I C HYDROGE 
22163 S AND HYDROGENY S I M U L T A N E O U S  P R O D U C T I O N  OF O X 0  S Y N T H E S I S  GA 
23003 E L E C T R O L Y S I S  APPARATUS FOR P R O D U C T I O N  OF  PURE G A S E S Y  
22609 Y METHANE WASH# P R O D U C T I O N  O F  PURE H 2  AND CO B 
22628 P R O D U C T I O N  OF R E D U C I N G  G A S #  
22132 TEAM R E F O R M I N G *  I N  TUBES. FOR P R O D U C T I O N  OF  S Y N T H E S I S  GAS OR 
40105 W I T H  TWO-STAGE C O N V E R S I O N  FOR P R O D U C T I O N  OF 98% PARAHYDROGEN 
22133 T I O N S Y  I N T E G R A T E  HYDROGEN P R O D U C T I O N  W I T H  R E F I N E R Y  OPERA 
20504 E L E C T R O L Y T I C  HYDROGEN F U E L  P R O D U C T I O N  W I T H  S O L I D  POLYMER# 
22125 I N Y O V A T I O N S  I N  HYDROGEN P R O D U C T I O N #  
10049 EAR POWER P L A N T S  FOR HYDROGEN P R O D U C T I O N #  NUCL  
22202 H I G H  PRESSURE HYDROGEN PRODUCTION*  
22191 U S E  OF  HYDROGEN I N  TOWN GAS P R O D U C T I O N #  
22609 I N N O V A T I O N S  I N  HYDROGEN P R O D U C T I O N #  
22615 S Y N T H E S I S  GAS P R O D U C T I O N #  
2301 1 HYDROGEN P R O D U C T I O N #  
34008 E S S E S  F O R  THE E L E C T R O C H E M I C A L  P R O D U C T I O N S  O F  ENERGY* / N  PROC 
22622 HYPRO PROCESS: U N I V E R S A L  O I L  PRODUCTS COP 
22621 HYPRO; U N I V E R S A L  O I L  PRODUCTS CO# 
22008 OF C /  D I S T R I B U T I O N  OF GASEOUS PRODUCTS FROM L A S E R  P Y R O L Y S I S  
23631 L Y S I S  A T  1236, 1470 / P R I M A R Y  PFiODUCTS OF  L I Q U I D  WATER PHOTO 
33035 U L A T I O N  OF THE  N O Z Z L E  FLOW OF PRODUCTS O F  T H E  COMBUSTION OF  
33021 E N - L I Q U I D  HYDROGEN COMBUSTION PRODUCTS#  / Y S I S  OF  L l Q U l D  OXYG 
34225 T #  F U E L  C E L L  TECHNOLOGY PROGRAM CONTRACT SUMMARY REPOR 
40417 THERMAL  S T R A T I F I /  A COMPUTER PROGRAM F O R  T H E  C A L C U L A T I O N  OF  
20019 S 1 S  SYSTEMS F/ S I X - M O N T H  T E S T  PROGRAM OF TWO WATER ELECTROLY 
34028 A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM P H A S E  I A C  / R I M A R Y  E X T R  
30023 L A U N C H I N G  SYSTE /  ELDO FUTURE PROGRAM STUDY 3.2 ON AN ELDO B 
34844 S H U T T L E  F U E L  C E L L  TECHNOLOGY PROGRAM# S T A T U S  O F  
34256 F U E L  C E L L  TECHNOLOGY PROGRAM# 
34271 F U E L  C E L L  TECHNOLOGY PROGRAM* 
34226 F U E L  C E L L  TECHNOLOGY PROGRAMY 
34243 MOLTEN-CARBONATE F U E L  BATTERY PROGRAM# 
30050 -OXYGEN ARLAT  I V E  CHAMBER T E S T  PROGRAM+ L A R G E  HYDROGEN 
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34254 A T E R R E S T R I A L  ( H O P E )  F U E L  C E L L  PROGRAM# /-OXYGEN P R I M A R Y  E X T R  
34255 A T E R R E S T R I A L  ( H O P E 1  F U E L  C E L L  PROGRAM* / -OXYGEN P R I M A R Y  E X T R  
40602 SYSTEM F O R  T H E  S A T U R N  A P O L L O  PROGRAM# / I D  HYDROGEN TRANSFER 
33009 M B U S T I O N  O F  HYDROGE/ COMPUTER PROGRAMS F O R  T H E  M I X I N G  AND CO 
4 0 2 0 2  TRANSPORT P R O P E R T I /  COMPUTER PROGRAMS F O R  THERMODYNAMIC A N D  
30024 L A U N C H E R S  81 AND/ EL00 F U T U R E  PROGRAMS. P R E L I M I N A R Y  P R O J E C T  
2 2 0 0 6  H Y G A S  PROGRAMS# 
34032 F U E L  C E L L S .  A PROGRESS R E P O R T *  
30024 F U T U R E  PROGRAMS. P R E L I M I N A R Y  P R O J E C T  L A U N C H E R S  81 A N D  B2r  S 
50016 SAFETY:  F I V E  YEAR LOOKY P R O J E C T  ROVER L I Q U I D  HYDROGEN 
33003 EAM B/ R E D U C T I O N  O F  D R A G  O F  A P R O J E C T I L E  I N  A S U P E R S O N I C  S T R  
5 2 0 4 3  OF I R O N  D I S S O L U T I O N  I N  CRACK P R O P A G A T I O N  D U R I N G  HYDROGEN C H  
22649 B E 0  REACTORS*  K I N E T I C S  O F  P R O P A N E  C R A C K I N G  I N  F L U I D I Z E D  
40695 N S F E R Y  C R Y O G E N I C  P R O P E L L A N T  A C O U I S I T I O N  AND T R A  
30043 RO/ O R B I T A L  I N V E S T I G A T I O N  O F  P R O P E L L A N T  D Y N A M I C S  I N  A L A R G E  
2 3 0 0 4  N EME/ E V A L U A T I O N  OF S T O R A B L E  P R O P E L L A N T  R E F O R M I N G  FOR U S E  I 
33074 A/NASA L E /  H I G H  ENERGY ROCKET P R O P E L L A N T  R E S E A R C H  A T  THE N A C  
2 0 0 0 0  ED MANNED M/ E X T R A T E R R E S T R I A L  P R O P E L L A N T  R E S U P P L Y  FOR ADVANC 
30067 D E S I G N  O F  L I Q U I D  P R O P E L L A N T  ROCKET E N G I N E S *  
30068 NUCLEAR HEAT I N G  AND P R O P E L L A N T  S T R A T I F I C A T I O N #  
3 0 0 2 7  L ITH IUM-FLUORINE-HYDROGEN P R O P E L L A N T  S T U D Y *  
41 01 8 HYDROGEN A S  A S P A C E  S T O R A B L E  P R O P E L L A N T - - A  P R E L I M 1  NARYSTUDY 
33064 A T I O N  O F  T H E  U S E  O F  C R Y O G E N I C  P R C P E L L A N T S  (OXYGEN/HYDROGEN)  
3 0 0 6 9  A T I O N  O F  THE U S E  O F  C R Y O G E N I C  P R O P E L L A N T S  (UXYGEN/HYDROGEN)  
4 1 0 C 8  R P L A N E T A /  S L U S H  AND SUBCOOLED P R O P E L L A N T S  F O R  L U N A R  AND I N T E  
3 0 0 5 2  I Z A T I O N  SYSTEMS F O R  C R Y O G E N I C  P R O P E L L A N T S #  ADVANCED PRESSUR 
33027 I M U L A T E  E X P P N S I O N  OF S T O R A B L E  P R O P E L L A N T S #  / A N D  METHANE TO S 
33008 E E D - T Y P E  T U R B I N E  F O R  HYDROGEN-PROPELLED N U C L E A R  R O C K E T  A P P L I  
30009 E E D - T Y P E  T U R B I N E  FOR HYDROGEN-PROPELLED N U C L E A R  ROCKET A P P L I  
30007 TURBOPUMP U N I T S  F O R  HYDROGEN- P R O P E L L E D  NUCLEAR R O C K E T S #  / D  
4 3 2 6 8  THERMODYNAMIC AND T R A N S P O R T  P R O P E R T I E S  O F  F L U I D S  AND S E L E C  
3 3 2 0 7  THERMODYNAMIC AND TRANSPORT P R O P E R T I E S  O F  FUEL-OXYGEN COMB 
4 0 0 0 8  S BELOW T H E I R  / S U R V E Y  CF THE P R O P E R T I E S  O F  HYDROGEN I S O T O P E  
40202 R THERMODYNbMIC A N 0  TRANSPORT P R O P E R T I E S  O F  HYDROGEN# /MS F O  
5 2 C 5 5  H PRESSURE HYDROGEN A T  CRYOG/ P R O P E R T I E S  OF M A T E R I A L S  I N  H I G  
4 0 2 1 2  E 5  F O R  C A L C U L A T I N G  R E A L  F L U I D  P R O P E R T I E S  O F  NORMAL AND P A R A H  
5 2 0 3 1  E F F E C T  O F  HYDROGEN ON T E N S I L E  P R O P E R T I E S  O F  P A L L A D I U H -  HYORO 
4 1 0 1  1 M 1 TO 2 2 K /  THE THERMOOYNAMIC P R O P E R T I E S  O F  PARAHYDROGEN F R O  
4 0 2 1 1  GEN A T  4 a 2 K Y  M E C H A N I C A L  P R C P E R T I E S  O F  S O L I D  PARA-HYDRO 
41006 S T I C S  AND B U L K  T H E R M O P H Y S I C A L  P R O P E R T I E S  O F  S O L I D  HYDROGENS / 
51013 GEN / H I G H - A L T I T U D E  E X P L O S I O N  P R O P E R T I E S  O F  T H E  HYDROGEN-OXY 
5 2 0 5 0  AND TEMPERATURE ON M E C H A N I C A L  P R O P E R T I E S  O F  T H E  T I - 5 A L - 2 e 5 S N  
4 3 0 0 5  O F  M I N O R  C O N S T I T U E N T S  ON THE P R O P E R T I E S  OF V A N A D I U M  AND N I O  
3 1 C 1 3  P E R /  E F F E C T  OF C O M B U S T I D N  GAS P R O P E R T I E S  ON T U R B O J E T - E N G I N E  
43010 A N I U M  H Y D R I D E :  I T S  F O R M A T I O N .  P R O P E R T I E S .  A N D  A P P L I C A T I O N #  / 
4 1 0 0 2  DBOCK OF P H Y S I C A L  AND T H E R M A L  PROPERTY D A T A  FOR HYDROGEN.TRI 
10023 DROGEN F I G U R E S  I N  MANY ENERGY P R O P O S A L S #  H Y  
33055 N OF S U P E R S O N I C  C O M B U S T I O N  I N  P R O P U L S I O N  A P P L I C A T I O N S S  / A T 1 0  
30057 D L I Q U I D  HYDROGEN# ' P R O P U L S I O N  B Y  L I Q U I D  OXYGEN A N  
4 0 1 1 1  L I O U I D  HYDROGEN AT T H E  ROCKET P R O P U L S I O N  E S T R B L I S H M E Y T #  /OF 
30016 L E /  HYDROGEN-OXYGEN A U X I L I A R Y  P R O P U L S I O N  FOR T H E  S P A C E  S H U T T  
3 0 0 1 7  U T T L E  H I G H  P R E S S U R E  A U X I L I A R Y  P R O P U L S I O N  SUBSYSTEM D E F I N I T I O  
3 0 0 4 1  N T R O L L A B L E  H I G H - E N E R G Y  SYSTEMS*  / I C S  O F  CO 
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33041 ORMANCE A N A L Y S I S  OF C O M P O S I T E  P R O P U L S I O N  SYSTEMS* P E R F  
30006 POODLE R A D I O I S O T O P E  P R O P U L S I O N  TECHNOLOGY# 
30012 RXMENTAL  RESEARCH ON E L E C G R I C  PROPULSI~N~ N O T E  V I I :  A N A L Y S I S  
id054 ENERGY SYSTEMS AND V E H I C U L A R  P R O P U L S I O N *  HYDROGEN 
43011 SOURCE O F  F U E L  FOR V E H I C U L A R  P R O P U L S I O N #  / T A L  H Y D R I D E S  AS A 
30061 L I Q U I D  O X Y G E N / L I Q U I D  HYDROGEN P R O P U L S I V E  U N I T  W I T H  300 N VAC 
20505 WATER E L E C T R O L Y S I S - P R O S P E C T  FOR T H E  FUTURE*  
10042 A N  ENERGY VECTOR: NEW F U T U R E  PROSPECTS FOR A P P L I C A T I O N S  O F  
10061 E L  FOR T R A N S P O R T A T I O N  SYSTEM/  P R O S P E C T S  FOR HYDROGEN A S  A FU 
3201 6 V E H I C L E S *  P R O S P E C T S  FOR HYDROGEN-FUELED 
34031 - P R E S E N T  P O S I T I O N  A N D  F U T U R E  PROSPECTS#  F U E L  C E L L S  
34603 E X I S T I N G  B A T T E R I E S  AND FUTURE PROSPECTS#  / E N  C E L L S  OF C G E 
40402 F U E L  TANKS I N  H I G H - /  THERMAL P R O T E C T I O N  FOR L I Q U I D - H Y D R O G E N  
22182 T A L Y S T  I N  HYDROCARBON REFORM/ P R O T E C T I O N  OF  A M E T H A N A T I O N  CA 
52044 GEN C R A C K I N G  BY  T H I N  M E T A L L I /  P R O T E C T I O N  OF S T E E L  FROM HYDRO 
40418 E O N  D I O X I D E  PURGE AND THERMAL P R O T E C T I O N  SYSTEM FOR L I Q U I D - H  
31003 BON D I O X I D E  PURGE AND THERMAL P R O T E C T I O N  SYSTEM FOR L I Q U I D  H 
30062 A R E G E N E R A T I V E L Y  COOLED THRU/  P R O T E C T I V E  C O A T I N G  SYSTEM FOR 
5101 1 HYDROGEN H A N D L I N G  S U I T  P R O T E C T S  NASA T E C H N I C I A N S #  
2261 1 O P T I M I Z E  HYDROGEN P R U D I C T I O N  BY  MODEL* 
40213 EGREES R AT  PRESSURES T O  SO00 P S I A W  /OM 36 DEGREES TO 5000 D 
52043 NG HYOROGEN C H A R G I N G  O F  AN FE-PT  A L L O Y *  /CK PROPAGATION OUR1 
40004 HE N A T I O N A L  BUREAU OF  STANDA/ P U B L I C A T I O N S  AND S E R V I C E S  OF T 
30044 N E S  F O R  HYDRO/ DEVELOPMENT OF P U L S A B L E  A T T I T U D E  CONTROL E N G I  
34622 S/ E F F E C T S  OF H E A V Y  D I S C H A R G E  P U L S I N G  O N  F U E L  C E L L  ELECTRODE 
41009 I C S  U S I N G  A C E N T R I F U G A L -  T Y P E  PUMP ( 5 - 2 ) #  / P I N G  C H A R A C T E R I S T  
43002 EW LABORATORY GAS C I R C U L A T I O N  PUMP F O R  I N T E R M E D I A T E  PRESSURE 
40500 OF TWO-PHASE HYDROGEN FLOW I N  PUMP I N L E T  L I N E #  / V E S T I G A T I O N  
40508 O P E R A T I O N  OF  T H E  5-2 HYDROGEN PUMPX / P O S I T I V E  S U C T I O N  HEAD 
41006 A C E N T R I F U G A L /  S L U S H  HYDROGEN P U M P I N G  C H A R A C T E R I S T I C S  U S I N G  
40509 F ROCKET-POWERED E J E C T O R S  FOR P U M P I N G  L I Q U I D  OXYGEN AND L I Q U  
43504 PUMPS FOR L I Q U I D  HYDROGEN# 
40512 OF TWO-PHASE FLOW FLOW I N  L H 2  PUMPS FOR 0 2 / H 2  ROCKET E N G I N E S  
43006 GEN I N  H Y D R I D E S #  PURE AND S I M P L E :  S T O R I N G  HYDRO 
20003 S A P P A R A T U S  FOR P R O D U C T I O N  OF PURE GASES*  E L E C T R O L Y S  I 
34845 ULTR4-PURE HYDROGEN F O R  F U E L  C E L L S *  
23012 E D I N G  OU/ METHOD O F  O B T A I N I N G  PURE HYDROGEN FOR F U E L  C E L L  F E  
34100 ULTRA-PURE HYDROGEN FOR F U E L  C E L L S #  
23439 H R E F O R M I N G  AND MOLECU/ ULTRA-PURE HYDROGEN O B T A I N E D  BY S T E A  
22173 AND T E C H N I Q U E S  F O R  P R E P A R I N G  PURE HYDROGEN S T A R T I N G  FROM H Y  
23433 S E P A R A T I O N  P L A N T  FOR PURE H Y D R D G E N l  
20502 P R E P A R A T I O N  O F  PURE HYDROGENC 
23021 ENERATOR M L - 5 3 9 / T M  T O  PRODUCE PURE HYDROGEN* /F  A HYOROGEN G 
22609 # P R O D U C T I O N  OF PURE H2 A N D  CD BY METHANE WASH 
31003 Y S T E M  F O R  L/ A CARBON D I O X I D E  PURGE AND THERMAL P R O T E C T I O N  S 
40418 YSTEM F O R  L/ A CARBON D I O X I D E  PURGE AND THERMAL P R O T E C T I O N  S 
34107 PURGE D Y N A M I C S  OF  F U E L  C E L L S #  
22153 P R A C T I C A L  A P P L I C A T I O N S  O F  THE  P U R I F I C A T I O N  AND S E P A R A T I O N  O F  
23421 E S Y  HYDROGEN P U R I F I C A T I D N  A T  LOW TEMPERATUR 
23417 E S S #  HYDROGEN P R O D U C T I O N  AND P U R I F I C A T I O N  BY  D I F F U S I O N  PROC 
23429 RCH S T U D I E S  ON S O L I D  HYDROGEN P U R I F I C A T t O N  MEMBRANES# RESEA 
3420.1 S#  P U R I F I C A T I O N  O F  F U E L  C E L L  GASE 
23425 ANS OF LOW TEMPERATURES# P U R I F I C A T I O N  OF HYDROGEN BY  ME 
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22159 DROCONVERSION PROCESSES# PURIFICATION OF HYDROGEN IN HY

23414 MANUFACTURE# HYDROGEN PURIFICATION PLANT FOR BENZENE

23412 FUEL CELL PROCESS# HYDROGEN PURIFICATION USING A MODIFIED

34231 EL CELL PROCESS# HYDROGEN PURIFICATION USING MODIFIED FU

23424 HYDROGEN PURIFICATION#

23413 HYDROGEN PURIFICATION#

23432 HYDROGEN PURIFICATION#

23426 BLEED BURNING HYDROGEN PURIFIERS#

23436 G/ PROCESS AND APPARATUS FOR PURIFYING LOW-BOILING GASES IN

22604 TH SPECIA/ PRODUCTION OF HIGH-PURITY HYDROGEN FROM BUTANE WI

22105 ON-CONTAINING CHARGED M/ HIGH PURITY HYDROGEN FROM HYDROCARB

23023 COMPACT HIGH PURITY HYDROGEN GENERATORS#

23416 LOW PURITY HYDROGEN UPGRADERM

23429 PTION PROCESS PRODUCES HIGHER-PURITY HYDROGEN# NEW ADSOR

23602 IENCY / INVESTIGATION FOR THE PURPOSE OF IMPROVING THE EFFIC

22613 METHANE- HYDROGEN FRACTION OF PYROGAS# /D HYDROGEN FROM THE

23434 METHANE-HYDROGEN FRACTION OF PYROLYSIS GAS# /YDROGEN FROM A

22008 F GASEOUS PRODUCTS FROM LASER PYROLYSIS OF COALS OF VARIOUS

22610 ETYLENE AND HYDROGEN FROM THE PYROLYSIS OF METHANE# AC

22012 # GASES FROM LASER PYROLYSIS OF ORGANIC MATERIALS

22172 UIDIZED/ MACROKINETICS OF THE PYROLYSIS OF SHALE OIL IN A FL

40304 D-SOLID HYDROGEN MIXTURES# QUALITY DETERMINATION OF LIQUI

41007 D-SOLID HYDROGEN MIXTURES# QUALITY DETERMINATION OF LIQUI

40307 LH2 QUALITY METER#

33021 D OXYGEN-LIQUID HYDROGEN COM/ QUANTITATIVE ANALYSIS OF LIQUI

43009 MPERATURE ABSORPTION OF LARGE QUANTITIES OF HYDROGEN BY INTE

23606 FERROUS TO FER/ GROSS AND NET QUANTUM YIELDS AT 2537 A. FOR

10077 , (A LITERATURE SURVEY ISSUED QUARTERLY)# /ROGEN FUTURE FUEL

22185 SEDERQUIST R A#

40213 OM 36 DEGREES TO 5000 DEGREES R AT PRESSURES TO 5000 PSIA# /

30049 THE DEVELOPMENT OF THE S E P R HM4 ENGINE: A 40 KN THRUST L

30048 RATURES UP TO 200,000 DEGREES R# / STATE AT STAGNATION TEMPE

33006 N PLUME# THERMAL RADIATION FROM BURNING HYDROGE

30006 LOGY# POODLE RADIOISOTOPE PROPULSION TECHNO

22168 APOR CONVERSION OF A GASOLINE RAFFINATE UNDER PRESSURE# V

33038 SECTOR OF A 28-INCH-DIAMETER RAMJET COMBUSTOR# /A 35 DEGREE

33032 NIC COMBUSTION AND BURNING IN RAMJET COMBUSTORS# . SUPERSO

33040 CAL COMBUSTION PERFORMANCE OF RAMJET FUELS: HYDROGEN# /ORETI

33023 GEN/ PERFORMANCE OF A 28-INCH RAMJET UTILIZING GASEOUS HYDRO

33042 ION OF HYDROGEN IN HYPERSONIC RAMJETS# /D SUPERSONIC COMBUST

22209 ROGEN PREPARATION BY REFORMI/ RANEY NICKEL CATALYSTS FOR HYD

34646 VIOR IN CONTINUOUS SERVICE OF RANEY-# PREPARATION AND BEHA

34616 ANIC FUEL CELLS# RANEY-NICKEL CATALYSTS IN GALV

34203 RMANCE WITHIN THE TEMPERATURE RANGE -20 DEGREES C TO +60 DEG

40402 EL TANKS IN HIGH- SPEED, LONG-RANGE AIRCRAFT# /D-HYDROGEN FU

31006 DETERMINATION OF THE CRUISE RANGE OF A HYDROGEN-FUELED, AI

22638 L CATALYST IN THE TEMPERATURE RANGE 370-450# /UPPORTED NICKE

10024 HYDROGEN FUEL ECONOMY: WIDE-RANGING CHANGES#

22106 FROM EXCESS REFINERY STREAMS RANGING FROM C6 TO HEAVY OILS#

22008 PYROLYSIS OF COALS OF VARIOUS RANKS# /S PRODUCTS FROM LASER

10078 NSF-RANN ENERGY ABSTRACTS#

33011 E CO/ ACTIVATION ENERGIES AND-RATE CONSTANTS COMPUTED FOR TH

40205 HYDROGEN IN TWO-PHASE/ FINITE RATE EVAPORATION OF CRYOGENIC
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52040 T E R M I N A T I O N  O F  T H E  P E R M E A T I O N  R A T E  O F  HYOROGEN THROUGH M E T A L  
33025 OF HOT-GAS S I D E  H E A T - T R A N S F E R  R A T E S  FOR A HYDROGEN-OXYGEN RO 
33026 C/ C O O L A N T - S I D E  HEAT-TRANSFER R A T E S  F O R  A HYDROGEN-OXYGEN RO 
33030 F H O T - G A S - S I D E  HEAT-  T R A N S F E R  R A T E S  I N  A HYDROGEN-OXYGEN ROC 
51205 H FLOW I N s T A B I L I T I E S I  B U R N I N G  R A T E S .  D I L U T I O N  L I M I T S .  TEMPER 
22007 W P R E S S U R E  AND OXYGEN/METHANE R A T I O  A F F E C T  P A R T I A L  O X I D A T I O N  
30038 P E R  ELEMENT.  A N D  C O N T R A C T I O N  R A T I O  ON ACOUSTIC-MODE I N S T A B I  
33004 S F O R  CONSTANT/  S P E C I F I C  H E A T  R A T I O S  AND I S E N T R O P I C  EXPONENT 
30030 E X H A U S T  N O Z Z L E  E X P A N S I O N  AREA R A T I O S #  /HAMBER P R E S S U R E S  AND 
52022 PHENOMENA A F F E C T I N G  MEC/ A N  X-RAY S T U D Y  O F  HYDROGEN I N D U C E D  
34106 -OXYGEN F U E L  C E L L  SYSTEM W I T H  R E A C T A N T  S U P E R S A T U R A T E D  E L E C T R  
33064 N E T I C S  O F  T H E  HYDROGEN-OXYGEN R E A C T I O N  B E H I N D  S T E A D Y  S T A T E  S 
30065 ON OF THRUSTORS FOR C R Y O G E N I C  R E A C T I O N  CONTROL SYSTEMS. VOLU 
30069 E L L A N T S  (OXYGEN/HYDROGEN) FOR R E A C T I O N  CONTROL SYSTEMS*  111 
30064 E L L A N T S  (OXYGEN/HYDROGEN) FGR R E A C T I O N  CONTROL SYSTEMSrr VOLU 
40604 E N I C  L I Q U I D  D I S T R I B /  S H U T T L E :  R E A C T I O N  CONTROL SYSTEM. CRYOG 
30045 MANCE O F  LOW-THRUST. COLD-GAS R E A C T I O N  J E T S  I N  A VACUUMY /OR 
33001 G I N /  HYDROGEN-OXYGEN C H E M I C A L  R E A C T I O N  K I N E T I C S  I N  ROCKET E N  
52018 I T H  HYDROGEN G A S  A T  LOW / THE R E A C T I O N  O F  A T I T A N I U M  A L L O Y  W 
23016 U M  H Y D R O X I D E  S O L U T I O N  A S  A S/ R E A C T I O N  O F  A L U M I N U M  W I T H  S O 0 1  
34644 U E L  C E L L #  S T U O I E S  O N  A N O D I C  R E A C T I O N  O F  H I G H  TEMPERATURE F 
34609 T O I C H I O M E T R I C  MANGANESE O I O X /  R E A C T I O N  O F  HYDROGEN W I T H  NONS 
43003 Y S  O F  M A G N E S I U M  AND N I C K /  T H E  R E A C T I O N  O F  HYOROGEN W I T H  A L L O  
43004 Y S  O F  M A G N E S I U M  A N D  COPP/  THE R E A C T I O N  O F  HYDROGEN W I T H  A L L O  
33010 ON O F  M/ I N V E S T I G A T I O N  O F  THE R E A C T I O N  O F  I N C O M P L E T E  O X I D A T I  
52059 OGEN# I N V E S T I G A T I O N  O F  T H E  R E A C T I O N  O F  T I T A N I U M  W I T H  HYDR 
34507 B Y  D I F F U S /  T H E  S E P A R A T I O N  OF R E A C T I O N  WATER FROM F U E L  C E L L S  
34220 O C H E M I C A L  F U E L  C E L L  ( A N  ANODE R E A C T I O N I Y  / L U E  SYSTEM I N  A B I  
23017 Y MEANS OF T H E  ALUMINUM/WATER R E A C T I O N *  /DROGEN G E N E R A T I O N  B 
22638 E l  AND I - B U T E N E  W I T H  S T E A M  O/ R E A C T I O N S  O F  N-BUTANE*  E T H Y L E N  
34017 E L E C T R O C A T A L Y T I C  R E A C T I O N S #  
3301 2 OXYGEN AND HYDROCARBON-OXYGEN R E A C T  I ONSW J E T  I C S  OF HYDROGEN- 
21001 B T A I N I N G  HYDROGEN BY MEANS O F  R E A C T D P  H E A T #  0 
22189 C O N V E R T I N G  A M I X T U R /  COMPACT R E A C T O R - B O I L E R  C O M B I N A T I O N  F O R  
33051 I E N T  MODEL OF HYOROGEN/OXYGEN REACTORY TRANS 
30004 GAS CORE N U C L E A R  R E A C T O R *  
22639 A L  G A S  W I T H  H E A T  FROM N U C L E A R  R E A C T O R *  / E N E R A T I O N  FROM NATUR 
22000 C O A L  CHAR I N  A N  E L E C T R O F L U I D  REACTOR# / I O N  O F  HYOROGEN FROM 
22001 C O A L  CHAR I N  A N  E L E C T R O F L U I O  R E A C T O R *  / I O N  O F  HYDROGEN FROM 
33051) G N I T I O N C  S T U D Y  O F  C A T A L Y T I C  R E A C T O R S  F O R  HYDROGEN-OXYGEN I 
22649 A N E  C R A C K I N G  I N  F L U I D I Z E D  B E D  R E A C T O R S #  K I N E T I C S  OF PROP 
33028 S I N  A O I A B A T I C t  WELL-  S T I R R E D  R E A C T O R S *  /F F U E L - L E A N  M I X T U R E  
40212 A L  PROCEDURES F O R  C A L C U L A T I N G  R E A L  F L U I D  P R O P E R T I E S  O F  NORMA 
33055 U S T I O /  S T U D I E S  L E A D I N G  TO T H E  R E A L I Z A T I O N  O F  S U P E R S O N I C  COMB 
30000 DROGEN E N G I N E S *  R E C E N T  N A S A  E X P E R I E N C E  W I T H  H Y  
34251 - TEMPERATURE HYDROGEN-OXYGEN R E C H A R G E A B L E  FUEL C E L L S *  / O I U M  
34267 LL C O N C E P T  FOR A L I G H T W E  I G H T .  R E C H A R G E A B L E  HYDROGEN-OXYGEN F 
34259 U E L /  PERFORMANCE S T U D I E S  O N  A R E C H A R G E A B L E  HYDROGEN-OXYGEN F 
30070 S /  C A T A L Y S I S  O F  HYDROGEN-ATOM R E C O M B I N A T I O N  I N  ROCKET N O Z Z L E  
34806 E N  A N 0  OXYGEN. A N 0  S U B S E a U E N T  R E C O M B I N A T I O N  O F  T H E S E  G A S E S  8 
2343 1 P E R M E A T I O N  METHOD RECOVERS HYDROGEN* 
23033 A S E S Y  HYDROGEN R E C O V E R Y  F R O M  R E F I N E R Y  WASTE G 
23403 S T R I A L  G A S  M I X T U R E S *  RECOVERY O F  HYDROGEN FROM I N O U  
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23423 N I A  S Y N T H E S I S  GAS# C R Y O G E N I C  RECOVERY O F  HYDROGEN F R O M  AMMO 
2341 0 HYDROGEN RECOVERY PROCESS*  
2341 1 NEW H Y D R O G E N  RECOVERY ROUTE# 
23427 N SOME P L A N T S *  HYDROGEN RECOVERY T A K E S  ON NEW L U S T E R  
22181 O N T A I N I N G  GAS STREAM AND H E A T  RECOVERY# /A CARBON M O N O X I D E  C 
40601 RAGE OF L I Q U I D  HYDROGEN - T H E  R E C Y C L A B L E  F U E L #  /PORT A N 0  S T 0  
22009 U E L *  G A S I F I C A T I O N ;  A R E D I S C O V E R E D  SOURCE O F  C L E A N  F 
50012 HYDROGEN P L A N T  SHUTDOWNS REDUCED* 
22152 S Y N T H E S I S  GAS. C I T Y  GAS. AND R E D U C I N G  GAS*  
2 2 6 2 8  P R O D U C T I O N  O F  R E D U C I N G  GAS# 
22 192 R E D U C I N G  GAS# 
10058 L L S  F O R  C O N S E R V I N G  E N E R G Y  A N 0  R E D U C I N G  T H E R M A L  P O L L U T I O N *  / E  
33003 I L E  I N  A S U P E R S O N I C  S T R E A M  B /  REDUCT I O N  O F  DRAG O F  A P R O J E C T  
23606 R I C  A C I D  A N D  T H E  A C C O M P A N Y I N G  R E D U C T I O N  OF WATER T O  GASEOUS 
40412 G E N I C  STORAGE SYSTEMS: D E S I G N  R E F E R E N C E  MANUAL*  /MS FOR C R Y 0  
4 1003 HYDROGEN-SLUSH D E N S I T Y  R E F E R E N C E  SYSTEMW 
2 2 6 0 4  OGEN FROM B U T A N E  W I T H  S P E C I A L  R E F E R E N C E  T O  M A T E R I A L S  O F  CONS 
10029 T I L I T Y  SYSTEM W I T H  P A R T I C U L A R  REFERENCETO F U S I O N  A S  T H E  ENER 
22644 TURE O F  HYDROGEN B Y  R E F O R M I N G  R E F I N E R Y  GASESW T H E  MANUFAC 
22133 R A T E  HYDROGEN P R O D U C T I O N  W I T H  R E F I N E R Y  O P E R A T I O N S #  I N T E G  
22106 C 6  T O  H/ HYDROGEN FROM E X C E S S  R E F I N E R Y  STREAMS R A N G I N G  F R O M  
23433 HYDROGEN R E C O V E R Y  F R O M  R E F I N E R Y  WASTE GASES*  
22187 A V A I L A B L E  HYDROGEN I N  R E F I N E R Y *  
22124 P L A N T S  T A K I N G  NEW S T A T U R E  I N  R E F I N I N G  O P E R A T I O N S #  HYDROGEN 
22129 I M P R O V E M E N T S  I N  M A K I N G *  R E F  I N 1  NG PROCESS DEVELOPMENT;  
2221 7 HYDROGEN-KEY F A C T O R  I N  R E F I N I N G ' S  F U T U R E *  
22189 F O R  C O N V E R T I N G  A M I X T U R E  O F  A R E F O R M A B L E  F U E L  AND S T E A M  T O  A 
34227 - C E L L  D E S I G N  B A S E D  ON A I R  AND REFORMABLE F U E L #  F U E L  
22189 TEAM TO A H Y D R O G E N - C O N T A I N I N G  REFORMATE F E E D  STOCK S U I T A B L E  
22178 HYDROGEN G E N E R A T I O N  B Y  S T E A M  R E F O R M A T I O N  O F  N-HEXANE OVER Z 
34215 C E L L  SYSTEM* PERFORMANCE O F  REFORMED N A T U R A L  G A S - A C I D  F U E L  
34248 M# 5 K V A  HYDROCARBON REFORMER - A I R  F U E L  C E L L  S Y S T E  
22612 : F A I L U R E S  I N  A STEAM-METHANE REFORMER FURNACE*  / A S E  H I S T O R Y  
22103 I N T E G R A T E D  REFORMER U N I T Y  
22630 O Y I N G  C O A L  AS F U E L  I N  A S T E A M  REFORMER* S Y S T E M  E M P L  
3 4 8 4 0  N - A I R  F U E L  C E L L  W I T H  M E T H A N O L  REFORMER* A 500 WATT HYDROGE 
22126 M P R O V I N G  R E L I A B I L I T Y  O F  S T E A M  REFORMERS* I 
23409 R E  HYDROGEN O B T A I N E D  B Y  S T E A M  R E F O R M I N G  AND MOLECULAR S I E V E  
22169 L I N T O  HYDROGEY A P P A R A T U S  F O R  R E F O R M I N G  CARBONACEOUS M A T E R I A  
2211 1 I LOW-TEMPERATURE R E F O R M I N G  FOR HYOROGEN* 
23004 U A T I O N  O F  S T O R A B L E  P R O P E L L A N T  R E F O R M I N G  FOR U S E  I N  EMERGENCY 
3421 3 METHANOL I N - S I T U  R E F O R M I N G  F U E L  C E L L S #  
22640 HIGH-TEMPERATURE HYDROCARBCN R E F O R M I N G  F U R N A C E *  
2 2 1 6 2  A L L I N E  A L U M I N O S I L I C A T E /  S T E A M  R E F O R M I N G  O F  H E X A N E  W I T H  C R Y S T  
22190 M P O S I T I O N S  U S E D  F O R  T H E  S T E A M  R E F O R M I N G  O F  HYDROCARBONS T O  G 
2 2 6 2 9  T O C K S b  S T E A M  R E F O R M I N G  O F  HYDROCARBON F E E D S  
22 170 H I G H - P R E S S U R E  R E F O R M I N G  O F  HYDROCARBONS* 
2 2 1 3 5  T I O N  O F  HYDROGEN B Y  C A T A L Y T I C  R E F O R M I N G  OF HYDROCARBONS* /RA 
22147 N S #  C A T A L Y T I C  S T E A M  R E F O R M I N G  O F  L I Q U I D  HYDROCARBO 
22208 N S  T O  GASEOUS F U E L Y  R E F O R M I N G  OF L I Q U I D  HYOROCARBO 
22104 MANUFACTURE O F  HYDROGEN BY R E F O R M I N G  O F  N A P H T H A #  
221 57 C A T A L Y T I C  S T E A M  R E F O R M I N G  O F  N A P H T H A #  
2 2 1 0 8  ONS* S T E A M  R E F O R M I N G  P A R A F F I N I C  HYOROCARB 
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50003 A F E  CONTROL SYSTEMS FOR S T E A M  R E F O R M I N G  P L A N T S *  /N O F  F A I L - S  
22144 C H N I /  T H E  I C I STEAM N A P H T H A  R E F O R M I N G  PROCESS AND OTHER T E  
2264A t l E  MAYUFACTURE OF HYDROGEN B Y  R E F O R M I N G  R E F I N E R Y  G A S E S Y  T 
22122 L - C E L L  HYDRO/ LOW-TkMPERATURE R E F O R M I N G :  A GOOD ROUTE TO F U E  
22132 C T I O N  OF S/ HYDROCARBON S T E A M  R E F O R M I N G +  I N  TUBES. FOR PRODU 
22151 HYDROGEN S T E A M  R E F O R M I N G :  C E I / G I R D L E R  I N C #  
22102 O R A T I O N @  HYDROGEN. S T E A M  R E F O R M I N G :  F O S T E R  WHEELER CORP 
221 55 C A T A L Y T I C  R E F O R M I N G #  
221 27 HYDROGEN* S T E A M  R E F O R M  I N G Y  
22266 HYDROGEN B Y  S T E A M  R E F O R M I N G #  
22607 STEAM-METHANE R E F O R M I N G #  
221 98 HYDROGEN FROM HYDROCARBON R E F O R M I N G Y  
22636 HYDROGEN B Y  STEAM-METHANE R E F O R M I N G #  
22180 HYDROGEN P R O D U C T I O N  B Y  STEAM R E F O R M I N G X  
22182 A T I O N  C A T A L Y S T  I N  HVDROCARBON R E F O R M I N G X  / E C T I O N  O F  A METHAN 
22209 S FOR HYDROGEN P R E P A R A T I O N  B Y  REFORMINGHYOROCARBONSY / T A L Y S T  
23440 I N D U S T R I A L  G/ LOU-TEMPERATURE R E G E N E R A T I O N  O F  HYDROGEN FROM 
22605 A R A T I O N Y  C H E A P  HYOROGEN BY R E G E N E R A T I V E  COKE-OVEN G A S  S E P  
30058 S W I T H  HYOROGEN AND OXYGEN I N  R E G E N E R A T I V E  E N G I N E S A T  CHAMBER 
20018 R E G E N E R A T I V E  F U E L  C E L L  STUDY*  
34236 HYDROGEN-OXYGEN E L F C T H O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S #  
34232 20 WATT-HOUR PER POUND R E G E N E R A T I V E  F U E L  C E L L #  
34224 G A T I O N *  D U A L  C E L L  R E G E N E R A T I V E  F U E L  C E L L  I N V F S T I  
34233 HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S *  
34238 HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S #  
34237 HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S .  1 JL 
34239 HYDROGEN-OXYGEN E L E C T R O L Y T I C  R E G E N E R A T I V E  F U E L  C E L L S #  
34260 H I G H - P R E S S U R E  HYDROGEN-OXYGEN R E G E N E R A T I V E  F U E L -  C E L L  S Y S T E M  
34234 U E L  C E L L Y  E L E C T R O L Y T I C A L L Y  R E G E N E R A T I V E  HYDROGEN-OXYGEN F 
34219 U E L - C E L L  B A T T E R /  E L E C T R O L Y T I C  R E G E N C R A T I V E  HYOROGEN-OXYGEN F 
34243 U E L  C E L L *  E L E C T R I  C A L L Y - R E G E N E R A T  I V E  HYDROGEN-OXYGEN F 

34235 U E L  C E L L S #  E L E C T R O L Y T I C  R E G E N E R A T I V E  HZ-92 SECONDARY F 
30062 O T E C T I V E  C O A T I N G  SYSTEM F O R  A R E G E N E R A T I V E L Y  COOLED T H K U S T  C 
41032 A T A  F O R  H Y D R O G E N + T R I P L E  P O I N T  R E G I O N  T O  C R I T I C A L  P O I N T  R E G 1 0  
41002 D I N T  R E G I O N  TO C R I T I C A L  P O I N T  REGION.  VOLUME I: A S T U D Y  OF H 
23006 S E L F - E k G U L A T I N G  HYDROGEN GENERATORY 
22004 FLOW O F  F L U I D I Z E D  COKE T C  THE R E H E A T I N G  ZONE D U R I N G  HYDROGEN 
23418 H P E R M E A T I O N  A N /  TRFNNUNG UND R E I N I G U N G  YON WASSERSTOFF DURC 
23404 N S A N L A G E N Y  ERZEUGUNG VON R E I N S T - W A S S E R S T O F F  I N  D I F F U S I O  
22113 R C H  / E I N  N E U E S  VERFAHREN ZUR REINSTWASSERSTOFFER-ZEUGUNG D U  
34501 T I O N  O F  T H E  D Y N A Y I C S  OF WATER R E J E C T I O N  FROM A HYDROGEN-OXYG 
345C2  T I O N  OF T H E  D Y N A M I C S  O F  WATER R E J E C T I O N  FROM A M A T R I X  T Y P E  0 
40200 T E R M I N X N G  AVERAGE D E N S I T Y  AND R E L A T E D  P A R A M E T E R 5  I N  TWO-PHAS 
34264 O F  2 KW HYO9OGFN-OXYGEN F U E /  R E L I A B I L I T Y  ASSESSMENT T E S T I N G  
22126 # I M P P O V I N G  R E L I A n I L I T Y  O F  STEAM REFORMERS 
40108 E F 3 R  A S P A C E -  BORNE HYDRCGEN R E L I Q U E F I E R C  /ERMODYNAMIC C Y C L  
23455 C O 2  R E M C V I L  B Y  H E P T L E S S  PROCESS* 
34505 XYGEN C A P I L L /  S T A T I C  M O I S T U R E  R E M O V A L  CONCEPT F O R  HYDROGEN-0 
34533 LL / I M P R O V E D  WATER- AND H E A T - R E M O V A L  U N I T  FOR H 2 / 0 2  F U E L  C E  
23437 GE/  PROCESS A N D  APPARATUS FOR R E M O V I N G  I M P U R I T I E S  FROM HYDRO 
34032 FUEL C E L L S ,  A PROGRESS R E P O R T #  
34225 L O G Y  PROGRAM CPNTRACT SUMMARY R E P O R T #  F U E L  C E L L  TECHNO 
10512 U I D  HYDRC)GEN P R O D U C T I O N  F I N A L  R E P O R T *  / Y S T E M  A N A L Y S I S  O F  L I Q  
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10051 FEDERAL PANEL REPORTS ON HYDROGEN#
50002 URE DESIGN# SAFETY REQUIREMENTS FOR HIGH-TEMPERAT
21003 OF HYDROGEN FROM WAT/ ENERGY REQUIREMENTS IN THE PRODUCTION
34642 HYDROGEN ANODES. II CHEMICAL REQUIREMENTS CF THE CARBON SUR
34818 C/ HYDROGEN-OXYGEN FUEL CELLS REQUIRING MINIMUM OF MAINTENAN
40300 CRYOGENIC FLOW-METERING RESEARCH AT NBS*
34261 VERSITY# FUEL CELL RESEARCH AT OKLAHOMA STATE UNI
30074 HIGH ENERGY ROCKET PROPELLANT RESEARCH AT THE NACA/NASA LEWI
34103 ASIC ELECTROLYTE CELLS AT THE RESEARCH CENTER OF THE CGE# /B
30074 SEARCH AT THE NACA/NASA LEWIS RESEARCH CENTER, 1945-1960# /E
34105 PERATURE BATTERIES AT THE CGE RESEARCH CENTER# /LYTE LOW-TEM
30012 Nz NOTE VII: AN/ EXPERIMENTAL RESEARCH ON ELECGRIC PROPULSIO
34601 ANISM OF FUEL CELL ON OPEN C/ RESEARCH ON HYDROGEN FEED MECH
23420 OGEN PURIFICATION MEMBRANES# RESEARCH STUDIES ON SOLID HYDR
41001 SLUSH HYDROGEN# FLOW RESEARCH SYSTEM FOR LIQUID AND
32025 0,000 FOR HYDROGEN-FUELED-CAR RESEARCH# /TION HAS GRANTED $6
23019 SOURCE# STUDY OF MULTIPLE RESERVE ELECTROCHEMICAL POWER
34805 SOURCE# STUDY OF MULTIPLE RESERVE ELECTROCHEMICAL'POWER
22218 HYDROGEN FROM HEAVY RESIDUES#
52049 MBRITTLEMENT OF STEEL AT HIGH RESISTANCE BY HYDROGEN UNDER P
30001 3-KILOWATT CONCENTRIC TUBULAR RESISTOJET PERFORMANCE#
30032 ROGEN-OXYGEN MIXTURES# RESONANCE TUBE IGNITION OF HYD
52012 METALS USING NUCLEAR MAGNETIC RESONANCE# /ROGEN BEHAVIOR IN
20012 AN ELECTROLYSIS-TY/ PRESSURE-RESPONSIVE CONTROL CIRCUIT FOR
20000 EXTRATERRESTRIAL PROPELLANT RESUPPLY FOR ADVANCED MANNED M
43009 SORPTION OF LARGE QUANTITIES/ REVERSIBLE ROOM TEMPERATURE AB
34012 THE FUEL CELL CONCEPT, A REVIEW OF BASIC PRINCIPLES#
52053 EN EMBRITTLEMENT# REVIEW OF LITERATURE ON HYDROG
50001 LIQUEFIED HYDROGEN SAFETYo REVIEW#
30015 TTLE ACPS THRUSTER TECHNOLOGY REVIEW# /OGEN-OXYGEN SPACE SHU
34849 TION ENGINE# THE REVOLT AGAINST INTERNAL-COMBUS
33049 THE FLOW FIELDS OF BODIES OF REVOLUTION AND NEAR A FLAT PLA
22204 OF LIQUID HYDROCARB/ HYDROGEN-RICH GAS BY PARTIAL OXIDATION
22179 CONTACT CATALYST FOR HYDROGEN-RICH GAS FROM HYDROCARBONS#
22171 HYDROGEN-RICH GAS MIXTURE#
22637 PRODUCTION OF HYDROGEN-RICH GASES#
22164 HYDROGEN-RICH GASES#
22190 MING OF HYDROCARBONS TO GASES RICH IN HYDROGEN# /STEAM REFOR
33013 ARY INVESTIGATION OF OXIDIZER-RICH OXYGEN-HYDROGENCOMBUSTION
22174 HYDROGEN-RICH SYNTHESIS GASES#
22109 HYDROGENATION OF THE AROMATIC RING# DESTRUCTIVE DE
33026 R RATES FOR A HYDROGEN-OXYGEN ROCKET AND A NEW TECHNIQUE FOR
30009 OR HYDROGEN-PROPELLED NUCLEAR ROCKET APPLICATIONS. II: EXPER
30008 OR HYDROGEN-PROPELLED NUCLEAR ROCKET APPLICATIONSo 1: DESIGN
30043 ROPELLANT DYNAMICS IN A LARGE ROCKET BOOSTER# /TIGATION OF P
30071 AND HEAT TRANSFER IN A SMALL ROCKET CHAMBER BURNING LIQUID
33036 ON AND HEAT TRANSFER IN SMALL ROCKET CHAMBER BURNINGLIQUID 0
33037 ABILITY IN STEEL AND ABLATIVE ROCKET CHAMBERS# /BUSTION INST
33031 T TRANSFER IN HYDROGEN/OXYGEN ROCKET COMBUSTION CHAMBERS# /A
33033 YDROGEN AND# STEADY-STATE ROCKET COMBUSTION OF GASEOUS H
30053 IS OF A SUPERSONIC-COMBUSTION ROCKET CONCEPT# ANALYS
30047 D OXYGEN AND HYDROG/ THE SEPR ROCKET ENGINE - HM4 WITH LIQUI
30030 RMANCE OF A HYDROGEN-FLUORINE ROCKET ENGINE AT SEVERAL CHAMB

(o
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3 3 0 0 1  C H E M I C A L  R E A C T l O N  K I N E T I C S  I N  ROCKET E N G I N E  COMBUSTION#  / E N  
3 0 0 4 5  NEY  P I C K E D  TO B U I L D  CRYOGENIC  ROCKET  E N G I N E  F O R  L A T E  '70s U S  
3 0 3 2 8  t i ? -PRESSURE HYDROGEN-FLUORINE ROCKET E N G I N E #  /OR A LOW-CHAM6 
30048 Y/  T H E O R E T I C A L  PERFORMANCE OF  ROCKET E N G I N E S  U S I N G  GASEOUS H 
3 0 0 6 7  D E S I G N  OF  L I Q U I D  PROPELLANT  ROCKET E N G I N E S *  
36036 C T E R I S T I C S  OF HYDROGEN OXYGEN ROCKET E N G I N E S #  / A B I L I T Y  CHARA 
4 0 5 1 2  W FLOW I N  L H 2  PUMPS FOR 0 2 / H 2  ROCKET E N G I N E S #  /TWO-PHASE F L O  
3 3 0 1 9  I L I B R I U M  CLUSTER F O R M A T I O N  I N  ROCKET E X H A U S T S #  NONEQU 
30026 ERFORMANCES OF  THE  T R I E R G O L I C  ROCKET F U E L  SYSTEM F L U O R I N E - L I  
3 0 0 5 4  S OF R O T A T I N G  DETONATIOFI  WAVE ROCKET  MOTOR# / S I B I L I T Y  S T U D I E  
3 0 0 7 0  YDROGEN-ATOM R E C O M B I N A T I O N  I N  ROCKET N O Z Z L E S *  / A T A L Y S I S  OF H 
3 0 0 3 1  X P E R I M E N T A L  HYDROGEN-FLUORINE ROCKET PERFORMANCE A T  LOW# E 
3 0 9 7 4  THE  NACA/NASA L E /  H I b H  ENEQGY ROCKET  P R O P E L L A N T  RESEARCH A T  
4 0 1 1 1  I O N  OF L I Q U I D  HYDROGEN AT THE  ROCKET P R O P U L S I O N  E S T A B L I S H M E N  
3 0 0 4 1  S OF CONTROLLABLE  HIGH-ENERGY ROCKET P R O P U L S I O N  SYSTEMS#  / I C  
3 0 0 0 3  S M A L L  WATEH-GFAPHITE NUCLEAR ROCKET  STAGES W I T H  C H E N l C A L  U P  
4 0 4 1 6  B Y  VOLUME OF I N S U L A T I O N S  FOR ROCKET TANKS F I L L E D  W I T H  L I Q U I  
3 0 0 0 5  E S T l G A T I O N  OF GASEOUS NUCLEAR ROCKET TECHNOLOGY# I NV 
3 0 0 6 6  A T I O N  OF  COMBUSTOR E F F E C T S  ON ROCKET THRUST CHAMBER PERFORMA 
4 0 5 0 9  M P I N G  L I O U I D  OXY/  A N A L Y S I S  OF ROCKET-POWERED E J E C T O R S  F O R  P U  
30033 POUND-THRUST HYDROGEN-OXYGEN R O C K E T #  /CONCEPTS I N  A 2 0 . 0 0 0 -  
3 3 0 2 5  R R A T E S  FOR A HYDROGEN-OXYGEN ROCKET*  /GAS S I D E  HEAT-TRANSFE 
3 3 0 3 3  ER  R A T E S  I N  A HYDROGEN-OXYGEN ROCKET#  / G A S - S I D E  HEAT-  TRANSF  
3 0 0 1 3  POUND-THRUST HYDROGEN-OXYGEN R O C K E T *  /N SCREECH I N  A 2 0 . 0 0 0  
3 0 0 7 5  ROCKETRY I N  T H E  1 9 5 0  * SY 
3 0 0 3 8  S T A B I L I T Y  I N  HYDRDGEN- CXYGEN ROCKETS#  / O N  ACOUSTIC-MODE I N  
3 0 0 0 7  R HYDROGEN- P R O P E L L E D  NUCLEAR R O C K E T S #  /D  TURBOPUMP U N I T S  F O  
3 0 0 0 2  SS SCREECH I N  HYDROGEN-OXYGEN R O C K E T S #  / T I C  L I N E R S  TO SUPPRE 
1 5 0 4 6  ONOMYY HYDROGEN: I T S  FUTURE R O L E  I N  T H E  N A T I O N ' S  ENERGY E C  
1 0 0 0 3  GAS I N D U S T R Y ' S  R O L E  I N  T H E  NUCLEAR AGE*  
52046 THE HYDROGEN E M B R I T T L E M E /  THE  R O L E  O F  ADSORBED C N  GROUPS I N  
5 2 0 5 4  TRESS-COQFOSION OF A T I T A N I U /  R O L E  O F  HYDROGEN I N  HOT-SALT  S 
5 2 0 4 3  ACK P R O P A G A T I O N  O U R I N /  ON T H E  R O L E  O F  I R O N  D I S S O L U T I O N  I N  CR 
4 3 0 0 9  L A R G E  Q U A N T I T I E S /  R E V E R S l E L E  ROOM TEMPERATURE A B S O R P T I O N  OF  
52055 ESSURE H Y D R P G t N  AT CRYOGENIC.  ROOMI AND E L E V A T E D  TEMPERATURE 
3 0 0 5 4  T MOT/  F E A S I B I L I T Y  S T U D I E S  OF R O T A T I N G  D E T O N A T I O N  WAVE ROCKE 
2 1 0 1  1 ON O F  HYDROGEN W /  PROCEEDINGS ROUND T A B L E  O N  D I R E C T  PRODUCT1 
22219 X I D A T I O N n  A M I N I M U M  P O L L U T  I O N  ROUTE FOR HYDROGEN MANUFACTURE 
2 2 1 2 2  TEMPERATURE REFORMING; A GOOD ROUTE TO F U E L - C E L L  HYDROGEN* / 
2 0 5 0 9  S O L I D  E L E C T R O L Y T E S  OFFER ROUTE TO HYDROGEN* 
1 0 0 8 0  F U E L  FROM WATER B Y  A NUCLEAR ROUTE# HYDROGEN 
2341 1 NEW HYDROGEN RECOVERY ROUTE#  
5 0 3 1 6  F I V E  YEAR L O O K #  PROJECT ROVER L I Q U I O  HYDROGEN SAFETY:  
3 2 0 1  3 CONVERTED I C  E N G I N E  RUNS O N  HYOROGENY 
2 2 6 2 6  I O E  CONVERSION S E C T I O N  A T  THE R U S T A V I  C H E M I C A L  P L A N T S  /MONOX 
10007 E N  HYDROGEN BECOMES T H E  WORLD'S C H I E F  F U E L #  W H 
1 0 0 6 0  F U E L 7 #  HYDROGEN: I T ' S  CLEAN.  BUT  I S  I T  A P R A C T I C A L  
30049 R U S T  / THE DEVELOPMENT OF  THE  S E P R Ht44 E N G I N E :  A 40 K N  T U  
1 0 0 4 6  I T S  FUTURE ROLE I N  T H E  N A T I O N ' S  ENERGY ECONOMY# HYDROGEN: 
34827 FROM S H E L L ' S  F U E L  C E L L  - P O R T A B L E  POWER# 
1 0 0 1 3  HYDROGEN: TOMORROW'S F U E L ? #  
2 2 2 1 7  OROGEN-KEY FACTOR I N  R E F I N I N G ' S  F U T U R E #  H Y  
4 1 0 1 5  AND U e S e  GROUPS SEEK HYDROGEN'S M E T A L L I C  P H A S E #  S O V I E T  
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32009 L #  SURVEY O F  HYDROGEN'S P O T E N T I A L  A S  A  V E H I C U L A R  F U E  
10003 G A S  I N D U S T R Y ' S  R O L E  I N  T H E  N U C L E A R  AGE* 
23604 A V A I L A B L E  I N  STORAGE FOR M A N ' S  U S E #  / T  I N T O  C H E M I C A L  ENERGY 
41015 L L I C  P H A S E *  S O V I E T  A N 0  U e S a  GROUPS S E E K  HYDROGEN'S META 
40408 HYDROGEN TANK I N S U L A T I O N  FOR S - I  I BOOSTER# L I Q U I D  
30075 ROCKETRY I N  T H E  1950'51 
50003 R E F O R M I N G  P L /  D E S I G N  O F  F A I L - S A F E  CONTROL SYSTEMS FOR S T E A M  
50013 HYDROGEY S A F E T Y  P R O B L E M S  AND S A F E T Y  CODES C O N C E R N I N G  L I Q U I D  
50008 I N S T R U C T O R S  G U I D E  E M P H A S I Z I N G  S A F E T Y  I N  COMPRESSED G A S E S  A N D  
50009 G A S E S  AT VERY LOW T E M P E R A T U /  S A F E T Y  I N  T H E  U S E  OF L I Q U I F I E D  
50011 DROGEN# S A F E T Y  I N  T H E  U S E  OF L I Q U I D  H Y  
50014 HYDROGEN S A F E T Y  M A N U A L *  
32020 S T /  L O G I S T I C S .  ECONOMICS.  AND S A F E T Y  O F  A  L I Q U I D  HYDROGEN S Y  
50017 UGESU S A F E T Y  O F  HYDROGEN P R E S S U R E  GA 
50013 E S  CONCERNING L I Q U I D  H Y D R O t E /  S A F E T Y  P R O B L E M S  AND S A F E T Y  COD 
5COO2 EMPERATURE D E S I G N *  S A F E T Y  R E Q U I R E M E N T S  F O R  H I G H - T  
59035 H A N D L I N G  O F  L I Q /  A  P R A C T I C A L  S A F E T Y  S T A N D A R D  F O R  C O M M E R I C A L  
50001 L I Q U E F I E D  HYDROGEN S A F E T Y *  R E V I E W Y  
50016 P R 3 J E C T  ROVER L I Q U I D  HYDROGEN S A F E T Y :  F I V E  Y E A R  L O O K #  
50000 L I Q U E F I E D  HYDROGEN S A F E T Y #  
51002 AND H A N D L I N G  O F  HYDROGEN W I T H  S A F E T Y #  STORAGE 
52054 A N I U /  R O L E  OF HYDROGEN I N  H O T - S A L T  S T R E S S - C O R R O S I O N  OF A  T I T  
23025 D S /  P R O D U C T I O N  O F  HYDROGEN T O  S A T I S F Y  S M A L L  I N D U S T R I A L  OEMAN 
40602 ROGEN TRANSFER SYSTEM F O R  T H E  S A T U R N  A P O L L O  PROGRAM# / I 0  H Y D  
40414 L I Q U I D - H Y D R O G E N  S T A G E S  O F  T H E  S A T U R N  V V E H I C L E #  / S Y S T E M  F O R  
22210 P E D  TO CONSUMERS THROUGH G R I D  S A Y  B I P M  SPOKESMAN* / A N D  B E  PI 
33522 ON O F  HYDROGEN F U E L  I N  A  F U L L - S C A L E  AFTERBURNERR E V A L U A T  I 
13072 S I O N  OF SOLAR ENERGY# L A R G E - S C A L E  C O N C E N T R A T I O N  A N D  CONVER 
22112 AND P R O D U C T I O N  C O S T S  I N  L A R G E - S C A L E  MANUFACTURE O F  HYDROGEN# 
30051 D FLOWS# A C O U S T I C  SCALE-MODEL T E S T S  OF H I G H - S P E E  
34610 E PROCESSES/  P R E S E N T  S T A T E  O F  S C I E N T I F I C  S T U D I E S  ON E L E C T R O O  
30013 F A C E  B A F F L E  C O N F I G U R A T I O N S  ON S C R E E C H  I N  A 20.000 POUND-THRU 
33002 F A C O U S T I C  L I N E R S  TO S U P P R E S S  S C R E E C H  I N  HYDROGEN-OXYGEN ROC 
10019 S O L A R  S E A  POWER# 
34265 TORAGE C E L L S *  S E A L I N G  O F  S I L V E R  O X I D E - Z I N C  S 
40501 B E A R I N G S  AND S E A L S  FOR C R Y O G E N I C  F L U I D S *  
10014 N EC0NOMY"M "SECOND THOUGHTS ON T H E  HYDROGE 
34235 E C T R O L Y T l C  R E G E N E R A T I V E  H2-02 SECONDARY F U E L  C E L L S #  EL 
52020 E N  E M B R I T T L E M E N T :  P R I M A R Y  A N D  SECONDARY I N F L U E N C E S #  / HYDROG 
22626 N D  C A R B O N  MONOXIDE C O N V E R S I O N  S E C T I O N  A T  T H E  R U S T A V I  C H E M I C A  
33038 LOW P R E S S U R E S  I N  A  35 DEGREE SECTOR O F  A  2 8 - I N C H - D I A M E T E R  R 
22185 S E D E R Q U I S T  R A #  
41015 # S O V I E T  AND UeSm GROUPS S E E K  HYDROGEN'S  M E T A L L I C  P H A S E  
2261 9 HYDROGEN: S E L A S  CORP O F  A M E R I C A #  
22186 D U C T I O N  OF B A S l C  C H E M I C A L S  A /  S E L E C T E D  P R O C E S S E S  F O R  T H E  P R O  
40208 PORT P R O P E R T I E S  OF F L U I D S  AND S E L E C T E D  S O L I D S  F @ R  C R Y O G E N I C  
20023 E L E C T R O L Y S I S  C E L L S :  A L K A L I N E /  S E L E C T I O N  O F  E L E C T R O L Y S I S  F O R  
22205 A HYDROCARBONS TO HYDROGEN* S E L E C T I V E  C O N V E R S I O N  O F  N A P H T H  
34218 XYGEN F U E L  C E L L #  S E L F - D  I S C H A R G E  OF A  HYDROGEN-0  
33008 N I N  OXYGENU UPPER S E L F - I G N - I T I O N  L I M I T  O F  HYDROGE 
33000 A S  J E T  I N  A  / A N A L Y S I S  O F  THE S E L F - I G N I T I O N  O F  A  T U R B U L E N T  G 
40417 O F  THERMAL S T R A T I F I C A T I O N  AND S E L F - P R E S S U R I Z A T I O N  I N  A L I Q U I  
40413 E C T  O F  S I Z E  ON N D R M A L - G R A V I T Y  S E L F - P R E S S U R I Z A T I O N  O F  S P H E R I C  
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2 3 0 0 6  ATORW S E L F - R E G U L A T I N G  HYDROGEN GENER 
33046 I N E  M I X T U R E S a  I V .  E Q U A T I O N  O F  SEMENOV AND FRANK-KAMENETSKY A 
23653 I C A L  P H O T O L Y S I S  OF WATER A T  A S E M I C O N D U C T O R  E L E C T R O D E #  /CHEM 
34508 I D I C  O S C I L L A T O R  AS A H U M I D I T Y  SENSOR FOR A HVDROGEN-STEAM M I  

40309 T H I  N-F I L M  HYDROGEN S E N S O R *  
40 30 2 T E S T  O F  L I Q U I D - L E V E L  S E N S O R S  AND F I S S I O N  C O U P L E S #  
34806 E R G Y  B Y  E L E C T R O L Y S I S  OF WATEReSEPARATE STORAGE O F  COMPRESSED 
23435 FROM GASEOUS M I X /  PROCESS F O R  S E P A R A T I N G  GASEOUS COMPONENTS 
2 3 4 C 8  O F  C O  AND H Z  B Y  P E R M E A T I O N  T /  S E P A R A T I O N  OF B I N A R Y  M I X T U R E S  
23434 ROGEN FROM A METHANE-HYDROGE/ S E P A R A T I O N  O F  CONCENTRATED H Y D  
22153 T I  ONS OF THE P U R I F I C A T I O N  AND S E P A R A T I O N  O F  GASESW / A P P L I C A  
23439 H E R  G A S E S #  S E P A R A T I O N  O F  HYDROGEN FROM OT 
34507 ROM F U E L  C E L L S  B Y  D I F F U S /  T H E  S E P A R A T I O N  OF R E A C T I O N  WATER F 

23430 OGEN# S E P A R A T I O N  P L A N T  FOR P U R E  HYDR 
2 2 6 2 4  A I R  AND GAS S E P A R A T I O N  P L A N T S #  
22605 B Y  R E G E N E R A T I V E  COKE-OVEN GAS S E P A R A T I O N #  CHEAP HYDROGEN 
30047 L I Q U I D  OXYGEN AND HYDROG/ THE S E P R  R O C K F T  E N G I N E  - UM4 W I T H  
40007 C D A T A  C E N T E R *  A N  I N F O R M A T I O N  S E R V I C E  I N  T H E  F I E L D  OF CRYOGE 
3 4 6 4 6  O N  A N D  B E H A V I O R  I N  C O N T I N U O U S  S E R V I C E  O F  R A N E Y - Y  P R E P A R A T I  
42000 N P I P I N G  S Y S T E M S  FOR HYDROGEN S E R V I C E *  HOW TO D E S I G  
40004 U OF S T A N O A /  P U B L I C A T I O N S  AND S E R V I C E S  OF T H E  N A T I O N A L  BUREA 
2 3 2 0 9  F HYDROGEN P H O T O P R O D U C T I O N  I N  S E V E R A L  ALGAE I I a  T H E  C O N T R I B U  
27208 F HYDROGEN P H O T O P R O D U C T I O N  B Y  S E V E R A L  A L G A E  1 1 1  T H E  E F F E X T  D 
3 0 C 3 0  G E N - F L U G R I N E  R O C K F T  E N G I N E  AT S E V E R A L  CHAMBER P R E S S U R E S  AND 
30013 O N F I G /  S T A B I L I Z X N G  EFFECTS OF S E V E R A L  I N J E C T O R  F A C E  B A F F L E  C 
22172 O K I N E T I C S  3F T H E  P Y P O L Y S I S  OF S H A L E  O I L  I N  A F L U l D I Z E O  B E D #  / 
34640 O F  P R E O X I D A T I O N  AND M E N I S C U S  S H A P E  C N  T H E  HYDROGEN-PLATINUM 
5 2 3 1 5  R R I T T L F M E N T  S U S C E P T I B I L I T Y  OF SHEET M A T E R I A L S *  / H Y D 9 0 G E N  EM 
5 2 0 0 3  Y S I S  OF HYDROGENLTEO T A N T A L U M  S H E E T #  P E T C H  A N A L  
34827 OWERd FROM S H E L L ' S  F U E L  C E L L  - P O R T A B L E  P 
221 76 S Y S T E M X  WATER GAS S H I F T  C O N V f  R T E R  AND F U E L  C E L L  
22195 D D U C T I O W  E Q U I P M E N T  B Y  H I T A C H I  S H I P B U I L D I N G  COMPANY# /OGEN P R  
33G65 I O N  OF D E T O N A T I O N  B Y  I Y C I D E N T  SHOCK WAVES I N  HYDROGENOXYGEN- 
33064 R E A C T I O N  B E H I N D  S T E A D Y  S T A T E  SHOCK WAVES* A P P L I C A T I O N  T C  T H  
3 3 0 6 6  H Y /  C H E M I C A L  K I N E T I C S  OF T H E  S H O C K - I N T E G R A T E D  COWBUSTION OF 
5001 2 HYDROGEN P L A N T  SHUTDOWNS REDUCED# 
30015 GY R E V /  HYDRQGEN-OXYGEN S P A C E  S H U T T L E  A C P S  THRUSTER TECHNOLO 
3 C Q 1 8  A P U ) #  S P A C E  S H U T T L E  A U X I L I A R Y  POWER U N I T  ( 

3001 4 SPACE S H U T T L E  E N G I N E S  
3 4 8 4 4  ROGRAMff S T A T U S  OF S H U T T L E  F U E L  C E L L  TECHNOLOGY P 

3001 7 Y P R O P U L S I  ON SUBSYSTEM/  SPACE S H U T T L E  H I G H  PRESSURE A U X I L I A R  
3 0 0 2 1  Q F 3 R M A N C E  E S T I M A T E S  FOR S P A C E  S H U T T L k  V E H I C L E S  U S I N G  A HYDRO 
3 0 0 1 9  I A R Y  POWER U N I T  F O R  THE S P A C E  S H U T T L E a  VOLUME I: SUMVARY# /L 
30016 I A R Y  P R O P U L S I O N  F 3 R  T H E  S P A C E  S H U T T L E a  VOLUME 2: LOW PRESSUR 
4 3 6 0 4  EM* C R Y O G E N I C  L I Q U I D  D I S T R I R /  S H U T T L E :  R E A C T I O N  CONTROL S Y S T  
3 3 3 2 0  U X I L I A W Y  POWER U N I T  F O R  S P A C E  S H U T T L E *  A N  H Z - 0 2  A 
33030 R E N T I A L  V A Q I A T I O W S  OF H O T - G A S - S I D E  H E A T -  T R I N S F E R  R A T E S  IN A 
3 3 C 2 6  HYDROGEN-OXYGEN ROC/ C O O L A N T - S I D E  H E A T - T R A N S F E R  R A T E S  FOR A 
3 3 0 2 5  N T A L  I N V E S T I G A T I O N  OF HOT-GAS S I D E  H E A T - T R A N S F E R  R A T E S  FOR A 
2 3 4 9 9  S T E A M  R E F O R M I N G  AND MOLECULAR S I E V E  A D S O R P T I O N #  / B T A I N E D  B Y  
2 3 4 5 0  OGEN G A S  G E N E R A T I O N  MOLECULAR S t E V F S #  / DEVCLOPMENTS I N  HYDR 
22638 N D  1 -RUTENE W I T H  S T E A M  OVER A S I L I C A - S U P P O R T E D  N I C K E L  C A T A L Y  
34635 C O N I A  E L E C T R O L Y T E  AND N I C K E L -  S I L V E R  A L L O Y  ANOOEff / L I Z k D  Z I R  
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3461 3 C H A R A C T E R I S T I C S  13F P A L L A D I U M - S I L V E R  ANODE O N  I M P U R E  HYDROGE 
34265 S #  S E A L I N G  OF S I L V E R  O X I D E - Z I N C  STORAGE C E L L  
4351 3 CODLOOWN T I M E  FOR S I M P L E  C R Y O G E N I C  P I P E L I N E S *  
43006 D R I D E S F  P U R E  AND S I M P L E :  S T O R I N G  HYDROGEN I N  HY 
33327 S N  OF HYDFOGEN AND M E T H A N E  T O  S I M U L A T E  E X P A N S I O N  OF S T O R A B L E  
33033 T E S T S  W I T H  HYDROGEN F U E L  I N  A S I M U L A T E D  A F T E R B U R N E R *  
34273 GE I N  A LOW-TEMPERATURE. CON/ S I M U L A T E D  HYDROGEN CROSS-LEAKA 
41 013 R A T D R Y #  M E T A L L I C  HYDROGEN: S I M U L A T I N G  J U P I T E R  I N  THE L A B 0  
22633 DROGEN AND OF A HYDROGEN- CA/  S I M U L T A N E O U S  MANUFACTURE O F  H Y  
221 63 S Y N T H E S I  S GAS AND HYDROGEN# S I M U L T A N E O U S  PRODUCT I O N  OF O X 0  
34267 X P E R I M E h T A L  E V A L U A T I O N  O F  THE S I N G L E - C E L L  CONCEPT FOR A L I G H  
42004 HYDROGEN SYSTEMS AT CONSUMER S I T E S #  S T A N D A R D  F O R  GASEOUS 
34847 F HYDROGEN I N  ELECTROCHEM/ I N  S I T U  P P E P A R A T I O N  AND CONTROL 0 
3421 3 M E T H A N O L  I N - S I T U  R E F O R M I V G  F U E L  C E L L S #  
23019 WATER E L E C T R O L Y S I S  S Y S T E M S  F/ S I X - M O N T H  T E S T  PROGR6M C F  TWO 
40413 E S S U R I Z A T I O N  OF S P /  E F F E C T  C F  S I Z E  O N  N O R M A L - G R A V I T Y  S E L F - P R  
34643 E N  E L E C T R O D E  AND / T H E  N I C K E L  S K E L E T A L  C A T A L Y S T  R A S E D  HYDROG 
41008 5 F O R  L U N A R  AND I N T E R P L A N E T A /  S L U S H  AND SUBCVOLED P R O P E L L A N T  
41002 VOLUME I: A STUDY OF HYDROGEN S L U S H  AND/OR HYDROGEN G E L  U T I L  
41003 (1 HYDROGEN-SLUSH D E N S I T Y  R E F E R E N C E  S Y S T E M  
41C10 # S L U S H  HYDROGEN C H A R A C T E R I S T I C S  
41C09 E R I S T I C S  U S I N G  A C E N T R I F U G A L /  S L U S H  HYDROGEN P U M P I N G  C H A R A C T  
41001 E S E A R C H  SYSTEM F O R  L I Q U I D  AND S L U S H  HYDROGEN# FLOW R 
41000 T H E  C H A R A C T E R I Z A T I O N  S T U D Y  O F  S L U S H  HYDROGEN* A SUMMARY O F  
41034 R A G E  AND TRANSFER OF HYDROGEN S L U S H #  / N S T R U M E N T A T I O N  FOR S T 0  
30355 D E S I G N  AND F A B R I C A T I O N  OF S M A L L  H 2 / 0 2  E N G I N E S d  
23325 U C T I O N  O F  HYDROGEN TO S A T I S F Y  S M A L L  I N D U S T R I A L  DEMANDS* /ROD 
33036 M B U S T I O N  AND H E A T  T R A N S F E R  I N  S M A L L  ROCKET CHAMBER R U R N I N G L I  
30071 U S T I O N  AND H E A T  TRANSFER I N  A S M A L L  ROCKET CHAMBER B U R N I N G  L 
40308 FOR L I Q U I D  HYDROGEN* S M A L L  T U R B I N E - T Y P E  FLOWMETERS 
30003 O C K E T  STAGES Y/ C O M P A R I S O N  OF S M A L L  WATER-GRAPHITE N U C L E A R  R 
32003 N #  P E R R I S  SMOGLESS A U T O M O H I L E  A S S O C I A T I O  
10G84 SOURCES ON A P O S T - I N D U S T R I A L  S O C I E T Y #  ENERGY 

10010 " T H F  H 2 I  NDENBURG S O C I E T Y " #  
23016 S /  R E A C T I O N  O F  A L U M I N U M  W I T H  S O D I U M  H Y D R O X I D E  S O L U T I O N  AS A 
34806 C T R O L Y S I S  OF WATE/ STORAGE OF S O L A R  E L E C T R I C A L  ENERGY BY E L E  
23602 E E F F I C I E N C Y  O F U T I L I Z A T I O N  O F  SOLAR ENERGY B Y  T H E  D E C O M P O S I T  
I ooag A TOWER T C ~ P  FOCUS SOLAR ENERGY COLLECTOR# 
10070 AND B I O L O G I C A L *  OUR S O L A R  ENERGY O P T I O N S :  P H Y S I C A L  
10C86 T H E  C O M I N G  ENERGY C R I S I S .  AND SOLAR ENERGY*  
10072 N C E N T R A T I O N  AND C O N V E R S I O N  O F  SOLAR ENERGY* L A R G E - S C A L E  C O  
I0083 S O L A R  POWER# 
10019 SOLAR SEA POWER# 
10075 E C O N O M I C  C O M P A R I S O N  O F  TWO SOLAR/HYDROGEN CONCEPTSW 
41C12 THERMAL C O N D U C T I V I T Y  O F  S O L I D  AND L I Q U I D  PARAHYDROGEN# 
20509 T O  HYDROGEN# S O L I D  E L E C T R O L Y T E S  O F F E R  R O U T E  
22011 A V E  D I S C H A R G /  G A S I F I C A T I O N  OF S O L I D  F O S S I L  F U E L S  I N  A M I C R O W  
41018 A B L E  P R O P E L L A N T - - A  P R E L l M I N A /  S O L I D  HYDROGEN A S  A S P A C E  S T O R  
45304 A L I T Y  D E T E R M I N A T I O N  O F  L I Q U I D - S O L 1 0  HYDROGEN M I X T U R E S #  QU 
41 007 A L I T Y  D E T E R M I N A T I O N  OF L I Q U I D - S O L I D  HYDROGEN M I X T U R E S *  OU 
23420 MBRANESX RESEARCH S T U D I E S  ON S O L I D  HYDROGEN P U R I F I C A T I O N  ME 
41006 T H E R M O P H Y S I C A L  P R O P E R T I E S  OF S O L I D  HYDROGENY / T I C S  AND B U L K  
41005 R T H E  T R I P L E  P O I N T W  L I Q U I D - S O L I D  M I  X T U  E S  O F  HYDROGEN N E A  

- i- 'n, P 
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4021 1 M E C H A N I C A L  P R O P E R T I E S  O F  S O L I D  PARA-HYDROGEN A T  4 o 2 K #  
2 0 5 1 0  R E L E /  HYDROGEN G E N E R A T I O N  B Y  S O L I D  POLYMER E L E C T R O L Y T E  WATE 
70504 wVOFO'IEN F U E L  P R O D U C T I O N  W I T H  S O L I D  POLYMER*  E L E C T R O L Y T I C  
40213 N /  H E A T  TRANSFER TO S U B L I M I N G  S O L I D - V A P O R  M I X T U R E  O F  HYDROGE 
4 C 2 0 8  E R T I E S  O F  F L U I D S  AND S E L E C T E D  S O L I D S  F O R  C R Y O G E N I C  A P P L I C A T I  
52035 YOROGE/ T H E R M O D Y N A M I C S  OF T H E  S O L U B I L I T Y  AND P E R M E A T I O N  O F  H 
23016 L U M I N U M  W I T H  S O D I U M  H Y D R O X I D E  S O L U T I O N  A S  A SOURCE O F  HYDROG 
10015 TOWNS P L A C E D  ON ENERGY C R I S I S  S O L U T I O N  L I S T n #  /ROGEN-HEATED 

'SOME ' N O T  I N D E X E D  
2 1 0 2 7  S #  HYDROGEN SOUGHT V I A  THERMOCHEMICAL MEAN 
22009 G A S I F I C A T I O N ;  A R E D I S C O V E R E D  SOURCE O F  C L E A N  F U E L C  
43011  R D P U L S I O /  M E T A L  H Y D R I D E S  A S  A SOURCE O F  F U E L  FOR V E H I C U L A R  P 
2 0 5 0 3  E L E C T R O L Y S I S  A S  A SOURCE O F  HYDROGEN A N D  O X Y G E N #  
4 3 0 0 0  M E T A L  H Y D S I O E S  A S  A SOURCE O F  HYDROGEN F U E L #  
23016 O D I U M  H Y D R O X I D E  S O L U T I O N  A S  A SOURCE O F  HYDROGEN* /UM W I T H  S 
34830 D R O C A R B O N - A I R  F U E L  C E L L  POWER SOURCE* 5-KW H Y  
1 0 0 2 5  D R 3 G E N  F U E L  U S E  C A L L S  FOR NEW SOURCE* H Y 
23019 R E S E R V E  E L E C T R O C H E M I C A L  POWER SOURCE*  S T U D Y  OF M U L T I P L E  
34805 R E S E R V E  E L E C T R O C H E M I C A L  POWER SDURCEY S T U D Y  OF M U L T I P L E  
1 0 0 2 9  E R E N C E T O  F U S I O N  A S  T H E  ENERGY SOURCE*  /M W I T H  P A R T I C U L A R  R E F  
3 4 0 1  8 HYDROGEN SOURCES F O R  F U E L  C E L L S *  
10084 O C I E T Y U  ENERGY SOURCES ON A P O S T - I N D U S T R I A L  S 
34014 C O M P L E T E  POWER SOURCES* 
41015 DROGEN'S  M E T A L L I C  P H A S E #  S O V I E T  AND U s  Sa GROUPS S E E K  H Y  
3 4 8 1 5  E N  C Y C L E  F U E L  C E L L  S Y S T E M  FOR SPACE A P P L I C A T I O N S *  O P  
30011 N E N G I N E #  HYDROGEN-OXYGEN S P A C E  POWER XNTERNAL-COMBUST10 
30059 E L O P M E N T  O F  A HYDROGEN-OXYGEN S P A C E  POWER S U P P L Y  S Y S T E M *  / E V  
30073 E N  I N T E R N A L  C O M B U S T I O N  E N G I N E  S P A C E  POWER SYSTEM* /OGEN-OXYG 
30015 CHNOLOGY R E V /  HYDROGEN-OXYGEN S P A C E  S H U T T L E  ACPS T H R U S T E R  T E  
30018 U N I T  ( A P U b *  SPACE S H U T T L E  A U X I L I A R Y  POWER 
3001 4 S P A C E  S H U T T L E  E N G I N E *  
30017 X I L I A R Y  P R O P U L S I O N  SUBSYSTEM/  S P A C E  S H U T T L E  H I G H  P R E S S U R E  A U  
3 0 0 2 1  H/ PERFORMANCE E S T I M A T E S  FOR SPACE S H U T T L E  V E H I C L E S  U S I N G  A 
30016 A U X I L I A R Y  P R O P U L S I O N  FOR THE S P A C E  S H U T T L E S  VOLUME 2: LOW P 
30019 A U X I L I A R Y  POWER U N I T  FOR THE S P A C E  S H U T T L E *  VOLUME I :  SUMMA 
3 0 0 2 0  2-02 A U X I L I A R Y  POWER U N I T  FOR S P A C E  S H U T T L E *  AN H 
41018 R E L I M I N A /  S O L I D  HYDROGEN A S  A S P A C E  S T O R A B L E  PROPELLANT- -A  P 
51007 ARDS D U E  T O  HYDROGEN A B O A R D  A S P A C E  V E H I C L E *  H A  Z 
4 0 4 0 3  STORAGE OF L I Q U I D  HYDROGEN I N  S P A C E  V E H I C L E  # / D E R A T I O N S  F O R  
4 0 1 0 8  C A L  THERMODYNAMIC C Y C L E  F O R  A S P A C E -  BORNE HYDROGEN R E L I O U E F  
30039 HE A I R  B R E A T H I N G  E N G I N E S  O F  A SPACE-CRAFT L A U N C H  V E H I C L E #  / T  
34808 YDROGEN-OXYGEN F U E L  C E L L S  FOR S P A C E Y  P R I M A R Y  H 
2001 9 A T E R  E L E C T R O L Y S I S  SYSTEMS FOR S P A C E C R A F T  C A B I N  OXYGEN GENERA 
3 4 2 6 9  ADVANCED S P A C E C R A F T  F U E L  C E L L  S Y S T E M S #  
34823 OWERPLANT O P E R A T I O N  I N  A P O L L O  S P A C E C R A F T *  F U E L  C E L L  P 
2263+ I T Y  HYDROGEN FROM B U T A N E  W I T H  S P E C I A L  R E F E R E N C E  TO M A T E R I A L S  
33004 P O P I C  E X P O N E N T S  F O R  CONSTANT/  S P E C I F I C  H E A T  R A T I O S  AND I S E N T  
40416 T H E  T H E R M A L  C O N D U C T I V I T Y .  T H E  S P E C I F I C  H E A T A N D  THE W E I G H T  B Y  
30033 A 20.000- POU/  E V A L U A T I O N  OF S P E E C H  S U P P R E S S I O N  CONCEPTS I N  
30051 T I C  S C A L E - Y O D E L  T E S T S  O F  H I G H - S P E E D  FLOWSY ACOUS 
40507 S / E X P E R I M E N T A L  STUDY OF LOW-SPEED O P E R A T I N G  C H A R A C T E R I S T I C  
4 0 4 0 2  -HYDROGEN F U E L  T A N K S  I N  H I G H -  SPEED. LONG-RANGE A I R C R A F T *  / D  
40413 R A V I  TY S E L F - P R E S S U R I Z A T I O N  O F  S P H E R I C A L  L I Q U I D  HYDROGEN T A N K  
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21016 TECHNOLOGY F O R  N U C L E A R  WATER S P L I T T I N G #  / E M I C A L  A N D  N U C L E A R  
22210 NSUMERS THROUGH G R I D  S A Y  B I P M  SPOKESMAN# / A N D  B E  P I P E D  TO CO 
30058 E S  FROM 100 TO 300 POUNDS PER SQUARE I N C H  A B S O L U T E #  I P R E S S U R  
5 2 0 3 8  P R E /  E N H A N C E D  F L A W  GROWTH I N  S S E  M A I N  E N G I N E  A L L O Y S  I N  H I G H  
30036 U S T  P E R  E L E M E N T  O N  C O Y B U S T I O N  S T A B I L I T Y  C H A R A C T E R I S T I C S  OF H 
3 0 0 3 7  F COMBUSTOR P A R A M E T E R S  ON THE S T A B I L I T Y  O F  GASEOUS HYDROGEN- 
33064 O S I T I O N  L I M I T S  AND T R A N S V E R S E  S T A B I L I T Y  O F  GASEOUS D E T O N A T I O  
34635 E AND N I C K E L - /  FUEL C E L L  W I T H  S T A B I L I Z E D  Z I R C O N I A  E L E C T R O L Y T  
30013 I N J E C T O R  F A C E  B A F F L E  C O N F I G /  S T A B I L I Z I N G  E F F E C T S  O F  S E V E R A L  
3 4 8 1 0  OF OXYGEN-HYDROGEN F U E L  C E L L /  S T A B I L I Z I N G  T H E  N O M I N A L  POWER 
51005 D H I G H  F L O W  I/ HYDROGEN F L A R E  S T A C K  D I F F U S I O N  F L A M E S :  LOW A N  
5CC G 7 HYDROGEN V E N T  F L A R E  STACK PERFORMANCE*  
3 4 2 6 4  KW HYDROGEN-OXYGEN F U E L  C E L L  S T A C K S *  / S E S S M E N T  T E S T I N G  OF 2 
30009 YDROG/ I N V E S T I G A T I O N  O F  E I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  FOR H 
3 0 0 0 8  Y/ I N V E S T I G A T I O N  O F  T H E  F I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  FOR H 
40105 HYDROGEN L I Q U E F I E D  W I T H  T*O-STAGE C O N V E R S I O N  F 3 R  P R O D U C T 1 0  
30009 11: E X P E R I M E N T A L  O V E R A L L  AND S T A G E  GROUP P E R F O R M A N C E  DETERM 
3 0 0 2 2  STUDY O F  F U E L S  F O R  THE F I R S T  S T A G E  OF AN A T M O S P H E R I C  BOOSTE 
3 1 0 0 8  F O R  D I R E C T  C O O L I N G  O F  A F I R S T - S T A G E  T U R B I N E  S T A T O R #  /N F U E L  
30021 L E D  T U R B O R A M J E T  POWERED F I R S T  S T A G E #  /ROGEN OR A M E T H A N E  F U E  
3 3 0 2 5  H f G H  ENERGY UPPER S T A G E S  F O R  E L D O  V E H I C L E S #  
30003 E T  S T A G E S  W I T H  C H E M I C A L  UPPER S T A G E S  FOR UNMANNED M I S S I O N S #  / 
40414 ON S Y S T E M  FOR L I Q U I D - H Y D R ' I I G E N  S T A G E S  OF T H E  S A T U R N  V V E H I C L E  
3 0 0 3 3  W A T F R - G R A P H I T E  N U C L E A R  ROCKET S T A G E S  W I T H  C H E M I C A L  UPPER S T A  
30038 N T A L  PERFORMANCE O F  F I R S T  TWO S T A G E S #  / T U R B I N E  AND E X P E R I M E  
3 0 C 4 8  YDROGEN I N  T H E  I D E A L  S T A T E  A T  S T A G N A T I O N  TEMPEf iATURE.5 UP T O  
3 3 0 5 9  C O M B U S T I O /  G E N E R A T I O N  O F  H I G H  S T A G N A T I O N  T E M P E R A T U R E S  B Y  P R E  
5 2 0 2 6  L H A  I Q O N .  4130 S T E E L .  AND 3 C 4  S T A I N L E S S  S T E E L  FROM L E S S  T H A N  
5 2 0 3 7  E N  EMFJRITTLEMENT O F  T Y P E  3 0 4 L  S T A I N L E S S  S T E E L #  /G A N D  HYDROG 
5 2 0 5 2  HYDROGEN E M R R I T T L E M E N T  I N  410 S T A I N L E S S  S T E E L #  / R A C K I N G  AND 
5 2 0 2 2  N I C A L  B E H A V I O R S  OF A U S T E N I T I C  S T A I N L E S S  S T E E L S *  / C T I N G  MECHA 
52010 T R A N S F O R M A T I O N S  I N  T Y P E  334L S T A I N L E S S  S T E E L S #  /DUCED P H A S E  
3 0 0 2 3  L D O  B L A U N C H I N G  S Y S T E M  W I T H  A STANDARD E N G I N E  O F  6 - 8  T O N S  O F  
50035 NG OF L I Q /  A P R A C T I C A L  S A F E T Y  STANDARD F O R  C O M M E R I C A L  H A N D L I  
4 2 0 0 4  S Y S T E M S  A T  CONSUMER S I T E S #  STANDARD FOR GASEOUS HYDROGEN 
4 0 0 0 4  C E S  OF THE N A T I O N A L  B U R E A U  OF S T A N D A R D S *  C R Y O G E N I C S  D I V I S I O N  
3 2 0 1 8  WERED C A P S  MAY B E A T  P O L L U T I O N  S T A N D A R D S #  HYDROGEN-PO 
3 4 8 4 3  AUTOMATED E L E C T R I C A L  S T A R T  FOR J P 4 - A I R  S Y S T E M S #  
2 2 1 7 3  S FOR P R E P A R I N G  P U R E  HYDROGEN S T A R T I N G  FROM HYDROCARBONS# / E  
4 0 2 0 4  S E  HYOROGFN* E a U A T l O N  OF S T A T E  AND P H A S E  D I A G R A M  O F  DEN 
300448 (rASEOUS HYDROGEN I N  T H E  I D E A L  S T A T E  A T  S T A G N A T I O N  TEMPERATUR 
34610 E L E C T R O D E  P S O C E S S E S J  P R E S E N T  S T A T E  OF S C I E N T I F I C  S T U D I E S  O N  
33033 EOUS HVDROGEN A N D #  S T E A D Y - S T A T E  ROCKET C O M B U S T I O N  O F  G A S  
33064 OXYGEN R E A C T I O N  B E H I N D  S T E A D Y  S T A T E  SHOCK WAVES. A P P L I C A T I O N  
3 4 2 6 1  U E L  C E L L  R E S E A R C H  AT OKLAHOMA S T A T E  U N I V E R S I T Y #  F 
3 4 2 6 2  R S I O N  A N D  STORAGE A T  OKLAHOMA S T A T E  U N I V E R S I T Y #  /NERGY CONVE 
2 2 1 3 9  F A C T U R E  OF HYDROGEN I N  I M P U R E  S T A T E #  MANU 
40006 L U I D  P R O D U C T I O N  I N  T H E  U N I T E D  S T A T E S *  T R E N D S  I N  C R Y O G E N I C  F 
20016 / S T A T U S  OF T H E  L I F E  S Y S T E M '  S T A T I C  F E E D  WATER E L E C T R O L Y S I S  
3 4 5 0 5  T FOR HYDROGEN-OXYGEN C A P I L L /  S T A T I C  M O I S T U R E  REMOVAL CONCEP 
3 1 0 0 8  L I N G  O F  A F I R S T - S T A G E  T U R B I N E  S T A T O R #  /N  F U E L  FOR D I R E C T  COO 
2 2 1 2 4  # HYDROGEN P L A N T S  T A K I N G  NEW S T A T U Q E  IN R E F I N I N G  O P E R A T I O N S  
3 4 2 5 0  S 1  F U E L  C E L L S  P R E S E N T  S T A T U S  AND D E V E L O P M E N T  P R O B L E M  
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3 4 ' 3 2  9 F U E L  C E L L S  - T H E I R  S T A T U S  A N 0  F U T U R E  '3UTLOOKY 
34844 CHNOLOGY PROGRAM# S T A T U S  OF S H U T T L E  F U E L  C E L L  T E  
20316 T I C  F E E O  WATER E L E C T R O L Y S L S  / S T A T U S  O F  T H E  L I F E  S Y S T E M '  S T A  
31042 HYDROGEN COMPONENT TECHNOLOGY S T A T U S *  OXYGEN/ 
3 3 0 6 4  DROGEN-OXYGEN R E A C T I O N  B E H I N D  STEADY S T A T E  SHOCK WAVES. A P P L  
3 3 0 3 3  O F  GASEOUS HYDROGEN AND* S T E A D Y - S T A T E  R O C K E T  C O M B U S T I O N  
2 2 1 9 6  G A S  AND I T S  M I X T U R E S  W I T H  HY/  STEAM C O N V E R S I O N  O F  L I Q U E F I E D  
3 4 5 0 8  U M I D I T Y  SENSOR FOR A HYDROGEN-STEAM M I X T U R E *  / I L L A T O R  A S  A  H 
33016 S OF HYDROGEN-OXYGEN-NITROGEN-STEAM M I X T U R E S #  / B U S T I O N  L I M I T  
2 2 1 4 4  S  AND OTHER T E C H N I /  T H E  I C I S T E A M  N A P H T H A  R E F O R M I N G  PROCES 
2 2 6 3 8  . E T H Y L E N E .  A N 0  I - B U T E N E  W I T H  STEAM OVER A S I L I C A - S U P P O R T E D  
22203 A R B O N S  W I T H  S T E A M  TO O B T A I N  / S T E A M  P H A S E  C R A C K I N G  O F  HYOROC 
2 2 1 7 8  D V E P  / H Y D R 3 G E N  G E N E R A T I O N  B Y  STEAM R E F G R M A T I O N  OF N-HEXANE 
2 2 6 3 0  M E M P L O Y I N G  CQAL A S  F U E L  I N  A  STEAM REFORMER* S Y S T E  
2 2 1 2 6  I M P R O V I N G  R E L I A B I L I T Y  OF STEAM REFORMERS* 
23439 TRA-PURE HYDROGEN O B T A I N E D  B Y  STEAM R E F O R M I N G  AND MOLECULAR 
2 2 1 5 2  C R Y S T A L L I N E  A L U M I N I ) S I L I C A T E /  STEAM R E F O R M I N G  O F  H E X A N E  W I T H  
2 2 1 9 C  T I C  C O M P O S I T I O N S  USED FOR THE STEAM R E F O R M I N G  O F  HYDROCARBON 
2 2 6 2 9  F E E D S T O C K S #  STEAM R E F O R M I N G  O F  HYDROCARBON 
221 47  C C A R B J N S U  C A T A L Y T I C  STEAM R E F G R M I N G  O F  L I Q U I D  HYDR 

2 2 1 5 7  C A T A L Y T I C  STEAM R E F O R M I N G  OF N A P H T H A #  
2 2 1 C  9 ROCAPRONSC STEAM R E F U R M I N G  P A R b F F l N I C  H Y D  
5 0 0 0 3  F A I L - S A F E  CONTROL SYSTEMS FOR S T E A Y  R E F O R M I N G  P L A N T S #  /N O F  
2 2 1 3 2  P R O D U C T I O N  OF S /  HYDROCARBON STEAM R E F O P M I N G *  I N  TUBES.  FOR 

2 2 1 5 1  I N C W  HYDROGEN STEAM R E F O R M I N G :  C  E I / G I R D L E R  
22102 W C O R P O R A T I O Y *  XYDHOGENI S T E A M  R E F O R M I N G :  F O S T E R  WHEELE 
2 2 1 2 7  HYDKOGEN, STEAM R E F O R M I N G #  
221 (30 HYDROGEN P R O D U C T I O N  B Y  STEAM R E F O R M I N G #  
2 2 2 0 6  HYDROGEN B Y  STEAM R E F O R M I N G *  
22189 TURE O F  A  REFORMABLE F U E L  AND STEAM TO A H Y D R O G E N - C O N T A I N I N G  
2 2 2 0 3  C R A C K I N G  O F  HYDROCARBONS W I T H  S T E A M  TO O B T A I N  HYDROGEN-CONTA 
2 2 6 4 2  G E N  FROM HYDROCARBDN G A S E S  B Y  STEAM- O X Y G E N  C O N V E R S I O N  I N  A  
2 2 6 3 6  HYDROGEN B Y  STEAM-METHANE R E F O R M I N G #  
22607  STEAM-METHANE R E F O R M I N G #  
2 2 6 1 2  C A S E  H I S T O R Y :  F A l L U R E S  I N  A  STEAM-METHANE PEFORMER F U R N A C E  
22033 O F  A  M I X T U R E  O F  HYDROGFN AND S T E A M #  P R O D U C T I O N  
33037 B E /  C O M B U S T I O N  I N S T A B I L I T Y  I N  S T E E L  AND A B L A T I V E  R O C K E T  CHAM 
5 2 0 4 9  M E N T S  ON T H E  E M B R I T T L E M E N T  OF S T E E L  AT H I G H  R E S I S T A N C E  B Y  HY 
52044 Y T H I N  M E T A L L I /  P R O T E C T I O N  O F  S T E E L  FROM HYOROGEN C R A C K I N G  B 
52026 4130 S T E E L .  AND 304 S T A I N L E S S  S T E E L  FROM L E S S  T H A N  600 C TO 
52024 N GAS*  E M B R I T T L E M E N T  D F  T R I P  S T E E L  I N  H I G H - P R E S S U R E  HYDROGE 
52006 R T H E  A N A L Y S I S  O F  HYDROGEN I N  S T E E L  P A R T S *  / MEASUREMENTS F O  
52021 I M I N A T I /  HYOROGEN MOVEMENT I N  S T E E L - E N T R Y *  D I F F U S I O N I  AND E L  
5 2 0 2 6  T I O N  THROUGH A L L H A  IRON,  4130 STEEL,  AND 3 0 4  S T A I N L E S S  S T E E L  
5 2 0 0 4  HYDROGEN E M B R I T T L E M E N T  OF S T E E L #  
5 2 0 2 3  B R I T T L E M E N T  S T U D I E S  OF A  T R I P  S T E E L #  HYDROGEN E M  
52051 OF HYDROGEN E M B R I  T T L E M E N T  I N  S T E E L #  THE M E C H A h I S M  
52035 C A T H O D I C  HYDROGEN B Y  I R O N  AND S T E E L #  A B S O R P T I O N  O F  
52046 T H E  HYDROGEN E M B R I T T L E M E N T  OF S T E E L *  / A D S O R B E D  C N  GROUPS I N  
5 2 0 3 7  L E M E N T  O F  T Y P E  304L S T A I N L E S S  S T E E L #  / G  AND HYDROGEN E M R R I T T  
52007 RESSURE:  C A S E  O F  35 N l C R M O  16 S T E E L #  / L S  BY HYDROGEN UNDER P 
52052 M B P I T T L E H E N T  I N  410 S T A I N L E S S  S T E E L #  / R A C K I N G  AND HYDROGEN E 
52049 URE: T H E  C A S E  O F  35  N I C R M O  16 S T E E L #  / Y  HYDROGEN U N D E R  P R E S S  

r'o r-7 
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52007 M B R I T T L E M E N T  O F  H I G H - S T R E N G T H  S T E E L S  B Y  HYDROGEN U N D E R  P R E S S  
52001 N T H E  S U S C E P T I B I L I T Y  O F  A L L O Y  S T E E L S  TO C A D M I U M  P L A T I N G  ( H Y D  
52019 F O R  HYDROGEN E M B R I T T L E M E N T  OF S T E E L S  U S ~ D  I N  T H E  T A N K  FARM C 
52027 N E M B R I T T L E M E N T  I N  I R R A D I A T E D  S T E E L S Y  HYDROGE 
52008 E S S  C R A C K I N G  O F  H I G H  S T R E N G T H  S T E E L S #  HYDROGEN S T R  
5 2 0 2 2  V I O R S  O F  A U S T E N I T I C  S T A I N L E S S  S T E E L S #  / C T I N G  M E C H A N I C A L  B E H A  
52010 A T I O N S  I N  T Y P E  3 0 4 L  S T A I N L E S S  S T E E L S *  /DUCED P H A S E  TRANSFORM 
5 2 0 1 6  I O N  C R A C K I N G  I N  H I G H  S T R E N G T H  S T E E L S *  / E N T  A N D  S T R E S S  CORROS 
21000 SSES/  T H E R Y O D Y N A M I C S  OF M U L T I - S T E P  WATER D E C O M P Q S I T I O N  PROCE 
3 4 6 0 7  OGEN TO C Y L I N D R I C A L  ANODES I N  S T I R R E D  E L E C T R O L Y T E S #  /OF HYDR 
33028 M I X T U R E S  I N  A D 1  ABAT I C *  WELL-  S T I R R E D  R E A C T O R S #  /F F U E L - L E A N  
2 2 1 8 9  G E N - C O N T A I N I N G  REFORMATE F E E D  STOCK S U I T A B L E  FOR C O N S U M P T I O N  
22131 J E T  FUEL A S  A  F E E D  S T O C K #  
33004 O N S T A N T -  VOLUME C O M B U S T I O N  OF S T O I C H I O M E T R I C  M I X T U R E S  O F  H Y D  
23004 FOR U S E  I N  EME/ E V A L U A T I O N  OF S T O R A B L E  P R O P E L L A N T  R E F O R M I N G  
41018 N A /  S O L I D  HYDROGEN A S  A  S P A C E  S T O R A B L E  P R O P E L L A N T - - *  P R E L I M 1  
33027 H A N E  T O  S I M U L A T E  E X P A N S I O N  O F  S T O R A B L E  P R O P E L L A N T S Y  / A N D  MET 
3 4 8 0 9  L V A N I C  C E L L S #  STORAGE AND A P P L I C A T I O N S  O F  GA 
51002 E N  W I T H  S A F E T Y #  STORAGE AND H A N D L I N G  O F  HYDROG 
5001 3 NS* STORAGE AND  ANDLI LING OF CRYOGE 
4 1 C 0 4  E N  S L U S H /  I N S T R U M E N T A T I O N  F O R  STORAGE AND TRANSFER O F  HYDROG 
4 0 6 0 3  S Y N T H E T I C  F U E L S #  T H E  S T O R h G E  AND T R A N S P O R T A T I O N  OF 
3 4 2 6 2  D A T E  ON ENERGY CONVERSI '3N AND STORAGE A T  OKLAHOMA S T A T E  U N I V  
34811 C O N V E R T I N G  E L E C T R I C I T Y  TO H Y /  S T O R A G E  B A T T E R Y - F U E L  C E L L  FOR 
34846 T H E  F L Y I N G  H 2 / 0 2  STORAGE B A T T E R Y #  
34265 S E A L I N G  OF S I L V E k  O X I D E - Z I N C  STCRAGE C E L L S #  
23604 C H E M I C A L  ENERGY A V A I L A B L E  I N  S T G R A G E  FOR MAN'S  U S E *  / T  I N T O  
3 4 8 0 6  L E C T R O L Y  S I S  OF WATER . S E P A R A T E  STORAGE O F  COMPRESSED HYDROGEN 
4 2 0 3 3  E R G Y U  T R A N S P O R T A T I C N  AND S T O R A G E  O F  HYDROGEN F O R  ECO-EN 
4 0 1 G 2  L I Q U E F A C T I O N  A N 3  STORAGE OF HYDROGEN# 
4 3 4 C 3  R A L  D E S I G N  C O N S I D E R A T I O N S  F O R  S T O R A G E  O F  L I Q U I D  HYDROGEN I N  
4 0 4 2 1  L O A D  O P T I M I Z A T I O N  F A C T O R S  FJR S T O R A G E  O F  L I Q U I D  HYDROGEN I N  
4 0 6 C 1  C E  I N  H A N D L I N G .  TRANSPORT A N 0  STORAGE O F  L I Q U I D  HYOROGEN - T 
3 4 8 0 6  E 2 G Y  B Y  E L E C T R O L Y S I S  O F  # A T E /  STORAGE O F  S O L A R  E L E C T R I C A L  E N  
4 P 4 C 6  NO-LOSS C R Y O G E N I C  STORAGE ON T H E  L U N A R  S U R F A C E #  
4 C 4 1 2  I Z A T  I O N  SYSTEMS FOR C R Y O G E N I C  STORAGE SYSTEMS:  D E S I G N  R E F E R E  
4 3 0 i 8  M E T A L  H Y D R I D E  ENFRGY S T O R A G E  S Y S T E M S #  
4 9 4 1 1  I Z A T I O N  SYSTEMS FOR C R Y O G E N I C  STORAGE S Y S T E M S #  / R N A L  PRESSUR 
10058 NERGY A N D  R E D U C I N G  +HER/ HEAT-STORAGE WELLS FOR C O N S E R V I N G  E 
10059 C O N S E R V I N G  ENERGY W I T H  H F A T  STORAGE W E L L S #  
4 3 0 0  7 M E T A L  H Y D R I O E S  FOR ENERGY STORAGE# 
4 3 4 2 0  S E L S  U S E D  I N  T R A N S P O R T I N G  AND S T O R I N G  C R Y O G E N I C  L I Q U I D S *  / E S  

4 3 0 3 6  P U R E  AND S I M P L E :  S T O R I N G  HYDROGEN I N  H Y D R I D E S U  
4 0 2 C 9  DROGEY F L O W I N G  T U R B U L E N T L Y  I N  S T R A I G H T  AND CURVED T U B E S  AT H 
4 3 4 1 7  OR T H E  C A L C U L A T I O N  OF THEPMAL S T R A T I F I C A T I O N  AND S E L F - P R E S S U  
3 0 0 6 8  U C L E A R  H E A T I N G  AND P R O P E L L A N T  S T R A T I F I C A T I O N *  N  
3 4 8 1 3  L C E L L S  A S  E L E C T R I C  S U P P L Y  ON S T R A T O S P H E R I C  A I R S H I P #  / I R  F U E  
2 2 1 5 1  ARBON M O N O X I D E  C O N T A I N I N G  GAS S T R E A M  AND H E A T  RECOVERY*  /A C  
3 3 0 0 3  A  P R O J E C T I L E  I N  A  S U P E R S O N I C  STREAM BY T H E  C O M B U S T I O N  OF H Y  
334200 N OF A  T U R B U L E N T  GAS J E T  I N  A  S T R E A M  O F  O X I D I Z I N G  A G E N T #  / I 0  
3 4 5 0 1  XYGEN FUEL C E L L  T O  A  HYDROGEN S T R E A M *  / I 3N  FROM A HYDROGEN-O 
3 3 0 5 7  HYDROGEN I N  A  H Y P E R S O N I C  A I R  STHEAM* / T I O N  O F  C O M B U S T I O N  O F  
2 2 1 0 6  HYDROGEN FROM F X C E S S  R E F I N E R Y  S T R E A M S  R A N G I N G  FROM C 6  T O  H E A  
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33009 COMBUSTION OF HYDROGEN I N  A I R  STREAMS*  / FOR T H E  M I X I N G  A N 0  
34613 L V E R  ANODE ON IMPURE HYDROGEN STREAMSA / T I C S  O F  P A L L A D I U M - S I  
5 2 0 J i  C T  OF C O m P O S I T I 3 N  ANU I E N S I L E  STRENGTH ON T H E  S U S C E P T I B I L I T Y  
52007 ON THE E M B R I T T L E M E N T  OF H I G H - S T R E N G T H  S T E E L S  BY  HYDROGEN U N  
52CG8 ROGEN STRESS C R A C K I N G  OF  H I G H  STRENGTH S T E E L S *  H Y D  
52016 S S  CORROSION C R A C K I N G  I N  H I G H  STRENGTH STEELS. / E N 1  A N 0  S T R E  

22100 E M P H A S I S  OF H2 STRENGTHENEON 
52037 F H I G H  D I S L O C A T I O N  D E N S I T Y  O N  S T R E S S  CORROSION C R A C K I N G  AND 
52052 HYDROGEN E M B R I T T L E M E N T  I N  41/ STRESS CORROSION C R A C K I N G  AND 
52016 OF HYDROGEN E M B R I T T L E M E N T  AND STRESS CORROSION C R A C K I N G  I N  H 
52038 TH S T E E L S #  HYDROGEN STRESS C R A C K I N G  OF  H I G H  STRENG 
52054 R O L E  OF HYDRDGEN I N  H O T - S A L T  STRESS-CORROSION O F  A T I T A N I U M  
40404 E Y - F U E L E D  HYPERSONIC  A I R P L A N /  STRUCTURAL CONCEPTS F O R  HYDROG 
40403 N S  F O R  STORAGE O F  L I Q U I D  HYD/  STRUCTURAL D E S I G N  C O N S I D E R A T I O  
10048 ECO-ENERGY S T U D I E S  A T  TEMPO# 
33055 T I D N  OF SUPERSONIC  COMBUSTIO /  S T U D I E S  L E A D I N G  TO T H E  R E A L I Z A  
52023 HYDROGEN E M B R I T T L E M E N T  S T U D I E S  OF  A T R I P  S T E E L Y  
33063 O N I C  COMBUSTION AT LOW D E N S I /  S T U D I E S  OF  HYDROGEN-A IR  SUPERS 
30054 WAVE ROCKET MOT/ F E A S I B I L I T Y  S T U D I E S  OF R O T A T I N G  D E T O N A T I O N  
34253 E E L E C T R q L Y T E  F U E L  C E L L *  S T U D I E S  OF T H E  MOLTEN CARBONAT 
33029 AND FUEL-SYSTEM OPERAT/  B R I E F  S T U D I E S  OF TURBOJET  COMBUSTOR 
34259 OGEN-OXYGEN F U E L /  PERFORMANCE S T U D I E S  ON A RECHARGEABLE  HYDR 
20001 THE P R O D U C T I O N  / PERFORMANCE S T U D I E S  ON AN ELECTROLYSER F O R  
34644 H I G H  TEMPERATURE F U E L  C E L L #  S T U D I E S  ON A N O D I C  R E A C T I O N  O F  
34610 P R E S E N T  S T A T E  O F  S C I E N T I F I C  S T U D I E S  ON ELECTRODE PROCESSES 
34648 N ELECTRODES/  E L E C T R O C H E M I C A L  S T U D I E S  ON H I G H L Y  POROUS CARBO 
23420 F I C A T I O N  MEMBRANES# RESEARCH S T U D I E S  ON S O L I D  HYDROGEN P U R I  
30024 P R O J E C T  LAUNCHERS 8 1  A N D  B 2 e  STUDY NO. 3.5: A D E T A I L E D  DESC 
33050 R HYDROGEN-OXYGEN I G N I T I O N #  STUDY OF C A T A L Y T I C  REACTORS F O  
34645 T E  I N T E R F A C E  F O R  CASE O F  OXY/  STUDY O F  ELECTRODE - E L E C T R O L Y  
30022 TAGE O F  AN ATMOS/ C O M P A R A T I V E  STUDY OF  F U E L S  FOR T H E  F I R S T  S 
34200 OGEN-'YXYGEN F U E L /  F E A S I B I L I T Y  STUDY OF  H I G H  PERFORMANCE HYDR 
52034 T OF  V A R I O U S  A L L O Y S *  A STUDY OF HYDROGEN E M B R I T T L E M E N  
20512 Y THERMAL ENERGY# SYSTEM STUDY OF HYDROGEN G E N E R A T I O N  B 
52022 OMENA A F F E C T I N G  MEC/ A N  X-RAY STUDY OF HYDROGEN I N D U C E 0  P H E N  
20506 Y E L E C T R O L Y S I S #  D E S I G N  STUDY OF  HYDROGEN PRODUCT I O N  0 
41002 C A L  P O I N T  R E G l O N s  VOLUME I: A STUOY OF HYDROGEN S L U S H  AND/OR 
43537 H A R A C T E R I S T I C S  / E X P E R I M E N T A L  STUDY OF LOW-SPEED O P E R A T I N G  C 
34619 POROUS GAS- D I F /  E X P E R I M E N T A L  STUDY OF MODE O F  O P E R A T I O N  O F  
34805 TROCHEMICAL  POWER SOURCE# STUDY OF M U L T I P L E  R E S E R V E  E L E C  
23019 TROCHEMICAL  POWER SOURCE* STUDY OF M U L T I P L E  R E S E R V E  E L E C  
33048 RED M E T A L  I G N I T I /  F E A S I B I L I T Y  STUDY OF OXYGEN/HYDROGEN POWDE 
41000 MMARY OF  T H E  C H A R A C T E R I Z A T I O N  STUOY OF  S L U S H  HYDROGEN* A S U  
34627 A T I N U M  B L A C K  F U E L  C E L L  C A T /  A STUDY O F  T H E  D E G R A D A T I O N  O F  PL 
33002 A N A L Y T I C A L  C H F M I C A L  K I N E T I C  STUDY OF T H E  E F F E C T  OF  CARBON 
22213 T I 3 N  ( G A S I F I C A /  THERMOOYNAMIC STUDY OF  THE  I N C O M P L E T E  COMBUS 
33064 YDROGEN-OXYGEN/ C O M P U T A T I O N A L  STUDY OF  T H E  K I N E T I C S  O F  THE  H 
34637 OF POROUS G/ AN E X P E Q I M E N T A L  STUDY OF THE MODE OF  O P E R A T I O N  
30023 NG S Y S T E I  ELDO FUTURE PROGRAM STUOY 3.2 ON A N  ELDO B L A U N C H 1  
10012 IS OF L I Q U I D  HYDROGEN PRODUC/ STUDY. COST. AND SYSTEM ANALYS 
20501 G I  DEPOT E L E C T R O L Y S I S  SYSTEMS S T U D Y #  ENER 
2001 8 R E G E N E R A T I V E  F U E L  C E L L  S T U D Y #  
30027 -FLUOR INE-HYDROGEN P R O P E L L A N T  STUDY*  L I T H I U M  
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3001 7 O P U L S I  ON SUBSYSTEM D E F I N I T  [ON  STUDY#  / PRESSURE A U X I L I A R Y  PR  
4 0 6 0 4  C L I Q U I D  D I S T R I B U T I O N  SYSTEM: S T U D Y #  /NTROL  SYSTEM* CRYOGENI  
41008 R AND I N T E R P L A N E T A /  S L U S H  AND SUBCOOLEO P R O P E L L A N T S  FOR L U N A  
4 0 2 1 0  OF  HYDROGEN/ H E A T  TRANSFER TO S U B L I M I N G  SOL ID -VAPOR M I X T U R E  
2 2 1 6 1  ENERATOR FOR F U E L  C E L L  U S E  I N  S U B M A R I N E S *  HYDROGEN G 
3 4 6 3 9  YOROGEN ON MOVABLE. P A R T I A L L Y  SUBMERGED P L A T I N U M  ANODESY / H 
3 4 8 0 6  SSED HYDROGEN AND OXYGEN. AND SUBSEQUENT R E C O M B I N A T I O N  OF  T H  
3 0 0 1 7  PRESSURE A U X I L I A R Y  P R O P U L S I O N  SUBSYSTEM D E F I N I T I O N  STUDY#  / 
4 0 5 0 8  S FROM ZERO-TANK N E T  P O S I T I V E  S U C T I O N  HEAD O P E R A T I O N  O F  THE  
5 1 0 1 1  # HYDROGEN H A N D L I N G  S U I T  PROTECTS NASA T E C H N I C I A N S  
22189 N T A I N I N G  REFORMATE F E E D  STOCK S U I T A B L E  FOR CONSUMPTION B Y  A 
2 3 6 C 6  FERROUS TO F E R R I C  I N  AOUEOUS S U L F U R I C  A C I D  A N 0  T H E  ACCOMPAN 
41030 N STUDY OF  S L U S H  HYDROGEN# A SUMMARY O F  T H E  C H A R A C T E R I Z A T I O  
3 4 2 2 5  L TECHNOLOGY PROGRAM CONTRACT SUMMARY REPORT# F U E L  C E L  
30019 THE SPACE SHUTTLED VOLUME I: SUMMARY# / L I A R Y  POWER U N I T  FOR 
10088 ENERGY A L T E R N A T I V E S :  SUN*  WIND. EARTH. WATERY 
2 3 6 0 4  A V A I L A B L E  I N  S /  CONVERSION O F  S U N L I G H T  I N T O  C H E M t C A L  ENERGY 
40207 D CONVECTION HEAT  TRANSFER T O  S U P E R - C R I T I C A L  CRYOGENIC  HYDRO 
3 4 1 0 6  U E L  C E L L  SYSTEM W I T H  R E A C T A N T  SUPERSATURATED E L E C T R O L Y T E  F E E  
33056 D COMBUSTION O F  HYDROGEN I N  P S U P E R S O N I C  A I R S T R E A M #  / X I N G  AN 
3 3 0 4 3  U L T I P L E  I N J E C T O R S  NORMAL T O  A S U P E R S O N I C  A I R S T R E A M #  / FROM M 
3 1 0 1  2 D PRORLEHS OF HYDROGEN F U E L E D  S U P E R S O N I C  AND H Y P E R S O N I C  A I H C  
3 3 0 3 2  I N G  I N  RAMJET COMBUSTORS# S U P E R S O N I C  COMBUSTION AND BURN 
3 3 0 5 5  L E A D I N G  TO THE R E A L I Z A T I O N  OF  S U P E R S O N I C  COMBUSTION I N  PROPU 
33063 F N S I /  S T U D I E S  OF  HYDROGEN-A IR  S U P E R S O N I C  COMBUSTION AT LOW D 
3 3 0 4 9  X P E R I M E N T A L  I N V E S T I G A T I G N S  ON S U P E R S O N I C  COMBUSTION I N  THE  F 
3 3 0 6 0  D I F F U S I O N  F L A M E S  AND S U P E R S O N I C  COMBUSTION*  
3 3 0 4 4  FUNDAMENTAL A S P E C T S  O F  S U P E R S O N I C  C O M B U S T I O N #  
3 3 0 4 2  GEN I/ PROBLEMS OF M I X I N G  AND S U P E R S O N I C  COMBUSTION OF  HYDRO 
3 3 0 5 8  DROGEN COMB/ HEAT  A D D I T I O N  I N  S U P E R S O N I C  FLGW 9 Y  MEANS OF  H Y  
33061 N. D /  AN A N A L Y S I S  OF I N T E R N A L  S U P E R S O N I C  FLOWS W I T H  D I F F U S I O  
3 3 0 6 2  AND A 1  R NEA/  TWO-DIMENSIONAL.  S U P E R S O N I C  M I  X I N G  OF HYDROGEN 
3 3 0 5 4  AND A I R #  S U P E R S O N I C  M I  X I N G  OF HYDROGEN 
3 3 0 0 3  OF  DRAG O F  A P R g J E C T I L E  I N  A S U P E R S O N I C  STREAM BY T H E  COMBU 
31014 H E  CASE F017 A HYDROGEN-FUELED S U P E R S O N I C  TRANSPORT# T 
3 1 0 5 5  L I Q U I D  HYDROGEN A S  A S U P E R S O N I C  TRANSPORT F U E L #  

- 

3 1 0 0 7  ND METHANE F U E L  I N  A MACH 2.7 S U P E R S O N I C  TRANSPORT# /ROGEN A 
3 0 0 5 3  ONCEPTf  A N A L Y S I S  O F  A SUPERSONIC-COMBUSTION ROCKET C 
1 0 0 3 7  SWER TO T H E  PROBLEM OF  ENERGY S U P P L Y  AND P O L L U T I O N #  / I C A L  A N  - 

3 1 0 1 3  ECONDMICS OF L I Q U I D  HYDRDGFN S U P P L Y  F O R  A I R  T R A N S P O R T A T I O N #  
221 15 HYDROGEN S U P P L Y  F O R  F U E L  C E L L S #  
3 4 2 4 5  C E  OF  HYDRO/ E F F E C T  O F  OXYGEN-SUPPLY I M P U R I T I E S  ON PERFORMAN 
34813 H Z - A I R  F U E L  C E L L S  A S  E L E C T R I C  S U P P L Y  O N  S T R A T O S P H E R l C  A I R S H I  
3 0 0 5 3  A HYDROGEN-OXYGEN S P P C E  POWER S U P P L Y  SYSTEM# /EVELOPMENT OF 
3 4 8 1 6  6 2  F U E L  C E L L  E L E C T R I C A L  POWER SUPPLY. O P E R A T I D N S  MANUAL*  / X 5  
3 4 8 2  9 FOR IMPROVED E L E C T R I C A L  POWER S U P P L Y  # F U E L  C E L L S  
3 4 8 1  0 I NTENDEO FOR EMERGENCY POWER S U P P L Y  # /N-HYDROGEN F U E L  C E L L S  
3 4 2 3 0  TO F U E L  C E L L S #  PROCESS FOR S U P P L Y I N G  HYDROGEN A N D  OXYGEN 
2 3 0 9 7  TO F U E L  C E L L S *  PROCESS FOR S U P P L Y I N G  HYDROGEN A N 0  OXYGEN 
2 3 0 0 1  E L L  W I T H  BOROHYDR/ PROCESS OF  S U P P L Y I N G  HYDROGEN TO A F U E L  C 
2 3 0 0 4  I N G  FOR U S E  I V  EMERGENCY L I F E  SUPPORT SYSTEM D E S I G N *  /REFORM 
34641 E R I Z A T I O N  OF  THE  C A T A L Y S T  AND SUPPORT# / N  ANDDES* 1s CHARACT 
2 2 6 3 8  TENE W I T H  STEAM OVER A S I L I C A - S U P P O R T E D  N I C K E L  C A T A L Y S T  I N  T 
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30002 I G A T I O N  O F  A C O U S T I C  L I N E R S  T O  S U P P R E S S  S C R E E C H  I N  HYDROGEN-0 
30033 00- P O U /  E V A L U A T I O N  OF S P E E C H  S U P P R E S S I O N  CONCEPTS I N  A  20.0 
SlcjlrJ I/ P R E V E N T I O N .  D E T E C T I O N .  A N D  S U P P R E S S I O N  O F  HYDROGEN E X P L O S  
52049 O N  T H E  E M B R I T /  T H E  E F F E C T  O F  S U R F A C E  A N D  C O A T I N G  TREATMENTS 
52007 S ON T H E  E M B R I T /  I N F L U E N C E  O F  S U R F A C E  T R E A T M E N T S  A N D  C O A T I N G  
40406 R Y O G E N I C  STORAGE ON T H E  L U N A R  S U R F A C E #  NO-LOSS C  
34642 A L  R E Q U I R E M E N T S  O F  T H E  CARBON S U R F A C E *  /N ANOOESe 11. C H E M I C  
10077 E N  F U T U R E  F U E L .  ( A  L I T E R A T U R E  SUFiVEY I S S U E D  Q U A R T E R L Y ) #  /ROG 
34034 S #  F U E L  C E L L  TECHNOLOGY - A  SURVEY OF AOVANCES A N D  P R O B L E M  

32C09 A S  A  V E H I C U L A R  F U E L *  S U R V E Y  O F  HYOROGEN'S P O T E N T I A L  
40008 DROGEN I S O T O P E S  BELOW T H E I R  / S U R V E Y  O F  T H E  P R O P E R T I E S  O F  HY 
5100'9 E N  L E A K  AND F I R E  D E T E C T I O N :  A  S U R V E Y #  HYDROG 
40207 HYDROGEN: P A R T  1 .  L I T E R A T U R E  SURVEY # / E R - C R I T  I C A L  C R Y O G E N I C  
51312 D  E X P L O S I R I L I T Y :  A  L I T E R A T U R E  S U R V E Y *  /2 -NOX F L A M M A B I L I T Y  A N  
52001 N  AND T E N S I L E  S T R E N G T H  ON T H E  S U S C E P T I B I L I T Y  O F  A L L O Y  S T E E L S  
5201 5 I O N  OF HYDROGEN EMBR I T T L E M E N T  S U S C E P T I B I L I T Y  OF S H E E T  M A T E R I  
23428 P R E S S U R E - S W I N G  A D S O R P T I O N #  
31015 U E L E D  A I R C R A F T *  WORKING S Y M P O S I U M  O N  L I Q U I D  HYDROGEN-F 
32010 D  GAS MANUFACTURED F R O M  C O A L  ( S Y N T H A N E j I  / E D  N A T U R A L  GAS. A N  
22163 I M U L T A N E O U S  P R O D U C T I O N  O F  O X 0  S Y N T H E S I S  GAS AND HYDROGEN* S  
22203 M  L I Q U I D  HYDROCARBONS# S Y N T H E S I S  GAS AND HYDROGEN F R O  
22165 P R O D U C I N G  HYDROGEN OR AMMONIA S Y N T H E S I S  G A S  AT M E D I U M  P R E S S U  
22 63 5 S Y N T H E S I S  G A S  MANUFACTURE# 
22132 . I N  TUBES.  F O R  P R O D U C T I O N  O F  S Y N T H E S I S  GAS OR HYDROGEN# /NG 
2261 5 S Y N T H E S I S  G A S  P R O D U C T I O N #  
22152 E D U C I N G  G A S #  S Y N T H E S I S  G A S *  C I T Y  G A S *  AND R  
22 130 P R O D U C T I O N  O F  HYDROGEN AND S Y N T H E S I S  G A S #  
22193 S Y N T H E S I S  G A S *  
22645 AMMONIA S Y N T H E S I S  G A S #  
23423 V E R Y  O F  HYDROGEN FROM AMMONIA S Y N T H E S I S  G A S #  C R Y O G E N I C  RECO 
22199 O X I D A T I O N  OF HYDROCARBONS FOR S Y N T H E S I S  GAS# /R THE P A R T I A L  
221 74 HYDROGEN-RICH S Y N T H E S I S  G A S E S *  
22183 O N I A  A N D  M E T H A N O L #  S Y N T H E S I S - G A S  M I X T U R E S  FOR AMM 
22627 RCM N A T U R A L  GAS B Y  P L A S M A  J E T  S Y N T H E S I S #  / C H N I C A L  HYDROGEN F 
10063 -HYDROGEN S Y N T H E T I C  F U E L  OF T H E  F U T U R E " #  
10034 HYDRCGEN: S Y h T H E T I C  F U E L  OF T H E  F U T U R E #  
10033 "Y "HYDROGEN AND S Y N T H E T I C  F U E L S  FOR T H E  F U T U R E  
10064 T I O N  AND N A T I C N A L  ENERGY N E E /  S Y N T H E T I C  F U E L S  FOR TRANSPORTA 
13031 HYDROGEN A N D  OTHER S Y N T H E T I C  F U E L S *  
40603 STORAGE AND T R A N S P O R T A T I O N  OF S Y N T H E T I C  F U E L S Y  THE 
22123 Y  S Y N T H E T I C  GAS FROM H E A V Y  F U E L S  
10012 DGEN PRODUC/ STUDY. CDST. AND S Y S T E Y  A N A L Y S I S  O F  L I Q U I D  HYDR 
23034 USE I N  EMERGENCY L I F E  SUPPCRT S Y S T E M  D E S I G N #  / R E F O R M I N G  FOR 
22630 I N  A  S T E A M  REFORMER# S Y S T E M  E M P L O Y I N G  COAL AS F U E L  
30026 OF T H E  T R I E R G U L I C  ROCKET F U E L  S Y S T E M  F L U O R I N E - L I T H I U M  H Y D H I D  
33062 OLEO T H R U /  P R O T E C T I V E  C O A T I N G  S Y S T E M  F O R  A R E G E N E R A T I V E L Y  C O  
32020 D  S A F E T Y  O F  A  L I Q U I O  H Y D R g G E N  S Y S T E M  F O R  A U T O M O T I V E  TRANSPOR 
34642 E P L A T I N U M - O N - C A R B O N  C A T A L Y S T  S Y S T E M  F O R  HYDROGEN ANODES. 11 
34641 E  P L A T I N U M - O N - C A R B O N  C A T A L Y S T  S Y S T E M  F O R  HYDROGEN ANODES* la  
41031 DROGEY# FLOW R E S E A R C H  S Y S T E M  F O R  L I Q U I D  AND S L U S H  H Y  
31003 PURGE AND THERMAL P R O T E C T I O N  S Y S T E M  F O R  L I Q U I D  HYDROGEN T A N  
40418 PURGE AND THERWAL P P O T E C T I O N  SYSTEM F O R  L I Q U I D - H Y D R O G E N  T A N  
42414 G H T W E I G H T  E X T E R N A L  I N S U L A T I O N  S Y S T E M  FOR L I Q U I D - H Y D R O G E N  S T A  
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34817 NU H Y D R O C 4 9 Y O N - 4 1 R  F U E L  C E L L  SYSTEM F O R  M I L I T A R Y  A P P L I C A T I O  
3 4 8 1  5 O P F N  C Y C L E  F U E L  C E L L  S Y S T E M  FOR S P A C E  A P P L I C A T I O N S #  
4 0 6 0 2  -GPM L I Q U I D  HYDROGEN T R A N S F E R  S Y S T E M  F O R  T H E  S A T U Q N  APOLLO P 

2 3 2 0 9  11- THE C O N T R I B U T I O N  O F  PHOTO-SYSTEM I f o #  / I N  S F V E R A L  ALGAE 
3 4 2 2 0  OF H Y D R O G E N A S E - M E T H Y L E N t  B L U E  S Y S T E M  I N  A  B I O C H E M I C A L  F U E L  C 
51013 E R T I E S  D F  THE HYDROGEN-OXYGEN S Y S T E M  I N  V E N T E D  T A N K S #  / P R D P  
2 3 2 0 1  R E G E N E R A T I O N  I M  GESCHLOSSENEN SYSTEM M I T  H I L F E  VON E L E K T R O L Y  
3 3 5 2 9  F T U R B O J E T  COMBUSTOR AND F U F L - S Y S T E M  O P E R A T I O N  W I T H  HYDROGEN 
2 C 5 1 2  A T I O N  B Y  THERMAL E N E R G Y #  SYSTEM S T U D Y  O F  HYDROGEN GENER 
2 3 C 2 Y  UM H Y P O C H L O R I T E  TO/  F U E L  C E L L  SYSTEM U S I N G  L I T H I U M  AND L I T H I  
3 0 0 2 3  DY 3 - 2  ON A N  E L D O  t3 L A U N C H I N G  S Y S T E M  W I T H  A  S T A N D A R D  E N G I N E  
11029 A H Y D R O G E N - E L E C T R I C  U T I L I T Y  SYSTEM W I T H  P A R T I C U L A R  R E F E R E N  
34196 R A /  HYDROGEN-OXYGEN F U E L  C E L L  SYSTEM W I T H  R E A C T A N T  SUPERSATU 
4 0 6 9 4  I B /  SWUTTLE: R E A C T I O N  CONTROL SYSTEM. C R Y O G E N I C  L I Q U I D  D I S T R  
4 0 6 0 4  C R Y O G E N I C  L I Q U I D  D I S T Q I R U T I O N  SYSTEM: S T U D Y #  /NTROL SYSTEM* 
4 1 C 0 3  ROGEN-SLUSH D E N S I T Y  R E F E R E N C E  S Y S T E M #  H Y D  
34832 A T T  HYDRQCARBON A I R  F U E L  C E L L  SYSTEM*  500 W 
3 4 8 2 6  G E M I N I  F U E L  C E L L  S Y S T E M #  
2 2 1 7 6  S H I F T  CONVERTER AND F U E L  C E L L  S Y S T E M #  WATER GAS 

10011 HYDROGEN-ENERGY SYSTEM# 
10002 A HYDROGEN-ENERGY S Y S T E M Y  
23415 I N T F G R A T E D  HYDROGEN D I F F U S I O N  S Y S T E M #  F U L L Y  
34247 5 C 9 - W A T T  I N D I R E C T  HYDROCARBON S Y S T E M #  
3 4 2 4 ' 3  A P O L L O  F U E L  C E L L  S Y S T E M #  
3 4 8 0 4  M E T A L  H Y D R I D E / A I R  F U E L  C E L L S  S Y S T E M #  30-WATT 

3 4 8 0 2  V E H I C L E  F U E L  C E L L  S Y S T E M #  
2 2 6 2 3  HYDROGEN P R O D U C I N G  S Y S T E M #  
3 4 8 3 3  L L I T E  F U E L  C E L L / B A T T E R Y  POWER S Y S T E M *  T H E  B I O S A T E  
3 4 2 4 5  RRON R E F O R Y E h  - A I R  F U E L  C E L L  S Y S T E M *  5 K V A  HYDROCA 
34837 R O L Y T E  H Y O R O G E N / A I P  F U E L  C E L L  S Y S T E M *  C I R C U L A T I N G  E L E C T  
33014 ON D E L A Y S  I N  T H E  H Y D R O G E N - A I R  SYSTEM*  C A L C U L A T I O N  O F  I G N I T I  
3 4 2 1 5  E D  N A T U R A L  G A S - A C I D  F U E L  C E L L  S Y S T E M #  PERFORMANCE O F  REFORM 
3 2 0 6 5  G Y - T R A N S P O R T A T I O N - E N V I R O N M F N T  S Y S T E M #  / I N  T H E  E M E R G I N G  ENER 
5 0 G 1 5  G A  GASEOUS HYDROGEN P R E S S U R E  SYSTEM*  / E M B L I N G *  AND O P E R A T I N  
3 0 0 5 ' 3  GEN-OXYGEN S P A C E  POWER S U P P L Y  SYSTEM*  / E V E L O P M E N T  O F  A  HYDRO 
2001 6 T A T I C  F E E D  WATER E L E C T R O L Y S I S  S Y S T E M #  / O F  T H E  L I F E  SYSTEM'  S  
30073 C O M B U S T I O N  E N G I N E  S P A C E  POWER S Y S T E M *  /OGEN-OXYGEN I N T E R N A L  
34242 R B O N A T E  F U E L  C E L L  AND B A T T E R Y  S Y S T E M #  /RMANCE O F  A MOLTEN CA 
5 2 0 3 1  E R T I E S  O F  P A L L A D I U M -  HYOROGEN S Y S T E M #  /ROGEN ON T E N S I L E  PROP 
20016 T R O L Y S I S  / S T A T U S  OF T H E  L I F E  S Y S T E M '  S T A T I C  F E E D  WATER E L E C  
10061 A S  A  F U E L  FOR T R A N S P O R T A T I O N  S Y S T E M S  AND F O R  E L E C T R I C A L  POW 
1 0 0 5 4  ON* HYDROGEN E h E R G Y  SYSTEMS AND V E H I C U L A R  P R O P U L S I  
42004 STANDARD FOR GASEOUS HYDROGEN S Y S T E M S  AT CONSUMER S I T E S #  

43411 S Y S T /  E X T E R N A L  P R E S S U R I Z A T I O N  S Y S T E M S  F O R  C R Y O G E N I C  STORAGE 
4 9 4 1 2  S Y S T /  E X T E R N A L  P R E S S U R I Z A T I O N  S Y S T E M S  F O R  C R Y O G E N I C  STORAGE 
3 0 3 5 2  N T S *  ADVANCED P R E S S U R I Z A T I O N  S Y S T E M S  F O R  C R Y O G E N I C  P R O P E L L A  
1 0 0 4 3  HYDRCGEN S Y S T E M S  F O R  E L E C T R I C  ENERGY* 
4 2 0 0 0  HOW T O  D E S I G N  P I P I N G  S Y S T E M S  F O R  HYDROGEN S E R V I C E Y  

2 0 0 1 9  RAM OF TWO WATER E L E C T R f l L Y S I S  S Y S T E M S  F O R  S P A C E C R A F T  C A B I N  0 
50003 D E S I G N  O F  F A I L - S A F E  C O N T R C L  S Y S T E Y S  F O R  S T E A M  R E F O R M I N G  PL 
20501 ENERGY DEPOT E L E C T R O L Y S I S  S Y S T E M S  S T U D Y #  

30069 YOROGENl  F O R  R E A C T I O N  CONTROL SYSTEMS. I I .  E X P E R I M E N T A L  E V A L  
30064 YDROGEN) F O R  R E A C T I O N  CONTROL SYSTEMS. VOLUME 2: E X P E R I M E N T A  

,-n n 
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30065 OR C R Y O G E N I C  R E A C T I O N  CONTROL SYSTEMS. VOLUME I #  /HRUSTORS F 
4 0 4 1 2  SVSTEMS F O Q  C R Y O G E N I C  STORAGE SYSTEMS: D E S I G N  R E F E R E N C E  MANU 
4 3 0 3 8  M E T A L  H Y D R I D E  ENERGY STORAGE S Y S T E M S #  
3 4 8 4 3  E L E C T R I C A L  S T A R T  FOR J P 4 - A I R  SYSTEMS# AUTOMATED 
3 4 0 1  9 E N E R G E T I C S :  F U E L - C E L L  SYSTEMSW 
34027 HYOROCARBON - A I R  FUEL C E L L  S Y S T E M S *  
34026 LOW-TEUPERATURE F U E L  C E L L  S Y S T E M S #  
34269 ADVANCED S P A C E C R A F T  F U E L  C E L L  S Y S T E M S #  
34814 N F U E L  C E L L S :  V A R T A  F U E L  C E L L  S Y S T E M S *  HYDROGEN-DXYGE 
33041 L Y S I S  O F  C O M P O S I T E  P H O P U L S I O N  S Y S T E M S #  PERFORMANCE ANA 
34503 O V A L  U N I T  F 3 R  H 2 / 0 2  F U E L  C E L L  S Y S T E M S #  / WATER- AND HEAT-REM 
34260 XYGEN R E G E N E R A T I V E  F U E L -  C E L L  S Y S T E M S #  / -PRESSURE HYDROGEN-0 
3 0 3 4 1  HIGH-ENERGY R O C K E T  P R O P U L S I O N  S Y S T E M S #  / I C S  OF C O N T R O L L A B L E  
4 3 2 0 0  S  I N  TWO-PHASE C R Y O G E N I C  FLGW S Y S T E M S #  /ND R E L A T E D  PARAMETER 
33097 I E S  O F  F U E L - O X Y G E N  C O M B U S T I O N  S Y S T E M S #  /ND TRANSPORT PROPERT 
34608 DROCARBONS I N  F U E L  C E L L  POWER S Y S T E M S *  / R L B L E M S  I N  U S E  O F  H Y  
4 0 4 1 1  S Y S T E N S  F O R  C R Y O G E N I C  STORAGE S Y S T E M S #  / R N A L  P R E S S U R I Z A T I O N  
32006 M O T I V E  V E H I C L E  ADVANCED POWER S Y S T E M S #  /WATER ( H 2 0 * )  I N  AUTO 
2 1 0 1 1  HYDROGEN W /  P R O C E E D I N G S  ROUND T A B L E  ON D I R E C T  P R O D U C T I O N  OF 
4 0 2 1 3  E N G I N E E R I N G  U N I T S  FROM 36 D /  T A B L E S  O F  PARAHYDROGEN D A T A  I N  
22214 HYDROGEN FROM H E A V Y  T A I L I N G S #  
2 3 4 2 7  ANTS*  HYDROGEN RECOVERY T A K E S  ON NEW L U S T E R  I N  SOME P L  
22124 O P E R A T I O N S *  HYDROGEN P L A N T S  T A K I N G  NEW S T A T U R E  I N  R E F I N I N G  
13062 C t E N  T A L K S  WITH.....ee* 
3 3 C 5 8  C O M B U S T I O N  OM A F L A T  P L P T E  I N  T A N G E N T I A L  F L O W #  /OF HYOROGEN 
31904 A V I D R  OF L I Q U I D  HYDROGEN I N  A T A N K  D E S I G N E D  AND I N S U L A T E D F O R  
52019 TLEMENT OF S T E E L S  U S E D  I N  THE TANK F A R M  C Y L I N D E R S #  /N E M B R I T  
40498 E R #  L I Q U I D  HYDROGEN T A N K  I N S U L A T I O N  FOR S - I 1  BOOST 
40508 P E R I M E N T A L  F I N D I N G S  F R O M  ZERO-TANK N E T  P O S I T I V E  S U C T I O N  H E A D  
40417 R I Z A T I O N  I N  A  L I Q U I D  HYDROGEN T A N K #  / I C A T I O N  AND S E L F - P R E S S U  
4 0 4 1  0 V E H I C L E S #  HYDROGEN T A N K A G E  FOR H Y P E R S O N I C  C R U I S E  
4 3 4 2 2  V E N T I N G  O F  L I Q U I D - H Y D R O G E N  T A N K A G E #  
4 3 4 1 3  O F  S P H E R I C A L  L I Q U I D  HYDROGEN T A N K A G E #  / S E L F - P R E S S U R I Z A T I O N  
46416 UME OF I N S U L A T I O N S  F O R  ROCKET T A N K S  F I L L E D  W I T H  L l Q U I D  HYDRO 
4 0 4 0 2  T l O N  F O R  L I Q U I D - H Y D R O G E N  F U E L  T A N K S  I N  H I G H -  SPEED. LONG-RAN 
40418 ON S Y S T E M  FOR L I Q U I D - H Y D R O G E N  T A N K S  OF H Y P E R S O N I C  A I R P L A N E S #  
31003 ON SYSTEM F O R  L I Q U I D  HYDROGEN T A N K S  OF H Y P E R S O N I C  A I R P L A N E S *  
4 0 4 0 7  OR I N S U L A T I N G  L I Q U I D - H Y D R O G E N  T A N K S *  L O W - D E N S I T Y  F O A M  F 
51013 ROGEN-OXYGEN S Y S T E M  I N  V E N T E D  T A N K S #  / P R O P E R T I E S  OF T H E  H Y D  
40415 OR U S E  A S  I N S U L A T I O N S  F O R  L H 2  T A N K S #  / M A T E R I A L S  C O M P O S I T E S  F 
5 2 0 4 7  O F  HYCROGFN E M B R I T T L E M E N T  O F  T A N T A L U M  I N  T H E  F R C T F Y  /LEMENT 
5 2 0 0 3  E T C H  A N A L Y S I S  O F  HYDROGENATED T A N T A L U M  S H E E T #  P  
51003 AND METHODS O F  C O M P U T A T I O N  OF T E C H N I C A L  E X P L O S I V I T Y  PARAMETE 
22627 A C E T Y L E N E *  I T S  HOMOLOGS. AND T E C H N I C A L  HYDROGEN F R O M  NATURA 
2261 0 F O R  F E R T I L I Z E R  I N D U S T R Y  I N  I/ T E C H N I C A L  HYDROGEN PRODUCT I O N  
34011 O N V E R S I O N  3F CH/  P H Y S I C A L  AND T E C H N I C A L  PROBLEMS O F  D I R E C T  C 
51011 N H A N D L I N G  S U I T  P R O T E C T S  N A S A  T E C H N I C I A N S #  HYDROGE 
33026 ROGEN-OXYGEN ROCKET AND A NEW T E C H N I Q U E  F O R  D A T A  C O R R E L A T I O N  
43303 L I Q U I D  HYDROGEN FLOW B Y  NMR T E C H N I Q U E #  
4 0 2 0 0  RAGE D E N S I T Y  A N D  R E L A T E D  P A R /  T E C H N I Q U E S  F O R  D E T E R M I N I N G  A V E  
22173 HYDROGEN S T /  NEW C O N C E P T S  AND T E C H N I Q U E S  FOR P R E P A R I N G  P U R E  
22144 A R E F O R M I N G  P R O C E S S  AND OTHER T E C H N I Q U E S #  / C I S T E A M  N A P H T H  
34034 C E S  AND PROBLEMS*  F U E L  C E L L  TECHNOLOGY - A SURVEY OF ADVAN 
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30040  U A T I O N  O F  LOX/HYDROGEN E N G I N E  TECHNOLOGY F O R  ADVANCED M I S S 1 0  
31009 P E R S O N I C  A I R C R A F T #  K E Y  TECHNOLOGY F O R  A I R B R E A T H I N G  H Y  
2 1 0 1 6  P/ T H E R M O C H E M I C A L  AND N U C L E A R  TECHNOLOGY FOR N U C L E A R  WATER S 

3 4 0 2 4  TECHNOLOGY OF F U E L  C E L L S X  
34225 MMARY R E P O R T #  F U E L  C E L L  TECHNOLOGY PROGRAM C O N T R A C T  S U  
34271 FUEL C E L L  TECHNOLOGY PROGRAM# 
3 4 2 2 6  F U E L  C E L L  TECHNOLOGY PROGRAM# 
34256 F U E L  C E L L  TECHNOLOGY PROGRAM# 
34844 S T A T U S  O F  S H U T T L E  FUEL C E L L  TECHNOLOGY PROGRAM* 
3 3 0 1 5  N SPACE S H U T T L E  A C P S  T H R U S T E R  TECHNOLOGY R E V I E W I  /OGEN-OXYGE 
30042 OXYGEN/HYDROGEN COMPONENT TECHNOLOGY S T A T U S *  
30005 I O N  OF GASEOUS N U C L E A R  ROCKET TECHNOLOGY# I N V E S T  I G A T  
30006 OODLE R A D I C J I S O T O P E  P R O P U L S I O N  TECHNOLOGY# P 
40005 L I Q U I D  HYDROGEN TECHNOLOGY# 
3 4 2 0 2  ADVANCED E L E C T R O C H E M I C A L  TECHNOLOGY# 
10065 C L E A N  ENERGY V I A  C R Y O G E N I C  TECHNOLOGY# 
2 0 0 1  4 MODERN E L E C T R O L Y S E R  TECHNOLOGY# 
4 0 0 0 0  0 LOW-TEMPERATURE E N G I N E E R I N G  TECHNOLOGYY / r  L I Q U I D  HYDROGEN 
34257 E M P L O Y I N G  C O N D U C T I N G -  POROUS-TEFLON E L E C T R O D E S  AND L I Q U I O  E 
4 3 0 0 9  E Q U A N T I T I E S /  R E V E R S I B L E  ROOM TEMPERATURE A B S O R P T I O N  OF L A R G  
22231 DROCARRONS TO HYDROGEN A T  LOW TEMPERATURE AND H I G H  P R E S S U R E *  
34105 G E N  A N 0  B A S I C - E L E C T R O L Y T E  LOW-TEMPERATURE B A T T E R I E S  AT THE C 
50002 S A F E T Y  R E Q U I R E M E N T S  F O R  H I G H - T E M P E R A T U R E  D E S I G N #  
5 2 0 3 6  I O R l U M  AND V A N A D I U M  / T H E  LOW-TEMPERATURE E M B R I T T L E M E N T  OF N 
4 C 0 0 0  OMDRROWs L I Q U I D  HYDRCGENs LOY-TEMPERATURE E N G I N E E R I N G  TECHNO 
2 2 6 0 2  G E N  F R O M  CO + H 2 C *  LOW TEMPERATURE F O R M A T I O N  O F  HYDRO 
2 3 0 2 0  G E N  FROM C O  + H 2 0 #  LOW TEMPERATURE F O R M A T I O N  OF HYDRO 
3 4 2 1 7  L @ W  TEMPERATURE F U E L  B A T T E R I E S *  
34509 T E  MEYRRANES FOR I N T F R M E D I A T E  TEMPERATURE F U E L  C E L L S X  /OSPHA 
34644 E S  ON A N O D I C  Q E A C T I O N  O F  H I G H  TEMPERATURE F U E L  C E L L #  S T U O I  

34506 LOW TEMPERATURE F U E L  C E L L #  
34611 NCE OF CARBON M O N O X I D E  I N  LOW-TEMPERATURE F U E L  C E L L S C O N T A I N I  
3 4 6 2 4  C A R R O N - A I R  E L E C T R O D E S  F O R  LOW TEMPERATURE F U E L  C E L L S I  
3 4 2 0 8  P H O S P H O R I C  A C I D  INTERMEDIATE-TEMPER4TURE F U E L  C E L L #  / I L I Z E D  
3 4 2 1 2  I O Y  ON D I L U T E  H/ I N T E R M E D I A T E  TEMPERATURE F U E L  C E L L  - OPERAT 
3 4 0 2 6  LOW-TEMPERATUPF F U E L  C E L L  SYSTEMS*  
23029 HYORDGEN GENERATORS A N D  MEPN TEMPERATURE F U E L  C E L L S #  / O B I L E  
22640 I N G  F U R N A C E #  H I G H - T E M P E R A T U R E  HYDROCARBON REFORM 
34101 PROACH TO HIGH-PKESSURE.  H I G H - T E M P E R A T U P E  HYDROGEN OXYGEN F U  
3 4 6 2 6  E C T R O C A T A L Y S T S  FOR U S E  I N  LOW TEMPERATURE HYDROGEN/OXYGEN FU 
34603 C G E E X I S T I N G  B A T T E R I E S /  LOW TEMPERATURE HYDROGEN C E L L S  OF 
3 4 2 5 1  T I C S  O F  H I G H - P R E S S U R E  M E D I U M -  TEMPERATURE HYDROGEN-OXYGEN R E  
40306 OUS/ D E V I C E  F O R  M E A S U R I N G  THE TEMPERATURE O F  L I Q U I D  AND GASE 
5 1 0 Q 4  E N  E X P L O S I V I T Y  ON T H E  I N I T I P L  TEMPERATURE O F  THE HYDROGEN M I  
52050 E /  T H E  E F F E C T  O F  HYDROGEN AND TEMPERATURE ON M E C H A N I C A L  PROP 
34203 ND I T 5  PERFORMANCE W I T H I N  THE TEMPERATURE RANGE - 2 0  DEGREES 

2 2 6 3 8  PORTED N I C K E L  C A T A L Y S T  I N  THE TEMPERATURE R A N G E  3 7 0 - 4 S C X  / U P  
2 2 1 2 2  R O U T E  T O  F U E L - C E L L  HYDRO/ LOW-TEMPERATURE REFORMING;  A GOOO 
2211 1 DGENX LOW-TEMPERATURE R E F O R M I N G  F O R  HYDR 
2 3 4 4 0  DROGEN F R O U  I N D U S T R I A L  G/ LOW-TEMPERATURE R E G E N E R A T I O N  O F  H Y  
2 1 0 3 6  R T H E  D E C O M P O S I T I O N  OF/  A LOW TEMPERATURE T H E R M A L  P R O C E S S  F O  
3 4 2 7 0  DROGEN CROSS-LEAK4GE I N  A LOW-TEMPERATURE* C O N T A I N E D - E L E C T R O  
4 0 3 0 5  AT AND ABOVE L I Q U I O  HYDROGEN *TEMPERATURE: P R E S E N T  AND F U T U R  
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5 2 0 2 5  HYDROGEN ON M E T A L S  A T  A M B I E N T  TEMPERATURE*  / F  H I G H  P R E S S U R E  
52005 OF HYDROGEN I N  M E T A L S  AT H I G H  T E M P E R A T U R E S  AND LOW P R E S S U R E S  
33059 G E N E R A T I O N  O F  H I G H  S T A G N A T I Q N  T E M P E R A T U R E S  B Y  P R E C O M B U S T I O N  
3 0 0 4 8  T H E  I D E A L  S T A T E  A T  S T A G N A T I O N  T E M P E R A T U R E S  U P  T O  2 0 0 . 0 0 0  D E G  
5 0 0 0 9  F L I Q U I F I E D  G A S E S  AT VERY LOW TEMPERATURESc P A R T I C U L A R  C A S E  
51005 R N I N G  R A T E S .  D I L U T I O N  L I M I T S *  T E M P E R A T U R E S v A N D  W I N D  E F F E C T S #  
2 3 4 2 1  HYDROGEN P U R I F I C A T I O N  A T  LOW TEMPERATURES# 
2 3 4 2 5  N O F  HYDROGEN B Y  MEANS OF LOW T E M P E R A T U R E S #  P U R I F I C A T I O  
3 3 0 6 6  OGEN A T  H I G H  P R E S S U R E  AND LOW T E M P E R A T U R E S #  / B U S T I O N  O F  HYDR 
40008 I S O T O P E S  BELOW T H E I R  C R I T I C A L  T E M P E R A T U R E S Y  / E S  OF HYDROGEN 
34209 E N - C H L O R I N E  F U E L  C E L L  A T  H I G H  TEMPERATURESX /M O F  T H E  HYDROG 
4 x 0 0  N D  H E L I U M .  O B T A I N I N G  ULTRALOW T E M P E R A T U R E S #  /N O F  HYDROGEN A 
52018 L L O Y  W I T H  HYDROGEN GAS AT LOW T E M P E R A T U R E S #  /OF A  T I T A N I U M  A 
5 2 0 5 5  C R Y O G E N I C ,  ROOM* AND E L E V A T E D  TEMPERATURESX / R E  HYDROGEN AT 
1 0 0 4 8  ECO-ENERGY S T U D I k S  A T  TEMPO# 
52031 M- H Y D /  E F F E C T  O F  HYDROGEN O N  T E N S I L E  P R O P E R T I E S  O F  P A L L A D I U  
5 2 0 0 1  THE E F F E C T  OF C O M P O S I T I O N  AND T E N S I L E  S T R E N G T H  ON T H E  SUSCEP 
2 0 0 1 7  T R O L Y S I S  MODULE* LONG-TERM O P E R A T I O N  OF A  WATER E L E C  
5 1 0 1 4  C R I T E R I A  F O R  L I Q U I D  HYDROGEN T E S T  F A C I L I T I E S #  E X P L O S I O N  
5 2 0 1 7  ROGE/ A  C O M P A R I S O N  O F  V A R I O U S  T E S T  METHODS FOR D E T E C T I N G  H Y D  
4 3 3 1 2  N D  F I S S I O N  C O U P L E S *  T E S T  O F  L I O U I D - L E V E L  SENSORS A 
2 3 0 1 9  T R O L Y S I S  S Y S T E M S  F/ S I X - M O N T H  T E S T  PROGRAM C F  TWO WATER E L E C  
3 0 0 5 0  ROGEN-CXYGEN A B L A T I V E  CHAMBER T E S T  PROGRAM# L A R G E  HYO 
5 1 0 0 8  OR O F  NONMETA/  F L A S H  AND F I R E  TEST:  E V A L U A T I O N  OF T H E  B E H A V I  
5 2 0 2 9  MENT: P R I M A R Y  AND SECONDARY / T E S T I N G  F O R  HYDROGEN E M B R I T T L E  
52015 O F  H Y /  A  NEW 4PPROACH TO B E N D  T E S T I N G  FOR T H E  D E T E R M I N A T I O N  
3 2 0 2 4  I N E  C O N C E P T #  NASA T E S T I N G  HYDROGEN I N J E C T I O N  ENG 
3 4 2 6 4  N F U E /  R E L I A B I L I T Y  ASSESSMENT T E S T I N G  OF 2 KW HYDROGEN-OXYGE 
3 4 6 3 4  L E C T R O D E  IMPROVEMENT AND L I F E  T E S T I N G Y  /L C E L L  ELECTRODES;  E  
5 2 0 1 9  N T  OF S T E E L S  U S E D  I N  T H E  T A N /  T E S T S  FOR HYDROGEN E M B R I T T L E M E  
30051 A C O U S T I C  SCALE-MODEL T E S T S  OF H I G H - S P E E D  FLOWS*  
33039 S I M U L A T E D  A F T E R B U R N E k C  T k S T S  W I T H  HYDROGEN F U E L  I N  A  
5 2 0 2 6  304 S T A I N L E S S  S T E E L  FROM L E S S  T H A N  6 0 0  C  T O  NEAR 600 C# /ND 
4301 2 MAGNETS T H A T  A T T R A C T  HYDPDGENA 
1 0 0 6 6  M/ P O L L U T I O N - F R E E  CAR E N G I N E S  T H C T  B U R N  A G A S O L I N E - H Y D R O G E N  

' T H E  ' NOT I N D E X E D  
' T H E I R  NOT I N D E X E D  

33043 ANCE 9F R A M J E T  F U E L S :  HYDROG/ T H k O R E T I C A L  C O M t i U S T I O N  PERFORM 
3 0 0 4 8  K E T  E N G I N E S  U S I N G  GASEOUS H Y /  T H E O R E T I C A L  PERFORMANCE OF ROC 
3 0 0 2 6  E  T G I E R G O L I C  ROCKET F U E L  SYS/  T H E O R E T I C A L  PERFORMANCES OF T H  
3400 9 F U E L  C E L L S :  THEORY AND A P P L I C A T I O N #  
4 1 0 1 4  - P R E S S U R E  HYD/  C O R R E L A T I O N  O F  THEORY AND E X P E R I M E N T  FOR H I G H  
5 1 0 3 3  APORS AND GASES W I T H  A I R .  X I -  THEORY G F  E X P L O S I V E  C O M B U S T I O N  
4 0 2 1 4  N T S  OF C R Y O G E N I C  L I Q U I D S *  T H E R M A L  BEHAV I O R  AND MEASUREME 
3 1  0 3 4  A N A L Y T I C A L  E V A L U A T I C N  O F  THE T H E R M A L  B E H A V I O R  OF L I Q U I D  H Y D  
4 0 2 9 6  ROGEN N E A R  I T S  C R I T /  FLOW AND T H E R M A L  C H A R A C T E P I S T I C S  O F  H Y D  
4 2 4 1  6  I F I C  H E /  D E T E R M I N A T I O N  :IF T H E  T H E R M A L  C O N D U C T I V I T Y I  T H F  SPEC 
4 1 0 1 2  A N D  L I Q U I D  PARAHYOROGENw T H E R M A L  C O N D U C T I V I T Y  OF S O L I D  
2 2 6 2 5  T H E M A T I C A L  D E S C R I P T I C N  O F  THE T H E R M A L  C O N T A C T  P R O C E S S  FOR T H  
2 1 0 1 3  THROUGH C H E M I C A L  C Y C L E S  U S I /  T H E R M A L  D E C O M P O S I T I O N  O F  WATER 
2 0 5 1 2  UDY OF HYDROGEN G E N E k A T I O N  BY T H E R M A L  E N E R G Y #  SYSTEM S T  
3 1 C 3 R  E T H A N E  OR HYDROGEN F U E L  FOR / T H E R M A L  F E A S I H I L I T Y  O F  U S I N G  M 
10058 O N S E R V I N G  E N E 9 G Y  AND R E D U C I N G  T H E R M A L  P O L L U T I O N #  / E L L S  FOR C 
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2 1 G 0 4  O S I T I O N  CF/ P  LOW TEMPERPTURE T H E R M A L  PROCESS F O R  T H E  DECOMP 
4 1 0 5 2  OGE/ HANDBOOK OF P H Y S I C A L  AND T H E R M A L  P R O P E R T Y  D A T A  F O R  HYDR 
4 0 4 0 2  HYDROGFN F U E L  T A N K S  I N  H I G H - /  T H E K M A L  P R O T E C T I O N  F O R  L I Q U I D -  
4 0 4 1 8  L /  P  CARBON D I O X I D E  P U R G E  AND T H E R M A L  P R O T E C T I O N  S Y S T E M  FOR 
3 1 0 0 3  L /  P CARBON D I O X I n E  P U R G E  AND THERMAL P R O T E C T I O N  S Y S T E M  FOR 
3 3 0 0 6  H Y D R 3 G E N  P L U M E #  THERMAL R A D I A T I O N  FROM B U R N I N G  
4 7 4 1 7  ROGRAM F O R  THE C A L C U L A T I O N  OF T H F R M A L  S T R A T I F I C A T I O N  AND S E L  
2 2 6 2 5  T H E M A T I C A L  D E S C R I P T I O N  OF THE THERMAL-CONTACT P R E P A R A T I O N  OF 
3 3 0 1 0  R E D  T H E R M I O N I C  GENERPTORS AND T H E R M I O N I C  D I C D E S l  / -OXYGEN F I  
3 0 9 1 0  M I O N I C /  HYDROGFN-OXYGEN F I R E D  T H E R M I O N I C  GENERLTORS A N 0  THER 
2 2 2 1 1  R A T I O N  FROM HYDFOCARBOh FUEL/ T H F R M O - C A T A L Y T I C  HYDOOGEN GENE 
2 I C 1 6  HNOLOSY FOR N U C L E A R  WATFR SP/ T H E R M O C H E M I C A L  A N D  N U C L E A R  T E C  
2 1 0 0 3  E R #  THERMOCHEMICAL CRACK I N G  O F  WAT 
2 1 3 1 4  S #  F U N D A M E N T A L S  OF T H E R M O C H E M I C B L  C Y C L I C  PROCESSE 
2 1 0 0 2  T I O N *  THERMOCHEMICAL HYDROGEN GENERA 
2 1 0 0 7  HYDROGEN SCUGHT V I A  T H E R M O C H E M I C A L  MEANS* 
4 0 2 5 2  O P E H T I /  COMPUTER PROGRAMS FOR THERMDDYNAMIC AND T R A N S P O R T  P R  
4 0 2 n R  O P E R T I E S  O F  F L U I D S  A N D  S E L E C /  THERMODYNAMIC A N 0  T R A N S P O R T  P R  
33007 O P E P T X E S  O F  F U E L - O X Y G E N  COMB/ THERMODYNAMIC AND T R A N S P O R T  P R  
4 0 1 0 8  E /  DEVELOPMENT O F  A  P R A C T I C A L  THERMODYNAYI  C C Y C L E  F O R  A  SPAC 
4 0 5 3 3  L I Q U I D  HYDROGEN TURBOPUMPSU THERMODYNAMIC I M P R O V E M E N T S  I N  
4 1 0 1 1  FAHYDROGEN PRDM 1 TO 2 2 K /  T H E  T H E k M O D Y N A M I C  P R O P E R T I E S  O F  P A  
22213 O M P L E T F  C O M B U S T I O N  ( C A S I F I C A /  THERMODYNAMIC STUDY O F  T H E  I N C  
21 0 0 3  ATER D E C O M P 3 S I T I  ON P R O C E S S E S /  T H E R M O D Y N A Y I C S  OF M U L T I - S T E P  W 
52005 T Y  AND PERMEATION OF HYDROGE/ THERMODYNAMICS OF THE S u L u e I L l  
4 1 0 0 6  T I N G  C H A R A C T E R I S T I C S  AND R U L K  T H E R M O P H Y S I C A L  P R O P E R T I E S  OF S 
431 10  P A R A T U S #  A P P L I C A T I O N  OF T H E R M O S I P H G N  FOR P R E C O O L I N G  AP 
3 4 8 3 6  D  SUBSEQUENT R E C O M a I N A T I D N  O F  T H E S E  GASES B Y  F U E L  C E L L S X  / A N  
3461 7 E *  HYDROGEN-OXYGEN T H I N  E L E C T R O D E  F U E L  C E L L  MODUL 
3 4 6 4 7  H E  D I M E N S I O N S  OF A I R - H Y D R O G E N  T H I N  E L E C T R O D E S *  E X T E N D I N G  T  
34633 T H f  N  F U E L  C E L L  E L E C T R O D E S #  
5 2 0 4 4  E E L  FROM HYDROGEN C R A C K I N G  B Y  T H I N  M E T A L L I C  C O A T I N G S *  / O F  S T  
4033 9 T H I N - F  I L M  HYDROGEN S E N S O R *  
40112 EN-HYDROCARBON GAS M I /  JOULES-THGMSON L I Q U E F A C T I O N  O F  HYDROG 
19014 MY'*# "SECOND THOUGHTS ON T H E  HYDROGEN ECONO 
5 2 9 2 6  GAS-PHASE HYDROGEN P E R M E A T I D N  THROUGH A L L H A  I R O N .  4130 S T E E L  
21013 HERMAL D E C O M P O S I T I O N  3F WATER T H k O U G H  C H E M I C A L  C Y C L E S  U S I N G A  
3 4 2 1 6  C E L L S  I N  W H I C H  GAS C I R C U L A T E S  THROUGH E L E C T R O L Y T E #  /02 F U E L  
2 2 2 1 0  I T Y  A Y D  B E  P I P E D  T O  CONSUMERS THROUGH G R I D  S A Y  B I P Y  SPOKESMA 
52043 E P E R M E A T I O N  Q A T E  GF HYDROGEN THROUGH M E T A L  MEMBRANES* /F T H  
52032 D I F F U S I O N  O F  G A S E S  THKOUGH M E T A L S #  
5 2 0 4 5  T I  ON O F  E L E C T R O L Y T I C  HYDROGEN THROUGH P L A T 1  NUMY PERMEA 
23408 E S  OF CO AND H 2  BY P E R M E A T I O N  THROUGH P O L Y M E R I C  F I L M S *  / X T U P  
3 0 0 6 0  DEVELOPMENT OF A  I .SCO.000-LB-THRUST ( N O W I N A L  VACUUM)  L I Q U I D  
3 0 3 6 6  F COMBUSTOR E F F E C T S  ON ROCKET THRUST CHAMBER P E R F O R M A N C E #  /O 
3 0 0 5 6  ANUFACTURE O F  L I Q U I D  HYDROGEN THRUST CHAMBER* D E S I G N  AND M  
30062 M  F O R  A R E G E N E R A T I V E L Y  COOLED THRUST CHAMBER# / C O A T I N G  S Y S T E  
3 0 C 1 3  ON SCREFCH I N  A  2 0 9 C 0 0  POUND-THRUST HYDROGEN-OXYGEN R O C K E T #  
3 0 0 3 3  N  C C N C E P T S  I N  A  20.OCO- POUND-THRUST HYDROGEN-OXYGEN R O C K E T #  
33049 E  S  E P R  HM4 E N G I N E :  A  40 KN THRUST L I Q U I D  OXYGEN AND HYDRO 
30036 ON S T A B I L I T Y  CHARA/  E F F E C T  O F  THRUST P E R  E L E M E N T  O N  COMBUST1 
30045 / D Y A N M I C  PERFORMANCE O F  LOW-THRUST* COLD-GAS R E A C T I O N  J E T S  
30061 U L S I  VE U N I T  W I T H  3 0 C  N VACUUM THRUSdTI  / / L I Q U I D  HYDROGEN PROP 
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33023 TANDARO E N G I N E  O F  6-8 TONS O F  T H R U S T #  / C H I N G  SYSTEM W I T H  A  S  
3 3 P 1 5  G t N - O X Y G E N  S P P C E  S H U T T L E  ACPS T H R U S T E R  TECHNOLOGY R E V I E W #  /O 
3 0 0 1 0  u i T L t s  VOLUME 2: LOW P R E S S U R E  T H R U S T E R S *  / N  FOR T H E  S P A C E  S H  
3 0 0 6 5  ON CONTROL / I N V E S T I G A T I O N  O F  THRUSTORS FOR C R Y O G E N I C  R E A C T 1  
52050 M E C H A N I C A L  P R O P E R T I E S  OF T H E  T I - 5 A L - 2 . 5 S N  E L I  A L L O Y #  / R E  ON 
40510 i I N E S I  COOLDOWN T I M E  FOR S I M P L E  C R Y O G E N I C  P I P E  
3 3 0 2 3  YDRCI/ PHOTOCHEMICAL INDUCTION TIMES IN FLOWING MIXTURES OF n 
5 2 C 1 8  A S  A T  LOW / T H E  R E A C T I O N  O F  A  T I T A N I U M  A L L O Y  W I T H  HYOROGEN G 
5 2 0 5 4  O T - S A L T  S T R E S S - C O R R O S I O N  OF A  T I T A N I U M  A L L O Y #  /HYDROGEN I N  H 
4 3 0 1 0  N. P R O P E R T I E S .  AND A P P L /  I R O N  T I T A N I U M  H Y D R I O E :  I T S  F O R M A T 1 0  
5 2 0 5 9  E S T I G A T I O N  OF T H E  R E A C T I O N  OF T I T A N I U M  W I T H  HYOROGENY I N V  

* T O  ' NOT INDEXED 
3 4 0 3 5  F U E L  C E L L S .  TODAY AND TOMDRROW# 
4 0 0 0 0  - T E M P E R A T U R E  E N G I N E /  F U E L  F O R  TOMORROWm L I Q U I D  HYDROGEN* LOW 
34035 F U E L  C E L L S .  TODAY AND TOMORROW# 
1 0 0 1 3  HYDROGEN: TOMORROW'S F U E L ? #  
4 0 1 0 6  R Y D G E N I C  E X P A N S I O N  E N G I N E  FOR TONNAGE HYOROGEN L I Q U E F A C T I O N #  
3 3 0 2 3  W I T H  A S T A N D A R D  E N G I N E  O F  6-8 TONS O F  T H R U S T #  / C H I N G  S Y S T E M  
1 0 0 2 d  U E L " #  HYDRGGEN G E T S  T O P  B I L L I N G  A S  F U T U R E  " C L E A N  F 
10089 D R Y  A TOWFR TOP F O C U S  S O L A R  ENERGY C O L L E C T  
30007 I T S  F O R  HYDROGEN/ A N A L Y S I S  OF T O P P I N G  AND R L E E D  TURBOPUMP U N  
10089 O L L E C T O R I  A  TOWER T O P  F O C U S  SOLAR ENERGY C 
2 2 1 9 1  U S E  O F  HYDROGEN I N  TOWN G A S  P R O D U C T I O N *  
10015 S O L U T I O N  L I /  "HYDROGEN-HEATED TOWNS P L A C E D  O N  ENERGY C R I S I S  
2 3 2 0 2  P H O T O S Y N T H E T I C  U N I T S .  ENERGY T R A N S F E R  A N D  L I G H T -  I N D U C E D  E V  
4 g 5 0 2  I D  HYOROGEN TURBOPUMPSY H E A T  T R A N S F E R  C O E F F I C I E N T S  F O R  L I Q U  
30071 MRER B U R /  C O M B U S T I O N  AND H E A T  T R A N S F E R  I N  4  S M A L L  R O C K E T  CHA 
3 4 0 2 5  E L  C E L L S  W I T H  I O N  E X C H A /  MASS T R A N S F E R  I N  E L E C T R O C H E M I C A L  FU 
33031 C K E T /  A N  I N T R O D U C T I O N  T O  H E A T  T R A N S F E R  I N  HYDROGEN/OXYGEN RO 
33036 E R  B U R N I /  C O M B U S T I O N  AND H E A T  T R A N S F E R  I N  S M A L L  ROCKET CHAM8 
41004 S T R U M E N T A T I O N  F O R  STORAGE AND T R A N S F E R  OF HYOROGEN S L U S H #  /N 
33026 OXYGEN ROC/ C O O L A N T - S I D E  H E A T - T R A N S F E R  R A T E S  FOR A HYOROGEN- 
3 3 0 2 5  T I G A T I O N  O F  H O T - G A S  S I D E  H E A T - T R A N S F E R  R A T E S  FOR A HYOROGEN- 
33030 I A T I O Y S  OF HOT-GAS-S I D E  H E A T -  T R A N S F E R  R A T E S  I N  A  HYDROGEN-0 
4 0 6 0 2  A  1 0 . 0 0 0 - G P M  L I Q U I D  HYDROGEN T R A N S F E R  S Y S T E M  FOR T H E  S A T U R N  
4 0 2 0 9  F L O W I N G  T U R B U L E N T L Y  I N /  H E A T  T R A N S F E R  TO C R Y O G E N I C  HYOROGEN 
40210 P O R  M I X T U R E  OF HYDROGEN/ H E A T  T R A N S F E R  TO S U B L I M I N G  S O L I D - V A  
4 0 2 0 7  O G E N I /  F O R C E D  C O N V E C T I O N  H E A T  T R A N S F E R  T O  S U P E R - C R I T I C A L  C R Y  
4 0 6 6 5  I C  P R O P E L L A N T  A C Q U I S I T I O N  AND T R A N S F E R *  CRYOGEN 
3 3 0 1 5  A I R  M I X I N G  L A Y E R *  C H E M I C A L  T R A N S F O R M A T I O N S  I N  A  HYDROGEN- 
5 2 0 1 0  T A I N L /  H Y D R O G E N - I N D U C E D  P H A S E  T R A N S F O R M A T I O N S  I N  T Y P E  304L S 
3 3 ' 3 5 1  YGEN R F A C T O R C  T R A N S I E N T  MODEL OF HYOROGEN/OX 
40600 L T I P L E  U S E  OF C R Y O G E N I C  F L U I D  T R A N S M I S S I O N  L I N E S #  MU 
10079 ENERGY T R A N S M I S S I O N  V I A  HYDROGEN* 
10004 A NEW CONCEPT I N  ENERGY T R A N S M I S S I O N #  
3 1 0 1 7  THE C A S E  FOR HYDROGEN F U E L E D  TRANSPORT A I R C R A F T Y  
4 0 6 0 1  D H Y /  E X P E R I E N C E  I N  H A N D L I N G *  T R A N S P O R T  AND STORAGE OF L I Q U I  
31005 Q U I D  HYDROGEN A S  A  S U P E R S O N I C  T R A N S P O U T  F U E L #  L I 
34607 D R I C A L  ANODES I N  S T I R R E D  E L E /  TRANSPORT O F  HYDROGEN T O  C Y L I N  
33007 X Y G E N  COMB/ THERMOOYNAMIC AND TRANSPORT P R O P E R T I E S  O F  F U E L - 0  
4 0 2 0 2  ROGRAMS F O R  THERMOOYNAMIC AND TRANSPORT P R O P E R T I E S  O F  HYDROG 
4 0 2 0 8  4 N O  S E L E C /  THERMOOYNAMIC AND TRANSPORT P R O P E R T I E S  O F  F L U I D S  
31014 A HYDROGEN-FUELED S U P E R S O N I C  T R A N S P O R T #  T H E  C A S E  FOR 

r 3f-7 
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3 1 0 0 7  F U E L  I N  A  MACH 2 a 7  S U P E R S O N I C  TRANSPORT*  /ROGEN AND METHANE 
10064 ERGY N E E /  S Y N T H E T I C  F U E L S  FOR T R A N S P O R T A T I O N  AND N A T I O N A L  E N  
42003 HYDROGEN F O R  ECO-ENERGY# T R A N S P O R T A T I O N  AND STORAGE O F  
3 2 0 2 5  .OOC F O R  H /  THE D E P A R T M E N T  OF T R A N S P O R T A T I O N  H A S  G R A N T E D  $60 
4 0 6 0 3  ELSW THE STORAGE AND T R A N S P O R T A T I O N  O F  S Y N T H E T I C  F U  
10061 T S  F O R  HYDROGEN A S  A  F U E L  F O R  T R A N S P O R T A T I O N  SYSTEMS AND FOR 
32005 F U T U R E  I N  T H E  E M E R G I N G  E N E R G Y - T R A N S P O R T A T I O N - E N V I R O N M E N T  S Y S  
31313 I Q U I D  HYDROGEN S U P P L Y  F O R  A I R  T R P N S P O R T A T I O N W  /CONOMICS OF L 
3 2 0 2 0  YDROGEN SYSTEM FOR A U T O M O T I V E  T R A N S P O R T A T I O N #  /OF A  L I Q U I D  H 
4 0 4 2 0  I O N  F O G  L A R G E  V E S S E L S  U S E D  I N  T R A N S P O R T I N G  AND S T O R I N G  CRYOG 
31016 H Y P E R S O N I C  T R A N S P O R T S #  
33064 TO T H E  C O M P O S I T I O N  L I M I T S  AND T R A N S V E R S E  S T A B I L I T Y  O F  GASEOU 
34834 E F F E C T S  OF CARBON D I O X I D E  ON T R A P P E D  E L E C T R O L Y T E  HYDROGEN- 
5 2 5 4 1  E N  E M R R I T T L E M E N T  AND HYDROGEN T R A P S #  HYDROG 
52007 E M B R I T /  I N F L U E N C E  OF SURFACE T R E A T M E N T S  AND C O A T I N G S  ON T H E  
5 2 0 4 9  E F F E C T  O F  SURFACE PNO C O A T I N G  T R E A T M E h T S  ON T H E  E M B R I T T L E M E N  
4 0 0 0 6  U C T I O N  I N  THE U N I T E D  S T A T E S #  TRENDS I N  C R Y O G E N I C  F L U I D  PROD 
2 3 4 1 8  S E R S T O F F  DUHCH P E R M E A T I O N  AN/ TRENNUNG UND R E I N I G U N G  VON WAS 
3 0 0 2 6  E D R E T I C A L  PERFORMANCES O F  THE T R I E R G O L I C  ROCKET F U E L  SYSTEM 
5 2 0 2 4  DROGEN G A S #  E M B R I T T L E M E N T  OF T R I P  S T E E L  I N  H I G H - P R E S S U R E  HY 
5 2 0 2 3  E N  E M B R I T T L E M E N T  S T U D I E S  O F  A  T R I P  S T E E L #  HYDROG 
41002 A L  P R O P E R T Y  D A T A  F O R  H Y D R O G F N c T H I P L E  P O I N T  R E G I O N  T O  C R I T I C *  
4 1 0 C 5  M I X T U R E S  OF HYDROGEN N E A R  T H E  T R I P L E  P O I N T Y  L I Q U I D - S O L I D  
4 3 2 1 3  M I X T U R E  OF HYDROGEN BELGW I T S  T R I P L E  P O I N T #  /NG S C L I D - V A P O R  
3201 9 S L A B  M A K I N G  HYDROGEN-POWERED TRUCK# L O S  ALAMO 
30032 E N  M I X T U R E S #  RESONANCE T U B E  I G N I T I O N  OF HYDROGEN-OXYG 
4 0 2 0 6  P O I N T  I Y  P H E P T E D  C Y L I N D R I C A L  T U B E #  /OGEN N E A R  I T S  C R I T I C A L  
4 0 2 0 9  L E N T L Y  I N  S T R A I G H T  AND CURVED T U B E S  AT H I G H  H E A T  F L U X E S #  / B U  
2 2 1 3 2  DROCARBON STEAM R E F O R M I N G .  I N  T U B E S *  F O R  P R O D U C T I O N  OF S Y N T H  
3 3 0 2 4  LOW-PHESSUUE PERFORMANCE O F  A  T U B U L A R  COMBUSTOR W I T H  GASEOUS 
33001 # 3 - K I L O W A T T  C O N C E N T R I C  TUtJULAR R E S I S T O J E T  PERFORMANCE 
30098 E T  A P P L I C A T I O N S a  1 : D k S I G N  OF T U R B I N E  A N D  E X P E R I M E N T A L  P E R F D  
3 0 0 0 8  D F  T H E  E I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  FOR HYDROGEN-PROPELLED 
3 0 0 0 9  I O N  O F  E I G H T - S T A G E  B L E E D - T Y P E  T U R B I N E  F O R  HYDROGEN-PROPELLED 
3 1 0 0 8  R E C T  C D O L I N G  O F  A  F I R S T - S T A G E  T U R B I N E  S T A T O R #  / N  F U E L  F O R  D I  
2 2 1 7 7  YDRDGEN MANUFACTURE U S I N G  GAS T U R B I N E - D R I V E N  C E N T R I F U G A L  COM 
40308 Q U I D  HYDROGEN* S M A L L  T U R B I N E - T Y P E  FLOWMETERS F O R  L I  
3 3 0 2 9  STEM O P E R A T /  B R I E F  S T U D I E S  OF T U R B O J E T  COMBUSTOR A N D  F U E L - S Y  
31010 C O M B U S T I O N  G A S  P R O P E R T I E S  U N  T U R B O J E T - E N G I N E  PERFORMANCE W I  
30037 A N A L Y S I S  OF T O P P I N G  AND B L E E D  TURBGPUMP U N I T S  FOR HYDROGEN- 
4 0 5 0 6  GN O F  THE M - l  L I Q U I D  HYDROGEN TURBOPUMP# H Y D R A U L I C  D E S I  
40507 A L I Q U I D  HYDROGEN C E N T R I F U G A L  TURBOPUMP# / H A R A C T E R I S T I C S  OF 
4 0 5 0 3  PROVEMENTS I N  L I Q U I D  HYDROGEN TURBOPUMPS# THERMODYNAMIC I M  
4 0 5 0 2  F F I C I E N T S  FOR L I Q U I D  HYDROGEN TURBOPUMPSU H E A T  T R A N S F E R  COE 
3 0 0 2 1  HYDROGEN OR A METHANE F U E L E D  T U R B O P A M J E T  POWERED F I R S T  S T A G  
3 3 0 C O  S I S  OF THE S E L F - I G N I T I O N  O F  A  T U H B U L E N T  GAS J E T  I N  A  S T R E A M  
3 3 0 6 3  C O M B U S T I O N  OF HYDROGEN I N  THE T U R B U L E N T  WAKE# /TREAM 8 Y  THE 
4 0 2 0 9  TO C G Y O G E N I C  HYDQOGEN F L O W I N G  T U R B U L E N T L Y  I N  S T R A I G H T  AND CU 

1 6 0 7 5  ECGNOMIC C O M P A R I S O N  OF TWO SOLAR/HYDROGEN CONCEPTS# 
3 0 0 C B  R I M E N T A L  PERFORMANCE O F  F I R S T  TWO S T A G E S #  / T U R B I N E  AND E X p E  
2 0 0 1 3  F /  S I X - M 3 N T H  T E S T  PROGRAM OF TWO WATER E L E C T R O L Y S I S  SYSTEMS 
33034 T  ON P A R T I C U L A T E  D A M P I N G  I N  A T W O - D I M E N S I O N A L  HYDROGEN-OXYGE 
33062 X I N G  O F  HYDROGEN AND A I Q  N E A /  T W O - D I M E N S I O N A L .  - S U P E R S O N I C  MI 
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40205 TION OF CRYOGENIC HYDROGEN IN TWO-PHASE AIRM /E RATE EVAPORA

40200 ITY AND RELATED PARAMETERS IN TWO-PHASE CRYOGENIC FLOW SYSTE

40512 PS FOR 02/H2 ROC/ ANALYSIS OF TWO-PHASE FLOW FLOW IN LH2 PUM

40500 P INLET LIN/ INVESTIGATION OF TWO-PHASE HYDROGEN FLOW IN PUM
40105 CTIO/ HYDROGEN LIQUEFIED WITH TWO-STAGE CONVERSION FOR PRODU

40308 ROGEN# SMALL TURBINE-TYPE FLOWMETERS FOR LIQUID HYD

22195 ND CHARACTERISTICS OF H AND G TYPE HYDROGEN PRODUCTION EQUIP

34502 WATER REJECTION FROM A MATRIX TYPE OF HYDROGEN-OXYGEN FUEL C

41009 ERISTICS USING A CENTRIFUGAL- TYPE PUMP (J-2)# /PING CHARACT

30008 TION OF THE EIGHT-STAGE BLEED-TYPE TURBINE FOR HYDROGEN-PROP
30009 TIGATION OF EIGHT-STAGE BLEED-TYPE TURBINE FOR HYDROGEN-PROP
52037 AND HYDROGEN EMBRITTLEMENT OF TYPE 304L STAINLESS STEEL# /G
52010 UCED PHASE TRANSFORMATIONS IN TYPE 304L STAINLESS STEELS# /D

20012 L CIRCUIT FOR AN ELECTROLYSIS-TYPEHYDROGEN GENERATOR# /ONTRO

41015 TALLIC PHASE* SOVIET AND U*So GROUPS SEEK HYDROGENOS ME
32017 STRUCTION, AND PERFORMAN/ THE UCLA HYDROGEN CAR: DESIGN, CON
32002 ON THE UCLA HYDROGEN CAR#

10037 ANS/ THE HYDROGEN ECONOMY--AN ULTIMATE ECONOMY? A PRACTICAL

10085 THE HYDROGEN ECONOMY - AN ULTIMATE ECONOMY?#
34100 ELLS# ULTRA-PURE HYDROGEN FOR FUEL C
34845 ELLS# ULTRA-PURE HYDROGEN FOR FUEL C

23409 Y STEAM REFORMING AND MOLECU/ ULTRA-PURE HYDROGEN OBTAINED B
40100 YDROGEN AND HELIUM# OBTAINING ULTRALOW TEMPERATURES# /N OF H
23201 MIT HILFE VON ELEKTROLYSEGAS UND BAKTERIEN /OSSENEN SYSTEM
23418 DURCH PERMEATION AN/ TRENNUNG UND REINIGUNG VON WASSERSTOFF

52007 H-STRENGTH STEELS BY HYDROGEN UNDER PRESSURE: CASE OF 35 NIC
52049 T HIGH RESISTANCE BY HYDROGEN UNDER PRESSURE: THE CASE OF 35
22168 RSION OF A GASOLINE RAFFINATE UNDER PRESSURE# VAPOR CONVE
22642 CONVERSION IN A FLUIDIZED BED UNDER PRESSURE# /TEAM- OXYGEN
34835 DEVELOPMENT OF UNDERSEA POWER#
22004 TO THE REHEATING ZONE DURIN/ UNIFORM FLOW OF FLUIDIZED COKE
30018 SPACE SHUTTLE AUXILIARY POWER UNIT (APU)#
345C3 ROVED WATER- AND HEAT-REMOVAL UNIT FOR H2/02 FUEL CELL SYSTE
30020 AN H2-02 AUXILIARY POWER UNIT FOR SPACE SHUTTLE#
30019 DESIGN OF AN AUXILIARY POWER UNIT FOR THE SPACE SHUTTLE* VO
40101 MULTIPLE-UNIT HYDROGEN-HELIUM LIQUEFIER

34824 FUEL-CELL UNIT IN ELECTRIC VEHICLE#
40103 0/ HYDROGEN-NEON LIQUEFACTION UNIT WITH A HELIUM EXPANSION C
30061 EN/LIQUID HYDROGEN PROPULSIVE UNIT WITH 300 N VACUUM THRUST#
22103 INTEGRATED REFORMER UNIT#
40006 GENIC FLUID PRODUCTION IN THE UNITED STATES# TRENDS IN CRYO
30007 F TOPPING AND BLEED TURROPUMP UNITS FOR HYDROGEN- PROPELLED
40213 AHYDROGEN DATA IN ENGINEERING UNITS FROM 36 DEGREES TO 5000
23202 HT- / VARIABLE PHOTOSYNTHETIC UNITS, ENERGY TRANSFER AND LIG
10006 DISTRIBUTION OF HYDROGEN AS A UNIVERSAL FUEL# /ODUCTION AND
10009 "HYDROGEN: CANDIDATE FOR UNIVERSAL FUEL"#
22622 HYPRO PROCESS: UNIVERSAL OIL PRODUCTS CO#
22621 HYPRO; UNIVERSAL OIL PRODUCTS CO#
34261 LL PESEARCH AT OKLAHOMA STATE UNIVERSITY# FUEL CE
34262 AND STORAGE AT OKLAHOMA STATE UNIVERSITY# /NERGY CONVERSION
30003 ITH CHEMICAL UPPER STAGES FOR UNMANNED MISSIONS# /T STAGES W
33023 EGREES AND PRESSURE ALTITUDES UP TO 110,000 FEET# /P TO 12 0
33023 UMBER OF 3,6 ANGLES OF ATTACK UP TO 12 DEGREES AND PRESSURE
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3 .3C4R TE A T  S T A G N A T I O N  T E M P E R A T U R E S  U P  TO 2 C G . 0 0 0  D E G P E E S  RU / S T A  
2 3 4 1  6 LOW P U R I T Y  HYDROGEN UPGRADERY 
2 3 4 0 2  S  A D S O R P T I O N *  U P G R A D I N G  HYDROGEN V I A  H E A T L E S  
2  3 4 ?  6 HYDROGEN. C R Y O G E N I C  U P G R A D I N G *  
2349 1 C R Y C G E N I C  HYDROGEN U P G R A D I N G #  
5 2 0 2 9  F F E C T  O F  P R E S S U P I Z E D  HYDROGEN U P C N  I N C O N E L  7 1 8  AND 2 2 1 9  ALUM 
5 1 0 0 1  HYOROGEN I N  A I R .  OXYGEN. AN/ UPPER L I M I T  O F  F L A M M A B I L I T Y  O F  
3 3 C 0 8  YDROGEN I N  rJXYGENY U P P E R  S E L F - I G h I T I O N  L I M I T  OF H 
3 0 0 2 5  # H I G H  ENERGY U P P E k  S T A G E S  FOR E L D O  V E H I C L E S  
30093 R  ROCKFT S T A G E S  W I T H  C H E M I C A L  U P P E R  STAGES F O R  UNMANNED H I S S  
1 G 0 3 2  HYDROGEN--A C L E A N  F I J F L  FOR U R B A N  AREPSX 
4 ' 3 4 1 5  N C E U  M A T E R I A L S  C O M P O S I T E S  FOR U S E  AS I N S U L A T I O N S  F O R  LH2 T A N  
10025 HYDROGEN F U E L  U S E  C A L L S  FOR NEW S O U R C E #  
31004 ANK D E S I G N E D  AND I N S U L A T E D F O R  USE I N  A  H Y P E R S O N I C  V E H I C L E *  / 
3 4 2 4 4  O X I D A T I O N  LlF HYDROCARBONS FOR U S E  I N  A C I D  F U E L  C E L L S *  / T I A L  
2 3 0 0 4  A B L E  P R O P E L L A N T  R E F O R M I N G  FOR U S E  I N  EMERGENCY L I F E  SUPPORT 
3 4 6 2 6  C A T H O D I C  E L E C T R O C A T A L Y S T S  FO? USE I N  LOW T E M P E R A T U R E  HYDROGE 
2 2 1 7 5  YDROGEN FRCM HYDROCARBONS AND USE I N  M O L T E N  C A R B O N A T E  F U E L  C  
2 2 1 6 1  ROGEN G E N E R A T q R  FOR F U E L  C E L L  USE I N  S U B M A R I N E S *  H Y D  
34508 A  H U M I D I T Y  SENSOR FOR A HYD/ U S E  C F  A  F L U I D I C  O S C I L L A T O R  A S  
2 2 1 9 5  D N T A I N I N G  CHARGED M A T E R I A L  UY U S E  OF A N  E L E C T R O C H E M I C A L  PROC 
4 0 6 0 0  S S I O N  L I N E S *  M U L T I P L F  U S E  OF C R Y O G E N I C  F L U I D  T R A N S M I  
33069 T l O N  AND D E M O N S T R A T I D N  O F  T H E  U S k  O F  C R Y O G E N I C  P R O P E L L A N T S  ( 

3 3 0 6 4  T l O N  AND D E M O N S T R A T I O N  U F  THE U S E  OF C R Y O G E N I C  P R O P E L L A N T S  ( 

3 4 6 0 5  LL POWER SY/  SOME P R L B L F M S  I N  USE OF HYDROCARBCNS I N  F U E L  CE 

3 4 8 0  1 U S E  G F  HYDROGEN I N  F U E L  C E L L S *  
3 4 C 2 2  USE OF HYDROGEN I N  F U E L  C E L L S *  
2 2 1 9 1  O D U C T I O N #  U S E  OF HYDPOGEN I N  TOWN G A S  P R  
3 4 2 2 0  L U E  SYSTEM I N  A  B I O C H E M I /  T H E  U S E  O F  HYDROGENASE-METHYLENE B 

5 0 0 1  1 S A F E T Y  I N  THE U S E  OF L I Q U I D  HYDROGEN* 
50009 LOW TEMPERATU/  S A F E T Y  I N  T H E  U S E  OF L I Q U I F I E D  G A S E S  A T  VERY 
3 4 6 0 0  E L E C T R O D E  AND T H E  OXYGEN F U /  U S E  OF T H E  A D S O R P T I O N  HYDROGEN 

4 0 4 0 9  PRESSURE V E S S E L  FOR U S E  W I T H  HYDROGEN* 
30046 C  ROCKET E N G I N E  FOR L A T E  '705 U S E #  / P I C K E D  T C  B U I L D  C R Y O G E N I  
2 3 6 0 4  V A I L A B L E  I N  STORAGE F O R  MAN'S  U S E #  / T  I N T O  C H E M I C A L  ENERGY A  
22190 F H Y D /  C A T A L Y T I C  C O M P O S I T I O N S  U S E D  FOR T H E  S T E A M  R E F O R M I N G  0 
5 2 0 1 9  RDGEN E M B R I T T L E M E N T  OF S T E E L S  U S E D  I N  THE T A N K  FARM C Y L I N D E R  
4 0 4 2 0  I N S U L A T I O N  F O R  L A R G E  V E S S F L S  U S E D  I N  T R A N S P O R T I N G  AND S T O R I  

2 2 6 1  8 C E N T S I F U G A L  COMPRESSORS U S E D *  
4 0 0 0 1  DUSTRY AND THE L A B O R A T O R Y #  U S E S  O F  C R Y O G E N I C  F L U I D S  I N  I N  
4 1 0 9 9  ROGEN P U M P I N G  C H A 2 A C T E R I S T I C S  U S I N G  A  C E N T R I F U G A L -  T Y P E  PUMP 
30021 E S  FOR S P I C E  S H U T T L E  V E H I C L E S  U S I N G  A  HYDROGEN CR A  METHANE 
23412 C E S S Y  HYOROGEN P U R I F I C A T I O N  U S I N G  A M O D I F I E D  F U E L  C E L L  PRO 
2 3 0 0 0  P R O D U C I N G  HYDROGEN FROM WATER U S I N G  A N  A L K A L I  M E T A L *  /S  FOR 
2 2 1 7 7  I F U G A L  / HYDRSGEN MANUFACTURE U S I N G  GAS T U R B I N E - D R  I V E N  C E N T R  
3 9 0 4 8  PERFORMANCE OF ROCKET E N G I N E S  U S I N G  GASEOUS HYDROGEN I N  T H E  
23028 C H L O R I T E  TO/  F U E L  C E L L  S Y S T C ~  U S I N G  L I T H I U M  AND L I T H I U M  HYPO 
3 1 0 C 8  FOR / THERMAL F E A S I B I L I T Y  i)F U S I N G  METHANE OR HYDROGEN F U E L  

3 4 2 3 1  S S Y  HYDROGEN P U R I F I C A T I O N  U S I N G  M O D I F I E D  F U E L  C E L L  PROCE 
3 2 0 1 0  M O T I V E  F U E L :  E N G I N E  E M I S S I O N S  U S I N G  N A T U R A L  G A S *  HYDROGEN-EN 
2 1 0 0 9  A L  P R O C E S S  TO DECOMPOSE WATER U S I N G  NUCLEAR H E A T *  CHEM I C  
2 1 0 1  2 YDROGEN P R O D U C T I O N  FROM WATER U S 1  NG NUCLEAR H E A T #  H  
2 1 0 0 5  YDRDGEN P R O D U C T I O N  FROM H E A T #  H 
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5 2 0 1 2  HYDROGEN B E H A V I O R  I N  M E T A L S  U S I N G  N U C L E A R  M A G N E T I C  RESONAN 
2 1 0 1 3  WATER THROUGH C H E M I C A L  C Y C L E S  U S I N G A  F E - C L 2  F A M I L Y *  / I O N  O F  
2 2 2 1 0  E R S  T H A D /  HYDROGEN MAY BECOME U T I L I T Y  AND B E  P I P E D  T O  CONSUM 
10029 R E F E R E N /  A H Y D R O G E N - E L E C T R I C  U T I L I T Y  SYSTEM W I T H  P A R T I C U L A R  
2 3 2 0 3  I A #  ENERGY GENERAT I O N  AND U T I L I Z A T I O N  I N  HYDROGEN BACTER 
2 3 0 0 2  METHOD OF AND P L A N T  FOR T H E  U T I L I Z A T I O N  OF N U C L E A R  ENERGY# 
1 0 0 1 8  P R O D U C T I O N  FOR B E T T E R  NUCLEAR U T I L I Z A T I O N #  HYDROGEN 
4 1 0 0 2  GEN S L U S H  AND/OR HYDROGEN G E L  U T I L I Z A T I O N #  / A  STUDY O F  HYDRO 
33023 RFORMANCE O F  A 2 8 - I N C H  R A M J E T  U T I L I Z I N G  GASEOUS HYDROGEN A T  
23015 E P R O D U C T I O N  O F  H/ METHOD FOR U T I L I Z I N G  N U C L E A R  ENERGY I N  T H  
4 0 4 1 4  HYOROGEN S T A G E S  O F  THE S A T U R N  V V E H I C L E Z  / S Y S T E M  F O R  L I Q U I D -  
3 3 0 4 6  M E N E T S K Y  AlUDMANSON E Q U A T I O N S e  Vs  A D D I T I O N A L  C A L C U L A T I O N S  BY 
34209 H Y D R O G E N - C H L O R I N E  F U E L  CELLS,  V n  D I S C H A R G E  M E C H A N I S M  OF THE 
3 0 0 6 1  E N  P R O P U L S I V E  U N I T  W I T H  300 N VACUUM T H R U S T #  / / L I Q U I D  HYDROG 
30063 1 . 5 0 0 . 0 0 0 - L B - T H R U S T  ( N O M I N A L  VACUUM) L I Q U I D H Y D R O G E N / L I Q U I D  
3 3 0 4 5  . COLD-GAS R E A C T I O N  J E T S  I N  A VACUUM* /OHMANCE O F  LOW-THRUST 
4300 1 T H E  H I G H E R  H Y D R I D E S  OF V A N A D I U M  AND N I O B I U M #  
4 3 0 0 5  T I T U E N T S  O N  T H E  P R O P E R T I E S  OF V A N A D I U M  AND N I O B I U M  H Y D R I D E S U  
5 2 0 3 6  E M R R I T T L E M E N T  O F  N I O B I U M  AND V A N A D I U M  R Y  B O T H  D I S S O L V E D  AND 
22168 R A F F I N A T t  UNDER P R E S S U R E #  VAPOR C O N V E R S I O N  O F  A G A S O L I N E  
4 5 2 1 5  T T R A N S F E R  TO S U B L I M I N G  S O L I D - V A P O R  M I X T U R E  O F  HYDROGEN B E L O  
3 3 0 0 2  T OF C A R B O N  D I O X I D E  AND WATER VAPOR ON HYDROGEN-AIR CONSTANT 
51000 E F F E C T  O F  WATER VAPOR ON H Z - 0 2  D E T O N A T I O N S #  
2 3 6 0 0  O R D I N A R Y  OR D E U T E R A T E D  WATER VAPOR# /ATOMS B Y  P H O T O L Y S I S  OF 
51003 S I O N  OF M I X T U R E S  O F  F L A M M A B L E  VAPORS AND G A S E S  W I T H  A I R .  X I *  
3 0 0 3 4  N A L  I N S T A B I L I T Y  L I M I T S  W I T H  A V A R I A B L E  L E N G T H  HYDROGEN OXYGE 
2 3 2 0 2  E N E R G Y  TRANSFER AND L 1GHT- / V A R I A B L E  P H O T O S Y N T H E T I C  U N I T S .  
2 2 1 1 2  I N  L A R G E - S C A L E  MANUF/  D E S I G N  V A R I A B L E S  AND P R G D U C T I O N  C O S T S  
33030 T-/  A X I A L  AND C I R C U M F E R E N T I A L  V A R I A T I O N S  OF HOT-GAS-SIDE H E A  
5 2 0 3 4  OF HYDROGEN E M B R I T T L E M E N T  OF V A R I O U S  A L L O Y S #  A STUDY 
22008 M L A S E R  P Y R O L Y S I S  OF C O A L S  O F  V A R I O U S  RANKS*  / S  PRODUCTS F R O  
5 2 0 1 7  T I N G  HYDROGE/ A C O M P A R I S O N  O F  V A R I O U S  T E S T  METWJDS FOR D E r E C  
3 4 8 1 4  HYDROGEN-OXYGEN F U E L  C E L L S :  VARTA F U E L  C E L L  S Y S T E M S #  
10042 OR A P P /  HYDROGEN A S  AN ENERGY VECTOR: NEW F U T U R E  P R O S P E C T S  F 
32006 OF WATER (H20*)  I N  A U T O M G T I V E  V E H I C L E  ADVANCED POWER SYSTEMS 
3 4 8 0 2  V E H I C L E  F U E L  C E L L  S Y S T E M #  
34824 F U E L - C E L L  U N I T  I N  E L E C T R I C  V E H I C L E #  
51007 UE TO HYDROGEN ABOARD A SPACE VEHICLE# H A Z A R D S  0 
31004 U L A T E D F O R  USE I N  A H Y P E R S O N I C  V E H I C L E #  /ANK D E S I G N E D  AND I N S  
4 0 4 0 3  E OF L I Q U I D  HYDROGEN I N  S P A C E  V E H I C L E #  / D E R A T I O N S  F O R  STORAG 
40414 OROGEN S T A G E S  OF THE S A T U R N  V V E H I C L E #  / S Y S T E M  FOR L I Q U I D - H Y  
30039 G I N F S  O F  A SPACE-CRAFT L A U N C H  V E H I C L E #  / T H E  A I R  B R E A T H I N G  E N  
3 0 0 2 1  E E S T I M A T E S  F O R  SPACE S H U T T L E  V E H I C L E S  U S I N G  A HYDROGEN OR A 
3 0 0 2 5  E N E R G Y  UPPER STAGES F O R  E L D O  V E H I C L E S #  H I G H  
40410 T A N K A G E  F O R  H Y P E R S O N I C  C R U I S E  V E H I C L E S #  HYDROGEN 
3 2 0 1 6  P R O S P E C T S  FOR HYDROGEN-FUELED V E H I C L E S #  
S l O l O  ROGEN E X P L O S I O N S  I N  A E R O S P A C E  V E H I C L E S #  / S U P P R E S S I O N  O F  H Y D  
3 2 0 0 9  O F  H Y D R D G F N ' S  P O T E N T I A L  A S  A V E H I C U L A R  F U E L #  SURVEY 
4 3 0 1 1  R I D E S  A S  A SOURCE OF F U E L  FOR V E H I C U L A R  P R O P U L S I O N #  / T A L  H Y D  
10054 HYDROGEN ENERGY S Y S T E M S  AND V E H I C U L A R  P R O P U L S I O N #  
34510 Ly  D R I V E N  HYDROGEN BLOWER FOR V E H I C U L A R F U E L  C E L L  POWERPLANTY 
33045 E M I /  C A L C U L A T I O N S  O F  B U R N I N G  V E L O C I T I E S  FOR HYDROGEN-BROMIN 
33047 E F F E C T  O F  D I L U E N T S  ON B U R N I N G  V E L O C I T I E S  I N  HYDROGEN- B R O M I N  
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33045 AND D E U T E R I U M -  BROM/ B U R N I N G  V E L O C I T I E S  I N  HYDROGEN-BROMINE 
50007 H Y D R O G E N  V E N T  F L A R E  S T A C K  PERFORMANCE* 
51013 THE HYDROGEN-OXYGEN S Y S T E M  I N  V E N T E D  T A N K S *  / P R O P E R T I E S  O F  
40422 KAGEU V E N T I N G  O F  L I Q U I D - H Y D R O G E N  T A N  
4 0 2 0 1  T A T I O N  I N  L I Q U I D  CRYOGENSe 1: V E N T U R I U  C A V I  
22113 FER-ZEUGUNG DURCH / E I N  N E U E S  V E R F A H R E N  ZUR R E I N S T W A S S E R S T O F  
3 4 8 1 1  HYDROGEN AND OXYGEN AND V I C E  V E R S A *  / V E R T I N G  E L E C T R I C I T Y  T O  
10031 E T H A N O L  ECONOMY - A P R A C T I C A L  V E R S I O N  OF T H E  HYDROGEN ECONOM 
50009 THE U S E  O F  L I O U I F I E D  G A S E S  AT V E R Y  LOW TEMPERATURESo P A R T I C U  
40400  P R E S S U R E  V E S S E L  F O R  U S E  W I T H  HYOROGENd 
4 2 0 0 1  I L I T I E /  HYDROGEN GAS P R E S S U R E  V E S S E L  PRORLEMS I N  T H E  M-1 F A C  
4 0 4 0 1  HYDROGEN P R E S S U R E  V E S S E L  W I T H  L A M I N A T E D  WALLSY 
4 0 4 2 0  L T I L A Y E R  I N S U L A T I O N  F O R  L A R G E  V E S S E L S  USED I N  T R A N S P O R T I N G  A 
10065 C L E A N  E N E R G Y  V I A  C R Y O G E N I C  TECHNOLOGY* 
2 3 4 0 2  U P G R A D I  NG HYDROGEN V I A  H E A T L E S S  ADSORPT I O N #  
10979 ENERGY T R A N S M I S S I O N  V I A  HYDROGEN# 
2 100 7 HYDROGEN SOUGHT V I A  THERMOCHEMICAL M E A N S #  
34811 TY TO HYDROGEN AND O X Y G E N  AYO V I C E  VERSA*  / V E R T I N G  E L E C T R I C 1  
3 4 8 2 5  E L  B A T T E R I E S  - AN E N G I N E E R I N G  V I E W *  F U E L  C E L L S  AND FU 
30012 ON E L E C G R I C  P R O P U L S I O N q  N D T F  V I I :  A N A L Y S I S  O F  T H E  PERFORMAN 
2 2 6 1 7  01 K O N V E R S I I  B U T A /  P O L U C H E N I E  VODORODA METODDM K A T A L I T I C H E S K  
34037 OR A N A L Y Z I N G  T H E  E X P E R I M E N T A L  VOLTAGE-CURRENT C H A R A C T E R I S T I C  
3 3 0 0 4  R O P I C  E X P O N E N T S  FOR C O N S T A N T -  VOLUME C O M B U S T I O N  OF S T O I C H I O M  
2 3 4 2 2  L L A D I U M  O I F F U S I O N  Y I E L D S  H I G H - V O L U M E  HYDROGEN* P A  
4 1 0 0 2  I O N  TO C R I T I C A L  P O I N T  R E G I O N *  VOLUME I: A S T U D Y  OF HYDROGEN 
30019 R U N I T  FOR THE SPACE S H U T T L E *  VOLUME I: SUMMARY* / L I A R Y  POWE 
4 0 4 1 6  P E C I F I C  H E A T A N D  THE W E I G H T  B Y  VOLUME OF I N S U L A T I O N S  FOR ROCK 
5 2 0 1 4  E M R R I T T L E M E N T  + VOLUME 1 # 
3 0 0 6 5  Y I C  R E A C T I O N  CONTROL SYSTEMS.  VOLUME 1 #  /HRUSTORS F O R  CRYOGE 
3 0 0 6 4  FOR R E A C T I O N  CONTROL S Y S T E M S =  VOLUME 2: E X P E R I M E N T A L  E V A L U A T  
30016 U L S I O N  F O R  THE S P A C E  S H U T T L E a  VOLUME 2: LOW P R E S S U R E  THRUSTE 
23201 E S C H L O S S E N E N  S Y S T F M  M I T  H I L F E  VON E L E K T R O L Y S E G A S  U N D  B A K T E R I  
22113 EUGUNG DURCH D A M P F R E F O R M I E R E N  V O N  KOHLENWASSERSTOFFENY /ER-Z 
23404 U S I O N S A N L A G E N X  E R Z E U G U N G  V O N  R E  I N S T - W A S S E R S T O F F  I N  DIFF 
23418 ON AN/  TRENNUNG U N D  R E I N I G U N G  VON WASSERSTOFF OURCH P E R M E A T I  
3 3 0 3 3  OF HYDROGEh I N  T H E  T U R B U L E N T  WAKEY /TREAM B Y  THE C O M B U S T I O N  - 
3 3 9 6 2  NG OF HYDROGEN AND A I R  N E A R  A W A L L #  / S I O N A L .  S U P E R S O N I C  M I X 1  
4 0 4 0 1  R E S S U R E  V E S S E L  W I T H  L A M I N A T E D  W A L L S #  HYDROGEN P 
4 3 4 0 9  0 HYDROGEN DEWARIl I N I T I A L  WARMUP O F  5 0 0 . 0 0 0 - G A L L O N  L I O U I  
22699 3F P U R E  ti2 AND CO B Y  METHANE WASH* P R O D U C T I O N  
2 3 4 1 8  N/ TRENNUNG U N D  R E I N I G U N G  VON WASSERSTOFF OURCH P E R M E A T I O N  A 
234 .?4  E N #  ERZEUGUNG V O N  R E I N S T - W A S S E R S T O F F  I N  D I F F U S I D N S A N L A G  
2 3 4 3 3  DROGEN P E C C V E R Y  FROM R E F I N E R Y  WASTE GASES# H Y  
2 2 0 1 3  E HYDRCGEN GAS FROM C O A L  CHAR WASTE# /ON OCR CONTRACT T O  MAK 
3 2 3 0 6  ON T H E  H I G H E R  ENERGY F O R M  OF WATER (H20*) I N  A U T O M O T I V E  V E H  
3 4 5 1  1 OGEN-3XYGEN F U E L  C E L L S #  WATER AND H E A T  B A L A N C E  O F  HYDR 
23613 E L E C T R O C H E M I C A L  P H O T O L Y S I S  OF WATER AT A SEMICONDUCTOR E L E C T  

1 0 0 8 0  HYDROGEN F U E L  FROM YATErR BY A N U C L E A R  R O U T E #  
2 1 0 0 3 T H E R M O D Y N A * I I C S  O F  M U L T I - S T E P  WATER D E C O M P O S I T I O N  P R O C E S S E S #  
2 1 0 1 0  OF tuUCLEAR H E A T  P R O C E S S E S  FOR WATER D E C O M P O S I T I O N *  Y L U A T I O N  
2 0 5 0 7  OGEN AND OXYGEN P R O D U C T I O N  B Y  WATER E L E C T R O L Y S I S  AND C O M P E T I  

2 3 C 1 7  LONG-TERM O P E R A T I O N  O F  A WATER E L E C T R C l L Y S I S  MODULE*  
2 0 0 1 9  S I X - M 7 N T H  T E S T  PROGRAM O F  TWO WATER E L E C T R O L Y S I S  S Y S T E M S  FOR 

+ / / n  



T I T L E  I N D E X  

S E C T I O N  ' T *  

2 0 C 1 6  T H E  L I F E  S Y S T E M '  S T A T I C  F E E D  WATER E L E C T R O L Y S I S  SYSTEMY /OF 

20505 R T H E  FUTUREW WATER E L E C T R O L Y S  I S - P R O S P E C T  F O  
20510 B Y  S O L I D  POLYMER E L E C T R O L Y T E  WATER E L E C T R O L Y S I S #  / E N E R A T I O N  
34500 E V A L U A T I O N  OF F U E L  C E L L  WATER FOR HUMAN CONSUMPTCON*~. - 
34507 S /  T H E  S E P A R A T I O N  OF R E A C T I O N  WATER CaOR FUEL- CELLS-  EY D-IFFU 
2 2 1 7 6  F U E L  C E L L  SYSTEM*  WATER GAS S H I F T  CONVERTER AND 

2 3 6 3 2  NERGY BY T H E  DECOMPDSY T I O N  O F  WATER I N T O  HYDROGEN A N D  OXYGEN 
23601 / P R I M A R Y  PRODUCTS O F  L I Q U I D  WATER P H O T O L Y S I S  AT 1236. 1470 
3 4 5 0 2  E S T I G A T I O N  O F  T H E  D Y N A M I C S  OF WATER R E J E C T I O N  FROM A M A T R I X  
34501 E S T I G A T I O N  OF T H E  D Y N A M I C S  OF WATER R E J E C T I O N  FROM A HYOROGE 
21016 U C L E A R  TECHNOLOGY FOR N U C L E A R  WATER S P L I T T I N G #  / E M I C A L  AND N 
21013 U S $ /  T H E R M A L  D E C O M P O S l T I O N  O F  WATER THROUGH C H E M I C A L  C Y C L E S  
2 3 6 0 6  THE A C C U M P A N Y I N G  R E D U C T I O N  OF WATER TO GASEOUS HYDROGEN# / D  
23000 S FOR P R O D U C I N G  HYDROGEN FROM WATER U S I N G  A N  A L K A L I  M E T A L *  / 
2 1 0 3 9  C H E M I C A L  P R O C E S S  TO DECOMPOSE WATER U S I N G  N U C L E A R  H E A T #  
2 1 0 1 2  HYDROGEN PRODUCT I O N  FROM WATER U S I N G  NUCLEAR H E A T #  
2 1 0 0 5  HYDROGEN P R O D U C T I O N  FROM WATER U S I N G  NUCLEAR H E A T #  
3 3 0 0 2  E F F E C T  OF CARBON D I O X I D E  A N 0  WATER VAPOR ON HYOROGEN-AIR CO 
51000 N S X  E F F E C T  OF WATER VAPOR ON H 2 - 0 2  OETONAT I 0  
2 3 6 0 3  S I S  OF 0RDINAR.Y OR D E U T E R A T E D  WATER VAPOR# /ATOMS B Y  P H O T O L Y  
34503 OR H 2 / 0 2  F U E L  C E L L  / I M P R O V E D  WATER- AND HEAT-REMOVAL U N I T  F 
30003 S T A G E S  W /  C O M P A R I S O N  O F  S M A L L  W b T E R - G R A P H I T E  NUCLEAR ROCKET 
3 4 8 C 6  C A L  EYERGY BY E L E C T R O L Y S I S  O F  WATERISEPARATE STORAGE O F  COUP 
2 1 0 3 8  THERMOCHEMI  C A L  C R A C K I N G  O F  WATER# 
10688 T E R N A T I  VES: SUN. WIND. EARTH. WATER# ENERGY A L  
22647 HYDROGEN FROM METHANE AND WATERS 
21006 C E S S  FOR THE D E C O M P O S I T I O N  flF WATER# /EMPEPATURE THERMAL PRO 
21003 E P G O D U C T I O N  O F  HYDROGEN FRQM WATERY /RGY R E Q U I R E M E N T S  I N  T H  
21015 NUCLEAR W A T E R S P L  I T T  I N G #  
3 4 8 3 2  S Y S T E M *  500 WATT HYDROCARBON A I R  F U E L  C E L L  
3 4 5 3 4  5 0 0 - W A T T  H Y D R O G E N - A I R  C E L L *  
3 4 8 4 0  T H  METHANOL REFORMER# A  5 S ?  WATT H Y D R O G E N - A I R  F U E L  C E L L  W I  
3 4 2 4 7  E M #  5 0 0 - W A T T  I N D I R E C T  HYDROCARBDN S Y S T  
34804 L L S  S Y S T E M *  3 0 - W A T T  M E T A L  H Y D R I D E / A I R  F U E L  C E  
3 4 2 3 2  V E  F U E L  C E L L #  2 9  WATT-HOUR PER POUND R E G E N E R A T I  
3 6 0 5 4  T U D I E S  OF R O T A T I N G  D E T D N A T I O N  WAVE R O C K Z T  MOTOR# / S I B I L I T Y  S  
3 3 0 6 5  D E T O N A T I D N  BY I N C I D E N T  SHOCK WAVES I N  HYDROGENOXYGEN-ARGON 
33064 I O N  B E H I N D  S T E A D Y  S T A T E  SHOCK W A V E S *  A P P L I C A T I O N  T O  T H E  CDMP 
4 7 5 0 5  E N I C  HYDROGF/ L U B R I C A T I O N  AND WEAR O F  B A L L  H E A R I N G S  I N  CRYOG 
4 0 4 1 6  I T Y .  T H E  S P E C I F I C  H E A T A Y D  THC W E I G H T  B Y  VOLUME OF I N S U L A T I O N  
3 4 6 3 1  - OXY/  H IGH-PERFORMANCE L I  GHT-WE I G H T  E L E C T R O D E S  FGQ HYDROGEN 
34605 1 .  2 #  L I G H T - W E I G H T  F U E L  C E L L  E L E C T R O D E S  - 
3 3 3 2 8  L - L E A N  M I X T U R E S  I N  A D I A B A T I C .  W E L L -  S T I R R E D  REACTORS# /F F U E  
13058 D R E D U C I N G  THER/  HEAT-STORAGE W E L L S  FOR C O N S E R V I N G  ENERGY A N  
1 9 5 5 9  V I N G  ENERGY W I T H  HEAT STORAGE W E L L S #  CONSER 
1001 5 ANOTHER HYDQOGEN CAR OUT WEST# 
2 2 0 1 3  WHAT HYDROGEN FROM C O A L  COSTS*  
2 2 1 0 2  OGENI S T E A M  REFORMING:  F O S T E R  WHEELER C O R P O R A T I O N #  HYOR 
5 0 C 1 5  D O P E R A T I N G  A /  C O N S I D E R A T I O N S  WHEN D E S I G N I N G .  A S S E M B L I N G *  A N  
1 3 0 G 7  D ' S  C H I E F  F U E L *  WHEN HYDROGEN BECOMES THE WORL 
3401 3 T H E  F U E L  C E L L  - WHEN# 
3 4 2 1 6  M[ X I N G  I N  H 2 / 0 2  F U E L  C E L L S  I N  W H I C H  G A S  C I R C U L A T E S  THROUGH E 
30046 N I C  ROCKET E N G I N E  F O /  P R A T T  & W H I T N E Y  P I C K E D  TO B U I L D  CRYOGE 



T I T L E  I N D E X  
S E C T 1 3 N  ' T *  

1 3 9 2 4  HYDRCGEN F U F L  ECDNOMY: W I D E - R A N G I N G  CHANGESX 
51005 T I O N  L I M I T S .  T E M P C S A T U G E S * A N D  W I N D  E F F E C T S #  / I N G  RATES.  D I L U  
1 O C B B  ENERGY A L T F R N A T I V E S :  SUN. WIND.  EARTH. WATER# 

W I T H  ' NOT I N D E X E D  
3 4 2 0 3  F U E L  C E L L  AND I T S  PERFORMANCE W I T H I N  T H E  TEMPERATURE RANGE - 
1 3 0 8 7  POWER W I T H O U T  P O L L U T I O N #  
l O C 8 2  THE WONDERFUL F U E L X  
3 4 2 6 2  I O N  AND STOHAGE/ E X P E R I M E N T A L  WCRK T O  D A T E  O N  k N E R G Y  CONVERS 
2 3 0 1 8  PROCESS AND E Q U I P M E N T  FOR THE W O R K I N G  OF N U C L E A R  E N E R G Y *  
3 1 0 1  5 DROGEN-FUELED A I R C R A F T #  WORKING S Y M P O S I U M  ON L I Q U I D  H Y  
3 4 6 4 3  HYDROGEN E L E C T R O D E  AND HOW I T  WORKS# / E L E T A L  C A T A L Y S T  B A S E D  
1 0 0 0 7  WHEN HYDRGGFN BECOMES THE WORLD'S  C H I E F  F U E L Y  
5 2 0 2 2  0 PHENOMENA A F F E C T I N G  MEC/ AN X-RAY STUDY O F  H Y D R 3 G E N  I N D U C E  
51003 LE VAPORS AND G A S E S  W I T H  A I R .  X I .  THEORY O F  E X P L O S I V E  COMBUS 
3 4 8 1 6  R S U P P L Y *  O P E R A T I O N S  / P C 8 B - 4 - X 5 6 2  F U E L  C E L L  E L E C T R I C A L  POWE 
5 0 0 1 6  L I Q U I D  HYDROGEN S A F E T Y :  F I V E  YEAR L O C K Y  PRD J E C T  ROVER 
3 2 0 2 6  R F U E L  C E L L / L E A D  B A T T E R Y  ( O N E  YEAR O P E R A T I N G  E X P E R I E N C E S I *  / 
23606 TO F E R /  GGOSS AND N E T  QUANTUM Y I E L D S  AT 2 5 3 7  A. FOR FERROUS 
2 3 4 2 2  P A L L A D I U M  D I F F U S I O N  Y I E L D S  H I G H - V O L U M E  HYDROGEN# 
20513 Y P R E S S U R E  E L C T R O L Y S I S  I N  T H F  ZDANSKY-LONZA E L E C T R O L Y T O R X  / B  
22178 R E F O R M A T I O N  O F  N - H E X A N E  C V E R  Z E C L I T E  C A T A L Y S T S #  /N HY STEAM 
40508 / E X P E ~ I M E N ~ A L  FINDINGS FROM ZERO-TANK NET POSITIVE SUCTION 
2 2 1  1 3  AHREN Z U Q  R E I N  STWASSFRSTOFFER-ZEUGUNG DURCH D A M P F R E F O R M I E R E N  
34245 S E A L I N G  OF S I L V E R  O X I D E - Z I N C  STORAGE C E L C S X  
3 4 6 3 5  L-/ F U E L  C E L L  W I T H  S T A B I L I Z E D  Z I H C O N I A  E L E C T R O L Y T E  AND N I C K E  
3 4 5 0 9  FOR I N T E R M E D I A T E  TEMPERATURE/  Z I R C O N I U M  P H O S P H A T E  MEMRSANES 
2 2 0 0 4  U I D I Z E O  COKE T O  T H E  R E H E P T I N G  ZONE D U R I N G  HYDROGEN G E N E R A T I O  
22113 G DUQCH / E I N  N E U E S  V E R F A H R E N  ZUR REINSTWASSERSTOFFER-ZEUGUN 

'900 ' NOT I N D E X E D  
'1 ' NOT I N D E X E D  

3 4 0 2 8  H 3 P F )  F U E L  C E L L  PROGRAM P H A S E  1 A #  / R I M A R Y  E X T R A T E R R E S T R I A L  ( 

4 0 6 6 2  N S F E R  SYSTEM FOR THE S A T U R /  A 1 0 . 0 0 0 - G P M  L I O U I D  HYDROGEN TRA 
3 0 0 5 9  I N E S A T  CHAMBER P R E S S U R E S  FROM 100 T O  300 POUNDS P E R  SQUARE I 
33023 AND P R E S S U F E  A L T I T U D E S  UP T O  l l C . 0 0 0  F E E T *  /P T O  12 DEGREES 
3 3 0 2 7  OF 3.6 ANGLES O F  A T T A C K  U P  T O  12 DEGREES AND P R E S S U R E  A L T I T U  
23601 OF L I Q U I D  WATER P H O T O L Y S I S  A T  1236. 1 4 7 0  AND 1849 AX / D U C T S  
4 C 5 1 1  A 1 4 - M  L I Q U I D - H Y D R O G E N  L I N E X  
2 3 6 0 1  U I D  W4TER P H O T O L Y S I S  AT 1236. 1 4 7 C  AND 1849 A #  / D U C T S  O F  L I P  
34241 L E L E C T R I C  POWER P L A N T  D E S I G /  15-KW HYDROCARBON-AIR F U E L  C E L  
5 2 0 0 7  R PRESSURE: C A S E  O F  35 N I C R M O  16 S T E E L *  / L S  B Y  HYDROGEN UNDE 
52049 ESSURE: T H E  C A S E  O F  35 N I C R M O  16 S T E E L #  / Y  HYDROGEN UNDER P R  
23601 P H O T O L Y S I S  A T  1236. 1 4 7 C  AND 1849 A I  /DUCTS O F  L I Q U I D  WATER 
30074 A/NASA L E W I S  R E S E A R C H  CENTER. 1945-1966s / E S E A R C H  A T  THE N A C  
30075 ROCKETRY 1N THE 1 9 5 C * S #  
30074 A L E W I S  R E S E A R C H  CENTER.  1 9 4 5 - 1 9 6 0 #  /€SEARCH AT T H E  N A C A / N A S  
3 4 2 3 7  V E  F U E L  C E L L S *  I JL T O  AUGUST 1 9 6 6 Y  / E L E C T R O L Y T I C  R E G E N E R A T I  

'2 * N O T  I N D E X E D  
4 0 2 1 1  S OF S O L I D  PARA-HYDROGEN A T  4 0 2 K t i  M E C H A N I C A L  PROPERT I E 
34203 W I T H I N  THE TEMPERATURE R A N G E  -20 DEGREES C T O  +60 D E G R E E S  C44 
34232 A T I V E  F U E L  C E L L *  20 WATT-HOUR P E R  POUND REGENER 
30013 O N F I G U R A T I O N S  ON S C R E E C H  I N  A 20.000 POUND-THRUST HYDROGEN-0 
30033 E C H  S U P P R E S S I O N  CONCEPTS I N  A 2 0 . 0 0 0 -  POUND-THRUST HIDROGEN-  
30048 S T A G N A T I O N  TEMPERATURES UP T O  2001000 DE R E E S  RY / S T A T E  A T  ?= 



T I T L E  I N D E X  

S E C T  I ON ' T '  

41011 I E S  C F  PARAHYDRPGEN FROM 1 T O  2 2 K #  / H E  THERMODYNAMIC PROPERT 
5 2 0 2 9  HYDROGEN U P O N  I M C O N E L  718 AND 2 2 1 9  A L U M I N U M *  /F P R E S S U R I Z E D  
23556 O S S  Af-iD NET QUANTUM Y I E L D S  AT 2537 A. FOR F E R R O U S  T O  F E R R I C  
33023 U S  HYDROGEN/ PERFORMANCE O F  A 28-IM(SH R A l v r J E T  U T I L I Z I N G  GASEO 
33038 E S  I N  A 3 5  DEGREE SECTOR O F  A 2 8 - I N C H - D I A M E T E R  R A M J E T  COMBUS 

'3  8 N O T  I N D E X E D  

3 4 8 0 4  C E L L S  SYSTEMY 3 0 - W A T T  M E T A L  H Y D R I D E / A I R  F U E L  
30061 HYDROGEN P R O P U L S I V E  U N I T  W I T H  30 '2  N VACUUM T H R U S T #  / / L I Q U I D  
30058 CH&MBER P R E S S U R E S  FROM 1 0 C  T O  300 P O U N D S  PER SQUARE [ N C H  A B S  
5 2 0 2 6  H A L L H A  I R O N .  4130 S T E E L *  AND 304 S T A I N L E S S  S T E E L  FROM L E S S  
5 2 0 3 7  YDROGEN E M R R I T T L E M E N T  OF T Y P E  3 0 4 L  S T A I N L E S S  S T E E L #  / G  AND H 
5 2 0 1 0  P H A S E  T R A N S F O R M A T I O N S  I N  T Y P E  304L S T A I N L E S S  S T E E L S *  /DUCED 
33038 YDRDGEN A T  LOW P R E S S U R E S  I N  A 35 D E G R E E  S E C T O R  OF A 2 8 - I N C H -  
5 2 5 4 9  N UNDER PRESSURE: T H E  C A S E  O F  35 N I C R M O  16 S T E E L #  / Y  HYDROGE 
5 2 0 0 7  ROGEN UNDER PRESSURE: C A S E  OF 35 N I C R M O  16 S T E E L #  / L S  B Y  H Y D  
40213 A T A  I N  E N G I N E E R I N G  U N I T S  FROM 36 D E G R E E S  10 5000 D E G R E E S  R A 
22638 L Y S T  I N  THE TEMPERATURE RANGE 3 7 0 - 4 5 5 #  / U P P O R T E D  N I C K E L  CATA 

'4 * N O T  I N D E X E D  
3 0 0 4 9  O F  T H E  S E P R H M 4  E N G I N E :  A 40 KN T H R U S T  L I Q U I D  OXYGEN AND 
3 3 0 2 9  R A T I O N  W I T H  HYDROGEN F U E L  AT -400 D E G R E E S  F #  / U E L - S Y S T E M  OPE 
5 2 0 5 2  A N 0  HYDROGEN E M B R I T T L E M E N T  I N  410 S T A I N L E S S  S T E E L Y  / R A C K I N G  
5 2 0 2 6  E R M E A T I O N  THROUGH A L L H A  I R O N *  4 1 3 C  S T E E L .  A N D  3 0 4  S T A I N L E S S  
22638 I N  THE TEMPERATURE R A N G E  3 7 0 - 4 5 0 U  / U P P O R T E D  N I C K E L  C A T A L Y S T  

' 5  ' N O T  l N O E X E D  
52050 C H A N I C A L  P R O P E R T I E S  O F  T H E  T I - 5 A L - 2 r 5 S N  E L I  A L L O Y #  /RE O N  ME 
52050 A L  P R O P E R T I E S  O F  T H E  T I - 5 A L - 2 a 5 S N  E L I  A L L O Y #  / R E  O N  M E C H A N I C  
34832 C E L L  S Y S T E M #  500 WATT HYDROCARBON A I R  FUEL 
3 4 8 4 0  L W I T H  METHANOL REFORMER* A 500 WATT HYDROGEN-AIR F U E L  C E L  
3 4 5 0 4  5 0 0 - W A T T  H Y D R O G E N - A I R  C E L L #  
34247 S Y S T E M #  5 0 0 - W A T T  I N D I R E C T  HYDROCARBON 
4 3 4 0 9  DEWARf I N I T I A L  WARMUP DF 5 0 0 1 0 0 0 - G A L L O N  L I Q U I D  HYDROGEN 
30060 U U M )  L I Q U /  D E V E L O P M E N T  OF A 1 . 5 0 0 r 0 0 0 - L B - T H R U S T  ( N O M I N A L  V A C  
49213 R I N G  U N I T S  FROM 36 DEGREES TO 5 0 6 0  D E G R E E S  k A T  P R E S S U R E S  T O  
40213 000 D E G R E E S  R A T  P R E S S U R E S  T O  5 0 0 C  P S I A U  /OM 36 DEGREES TO 5 
2 3 0 2 1  ON O F  A HYDROGEN GENERATOR M L - 5 3 9 / T H  T O  PRODUCE P U R E  HYDROGE 

'6 @ N O T  I N D E X E D  
5 2 0 2 6  T A I N L E S S  S T F E L  F R O M  L E S S  T H A N  600 C TO NEAR 600 C# /ND 304 S 
5 2 0 2 6  F R O M  L E S S  T H A N  600 C T O  NEAR 600 CY /NO 304 S T A I N L E S S  S T E E L  

'7 ' N O T  I U D E X E D  
30046 G E N I C  R O C K E T  E N G I N E  F O R  L A T E  '755 U S E X  / P I C K E D  T O  B U I L D  C R Y 0  
520.29 S U R I Z E D  HYDROGEN UPON I N C O N E L  710 A N D  2219 A L U M I N U M *  /F P R E S  

'8 ' N O T  I N D E X E D  
40105 C O N V E R S I O N  F O R  P R O D U C T I O N  O F  9 8 %  P A R A H Y D R O G F N l  /H TWO-STAGE 

E N D  O F  S E C T I O N  . *T*  
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KEYWORD I N D E X  
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30050 A B L A T I O N .  T E S T #  
2 3 4 2 5  R A T I /  C H E M I C A L .  C O N D E N S A T I O N I  A B S O R P T I O Y .  ADSORPTIONI  REGENE 
52035 N #  I R O N *  S T E E L .  A B S O R P T I O N *  CATHODIC.  D I F F U S I O  
23439 A. P A L L A D I U M #  PRESSURE.  A B S O R P T I O N .  D E S O R P T I  ON. AMMONI 
43009 H Y O R I D E .  T E M P E R A T U R E *  A B S O R P T I O N .  I N T E R M E T A L L I C C  
22613 5.  A N A L Y S I S *  ABSORPTION.  S E P A R A T I O N .  PROCES 

34006 A C I D .  A L K A L I N E .  M O L T E N  S A L T *  
20020 E L E C T R O L Y T E *  C E L L *  A C I D *  A L K A L I N E *  
3 4 6 2  9 A C I D .  ANODE. E L E C T R O D E 1  
34607 E L E C T R O D E .  A C I D .  CARBONATE# 
34244 F U E L  C E L L .  A C I D *  HYDROCARBON+ O X I D A T I O N #  
3463 9 A C I D .  TEMPERATURE*  
20013 NI HYDROGEN. OXYGEN. S U L F U R I C  A C I D .  WATER. AMMONIA.ELECTROLY 
34637 P O L A R I Z A T I O N .  A N O D E *  A C I D #  
34215 C E L L *  C A T A L Y S T *  N A T U R A L  GAS. A C I D 1  FUEL 
33011 BONY A C T I V A T I O N .  K I N E T I C S .  HYDROCAR 
2 2 1 5 2  AS. METHANE. WATER. C k T A L Y S T .  A C T I V A T O R S  HYOROCARBONI G 
23413 ON. P R E S S U 9 E .  T E M P E R A T U R E *  A D S O R P T I O N .  A M M O N I A *  HYDROCARB 
2 3 4 2 0  BRANE. M E T A L  F I L M .  C A T A L Y S I S .  AOSORPTIONI  D I F F U S I O N I  P E R M E A B  
23429 A D S O R P T l  O N *  PROCESS# 
23425 ALI CONDENSATION.  A B S D R P T I O N .  A D S O R P T I O N .  R E G E N E R A T I O N R E F R I G  
23424 ARBON. C O N D E N S A T I O N .  REGENER/  A D S O R P T I O N *  S E P A R A T I O N *  HYDROC 
2 3 4 3 6  P U R I F I C A T I O N .  A D S O R P T I O N *  
34835 F U E L  C E L L .  METHANOL. AMMONIA. A D S O R P T I O N #  
3 4 2 0 6  RY AEROSPACE. H E A T .  REMOVAL. WATE 
34634 E# A E R O S P A C E *  TEMPERATURE. C A T H O D  
43012 L A N T H A N J D E .  A F F I N I T Y .  MAGNET. R A R E  E A R T H *  
34630 A I R .  A t C D *  COST# 
34630 A I R *  A I C D .  COST*  
3 4 2 2 7  F U E L  C E L L .  A I R *  F U E L #  
3 4 2 4 8  F U E L  C E L L .  A I R .  HYDROCARBON# 
3 4 8 4 8  A I R .  MARKET. V E H I C L E S 1  
51001 F L A M M A B I L I T Y *  L I M I T *  A I R *  OXYGEN. P R E S S U R E #  
5 2 0 0 2  E H B R I T T L E M E N T *  M E T A L *  CRACK. A I R *  P U R I T Y #  
3 4 8 3 3  E L E C T R O L Y T E I  A I R ,  S T E A M *  ANODE# 
34832 F U E L  C E L L .  HYDROCARBON. A I R #  
3481 7 F U E L  C E L L .  HYDROCARBON. A I R #  
4 3 4 1  C T A N K *  H Y P E R S O N I C I  A I R C R A F T .  D E S I G N #  
3101 1 COST.  A I R C R A F T .  ECONOMIC. F U E L #  
31016 C O S T #  A I R C R A F T .  H Y P E R S O N I C  C R Y O G E N I C  
4041 8 TANK. A I R C R A F T .  H Y P E R S O N I C #  
31015 UEL.  H Y P E R S O N I C *  A I R C R A F T .  L I Q U I D *  CRYOGENIC.  F 
31017 OLEUM. P E R F /  F U E L .  TRANSPORTI  A I R C R A F T .  L I Q U I D *  FUTURE.  P E T R  
31013 C O S T *  A I R C R A F T *  P R O D U C T I O N #  
31 000 A I R C R A F T .  P R O P U L S I O N I  C O S T Y  
4 3 4 3 4  I f #  A I R C R A F T .  STRUCTURAL.  HYPERSON 
4 0 4 0 2  L I Q U I D #  A I R C R A F T .  THERMAL. P R O T E C T I O N .  
31014 M A N U F A C T U R E *  ENERGY.  A I R C R A F T *  
31010 S P E C I F I C  I M P U L S E .  THRUST.  A I R F L O W *  
31003 PURGE. A I R P L A N E *  H Y P E R S O N I C Y  
10070 E S T R I A L *  SPACE. M A R I N E .  HEAT.  ALGAE.  E F F I C I E N C Y *  W A S T E *  F U E L  
34606 CURRENT D E N S I T Y .  A L K A L I N E *  C O S T #  

34644 A L K A L I N E .  E L E C T R O D E *  
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34246 A L K A L I N E  E L E C T R O D E *  

3 4 6 3 1  A L K A L I N E *  M A T R I X *  

34006 A C I D .  A L K A L I N E .  M O L T E N  S A L T #  

3 4 6 3 2  A L K A L I N E *  P O R T A B L E *  --- - 

34106 A L K A L  I NE. TEMPERATURE*  
3 4 6 2 8  ELECTRODE. CARBON. A L K A L I N E .  WATERY 
3 4 6 4 1  FLECTRODEI  A L K A L I  N E X  
3 4 6 3 6  P O R O S I T Y  I A L K A L I N E *  
3 4 2 2 4  E L E C T R O L Y S I S I  A L K A L I N E W  

3 4 2 6 4  A L K A L I N E  * 
3 4 6 0 4  C A T A L Y S T .  A L K A L I N E #  
3 4 2 5  1 P O L A R I Z A T I O N .  A L K A L I N E #  
2 0 C - 3 0  E L E C T R O L Y T E +  C E L L .  A C I D .  A L K A L I N E *  
5 2 0 1 2  E M B R I T T L E M E N T I  T I T A N I U M .  ALLOY.  D I F F U S I O N *  
5 2 C l B  GAS. R E A C T I O N .  T I T A N I U M .  A L L O Y *  T E M P E R A T U R E *  
5 2 0 2 5  LEMENT.  P R E S S U R E *  GAS. M E T A L .  A L L O Y #  E M B R I T T  
5 2 0 5 0  PROPERTY.  M E C H A N I C A L .  A L L O Y #  
5 2 0 3 4  I R I L I T Y Y  E M B R I T T L E M E N T .  A L L O Y S *  H I G H  STRENGTH. S U S C E P T  
1 0 0 4 8  GY. ECOLOGY. F O S S I L .  STORAGE, A L T E R N A T  I V E .  E L E C T R I C I T Y #  /NER 
1 0 0 ~ 8  RRIER. COAL* ENERGY. ALTERNATIVE. SOLAR, ENERGY. CA 
1 0 0 4 6  TER. STUDY.  ENERGY. A N A L Y S I S .  ALTERNATIVE.NUCLFAR,  SAFETY.  T  
1 0 0 5 0  TY. A N A L Y S I S *  FUTURE.  S Y S T E M *  A L T E R N A T I V E #  /OLOGY. E L E C T R I C 1  
52029  H I G H  PRESSURE. / I N C O N E L  718. A L U M I N U M  2 2 1 9 .  E M B R I T T L E M E N T .  

2331 6 A L U M I N U M *  GENERATOR* 
2 3 0 1  7 A L U M 1  NUM . GENERATORY 
34835 FUEL C E L L  9 METHANOL. AMMONIA.  A D S O R P T I O N #  
2 3 4 4 0  RECYCLE.  COST. F U E L .  S E A P R A T f  A M M O N I A *  C A T A L Y S T .  REFORMING.  
2 3 4 0 5  OR# COST. HYDRCGENr  A M M O N I A *  C E N T R I F U G A L *  COMPRESS 
23007 r REFORM/ E L E C T R O L Y S I S I  H E A T *  AMMONIA.  C R A C K I N G *  HYDROCARBON 
2 3 0 2 9  M I N G .  C A T A L Y S T /  HYDROCARODNSI A M M O N I A *  C R A C K I N G r  S T E A M  REFOR 
23415 S T E A M  REFORMING.  HYDROCARBONI AMMONIA.  D I S S O C I A T I O N t  STORAGE 
2 0 5 0 3  I O N *  HYDROGENv OXYGEN* WATER. A M M O N I A *  E L E C T R O L Y S I S #  fRODUCT 
23010 AMMONIA. GENERATOR*  
34229 A M M O N I A *  H Y D R A L I N E *  
23413 r TEMPERATURE*  ADSORPT 1 ON. AMMONIA.  HYDROCARBON. P R E S S U R E  
23023 HYDROCARBON. F U E L .  WATER* AMMONIA.  METHANOL. POWER# 
23025 M I N G .  HYDROCARBONS/  C R A C K I N G *  AMMONIA.  METHANOL. S T E A M  R E F U R  
2 0 0 1 4  GENI E L E C T R O L Y S I S .  S Y N T H E T I C .  AMMONIA.  N I T R O G E N  F E R T I L I Z E R #  / 
23439 SURE. A B S O R P T I O N .  D E S O R P T I  ON* AMMONIA.  P A L L A D I U M *  P R E S  
2 2 6 0 5  N. COST. N A T U R A L  GAS. NAPHTH/  A M M O N I A *  P R O D U C T I O N I  S E P A R A T I O  
23403 OLEUM. C R Y O G E N I C *  S E P A R A T I O N .  AMMONIA.  D U R I F I C A T I O N .  C O S T *  / 
2 3 0 2 1  TUREI P R E S S U R E /  D I S S O C I A T I O N .  AMMONIA.  P U R I F I C A T I O N .  TEMPERA 
2 3 0 0 5  AMMONIA.  R E A C T I O N *  
23011 P U R I T Y *  C A T A L Y S I S .  O X I D A T I O N .  A M M O N I A *  R E A C T O R *  D E C O M P O S I T I O  
23410 AL.  P U R I T Y #  A M M O N I A *  R E F I N E R Y .  P E T R O C H E M I C  
2 2 6 4 5  AMMONI A. R E F O R M I N G #  
22635 OCARBON* CONVERSION.  P A R T 1  AL/  AMMONIA.  S T E A M  REFORM INGI HYOR 
22 165 AMMONIA.  S Y N T H E S I S .  GAS*  
23435 P U R I F I C A T I O N ,  N I T R O G E N .  AMMONIA.  WATER. METHANE*  
23428 S I O N /  P U R I F I C A T I O N .  HYOROGEN. A M M O N I A *  WATER. M E T H A N E *  D I F F U  
22007 N* C O S T *  COAL, S Y N T H E S I S  GAS. A M M O N I A t  # HYDROGEN. P R O D U C T 1 0  
20013 OXYGEN. S U L F U R I C  A C I D .  WATER* A M M O N I A . E L E C T R O L Y S I S ,  NUCLEAR. 
20006 E L E C T R O L Y S I S *  O F F - P E A K  POWER. AMMONIA.OXYGEN# /N* HYDROGEN. 

d / / I  
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20501 Y Z E F r  D E S I G N .  HYDROGEN* COST, AMMONIA# E L E C T R O L  
34230 AMMONI A# 
3 2 0 1 1  L L U T I D N I  I N T E R N A L  COWBUSTION. AMMONIA*  P O  
2 3 2 0 6  TOR. Y I C R O - O R G A N I S M *  METHANE. AMMONIA* HYDROGEN* GENERA 
2 3 2 0 7  M I C R O - O R G A N I S M *  A N A E R O B I C *  ENERGY, M E T A B O L I S M .  
34508 E L L .  T R A N S I E N T .  S T E A D Y - S T A T E *  A N A L O G *  F U E L  C 
10046 r F U E L *  HATER. S T U D Y *  E N E R G Y *  A N A L Y S I S .  A L T E R N A T I V E I N U C L E A R I  
3302 1 A N A L Y S I S .  C O M B U S T I O N #  
31 O D 6  SUPERSONICI  F U E L *  A N A L Y S I S .  C O N S U M P T I O N *  
10050 ENERGY. ECOLOGY. E L E C T R I C I T Y *  A N A L Y S I S .  FUTURE. S Y S T E M *  A L T E  
22613 O R P T I O N .  S E P A R A T I O N .  PROCESS. A N A L Y S I S #  A B S  
33000 J E T .  A N A L Y S I S #  
4 C 5 0 9  EJECTOR. PUMP. L I Q U I D .  A N A L Y S I S #  
4 0 4 2 2  VENT. L I Q U I D .  TANK.  A N A L Y S I S #  
10012 D U C T I O N .  L I Q U I D .  COST. S Y S T E Y  A N A L Y S I S #  /YDROGENI STUDY. PRO 

'AND ' NOT I N D E X E D  
3 4 6 C 2  A N I O N #  
34637 P O L A R I Z A T I O N .  ANODE*  A C I D S  
3 4 2 1 4  T E M P E R A T U R E *  ANODE* CATHODE# 
3 4 6 2 9  A C I D .  ANODE*  E L E C T R O D E *  
2 3 2 0 4  GENI CURRENT*  B A C T E R I A *  ANODE. N I T R O G E N .  OXYGEN. HYDRO 
3461 3 F U E L  C E L L *  ANODE. O P E R A T I O N *  
23412 Y/ E L E C T R O C H E M I C A L .  C A T A L Y S T .  ANODE. P O L A R I Z A T I O N I  E F F I C I E N C  
3461 4 P O L A R 1  Z A T I  ON* ANODE# 
34640 F U E L  C E L L .  P L A T I N U M *  ANODE# 
34833 E L E C T R O L Y T E t  A I R .  STEAM. ANODE* 
34642 F U E L  C E L L  I C A T A L Y S T *  ANODE* 
23603 . R A D I A T I O N .  ENERGY. V J L T A G E .  ANODE# D E C O M P O S I T I O N  
20003 E L E C T R O L Y S I S .  APPARATUS.  G A S #  
20004 E L E C T R O L Y S I S *  A P P A R A T U S *  
20009 E L E C T R O L Y S I S .  A P P A R A T U S #  
2 2 1 9 7  HYDROCARBON. A P P A R A T U S *  
401 10 THERMOSIPHON. COOLING.  A P P A R A T U S *  
34023 H I S T D R Y .  A P P L I C A T I O N *  C A T A L Y S T #  
34034 E L E C T R O L Y T E *  TEMPERATURE# A P P L I C A T I O N .  E L E C T R O D E *  S O L I D -  
3 4 0 3 1  ARBON*  TEMPERATURE* A P P L I C A T I O N *  H Y D R A Z I N E .  HYDROC 
34032 A P P L I C A T I O N .  P R O B L E M #  
10042 G E N *  E N E R G Y *  F U T U R E *  N U C L E A R *  A P P L I C A T I O N .  USE.  PRODUCTION.  
34030 T R O L Y T E .  C A T A L Y S T .  E L E C T R D D E *  A P P L I C A T I O N #  E L E C  
10077 TY. TRANSPORTATION.STANDARDS. A P P L I C A T I O N S *  / PROPERTY. S A F E  
3001 2 E L E C T R I C .  A R C J E T f f  
5000 1 S A F E T Y *  L I Q U I D .  F I R E .  A S P H Y X I A T I O N *  
10033 DGEN. ENERGY. S Y N T H E T I C  F U E L .  ASSESSMENT.  P O L L U T I O N .  PRODUCT 
5 2 0 2 2  S T E E L *  S T A I N L E S S .  A U S T E N I T E I  
320 17 E N V I R O N M E N T *  AUTOMOBILE.  E M I S S I O N #  
3201 8 A U T O M O B I L E .  E M I S S I O N f f  
320 16 A U T O M O B I L E .  ENERGY I P O L L U T I O N #  
32026 ANCEI POWER. B A T T E R Y #  A U T O M O B I L E .  F U E L  C E L L .  PERFORM 
l O C 8 2  L I N E  I P O L L U T I O N #  A U T O M O B I L E *  F U E L .  FUTURE. G A S 0  
32024 ON E N G I N E #  AUTOMOBILE.  P O L L U T I O N .  I N J E C T 1  
32025 A U T O M O B I L E .  R E S E A R C H *  F U E L #  
10066 E N  9 G A S O L I N E .  P O L L U T  ION-FREE.  A U T O M O B I L E #  HYDROG 
10044 HYDROGEN. F U E L *  A U T O M O B I L E #  
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23204 G E N S  HYDROGEN, CURRENT*  B A C T E R I A .  ANODE. N I T R O G E N *  O X Y  
23201 ROWTH. C U L T U R E *  E L E C T R O L Y S I S *  B A C T E R I A *  /OGEN. P R O D U C T I O N s  G 
3451 1 F U E L  C E L L *  WATER. HEAT. B A L A N C E *  - 

3481 8 BATTEBY.  TEMPERATURE. POWER# 
34803 B A T T E R Y *  
3 4 8 2 7  METHANOL. C A T A L Y S T *  B A T T E R Y #  
34809 F U E L  C E L L *  P O L L U T I O N .  B A T T E R Y #  
34836 STORAGE. CONTROL. B A T T E R Y *  
3 4 8 2  0 E L E C T R O L Y T E ,  REFORMER*  B A T T E R Y #  
3 4 0 1  8 F U E L  C E L L S  B A T T E R Y #  
23205 MICRO-ORGANISM. F U E L  C E L L .  B A T T E R Y *  
32026 U E L  C E L L .  PERFORMANCE*  POWER. B A T T E R Y #  AUTOMOBILE.  F 
40501 B E A R I N G .  PUMP. C R Y O G E N I C #  
4 9  50 5 PUMP. B E A R I N G *  WEAR. L U B R I C A T I O N #  
2 2 0 0 2  L. GAS.  CHARCOAL. / F L U I D I Z E D  B E D *  COAL. HYDROGEN. I N D U S T R I A  
52000 E M E N T *  I N T F R G R A N U L A R *  N I C K E L .  B E H A V I O R .  M E C H A N I C A L *  / M B R I T T L  
52015 EMHRITTLEMENT. S ~ E E T I  BENDING# 
520 14  E M B R I T T L E M E N T I  B I B L I O G R A P H Y .  I N D E X #  
23202 P H O T O - C H E M I C A L .  R E A C T I O N .  B I O C H E M I C A L +  C H L O R O P H Y L L #  
34220 F U E L  C E L L  s B l O C H E M I C A L X  
40203 B O I L I N G *  C O N V E C T I O N t  N U C L E A T E *  
4 0 5 0 0  FLOW. TWO-PHASE. B O I L I N G #  
4 0 5 0 2  L I Q U I D ,  PUMP. H E A T  T R A N S F E R *  B O X L I N G #  
40206 P O I N T .  PRESSURE. TEMPERATURE. B O I L I N G *  FLOW. C R I T I C A L  
3304 3 I N J E C T O P .  BOUNDARY L A Y E R .  C O N C E N T R A T I O N #  
10084 Y+ HYDROGEN. T /  F O S S I L ,  F U E L .  BREEDER. REACTOR. S O L A R *  E N E R G  
34013 M I G R A T I O N .  B U F F E R #  
22199 BURNER. O X I D A T I O N .  C A T A L Y S T *  
33053 V E L O C I  T  Y  I B U R N I N G #  
2261 7 C A T A L Y S T *  P R E S S U R E *  B U T A N E *  
51 003 E X P L O S I O N .  L I M I T .  C A L C U L A T I O N .  D I F F U S I O N #  
40308 FLOW. C A L I B R A T I O N .  D E S l G N A  
4 0 3 0 7  VAPOR. C A L I  B R A T I O N C  
23203 C H A N I S M .  SUGAR# CARBON D I O X I D E .  M E T A B O L I S M .  ME 
22101 HYDROGEN*  CARBON MONOXIDE.  PROCESS# 
22103 F U E L  C E L L .  REFORMER*  CARBON M O N O X I D E #  
3 4 6 2  8 ELECTRODE.  CARBON. A L K A L I N E *  WATER* 
34606 F U E L  C E L L .  C A R B O N S  E L E C T R O D E #  
3 4 6 2 4  F U E L  C E L L *  TEYPERATURE.  CARBON. E L E C T R O D E #  
3421 8 CARBON. E L E C T R O D E *  
3464 8 FUEL C E L L *  CARBON. E L E C T R O D E #  
3 4 2 0  5 ELECTPODE.  CARBON# 
34607 E L E C T R O D E *  A C I D .  CARBONATE# 
34242 F U E L  C E L L .  CARBONATE# 
34241 CARBONATE*  
34253 F U E L  C E L L *  C A R B O N A T E #  
22175 HYDROCARBONI F U E L  C E L L *  CARBONATEX 
230 15 NUCLEAR, ENERGY. C A R B O N A T E #  

10034 UEL.  F U T U R E .  ENERGY. N U C L E A R *  C A R R I E R  ECONOMY# / S Y N T H E T I C .  F 
10088 . A L T E R N A T I V E *  SOLAR, ENERGY. CARRIER.  C O A L #  ENERGY 
10071 U S E *  ECONOMYI C A R R I E R .  C O N S E R V A T I O N #  
1 0 0 3 8  ROGENI ENERGY. F U E L ,  ECONOMY. C A R R I E R .  U S E #  H Y D  
40100 L I O U E F A C T I O M I  CASCAOE. H E L I U M t  HYOROGEN# 
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23420 C A T I O N *  MEMBRANE. M E T A L  F I L M *  C A T A L Y S I S *  A D S O R P T I O N .  D I F F U S I  
23027 S S O C I A T I O N .  WATER*  D I F F U S I O N .  C A T A L Y S I S .  C H E M I C A L *  OXYGEN*  / 
22634 MEMBRANE. T E M P E R A T U /  P U R I T Y .  C A T A L Y S I S .  HYOROCARBONI W A T E R *  
2 3 C 0 9  r P A L L A D I U M .  REFORMER. H E A T X  C A T A L Y S I S *  METHANOL.  D I F F U S I O N  
23026 + METHANOL,  H Y /  D I S S O C I A T I O N .  C A T A L Y S I S .  N I T R O G E N .  D I F F U S I O N  
2301 1 REACTOR. D E C O M P O S I T /  P U R I T Y .  C A T A L Y S I S .  O X I D A T I O N I  AMMONIA ,  
22102 XNG+ CONVERSXON. M E T H A N A T I O N *  C A T A L Y S I S .  P O I S O N I N G #  / REFORM 
2211 3 H Y D R O C A R B O N *  C A T A L Y S I S .  PRESSURE.  C R A C K I N G *  
30069 C A T A L Y S I  S. T H R U S T *  D E S I G N #  
22152 OCARBON. G A S *  METHANE.  WATER. C A T A L Y S T .  A C T I V A T O R #  H Y D R  
34604 C A T A L Y S T ,  A L K A L I N E *  
23412 E F F I C I E N C Y /  E L E C T R O C H E M I C A L t  C A T A L Y S T *  ANODE. P O L A R I Z A T I O N *  
34642 F U E L  C E L L *  C A T A L Y S T .  ANODE* 
3 4 8 2 7  METHANOL,  C A T A L Y S T .  B A T T E R Y #  
22005 F L U I D I Z E D .  C O A L .  C A T A L Y S T .  C H A R *  POWERR 
22194 BON* C A T A L Y S T .  C O M B U S T I O N .  HYDROCAR 
3 3 0 5 1  T R A N S I E N T .  C A T A L Y S T *  COMPUTER# 
22623 I N G .  M E T H A N E #  C A T A L Y S T ,  D E C O M P O S I T I O N .  CRACK 
21009 ROGEN. OXYGEN. C Y C L E *  MARK 1. C A T A L Y S T .  ECONOMY# / D T I O N *  H Y O  
3400 3 C A T A L Y S T *  E L E C T R O D E .  R E A C T I O N #  
3 4 0 3 0  O N #  E L E C T R O L Y T E .  C A T A L Y S T .  E L F C T R O D E .  A P P L I  C A T  1 
34808 CATHODE.  C A T A L Y S T .  E L E C T R O D E #  
34839 W4TER. R E F O R M I N G .  C A T A L Y S T *  E L E C T R O L Y T E *  
3482 8 M E T H A N O L .  C A T A L Y S T .  E N E R G Y #  
34620 C A T A L Y S T .  F A B R I C A T I O N #  
2 2 6 4 8  C A T A L Y S T .  G A S 1  
22632 C A T A L Y S T .  G A S #  
22181 C A T A L Y S T .  H E A T C  
2 2 6 4 3  C A R B O N *  N A T U R A L  G A S *  N A P H T H A .  C A T A L Y S T .  H E A T *  / D A T I O N *  HYDRO 
23029 A. C R A C K I N G *  S T E A M  R E F O R M I N G .  C A T A L Y S T .  H E A T *  /RBONS. AMMONI 
2221 1 C A T A L Y S T .  HYDROCARBON*  
22155 NGY C A T A L Y S T .  H Y D R O C A R B O N *  R E F O R M 1  
2220 1 C A T A L Y S T .  HYDROCARBON# 
22135 C A T A L Y S T .  HYDROCARBON# 
221 84 C A T A L Y S T .  HYOROCARBONY 
22179 C A T A L Y S T .  HYDROCARBON*  
3 4 8 3 7  D E U  C A T A L Y S T *  H Y D R O P H O B I C  I E L E C T R O  

3 4 6 3 5  # C A T A L Y S T ,  M A T R I  X r  P O L A R I Z A T I Q N  
3 4 0 3 6  THEUMUOYNAMICS.  E L E C T R O D E .  C A T A L Y S T .  MEMBRANE# 
22646 ON11 C A T A L Y S T .  METHANE.  D E C O M P O S I T  I 
22622 Y U  P R O D U C T I O N .  HYDROGENI C A T A L Y S T .  N A T U F A L  GAS. R E F I N E R  
3421 5 FUEL C E L L *  C A T A L Y S T .  N A T U R A L  G A S *  A C I D #  
22160 C A T A L Y S T .  N I C K E L .  S T E A M #  
3461 8 11 C A T A L Y S T .  P A L L A D I U M .  E L F C T R O D E  
2 3 0 2 1  EMPERATURE.  P R E S S U R E .  D E S I G N .  C A T A L Y S T .  P E R F O R M A N C E #  / I O N .  T  
23602 S I O N .  O X I D A T I O N .  T E M P E R A T U R E .  C A T A L Y S T .  P H O T O C H E M I C A L *  MECHA 

2261 7 C A T A L Y S T *  P R E S S U R E .  B U T A N E #  
22602 LI GAS. REFORMER/ C O N V E R S I O N .  C A T A L Y S T .  P R O D U C T I O N .  F U E L  C E L  
23020 E F F I C I E N C Y ,  R E A /  C O N V E R S I O N .  C A T A L Y S T .  P U R I T Y .  HYDROCARBON, 
3 3 0 4 8  C A T A L Y S T ,  P Y R O P H O R I C Y  
2 3 4 4 0  COST. F U E L .  S E A P R A T /  A M M O N I A .  C A T A L Y S T .  R E F O R M I N G .  R E C Y C L E .  
2263 3 STEAM. C A T A L Y S T .  R E F O R M I N G #  
2220 7 CATAL.YST-v R E F O R M I N G *  

55 1 
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22209 C A T A L Y S T  R E F O R M I N G Y  

2 2 6 4 4  C A T A L Y S T *  R E F O R M I N G *  
22:4?3 P R E S S U R E I  C A T A L Y S T  R E F O R M I N G *  

3422 8 C A T A L E S T *  S E P A R A T I O N #  

22193 C A T A L Y S T .  STEAM. R E F O R M I N G #  

2 2 1 5 4  C A T A L Y S T .  S T E A M *  
22009 C C A L .  HYDROGEN. P R O D U C T I O N .  C A T A L Y S T .  S Y N T H E S I S  G A S *  METHA 
2 1 0 9 7  HYDROGENI P R O D U C T I O N I  C A T A L Y S T .  T H E R M A L #  

221 67  C A T A L Y S T *  WATER. HYDROCARBON# 
221 20 HYDROCARBON. C A T A L Y S T *  
2 2 1 4 7  STEAM. R E F O R M I N G .  C A T A L Y S T *  
2 2 1 4 4  STEAM. R E F O R M I N G .  C A T A L Y S T #  
22198 R E F O R M I N G .  C A T A L Y S T *  
22174 HYDROCARBON I S T E L M  C A T A L Y S T #  
22173 STEAM. N A P H T H A .  C A T A L Y S T *  
221 37  HYDROCARBON. C A T A L Y S T #  
22178 H Y D R O G E N *  R E F O R M I N G I  C A T A L Y S T #  
2 2 1 9 9  BURNER. 3 X I O A T I O N .  C A T A L Y S T *  
221 8 3  S T E A M *  R E F O R M 1  NGI C A T A L Y S T #  
2 2 1 6 2  S T E A M *  REF 'JRMING.  C A T A L Y S T *  
22157 STEAM. R E F O R M I N G *  C A T A L Y S T #  
2 2 1 8 2  METHANA~ION.  HYDROCARBON. CATALYST# 

22 159 P U R I F I C A T I O N .  C A T A L Y S T *  
22121 HYDROCARDON*  NUCLEAR.  C A T A L Y S T #  
3 4 6 0 9  E L E C T R O D E *  OX I D I T I  ON. C A T A L Y S T *  
3 4 6 2 3  E L E C T R O D E .  C A T A L Y S T *  
34622 C A T A L Y S T #  
34222 C A T A L Y S T #  
3402 3 H I S T O R Y ,  A P P L I C A T I O N .  C A T A L Y S T #  
3420 3 E F F  I C  I E N C Y .  POWER. C A T A L Y S T *  
34847 C T R O L Y T E .  CATHODE.  R E F O R M I N G .  C A T A L Y S T #  ELE 
3 4 8 0 6  E F F I C I E N C Y .  N I C K E L .  S I L V E R *  C A T A L Y S T *  
22255 N A P H T H A .  C A T A L Y S T *  
22641 METHANE.  C A T A L Y S T #  
23019 H Y D R O A I N E .  OXYGEN, F U E L  C E L L *  C A T A L Y S T #  HYDROGEN. 
22116 V E R S I O N .  R E F O R M E R S  O X I D A T I O Y I  C A T A L Y S T *  F U E L  C E L L .  C O N  
22149 CARRONSI D E S I G N .  P U R I F I C A T I O N . C A T A L Y S T d  /L C E L L S .  GAS. H Y D R O  
34808 CATHODE.  C A T A L Y S T *  E L E C T R Q O E I  
34266 CATHODE.  E F F I C I E N C Y *  
34847 E L E C T R O L Y T E v  C A T H O D E *  Q E F O R M I N G .  C A T A L Y S T *  
34634 A E R O S P A C F *  TEMPERATURE,  C A T H O D E *  
34627 FUEL C E L L .  P L A T I N U M .  C A T H O D E #  
3421 4 T E M P E R A T U R E *  A N O D E *  C A T H O D E #  
52035 I R O N .  S T E E L .  A B S O R P T I O N t  C A T H O D I C *  D I F F U S I O N #  
3421 C C A T I O N *  
40201 T E M P E R A T U R E #  C A V I T A T I O N *  V E N T U R I .  PRESSURE.  
20020 E L E C T R O L Y T E .  C E L L *  A C I D *  A L K A L I N E #  
34244 T I O N #  FUEL C E L L .  A C I D *  HYDROCARBON. O X I D A  
34227 FUEL C E L L .  A I R *  FUEL# 
34248 FUEL C E L L *  A I R *  HYDROCARBON# 
3461 3 FUEL C E L L *  ANODE. O P E R A T I O N #  
3401 8 FUEL C E L L ,  B A T T E R Y *  
23205 M I C R O - O R G A N I S M .  F U E L  C E L L .  B A T T E R Y #  
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34220 
34606 
3464 8 
34242 
34253 
22175 HY DQOCARBON I 
34642 
34215 C I D #  
2301 9 OGEN. HYDPOAINEI  OXYGEN. 
34800 
22116 I O A T I O N t  C A T A L Y S T #  
34016 
34621 R S I O N Y  
3420 9 
3461 7 
3461 2 
34017 
342C 9 
34635 
34633 
34257 
10087 RGY# P O L L U T I O N .  P O Y E R *  
34645 
34834 X 
3421 6 
34252 
34202 
34039 r E L E C T R O C A T A L Y S I S I  E N € /  
34001 
22602 N t  CATALYST .  PRODUCT I O N  t 
2301 4 
23093 
3481 7 
34832 
22105 
221 58 
221 66 
34025 
34258 
34267 E l  
34835 P T I O N *  
2301 3 
23012 
34505 
32026 ERYY A U T O M O B I L E  
34245 
34640 
34627 
34638 
34809 
34849 
34019 
34204 

F U E L  C E L L *  B I O C H E M I C A L #  
F U E L  C E L L  I CARBON* ELECTRODEU 
F U E L  C E L L  s CARBON, ELECTRODE#  
F U E L  CELL .  CARBONATE# 
F U E L  C E L L .  CARBONATE#  
F U E L  C E L L .  CARBONATE*  
F U E L  C E L L  * CATALYST .  ANODE* 
F U E L  C E L L *  C A T A L Y S T .  N A T U R A L  G A S *  A  
F U E L  C E L L .  C A T A L Y S T *  HYDR 
F U E L  C E L L  I C H L O R I N E  
F U E L  C E L L .  CONVERSIONI  REFORMER* OX 
F U E L  C E L L .  CURRENT D E N S I T Y *  
F U E L  CELL .  D I F F U S I O N I  ENERGY*  CONVE 
F U E L  C E L L .  OISCHARGE.  C H L O R I N E #  
F U E L  C E L L .  ELECTRODE.  MODULE* 
F U E L  CELL .  ELECTRODE.  P A P E R *  
F U E L  C E L L .  ELECTRODE.  R E A C T I O N *  
F U E L  C E L L .  ELECTRODE. TEMPERkTURE*  
F U E L  C E L L *  ELECTRODE.  Z I R C O N I A *  
F U E L  C E L L *  ELECTRODE*  
F U E L  C E L L *  ELECTRODE#  
F U E L  C E L L *  E L E C T R O L Y S I S .  SOLAR. E N E  
F U E L  CELL .  ELECTROLYTE.  I N T E R F A C E #  
F U E L  CELL .  ELECTROLYTE.  TEMPERATURE 
F U E L  CELL.  E L E C T R O L Y T E *  
F U E L  C E L L .  E L E C T R O L Y T E *  
F U E L  CELL.  E L E C T R O L Y T E #  
F U E L  CELL .  E L E C T R O L Y Z E R *  CONVERSION 
F U E L  C E L L *  ENERGY*  
F U E L  CELL ,  G A S *  REFORMER* /ONVERSIO 
F U E L  C E L L .  GENERATOR*  
F U E L  C E L L  I H Y O R I  DE  C 
F U E L  C E L L .  HYDROCARBON. A I R #  
F U E L  CELL .  HYDROCARBON. A I R #  
F U E L  CELL .  HYDROCARBON. PROCESS# 
F E U L  C E L L .  HYDROCARBON. REFORMING*  
F U E L  CELL .  HYDROCARBON# 
F U E L  CELL ,  I O N  EXCHANGE#  
F U E L  C E L L .  ION .  MEMBRANE* M ICROBE*  
F U E L  C E L L  L I G H T W E I G H T *  RECHARGEABL 
F U E L  C E L L  t METHANOL. AMMONIA. ADSOR 
F U E L  C E L L .  METHANOL*  
F U E L  C E L L .  METHANOL# 
F U E L  C E L L .  MOISTURE.  REMOVAL# 
F U E L  C E L L .  PERFORMANCE* POWER. B A T T  
F U E L  C E L L .  PERFORMANCE# 
F U E L  CELL; P L A T I  NUM* ANODE# 
F U E L  CELL. P L A T I N U M .  CATHODE# 
F U E L  C E L L *  P L A T I  NUM. ELECTRODES 
F U E L  C E L L *  P O L L U T I O N .  B A T T E R Y #  
F U E L  C E L L *  P O L L U T I O N #  
F U E L  C E L L *  POWER* 
F U E L  C E L L *  PERFORMANCE# 
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34265 F U E L  C E L L *  P R E S S U R E *  
2211 1 I S O N I N G #  HYDROCARBONp F U E L  C E L L .  PROCESS. M E T H I N A T I O N .  P O  
36-23: F U E L  C E L L *  P U R I F I C A T I O N *  E L E C T R O D E #  
2 2 1 0 3  E #  F U E L  C E L L .  -REFORMER. CARBON M O N O X I D  
34237 F U E L  C E L L .  R E G E N E R A T I O N *  
34238 F U E L  C E L L .  R E G E N E R A T I O N *  
34240 F U E L  C E L L *  R E G E N E R A T I O N #  
2 0 0 1  8 F U E L  C E L L *  R E G E N E R A T I V E *  
23028 F U E L  C E L L .  R E G E N E R A T I  V E Y  
34846 SX F U E L  C E L L .  REGENERATOR. E L E C T R O L Y S I  
34012 F U E L  C E L L .  R E V I E W *  
34038 F U E L  C E L L .  R E V I E W #  
34844 F U E L  C E L L .  S H U T T L E *  POWER# 
34841 F U E L  C E L L .  SPACE. ENERGY# 
3 4 8 2 2  F U E L  C E L L *  SPACECRAFT.  D E S I G N *  
34826 FUEL C E L L .  S P A C E C R A F T #  
3 0 2 4 9  FUEL C E L L .  S P A C E C R A F T 1  
221 15 FUEL C E L L .  S T E A M *  R E F O R M I N G Y  
2 2 1  76 HYDROCARBON. F U E L  C E L L .  STORPGEY 
3 4 2 7 1  F U E L  C E L L +  TECHNOLOGY. S P A C E C R A F T *  
3 4 0 2 2  F U E L  C E L L .  TECHNOLOGY# 
34624 CTRODE# F U E L  C E L L .  TEMPERATURE. CARBON. E L E  
3421 7 F U E L  C E L L .  TEMPERATUREI E L E C T R O D E #  
3421 2 F U E L  C E L L *  TEMPERATURE. E L E C T R O D E *  
3 4 2 0 3  F U E L  C E L L .  TEMPERATUREI POWER* 
3 4 0 2 6  F U E L  C E L L .  T E M P E R A T U R E 1  
3 4 2 7 3  F U E L  C E L L .  T E M P E R A T U R E *  
3 4 8 4 3  F U E L  C E L L .  T E S T *  CONTROL* 
3 4 5 0 8  ANALOG*  F U E L  C E L L .  T R A N S I E N T .  S T E A D Y - S T A T E .  
3 4 8 0 2  F U E L  C E L L .  V E H I C L E #  
20513 S I S I  OXYGEN. POWER* P R E S S U R E *  C E L L .  V O L T A G F #  E L E C T R O L Y  
3451 1 F U E L  C E L L .  WATER*  HEAT.  B A L A N C E R  
34503 F U E L  C E L L .  WATER, HEAT.  R E M O V A L #  
34500 F U E L  C E L L .  WATER* HUMAN# 
34507 F U E L  C E L L *  WATER. P E M O V A L C  
3 4 2 6 2  E L E C T R O L Y S I S *  F U E L  C E L L #  
3 4 8 6 5  I N E I  HYDROGEN* P E R O X I D E .  F U E L  C E L L #  H Y D R A Z  
34107 P U R G E *  F U E L  C E L L *  
3 4 0 3 7  MODEL. F U E L  C E L L *  
34102 D E S I G N .  F U E L  C E L L #  
34101 PRESSURE.  T E M P E R A T U R E *  F U E L  C E L L *  
3 4 3  2 1 F U E L  C E L L #  
2001 1 YDROGEN. E L E C T R O L Y S I S I  S T U A R T  C E L L S  
22141 P A R T I A L  O X I D A T I O N *  F U E L  C E L L #  
22131 S T E A M *  REFORMING.  F U E L  C E L L #  
22161 HYDRCICARBON. F U E L  C E L L *  
22189 REFORMING.  F U E L  C E L L #  
2 2 1 2 2  R E F O R M I N G .  F U E L  C E L L *  
22145 HYDROGEN. G E N E R A T O R *  F U E L  C E L L #  
2 2 2 1  6 H Y D R O C R A C K *  F U E L  C E L L #  
10024 GEe I N T E R N A L  C O M B U S T I O N t  F U E L  C E L L X  f r  T R A N S P O R T A T I O N *  STORA 
22136 S Y S T E M *  F U E L  C E L L S *  G A S *  F U E L #  
2 2 1 A 9  G N 1  P U R I F I C A T I C I f  S Y S T E M *  F U E L  C E L L S *  GAS. HYDROCARBONS. D E S l  
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10026 r NUCLEAR. ENERGY. F U E L .  F U E L  C E L L S .  OXYGEN E L E C T R O L Y S I S S  /N 
23405 COST. HYDROGEN. AMMONIA.  C E N T R I F U G A L *  COMPRESSORU 
33009 C A L  S O L U T I O N S  CHAMBER. )VENT. EXHAUST.  N U M E R I  
22005 F L U I D I Z E D .  C O A L *  C A T A L Y S T *  CHAR. POWER# 
22010 G A S I F I C A T I O N .  COAL. C H A R #  
22002 LI HYDROGEN. I N D U S T R I A L .  GAS. CHARCOAL. STEAM. D E C O M P O S I T I O N  
22107 TEAM. REFORMING.  HYDROCARBON. C H E M I C A L  D E S I G N U  /RODUCTIONI  S  
23425 T I O N .  A D S O R P T I O N .  R E G E N E R A T I /  C H E M I C A L .  C O N D E N S A T I O N .  ABSORP 
21005 YCLE.  COST. THERMAL. DECOMPO/ C H E M I C A L .  CORROSION. ENERGY. C  
21003 E L E C T R O L Y S I S .  D E C O M P O S I T I O N +  C H E M I C A L .  ENERGY. USE.  T H E R M A L  
23027 WATER. O I F F U S I O N I  C A T A L Y S X S .  C H E M I C A L .  OXYGEN* / S S O C I A T I O N .  
23403 . S E P 4 R A T I O N .  AMMONIA.  P U R I F /  C H E M I C A L *  PETROLEUM. C R Y O G E N I C  
22112 TEAM REFORMING. HYDROCARBONS. C H E M I C A L .  PROCESS. D E S I G N #  S  
22150 URE. P U R I T Y .  HYDROCONVERSION.  CHEMICAL.  P R O C E S S #  P R E S S  
2260 1 HYDROGEN. P U R I F I C A T I O N .  C H E M I C A L .  P R O C E S S #  
23202 L. C H L O R O P H Y L L #  PHOTO-CHEMICAL.  R E A C T I O N .  B I O C H E M I C A  
21313 ON C H L O R I D E S .  THERMODYNAMICS.  C H E M I C A L *  R E A C T I O N .  K I N E T I C S U  / 
21008 EXYGEH. D E C O M P O S I T I O N t  C Y C L E *  C H E M I C A L *  R E A C T I O N *  E F F I C I E N C Y  
10067 N S P O R T A T I O N .  STORAGE. MARKET.  C H E M I C A L .  R E F I N I N G ,  U T I L f T Y s  E  
21012 ENERGY. C Y C L E *  D E C O Y P O S I T I O N .  C H E M I C A L ,  STUDY. ECONOMICSI  K I  
52004 T L E M E N T *  S T R ~ N G T H .  D U C T I L I T Y .  C H E M I S O R P T I O N #  S T E E L .  E M B R I T  
21013 M I C A L I  R E A C T I O N .  K I N E T I /  I R O N  C H L O R I D E S .  THERMODYNAMICS.  C H E  
34209 F U E L  C E L L .  D I S C H A R G E .  C H L O R I N E #  
34800 F U E L  C E L L .  C H L O R I N E #  
23202 M I C A L .  R E A C T I O N .  B I D C H E M I C A L .  C H L O R O P H Y L L *  PHOTO-CHE 
21031 E N #  D E C O M P O S I T I O N I  WATER. CLOSEOI R E A C T I D N I  O X I D E .  H A L O G  
21007 U C T I O N C  THERMAL.  WATER. CLOSED. SYSTEM. R E A C T I O N .  PROD 
22005 F L U I D I Z E D .  COAL.  C A T A L Y S T *  CHAR. POWER# 
2201 0 G A S I F I C A T I O N .  COAL.  CHARS 
10025 P HYDROGEN. F U E L *  ECONOMY. COAL. CONVERSION.  E L E C T R O L Y S I S  
22100 T I A L  O X I O A T I O N .  HYDROCARBONS. COAL. ENEQGYU / REFORMING,  P A R  
10036 GE. T /  ENERGY. C R I S I S .  S C L A R +  C C A L *  F I S S I O N .  HYDROGEN* STORA 
22630 COAL,  F U E L .  R E F O R M I N G #  
22006 PRODUCTION.  METHANES COAL. G A S I F I C A T I O N .  HYDROGEN+ 
22002 5. CHARCOAL. f * L U I D I Z E D  BED. COAL.  HYDROGEN* I N D U S T R I A L .  GA 
22C09 T A L Y  S T *  S Y N T H E S I S  GAS.  METHA/  COAL. HYDROGEN. PRODUCTION.  CA 
10057 P O S I T I O N .  HEAT.  G A S I F I C A T I O N .  COAL. P O L L U T I O N I  U S E #  /. DECOM 
221 09 EN. PRODUCTION.  HYDROCARBONS. C O A L *  R E S I D U E #  HYDROG 
22097 HYDROGEN. P Q O D U C T I O N .  C O S T *  COAL. S Y N T H E S I S  GAS. AMMONIA.# 
22013 COSTS. ECONOMICS.  HYDROGEN. C O A L #  
22008 L A S E R .  P Y R O L Y S I S *  C O A L #  
10088 T I V E .  SOLAR. ENERGY, C A K R I E R .  C O A L #  ENERGY I A L T E R N A  
10055 GV. ECOLOGY*  S A F E T Y *  N U C L E A R *  COCLC / E N *  F U E L .  ECONOMY. ENER 
52044 S T E E L .  C R A C K I N G *  P R O T E C T I O N .  C O A T I N G .  N I C K E L #  

30062 C O A T I N G .  P R O T E C T I O N .  T H R U S T #  
52049 E M B R I T T L E M E N T .  S T E E L .  C O A T I N G *  SURFACE. R U P T U R E #  
52007 LEMENT.  S T E E L .  H I G H  STRENGTH.  C O A T I N G +  S U R F A C E *  E M A R I T T  
30C41 R U S T #  C O A X I A L *  I N J E C T O R I  V A R I A B L E  T H  
22004 F L U I D 1  ZED. C O K E *  HYDROGEN* G E N E R A T I O N #  
22620 HYDROCAGBONI D E C O M P O S I T I O N I  C O K E *  MODEL* 
2261 4 ONOVY. O X 1  D A T I O N *  WATER. GAS. COKE. PROCESS# E C  

30336 T H R U S T  I COMB1 N A T  I ON# 
3201 1 P O L L U T I O N *  I N T E R N A L  COMAUSTIONI  AMMONIA*  
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3 2 0 1 2  POWER. I N T E R N A L  COMBUSTION.  COMPUTER# 
32021 HYDROGEN. I N J E C T I O N .  I N T E R N A L  C O M B U S T I O N S  E N G I N E .  E M I S S I O N *  
10774  HYDROCARBON* F U E L *  I N T E R N A L - C O M B U S T I O N .  E N G E N E *  P O L L U T I O N *  
3 2 0 1  5 U T I  ON. E X H A U S T #  I N T t R N A L  COMBUSTION.  F O S S L L .  F U E L +  P O L L  
1 0 0 2 4  S P O R T A T I O N .  STORAGE. I N T E R N A L  COMBUSTIONI  F U E L  C E L L #  /. T R A N  
2 2 1 9 4  C A T A L Y S T .  C O M B U S T I O N *  HYDROCbRBONY 
2 2  156 P A R T I A L .  COMBUSTION.  HYDROCARBON# 
1 2 0 5 8  S T E A M *  F U E L .  ECONOMY# C O M B U S T I O N .  HYDROGEN. OXYGEN. 
3 3 0 3 8  C O M B U S T I O N *  J E T #  
33040 COMBUSTION.  J E T #  
3 3 0 2 4  COMBUSTION.  J E T #  
3 3 0 2 7  COMBUSTION.  METHANE# 
33036 C O M B U S T I O N *  OXYGEN# 
3 2 0 2 0  N C Y t  STORAGE# I Y T E R N A L  COMBUSTION.  P O L L U T I O N .  E F F  I C I E  
3 2 0 0 3  C R Y O G E N I C .  OXYGEN*  I N T E R N A L  COMBUSTION.  P O L L U T I O N #  
3 2 0 3 4  E M I S S I O N .  ENERGY, I NTERNAL-COMBUSTION.  P O L L U T I O N #  
3 3 0 2 8  COMBUSTION.  REACTOR* 
3201 9 I N T E R N A L  C O M B U S T I O N .  RESEARCH# 
30071 C O M B U S T 1  ON. R O C K E T *  
3 3 0 3 7  C O M B U S T I O N I  R O C K E T #  
30937 COMBUSTION.  S T A B I L I T Y U  
3 3 D 1 6  COMBUSTION.  S T E A M #  
1 3 C  2 1 A N A L Y S I S .  C O M B U S T I O N #  
3301 0 C O M B U S T I O N #  
3301 t3 I N J E C T I O N .  C O M B U S T I O N #  
3 3 n ?  3 SUBSONIC. COMBUSTION# 
3 3 0 ' 3 7  THERMODYNAMICS.  C O M B U S T I O N #  
30044 E N G I N E *  OXYGEN*  C O M B U S T I O N #  
3 2 0 3 7  E N G I N E .  C O M B U S T I O N #  
2 2 6 3 1  TEUPERATURE. C O M B U S T I O N #  
3 3 0 5 8  S U P E R S O N I C I  FLOW. C O M B U S T I O N #  
3 3 0 5 4  G E N E R A T I  ON. C O M B U S T I  O N #  
2 2 2 1  3 THERMOOYNAMI CS*  C O M B U S T I O N #  
3 0 0 0 2  ROCKET. C O M B U S T I O N #  
33033 ROCKET. COMBUST I O N #  
33042 HYPERSQN I C *  C O M B U S T I O N #  
2 2 1 5 4  CONTROL. P R E S S U R E *  C O M B U S T I O N #  
1 0 0 7 2  I S .  O X Y G E N *  STORAGE. I N T E R N A L  C C M B U S T I O N M A G N E T O H Y D R O D Y N A M I C ~  
3301 3 COMBUSTORI E F F I C I E N C Y #  
33054 I N J E C T O R .  COMBUSTDRI R A M J E T #  
53005 S A F E T Y  t STANDARD. C O M M E R C I A L .  L I Q U I D .  H A N D L I N G #  
4 0 0 3 8  M* PROPERTY.  E N T H A L P Y *  ENTROY C O M P I L A T I O N .  D E N S I T Y .  D E U T E R I U  
5 0 0 0 8  SAFETY.  C R Y O G E N I C *  COMPRESSEDI GAS. L I Q U I D #  
2 2 1 8 3  COMPRESS I O N .  HYDROCRACK# 
3 0 C 3  C C O M P R E S S I O N  SPACECRAFTS 
40133  U E F A C T I O N *  H E L I U M .  E X P A N S I O N .  COMPRESS I O N #  L I Q  
30072 # COMPRESSOR. RECUPERATOR. POWER 
23405 DROGEN. AMMONIA. C E N T R I F U G A L ,  COMPRESSOR# C O S T *  H Y  
33051  C O M P U T E R t  C O N C E N T R A T I O N #  
4 0 2 1 2  P R O P E R T Y *  PARAHYDROGEN. COMPUTER. F L U I D #  
33063 S O L U T I O N #  S I M U L A T I O N .  COMPUTER* I G N I T I O N .  N U M E R I C A L  
33061 COMPUTER. NOZZLE* 
40202 THERMODYNAMICS.  TRANSPORT.  COMPUTER. PROPERTY*  
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33014 MOOEL. COMPUTER. R E A C T I O N *  
33015 COMPUTER. S E L F - I G N I T  I O N I  
32312 POWER, I N T E R N A L  COMBUSTION. COMPUTER# 
33066 I G N I T I O N .  D E T O N A T I O N .  COMPUTER* 
330 5 1 T R A N S I E N T .  C A T A L Y S T .  COMPUTER# 
33055 M I X I N G .  CONCENTRATIONI SHOCK* 
33050 COMPUTER. CONCENTRATION*  
33034 S T A R I L I  TY. CONCENTRAT ION#  
33043 I N J E C T O R *  BOUNDARY L A Y E R *  CONCENTRAT IONU 
23425 R P T I O N .  R E G E N E R A T I /  C H E M I C A L .  CONDENSATION.  A B S O R P T I O N *  A D S 0  
23433 P U R I T Y .  HYDROCARBON* CONDENSATIONI CRYOGENIC*  
23423 # R E F R I G E R A T I O N .  S E P A R A T I O N v  CONDENSATION. METHANE. R E C Y C L E  
23424 ION.  S E P A R A T I O N .  HYDROCARBON. CONDENSAT ION*  R E G E N E R A T I O N #  / T  
23421 S I S  Gas. HELILJM. TEMPERATURE, C O N D E N S A T I O N A B S O R P T I O N t  N I T R O G  
41012 ARAHYDROGENI  C O N D U C T I V I T Y .  SOLIOI  L I Q U I D .  P 
41 006 S O L I D  I PROPERTY. C O N D U C T I V I T Y #  
41016 METAL,  CONDUCTOR# 
10071 USE, ECONOMY. CARRIER.  CONSERVAT ION#  
10C59 N. T U R B I N E .  HYDQUGEN. OXYGEN. C O N S E R V A T I O N #  / I E N C Y *  P O L L U T I O  
34004 R E A C T 1  ON. CONSTRUCT I O N #  
34008 E L E C T R O D E *  CONSTRUCTION*  
42004 GAS. STANDARD*  CONSUMER. S A F E T Y *  
10078 I O N *  E N V I R O N M E N T *  PRODUCTION.  CONSUMPTlONe P O L I C Y #  / R A N S M I S S  
31C96 SUPERSONICI  F U E L *  A N A L Y S I S *  CONSUMPTION# 
50013 ORAGE. PRESSURE*  TEMPERATURE. CONTAMINANT*  SAFETY .  S T  
52047 E M B R I T T L E M E N T .  TANTALUM. C O N T A M I N A T I O N #  
34836 STORAGE. CONTROL. BATTERY*  
22626 CONTROL, CONVERSIONR 
50000 L I Q U I D *  SAFETY. CONTROL. DAMAGE* 
10976 ARI E L E C T R O L Y S I S #  P O L L U T I O N *  CONTROL. HYDROGEN. F U E L .  NUCLE  
221 54 CONTROLI PRESSURE*  COMBUSTION#  
50003 STEAM. REFORMING.  CONTROL. S A F E T Y *  
20012 E L E C T R O L Y S I S .  CONTROL* 
34843 F U E L  C E L L .  T E S T *  CONTROL# 
34600 CONTROL# 
43207 L P O I N T .  HEAT  TRANSFER#  CONVECTION.  CRYOGENIC.  C R I T I C A  
33031 TRANSPORT. CONVECTIONI  FLOW# 
40203 B O I L I N G .  C O N V E C T I O N t  NUCLEATE#  
226'22 ON. F U E L  C E L L .  GAS*  REFC?RMER/ CONVERSION.  C A T A L Y S T .  PRODUCT1  
23020 HYDROCARBON. E F F I C I E N C Y .  REA /  CONVERSION.  CATALYST.  P U R I T Y .  
22151 OCESS. PRODUCT ION. REFORMING.  CONVERSION.  O E S U L F U R I Z A T X O N  ME 
34039 E N € /  F U E L  C E L L .  E L E C T R O L Y Z E R s  C O N V E R S I O N S  E L E C T R O C A T A L Y S I S .  
10025 YDRDGENI FUEL .  ECONOMY. COAL. C O N V E R S I O N *  E L E C T R O L Y S I S *  H  
23200 E F F I C I E N C Y  t GROWTH* CONVERSION.  EUTROPHAY 
221 96 STEAM. CONVERSION. G A S #  
34100 OCESS. GENERATOR. E F F I C I E N C Y +  CONVERSION. HYDROCARBON# /. PR 
22102 O E S U L F U R I Z A T I O N I  R E F O R M I N G t  CONVERSION.  METHANAT ION.  C A T A L  
23602 TURE t C A T A L Y S T ,  / S E N S I T I Z E R .  CONVERSION. O X I D A T I O N .  TEMPERA 
22635 S T E A M  REFORMING*  HYDROCARBONI CONVERSION. P A R T I A L  O X I D A T  ION. 
34821 ENERGY. CONVERSION. POWER* 
22116 N. C A T A L Y S T *  F U E L  C E L L .  C O N V E R S I O N *  REFORMER. D X I D A T  I 0  
320 13 E N G I N E .  CONVERSIONZ  
34621 F U E L  C E L L *  D I F F U S I O N .  ENERGY. C O N V E R S I O N t  
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22626 CONTROL. C O N V E R S I O N #  
22636 S T E A M  REFORMING. C O N V E R S I O N #  
2 3 4 0 9  DESLJLPIIURI ZAT ION. R E F O R M I N G *  C O N V E R S I O N #  
221 14 EFORMING. PRODUCTION+ DESXGN* COMVERSIONY HYDROGEN. STEAM R 
1 0 0 7 2  D Y N A M I C  t COST. SOLAR. ENERGY. C O N V E R S I O N #  /STIONMAGNETOHVDRO 
22607 C K I N G .  H Y D R O - D E S U L F U R I Z A T I O N .  CONVERTER*  /@DUCTION t HYOROCRA 
4 0 1 1 0  THERMOS I PHON, COOL1  NG. APPARATUS#  

3 1 0 0 9  COOLING.  O P T I M I Z A T I O N #  
31012 RANGE* P A Y L O A D *  C O O L I N G *  SLUSH.  ECONOMIC# 
5 2 0 5 2  S T A I N L E S S *  E M B R I T T L E M E N T .  CORROSIONI CRACK*  STRESS#  
21005 . THERMAL. DECOMPO/ CHEMICAL .  CORROSION. ENERGY. CYCLE.  COST 
2 2 6 0 4  E. S T E A M  REFORMING*  REFORMER*  CORROSION. PERFOPMANCEY /ESSUR 
52054 EMRRI  TTLEMENT.  T I T A N 1  UM. CORROSION#  
5001 2 STEAM* REFORMING. OES IGN.  CORROSION# 
3 4 8 1  1 N I C K E L *  ELECTRODE. CORROSION# 
5 2 0 1 6  ACK. S T E E L *  STRENGTH. STRESS. CORROSION#  E M B R I T T L E M E N T .  CR 

3 1 0 1 1  rY C O S T *  A I R C R A F T *  ECONOMICI F U E L  
31013 COST. A I R C R A F T .  PRODUCTION*  
2 0 5 0 1  ECTROLYZER + DES IGN.  HYDROGEN. COST. AMMONIA* E L  
2 2 ' 3 0 7  0 N I A . U  HYDROGEN. P R O D U C T I O N *  COST. COAL. S Y N T H E S I S  GAS. AMM 
2 2 6 0 0  COST. D E S I G N *  R E F I N I N G .  GAS*  
341 0 5  COST,  OES I GN# 
2 3 4 0 2  A T I O N *  H Y D R O C A R ~ ~ O N I  PRESSUREI COST. ECONOMY# SEP  AR 
2 0 5 1 1  Y. N u t /  HYDROGEN. PRODUCTION+  COST, E L E C T R O L Y S I S .  E L E C T R I C I T  
3 2 0 0 0  IRONMENT*  M O D I F I C A T I O N I  COST. E M I S S I O N .  P O L L U T I O N .  ENV 
2 3 4 4 0  C A T A L Y S T *  REFORMING. GECYCLE*  C O S T *  FUEL.  S E A P R A T I O N *  / N I A *  
2 2 1 2 4  HYDROCRACK* COST. F U E L #  
4 0 1 0 1  L I P U F F A C T I O N .  COST. HEAT  EXCHANGER# 
2 3 4 0 5  I F U G A L *  COMPRESSOR# COST. HYOROGEN. AMMONIA. CENTR 
22605 O N I A  . PRODUCTION.  S E P A R A T I O N I  C O S T *  N A T U R A L  GAS. N A P H T H A #  /M 
3 1 0 0 7  PAYLOAD. RANGE. COST. N O 1  S E l  
1 0 0 4 7  S P O R T A T I O N *  HYDROGEN* C O S T *  NUCLEAR.  ECONOMICS. T R A N  
4 3 1 0 9  L I Q U E F  I C A T I O N .  C O S T *  P A T E N T #  
4 0 6 0 0  C O S T *  P I P E L I N E *  E L E C T R I C #  
1 3 0 4 3  OLOGY. ENERGY. SYSTEM. S T U D Y *  C O S T *  P O L L U T I O N *  T R A N S M I S S I O N #  
3 2 0 0 8  PRODUCTION.  C O S T *  P O L L U T I O N #  
3 4 8 2 5  HYDROCAPEON. COST. POWER# 
2 2 1 2 9  MANUFACTUREI P U R I T Y *  C O S T *  PRESSURE*  REFORMER# 
4 0 4 0 0  VESSEL .  COST  I PRESSUQEY 
22608 I/ R E F I N E R Y .  S T E A M  REFORMING.  COST. PROCESS. P U R I F I C A T I O N t  D 
2 3 4 0 0  I F I C A T I O N .  HYDROCARBON. F U E L .  COST. PRODUCTION*  P U R  
1 0 0 7 2  O M B U S T I O N M A G N E T O H Y D R Q D Y N A M I C c  COST. SOLAR. ENERGY. C O N V E R S I O  
3 4 2 5 6  COST. SPACECRPFTA 
2 0 5 0 7  EN. PRODUCTION.  E L E C T R O L Y S I S ,  COST. S T E A M  REFORMING. P A R T I A L  
3 1 0 0 5  PERFnRMANCEt  COST, STORAGE*  S A F E T Y #  
1 0 0 5 2  DROGENt  ENEPGY, MARKET. F U E L *  COST. STORAGE*  TRANSMISS IONIEL  
1 0 0 1 2  Nv SPUDYI PRODUCTIONI L I Q U I D .  COST. SYSTEM A N A L Y S I S #  /YDROGE 
21005 ALI CORROSION. ENERGY*  C Y C L E *  C O S T *  T H E R M A L *  D E C O M P O S I T I O N #  / 
3 4 0 0  7 COST. THFRMODYNAMICSI  D E S I G N #  
4 2 0 0 3  P I P E .  C O S T *  TRANSPORT. STORAGE# 
3 4 0  1 4  COST. V E H I C L E #  
4 0 4 1  5 L I O U I D v  I N S U L A T I O N I  SHUTTLE.  COST#  
3 4 6 3 9  A I R *  A I C D .  COST# 

55 8 
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3 4 6 4 6  CURRENT D E N S I T Y *  A L K A L I N E .  COST*  
40102 T I O N .  HEAT  TRANSFER. STORAGE. COSTW L I Q U E F A C  
2 2 2 1  5 D E S I G N .  COST# 
31 01 6 I R C R A F T *  H Y P E R S O N I C  C R Y O G E N I C  COSTY A 
3 1 0 3 0  A I R C R A F T *  PROPULSION.  COST*  
2341 1 D I F F U S I O N .  P A L L A D I U M .  COST# 
22133 O P E R A T I  ON* REFORMER. REACTOR. COSTA D E S I G N *  
2 0 5 0 6  U C T I O N .  E L E C T R O L Y S I S .  D E S I G N .  COST*  HYDROGEN. PROD 
23438 I T Y .  R E F I N E R Y *  P E T R O C H E M I C A L t  COST# PROOUCTIONI  P U R  
2 3 0 2 5  G +  HYDROCARBON* P U R I F I C A T I O N .  C O S T I  /ETHANOL.  STEAM R E F O R M I N  
1 0 0 7 0  E N C Y *  WASTE. F U E L *  P Y R O L Y S I S .  COST#  /NE. HEAT.  ALGAE. E F F I C I  
10011 ON*  TRANSMISSIONSTORAGE.  USE. COST# /NOMY. NUCLEAR*  PRODUCT1  
23403 A T I O N .  AMMONIA. P U R ~ F I C A T I O N I  COST# /OLEUM. CRYOGENICI  SEPAR 
20504 E. TRANSMISS ION.  PERFORMANCE. COSTA /RGY. PROOUCTIONI STORAG 
2201 3 A L *  COSTS. ECONOMICS. HYDROGEN. CO 
1 0 0 6 9  O G E N t  SYSTEMS. STUDY. ENERGY*  C O S T S *  ECONOMICS#  HYDR 
20005 N U F R C T U R I N G  METHODSOPERATION. C O S T S *  S A F E T Y #  / E N *  OXYGEN. MA 
5 2 0 0 2  E M B R I T T L E M E N T *  M E T A L *  CRACK. A I R .  P U R I T Y *  
5 2 D 2 8  IRON.  CRACK*  F R A C T U R E *  
5 2 0 1 6  . CORROSION*  EMRRITTLEMENTI  CRACK*  S T E E L *  STRENGTH. STRESS 
5 2 0 5 8  E M B R I T T L E M E N T .  CRACK*  STRENGTH*  
5200d S T F E L  S T ~ E N G T H I  CRACK. STRESS. E M B R I  T T L E M E N T e  
5 2 0 5 2  SS. EMBRITTLEMENTI  CORROSION. CRACK. STRESS#  STA I N L E  
2 3 0 2 5  TEAM REFORMING. HYDROCARBON*/  CRACKING.  AMMONIA. METHANOL. S  
5 2 0 4 3  IORNI  CRACKINGI D I S S O L U T I O N #  
2 3 0 0 7  E L E C T R O L Y S I S .  HEAT. AMMONIA. C R A C K I N G *  HYDROCARBON. REFORME 
2 2 6 2 3  CATALYST .  DECOMPOSIT IONI  CRACK1  NG. METHANE* 
5 2 0 4 4  N I C K E L *  STEEL.  CRACKING.  PROTECTION.  C O A T I N G *  
23029 A L Y S T /  HYDROCARBONS. AMMONIA.  CRACKING.  S T E A M  REFORMINGI C A T  
2 2 1  3 8  E L E C T R I C *  CRACK1 YG# 
2 2 1  1 3 OCARBON. C A T A L Y S I S .  PRESSUREv  C R A C K I N G #  HYDR 
1 0 0 8 6  HYDROGEN. STORAGE. T /  ENERGY*  C R I S I S s  SOLAR. COAL. F I S S I O N .  
5 1 9 1 4  SAFETY. EXPLOSION.  L I A U I O .  C R I T E R  X A Y  
4 3 2 ' 3 7  CONVECT ION.  CRY O G E N I C t  C R I T I C A L  P O I N T  I H E A T  TRANSFER*  
4 0 2 0 6  ERATURE. B O I L I N G #  FLOW* C R I T I C A L  P O I N T .  PRESSURE*  TEMP 
4 1 0 0 2  HY T R I P L E  P O I N T *  C R I T I C A L  P O I N T .  PROPERTY*  S L U S  
4 0 2 3 0  TYI TWO-PHASE. Q U A L I T Y .  FLOY.  C R Y G E N I C X  D E N S 1  
3 1 0 1 6  A I R C R A F T .  HYPERSONIC  CRYOGENIC  C O S T #  
5 0 0 G B  Q U I D *  SAFETY .  C R Y O G E N I C t  COMPRESSED* G A S *  L I  
40207 T TRANSFER*  CONVECTION.  CRYOGENIC.  C R I T I C A L  P O I N T .  HEA 

4 0 0 9 7  C R Y O G E N I C *  D A T A .  I N F O R M A T I O N #  
4 0 4 1 2  STORAGE. CRYOGENIC.  O E S I G N *  
4 0 2 0 9  H E A T  TRANSFER*  TURBULENCE, C R Y O G E N I C *  FLOW* 
3 1 0 1 5  A I R C R P F T .  LI'3UT.D. CRYCGENIC.  F U E L .  H Y P E R S O N I C #  
1 0 0 2 9  HYDROGEN. ENERGY. USE*  CRYOGEbdIC, F U E L *  S Y N T H E T I C #  

4 i O O l  Y#  CRYCGEN I C .  I N D U S T R Y *  LABORATOR 
2 2 6 0 3  TEAM REFORMING*  P U R I F I C A T I O N I  CRYOGENIC*  L I Q U E F A C T I O N *  STORA 
4 0 5 0 6  CRYOGENIC+  L I Q U I D *  I N O U S T R Y I  
4 9 0 0 2  XYGEN. HYDROGEN* CRYOGENIC.  L I Q U I D .  N ITROGEN.  0 
34823 E L E C T R I C I T Y .  POWER. WATER' C R Y D G E N l C *  L U N A R *  
4 0 3 0 9  FLOW. C R Y O G E N I C +  ME4SUREMENT. S L U S H #  
3 2 0 3 3  MBUSTION.  P O L L U T I O N #  CRYOGENIC.  OXYGEN. I N T E R N A L  CO 
2 3 0 5 4  XION. STEAM REFORMING. P U R I T Y .  CRYOGEf4IC, OXYGEN* /N. PRODUCT 

k 
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4 3 5 1  0 CRYOGENIC.  P I P E L I N E #  
3 0 0 5 2  CRYOGENICI  PROPELLANT#  
! G O 7 7  R A N S P G R i A i i O /  HYDROGEN. FUEL.  CRYOGENIC  r PROPERTY. S A F E T Y *  T  
1 0 0 5 1  HYOROGEN. S Y N T H E T I C  I F U E L *  CRYOGEN-lC. S A F E T Y *  
2 3 4 0 3  . P U R I F /  CHEM [CALI  PETROLEUM. C R Y O G E N I C *  S E P A R A T I O N  AMMONIA 
2 3 4 1  4  D E S I G N ,  RECOVERY. CRYOGENIC.  S E P A R A T I D N #  
4 0 4 0 5  I N S U L A T I O N .  CRYOGFNIC .  S O L 1  D I F I C A T I O N #  
4 0 4 0 6  STORAGE*  CRYOGENIC.  S O L I D I F I C A T I O N #  
4 0 0 0 5  L I Q U I D I  HYDROGEN. C R Y O G E N I C *  SPACECRAFT#  
4 0 3 3 5  I N S T U R M F N T A T I O N .  CRYOGENIC .  TEMPERATURE* 
4 3 2 1 4  T S #  CRYOGENIC.  THERMAL. MEASUREMEN 

3 4 8 1  5 CRYOGENIC.  WASTE. HEAT.  WATER* 
3 4 8 1  3 POWERr C R Y O G E N I C *  WEIGHT*  
1 0 0 7 9  r STORAGE. L I Q U I D *  ECONDMI  CS. C R Y O G E N I C v S A F E T Y *  / R A N S M I S S I O N  
1 3 0 6 5  ENERGY. HYDROGEN* L I Q U I D *  CRYOGENIC*  
4 0 0 9 3  HYDROGEN. L I O U I D .  C R Y O G E N I C *  
4 0 C 0 4  P U B L I C A T I O N .  THERMODYNAMICS.  CRYOGENIC*  
4 0 3 0 6  TRANSDUCER. TEMPERATURE. C R Y O G E N I C #  
4 0 4 1  1 STORAGE. C R Y O G E N I C #  
4 0 5 0  1 OEARING.  PUMP*  CRYOGENIC*  
4 0 3 0 1  D E N S 1  TYI L I Q U I D I  C R Y O G E N I C #  
2 3 4 3 3  Y. HYDROCARBON. CONDENSATIONl  CRYOGENIC#  P U R I T  
3 3 0 4 6  ROCKET. E N G I N E *  CRYOGENIC*  
30065 THRUST. C R Y O G E N I C #  
1 3 0 3 1  T H E T I C +  F U E L *  SYSTEM*  SAFETY.  C R Y O G E N I C E L E C T R O L Y S I S #  /Y. S Y N  
2 3 2 0 1  HYDROGEN. PRODUCTION. GROWTH. CULTURE. E L E C T R O L Y S I S .  R A C T E R I  
3 4 6 4 6  T #  CURRENT D E N S I T Y *  A L K A L I N E .  C D S  
3 4 2 3 9  WEIGHT.  CURRENT D E N S I T Y #  
3 4 0 1 6  F U E L  CELL .  CURRENT D E N S I T Y #  
2 0 0 1 3  M M D N I A t E L E C T R O L Y S I S I  NUCLEAR. CURRENT D E N S I T Y *  / I D .  WATER. A  
2 3 2 0 4  r N I T R O G E N *  OXYGENI HYDROGEN* CURPENT*  BACTERIA .  ANODE 
2 1 0 4 5  ROGENt  OXYGEN* D E C O M P O S I T I O N t  CYCLE.  C H E M I C A L .  REACT ION.  EFF 
21905  C H E M I C A L .  CORROSION. ENERGY. CYCLE. C O S T *  THERMAL*  DECOMPOS 
2 1 0 1 2  . STUDY. ECONOMICSI / ENERGY*  CYCLE. DECOMPOSIT ION.  C H E M I C A L  
2 1 0 1 1  WATER. D E C O M P O S I T I O N .  C Y C L E *  ENERGY. PROCESS*  F U E L *  
2 2 0 6  3 STEAM. I R O N *  CYCLE.  HYDRDGENC 
2 1 0 0 9  P R O C U D T I O N +  HYDROGEN. OXYGEN* C Y C L E *  MARK 11 CATALYST .  ECONO 
2 1 0 1 4  WATER, S P L I f  THERMODYNAMICS.  C Y C L E *  PROCESS*  NUCLEAR. HEAT. 
2 1 0 1 5  CTORI HEAT.  WATER. S P L I T T I N G .  CYCLE.  PROCESS. THERMOCHEMICAL 
2 1 0 0 6  HYDROGEN. OXYGEN. PRODUCTION.  CYCLE. P E A C T I Q N Z  
2 1 0 0 2  NUCLEAR. WATER. C Y C L E *  THERMAL. E F F I C I E N C Y #  
2 1 0 0 4  HYDROGEN. CYCLE.  WATER. PRODUCTION# 
5 2 0  19 E Y B R I T T L E M E N T .  S T E E L .  C Y L I N D E R .  GAS. PRESSURE# 
3 4 6 1  6 ELECTRODE. DAMAGE# 
S O 0 0 0  L I Q U I D .  S A F E T Y *  CONTROL*  DAMAGE# 
5 2 0 0 6  S T E E L .  F R I C T I O N *  I N T E R N A L .  D A Y P I N G .  TEMPERATURE# 
4 0 0 0 7  C R Y O G E N I C *  D A T A *  INFORMAT I O N *  
2 1 0 1  2 * ECONOMICS.  / ENERGY. CYCLE.  DECOMPOSIT IONI  CHEMICAL.  STUDY 
2 1 0 0 3  Y *  U S E *  THERMA/ E L E C T R O L Y S I S *  D E C O M P O S I T I O N .  CHEMICAL .  ENERG 
2 262 0 HYDROCARBON* D E C O M P O S I T I O N *  COKE* MODEL# 
2 2 6 2 3  NEC CATALYST .  DECOMPOSIT ION.  CRACKING.  METHA 
2 1 0 0 8  * R E A C T I O N /  HYDROGEN. OXYGEN* DECOMPOSIT ION.  C Y C L E *  C H E M I C A L  
2 1 0 1 1  PROCESS. F U E L #  WATER. DECOMPOSIT ION.  CYCLE.  ENERGY. 
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2 2 0 0 2  S T R I  ALI GAS. CHARCOAL. STEAM. D E C O M P O S I T I O N .  E C O N O M I C S *  STUD 
10057 GY. NUCLEAR. OXYGEN. REACTOR. D E C O M P O S I T I O N *  HEAT. G A S I F I C A T  
4 3 0 0 2  GAS, PUMP. D E C O M P O S I T I O N I  H Y D R I D E *  
2 2 6 2 5  AT. R E A C T O R *  E Q U I L I B R I U M .  ME/ D E C O M P O S I T I O N .  HYDROCARBON. H E  
2 3 0 1  1 O X I D A T I O N .  AMMONIA.  R E A C T O R *  D E C O M P O S I T I O N .  N I T R O G E N *  / S I S ,  
43000 RATURE. ENERGY/ D I S S O C I A T I O N .  D E C O M P O S I T I O N .  PRESSURE. TEMPE 
2 3 6 0 3  GY. V O L T A G E *  ANODE* D E C O M P O S I T I O N .  R A D I A T I O N .  ENER 
1 5 0 8 9  C I E N C Y /  ENERGY. S O L A R *  WATER. D E C O M P O S I T I O N .  R A D I A T I O N .  E F F I  
2100 1 R E A C T f  ON. O X I D E .  H A L O G E N #  D E C O M P O S I T I O N .  WATER. CLOSED,  
10049 OGEN. ENERGY, NUCLEAR. WATER. D E C O M P O S I T I O N #  HYDR 
2 2 6 4 6  C A T A L Y S T .  METHANE. D E C O M P O S I T I O N #  
2 2 6 5 1  M I C S .  HYDROGEN. GAS. THERMAL.  D E C O M P O S I T I O N #  ECONO 
10042 USE. P R P D U C T I O N .  H E A T +  WATER. D E C O M P O S I T I O N #  / A P P L I C A T I O N *  
21005 E N E R G Y *  CYCLE.  COST. THERMAL.  D E C O M P O S I T I O N *  /L. CORROSION. 
10075 L Y S I S *  THERMOCHEMICAL.  WATER, D E C O M P O S I T I O N #  /NERGY. E L E C T R O  
1 3 0 7 8  I TY. USE.  GENERATION.  S U P P L Y .  D E M A N D T R A N S M I S S I O N .  E N V I R O N M E N  
3 4 6 4 6  CURRENT D E N S I T Y *  A L K A L I N E *  C O S T *  
4 0 0 0 8  E N T H A L P Y .  E N T R O /  C O M P I L A T I O N .  D E N S I T Y .  D E U T E R I U M .  P R O P E R T Y  t 
4 e 3 0 1  D E N S I T Y .  L I O U I D I  C R Y O G E N I C #  
40416 TANK. I N S U L A T I O N *  D E N S I T Y .  L I Q U I D #  
41015 M E T A L *  D E N S I T Y .  SUPERCONDUCTORX 
4 0 2 0 C  LOW. C R Y G E N I C f f  D E N S I  TY. TWO-PHASE. Q U A L I T Y .  F 
4 1 0 0 3  SLUSH. I N S T R U M E N T A T I O N t  D E N S I T Y *  
34235 WEIGHT, CURRENT D E N S I T Y *  
340 1 6  F U E L  C E L L .  CURRENT D E N S I T Y *  
20013 L E C T R U L Y S I S *  NUCLEAR. CURRENT D E N S I T Y #  / I D *  WATER. A M M 0 N I A . E  
2 3 0 2 1  A T I O N .  TEMPERATURE*  P R E S S U R E *  D F S I G N *  C A T A L Y S T .  PERFORMANCE# 
2 2 1 1 4  S T E A Y  REFORWING. PRODUCTION.  D E S I G N .  C O N V E R S I O N *  HYDROGEN. 
5001 2 STEAM*  R E F O R M I N G  I D E S I G N .  CORROS I O N *  
20506 EN. PRODUCTION,  E L E C T R O L Y S I S .  D E S I G N .  C O S T #  HYOROG 
2221 5 D E S I G N .  C O S T *  
30025 D E S I G N .  E N G I N E *  
30055 D E S I G N .  E N G I N E #  
34102 D E S I G N .  F U E L  C E L L *  
20501 A #  E L E C T R O L Y Z E R .  D E S I  GNI HYDROGEN. COST. AMMONI 
40403 I N S U L A T I O N .  STRUCTURE. D E S I G N .  L I Q U I D *  S P A C E C R A F T *  
3 4 8 2  9 D E S I G N *  MODULAR. L O A D *  
22133 E A C T O R *  C O S T #  D E S I G N *  O P E R A T I O N I  REFORMER*  R 
40506 PUMP, D E S I G N .  PERFORMANCE* 
2 1 0 1 2  CS. K I N E T I C S .  T H E R M O O Y N A M I C S r  D E S I G N .  P L A N T #  /STUDY. E C O N O M I  
3481 9 D E S I G N ,  POWER. M I L I T A R Y *  
30019 D E S I G N *  POWER. S H U T T L E #  
3 4 8 4 2  D E S I G N .  POWER# 
22195 D E S I G N .  P R O D U C T I O N .  P E T R O L E U M *  
2 2 1 4 9  U E L  C E L L S .  GAS. HYDROCARBONSI D E S I G N .  P U R I F I C A T I O N I C A T A L Y S T *  
2 3 4 1  4 E P A R A T I O N I  D E S I G N *  RECOVERY. C R Y O G E N I C .  S 
2 2 6 0 0  COST. D E S I G N .  R E F I N I N G *  G A S *  
3401 3 D E S I G N .  R E S E A R C H *  
5001 5 GAS. SYSTEM. D E S I G N .  R E V I E W *  
30067 D E S I G N I  R O C K E T  I E N G I N E *  
30047 D E S I G N *  ROCKET.  E N G I N E *  
2 3 0 0 2  S. H E A /  HYDROGEN. PRODUCTION.  D E S I G N .  STEAM. REACTOR. PROCES 
4 2 0 0 0  GAS. P I P E .  D E S I G N .  S Y S T E M S  



S E C T I O N  ' K *  
K E Y  WORD I N D E X  

34838 D E S I G N .  TEST. R E G E N E R A T I O N *  
30056 D E S I G N *  T H R U S T #  
3 4 0 3 3  D E S I G N .  V E H I C L E *  
34105 COST. D E S  I G N Y  
34822 F U E L  C E L L .  SPACECRAFT.  D E S I G N #  
40605 SHUTTLE.  STORAGE. D E S I G N *  
40410 TANK. H Y P E R S O N I C t  A I R C R A F T .  D E S I G N *  
40412 STgRAGE.  CRYOGENIC.  D E S I G N #  
50002 SAFETY,  FURNACE. TEMPERATURE. D E S I G N #  
40308 FL3W. C A L I B R A T I O N .  D E S I G N #  
40512 P U M P *  FLOW. TWO-PHASE. D E S I G N *  
34235 E L E C T R O L Y I  S I  . M A T R I X *  D E S I G N *  
30059 SPACE. POWER. D E S I G N #  
30069 C A T A L Y S I S .  THRUST, D E S I G N #  
30040 E N G I N E .  O E S I G N X  
34007 C O S T *  THERMODYNAMICSI  D E S I G N #  
50014 S A F E T Y *  MANUAL. L E A K A G E .  D E S I G N *  
20505 ON. E L E C T R O L Y S I S .  SPACECRAFT.  D E S I G N *  OXYGEN. PRODUCT I 
2 2 1 1 2  ROCARSONS. C H E M I C A L .  P R O C E S S *  D E S I G N *  S T E A M  R E F O R M I N G *  H Y D  
2 2 1 0 7  ORMING. HYDROCARBON. C H E M I C A L  D E S I G N *  /RODUCTION.  STEAM. R E F  
23439 PRESSURE. ABSORPTION.  D E S O R P T I O N .  AMMONIA.  P A L L A D I U M  
2 2 1  5 1  C T I  O N *  REFORM1 NG. CONVERSION.  D E S U L F U R  I Z A T I O N  M E T H A N A T I O N X  / 
2 2 6 0 7  DUCT I O N .  H Y D R O C R A C K I N G +  H Y D R 3 - O E S U L F U R I  Z A T  ION.  CONVERTERS /O 
22102 N V E R S I O N .  METHANATIONI  C A T A L /  D E S U L F U R I Z A T I O N .  REFORMING. C O  
23409 O N V E R S I O N #  D E S U L P H U R I Z A T I O N .  REFORMING.  C 
5 1009 S A F E T Y  I L E A K  I F I R E .  D E T E C T  I O N *  R E V I E W *  
5 1 ' 3 1 0  E X P L O S I O N .  S P A C E C R A F T *  D E T E C T I O N .  S U P P R E S S I O N *  
520 17 E M B R I T T L E M E N T .  D E T E C T  I O N *  T E S T #  
51007 S P A C E C R A F T *  HAZARD. L E A K .  D E T E C T I O N *  
43309 SENSOR. D E T E C T  I O N #  
33066 I G N I T I O N .  D E T O N A T I O N .  COMPUTER* 
33064 R A T E *  D E T O N A T I O N I  I N D U C T I O N #  
51000 N #  D E T O N A T I O N I  QUENCHING. R E A C T 1 0  
43008 E N T R Q /  C D M P I L A T I O N .  D E N S I T Y *  D E U T E R I U M .  PROPERTY. E N T H A L P Y .  
23418 Y T I C .  E F F I C I E N C Y .  PROOUCTIONI D E U T E R I U M #  / I F F U S I O N .  E L E C T R O L  
2 3 0 2 7  OXYGE/  D I S S O C I A T I C I N .  WATER. D I F F U S I O N .  C A T A L Y S I S s  C H E M I C A L  
23418 I E N C Y I  PRODUCTIClN.  D E U T E R I U M /  D I F F U S I O N .  E L E C T R O L Y T I C .  E F F I C  
3 4 6 2 1  F U E L  C E L L .  O I F F U S I O N I  ENERGY, C O N V E R S I O N #  
52032 A T U R E +  P R E S S U R E #  D I F F U S  I O N *  M E T A L *  R A T E *  TEMPER 
23026 C I A T I O N .  C A T A L Y S I S .  N I T 9 0 G E N .  D I F F U S I O N .  METHANOL*  HYDROCARB 
2341 1 D I F F U S I O N .  P A L L A D I U M .  C O S T #  
2 3 4 2 8  GEN. A M M O N I A *  WATER* M E T H A N E *  D I F F U S I O N .  P A L L A D I U M *  /r HYDRO 
23009 t H E A T #  C A T A L Y S I S +  METHANOL.  D I F F U S I O N I  P A L L A D I U M .  REFORMER 
23420 F I L M .  C A T A L Y S I S *  ADSORPTION.  D I F F U S I O N .  P E R M E A B I L I T Y *  / E T A L  
52021 I O N #  S T E E L .  D I F F U S I O N .  S O L U B I L I T Y  PERMEAT 
5 2 0 4 8  LOAD. E M B R I T T L E M E N T .  D I F F U S I O N #  

51003 X P L O S I O N .  L I M I T *  C A L C U L P T I O N .  D I F F U S I O N *  E 
52045 P E R M E A T I O N .  P L A T I N U M .  D I F F U S I O N #  
5 2 C 2 6  A T I O N .  I R O N .  S T E E L .  MEMBRANE. D I F F U S I O N #  PERME 
52012 BRITTLEMENT. TITANIUM. ALLOY. DIFFUSION* EM 

52035 S T E E L *  A B S O R P T I O N ,  C A T H O D I C *  D I F F U S I O N #  IRON. 
52040 A T I O N .  R A T E *  MEMBRANE* METAL, D I F F U S I O N #  PERME 
2 3 4 2 2  S E P A R A T I O N .  D I F F U S I O N #  

r ' /  n 
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23404 P U R I F I C A T I O N .  D I F F U S I O N *  
33005 DROPLET.  D I F F U S I O N *  
5201 3 MECHAN ISM. S T E E L S *  S T R E N G T H *  D I F F U S I O N *  E M B R I T T L E M E N T .  
23203 . SUGARC CARBON D I O X I D E .  M E T A B O L I S M +  M E C H A N I S M  
34209 F U E L  C E L L *  D I S C H A R G E .  C H L O R I N E *  
52037 EL.  S T A I N L E S S .  E M B R I T T L E M E N T ,  D I S L O C A T I O N S  M A R T E N S I T E X  S T E  
52010 T [ O N #  S T A I N L E S S  S T E E L .  D I S L O C A T I O N .  PHASE.  TRANSFORMA 
23021 A T I O N *  T E M P E R A T U R E *  P R E S S U R E /  D I S S O C  I A T I O N I  AMMONIA. PUR I F I C  
23026 GENt D I F F U S I O N ,  M E T H A N O L *  H Y /  D I S S O C I A T I O N .  C A T A L Y S I S *  N I T R O  
43009 RESSURE. TEMPERATURE. E N E R G Y /  D I S S O C I A T I O N S  OECOMPOSIT IONI  P 
43005 H Y D R I D E .  V A N A D I U M *  N I O B I U M *  D I S S O C I A T I O N ,  PRESSURE. I M P U R I  
43004 DYNAMIC.  TEMPER/  E Q U I L I B R I U M +  D I S S O C I A T I O N .  P R E S S U R E *  THERMO 
23415 CIRMING* HYDROCARBON. AMMONIA.  D I S S O C I A T I O N .  STORAGE# /AM R E F  
43003 ESSURE. TEMPERATURE*  H Y D R I D E .  D I S S O C I A T I O N .  THERMODYNAMICS 
23027 . C A T A L Y S I S .  C H E M I C A L v  OXYGE/  D I S S O C I A T I O N .  WATER* D I F F U S I O N  
52043 I O R N .  C R A C K I N G *  D I S S O L U T I O N #  
42002 GAS. D I S T R l B U T I O N t  P E T R O C H E M I C A L S  
22658 COST. PROCESS. P U R I F I C A T I O N .  D I S T R I B U T I O N .  S A F E T Y *  /ORMING. 
22210 HYDROGEN* U T I L I T Y .  D I S T R I B U T i O N #  
40604 S H U T T L E .  L I Q U I D *  D I S T R I B U T I O N #  
22633 GENIC.  L I Q U E F L C T I O N *  S T O R A G E *  D I S T R I B U T I O N Y  / I F I C A T I O N .  C R Y 0  
33003 DRAG. TURBULENCE# 
33049 S T A B I L I T Y .  I G N I T I O N .  DRAG* 
33005 DROPLET.  D I F F U S I O N #  
52004 EEL.  E W B R I T T L E M E N T .  STRENGTH.  D U C T I L I T Y .  C H E M I S O R P T I O N C  S T  
52003 TANTALUM.  D U C T I L I T Y *  S T R E S S #  
43012 A N I D E I  A F F I N I T Y .  M A G N E T *  R A R E  E A H T H X  L A N T H  
1005C t FUTURE, / HYDROGEN. ENERGY. ECOLOGY. E L E C T R I C I T Y .  A N A L Y S I S  
10043 r /  HYDROGEN* S Y N T H E T I C .  F U E L .  ECOLOGY. ENERGY. SYSTEM, S T U D Y  
10048 R N A /  HYDRCGEN. STUDY. ENERGY. ECOLOGY. F O S S I L .  STORAGE. A L T E  
10055 RQGEN. F U E L .  ECONOMY. E N E R G Y *  ECOLOGY. S A F E T Y .  N U C L E A R *  C O A L  
lOC35 ROGEN. ENERGY. NUCLEAR. FOOD*  ECOLOGYS H Y D  
19030 r F U E L *  E N V I R O N M E N T *  NUCLEAR. ECOLOGYY HYDROGEN* ENERGY 

3101 1 COST, A I R C R A F T ,  ECONOMIC.  F U E L *  
32009 S T O R A G E *  I M P A C T *  ECONOMIC.  H Y D R I D E .  E N G I N E *  
31012 N G E t  P A Y L O A D *  C O O L I N G .  SLUSHI E C O N O M I C #  R A 
10079 R A N S M I S S I O N .  STORAGE. L I Q U I D .  ECCNOMICS.  CRYOGENIC.  S A F E T Y #  / 

2201 3 COSTS.  ECONOMICS.  HYDROGEN* C O A L *  
22651 MAL. D E C O Y P O S I T I O N X  ECONOMICS.  HYDROGEN. G A S *  THER 
21012 C O M P O S I T I O N I  C H E M I C A L I  STUDY. ECDNOMICSI  K I N E T I C S I  THERMODYN 
10075 T R O L Y S I  S. THERMOCHEMICALI  WA/ ECONOM ICSI  SOLAR.  ENERGY. E L E C  
22002 A R C O A L *  STEAM. D E C O M P O S I T I O N .  ECONOMICS.  S T U D Y *  / A L *  GAS. C H  

10047 HYDROGEN. COST. N U C L E A R .  ECGNOMICS.  T R A N S P O R T A T I O N %  
10023 HYDROGEN. F O S S I L  F U E L S .  E C O N O Y I C S f f  
22214 PETROLEUM, ECONOMICS*  
10069 YSTEMS. S T U D Y *  ENERGY t COSTS. ECONOM I C S U  HYDROGEN. S 
21008 E M I C A L .  R E A C T I O N .  E F F I C I E N C Y .  ECONOMICS% / O S I T I O N .  C Y C L E *  C H  

10071 # USF.  ECONOMY. C A R R I E R *  C O N S E R V A T I O N  
10005 HYDROGEN+ E N E R G Y *  FUEL. ECONOMY* C A R R I E R .  U S E #  
10325 C T R O L Y S I S #  HYDROGEN. F U E L .  ECONOMYI COAL. CONVERSIONI  E L E  
10055 TY. N U C L E A P * /  HYDROGEN. F U E L .  ECONOMYICENERGY. ECOLOGY. S P F E  
19019 F U E L .  V E H I C L E  O X Y /  HYDRCGEN*  ECONOMY. ENERGY. E L E C T R O L Y S I S I  
19032 . T R A N S M I S S I O N .  U S /  HYDR'3GFN. ECONOMY. E N E R G Y *  F U E L .  STORAGE 
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10085 C T I O N I  TECHNOLOGY./ HYDROGEN, ECONOMY. ENERGY. SOURCE. PRODU 
10056 HYDROGEN. ECONOMY. ENERGY*  
10CS4 HYOROGENI ECONOMY* ENERGY*  
13081 METHANOL. ECONOMY. ENGINE .  FUEL.  ENERGY# 
10037 E L E C T R O L Y S I S .  P O L L /  HYDROGEN. ECONOMY* ENVIRONMENT.  ENERGY*  
13303 1 5 S X S N .  US/ HYDROGEN. ENERGY. ECONOMY* FUEL .  STORAGE. TRANSM 
10960 HYDROGENI ECONOMYI M E E T I N G #  
1001 1 T R A N S M I S S I /  HYDROGEN. ENERGY ECONOMY. NUCLEAR. PRODUCTION. 
22614 . COKE*  PROCESS# ECONOMY. O X I D A T I O N I  WATER. GAS 
13001 T R A N S M I S S I /  HYOROGENt ENERGY*  ECONOMY. PRODUCTION. STORAGE. 
10004 TRAN/  HYDROGEN. ENERGY. FUEL .  ECONOMY. STORAGE*  P R O D U C T I O N S  
10016 HYDROGENI ENERGY. ECONOMY. T R A N S P O R T A T I O N *  
10024 STORAGE. I N T /  HYDROGEN* F U E L ,  ECONOMY. U S E *  TRANSPORTATION.  
lOOQ9 HYDROGEN. F U E L *  ENERGY. ECONOMY* U S E *  
10022 HYDROGEN. POWER. ECONOMY* 
10039 HYDROGEN. F U E L *  HYDROCARBON. ECONOMY# 
23402 HYDROCARBON. PRESSURE*  COST. ECONOMY* S E P A R A T I O N *  
10058 YDROGEN. OXYGEN*  STEAM. FUEL.  ECONOMY# COMBUST I O N *  H 
21009 GEN. CYCLE.  MARK 11 CATALYST .  ECONOMY* / O T I O N .  HYDROGEN* OXY 
22635 ONVERSION.  P A R T I A L  O X I D A T I O N .  ECONOMY# /MING,  HYDROCARBON* C 
10034 URE. ENERGY*  N U C L E A R *  C A R R I E R  ECONOMY# / S Y N T H E T I C .  F U E L .  F U T  
34103 . ENERGY. PROCESS. GENERATOR. E F F I C I E N C Y .  C G N V E R S I O N *  HYDROC 
21008 N. CYCLE. C H E M I C A L *  REACT ION.  E F F I C I E N C Y .  ECONOMICS*  / O S I T I O  
23200 r EUTROPHA# E F F I C I E N C Y .  GROWTH. CONVERSION 
21316 WATER. S P L I T T I N G .  TECHNOLOGY. E F F I C I E N C Y .  HEAT.  PROCESS* / r  

34845 E F F I C I E N C Y .  HYDROCARBON* 
34806 T A L Y S T Y  E F F I C I E N C Y +  N I C K E L .  S I L V E R .  CA 

19059 r HYDROGEN. OXYGEN/ E L E C T R I C *  E F F I C I E N C Y I  P O L L U T I O N *  T U R B I N E  
32006 TURE#  OXYGEN. E F F I C I E N C Y *  P Q L L U T I O N *  TEMPERA 
34200 E F F I C f E N C Y .  POWER. C A T A L Y S T *  
23418 I U M /  D I F F U S I O N +  E L E C T R O L Y T I C .  E F F I C I E N C Y *  PRODUCTION.  DEUTER 
23020 A T P L Y S T .  P U R I T Y +  HYDROCARBON. E F F I C I E N C Y .  REACTOR# /RSION, C 
32002 YDRIDE .  E M I S S I O N I  P O L L U T I O N + /  E F F I C I E N C Y .  S A F E T Y *  STORAGE*  H 
32020 T E R N A L  COMBUSTION. P O L L U T I O N .  E F F I C I E N C Y .  STORAGE* 1 N 
10089 ER 1 D E C O M P O S I T I O N .  R A D I A T I O N *  E F F I C I E N C Y  TEMPERATURE*  S Y S T E  
33029 E F F  I C  I E N C Y  VAPORY 
10073 SPACE. M A R I N E *  H E A T *  A L G A E *  E F F I C I E N C Y .  WASTE*  F U E L .  PYROL  
22143 ORMING. VOLTAGE. TEMPERATURE. E F F I C I E N C Y .  Y I E L D #  /UPPLY.  R E F  
33039 I N J E C T O R .  E F F I C I  ENCYY 
21002 C L E A R *  WATER. CYCLE.  THERMAL*  E F F I C I E N C Y #  N U  
3421 3 E F F I C I E N C Y Y  
3301 3 COMBUSTORI E F F I C I E N C Y #  
40597 PUMP*  LIQUID. TEST. EFFICIENCY# 
34266 CATHODE. E F F I C I E N C Y #  
23412 A T A L Y S T *  ANODE I P O L A R 1  ZATION.  E F F X  C I E N C Y d  /LECTROCHEMICAL.  C 
20512 F R E E  ENERGY. ENTROPY*  THERMAL EFFI C I E N C Y l  /N. E L E C T R O L Y S I S .  
21014 E R *  S P L I T T I N G .  THERMDCHEMICAL E F F I C I E N C Y #  / V C L E A R *  HEAT,  WAT 
40509 S #  EJECTOR.  PUMP. L I Q U I O I  A N A L Y S I  
30053 B O P U M P I  EJECTOR. S P E C I F I C  IMPULSE.  T U R  
300 12 E L E C T R I C .  A R C J E T *  
22138 ELECTRIC.  CRACKING* 
10059 N. T U R B I N E *  HYDROGEN* OXYGEN/ E C E C T R I C I  E F F I C I E N C Y .  P O L L U T I O  
10067 CHEMICAL .  R E F I N I N G .  U T I L I T Y .  E L E C T R I C .  RESEARCH. F O S S I L .  FU 
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4 3 6 0 0  C O S T *  P I P F L I N E .  E L E C T R I C #  
4 0 0 C 8  ENTHALPY.  ENTROPY*  HYDROGEN. E L E C T R I C A L I  MECHANICAL .  O P T I C A  
10050 / HYDROGEN. ENERGY. ECOLOGY. E L E C T R I C I T Y I  A N A L Y S I S .  FUTURE. 
1 0 0 5 3  GY* E L E C T R I C I T Y *  E N V I R O N M E N T *  ENER 
2 0 5 1 1  O D U C T I O N *  COST*  E L E C T R O L Y S I S *  E L E C T R I C I T Y I  NUCLEAR POWER. /R 
3 4 8 2 3  OGENIC.  L U N 4 R I  E L E C T R I C I T Y .  POWER. WATER. CRY 
1 0 0 7 0  S U P P L Y t  OEMA/ ENERGY. SOURCE. E L E C T R I C I T Y .  USE. GENERATION.  
2 0 0 1  0 E L E C T R O L Y S I S s  E L E C T R I C I T Y #  
1 0 0 5 2  . COST. STORAGE* TRANSMISSION.ELECTRICITY# /GY. MARKET.  F U E L  
1 0 0 4 8  F O S S I L *  STORAGE. A L T E R N A T I V E .  E L E C T R I C I T Y #  /NERGY* ECOLOGY*  
3 4 0 3 9  LL. ELECTROLYZER.  CONVERSION.  E L E C T R O C A T A L Y S I S .  ENERGY# / C E  
2 3 4 1 2  DE. P O L I R I Z A T I O N .  E F F I C I E N C Y /  ELECTROCHEMICAL .  C A T A L Y S T *  A N 0  
2 5 5 0 0  T ION.  Z I R C O N I U M  OX/  HYDROGEN. ELECTROCHEMICAL.  STEAM. PRODUC 
3 4 6 3 7  ELECTRODE*  ACTD. CARBONATE*  
3 4 6 4  1 ELECTRODE I A L K A L I N E *  
3 4 0 3 3  ELECTROLYTE.  C A T A L Y S T *  ELECTROOE, A P P L I C A T I O N 1  
3 4 6 2 8  ATER*  ELECTRODE*  CARBON. A L K A L I N E .  W 
342 ' 3  5 ELECTRODE. CARBON# 
3 4 0 3 6  THERMODYNAMICS.  ELECTRODE. CATALYST .  MEMBRANE# 
3 4 6 2 3  ELECTROOE C A T A L Y S T #  
340 ' 5  8 ELECTRODE. CONSTRUCTION#  
3 4 0 1  1 N I C K E L *  ELECTRODE*  CORROSIONa  
3 4 6 1 6  ELECTRODE. DAMAGE* 
3 4 1 0 4  ELECTRODE. E L E C T R O L Y T E #  
3 4 6 3  8 ELECTRODE*  I M P U R I T Y #  
3 4 0 1  1 POWER. ELECTRODE. MANUFACTURE*  
3 4 2 3 6  SX ELECTRODE*  M A T R I X *  E L E C T R O L Y S I  
3 4 6 1  7 F U E L  C E L L .  ELECTRODE*  MODULE# 
3 4 6 0 9  # ELECTRODE. O X I D A T I O N ,  C A T A L Y S T  
3 4 6 1 2  F U E L  C E L L .  ELECTRODE. P A P E R #  
34259 I T Y #  ELECTRODE. P O L A R  I Z A T  I ON. POROS 
3 4 6 1  1 ELECTRODE. P O L A R I Z A T I O N #  
3 4 0 1  7 F U E L  C E L L .  E L E C T R O O E t  R E A C T I O N #  
3 4 0 0 0  CATALYST .  ELECTRODE.  R E A C T 1  ON# 
3 4 0 3 4  TEMPERATURE# A P P L I C A T I O N ,  ELECTRODE. SOL ID -ELECTROLYTE.  
3 4 2 0  8 F U E L  C E L L .  ELECTROOE. TEMPERATURE# 
3 4 0 2 4  GEACTION.  ELECTRODE. TEMPERATURE* 
3 4 6 3 5  FU-EL C E L L *  ELECTRODE. Z I R C O N I A Y  
3 4 6 0 1  ELECTRODEX 
34618 C A T A L Y S T *  P A L L A D I U M I  E L E C T R O O E I  
3 4 6 2 9  A C I D .  ANODE. ELECTRODE#  
3 4 2 6 1  PRESSURE*  ELECTRODE*  
3 4 2 5 7  F U E L  C E L L .  ELECTRODE*  
34246 A L K A L I N E .  ELECTRODE*  
34626 ELECTRODE#  
3 4 6 2 4  E L  CELL.  TEMPERATURE. CARBON* ELECTRODE*  
3460 6 F U E L  C E L L *  CARBON. ELECTRODEX 
3 4 6 3  8 F U E L  C E L L .  P L A T I  NUHI ELECTRODE#  
3 4 2 1  8 CARBON. E L E C T R O D E #  
3 4 6 0 3  ELECTRODE#  
3 4 2 3 1  F U E L  CELL .  P U R I F I C A T I O N .  ELECTRODE*  
34633 F U E L  CELL .  ELECTRODE#  
3 4 2 1  7 F U E L  C E L L .  TEMPERATURE. ELECTRODE*  
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3421 2 F U E L  CELL .  TEMPERATURE*  
3 4 6 4  8  F U E L  CELL .  CARBONI 
34808 CATHODE. C A T A L Y S T *  
3 4 6 4 4  A L K A L I N E *  
3 4 8 3 7  C A T A L Y S T .  HYDROPHOBIC.  
3 4 0 0 9  THERMODYNAMIC*  G A L V A N I C *  
34235 
3 4 2 2 4  
2 0 0 0 4  
2 0 0 0 3  
2 0 0 0 9  
2 3 2 0  1 PRODUCT I O N *  GROWTH. CULTURE. 
2 0 0 1 2  
2 0 5 0 7  HYDROGEN, OXYGEN. PRODUCTIONI  
2 1 0 0  3  H E M I C A L .  ENERGY*  USE. THERMA/ 
2 0 5 0 6  HYDROGEN. PRODUCTION. 
2 0 0 1 0  
2 0 5 1  1 HYDROGEN. PRODUCTION. COST. 
1 0 0 0 5  N. ENERGY. F U E L .  U S E *  S A F E T Y *  
20512 ROPY. T /  HYOROGEN PRODUCTION. 
3 4 2 6 2  
10019 Y/ HYDROGEN+ ECONOMY + ENERGY I 
2 3 0 3 7  RACKING.  HYDROCARBON. REFORM/ 
2 5 0 1  5 E R T I L I  ZERS. M E T A L  SE/ OXYGEN. 
2 0 0 0 5  MANUFACTURING METHO/ WATER. 
2 0 0 1 3  S U L F U R I C  A C I D .  WATER* AMMONIA, 
2 6 0 0 6  AMMONI /  PRODUCTIONI HYDROGEN+ 
2 O C C  8 
2051 3  RESSURE. CELL .  VOLTAGE#  
2 0 0 0 2  
1 0 0 7 2  I N T E R N A L  C O M B U S T I /  HYDROGEN. 
1 0 0 3 7  EC'3NOMYv ENVIRONMENT.  ENERGY. 
2 0 5 0 9  HYDROGEN. P R O D U C T I O N *  
2051 0  NERGY./ HYDROGEN* PRODUCT ION. 
3 4 3 1 0  
2 0 0 0  1 ORMANCEY HYDROGEN. 
2 9 5 0 2  
1 9 0 8 7  P O L L U T I O N .  POWER, F U E L  CELL.  
2 0 0 1 9  E N #  
2 0 5 0 5  GN* OXYGEN* PRODUCT ION.  
2 0 0 1  1 HYDROGEN I 
2 0 0 1 4  I A .  N I T R O G E N  F E R T I /  HYDRCGENt  
1 0 0 7 5  WA/ ECONOMICS*  SOLAR. ENERGY*  
2 3 0 0 7  NENTR PRODUCTION.  HYDROGEN* 
20016 
2 0 0 1  7 
1 0 0 1 8  HYDROGEN. NUCLEAR. OFF-PEAK. 
1 0 0 2 9  . USE. STORAGE. T R A N S M I S S I O N .  
3 4 8 4 6  F U E L  C E L L  t REGENERATOR*  
3 4 2 3 4  
3 4 2 3 6  ELECTRODEI M A T R I X .  
3 4 2 3 2  
3 4 2  19 

E L E C T R O D E #  
ELECTRODE#  
ELECTRODE*  
ELECTRODE*  
ELECTRODE*  
ELECTRODE#  
E L E C T R O L Y I S I .  M A T R I X *  D E S I G N #  
E L E C T R O L Y S I S *  A L K A L I N E #  
E L E C T R O L Y S I S .  APPARATUS# 
E L E C T R O L Y S I S .  APPARATUS. GAS*  
E L E C T R O L Y S I S ,  APPARATUS# 
E L E C T R O L Y S I S .  B A C T E R I A #  /DOEN, 
E L E C T R O L Y S I S *  CONTROL# 
E L E C T R O L Y S I S ,  COST*  STEAM R E F 0  
E L E C T R O L Y S I S .  DECOMPOSIT IONI  C  
E L E C T R O L Y S I S .  DESIGN.  COST#  
E L E C T R O L Y S I S .  E L E C T R I C I T Y #  
E L F C T R O L Y S I S *  E L E C T R I C I T Y .  NUC 
E L E C T R O L Y S I S I  ENVIRONMENT# /GE 
E L E C T R O L Y S I S I  F R E E  ENERGY*  E N T  
E L E C T R O L Y S I S I  F U E L  C E L L #  
E L E C T R O L Y S I S *  F U E L *  V E H I C L E  OX 
E L E C T R O L Y S I S .  HEAT.  AMMONIA. C  
E L E C T R O L Y S I S I  HYDROGENAT ION.  F 
E L E C T R O L Y S I S +  HYDROGEN. OXYGEN 

, E L E C T Q O L Y S I S .  NUCLEAR I CURRENT 
E L E C T R M Y S I S .  OFF-PEAK POWER. 
E L E C T R O L Y S I S .  OXYGEN* 
ELECTROLYSPSI  OXYGEN POWER. P  
E L E C T R O L Y S I S .  OXYGEN# 
E L E C T R O L Y S I S .  OXYGEN. STORAGE. 
E L E C T R O L Y S I S .  P O L L U T I O N *  F U E L #  
E L E C T R O L Y S I S .  POLYMER# 
E L E C T R O L Y S I S .  POLYMER*  F U E L *  E  
E L E C T R O L Y S I S .  PRESSURE# 
E L E C T R O L Y S I S I  PROOUCTIONI P E R F  
E L E C T R O L Y S I S .  PRODUCTION#  
E L E C T R O L Y S I S *  SOLAR*  ENERGY# 
E L E C T R O L Y S I S .  SPACECRAFT*  OXYG 
E L E C T R O L Y S I S *  SPACECRAFT*  D E S I  
E L E C T R O L Y S I S *  STUART C E L L C  
E L E C T R O L Y S I S *  SYNTHET IC .  AMMON 
E L E C T R O L Y S I S .  THERMDCHEMICAL.  
E L E C T R O L Y S I S *  TRANSPORT. E Q U I P  
E L E C T R O L Y S I S .  WATER. S T A T I C *  
E L E C T R O L Y S I S s  WATER. MODULE* 
E L E C T R O L Y S I S *  
E L E C T R O L Y S I S %  HYDROGEN 
E L E C T R O L Y S I  S# 
E L E C T R O L Y S I S #  
E L F C T R O L Y S I  S* 
E L E C T R O L Y S I S #  
E L E C T R O L Y S I S #  
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10025  L. ECONOMYt COAL. C O N V E R S I O N *  E L E C T R O L Y S I S #  HYDROGEN. FUE 
10032 ENVIRONMENT.  URBAN. E N E R G Y *  E L E C T R O L Y S I S #  HYDROGEN. F U E L  
10076 ROL, HYDROGEN* F U E L *  N U C L E A R .  ELECTROLY~IS# P O L L U T I O N .  CONT 
2 3 4 1 7  S S U R E *  TEMPERATURE. MEMBRANE* E L E C T R O L Y S I S #  / P A L L A D I U M *  P R E  
1 0 0 2 6  RGY. F U E L .  F U E L  C E L L S .  OXYGEN E L E C T R O L Y S I S #  /N. NUCLEAR. E N E  
10004  R O D U C T I O N .  T R A N S M I S S I O N .  U S E *  E L E C T R O L Y S I S #  /OMY. STORAGE. P 
20503  OGEN. OXYGEN. WATER. A M M O N I A *  E L E C T R O L Y S I S #  /RODUCT I O N *  HYOR 
10003  L. STORAGE. T R A N S M I S S I O N .  U S E . E L E C T R O L Y S I S X  -/Y. ECONOMY. F U E  
34833  # E L E C T R O L Y T E .  AIR. ,  S T E A M *  ANOOE 
34030  D E *  A P P L  ! C A T I O N #  E L E C T R O L Y T E *  C A T A L Y S T .  E L E C T R O  
34847  G* C A T A L Y S T #  E L E C T R O L Y T E .  C A T H O D E *  R E F O R M I N  
29020 I N € #  E L E C T R O L Y T E .  C E L L .  A C I D *  A L K A L  
34645  F U E L  C E L L .  E L E C T R O L Y T E ,  I N T E R F A C E *  
34801 S T I C X  E L E C T R O L Y T E ,  ION-EXCHANGE. P L A  
2050 8 E L E C T R O L Y T E ,  N I C K E L .  M A T R I X #  
34020 S O L I D - E L E C T R O L Y T E .  POWER# 
34840 E L E C T R O L Y T E .  P R E S S U R E *  
34824 # E L E C T R O L Y T E .  REFORMER. B A T T E R Y  
34035  E L E C T R O L Y T E .  SYSTEM# 
34034 A P P L I C A T I O N I  ELECTRODE.  S O L I D - E L E C T R O L Y T E .  T E M P E R A T U R E #  
34834 F U E L  C E L L .  E L E C T R O L Y T E .  TEMPERATURE*  
348 16 R E A C T I O N .  E N E R G Y *  E L E C T R O L Y T E #  
34839 WATER* REFORMING. C A T A L Y S T .  E L E C T R O L Y T E *  
3481 2 POWER 9 E L E C T R O L Y T E #  
34103  WEIGHT. R E L I A B I L I T Y .  E L E C T R O L Y T E #  
34104 E L E C T R O D E *  E L E C T R O L Y T E #  
34202 F U E L  C E L L .  E L E C T R O L Y T E #  
3421 6 F U E L  C E L L .  E L E C T R O L Y T E #  
34252 F U E L  C E L L .  E L E C T R O L Y T E #  
3 4 0 0 5  MEMBRANE. E L E C T R O L Y T E #  
2 3 4 1 8  U C T I O N .  D E U T E R I U M /  D I F F U S I O N I  E L E C T R O L Y T I C .  E F F I C I E N C Y .  PROD 
34039  T R O C A T A L Y S I  S. ENE/  F U E L  C E L L .  E L E C T R O L Y Z E R .  CONVERSION.  E L E C  
20501 r COST. AMMONIA* E L E C T R O L Y Z E R  I D E S I G N *  HYDROGEN 
3481 4 E L E C T R O L Y Z F R *  N I C K E L #  
52034  RENGTH. S U S C E P T I B I L I T Y #  E M B R I T T L E M E N T .  A L L 3 Y S e  H I G H  S T  
5 2 0 1 4  Y D E X Y  E M B R I  T T L E M E N T  I B I  E L I  OGRAPHY. I 
52052  K. S T R E S S #  S T A I N L E S S .  E M B R I T T L E M E N T .  CORROSION. CRAC 
52016 TWENGTH. STRESS.  C O R P O S I O N *  E M B R I T T L E M E N T .  CRACK*  S T E E L *  S 

5 2 3 5 8  # E M B P I T T L E M E N T *  CRACK. S T R E N G T H  
5 2 ~ 1 7  r EMBRITTLEMENT. DETECT ION. TEST 
5 2 0 4 8  LOAD. E M B R I T T L E M E N T .  D I F F U S I O N #  
52037  R T E N S I T E *  STEEL.  S T A I N L E S S *  E M B R I T T L E M E N T .  D I S L O C A T I O N I  MA 
5 2 0 3 ? A C T I O N .  R E V E R S I R L E L  E M B R I T T L E M E N T .  E N V I R O N M E N T .  R E  
52029 I N C O N E L  7 1 8 .  A L U M I N U M  2219 .  E M B R I T T L E M E N T .  H I G H  PRESSURE, 
52000 N I C K E L .  B E H A V I O R I  M E C H P N I C A L /  E M B R I T T L E M E N T  . I N T E R G R A N U L A R .  

52041 Nff E M B R I T T L E M E N T  . IRON. P E R M E A T I O  
5201 3 L S .  S T R E N G T H *  D I F F U S I O N #  E M B R I T T L E M E N T  MECHANISM, S T E E  

52C37 v*  E M B H I T T L E M E N T  METAL.  M E C H A N I S  
52009 T Y *  P E R M E C T I O N .  E M B R I T T L E M E N T .  METAL.  S O L U B I L I  
5 2 0 1 2  I R .  P U R I T Y U  E M B R I T T L E H E N T *  M E T A L  * CR4CK.  A 
5231 1 US, STRUCTURE# F M C R I T T L E M E N T .  METAL.  NONFERRO 
52024  . M E C H 4 N I C A L J  EMBR I T T L E M E N T *  P R E S S U R E *  S T E E L  
52325 METAL.  A L L O Y *  E M B R I T T L E M E N T *  PRESSURE. G A S r  

* 
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52053 H. S U S C E P T I B I L I T Y #  E M B R I T T L E M E N T .  R E V I E W  I STRENGT 

5 2 3 1 5  EMBRPTTLEMEMT.  SHEET, BEND I N G l  
52933 L U R E *  P R E V E N T I O N .  M E T A L I  E M B R I T T L E M E N T .  S P A C E C R A F T *  F A 1  

5 2 0 4 6  E M B R I T T L E M E N T .  S T E E L #  
52019 . G P S *  P R E S S U R E #  E M B R I T T L E M E N T .  STEEL.  C Y L I N D E R  

5 2 0 5 1  9 M E C H A N I S M @  E M B R I T T L E M E N T .  STEFL.  F R A C T U R E  

5 2 0 2 7  . T E N S I L E #  E M B R I  T T L E M E N T t  S T E E L *  STRENGTH 
5 2 0 9 7  FNGTH. C O A T I N G .  S U R F A C E #  E M B R I T T L E M E N T .  STEEL.  H I G H  S T R  
5 2 0 4 9  SURFACE. R U P T U R E #  E M B R I T T L E M E N T .  STEEL.  COATING.  
5 2 0 0 4  L I T Y .  C H E M I S O R P T I O N B  S T E E L .  E M B R I T T L E M E N T .  S T R E N G T H *  D U C T 1  
52001 S T E E L .  E M B H I T T L E M E N T *  STRENGTHS 
5 2 9 4 7  M I N A T I O N #  E M S R I T T L E M E N T .  TANTALUM. CONTA 
5 2 3 7 6  O R I U M *  V A N A D I U M #  E M B R I T T L E M E N T .  TEMPERATURE N I  
5 2 0 5 6  RE. T E S T *  GAS. E M B R I T T L E M E N T .  T E N S I L E .  P R E S S U  
5 2 0 2 0  # E M R R I T T L E M E N T .  TEST, PROCEDURE 

52312 D I F F U S I O N #  E M R R I T T L E M E N T .  T I T A N I U M *  A L L O Y  
5 2 0 5 4  S I O N #  E M B R I T T L E M E N T I  T I T A N I U M I  CORRO 
5 2 0 0 8  E E L .  STRENGTH. CRACK. STRESS.  E M B R I T T L E M E N T *  S T  
5 2 1 3 2 3  S T E E L .  S U S C E P T I B I L I T Y I  E M B R I T T L E M E N T d  
52036 GAS. PRESSURE, E N G I N E .  E M B R I T T L E M E N T X  
3 2 0 3 4  B U S T  ION.  P O L L U T I O N *  E M I S S I O N I  ENERGY. I N T E R N A L - C O M  
3 2 0 2 1  I N T E R N A L  COMBUSTION. E N G I N E .  E M I S S I O N t  F U E L #  /N. I N J E C T I O N .  
3 2 0 0 2  CY. SAFETY.  S T O R A G E *  H Y O R I D E .  E M I S S I O N .  P O L L U T I O N *  E N V I R O N M E  
3 2 0 0 0  N T B  M O D I F I C A T I O N .  COST. E M I S S I O N .  P O L L U T I O N .  E N V I R O N M E  

3200 1 PERFORMANCE. E M I S S I O N #  
32005 P O L L U T I O N .  E M I S S I O N *  
3201 8  A U T O M O B I L E I  E M I S S I O N #  
3 3 0 0 6  H E A T .  TEMPERATURE. E M I S S I O N #  
320 17 E N V I R O N M E N T *  A U T O M O B I L F  I E M I S S I O N *  
3 4 2 6 8  HEAT.  R E M O V A L *  WATER. ENDURANCE# 
3 4 5 0 4  H E A T *  REMOVAL. WATER* ENDURANCE*  
20510 . F U E L *  ENERGY. T R A N S M I S S I O N .  ENERGY STORAGE*  / Y S I S *  POLYMER 
31014 MANUFACTURE. ENERGY I A I R C R A F T #  
10088 ERGY. C A R R I E R ,  C O A L #  ENERGY A L T E R N A T  I V E I  SOLAR.  E N  
10046 HYDROGEN. FUEL.  WATER* STUDY. ENERGY. A N A L Y S I S *  A L T E R N A T I V E .  
2301 5 NUCLEAR. ENERGY. CARBONATE# 
10389 ENERGY. A L T E R N A T I V E .  SOLAR. ENERGY. C A R R I E R .  C O A L #  
3 4 8 2 1  ENERGY. CONVERSION.  POWER* 
3 4 6 2 1  F U E L  C E L L .  O I F F U S I O N I  E N E R G Y *  C O N V E R S I O N #  
1 0 0 7 2  ETOHYDRODYNAMIC.  COST. S O L A R *  E N E R G Y *  C O N V E R S I O N #  / S T I O N M A G N  
10069 HYDROGEN. SYSTEMS. STUDY. E N E R G Y *  COSTS. E C O N O M I C S #  
10086 I S S I O N I  HYDROGEN. STORAGE*  T /  ENERGY. C R I S I S .  SOLAR. C O A L *  F 
2 1 C 0 5  DECOMPO/ C H E M I C A L .  C O R R O S I O N *  E N E R G Y *  C Y C L E *  COST. THERMAL.  
21012 C H E M I C A L .  S T U D Y *  ECONOMICS.  / E N E R G Y *  C Y C L E *  D E C O M P O S I T I O N *  
10053 A N A L Y S I S .  FUTURE. / HYDROGEN. ENERGY. E C O L O G Y *  E L E C T R I C I T Y .  
1 0 0 4 8  GE. A L T E R N A /  HYDROGEN. STUDYI E N E R G Y *  ECOLOGY. F O S S I L .  STORA 
19055 A R * /  HYDROGEN. FUEL* ECONOMYI E N E R G Y *  ECOLOGY. S A F E T Y *  N U C L E  
10003 . T R A N S M I S S I O N *  U S /  HYDROGEN. E N E R G Y *  ECONOMY. F U E L *  STORAGE 
10011 U C T I O N *  T R A N S M I S S I /  HYDROGEN. ENERGY. ECONOMY. NUCLEAR. PROD 
10001 TORAGE*  T R A N S M I S S I  / HYDROGEN. ENERGY ECONOMY. PRODUCT I O N +  S  
10016 NY HYDROGEN. ENERGY I ECONOMY I T R A N S P O R T A T I O  
10009 HYDROGEN. F U E L .  ENERGY. ECONOMY. U S E #  
10075 E M I C A L *  WA/ ECONOMICS.  S O L A R *  ENERGY. E L E C T R O L Y S I S .  THERMOCH 

we / // 
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1 0 0 1 9  H I C L E  OXY/ HYDROGEN. ECONOMY. ENERGY*  E L E C T R O L Y S I S *  F U E L *  VE 
1 3 0 3 2  E N *  F U E L .  ENVIRONMENT.  URBAN. ENERGY*  E L E C T R O L Y S I S #  HYOROG 
1 0 0 3 7  DROGEN. ECONOMY. ENV IRONMENT.  ENERGY. E L E C T R O L Y S I S .  P O L L U T I O  
3 4 8 1  6 REACTION.  ENERGY. ELECTROLYTE*  
2 0 5 1  2 RODUCT ION. E L E C T R O L Y S I S .  F R E E  ENERGY + ENTROPY. THERMAL EFFI C 
1 0 0 5 8  L E G A L #  HYDROGEN* ENERGY. ENVIRONMENT. S O C I E T Y  * 
1 0 0 0 8  . USE#  hYDROGEN. ENERGY. FUEL.  ECONOMY. C A R R I E R  
1 0 0 0 4  . PRODUCTlON.  TRAN/  HYDROGEN. ENERGY*  FUEL.  ECONOMY* STORAGE 
1 C 0 3 0  L E I R .  ECOLOGY# HYDROGEN, ENERGY*  FUEL.  ENVIRONMENT.  NUC 
1 0 0 2 6  E N  E L E C T R l  HYDROGEN. NUCLEAR. ENERGY. FUEL.  F U E L  C E L L S .  OXYG 
1 0 0 0 2  SSION.  US/  HYDROGEN. ECONOMY, ENERGY. F U E L .  STORAGE*  T R A N S M I  
1 0 0 0 5  C T R D L Y S I S *  ENV IRON/  HYDROGEN* ENERGY. F U E L 9  USE. S A F E T Y *  E L E  
1 3 0 4 2  C A T I O N .  USE  PROOU/ HYDROGEN. ENERGY * FUTURE. NUCLEAR. A P P L I  
1 0 0 4 1  YDROGEN. F U E L .  F O S S I L *  WATER. ENERGY*  F U T U R E *  P O L L U T I O N .  E N V  
1 0 0 6 5  G E N I C *  ENERGY. HYDROGEN, L I Q U I D *  C R Y 0  
1 0 0 8 4  UEL.  BREEDER. REACTOR. S O L A R *  ENERGY. HYDROGEN. T R A N S M I S S I O N  
32094 O L L U T I  ON# E M I S S I O N .  ENERGY. I N T E R N A L - C O M B U S T I O N *  P 
1 0 9 3 6  HYDROGEN*  ENERGY*  MARKET. E N V I R O N M E N T #  
1 0 0 5 2  ORAGE. T R A N S M I S S I O /  HYDROGENI ENERGY MARKET. FUEL. COST. S T  
1 0 0 4 0  D I A T E W  HYDROGEN. ENERGY * MARKET. STUDY I I N T E R M E  
2 3 2 0 7  N I S M #  ANAEROBIC .  ENERGY*  METABOLISM.  MICRO-ORGA 
1 0 0 3 4  GENI S Y N T H E T I C .  FUEL.  FUTURE.  ENERGY. NUCLEAR. C A R R I E R  ECONO 
1 0 0 3 5  # HYDROGEN. ENERGY. NUCLEAR. FOOD*  ECOLOGY 
1 0 0 5 7  OR*  DECOMPOSIT ION.  HEAT.  GAS/  ENERGY*  NUCLEAR. OXYGEN* R E A C T  
1 0 0 4 9  O S I T I O N d  HYDROGEY*  ENERGY*  NUCLEAR. WATER. DECOMP 
1 0 0 8 3  r WATER. THERMAL. PRODUCTION.  ENERGY. P L A S T I C S #  HYDROGEN 
1 0 0 6 2  HYDROGEN. F U E L .  ENERGY, P O L I C Y U  
3 2 0 1 6  A U T O M O B I L E t  ENERGY. P O L L U T I O N *  
2 1 0 1 1  WATER* DECOMPOSIT ION.  CYCLE.  ENERGY*  PROCESS. F U E L #  
3 4 1 3 0  F I C I E N C Y ,  CONVE/ U T I L I Z A T I O N .  ENERGY*  PROCESS. GENERATOR. E F  
2 0 5 0 4  QANSMISS IONI  PERFORMANCE. CO/ ENERGY*  PRODUCTION. STORAGE. T 

2350 0 PHOTODECOMPOSIT ION.  ENERGY*  R A D I A T I O N .  P R E S S U R E #  
2 1 0 1 5  S P L I T T I N G *  CYCLE. PROCESS*  T /  ENERGY. REACTOR. HEAT .  WATER*  
1 0 0 8 9  I T I O N *  R A D I A T I O N .  E F F I C I E N C Y /  ENERGY. SOLAR. WATER. DECOMPOS 
1 0 0 7 8  SEI GENERATION.  S U P P L Y *  DEMA/ ENERGY*  SOURCE. E L E C T R I C I T Y .  U 
1 0 0 8 5  CHNOLOGY./ HYDROGEN. ECONOMY* ENERGY*  SOURCE. PRODUCTION,  T E  

4 3 0 0 8  HYORIOE.  METAL.  ENERGY STORAGE. F U E L #  
1 0 0 2 3  M. TRANSPORTAT ION#  b4YDROGEN. ENERGY. STORAGE. M E D I U M *  S Y S T E  
4 3 0 0 7  HYORIOE.  ENERGY. STORAGE* S T A B I L I T Y *  
1 0 0 3 3  MENT. P O L L U T I O N .  P/  HYDROGENt  ENERGY. S Y N T H E T I C  F U E L .  ASSESS 
1 0 0 3 1  M. SAFETY. CRYOGEN/ HYDROGEN* ENERGY. S Y N T H E T I C .  F U E L .  S Y S T E  
1 0 0 4 3  EN. SYNTHET IC .  FUEL.  ECOLOGY*  ENERGY*  SYSTEM*  S T U D Y *  C O S T *  P 
1 0 0 0 0  USE# HYDROGENI F U E L *  ENERGY*  T R A N S M I S S I O N .  STORAGE. 
1 0 0 7 9  L I O U I D I  ECONOMICS*  C R Y O G E N I /  ENERGY. T R A N S M I S S I O N .  STORAGE. 
1 0 0 0 6  HYDROGEN. P R O D U C T I O N t  FUEL.  ENERGY*  T R A N S M I S S I O N .  U S E *  S A F  
2 0 5 1 0  E L E C T R O L Y S I S .  POLYMER. F U E L .  ENERGY. T R A N S M l S S I O N v  ENERGY S 
1 0 0 2 0  S Y N T H E T I C *  HYDROGEN. ENERGY. USE. CRYOGENIC .  FUEL .  
2 1  0 0 3  S I  S. DECOMPOSIT IONI  C H E M I C A L *  ENERGY. U S E +  THERMAL*  /ECTROLY 

1 0 0 3 8  HYDROGEN* ENERGY. V E H I C L E ,  NUCLEAR*  
2 3 6 0 3  OECOMPOSITIONI R A D I A T I O N *  ENERGY*  VOLTAGE. ANDDEU 
3 0 0 4 2  OXYGEN. ENERGY# 
31004 S U P E R S O N I C *  OPTIMUM. STUDY. ENERGY*  

3 4 0 0 1  F U E L  C E L L .  ENERGY# 
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10081 HANOL. ECONOMY. ENGINE .  F U E L *  ENERGY*  
10073 FUEL .  SYNTHET IC I  WATER. ENERGY*  
i0053 E L E C T R I C I T Y .  E N V I R O N M E N T *  ENERGY*  
10056 HYDROGEN. ECONOMY. ENERGY*  
10014 HYDROGEN. ECONOMYI ENERGY*  
10015 HYDROGEN ENERGY*  
10017 HYDROGENI ENERGY*  
34828 METHANOL. CATALYST .  ENERGY*  
3484 1 F U E L  CELL .  SPACE. ENERGY# 
23604 ROOUCT ION. OXYGEN. O X I D A T I O N I  ENERGY#  HYDROGEN. P 
10087 E L  C E L L .  E L E C T R O L Y S I S *  SOLAR. ENERGY*  P O L L U T I O N .  POWER* F U  
34039 C O N V E R S I O N *  E L E C T R O C A T A L Y S I S *  ENERGY*  CELL .  ELECTROLYZER*  
22109 X I D A T I O N .  HYDROCARBONS. C O A L *  ENERGY*  / REFORMINGI P A R T I A L  0 
43000 I T I O N I  P R E S S U R E *  TEMPERATURE*  ENERGY*  / I S S O C I A T I O N *  DECOMPOS 
22000 ANE. METHANOL.  S Y N T H E S I S  GAS, ENERGY* /N. G A S I F I C A T I O N .  METH 
32037 ENGINE .  COMBUSTION*  
320 13 E N G I N E *  CONVERSION#  
30046 ROCKET. E N G I N E ,  CRYOGENIC*  
30040 E N G I N E *  D E S I G N *  
52038 G A S *  P R E S S U R E *  E N G I N E *  E M B R I T T L E M E N T U  
32021 J E C T I O N .  I N T E R N A L  C3MBUSTION.  E N G I N E *  E M I S S I O N .  F U E L *  /N. I N  
10081 METHANOL. ECONOMY. E N G I N E *  F U E L *  ENERGY# 
30030 ROCKET. E N G I N E .  F U E L *  
30044 E N G I N E .  OXYGEN*  CDMBUSTION#  
30048 ROCKET. E N G I N E *  PFRFORMANCEY 
1 9 0 7 4  # FUEL. I N T E R N A L - C O M B U S T I O N *  ENGINE. P O L L U T I O N .  HYDROCARBON 
10054 LEAR.  STORAGE. SAFETY # F U E L  I E N G I N E *  P O L L U T I O N .  OXYGEN. NUC 
30073 . E N G I N E .  SPACE. POWER* 
30000 L I Q U I D .  E N G I N E .  SPACEY 
4301 1 H Y D R I D E .  M E T A L *  FUEL ,  E N G I N E *  STORAGE* 
30023 E N G I N E *  THRUST#  
30024 E N G I N E .  T H R U S T #  
33075 ROCKET. LIQU ID, HYDROGEN. ENGINE* 
30061 PROPULSION,  E N G I N E #  
30057 REVIEW. ROCKET. E N G I N E *  
30058 THRUST*  ROCKET. E N G I N E #  
30055 DESIGN.  E N G I N E *  
3005 1 T E S T +  FLOW* E N G I N E *  
30025 DESIGN.  E N G I N E #  
30028 I N J E C T I O N *  ROCKET. E N G I N E *  
32009 E l  I M P A C T .  ECONOMIC*  HYDR I D E .  E N G I N E #  
30067 DES I G N 1  ROCKET*  E N G I N E #  
30047 D E S I G N i  R ~ C K E T I  E N G I N E *  
30060 THRUST. LOAD. E N G I N E #  
30063 GENERATOR. E N G I N E *  
3001 1 SPACE, E N G I N E *  
30014 SHUTTLE. SPACE*  E N G I N E #  
3001 5 SPACE*  SHUTTLE.  E N G I N E N  
43310 r T I T A N I U M *  H Y D R I D E .  STORAGE. E N G I N E *  I R O N  
32022 H I S T O R Y .  E N G I N E X  
32024 OMOBILE .  P O L L U T I O N .  I N J E C T I O N  E N G I N E *  A UT 
32023 PERFORMANCE*  N I T R I C  O X I D E .  E N G I N E *  
40008 D E N S I T Y *  D E U T E R I U M  I PROPERTY*  ENTHALPY.  ENTROPY*  HYDROGENI E 
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4 0 0 0 8  E U T E R I U M .  PROPERTY.  E N T H A L P Y t  ENTROPY. HYDROGEN* E L E C T R I C A L .  
20512 N *  E L E C T R O L Y S I S .  F R E E  ENERGY. ENTROPY. T H E R M A L  E F F I C I E N C Y #  / 
32017 I O N #  ENVIRONME~IT. AUTOMOBILEI EMISS 
10037 51s. P O L L /  HYDROGEN. ECONOMYI E N V I R O N M E N T t  ENERGY. E L E C T R O L Y  
10053 E L E C T R I C I T Y I  ENVIRONMENT.  ENERGY* 
10030 HYDROGEN* ENERGY. FUEL. E N V I R O N M E N T *  NUCLEAR. ECOLOGY# 
10078 r S U P P L Y *  D E M A N D T R A N S M I S S I O N .  ENVIRONMENT.  P R O D U C T I O N .  CONSU 
52030 B L E Y  E M B R I T T L E M E N T .  ENVIRONMENT.  R E A C T I O N .  R E V E R S 1  
10068 HYDROGEN. EYERGY. ENVIRONMENTI  S O C I E T Y .  L E G A L *  
1 3 0 3 2  E C T R O L Y S I S X  HYDROGENI F U E L *  E N V I R O N M E N T *  URBAN. ENERGY. E L  
10036 HYDRDGENI ENERGY. M A R K E T *  E N V I R O N M E N T S  
32000 N. C O S T *  E M I S S I O N .  P O L L U T I O N *  ENV I R O N M E N T *  M O D I F I C A T  I 0  
32002 H Y O F I O E .  E M I S S I O N I  P O L L U T I O N .  E N V I R O N M E N T X  /AFETY.  STORAGE*  
10041 R. ENERGY. FUTURE, P O L L U T I O N I  E N V I R O N M E N T #  /EL.  F O S S I L .  WATE 
10005 LI USE.  S A F E T Y .  E L E C T R O L Y S I S I  E N V I R O N M E N T X  /GEN. ENERGY F U E  
10045 L. T R A N S P O R T A T I O N I  P O L L U T I O N .  E N V I R O N M E N T #  /HYDROCARBON. F U E  
1 0 0 0 6  Ye T R A N S M I S S I O N .  U S E *  S A F E T Y .  E N V I R O N M E N T #  / I O N *  F U E L *  E N E R G  
4 0 2 0 4  STATE.  E O U A T I O Y *  P H A S E #  
3 3 0 4 6  V E L O C I T Y .  E Q U A T I O N *  
4 3 0 0 4  SSURE. THEQMODYNAMIC.  TEMPER/  E Q U I L I B R I U M .  D I S S O C I A T I O N .  P R E  
2 2 6 2 5  . HYDROCARBON; H E A T .  REACTOR'  E Q U I L I B R I U M .  METHANE. TEMPERAT 
2 0 0 0 7  GENt  E L E C T R O L Y S I S *  TRANSPORT.  E Q U I P M E N T #  P R O D U C T I O N *  HYDRO 
2 3 2 0 0  F I C I E N C Y .  GROWTH* C O N V E R S I O N +  EUTROPHAU EF 
4 0 2 0 5  TWO-PHASE. E V A P O R A T I O N .  FLOW# 
34804 I O N  EXCHANGE. H Y B R I D .  H Y D R I D E X  
34801 E L E C T R O L Y T E .  ION-EXCHANGE, P L A S T I C #  
3 4 0 2 5  F U E L  C E L L *  I O N  EXCHANGE# 
4 0 1 0 4  L I Q U E F A C T I O N .  HEAT EXCHANGER, N I T R O G E N #  
4 0 1 0 1  L I Q U E F A C T I O N .  CPST.  H E A T  EXCHANGER# 
3 3 0 0 9  CHAMBER. VENT.  EXHAUST.  N U M E R I C A L  S O L U T I O N #  
3 3 0 3 1  ROCKET.  E X H A U S T #  
32015 I S N .  F O S S I L *  F U E L .  P O L L U T I O N .  E X H A U S T X  I N T E R N A L  COMBUST 
40103 L I Q U E F A C T I O N .  H E L I U U .  E X P A N S I O N .  C O M P R E S S I O N #  
3 3 0 6 ' 3  RATE. E X P A N S I O N .  R E A C T  I O N #  
4 0 1 0 6  L I O U E F A C T I O N .  E X P A N S I O N #  
5 1 0 1 4  SAFETY.  E X P L O S I O N .  L I A U I O I  C R I T E R I A #  
5 1 0 0 3  D I F F U S I O N Y  E X P L O S I O N .  L I M I T *  C A L C U L ~ T I O N I  
51 0 0 4  E X P L O S I O N .  L I M I T *  TEMPERATURE# 
51310 ON. S U P P R E S S I O N #  E X P L O S I O N I  SPACECRAFT.  D E T E C T 1  
5 1 0 1 2  € A C T I O N *  F L A M M A B I L I T Y .  E X P L O S I O N .  SURVEY. I G N I T I O N .  R 
51013 E X P L O S I O N .  TANK.  V E N T #  
51006 RE. R E A C T I O N #  E X P L O S I O N .  TEMPERATUREI P R E S S U  
5 1 0 0 2  ORAGE. H A N D L I N G .  L I Q U I D .  G A S *  E X P L O S I O N #  S A F E T Y .  S T  
1 0 0 3 6  ROGEN. S T O R A G E *  T R A N S N I S S I O N I  EXPORT. R E V I E W *  / F I S S I O N *  H Y D  

4 0 4 1  9 E X P U L S I O N .  L I Q U I D ,  T E S T #  
5 2 0 4 2  L #  IRON.  E X T R A C T I O N *  MODEL. M A T H E M A T I C A  
2 3 4 2 1  IUMI  TEMPERATURE. C O N D E N S A T I /  E X T R A C T I O N *  S Y N T H E S I S  GAS. H E L  

3 4 6 1  5 F A B R  I CAT I ON# 

3 4 6 2 0  C A T A L Y S T .  F A B R I C A T I O N #  
3 4 6 2 5  P O R O S I T Y  I F A B R I C A T I O N A  
5 2 3 3 3  E M B R I T T L E M E N T .  S P A C E C R A F T ,  F A I L U R E .  P R E V E N T I O N ,  M E T A L *  
4 2 0 C 1  S .  PRESSURE. VESSEL.  STORAGE. F A I L U R E *  GA 

2 2 1 9 2  GAS. FEED. PROCESS# 

- 7 i  



KEY WORD I N D E X  

S E C T I O N  * K g  

2 0 0 1 4  S Y N T H E T I C I  A M M O N I A *  N I T R O G E N  F E R T I L I Z E K #  / E N *  E L E C T R O L Y S I S *  
20015 E L E C T R C L Y S I S .  HYDROGENATION. F E R T I L I Z E R S .  M E T P L  SEMICOND\JCT 

2 2 1 5 8  I N G I l  F E U L  C E L L *  HYDROCARBONI REFORM 
2 3 4 2 0  P U R I F  I C A T I O N *  MEMBRANE, M E T A L  F I L M *  C A T A L Y S I  S. ADSORPTION.  O 

500C 1 S 4 F E T Y .   LIQUID^ F I R E .  A S P H Y X I A T I O N *  
51009 SAFETY.  L E A K .  F I R E .  D E T E C T I O N I  R F V I E W *  
51008 F L A S H .  F I R E .  I G N I T I O N .  N O N M E T A L L I C #  
5101 1 S A F E T Y .  F I R E *  P R O T E C T I O N #  
50009 L I Q U I D *  SAFETY.  F I R E #  
5001 7 SAFETY.  PRESSURE. RUPTURE. F I R E #  
10086 E N E R G Y *  C 9 I S I S .  S O L A R *  C O A L *  F I S S I O N .  HYDROGEN. STORAGE. T R  
5 1 0 1 2  Ye I G N I T I O N *  R E A C T I O N #  F L A M M A B I L I T Y r  E X P L O S I O N .  SURVE 
51001 EN. P R E S S U R E #  F L A M M A B I L I T Y .  L I M I T *  A I R *  OXYG 
51005 T Y #  F L A R E .  FLOW. I N S T A B I L I T Y .  S A F E  
5 0 0 9 7  F L A R E *  VENT.  S A F E T Y #  
51008 L L I C Y  F L A S H .  F I R E .  I G N I T I O N .  NONMETA 
4030 9 F L O W *  C A L I B R A T I O N .  D E S I G N #  
33058 SUPERSONIC.  FLOW I C O M B U S T I O N #  
4 0 2 0 6  t TEMPERATURE. B O I L I N G #  FLOW* C R I T I C A L  P O I N T  v PRESSURE 
4 0 2 0 3  D E N S 1  TY. TWO-PHASE. Q U A L I T Y .  FLOW. CRYGENICW 
4 0 3 C O  S L U S H #  FLOW. C R Y O G E N ~ C I  MEASUREMENT. 
30051 T E S T .  FLOW. E N G I N E #  
51005 F L A R E .  F L O W *  I N S T A B I L I T Y .  S A F E T Y #  
40303 FLOW* MEASUREMENT# 
81031 L I Q U I D .  SLUSH, FLOW. O U A L I  T Y  I G E N E R A T I O N #  
30038 PRESSURE. FLOW. R O C K E T *  
40590 F L O W *  TWO-PHASE. B O I L I N G #  
40512 PUMP. FLOW. TWO-PHASE. D E S I G N #  
4 0 2 0 9  NSFER.  TURBULENCE. CRYOGENICI  FLOW* H E A T  T R A  
4 0 2 0 5  TWO-PHASE* E V A P O R A T I O N I  FLOWW 
3 3 0 3 1  TRANSPORT.  CONVECTION.  FLOW# 
33017 OXYGEN. F L O W #  
41 054 M E N T A T I O N *  T R A N S F E R *  STORAGE. FLOW* S L U S H *  I N S T R U  
4 0 2 1 2  E R T Y .  PARAHYDROGEN. COMPUTER. F L U I D #  PROP 
4 0 2 0 8  Y N A M I C S .  T R A N S P O R T *  PROPERTY. F L U I D #  THERMOO 
2 2 0 0 2  I NOUSTR I A L .  GAS.  CHARCOAL. / F L U I D I  ZEO BED. COAL, HYDROGEN* 
2 2 0 0 5  R. POWER* F L U I D I Z E D I  C O A L *  C A T A L Y S T *  CHA 
2 2 0 0 4  E R A T I O N #  F L U I D 1  Z E D *  COKE. HYOROGENI G E N  
2 2 1 7 2  P Y R O L Y S I S I  K I N E T I C S .  F L U I D I Z E D #  
30074 ET. L I Q U I D .  HYDROGEN. OXYGEN. F L U O R I N E .  P R O P E L L A N T *  F U E L S  / K  
40407 # FOAM. P O L Y U R E T H A N E ,  S P A C E C R A F T  
1 3 0 3 5  HYDROGEN. E N E R G Y *  N U C L E A R *  FOOD. E C O L O G Y #  
10028 HVD2OGEN. F O S S I L  F U E L S .  E C O N O M I C S #  
10084 . SOLAR. E N E R G Y *  HYDROGEN. T /  F O S S I L .  FUEL. BREEDER. REACTOR 
2201 1 G A S I F I C A T I O N *  F O S S I L .  FUEL* MICROWAVE# 
32015 S T Y  I N T E R N A L  C O M B U S T I O N *  F O S S I L I  F U E L .  P O L L U T I O N .  E X H A U  
10067 U T I L I T Y *  E L E C T R I C .  RESEARCH. F O S S I L *  F U E L *  / I C A L .  R E F I N I N G .  
10048 OGEN*  STUDY. ENERGY. ECOLOGYI F O S S I L .  STORAGE. A L T E R N A T I V E .  
10041 P O L L U T I O N .  / HYDROGEN*  F U E L .  F O S S I L .  WATER. ENERGY. F U T U R E *  
23419 TROGEN. PRESSUREI S E P A R A T I O N .  F R A C T I O N A T I O N #  N I 
5 2 0 5 1  E M B R I T T L E M E N T .  STEEL.  FRACTURE.  M E C H A N I S M #  
5 2 0 2 8  I R O N .  CR4CK.  F R A C T U R E *  
20512 GEN P R O D U C T I O N *  E L E C T R O L Y S I S .  F R E E  ENERGY. E N T R O P Y *  THERMAL 
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KEYWORD I N D E X  
S E C T I O N  ' K '  

34627 F U E L  C E L L *  P L A T I N U M .  CATHODE# 
34640 F U E L  CELL .  PLAT INUM.  ANODE* 
34638 #I F U E L  CELL.  P L A T I N U M *  ELECTRODE - 
3484 9 F U E L  CELL.  P O L L U T I O N *  
34809 F U E L  C E L L *  P O L L U T I O N .  B A T T E R Y *  
3401 9 F U E L  C E L L *  POWER# 
34204 CEY F U E L  C E L L .  PRESSURE*  PERFORMAN 
34265 F U E L  C E L L *  PRESSURE# 
22111 N. P O X S D N I N G #  HYDROCARBON. F U E L  C E L L .  PROCESS. M E T H A N A T I O  
34231 RODE* F U E L  C E L L *  P U R I F I C A T I O N .  E L E C T  
22103 N O X I O E Y  F U E L  C E L L *  REFORMER* CARBON MO 
2001 8 F U E L  C E L L *  R E G E N E R A T I V E *  
34238 F U E L  C E L L  + REGENERAT ION#  
34240 F U E L  C E L L *  REGENERATION#  
34237 F U E L  C E L L *  REGENERATION*  
34846 O L Y S I S #  F U E L  C E L L *  REGENERATOH. E L E C T R  
23028 F U E L  C E L L *  R E G E N E R A T l V E Y  
3401 2 F U E L  C E L L ,  R E V I E W #  
34038 F U E L  C E L L ,  R E V I E W *  
34 84 4 F U E L  C E L L *  S H U T T L E t  POWER* 
34841 F U E L  C E L L *  SPACE, ENERGY# 
34826 F U E L  C E L L *  SPACECRAFT#  
34822 F U E L  C E L L *  SPACECRAFT.  D E S I G N #  
34249 F U E L  C E L L ,  SPACECRAFT# 
221 15 F U E L  C E L L  * STEAMr  REFORMING*  
22176 HVDROCARBON. F U E L  C E L L *  STORAGE# 
34271 A F T *  F U E L  C E L L ,  TECHNOLOGY. SPACECR 

34022 F U E L  C E L L *  TECHNOLOGY# 
34026 F U E L  C E L L *  TEMPERATURE# 
34203 F U E L  C E L L *  TEYPERATURE I POWER# 
34217 ODE# F U E L  C E L L *  TEMPERATURE*  E L E C T R  
34212 ODE#  F U E L  C E L L *  TEMPERATURE*  E L E C T R  
34273 F U E L  C E L L ,  TEMPERATURE* 
34624 t ELECTRODE*  F U E L  C E L L .  TEMPERATURE. CARBON 
34843 F U E L  C E L L ,  TEST,  CONTROL* 
3450 8 T A T E  t ANALOG# F U E L  C E L L .  TRANStENT .  STEADY-S 
34802 F U E L  C E L L ,  V E H I C L E #  
34503 L Y  F U E L  C E L L *  WATER. HEAT.  REMOVA 
34511 EY F U E L  C E L L ,  WATER* HEAT.  B A L A N C  
34503 F U E L  C E L L .  WATER. HUMAN# 
34507 F U E L  C E L L *  WATER. REMOVAL* 
34262 E L E C T R O L Y S I S .  F U E L  C E L L #  
34805 Y D R A Z I N E .  HYDROGEN. P E R O X I D E .  F U E L  C E L L *  H 
34107 PURGE. F U E L  C E L L *  
34152 D E S I G N .  F U E L  C E L L Y  
3402 1 F U E L  C E L L #  
34101 PRESSURE. TEMPERATURE. F U E L  C E L L *  
34037 MODEL. F U E L  C E L L #  
22145 HYDROGEN. GENERATOR. F U E L  C E L L *  
22161 HYDFOCARBONI F U E L  C E L L #  
22189 REFORMING*  F U E L  C E L L *  
22141 P A R T 1  A L  O X I O A T I O N I  F U E L  C E L L *  
22131 STEAM* REFORMING. F U E L  C E L L *  



KEYWORD I N D E X  
S E C T I O N  ' K *  

22122 REFORMING.  F U E L  C E L L #  
2221 6 HYDROCRACK. FUEL C E L L ?  
10024 STORAGE. I N T E R N A L  COMBUSTIONI F U E L  C E L L #  /. T R A N S P O R T A T I O N .  
22136  SYSTEM. F U E L  C E L L S *  GAS. F U E L *  
2 2 1 4 5  D E S I G N .  P U R I F I C A T I O /  SYSTEM, F U E L  C E L L S *  GAS. HYDROCARBONS. 
10026  ROGEN. NUCLEAR. ENERGY. F U E L *  F U E L  C E L L S ,  O X Y G E N  E L E C T R O L Y S I  
31006 SUPERSONIC.  F U E L *  A N A L Y S I S .  C O N S U M P T I O N #  
1 0 0 3 3  HYDROGEN. ENERGY. S Y N T H E T I C  FUEL. A S S E S S M E N T *  P O L L U T I O N .  P 
10044 HYDROGEN. F U E L .  A U T O M O B I L E # '  
10384  ENERGY, HYDROGENI T /  F O S S I L .  FUEL* B R E E D E R *  REACTOR. S O L A R *  
23430 P U R I F I C A T I O N I  HYDROCARBON. F U E L .  C O S T *  P R O D U C T I O N #  
10052 I O /  HYDROGEN. ENEQGY. MARKET. F U E L .  C O S T *  STORAGE. T R A N S M I S S  
10077  ETY. T R A N S P O R T A T I O /  HYDROGEN. F U E L .  C R Y O G E N I C *  PROPERTY.  S A F  
10051 HYDROGEN. S Y N T H E T I C .  F U E L *  C R Y O G E N I C .  S A F E T Y #  
10043  STUDY./ HYDROGEN* S Y Y T H E T I C .  F U E L .  ECOLOGY*  ENERGY. S Y S T E M *  
10008 HYDROGEN. ENERGY, FUEL. ECONOMY, C A R R I E R *  U S E *  
13025  N, E L E C T R O L Y S I S *  HYDROGEN. F U E L *  ECONUMY. C O A L *  C O N V E R S I O  
10055 , SAFETY.  NUCLEARI/ HYDROGEN. F U E L .  ECONOMY. ENERGY. ECOLOGY 
10004 T I O N .  TRAN/  HYDROGEN. E N E R G Y *  F U E L .  ECONOMY. STORAGE*  PRODUC 
10024 T I O N .  STORAGE. I N T /  HYDROGEY. F U E L .  ECONOMY. USE. TRANSPORTA 
17058 ION.  HYOROGFN';' OXYGEN. STEAM. F U E L .  ECONOMY* COMBUST 
10009  HYDROGEN. F U E L .  ENERGY. ECONOMY U S E #  
10062 HYOROGEYI F U E L .  ENERGY*  P O L  I C Y #  
10006 E .  S A F /  HYDROGEN. PRODUCTION.  F U E L .  ENERGY. T R A N S M I S S I O N I  U S  
1 0 0 0 3  ORAGE*  U S E #  HYDROGEN. F U E L .  ENERGY. T R A N S M I S S I O N *  S T  
23510 C T I O N .  E L E C T R O L Y S I S *  POLYMER. F U E L .  ENERGY. T R A N S M I S S I O N .  E N  
10081 METHANOL. ECONOMYt E N G I N E *  F U E L -  ENERGY# 
13054 N. NUCLEAR.  STORAGE. S A F E T Y *  F U E L .  E N G I N E .  P O L L U T I O N I  OXYGE 
43011 H Y D R I D E .  METAL.  F U E L *  E N G I N E *  STORAGE*  
10333 O L O G Y n  HYDROGEN. ENERGY. F U E L *  E N V I R O N M E N T *  NUCLEAR.  E C  
13032 GY. E L E C T R O L Y S I S #  HYDROGEN. F U E L *  ENVIRONMENT,  U R B A N ,  E N E R  
10041 UTURE. P O L L U T I O N .  / HYDROGEN*  F U E L *  F O S S I L *  WATER. E N E R G Y *  F 
10026  R /  HYOQOGEN. NUCLEAR.  ENERGY. F U E L *  F U E L  C E L L S .  OXYGEN E L E C T  
10034 C A R R I E /  HYUROGEW, S Y N T H E T I C *  F U E L .  FUTURE. ENERGY*  N U C L E A R *  
1'3082 I O N #  A U T O M O B I L E *  FUEL.  FUTURE. G A S O L I N E *  P D L L U T  
IS027 HYDROGEN. F U E L .  F U T U R E *  
10063  HYDROGEN. S Y N T H E T I C .  F U E L '  F U T U R E *  
19021 HYORPGEN I FUkL. F U T U R E *  
13C?9 HYDROGEN* F U E L *  HYDROCARBON. ECONOMY# 
3 1 0 1 5  A I R C R A F T .  L I Q U I D .  CRYOGENIC.  F U E L .  H Y P E R S O N I C #  
10274 I N E .  P O L L U T I O N I  HYDROCARRDNff F U E L *  I N T E R N A L - C O M B U S T I O N *  E N G  
40000  HYDROGEN. F U E L .  L I Q U I D *  F U T U R E #  
50006 # SPACECRAFT.  F U E L .  L I Q U I O I  H A N D L I N G *  S A F E T Y  
2291 1 G A S I F I C A T I O N .  F O S S I L .  F U E L *  M I C R O W A V E #  
10076 P O L L U T I O N .  CONTROL,  HYDROGEN. F U E L .  NUCLEAR.  E L E C T R O L Y S I S #  
21910 HYDROGEN* PRODUCTION,  F U E L *  N U C L E A R #  
22606 . S Y N T H E S I S  GAS. HYDROCARBONI F U E L *  O I L *  /DROGEN* P R O D U C T I O N  
3201 5  I N T E R N A L  COMBUSTION. F O S S  I L t  F U E L *  P O L L U T I O N .  E X H A U S T *  
lr)@70 AT. ALGAE.  E F F I C I E N C Y .  WASTE. F U E L .  P Y R O L Y S I S .  C O S T #  /NE. H E  

2263C C O A L *  F U E L  9 R F F O R M I  N G #  
30022 F U E L *  ROCKET*  
23440 ST, R E F O R M I N G ,  RECYCLE.  COST. F U E L .  S E A P R A T I Q N r  / N I A ,  C A T A L Y  

2 2 1 4 8  G A S I F I C A T I O N t  F U E L *  S T E A M #  



KEYWORD I N D E X  

S E C T I O N  ' K '  

1 9 0 6 3  S /  HYDROGEN* ENERGY. ECONOMYt F U E L *  STORAGE. TRANSMISS ION.  U 
1 0 0 0 2  S /  HYDROGEN. ECONOMY. ENERGY. F U E L *  STORAGE. T R A N S M I S S I O N *  U 
? G O 6 4  N L  nY0k iJGEN.  F U E L *  S Y N T H E T I C ,  TRANSPORTAT IO  
1 0 0 7 3  # FUEL .  SYNTHET IC .  WATER* ENERGY 
1 0 0 2 0  DGEN. ENERGY. U S E *  CRYOGENIC.  F U E L *  S Y N T H E T I C #  HY DR 
1 0 0 3 1  HYDROGEN. ENERGY. S Y N T H E T I C .  F U E L .  SYSTEM. S A F E T Y *  CRYOGENI  
3 1 0 1 7  UIO. F U T U R E *  PETROLEUM. P E R F /  FUEL* TRANSPORT. A I R C R A F T .  L I Q  
10361 E N E R A T I O N F  HYDROGEN. F U E L .  TRANSPORTAT ION+  PDWERt G 
1 0 0 4 5  YDROGEN, L I Q U I D .  HYDROCARBON. F U E L *  TRANSPORTATION.  P O L L U T I O  
1 0 0 0 5  S. E N V I R O N /  HYDROGEN. ENERGY. F U E L *  U S E *  SAFETY. E L E C T R O L Y S I  
1 0 0 1 9  CONOMY. ENERGY. E L E C T R O L Y S I S .  FUEL .  V E H l C L E  OXYGEN* /OGEN. E 
2 3 0 2 3  . PDWERY HYOhOCARBON. F U E L *  WATER. AMMONIA. METHANOL 
1 3 0 8 0  F U E L *  WATER* NUCLEAR*  
1 0 0 4 6  A L Y S I S .  A L T E R N A T I V /  HYOROGEN. F U E L .  WATER* S T U D Y *  ENERGY*  AN 
1 0 C 1 3  HYDROGEN. WATEP. F U E L *  
t O G 0 7  HYDROGEN. F U E L #  
2 2 1  36 SYSTEM*  F U E L  C E L L S *  GAS. F U E L X  
2 2 1 2 4  HYDROCRACK. COST+ F U E L #  
3 1 0 1  1 COST.  A I R C R A F T .  ECONOMIC.  F U E L #  
3 0 0 3 3  ROCKET*  E N G I N E .  F U E L #  
3 0 0 2 6  ROCKET. F U E L #  
4 3 0 0 8  R I D E ,  METAL. ENERGY. STORAGE, F U E L #  HYD 
3 2 0 2 5  A U T O M O B I L E ~  RESEARCH. F U E L #  
3 4 2 2 7  F U E L  C E L L *  A I Q .  F U E L #  
2 1 0 1 1  T I O N .  CYCLE.  ENERGY*  PROCESS. F U E L *  WATER. OECOMPOSI 
2 3 4 0 1  . P E T R O C H E M I C A L t  HYDROCARBON. F U E L #  RECOVERY I REFXNERY 
23406 r PETROCHEMICAL .  HYDROCARBON. F U E L #  RECOVERY. R E F I N E R Y  
10067 . E L E C T R I C .  RESEARCH. F O S S I L .  F U E L #  / I C A L .  R E F I N I N G .  U T I L I T Y  
3 0 0 7 4  OXYGEN. F L U O R I N E .  PROPELLANT.  F U E L X  /KET.  L I Q U I D .  HYDROGEN. 
32021 COMBUSTION. E N G I N E .  E M I S S I  ON*  F U E L #  /N. I N J E C T I O N .  I N T E R N A L  
1 0 0 3 7  RGY. E L E C T R O L Y S I S .  P O L L U T I O N t  F U E L *  /ONOMY. ENVIRONMENTI E N E  
10028 HYDROGENt F O S S I L  FUELS.  ECONOMICS#  
5 0 0 0 2  SAFETY.  F U R N A C E *  TEMPERATURE. DES I G N I  
1 0 0 3 4  E/ HYDROGENI S Y N T H E T I C .  FUEL.  F U T U R E *  ENERGY*  NUCLEARI C A R R I  
1 0 0 8 2  AUTOMOBILE .  F U E L *  F U T U R E *  GASOL INE .  P O L L U T I O N #  
1 0 0 4 2  USE. PRODU/ HYDROGEN. ENERGY. F U T U R E *  NUCLEAR. A P P L I C A T I O N .  
3 1 0 1 7  TRANSPORT. A I R C R A F T .  L I Q U I D .  FUTURE.  PETROLEUM. PERFORMANCE 
1 0 0 4 1  F U E L .  F O S S I L .  WATER. ENERGY. FUTURE.  P O L L U T I O N .  ENVIRONMENT 
1 0 0 5 3  O L O G Y t  E L E C T R I C I T Y .  A N A L Y S I S .  FUTURE.  SYSTEM. A L T E R N A T I V E #  / 
1 0 C Z 1  HYDROGEN* FUEL .  F U T U R E #  
10027 HYDROGEN. FUEL.  F U T U R E #  
1 0 0 6  3 HYDROGEN* S Y N T H E T I C *  F U E L *  F U T U R E *  
4 0 0 0 0  HYDROGEN. FUEL.  L I Q U I D .  F U T U R E #  
3 4 0 0 9  THERMODYNAMIC. G A L V A N I C .  ELECTRODE# 
3 1 0 0 1  SUPERSONICI  GAS T U R B I N E I  SPACE*  S H U T T L E #  
31009 H E A T *  TRANSFER. GAS T U R B I N E *  
34215 FUEL C E L L .  C A T A L Y S T *  N A T U R A L  GAS. A C I D #  
2 2 0 0 7  U C T I O N .  COSTI COAL. S Y N T H E S I S  GAS AMMONIA.# HYDROGEN. PROD 
2 2 0 0 2  * COAL.  HYDROGEN* I N O U S T R I A L I  GAS. CHARCOAL. STEAM* DECOMPOS 
2 2 6 1 4  ECONOMY * O X I D A T I O N .  WATER. GAS.  COKE I PROCESS* 
4 2 0 0 2  A L Y  GAS. D I S T R I B U T I O N .  PETROCHEMIC  
52056 RESSUREI TEST*  GAS. EMBRITTLEMENT,  T E N S I L E .  P 
22000 METHANE. METHANOLI S Y N T H E S I S  GAS. ENERGY* /N* G A S I F I C A T I O N .  

/-7/ 
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51002 Ye STORAGE. H A N D L I N G *  L I Q U I D *  G A S *  E X P L O S I O N #  S A F E 1  
22192 GAS+  FEED. PROCESSC 
22136 SYSTEM* F U E L  C E L L S .  GAS. F U E L *  
23421 E N S A T I /  E X T R A C T I O N *  S Y N T H E S I S  GAS*  H E L I U M .  TEMPERATURE*  COND 
226C6 DROGEN. PRODUCT ION.  S Y N T H E S I  S GAS*  HYDROCARBONI F U E L *  O I L *  
22149 I F I C A T I O /  SYSTEM. F U E L  C E L L S .  G A S *  HYDROCARBONS. D E S I G N *  P U R  
50008 AFETY.  CRYOGENIC.  COMPRESSED. GAS*  L I Q U I D #  S 
52025 EMBRITTLEMENT.  PRESSURE.  G A S *  M E T A L *  A L L O Y *  
22152 A C T I V A T O R #  HYDROCARBON* GAS. METHANE. WATER* CATALYST,  
22009 ODUCT ION,  CATALYST.  S Y N T H E S I S  GAS. METHANE# /L. HYDROGEN. P R  
22643 I D A T I O N .  HYDROCARBON. N A T U R A L  GAS. NAPHTHA. C A T A L Y S T .  HEAT*  / 
22619 PRODUCTION, P U R I T Y .  N A T U R A L  GAS. NAPHTHA*  HYDROCARBON# 
22616 P U R I T Y .  N A T U R A L  GAS. NAPHTHA. HYDROCARBONS# 
22609 N A T U R A L  G A S *  NAPHTHA. PROCESS. P U R I T Y #  
22605 ON. SEPARATION,  COST. N A T U R A L  GAS. NAPHTHA*  I M O N I A .  PRODUCT I 
300C4 GAS. NUCLEAR.  REACTOR# 
30005 GAS. NUCLEAR. ROCKET* 
42000 GAS. P I P E *  D E S I G N .  SYSTEM* 
22627 GAS*  P L A S M A *  S Y N T H E S I S Y  
52038 L E M E N T l  G A S *  PRESSURE*  ENGINE .  E M B R I T T  
42001 r F A  I L U R E U  GAS. PRESSURE. VESSEL.  STORAGE 
52019 B R I T T L E M E N T .  S T E E L *  C Y L I N D E R .  GAS. PRESSURE*  E M  
22628 G A S *  PROCESS. R E F O R M I N G t  
22191 U S E  I GAS. P R O D U C T I O N #  
43002 I D E *  GAS. PUMP. D E C O M P O S I T I O N .  HYDR 
5201 8 r TEMPERATURE# GPS. R E A C T I O N .  T I T A N I U M .  ALLOY 
22622 HYDROGEN. CATALYST.  N A T U R A L  GAS. R E F  I N E R Y Y  PRODUCTION 
221 25 GAS. R E F I N I N G #  
22602 ALYST. PRODUCTION. F U E L  C E L L .  G A S *  REFORMER* /ONVERSION. C A T  
42004 Y l  GAS. STANDARD*  CONSUMER. S A F E T  
22123 P O L L U T I O N *  GAS. S Y N T H E S I S #  
22163 GAS. S Y N T H E S I S #  
5001 5 GAS*  SYSTEM. D E S I G N *  R E V I E W *  
22651 ECONOMICS. HYDROGEN* GAS*  THERMAL*  D E C O M P O S I T I O N #  
22632 C A T A L Y S T .  GAS* 
22621 R E F I N I N G .  GAS*  
22600 C O S T *  D E S I G N .  R E F I N I N G .  GAS# 
22648 C A T A L Y S T *  GAS* 
2342 7 RECOVERY. WASTE* GAS* 
23407 SEPARAT ION.  GAS* 
22165 AMMONIA* S Y N T H E S I S .  GASY 
22196 STEAM. CONVERSIONI GASX 
22130 HYDROGEN. S Y N T H E S I S .  G A S #  
22132 STEAM. R E F O R M I N G *  G A S #  
20003 E L E C T R O L Y S I S .  APPARATUS*  GAS* 
52029 EMBRITTLEMENT.  H I G H  PRESSURE. GAS# / N E L  718, ALUMINUM 2219. 
2201 0 G A S I F I C A T I O N I  COAL. CHARY 
10057 REACTOR*  DECOMPOSIT ION.  HEAT.  G A S I F I C A T I O N I  COAL. P O L L U T I O N I  
2201 1 CROWAVEX G A S I F I C A T I O N .  F O S S I L *  FUEL .  M I  

22148 G A S I F I C A T I O N .  F U E L +  STEAM* 
22006 T ION.  METHANE* 

, 
COAL. G A S I F I C A T I O N .  HYDROGEN* PRODUC 

22000 L. S Y N T H E S I S  GAS. / R E A C T I O N .  G A S I F I C A T I O N .  METHANE. METHANO 

2200 1 R E A C T I O N  I G A S I F I C A T I O N *  METHANE# 
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10066 M O B I L E f f  HYDROGEN. G A S O L I N E .  P O L L U T I O N - F R E E .  AUTO 
10082 AUTOMOBILE.  FUEL* FUTURE. G A S O L I N E .  P O L L U T I O N #  
22168 S T E A M *  G A S O L I N E *  
33059 G E N E R A T I  ON. C O H B U S T I O N X  
22143 VOLTAGE, TEMPER/ PRODUCTION.  G E N E R A T I O N .  SUPPLY.  REFORMING. 
10078 C Y r  SOURCE. E L E C T R I C I T Y .  USE.  G E N E R A T I O N .  SUPPLY.  DEMANOTRAN 
10061 F U E L *  T R A N S P O R T A T I O N S  POWER. G E N E R A T I O N #  HYDROGEN. 
22004 F L U I D I Z E D .  COKE. HYDROGENS G E N E R A T I O N #  
41001 L I Q U I D .  SLUSH. F L O W *  Q U A L I T Y ,  G E N E R A T I O N #  

34207 G E N E R A T I O N *  
3421 1 MEMBRANEt  G E N E R A T I O N *  
34100 U T I L I Z A T I O N .  E N E R G Y *  PROCESS. GENERATOR. E F F I C I E N C Y I  CONVERS 
30063 GENERATOR. E N G I N E #  
22145 HYDROGEN. GENERATOR. F U E L  C E L L Y  
23008 GENERATOR, H Y D R I D E *  
22647 WPTERe GENERATOR. HYDROCARBON# 
23024 GENERATOR*  HYDROGEN# 
23206 H 4 N E 9  AMMONIA# HYDROGEN. GENERATOR*  MICRO-ORGANISMI MET 
30010 GENERATOR. T H E R M I O N I  C #  
23006 L I Q U I D .  GENERATOR*  
23010 AMMONIA. G E N E R A T O R #  
2301 7 ALUMINUM.  G E N E R A T O R #  
230 16 ALUMINUM.  GENERATOR*  
23014 F U E L  C E L L  s GENERA TOR# 
23200 E F F I C I E N C Y *  GROWTH. C O N V E R S ~ O N I  EUTROPHAX 
23201 B A C T E /  HYDROGEN* PRDDUCTION.  GROWTH* CULTURE. E L E C T R O L Y S I S .  
21001 TERI CLOSED. P E A C T I O N .  O X I D E *  H A L O G E N #  D E C O M P O S I T I O N *  WA 
51002 ONY S A F E T Y ,  STORAGE H A N O L I N G *  L I Q U I O t  GAS. E X P L O S I  
50006 SPACECRAFT.  FUEL* L I Q U I D .  H A N D L I N G *  S A F E T Y #  
41010 SLUSH. P R O D U C T I O N *  H A N D L I N G .  TRANSFER# 
50005 STANDARDI COMMERCIAL.  L I Q U I D e  H A N D L I N G #  SAFETY.  
51007 S P A C E C R A F T *  H A Z A R D .  LEAK.  D E T E C T I O N #  
40409 L I Q U I D *  H A Z A R D #  
401 04 L I Q U E F A C T I O N .  H E A T  EXCHANGER*  N f T R O G E N *  
40101 L I O U E F A C T I O N .  COST. H E A T  EXCHANGER# 
40532 L I Q U I D .  PUMP. H E A T  f RANSFER.  B O I L I N G *  
49102 L I Q U E F A C T I O N *  H E A T  TRANSFER.  STORAGE. C O S T *  
40213 U B L I M A T I O N #  H E A T  T R A N S F E R *  T R I P L E  P O I N T .  S  
40209 O G E N I C .  FLOW# H E A T  TRANSFER.  TURBULENCE. C R Y  
40207 N. CRYOGENIC.  C R I T I C A L  P O I N T *  H E A T  T R A N S F E R *  CONVECT I 0  
13070 T E R R E S T R I A L *  SPACE. MARINE.  H E A T *  ALGAE. E F F I C I E N C Y .  WASTE 
23007 CARBON. REFORM/ E L E C T R O L Y S I S .  H E A T .  AMMONIA.  CRACKING.  HYDRO 
3451 1 F U E L  C E L L .  WATER. HEAT.  B A L A N C E *  
10057 Y G E N *  REACTOR. O E C O M P O S I T I O N .  H E A T *  G A S I F I C P T I O N I  COAL. P O L L  
40503 PUMP*  H E A T *  L I Q U I D #  
21016 T I N G *  T E C H N g L O G Y +  E F F I C I E N C Y *  HEAT.  P R D C E S S Y  /. WATER. S P L I T  
22625 D E C O M P O S I T I O N .  HYDROCARBON. H E A T *  REACTOR. E Q U I L I B R I U M .  ME 
22639 N U C L E A R *  H E A T *  R E F O R M I N G #  
34504 E #  HEAT.  REMOVAL,  WATER. ENDURANC 
34268 E #  HEAT.  R E M O V A L *  WATER. ENDURANC 
34506 HEAT.  REMOVAL. WATERL 
3420 6 AEROSPACE, HEAT.  REMOVAL. WATER# 
3450 3 F U E L  C E L L .  WATER. HEAT.  R E M O V A L #  
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33030  HEAT.  ROCKET.  T R A N S F E R #  
33006  HEAT.  T E M P E R A T U R E *  E M I S S I O N *  
3 1 0 0 8  HEAT* TRAN~FER.  GAS TURBINES 
33026 ROCKET.  H E A T .  T R A N S F E R *  
34255  WATER. R E M O V A L *  H E A T *  V I B R A T I O N L  
10042  A P P L I C A T I O N .  U S E *  PRODUCT ION.  HEAT.  WATER. D E C O M P O S I T I O N #  / 
2 1 0 1 4  I C S .  C Y C L E  I PROCESSI N U C L E A R *  H E A T *  WATER, S P L I T T I N G .  THERMO 
2 1 0 1 5  PROCESS. T /  ENERGY. REACTOR. HEAT.  WATER* S P L I T T I N G .  C Y C L E .  
3481 5 C R Y O G E N I C *  W A S T E *  H E A T *  WATERY 
34820  SPACECRAFT.  POWER REACTOR. H E A T #  
22181 C A T A L Y S T .  H E A T #  
23022  N. REGENERATION.  TEMPERATURE. H E A T #  WATER. R E D U C T l O  
2 3 0 0 9  F F U S I O N .  P A L L A D I U M .  REFORMER, H E A T #  C A T A L Y S I S .  METHANOL.  D I  
22643  T U R A L  GAS. N A P H T H A *  C A T A L Y S T .  H E A T #  / D A T I O N ,  HYDROCARBON* N A  
23002  I G N .  STEAM. REACTOR. P R O C E S S *  H E A T #  /DPOGEN. P R O D U C T I O N I  D E S  
2 3 0 2 9  G. S T E A M  REFORMING.  C A T A L Y S T .  H E A T #  /RBONS. AMMONIA,  C R A C K I N  
4 0 1 0 3  # L I Q U E F A C T I O N .  H E L I U M I  E X P A N S I O N .  C O M P R E S S I O N  
40lOS L I Q U E F A C T I O N *  CASCADEI H E L I U M .  HYDROGEN# 
23421 I/ E X T R A C T I O N .  S Y N T H E S I S  G A S *  H E L I U M *  TEMPERATURE*  CONDENSAT 
52029  A L U M I N U M  2219.  E M B R I T T L E M E N T *  H I G H  PRESSURE.  GAS# / N E L  7 1 6 .  
30031 P R E S S U R E S  AND H I G H  R A T I O S *  
5 2 0 0 7  E #  E M O R I  TTLEMENT.  S T E E L .  H I G H  STRENGTH. C O A T I N G .  S U R F A C  
52534  E M B R I T T L E M E N T *  A L L O Y S *  H I G H  STRENGTH. S U S C E P T I B I C I T Y #  
34023 # H I S T O R Y .  A P P L I C A T I O V I  C A T A L Y S T  
32022 H I S T O R Y .  E N G I N E Y  
30g74 GEN. OXYGEN. F L U O R I N E  P R O P € /  H I S T O R Y .  ROCKET.  L I Q U I D *  HYDRO 
40414  I N S U L A T I O N v  HONEYCOMB# 
34500 F U E L  C E L L *  WATER. HUMANY 
3450 l H U M I D 1  TYI T R A N S I E N T *  MODEL# 
34502 H U M I D I T Y .  T R A N S I E N T *  
34804 I O N  E X C H A N G E *  H Y B R I D .  H Y D R I D E l  
227'10 HYCROCARRONI O X I O A T I O N U  
34031 A T U R E #  A P P L I C A T I O N .  H Y D R A Z  I N E *  HYDROCARBON. TEMPER 
34029  A T U R E #  HYDROGEN* H Y D R A Z  I N E .  HYDROCARBON. TEMPER 
34805  F U E L  C E L L *  H Y D R A Z I N E t  HYDROGEN* P E R O X I D E .  
3422 9 A M M O N I A *  H Y D R A Z  I N E X  
4 3 0 0 3  Y N A M I /  PPESSURE. TEMPERATURE. H Y D G I D E *  D I S S O C I A T I O N .  THERMOD 
32002 E F F I C I E N C Y *  S A F E T Y *  S T O R A G E *  H Y D R X D E *  E M I S S I O N .  P O L L U T I O N .  
43007  I L I T Y M  H Y D R I D E *  ENERGY. STORAGE. S T A B  
32009  STORAGE. I M P A C T .  ECONCMIC.  H Y D R I D E .  E N G I N E #  
430C6 H Y D R I D E I  I N T E R M E T A L L I C U  
43008  E. F U E L #  HYDRXDE. METAL.  ENERGY. S T O R A G  
4301 1 STORAGE# HYOR I D E .  M E T A L *  F U E L  E N G I N E .  
430C1 SIJRE . V A N A D I U M ,  N I O B I U M #  H Y D R I D E .  P E A C T I O N .  M E T A L .  P R E S  

4301'Y I R O N *  T I T A N I U M *  H Y D R I D E .  STORAGE. E N G I N E *  
4 3 0 0 9  ON. I N T E R M E T A L L I C C  H Y D R I D E .  TEMPERATURE. A B S O R P T I  
43005 S S O C I A T I O N .  P R E S S U R E *  I M P U R I /  H Y D R I D E I  V A N A D I U M *  N I O B I U M .  D I  

430C 2 GAS. PUMP. D E C O M P O S I T I O N I  H Y D R I D E *  
34834 I D N  EXCH4NGE. H Y B R I D *  H Y D R I D E C  
23003  F U E L  C E L L .  H Y D R I D E Z  
23001 PROCESS. HYDR I D E #  
2 3 0 0 8  GENERATOR. 4HYDRI D E #  
22607  N. PRODUCTION.  HYDROCRACKING.  H Y D R O - D E S U L F U R I Z A T I O N I  CONVERT 
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23019 C A T A L Y S T *  HYDROGEN. H Y D R O A I N E ,  OXYGEN. F U E L  C E L L  I 
3481 7 F U F L  C E L L .  HYDROCARBONI A I R #  
3 4 8 3 2  F U E L  C E L L ,  HYDROCARBONI A I R #  
23415 MI MEMBRANE.  S T E A M  R E F O R M I N G .  HYDROCARBON. A M M O N I A *  D I S S O C I A  

22197 HYDROCARBON. A P P A R A T U S #  
22152 M E T H A N A T I O N ,  H Y D R O C A R B O N +  C A T A L Y S T *  

22137 HYDROCARBON. C A T A L Y S T #  

22120 HYDROCARBON. C A T A L Y S T *  
22113 RFI C R A C K I N G #  HYDROCARBON. C A T A L Y S I S .  P R E S S U  
22307 P R O D U C T I O N .  STEAM. R E F O R M I N G .  HYDROCARBON. C H E M I C A L  D E S I G N *  I 
23424 E N E R /  A O S O H P T I O N I  S E P A R A T I O N .  HYDROCARRON. C O N D E N S A T I O N t  R E G  
23433 O G E N I C U  P U R I T Y .  HYDROCARBON. C O N D E N S A T I O N *  C R Y  
22635 A L /  AMMONIA .  S T E A M  R E F O R M I N G *  HYDROCARBON. C O N V E R S I O N .  P A R T I  
34825 HYDROCARBONI COST,  POWER* 
22620 K E .  MODEL*  HYDROCARBON. D E C O M P O S I T I O N  CO 
10039 HYDROGEN. F U E L .  H Y D R O C A R B O N *  ECONOMY* 
23020 C O N V E R S I O N t  C P T b L Y S T *  P U R I T Y *  HYDROCARBON. E F F I C I E N C Y I  R E A C T  
22111 S. W E T H A N A T I O N *  P O I S O N I N G #  HYDROCARBONI F U E L  C E L L *  P R O C E S  
221 61 H Y D ~ O C A R B O N I  F U E L  C E L L *  
22176 E #  HYDROCARBONI F U E L  C E L L .  STORAG 
22175 A T E #  HYDROCARBON. F U E L  C E L L .  CARBON 
23400 C T I O N *  P U R I F I C A T I O N ,  H Y D F O C A R B O N +  F U E L *  C O S T *  PRODU 
22636 N*  P R O D U C T I O N *  S Y N T H E S I S  G A S *  HYDROCARBONI F U E L ,  O I L #  /DROGE 
10045 I O N *  P O L L U /  HYDROGEN. L I Q U I D .  HYDROCARBON. F U E L .  T R A N S P O R T A T  
23023 N I  A. METHANOL.  POWER* HYDROCARBON*  F U E L *  W A T E R *  AMMO 
234Cl E R Y .  R E F I N E R Y .  P E T R O C H E M I C A L I  HYDROCARBONI FUEL* RECOV 
23406 E R Y .  Q E F I N E R Y .  P E T R O C H E M I C A L *  HYDROCARBON. F U E L #  R E C D V  
22152 ERI  C A T A L Y S T *  A C T I V A T O R *  HYDROCARBONI G A S *  M E T H A N E *  WAT 
22625 U f  L I B R I U M I  ME/ D E C O M P O S I T I O N t  HYDROCARBON, H E A T .  R E A C T O R *  €0 
22643 T H A .  C A T A /  P A R T I A L  O X I D A T I O N .  HYDROCARBONI N A T U R A L  GAS. N A P H  
22121 Y HYDROCARBON. NUCLEAR I C A T A L Y S T  
221 53 I C A L .  HYDROGEN P/ P R O D U C T I O N .  HYDROCARBON. O L E F I N .  P E T R O C H E M  
34244 FUEL C E L L *  A C I D .  HYDROCARBON. O X I D A T I O N U  
2341 6 R E C O V E R Y  I R E F I N E R Y  t HYDROCARBON. P E T R O C H E M I C A L *  
23413 T U R E C  A D S O R P T I O N I  AMMON 14.  H Y D R O C A R B O N *  P R E S S U R E  T E M P E R A  
23402 CONOHY# S E P A R A T I O N .  HYDROCARBUN. P R E S S U R E *  C O S T *  E 
22105 F U E L  CELL. HYDROCARBON. PROCESS# 
23025 A. M E T H A N O L .  S T E A M  R E F O R M I N G I  HYDROCARBON. P U R I F I C A T I O N .  COS 
22217 D R M I N G .  O X I D A /  H Y D R O C R A C K I N G .  HYDROCARBON. P U R I F I C A T I O N .  R E F  
330 12 K I N E T I C S .  HYDROCARBONI R E A C T I O N #  
23007 S I S .  H E A T *  AMMONIA. C R A C K I N G .  HYDROCARBON. REFORMEROXYGEN*  / 
22653 HYDROCARBON. R E F O R M I N G #  
22206 HYDROCARBON. R E F O R M I N G #  
22155 C A T A L Y S T *  HYDROCARBON*  R E F O R M I N G #  
22158 FEUL C E L L .  HYDROCARBON. R E F O R M I N G #  
22 174 HYDROCARBON. S T E A M  C A T A L Y S T #  
2221 2 P A R T  I A /  HYDROGEN+ P R O D U C T f O N *  HYDROCARBON, S T E A M  REFOQMING.  
221 3 9  HYDROCARBONI STEAM. P R E S S U R E #  
22134 HYDROCARBON. S T E A M *  R E F O R M I N G #  
22 177 HYDROCARBCNI S T E A M *  P R E S S U R E #  
22233 HYDROCARBON. S T E A M Y  
22637 HYDROCARBON. STEAM*  
34029 HYDROGEN. H Y D R A Z I N E .  HYDROCARBON. T E M P E R A T U R E *  
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3 4 0 3 1  APPL I C A T  I O N *  HYDRAZ I N € .  HYDROCARBON. TFMPERATURE*  
2 2 6 3 4  TEMPERPTU/ P U R I T Y *  C A T A L Y S I S .  HYDROCARBONt WATER. MEMBRANE. 
2 2 2 1  1 C A T A L Y S T ,  HYDROCARBON* 
2 2 5 4  7 WATER* GENERATOR* HYDROCARBON* 
2 2 6 2 9  STEAM. REFORMING.  HYDROCARBON# 
222C8 REFORM1 NGI HYDROCARBON* 
3 3 0 1  1 A C T I V A T I O N .  K I N E T  I C S I  HYDROCARBON* 
3 4 2 4 8  F U E L  C E L L .  A I R .  HYDROCARBON# 
3 4 8 4 5  E F F I C I E N C Y .  HYDROCARBON* 
4 G 1 1 2  L I Q U E F  I C A T I O N .  HYDROGEN. HYDROCARBONY 
2 2 2 C 4  O X I D A T I O N .  HYDROCARBON* 
221 69 HEFOPMING.  HYDROCARBON# 
2 2 1 9 4  CATALYST .  C O M B U S T I O N *  HYDROCARBON# 
22166 F U E L  C E L L .  HYDROCARBON# 
2 2 1 4 0  REFORMING. STEAM. HYDROCARBON# 
2 2 1 5 6  P A R T I A L .  COMBUSTION*  HYDROCARBON# 
2 2 1 6 7  CATALYST .  WATER. HYDROCARBON* 
22179 CATALYST.  HYDROCARBON# 
2 2 1  7 0  PRESSURE. R E F O R M I N G *  HYDROCARBONY 
2 2 1 4 2  STEAM. REFORMING.  HYDROCARBON* 
2 2 2 0 1  C A T A L Y S T *  HYDROCARBON# 
2 2 1 8 4  C A T A L Y S T .  HYDROCARBON# 
2 2 1 8 5  STEAM* REFORMING.  HYDROCARBONU 
2 2 1 3 5  CATALYST .  HYDROCARBON# 
221 1 9  P A R T I A L  O X I D A T I O N .  HYDROCARBON* 
2 2 1 0 8  STEAM. REFORMING*  HYDROCARBON# 
2 2 1 2 6  STEAM* REFORMING.  HYDROCARBON# 
22619 P U R I T Y .  NATURAL  G A S *  NAPHTHA*  HYDROCARBON# PRODUCT I ON. 
1 0 0 7 4  OMBUSTION. ENGINE.  P O L L U T I O N .  HYDROCARBON* F U E L *  I N T E R N A L - C  
3 4 1 0 0  ATOR. E F F I C I E N C Y .  CONVERSIONI  HYDROCARBON* / a  PROCESS. GENER 
2 3 0 2 6  I T R O G E N t  D I F F U S I O N .  METHANOL. HYDROCARBON# /ON. C A T A L Y S I S ,  N 
2 3 0 2 9  GI STEAM REFORMING*  C A T A L Y S T /  HYDROCARBONS. AMMONIA. C R A C K I N  
22112 SI D E S I G N *  STEAM REFORMING.  HYDROCARBONSr CHEMICAL .  PROCES 
2 2 1 0 3  REFORMING. P A R T I A L  O X I D A T I O N .  HYDROCARBONS* COAL.  ENERGY# / 

221 0 9  HYDROGEN. PRODUCTION. HYDROCARBONS* COAL. R E S I D U E #  
22149 T l O /  SYSTEM. F U E L  C E L L S *  GAS. HYDROCARBONSI D E S I G N .  P U R I F I C A  
22603 P U R I F I C A T I O N .  CRYOGENICI  L I /  HYDROCARBONS* S T E A M  REFORMING.  
2 2 6 1 6  P U R f T Y .  NATURAL  GAS. NAPHTHA. HYDROCARBONS# 
2 2 1 1 0  REFORMING*  P A R T I A L  O X I D A T I O N .  HYDROCARBONS# STEAM 
2 2 1 5 0  CESSY PRESSUREI P U R I T Y *  HYDROCONVERSION*  CHEMICAL .  PRO 
2 2 1 2 4  HYDROCRACK* COST. F U E L #  
2 2 2 1 6  HYDROCRACK F U E L  C E L L #  
2 2 1  1 8  HYDROCRACK. P A R T I A L  O X I D A T I O N #  
2 2 1 4 6  HYDROCRACK* P A R T I A L  O X I D A T  I O N #  
2 2 1 0 6  HYDROCRACK* REFORMING,  STEAM* 
2 2 1 8 8  COMPRESSION. HYDROCRACKX 
2 2  187 R E F I N I N G *  S T E A M *  HYDROCRACK* 
2 2 6 0 7  Z A T I O N /  HYDROGEN. PRODUCTIONI  HYDROCRACKING*  HYDRO-DESULFURI  
2 2 2 1  7 R I  F I C A T I  ON* REFORMING. O X 1  DA /  HYDROCRACK ING.  HYDROCARBON* P U  
22128 REF  I N /  H Y D R O D E S U L F U R I Z A T  I O N *  HYOROCRACKINGI P E T R O C H E M I C A L S *  
22128 C K I N G t  PETROCHEMICALSI  R E F I N /  H Y D R O D E S U L F U R I Z A T I O N .  H Y D R O C R I  

2 2 1 2 7  PRODUCTION. HYDROGENATION. HYDROOESULFURIZAT ION.  P U R I T Y #  
20512 S I S .  F R E E  ENERGY*  ENTROPY*  T /  HYDROGEN PRODUCTION. ELECTROLY 



KEY WORD I N D E X  

S E C T I O N  'K' 

22153 ARRON. O L E F I N *  P E T R O C H E M I C A L O  HYDROGEN P U R I F I C A T I O N #  /HYDROC 
2 3 4 0 5  e COMPRESSOW# C O S T *  HYDROGEN*  AMMONIA. C E N T R I F U G A L  
23428 ANE. D I F F U S I O N /  P U R I F I C A T I O N t  HYDROGEN. AMMONIA. WATER. METH 
22101 C E S S Y  HYDROGEN. CARBON MONOXIDE. PRO 
22622 S. R E F I N E R Y *  P R O D U C T I O N *  HYDROGEN. C A T A L Y S T .  N A T U R A L  GA 
22013 COSTS. ECONOMICS. HYDROGEN. C O A L *  
20501 E L E C T R O L Y Z E R .  D E S I G N .  HYDROGEN* C O S T *  AMMONIA# 
10047 M I C S .  T R A N S P O R T A T I O N *  HYDROGEN* COST. NUCLEAR. ECONO 
40005 T* L I Q U I D .  HYDROGEN* CRYOGENIC.  SPACECRAF 
23204 R I A .  ANODE. N I T R O G E N *  OXYGEN. HYDROGENS CURRENT# B A C T E  
21004 T I O N #  HYDROGEN. CYCLE.  WATER. PRODUC 
10019 C T R O L Y S I S .  F U E L *  V E H I C L E  OXY/  HYDROGEN. ECONOMY* ENERGY. E L E  
10037 t E N E R G Y *  E L E C T R O L Y S I S .  P O L L /  HYDROGEN. ECONOMYI ENVIRONMENT 
10085 RCE. P R O D U C T I O N .  TECHNOLOGY./ HYDROGEN. ECONOMY. ENERGY, SOU 
10002 L. S T O R A G E *  T R A N S M I S S I O N I  U S /  HYDROGEN. ECONOMY. ENERGY, F U E  
10056 HYDROGEN. ECONOMY. ENERGYY 
10914 HYDROGEN. ECONOMY. ENERGY# 
10060 HYDROGEN*  ECONOMY. M E E T I N G #  
49008 PROPERTY.  ENTHALPY.  ENTROPY. HYDROGEN. E L E C T R I C A L  I MECHANIC 
2 5 5 0 0  AM. P R O D U C T I O N .  Z I R C O N I U M  OX/  HYDROGEN*  E L E C T R O C H E M I C A L t  S T E  
20006 AK POWER* AMMONI/  PRODUCTION. HYDROGEN. E L E C T R O L Y S I S *  OFF-PE 
20014 T I C .  A M Y O N I A *  N I T R O G E N  F E R T I *  HYDROGEN. E L E C T R O L Y S I S .  SYNTHE 
20007 ORT. E Q U I P M E N T #  PRODUCT I O N .  HYDROGEN. E L E C T R O L Y S I S .  TRANSP 
2 0 0 1 1  C E L L #  HYDROGEN. E L E C T R O L Y S I S .  S T U A R T  
20001 T I  ON. PERFORMANCE* H Y D R O G E N t  E L E C T R O L Y S I S .  PRODUC 
10072 . STORAGE. I N T E R N A L  C O M B U S T I /  HYDROGEN. E L E C T R O L Y S I S *  OXYGEN 
10003 L. S T O R A G E *  T R A N S M I S S I O N ,  U S /  HYDROGEN. E N E R G Y *  ECONOMY. F U E  
l O O O 1  D U C T I O N .  STORAGE. T R A N S M I S S I /  HYDROGEN*  ENERGY. ECONOMYI PRO 
1001 6 N S P O R T A T I O N #  HYDROGEN*  ENERGY. ECONOMY* T R A  
10050 C T R I C I T Y .  A N A L Y S I S .  F U T U R E *  / HYDROGEN*  ENERGY. ECOLOGY. E L E  
10011 L E A R t  PRODUCTION.  T R A N S M I S S I /  HYDROGEN* ENERGY. ECONOMY. NUC 
10068 S O C I E T Y  I L E G A L #  HYDROGEN. ENERGY. ENVIRONMENT.  
1 0 0 0 4  Y. S T O R A G E *  PRODUCTION.  TRAN/ HYDROGEN. ENERGY. F U E L .  ECONOM 
10008 Y. C A R R I E R .  U S E #  HYDROGEN*  ENERGY. F U E L *  ECONOM 
10005 A F E T Y .  E L E C T R O L Y S I S .  E N V I R O N /  HYDROGEN. ENERGY. F U E L .  USE, S 
1 0 0 4 2  E A R *  A P P L I C A T I O N .  U S E *  PPODU/  HYDROGEN. ENERGY. F U T U R E *  NUCL 
10030 NMENT. NUCLEAR.  ECOLOGY# HYOROGENI E N E R G Y *  F U E L .  E N V I R O  
10040 YI I N T E R M E D I A T E #  HYDROGEN. ENERGY. M ~ R K E T I  S T U D  
10036 RONMENT# HYDROGEN. ENERGY. M A R K E T *  E N V I  
10052 s C O S T *  S T O R A G E *  T R A N S M I S S I O /  HYDROGEN*  ENERGY*  MARKET. F U E L  
10035 D. ECOLOGY@ HYDROGEN. E N E R G Y *  NUCLEAR. FOO 
10049 E R *  D E C O M P O S I T I O N #  HYDROGEN. ENERGY. NUCLEAR, U A T  
10023 IUMI S Y S T E M -  T R A N S P 3 R T A T I D N #  HYDROGFNI E N E R G Y *  STORAGE. M E 0  
13031 UEL.  S Y S T E M *  S A F E T Y *  CRYDGEN/ HYDROGEN. ENERGY. S Y N T H E T I C *  F 
10033 E L .  ASSESSWENT. P O L L U T I O N *  P/ HYDROGEN. ENERGY. S Y N T H E T I C  F U  
10020 I C .  F U E L *  S Y N T H E T I C *  HYDROGEN. ENERGY. U S E *  CRYOGEN 
1 3 0 3 8  L E A R Y  HYDROGEN. ENERGY. V E H I C L E .  NUC 
10015 HYDROGEN. ENERGY# 
10017 HYDROGENI ENERGY*  
30075 ROCKET.  L I Q U I D .  HYDROGEN. E N G I N E #  
I Q ( r 2 R  I C S #  HYDROGEN*  F O S S I L  F U E L S *  ECONOM 
1 0 0 4 4  HYDROGEN. F U E L *  A U T O M O B I L E #  
10077 P E R T Y t  SAFETY.  T R A N S P O R T A T I O /  HYDROGEN. F U E L *  CRYOGENIC.  PRO 
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10055 Y. ECOLOGY. S A F E T Y *  N U C L E A R * /  HYDROGEN. F U E L .  ECONOMY* ENERG 
1 0 0 2 5  CONVERSIONI  E L E C T R O L Y S I S #  HYDROGEN* F U E L ,  ECONOMY. COAL. 
1 0 0 2 4  TRANSPORTATION.  STORAGE. I N T /  HYDROGEN* F U E L *  ECOMOMY. USE. 
1 0 0 0 0  I S S I O N .  STORAGE. U S E #  HYDROGEN. F U E L *  ENERGY. TRANSM 
1 0 0 6 2  Y HYDROGEN. FUEL .  ENERGY. P O L I C Y  
10009 Y. U S E #  HYDROGEN. FUEL.  ENERGY. ECONOM 
1 0 0 3 2  RBAN. ENERGY. E L E C T R O L Y S I S #  HYDROGEN* FUEL,  ENVIRONMENT. U 
1 0 0 4 1  ENERGY. FUTURE. P O L L U T I O N *  / HYDROGEN. FUEL .  F O S S I L S  WATER* 
1 0 0 2 1  HYDROGEN. FUEL.  F U T U R E *  
1 0 0 2 7  HYDROGEN. FUEL .  F U T U R E #  
1 0 0 3 9  CONOMY* HYDROGEN. FUEL.  HYDROCARBON. E 
4 0 0 0 0  # HYDROGEN* FUEL.  L I Q U I D .  F U T U R E  
1 3 0 7 6  R O L Y S I  S #  P O L L U T I O N t  CONTROL*  HYDROGEN. F U E L .  NUCLEAR. E L E C T  
1 0 0 6 4  N S P O R T A T I O N *  HYDROGEN* FUEL .  SYNTHET I C I  T R A  
1 0 0 6 1  . POWER* G E N E R A T I O N #  HYDROGEN. FUEL .  T R A N S P O R T A T I O N  
1 0 0 4 6  ENERGY*  A N A L Y S I S .  A L T E R N A T I V /  HYDROGEN, F U E L t  WATER* STUDY. 
1 0 0 0 7  HYDROGEN/ FUEL* 
22651 O S I T  I O N Y  ECONOMICS. HYDROGEN. GAS*  THERMAL. DECOMP 
1 0 0 6 6  FREE.  A U T O M O B I L E #  HYDROGENt G A S O L I N E *  P O L L U T I O N -  
2 2 0 0 4  F L U I D I Z E D *  COKE. HYDROGEN. GENERAT ION#  
2 2 1 4 5  # 

_- 
HYDROGEN. GENERATOR. F U E L  C E L L  

2 3 2 0 6  A N I S M *  METHANE I AMMONIA# HYDROGEN* GENERATOR, M ICRO-ORG 
3 4 0 2 9  O N *  TEMPERATURE# HYDROGEN. HYDRAZ INE .  HYOROCARB 
2 3 0 1 9  U E L  C E L L *  C A T A L Y S T *  HYDROGEM. HYDROAINE.  OXYGEN. F 
4 0 1 1 2  L I Q U E F I C A T I O N *  HYDROGENt HYDROCARBON# 
2 2 0 0 2  RCOAL. / F L U I D I Z E D  B E D *  COAL*  HYDROGEN. I N D U S T R I A L *  GAS. CHA 
3 2 3 2 1  COMBUSTIOY.  ENGINE .  E M I S S I O N /  HYDROGEN* T N J E C T I O N I  I N T E R N A L  
4 0 0 0 3  HYDROGEN. L I Q U I D I  CRYOGENIC#  
10065 ENERGY, HYDROGEN* L I Q U I D .  CRYOGENIC#  
1 0 0 4 5  F U E L t  TRANSPORTATION.  P O L L U /  HYDROGEN. L I Q U I D .  HYDROCARBONI 
2 3 2 0 8  U C T I O N #  HYDROGEN. MECHANISM. PHOTOPROD 
1 0 0 2 6  L. F U E L  C E L L S .  OXYGEN E L E C T R /  HYDROGEN. N U C L E A R *  ENERGY. F U E  
1 0 3 1 8  L E C T R O L Y S I  S #  HYDROGEN. NUCLEAR*  OFF-PEAK. E 
1 0 0 5 9  F I C I E N C Y .  P O L L U T I O N .  T U R B I N E *  HYDROGENt OXYGEN. C O N S E R V A T I O N  
2 1 0 C 9  11  CATALYST .  ECO/ PROCUDTION.  HYDROGEN. OXYGEN. CYCLE.  MARK 
2 1 0 0 8  N. CYCLE, C H E M I C A L .  R E A C T I O N /  HYDROGEN* OXYGEN* D E C O M P O S I T I O  
3 0 0 7 4  OPE/ H ISTORY.  ROCKET. L I Q U I D .  HYDROGEN. OXYGEN. F L U O R I N E ,  PR 
2 0 0 0 5  G METHO/ WATER. E L E C T R O L Y S I S *  HYDROGENI OXYGEN. M A N U F A C T U R I N  
2 1 0 0 6  CYCLE. R E A C T I O N *  HYDROGEN* OXYGEN, PRODUCTION.  
2 3 5 0 7  E L E C T R O L Y S I S .  COST. S T E A M  R E /  HYDROGEN. OXYGEN* PRODUCTION.  
1 0 0 5 8  ECONOMY# COMBUSTION.  HYDROGEN. OXYGFNt  STEAM. FUEL .  
2 0 0 1 3  0, WATER. AMMONI/  PRODUCTIO*J. HYDROGEN* OXYGEN. S U L F U R I C  A C I  
2 0 5 0 3  !A. E L E C T R O L Y S I S /  PRODUCTIOY .  HYDUOGEtv. OXYGFNI WATER* AMMON 

3 4 9 0 5  H Y O R A Z I N E *  HYDROGEN. PEROXIDE .  F U E L  C E L L #  
2 3 2 0 9  HYDROGEN. PHOTOPRODUCT I O N *  
1 9 0 2 2  HYDRCGEN* POWER. ECONOMY# 
1 0 0 0 6  ERGY. TRANSMISS ION U S E .  S A F /  HYDROGEN. P R O D U C T I Q N ~  F U E L .  E N  

2 2 0 0 6  C'3AL I G 4 S I F I C A T I O N .  HYDROGEN. PRODUCTIONI  METHANE* 
2 2 0 0 7  ALI S Y N T H E S I S  GAS. AMMONIA.# HYDROGEN. PRODUCTIONI  COST. CO 

22109 BONS. C O A L *  R E S I D U E *  HYDROGEN. PRODUCTION. HYDROCAR 
2 1 0 1 0  C L E A R *  HYDROGEN. PRODUCTION.  F U E L ,  N U  
2 1 0 0 0  . THERMAL# HYDROGtN.  PRODUCT ION.  C A T A L Y S T  
2 2 0 0 9  . S Y N T H E S I S  GAS. METHA/  COAL. HYDROGEN* PROOUCTION.  C A T A L Y S T  
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Y S I S t  D E S I G N .  COST*  HYDROGEN. PRODUCT ION. ELECTROL  
E C T R O L Y S I S .  E L E C T R I C I T Y .  NUC/ HYDROGEN. P R O D U C T I O N p  C O S T *  E L  
Y S I S .  POLYMER. FUEL.  ENERGY* /  HYDROGEN. PRODUCTION. E L E C T R O L  

Y S I S I  POLYMERY HYDROGEN. P R O D U C T I O N t  ELECTROL  

Y .  M E C H 4 N I  S M I  HYDROGEN. PRODUCTION.  R A D I  A T I O  

OX I D A T I O N .  ENERGY* HYDROGEN* PRODUCTION. OXYGEN* 
CULTURE.  E L E C T R O L Y S I S .  BACTE/  HYDROGEN* PRODUCTION. GROWTH. 

HYDROGEN. PRODUCTION. PROCESS# 
STEAM. REACTOR. PROCESS. H E A /  HYDROGEN. P R O D U C T I O N *  D E S I G N *  
EON, S T E A Y  REFORMING. P A R T I A /  HYDROGEN. PRODUCTION. HYDROCAR 
FOPMING.  P U Q I T Y *  CRYOGENICI  / HYDROGENI P R O D U C T I O N t  STEAM R E  
C K I N G *  H Y D R O - D E S U L F U R I Z A T I O N /  HYDROGEN* PRODUCTIONI  HYDROCRA 
S GPS. HYDQOCARBCIN. FUEL .  01/ HYDROGFN*  PRODUCTION. S Y N T H E S I  
ALI  P H O C E S S I  HYDROGEN* P U R I F I C A T I O N .  C H E M I C  

HYDROGEN. REFORMING, C A T A L Y S T #  
HYDROGEN. S A F E T Y *  

D U C T I O N .  D E S I G N .  CONVERSION#  HYDROGEN. STEAM REFORMING*  PRO 
C R I S I S .  SOLAR, COAL. F I S S I O N .  HYDROGEN+ STORAGE. T R A N S M I S S I O  
GY. F O S S I L .  STORAGE. ALTERNA/ HYDROGEN+ STUDY. ENERGY*  ECOLO 

I Q U I  D. COST. SYSTEM A N A L Y S I S /  HYDPOGENI STUDY. PRODUCTION. L 
HYDRCGEN*  SYNTHESIS .  GAS# 

L O G Y *  ENERGY: SYSTEM. STUDY./ HYDKOGEN+ SYNTHET IC .  FUEL .  ECO 
U R E .  ENERGY. NUCLEAR. C A R R I E /  HYDROGEN. S Y N T H E T I C .  FUEL.  F U T  
UREY HYDROGEN. S Y N T H E T I C *  F U E L  * F U T  
OGENIC .  S A F E T Y #  HYDROGEN. SYNTHET IC .  FUEL.  CRY 
G Y *  COSTSI ECONOMICS# HYDROGENI SYSTEMS. S T U D Y *  ENER 
EDER. REACTOR. SOLAR. ENERGY. HYDROGENI T R A N S M I S S I O N Y  /. RRE 
I S S I O N t  E L E C T R O L Y S I S #  HYDROGEN. U S E *  STORAGE. TRANSM 
N td HYDROGEN. U T I L I T Y .  D I S T R I B U T I O  

HYDROGEN. WATER* F U E L *  
R O P E L L A N T Y  HYDROGEN* WATER* SPACECRAFT*  P 
U C T I O N  I ENERGY. P L A S T I C S *  HYDROGENI WATEk. THERMAL. PROD 

STEAM* I R O N *  C Y C L E *  HYDROGEN# 
GENERATOR. HYDROGEN# 

I C *  L I Q U I D .  N ITROGEN.  OXYGEN. HYDROGEN* CRYOGEN 

I O U E F A C T I O N .  CASCADE. HEL IUM.  HYDROGEN# L 
T A L  S E /  OXYGEN* E L E C T R O L Y S I S .  HYDROGENATION.  F E R T I L I Z E R S .  ME 

A T I O N .  P U R I T Y *  PRODUCTION. H Y D R O G E N A T I O N *  HYDRODESULFURIZ  

C A T A L Y S T *  HYDROPHOBIC.  ELECTRODE# 
A IRCRAFT .  H Y P E R S O N I C  CRYOGENIC  COSTC 

TANK. HYPERSONIC .  A I R C R A F T *  D E S I G N *  
HYPERSONIC .  COMBUSTIONY 

A I R C R A F T *  STRUCTURAL. H Y P E R S O N I C #  
T A N K *  A IRCRAFT .  H Y P E R S O N I C #  

PURGE. A I R P L A N E .  H Y P E R S O N I C #  
AFT.  L I Q U I D *  CRYOGENICI  F U E L *  H Y P E R S O N I C #  A I R C R  

HYDROGEN. OXYGEN. C Y C L E *  MARK I. C A T A L Y S T .  ECONOMY# /DTION.  
# I G N I T I O N .  D E T O N A T I O N *  COMPUTER 

S T A B I L I T Y *  I G N I T I O N .  DRAG# 
I G N I T I O N .  M I X T U R E *  

F L A S H .  F I R E .  I G N I T I O N .  N O N M E T A L L I C *  
S I M U L A T I O N I  COMPUTER. I G N I T I O N  t N U M E R I C A L  S O L U T I O N #  

M M A B I L I T Y *  E X P L O S I O N .  SURVEY*  I G N I T I O N .  R E A C T I O N *  F L A  
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33365 I G N I T I O N I  V E L O C I T Y #  
33015 COMPUTER. S E L F - I G N I T I O N #  
32009 I N E Y  STORAGE. I M P A C T .  ECONOMIC.  H Y D R I D E .  E N G  
31010 S P E C I F I C  I M P U L S E *  THRUST, A I R F L O W *  
30053 E J E C T O R *  S P E C I F I C  I M P U L S E +  TURBOPUMPY 
30090 N A T I O N .  PERFORMANCE. S P E C I F I C  I M P U L S E *  RECOMB I 
34609 ELECTRODE.  I M P U R I T Y *  
43035 B I U M .  D I S S O C I A T I O N I  PRESSURE.  I M P U R I T Y #  / R I D E *  VANADIUMI  N I O  
52029 B R I T T L E M E N T .  H I G H  PRESSURE. / I N C O N E L  718. A L U M I N U M  2219. E M  
52014 E M B R I T T L E M E N T .  B I B L I O G R A P H Y I  I N D E X #  
33032 T R A N S I E N T .  I N D U C T  ION. SHOCK# 
33064 RATE. D E T O N A T I O N t  I N D U C T  I O N #  
22002 L U I D I Z E D  BED. C 0 4 L .  HYDROGEN. I N D U S T R t P L *  G A S *  CHARCOAL. S T E  
40001 C R Y O G E N I C t  I N D U S T R Y ,  LABORATORY# 
40006 CRYOGENIC.  L I Q U I O *  I N D U S T R Y #  
40307 C R Y O G E N I C S  DATA.  I N F O R M A T I O N #  
32024 A U T O M O B I L E .  P O L L U T I O N *  I N J E C T I O N  E N G I N E #  
3301 8 I N J E C T I O N .  C O M B U S T I O N #  
12021 r E N G I N E *  E M I S S l O N /  HYDROGEN*  I N J E C T I O N .  I N T E R N A L  C O M B U S T I O N  
30028 I N J E C T I O N .  R O C K E T *  E N G I N E *  
30029 I N J E C T I O N .  T H R U S T *  
30013 R O C K E T *  I N J E C T I O N *  
33043 E N T K A T I O N U  I N J E C T O R .  BOUNDARY L A Y E R ,  CONC 
33054 I N J E C T O R ,  COMBUSTOR. R A M J E T #  
33039 I N J E C T O R .  E F F I  C I E N C Y d  
33056 S H O C K *  I N J E C T O R *  TURBULENCE# 
30041 C O A X 1  ALI I N J E C T O R .  V A R I A B L E  T H R U S T #  
33044 T U R B U L E N C E  I N J E C T O R .  VORTEX* 
33022 PERFORMANCE. I N J E C T O R #  
51005 F L A R E .  FLOW. I N S T A B I L I T Y .  S A F E T Y *  
30034 THRUST.  XNSTAB I C I T Y l  
41003 SLUSH. I N S T R U M F N T A T I O N I  D E N S I T Y #  
41004 RAGE. FLOW# S L U S H *  I N S T R U M E N T A T I O N .  TRANSFER. S T 0  
34223 I N S T R U M E N T A T I O N #  
53010 S A F E T Y .  STORAGE TRANSFER.  I N S T R U M E N T A T I O N #  
40305 MPERATUREff  I N S T U R M E N T A T I O N *  CRYOGENICI  T E  
40405 I C A T I O N #  I N S U L A T I O N .  CRYOGENIC.  S O L I D I F  
4041 6 , T A N K *  I N S U L A T t O N *  D E N S I T Y *  L I Q U I D *  
40414 I N S U L A T I O N ,  HONEYCOMB# 
40420 E *  I N S U L A T I O N .  M U L T I L A Y E R .  STORAG 
49408 I N S U L A T I O N I  R E L I A B I L I T Y #  
404 15 L I Q U I D .  I N S U L A T Z O N I  S H U T T L E .  C O S T #  
40433 L I Q U I D .  S P A C E C R A F T *  I N S U L A T I O N .  STRUCTURE. D E S I G N .  

34645 F U E L  C E L L  I E L E C T R O L Y T E ,  I N T E R F A C E *  
52000 R. M E C H A N I C A L /  E M B R I T T L E M E N T *  I N T E R G R A N U L A R *  N I C K E L .  B E H A V I O  
10040 ROGENI ENERGY. M A R K E T *  STUDY.  I N T E R M E ~ I A T E x  H Y D  

43006 H Y D R I D E .  I N T E R M E T A L L I C *  
43009 I D E .  TEMPERATURE. A B S O R P T I O N .  1 N T . E R M E T A L L I C C  HY DR 
10024 USE. T R A N S P O R T A T I O N I  S T O R A G E *  I N T E R N A L  COMBUSTION. F U E L  C E L L  

32012 POWER* I N T E P N A L  COMBUSTION. COMPUTER* 
32019 I N T E R N A L  C O M B U S T I O N *  RESEARCH* 
32021 M I S S  I O N /  HYDROGEN. I N J E C T I O N .  I N T E R N A L  COMBUSTION. E N G I N E .  E  
32020 r E F F I C I E N C Y .  STORAGE*  I N T E R N A L  COMBUST! ON. P O L L U T I O N  
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3201 1 P O L L U T I O N S  I N T E R N A L  COMBUSTION. A M M O N I A I  
32015 U E L .  P O L L U T I O N *  E X H A U S T *  I N T E R N A L  COMBUSTION. F O S S I L .  F 
32003 * CRYOGENIC.  OXYGEN. I N T E R N A L  C O M B U S T I D N t  P O L L U T I O N  
10072 L E C T R O L Y S I  SI OXYGEN. S T O R A G E *  I N T E R N A L  COMBUSTIONMAGNETOHYDR 
1 0 0 7 4  O L L U T I O N .  HYDROCARBON# FUEL. I N T E R N A L - C O M B U S T I O N .  E N G I N E .  P 

32004 # E M I S S I O N .  ENERGY. I N T E R N A L - C O M B U S T I O N .  P O L L U T I O N  
52006 1 S T E E L .  F R I C T I O N .  I N T E R N A L .  D A M P I N G .  T E M P E R A T U R E  
34804 I O N  EXCHANGE. H Y B R I D .  H Y D R I D E C  
3 4 0 2 5  F U E L  C E L L *  I O N  EXCHANGES 
3 4 8 0 1  E L E C T R O L Y T E .  ION-EXCHANGE. P L A S T I C *  
3 4 2 5 8  F U E L  C E L L .  ION.  MEMBRANE. M I C R O B E *  
5 2 0 4 3  I O R N *  C R A C K I N G .  D I S S O L U T I O N *  
21013 . C H E M I C A L .  R E A C T I O N .  K I N E T I /  I R O N  C H L O R I D E S .  THERMODYNAMICS 
52028 IRON.  CRACK. F R A C T U R E *  
22003 STEAM. I R O N *  CYCLE.  HYDROGEN# 
5 2 9 4 2  M A T I C A L C  I R O N *  E X T R A C T I O N .  MODEL. MATHE 
52041 E M B R I T T L E M E N T .  I R O N *  P E R M E A T I O N *  
52035 D I C .  D I F F U S I O N #  IRON.  S T E E L .  ABSORPTION.  CATHO 
52026 DNR PERMEATION,  I R O N .  S T E E L .  MEMBRANE. D I F F U S I  
43010 GE, E N G I N E #  I R O N *  T I T A N I U M *  H Y O R I D E *  STORA 
33000 J E T *  A N A L Y S I S *  
33001 J E T .  PERFORMANCE* 
30045 PERFORMANCE*  J E T *  S P A C E C R A F T *  
30021 S P A C E *  S H U T T L F *  J E T *  
3 3 0 2 4  COMBUSTION. J E T *  
33038 COMRUSTIONI J E T #  
33040 COMBUSTION. J E T #  
22172 P Y R O L Y S I S *  K I N E T I C S .  F L U I D I Z E D *  
33012 N# K I N E T I C S .  HYDROCARBON* R E A C T 1 0  
3301 1 A C T I V A T I O N .  K I N E T I C S .  HYDROCARBON# 
33035 K I N E T I C S *  N O Z Z L E #  
2 2 6 4 9  K I N E T I C S I  P Y R O L Y S I S *  
2 1 0 1 2  C H E M I C A L .  STUDY. ECONOMICS.  K I N E T I C S .  THERMODYNAMICS.  D E S I  
33057  M I X I N G *  V E N T I N G .  K I N E T I C S #  
2261 1 STEAM QEFORMING. METHANE. K I N E T I C S *  
21013 D Y N A M I C S *  C H E M I C A L .  R E A C T I O N .  K I N E T I C S #  / N  C H L O R I D E S .  THERMO 
4 0 0 0  1 CRYOGENIC.  I N D U S T R Y .  L A B O R A T O R Y #  
5 0 C l l  SAFETY.  L I Q U I D .  L A B O R A T O R Y *  
4 0 4 0  1 V E S S E L *  L A M I N A T E D .  P R E S S U R E *  WELO# 
43012 RARE E A R T H #  L A N T H A N I D E .  A F F I N I T Y .  MAGNET* 
2 2 0 0 8  L A S E R .  P Y R O L Y S I S .  C O A L *  
2 2 0 1  2 L A S E R *  P Y R O L Y S I S #  
3 3 0  43 I N J E C T O R ,  BOUNDARY L A Y E R .  C O N C E N T R A T I O N #  
51 007 S P A C E C R A F T *  HAZARD, L E A K ,  D E T E C T I O N #  
51099 SAFETY.  L E A K .  F I R E .  D E T E C T  ION.  R E V I E W #  
50014 SAFETY.  M A N U A L *  LEAKAGE,  D E S I G N #  
10068 E N E R G Y *  ENVIRONMENT.  S O C I E T Y .  L E G A L #  HYDROGEN. 
40302 SENSOR. L I Q U I D - L E V E L #  
51014 SAFETY.  E X P L O S I O N ,  L I A U I O .  C R I T E R I A #  
34233 L I F E *  M A T R I X #  
2 3 6 3 5  ANTUM* Y I E L D *  PHOTOCHEMISTRY.  L I G H T C  QU 
3 4 2 6 7  F U E L  C E L L .  L I G H T W E I G H T .  RECHARGEABLER 
5 1 0 5 1  F L A M M A B I L I T Y .  L I M I T .  A I R .  OXYGEN. P R E S S U R E #  
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5 1 0 0 3  E X P L O S I O N .  L I M I T .  C A L C U L A T I O N .  D I F F U S I O N *  
51 0 0 4  EXPLOSIONI  L I M I T ,  TEMPERATURE*  
4 0 1 0 0  HYDROGEN# L I Q U E F A C T I O N .  CASCADE. H E L I U M *  
4 0 1 0 1  NGERX L I Q U E F A C T I O N ,  COST. H E A T  EXCHA 
401 06 L I Q U E F A C T I O N .  E X P A N S I O N *  
4 0 1 0 4  N I T R O G E N *  L I Q U E F A C T I O N .  H E A T  EXCHANGER, 
4 0 1 0 2  TORAGE* COST*  L I Q U E F A C T I O N .  H E A T  T R A N S F E R *  S 
4 0 1 0 3  N. COMPRESSION# L I O U E F A C T I O N .  H E L I U M *  E X P A N S I O  
2 2 6 0 3  ING. P U R I F I C A T I O N I  CRYOGENIC.  L I Q U E F A C T I O N .  STORAGE. D I S T R I B  
4 0 5 1 1  TRANSFER*  P I P E .  L I Q U E F A C T I O N #  
40109 L I Q U E F I C A T I O N .  COST. P A T E N T Y  
4 0 1 1 2  CARBON# L I O U E F  I C A T I O N .  HYDROGEN* HYDRO 
40111 L I Q U E F  I C A T I O N  t PARAHY DROGEN* 
4 0 1 0 5  L I Q U E F I C A T I O N .  PARAHYDROGEN* 
40107 L I Q U E F I C A T I O N *  P R O C E S S 6  
40108 RMODYNAMICS# L I Q U E F  I C A T  I O N *  S P A C E C R A F T *  T H E  
40 11 3 O R T A T I O N #  L I Q U E F I C A T I O N  I STORAGE*  TRANSP 
4 0  3 0 2  SENSOR* L I Q U I D - L E V E L *  
4 0 5 0 9  EJECTOR.  PUMP. L I Q U I D ,  A N A L Y S I S *  
10012 HYDROGENt STUDYI PRODUCTION.  L I Q U I D *  COST. SYSTEM A N A L Y S I S #  
3 1 0 1 5  S O N I C #  A I R C R A F T .  L I Q U I D .  CRYOGENIC.  F U E L .  HYPER 
1 0 0 6 5  ENERGY. HYDROGEN. L I Q U I D *  CRYOGENIC#  
4 0 0 0 3  HYDROGEN. L I Q U I D .  C R Y O G E N I C #  
4 0 3 0  1 D E N S I T Y .  L I Q U I D .  C R Y O G E N I C *  
4 0 6 0 4  SHUTTLE.  L I Q U I D .  D I S T R I B U T I O N #  
10079 NERGY. T R A N S M I S S I O N *  STORAGE. L I Q U I D .  ECONOMICS. CRY0GENIC .S  
3 0 0 0 0  L I Q U I D I  E N G I N E *  SPACE*  
5 0 0 0  1 SAFETY .  L I Q U I D .  F I R E .  A S P H Y X I A T I O N #  
3 1 0 1 7  F /  F U E L .  TRANSPORT. A I R C R A F T .  L I Q U I D +  FUTURE. PETROLEUM.  P E R  
4 0 0 0 0  HYDROGEN* F U E L *  L I Q U I D .  F U T U R E *  
5 1 0 0 2  SAFETY.  STORAGE. H A N D L I N G *  L I Q U I D  G A S *  E X P L O S I O N #  
2 3 0 0 6  L I Q U I D ,  GENERATOR* 
5 0 0 0 6  S P A C E C R A F T r  F U E L *  L I Q U I D *  H A N D L I N G .  S A F E T Y #  
5 0 0 0 5  S A F E T Y *  STANDARD. COMMEPCIAL.  L I Q U I D .  H A N D L I N G *  
4 0 4 0 9  L I Q U I D *  H A Z A R D S  
1 0 0 4 5  NSPORTAT ION.  P O L L U /  HYDROGEN. L I Q U I D +  HYDROCARBONI FUEL.  T R A  
4 0 0 0 5  PACECRAFT*  L I Q U I D .  HYDROGEN. CRYOGENIC.  S 
3 0 0 7 5  ROCKET. L I Q U I D .  HYDROGEN. E N G I N E *  
3 0 0 7 4  R I N E .  PROPE/ H ISTORY.  ROCKET.  L I Q U I D .  HYDROGEN. OXYGEN. F L U 0  
4 0 0 0 6  C R Y O G E N I C *  L I Q U I D *  I N D U S T R Y #  
4 0 4 1 5  OST*  L I Q U I D .  I N S U L A T I O N .  SHUTTLE .  C 
5 0 0 1  1 SAFETY.  L I Q U I D *  LABORATORY#  
4 0 0 0 2  OGEN* C R Y O G E N I C *  L I Q U I D *  N ITROGENI  OXYGEN. HYDR 
4 1 0 1 2  C O N D U C T I V I T Y *  S O L I D .  L I Q U I D ,  PARAHYDROGEN* 
4 0 5 0 2  O I L I N G *  L I Q U I D .  PUMP. H E A T  TRANSFER. B 

5 3 C 0 0  EN L I Q U I D *  S A F E T Y *  CONTROL. DAMAG 
5 0 0 0 9  L I Q U I D .  S A F E T Y  1 F I R E I  
4 1 0 0 1  G E N E R A T I O N *  L I Q U I D .  SLUSH. FLOW* G U A L I T Y .  
4 0 5 0 4  CEf f  L I Q U I D .  SLUSH. PUMP. PERFORMAN 
4 0 3 0 4  L I Q U I D I  S O L I D .  PARAHYDROGENC 
4 0 4 0 3  N S U L A T I O N .  STRUCTURE. D E S I G N .  L I Q U I D *  SPACECRAFT*  I 
5 0 0 1 6  L I Q U I D I  SYSTEM. S A F E T Y *  
4 0 4 2 2  VENT. L I Q U I D I  TANK. A N A L Y S I S #  



KEYWORD 1 NDEX 

S E C T I O N  'K * 

40 50 7 PUMP+ L I Q U I D *  TEST.  E F F I C I E N C Y *  
40419 E X P U L S I O N .  L I Q U I D .  T E S T #  

40602 L I Q U I D I  T R A N S F E R *  SYSTEM# 
40416 TANK.  I N S U L A T I O N .  D E N S I T Y .  L I Q U I D #  
50008 . C R Y O G E N I C .  COMPRESSED. G A S *  L I Q U I D #  S A F E T Y  
40601 T R A N S P O R T A T I O N *  STORAGE. L I Q U I D #  
4 0 4 1  7 S T R A T I F I C A T I O N .  T A N K *  L I Q U I D *  
4 0 4 0 2  I R C R A F T .  THERMAL.  PROTECTION.  L I Q U I D #  A  
4 0 4 2  1 SPACECRAFT.  STORAGE. L I Q U I D *  
90503 PUMP. HEAT.  L I Q U I D #  
52048 # LOAD.  E M B R I  TTLEMENT.  D I F F U S I O N  
30060 THRUST. LOAD.  E N G I N E *  
34829 D E S I G N .  MODULAR. L O A D Y  
40505 PUMP. B E A R I N G .  WEAR. L U B R I C A T I O N #  
34623 I T Y .  POWER*  WATER. CRYOGENIC,  L U N A R *  E L E C T R I C  
4 3 0 1 2  L A N T H A N I D E *  A F F I N I T Y .  M A G N E T *  R A R E  E A R T H *  
50014 S A F E T Y *  M A N U A L  I L E A K A G E .  D E S I G N #  
3 1 0 1 4  MANUFACTURE. ENERGY. A I R C R A F T *  
22129 SSURE, REFORMER# MANUFACTURE. P U R I T Y .  COST. P R E  
3401 1 POWER. ELECTRODEI M A N U F A C T U R E #  
20005 E C T R O L Y S E S ,  HYDROGEN. OXYGEN. M A N U F A C T U R I N G  METHODSOPERATION 
10070 Ye WASTE/  T 6 R R E S T R I A L .  S P A C E *  M A R I N E .  H E A T *  ALGAE. E F F I C I E N C  
21009 I O N .  HYDROGEN. OXYGEN. CYCLE.  MARK 1. C A T A L Y S T .  ECONOMY* /DT 
10067 I O N *  T R A N S P O R T A T I O N .  S T O R A G E *  MARKET. C H E M I C A L .  R E F I N I N G .  U T  
13036 HYDROGEN. ENERGY. M A R K E T *  E N V I R O N M E N T S  
13052 R A N S M I S S I O /  HYDROGEN. E N E R G Y *  MARKET.  F U E L .  COST, STORAGE. T  
10040 HYDROGEN. E N E R G Y *  MARKET.  S T U D Y *  I N T E R M E D I A T E #  
3 4 8 4  8 A I R .  M I R K E T .  V E H I C L E S *  
52037 v E M B R I T T L E M E N T .  D I S L O C A T I O N I  M A R T E N S I T E #  S T E E L *  S T A I N L E S S  
5 2 3 4 2  I R O N *  E X T R A C T I O N .  MODEL*  M A T H E M A T I C A L *  
34235 E L E C T R O L Y I S I e  M A T R I X *  D E S I G N #  
3 4 2 3 6  E L E C T R O D E  M A T R I X  E L E C T R O L Y S I S #  
3 4 6 0 5  C A T A L Y S T *  M A T R I X .  P O L A R I Z A T I O N #  
34233 L I F E *  M A T R I X *  
34631 A L K A L I N E .  M A T R I  X #  
20508 E L E C T R O L Y f E t  N I C K E L *  M A T R I X *  
45300 FLOW. CRYOGENIC.  MEASUREMENT*  S L U S H #  a 

4 5 3 0 3  FLOW+ MEASUREMENT* 
4021 4 C R Y O G E N I C .  T H E R M A L *  MEASUREMENTS# 
5 2 0 5 0  P R O P E R T Y *  M E C H A N I C A L *  A L L O Y *  
40008 NTROPY. HYDROGEN*  E L E C T R I C A L *  M E C H A N I C A L .  O P T I C A L .  TRANSPORT 
5 2 0 5 5  R E S S U R E *  T E M P E R A T U R E *  M E C H A N I C A L .  PROPERTY. METAL. P 

5 2 0 2 4  B R I T T L E M E N T .  PRESSURE.  S T E E L *  M E C H A N I C A L *  EM 
52000 ERGRANULAR. N I C K E L  I B E H A V I O R .  M E C H A N I C A L *  / M B R I T T L E M E N T *  I N T  
2320 8 HYOROGENI MECHANISM.  P H O T O P R O D U C T l O N #  
5 2 0 1 3  I F F U S I O N #  E M B R I T T L E M E N T .  M E C H A N I S M *  S T E E L S .  S T R E N G T H *  D  
2 3 2 0 3  CARBON D I O X I D E .  M E T A B O L I S M *  MECHANISMI SUGARY 
2 3 6 0 1  ROGEN, P R O D U C T I O N .  R A D I A T I O N .  MECHANISM* H Y D  
52051 B R I T T L E M E N T *  S T E E L .  FRACTURE,  M E C H A N I S M *  E M  
52039 E M B R I T T L E M E N T .  METAL.  M E C H A N I S M #  
2 3 6 0 2  U R E *  C A T A L Y S T .  P H O T O C H E M I C A L .  M E C H A N I S M #  / X I D A T I O N e  TEMPERAT 
1 0 0 2 3  C HYDROGEN. E N E R G Y *  STORAGE*  M E D I U M .  SYSTEMI T R A N S P O R T A T I O N  
10060 HYDROGENI ECDNOMYI M E E T I N G #  
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52026 P E R M E A T I O N .  I R O N .  S T E E L .  MEMBRANE* D I F F U S I O N *  
2341 7 A 0  IUM. P R E S S U R E  s TEMPERATURE.  MEMBRANE* E L E C T R O L Y S I S #  / P A L L  
34005 MEMBRANE. E L E C T R O L Y T E #  
3421 1 MEMBRANE* G E N E R A T I O N *  
23420 S. ADSORPTION.  / PUR I F  I C A T  I O N .  MEMBRANE. M E T A L  F I L M  I C A T A L Y S I  
52040 P E R M E A T I O N .  R A T E *  MEMBRANE. METAL. D I F F U S I O N #  
3 4 2 5 8  F U E L  C E L L .  I O N .  MEMBRANE. M l C R O B E #  
3400 3 R E A C T I O N *  MEMBRANE. N I C K E L #  
2 3 4 1 5  ROCARBON. AMMONIA/  P A L L A D I U M .  MEMBRANE* S T E A M  R E F O R M I N G *  H Y D  
2 2 6 3 4  A T A L Y S I S .  HYDROCARBON. WATER. MEMBRANE. TEMPERATURE# / I T Y 1  C 
3 4 0 2 8  R E A C T I O N .  MEMBRANE. WATERY 
3 4 2 3  1 MEMBRANE* 
34036 Y N A M I C S .  E L E C T R O D E *  C A T A L Y S T .  MEMBRANE* THERMOO 
34610 TEMPERATURE. P O R O S I T Y .  MEMBRANE# 
2 3 4 0 8  S E P A R A T I O N .  MEMBRANE# 
23203 CARBON D I O X I D E I  M E T A B O L I S M *  M E C H A N I S M *  SUGARU 
23207 A N A E R O B I C .  ENERGY. M E T A B O L I S M t  M I C R O - O R G A N I S M #  
2 3 4 2 0  ION./  P U R I F I C A T I O N .  MEMBRANE. M E T A L  F I L M .  C A T A L Y S I S *  AOSORPT 
2 0 0 1 5  r H Y D R O G E N A T I O N *  F E R T I L I Z E R S .  M E T A L  SEMICONDUCTOR# I T R O L Y S I S  
5 2 0 2 5  EMBR I T T L E M E N T .  P R E S S U R E  GAS. METAL.  A L L O Y #  
41016 METAL.  CONOUCTORU 
52002 E M B R I T T L E M E N T .  M E T A L *  CRACK. A I R .  P U R X T Y U  
41015 # METAL.  O E N S I T Y .  SUPERCONDUCTOR 
5 2 0 4 0  P E R M E A T I O N .  R A T E .  MEMBRANEI METAL.  D I F F U S I O N #  
43038 H Y O R I D E I  METAL.  ENERGY. S T O R A G E *  F U E L *  
4301 1 H Y D R I D E t  METAL.  FUEL.  E N G I N E *  STORAGE# 
5 2 0 3 9  E M B R I  T T L E M E N T .  METAL. M E C H A N I  SMY 
5201 1 E M B R I T T L E M E N T .  METAL,  NONFERROUS. S T R U C T U R E *  
52005 THERMODYNAMICS# METAL.  P E R M E A T I O N S  S O L U B I L I T Y I  
41013 M E T A L *  P R E S S U R E *  P L A N E T #  
41017 M E T A L *  PRESSURE. PROPERTYU 
5 2 0 5 5  M E C H A N I C A L .  PROPERTY.  METAL.  P R E S S U R E *  TEMPERATURE# 
4 3 0 0 1  B I U M #  H Y D R I D E .  R E A C T I O N ,  METAL.  PRESSURE. VANADIUM.  N I O  
41014 METAL.  P R E S S U R E #  
52032 S U R E #  D I F F U S I O N .  M E T A L *  RATE.  TEMPERATURE. P R E S  
52009 P E R M E A T I O N *  E M B R I T T L E M E N T .  METAL. S O L U B I L I T Y *  
52057 RAFT.  P E R M E A T I O N .  P R O P E L L A N T I  M E T A L *  SPACEC 
52033 CECRAFT.  F A I L U R E .  P R E V E N T I O N *  M E T A L *  E M B R I T T L E M E N T .  S P A  
22102 A T I O N *  R E F O R M I N G *  CONVERSION.  M E T H A N A T I O N *  C A T A L Y S I S .  P O I S O N  

2 2 1 8 2  L Y S T *  M E T H A N A T I O N .  HYDROCARBON. C A T A  
22111 ROCARBON. FUEL C E L L .  PROCESS. M E T H A N A T I O N .  P O I S O N I N G #  HYO - 

22151 . CONVERSIONI  D E S U L F U R I Z A T I O N  M E T H A N A T I O N *  / C T I O N .  R E F O R M I N G  
23206 NI GENERATOR*  M I C R O - O R G A N I S M *  METHANE, AMMONIA*  H Y  DROGE 

2264 1 M E T H A N E *  C A T A L Y S T *  
22646 C A T A L Y S T .  METHANE. D E C O M P O S I T I O N #  
2 3 4 2 8  ON. HYDROGEN. A M M O N I A *  WATER. M E T H A N E *  D I F F U S I O N *  P A L L A D I U M #  

2261 1 STEAM REFORMING."ETHANE, KINETICS* 
22000 AS. / R E A C T I O N .  G A S I F I C A T I O N * - M E T H A N E .  METHANOL. S Y N T H E S I S  G 
2 3 4 2 3  ON. S E P A R A T I O N t  C O N D E N S A T I O N S  M E T H A N E *  R E C Y C L E #  R E F R I G E R A T I  
2 2 6 2 5  s HEAT.  REACTOR. E Q U I L I B R I U M .  METHANE. TEMPERATURE*  /OCARBON 
22152 V A T O R #  HYOROCARBONI GAS. METHANE. WATER* C A T A L Y S T ,  A C T 1  
22001 R E A C T I O N v  G A S I F I C A T I O N t  METHANE*  
2 2 6 2 3  YST. OECOMPOSI  T I O N .  C R A C K 1  N G t  METHANE* C A T A L  
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23435 ON. N ITROGEN.  AMMONIA.  WATER. M E T H A N E #  P U R I F I C A T I  
33027 COMBUSTION. M E T H A N E *  
22006 C A T I O N .  HYDROGEN. P e O D U C T I O N .  M E T H A N E C  COAL.  G A S I F I  
22009 I O N *  C A T A L Y S T *  S Y N T H E S I S  GAS*  M E T H A N E *  /L. HYDROGEN, PRODUCT 
34835 F U E L  C E L L *  M E T H A N O L *  AMMONIA. ADSORPT I O N #  
34828 METHANOL.  C A T A L Y S T .  E N E R G Y 1  
34827 METHANOL.  C A T A L Y S T *  B A T T E R Y *  
23009 . REFORMER. H E A T *  C A T A L Y S I S *  METHANOL.  D I F F U S I O N .  P A L L A D I U M  
10081 L. ENERGY*  METHANOL.  ECONOMY. E N G I N E .  F U E  
23026 T A L Y S I S .  N I T R O G E N .  D I F F U S I O N I  M E T H A N O L *  HYDROCARBON* /DN. CA 
23023 CARBON. FUEL* WATER. AMMONIA. M E T H A N I X ,  POWER* HYDRO 
23025 ROCARBON./ CRACKING.  A M M O N I A *  METHANOL I S T E A M  REFORMING.  H Y D  
22000 C T I O N .  G A S I F I C A T I O N *  METHANE. METHANOL.  S Y N T H E S I S  GAS. ENERG 
2301 3 F U E L  C E L L  I METHANOL*  
2301 2 F U E L  CELL.  METHANOL*  
10033 L L U T I O N .  P R O D U C T I O N ,  STORAGE. M E T H A N O L *  /UEL.  ASSESSMENT. P O  
29005 DROGEN* OXYGEN. M A N U F A C T U R I N G  METHODSOPERATION.  COSTS. S A F E T  
23205 TERYU MICRO-ORGANISM.  FUEL C E L L *  B A T  
23206 I A Y  HYDROGEN* GENERATOR*  MICRO-ORGANISM.  METHANE. AMMON 
23207 N A E R O B I C .  ENERGY I M E T A B O L I S M *  M I C R O - O R G A N I  SM# A 
34258 F U E L  C E L L .  I O N .  MEMBRANE* M I C R O B E #  
2201 1 G A S I F I C A T I O N .  F O S S I L *  F U E L *  M I C R D W A V E Y  
3401 0 M I G R A T I O N I  B U F F E R #  
3481 9 D E S I G N .  POWER* M I L I T A R Y #  
33055 M I X I N G .  CDNCENTRATPON*  SHOCK* 
33041 M I X I N G .  T R A N S P O R T *  S U B S O N I C #  
33057 M I X I N G .  V E N T I N G .  K I N E T I C S #  
3201 0 PERFORMANCE. M I X T U R E .  P O L L U T I O N #  
30032 I G N I T I O N I  M I X T U R E #  
33014 MODEL*  C O M P U T E R *  R E A C T I O N #  
34037 M O D E L *  F U E L  C E L L C  
52042 I R O N .  E X T R A C T 1  ON. M O D E L *  M A T H E M A T I C A L #  
3450 1 H U M I D I T Y *  T R A N S I E N T .  MODEL# 
22620 OCARBON. D E C D N P O S I T I O N I  C O K E *  MODEL# HYDR 
32000 P O L L U T I O N .  E N V I R O N M E N T *  M O D I F I C A T I O N .  COST. E M I S S I O N *  
34829 O E S I  GN. MODULAR. L O A D #  
3461 7 F U E L  C E L L *  E L E C T R O D E *  M O D U L E #  
200 17 E L E C T R O L Y S I S .  WATER* MODULE* 
34830 TEMPERATURE. M O I S T U R E .  REFORMER# 
34505 F U E L  C E L L .  M O I S T U R E .  REMOVAL*  
34006 A C I D *  A L K A L I N E .  M O L T E N  S A L T *  
22101 HYDROGEN. CARBON M O N D X I  DEI PROCESS*  
22193 F U E L  C E L L .  REFORMER. CARBON M O N O X I D E #  
30054 S T U D Y *  ROCKET.  MOTOR* 
40420 I N S U L A T I O N .  M U L T I L A Y E R .  STORAGE. 
22643 O N *  HYDROCARBON. N A T U R A L  GAS. NAPHTHA. C A T A L Y S T .  H E A T #  / O A T 1  
2220 5 NAPHTHA, C A T A L Y S T *  
22173 S T E A M *  NAPHTHA.  C A T A L Y S T #  
22616 P U R I T Y .  N A T U R A L  GAS. NAPHTHA. HYDROCARBONS# 
22619 D U C T I O N *  P U R I T Y .  N A T U R A L  GAS. NAPHTHA.  HYDROCARBON# PRO 
22609 N A T U R A L  GAS, NAPHTHA,  P R O C E S S *  P U R I T Y #  
22104 REFORMING. N A P H T H A #  
22605 E P A R A T I O N I  C O S T *  N A T U R A L  GAS. N A P H T H A C  /MONIA.  PRODUCTIONI  S 
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50004 PRESSURE. S A F E T Y ,  N A R C O T I C #  
3421 5 F U E L  C E L L .  C A T A L Y S T .  N A T U R A L  GAS. A C I D *  
22619 EON* PRODUCTIONI  P U R I T Y *  N A T U R A L  G A S *  NAPHTHA. HYDROCAR 
22609 P U R I T Y *  N A T U R A L  GAS. N A P H T H A *  P R O C E S S *  
22643 R T I A L  O X I D A T I O N .  HYDROCARBON. N A T U R A L  G A S *  NAPHTHA. C A T A L Y S T  
22616 EONS# P U R I T Y .  N A T U R A L  GAS. NAPHTHA. HYDROCAR 
2 2 6 0 5  P R O D U C T I O N *  S E P A R A T I O N .  COST. N A T U R A L  GAS. N A P H T H A *  / M O N I A r  
22622 O D U C T I O N .  HYDROGEN. C A T A L Y S T .  N A T U R A L  GAS. R E F I N E R Y *  P R  
52000 E M B R I T T L E M E N T .  I N T E R G R A N U L A R *  N I C K E L .  B E H A V I O R .  M E C H A N I C A L *  / 
3481 1 N I C K E L .  ELECTRODE.  C O R R O S I O N *  
20508 E L E C T R O L Y T E .  N I C K E L .  M A T R I X *  
34806 E F F I C I E N C Y .  N I C K E L .  S I L V E R .  C A T A L Y S T *  
22160 C A T A L Y S T *  N I C K E L  r S T E A M *  
3 4 8 1 4  E L E C T R O L Y  ZER. N I C K E L #  
3461 4 N I C K E L *  
52044 R A C K I N G *  P R O T E C T I O N .  C O A T I N G .  N I C K E L *  S T E E L .  C 
34003 R E A C T I O N *  MEMBRANE*  N I C K E L *  
43005 E. I M P U R I /  H Y D R I D E .  V A N A D I U M .  N I O B I U M *  D I S S O C I A T I O N .  PRESSUR 
52036 E M B R I T T L E H E N T *  TEMPERATURE.  N I O B I U M .  V A N A D I U M *  
43001 N t  METAL.  P R g S S U R E *  V A N A D I U M .  N I O B I U M #  H Y D R I D E .  R E A C T 1 0  
3 2 0 2 3  PERFORMANCE. N I T R I C  O X I D E *  E N G I N E *  
20014 T R O L Y S I S .  S Y N T H E T I C .  AMMONIA.  N I T R O G E N  F E R T I L I Z E R *  / E N +  E h E C  
23435 A N E *  P U R I F I C A T I O N *  N ITROGENI  AMMONIA.  WATER*  M E T H  
23026 H Y /  D I S S O C I A T I O N .  C A T A L Y S I S *  N I T R O G E N .  D I F F U S I O N .  METHANOL. 
2 3 2 9 4  RRENTY B A C T E R I A *  ANODE* N I T R O G E N .  OXYGEN. HYDROGEN. C U  
4 9 0 0 2  C R Y O G E N I C *  L I Q U I D .  N I T R O G E N *  OXYGEN. HYDROGEN* 
23419 t F R A C T I O N A T I O N #  N I T R O G E N .  P R E S S U R E *  S E P A R A T I O N  
40104 L I Q U E F A C T I O N ,  H E A T  EXCHANGER. N I T R O G E N #  
2 3 4 2 1  TURE. C O N D E N S A T I O N A B S O R P T I O N I  N I T R O G E N *  / A S *  H E L I U M *  TEMPERA 
2 3 0 1 1  O N I A .  REACTOR. D E C O M P O S I T I O N I  N I T R O G E N I  / S I S .  O X I D A T I O N *  AMM 
31007 PAYLOAD.  RANGE. C O S T *  N O I S E *  
5201 1 E M B R I T T L E M E N T .  METAL.  NONFERROUS. STRUCTURE# 
5 1 3 0 8  F L A S H .  F I R E .  I G N I T I O N .  N O N M E T A L L I C #  

33025 N O Z Z L E  + T R A N S I E N T *  
30033 ROCKET.  N O Z Z L E *  
33061 COMPUTER. N O Z Z L E *  
33035 K I N E T I C S .  N O Z Z L E #  
20511 T. E L E C T R O L Y S I S t  E L E C T R I C I T Y .  N U C L E A R  POWERY /RODUCTION.  COS 
10042 DU/  HYDROGEN. ENERGY. F U T U R E *  N U C L E A R *  A P P L I C A T I O N .  U S E *  PRO 
10034 T H E T  I C .  F U E L *  FUTURE.  ENERGY I NUCLEAR. C A R R I E R  ECONOMY# / S Y N  
2 2 1 2 1  HYDROCARBON. NUCLEAR, C A T A L Y S T *  
19055 OMY. ENERGY. ECOLOGY. S A F E T Y *  NUCLEAR. C O A L #  /EN. F U E L *  ECON 
2 0 0 1 3  WATER. A M M O N I A * E L E C T R O L Y S I S *  NUCLEAR. CURRENT D E N S I T Y *  / I D .  
10030 N. E N E R G Y *  F U E L .  E N V I R O N M E N T .  NUCLFAR. ECOLOGY*  HYDROGE 
1 0 3 0 7  T I O N #  HYDROGEN. C O S T *  N U C L E A R *  ECONOMICS.  TRANSPORTA 
10076 I O N .  CONTROL. HYDROGEN. F U E L .  NUCLEAR. E L E C T R O L Y S I S *  P O L L U T  

2 3 0 1 5  N U C L E A R *  ENERGY. CARBONATE*  
10026 L L S ,  OXYGEN E L E C T R /  HYDROGENI N U C L E A R *  ENERGY. F U E L .  F U E L  C E  
1 0 0 3 5  HYDROGEN* ENERGY. NUCLEAR. FOOD. ECOLOGY* 

22639 NUCLEAR. HEAT.  R E F O R M I N G f f  
2 1 0 1 4  ERMODYNAMICS.  CYCLE.  PROCES,Ss NUCLEAR. HEAT.  WATER* S P L I T T I N  
1 0 0 1 8  S* HYDROGEN*  N U C L E A R *  OFF-PEAK.  E L E C T R O L Y S I  
10057 M P O S I T I O N .  HEAT. G A S /  ENERGY. NUCLEAR. OXYGEN. REACTOR. DECO 
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10011 I/ HYDROGEN, ENERGY. ECONOMY. NUCLEAR.  PRODUCTION.  T R A N S M I S S  

30004 GAS. NUCLEAR. REACTOR*  
30007 NUCLEAR.  R O C K E T #  
30005 GAS. NUCLEAR.  R O C K E T #  
30009 T U R B I N E .  NUCLEAR. R O C K E T #  
30008 T U R B I N E +  N U C L E A R .  R O C K E T *  
30003 NUCLEAR.  Q O C K E T I  
10046 E N E R G Y *  A N A L Y S I S .  A L T E R N A T I V E * N U C L E A R .  S A F E T Y .  T R A N S P O R T A T I O  
10054 L. E N G I N E .  P O L L U T I O N ,  OXYGEN. NUCLEAR.  STORAGE. S A F E T Y #  F U E  
21016 . S P L I T T I N G ,  TECHNOLOGY. E F F /  N U C L E A R .  T H E R M O C H E M I C A L *  WATER 
21002 . E F F I C I E N C Y #  N U C L E A R *  WATER* CYCLE.  THERMAL 
10 049 HYDROGEN* ENERGY. NUCLEAR.  WATER. D E C O M P O S I T I O N *  
10080 F U E L *  WATER. N U C L E A R #  
10038 HYDROGEN. ENERGY. V E H I C L E I  N U C L E A R *  
21010 HYDROGEN*  P R O D U C T I O N I  FUEL* N U C L E A R #  
23018 PROCESS. N U C L E A R Y  
40203 B O I L I N G *  CONVECTIONI  N U C L E A T E *  
33C09 CHAMBER. VENT. EXHAUSTI  N U M E R I C A L  S O L U T l O N Y  
33002 R E A C T I O N .  TEMPERATURE*  N U M E R I C A L  S O L U T l O N A  
3300 1 N U M E R I C A L  S O L U T I O N *  
33063 M U L A T I O N I  COMPUTERI I G N I T I O N I  N U M E R I C A L  S O L U T I O N #  S I 
20006 T I O N *  HYDROBENI E L E C T R O L Y S I S 9  O F F - P E A K  POWER. A M M O N I A v O X Y G E N  
i o o ~ a  HYDROGEN, NUCLEAR. OFF-PEAK. ELECTROLYSIS* 
34807 STORAGE 9 POWER* O F F - P E A K *  
22606 H E S I  S GAS. HYDROCARBON. F U E L *  O I L *  /DROGEN. PRODUCT ION.  S Y N T  
221 53 N P/ PRODUCTICiN.  HYDROCARBONI O L E F  IN. P E T R O C H E M I C A L .  HYDROGE 
22133 C O S T #  D E S I G N .  O P E R A T I O N .  REFORMER* REACTOR. 
3461 3 F U E L  C E L L .  ANODE* O P E R A T I O N #  
40008 OGENI E L E C T R I C A L .  M E C H A N I C A L .  O P T I C A L *  T R A N S P O R T #  /OPY. HYDR 
30068 PERFORMANCE. O P T I M I Z A T I O N .  WEIGHTY 
31009 C O O L I N G .  O P T I M I Z A T I O N #  
31 004 SUPERSONIC.  O P T I M U M .  STUDY. ENERGY*  
23205 MICRO-ORGANISM. F U E L  C E L L ,  B A T T E R Y Y  
23206 HYDROGEN. GENERATOR*  M I C R O - O R G A N I S M *  METHANE. AMMONIA*  
23207 I C p  E N E R G Y *  M E T A B O L I S M .  M I C R O - O R G A N I S M #  ANAEROB 
30043 TANK. S L O S H I N G .  O S C I L L A T I O N *  
23011 E C O H P O S I T /  P U R I T Y  t C A T A L Y S I S  t O X I D A T I O N .  AMMONl A*  REACTOR*  D 
34609 ELECTRODE.  O X I D A T I O N .  C A T A L Y S T *  
22116 L C E L L *  C O N V E R S I O N I  REFORMER, O X I D A T I O N .  C A T A L Y S T *  F U E  
22199 RURNER. O X I D A T ~ O N I  C A T A L Y S T #  
22635 ROCARBON, C O N V E R S I O N *  P A R T I A L  O X I D A T X O N t  ECONOMY# /MING. H Y D  
23604 HYDROGEN9 PRODUCTION.  OXYGEN. O X I D A T I O N t  ENERGYX 
22141 P A R T I A L  O X I D A T I O N .  F U E L  C E L L *  
22204 O X I D A T I O N .  HYDROCARBONY 
22100 E N /  S T E A M  R E F O R M I N G *  P A R T I A L  O X I D A T I O N I  HYDROCARBONS* C O A L *  
221 10 S T E A M  R E F O R M I N G *  P A R T I A L  O X I D A T I O N .  HYDROCARBONS* 
22119 P A R T I A L  O X I D A T I O N .  HYDROCARBONY 
22643 L GAS. N A P H T H A *  C A T A /  P A R T I A L  O X I D A T I O N I  HYDROCARBON. N A T U R A  
22219 P A R T I A L  O X I D A T I O N .  P O L L U T I O N .  PROCESS*  
2261 8 PRESSURE. O X I D A T I O N .  R E F O R M I N G #  
34027 O X I O A T I O N I  RESEARCH# 
22218 ORMINGI PRODUCTION.  / P A R T I A L  O X I D A T I O N .  R E S I D U E *  STEAM. R E F  
23607 A T E R #  PHOTOCHEMI  STRY. O X I D A T  I O N .  SOLAR.  R E D U C T I O N ,  W 
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22615 O X I D A T I O N .  S Y N T H E S I S #  
23632 S T *  / S E N S I T I Z E R .  CONVERSION.  O X I D A T I O N .  TEMPERATURE.  C A T A L Y  
2261 4 ROCESS# ECONOMY. O X I D A T I O N .  WATER. GAS. C O K E *  P 
34243 O X I D A T I O N #  
34250 REFORMING.  U X I D A T I O N I  
34244 F U E L  C E L L *  A C I D .  HYDROCARBON. O X I D A T I O N #  
22117 PETROLEUM. P A R T I A L  O X I O A T I O N t Y  
221 18 HYDROCRACK. P A R T I A L  O X I D A T I O N *  
22146 HYDROCRACK. P A R T I A L  O X I D A T I O N #  
22200 HYCROCARBON. O X I D A T I O N #  
22217 EON. P U R I F I C A T I O N .  REFORMING.  O X I D A T I O N #  / C R A C K I N G .  HYDROCAR 
23507 OST. STEAM R E F O R M I N G *  P P d R T I A L  O X I D A T I O N #  /N. E L E C T R O L Y S I S *  C 
22212 B D N t  S T E A M  REFORMING. P A R T I A L  O X I D A T I O N #  /ODUCTION.  HYDROCAR 
32923 PERFORMANCE. N I T R I C  O X I D E *  E N G I N E *  
21001 I O N *  WATER. C L O S E D t  R E A C T I O N .  O X I D E .  H A L O G E N S  DECOMPOS I T  
23500 S T E A M *  P R O D U C T I O N S  Z I R C O N I U M  O X I D E #  /OGEN* E L E C T R O C H E M I C A L *  
10026 ARI ENERGY. F U E L .  F U E L  C E L L S .  OXYGEN E L E C T R O L Y S I S #  /N. N U C L E  
30044 E N G I N E .  OXYGEN. COMBUST I O N #  
10059 P O L L U T I O N .  T U R B I N E .  HYDROGEN*  O X Y G E N *  C O N S E R V A T I O N *  / I E N C Y .  
21009 TI ECO/  P R O C U D T I O N .  HYDROGEN. OXYGEN. C Y C L E *  MARK I t  C A T A L Y S  
21008 C H E M I C A L t  R E A C T I O N /  HYDROGEN* OXYGEN. D E C O M P O S I T I O N I  C Y C L E *  
32006 TEMPERATURE*  OXYGENI E F F I C I E N C Y .  P O L L U T I O N *  
2001 5 A T I O N .  F E R T I L I Z E R S .  M E T A L  SE/ O X Y G E N *  E L E C T R O L Y S I S .  HYDROGEN 
30042 OXYGEN. E N E R G Y *  
33017 OXYGEN. FLOW# 
30074 RY. ROCKET. L I Q U I D ,  HYDROGENI OXYGEN. F L U O R I N E .  PROPELLANT.  
23019 HYDROGEN. H Y D R O A I N E .  OXYGEN. F U E L  C E L L *  C A T A L Y S T *  
23204 B A C T E R I A *  ANODE 9 N I T R O G E N .  OXYGEN. HYDROGEN. CURRENT*  
40002 CRYOGENIC.  L I Q U I D .  N I T R O G E N .  OXYGEN. HYDROGEN# 
32003 O L L U T f  ON* CRYOGENICI  OXYGEN. I N T E R N A L  COMBUSTION. P 
20005 ATER. E L E C T R O L Y S I S r  H Y D R O G E N *  OXYGEN. M A N U F A C T U R I N G  METHODS0 
10054 TYC F U E L *  E N G I N E .  P O L L U T I O N +  OXYGEN*  N U C L E A R *  STORAGE. S A F E  
23604 HYDROGEN, PRODUCTION.  OXYGEN. O X I D A T I O N .  E N E R G Y #  
20513 VOLTAGE*  E L E C T R O L Y S I S .  OXYGENI POWERS PRESSUREI CELL.  
51001 F L A M M A B I L I T Y  t L I M I T .  A I R  t OXYGEN. P R E S S U R E *  
20505 I S .  SPACECRAFT.  D E S I G N #  OXYGEN. P R O D U C T I O N .  E L E C T R M Y S  
20507 I S *  COST. S T E A M  R E /  HYDROGEN*  OXYGEN. P R O D U C T I O N .  E L E C T R O L V S  
21006 C T I O N U  HYDROGEN. OXYGEN. P R O D U C T I O N .  CYCLE.  R E A  
10057 HEAT.  G A S /  ENERGY. NUCLEAR. OXYGEN. REACTOR. D E C O M P O S I T I O N  

10058 C O M B U S T I O N *  HYDROGEN. OXYGEN. STEAM. F U E L .  ECONOMY# 
10072 U S T I /  HYDROGEN. E L E C T R O L Y S I S .  OXYGEN. STORAGE. I N T E R N A L  COMB 
20013 AMMONI /  PRODUCTION.  HYDROGEN*  OXYGEN. S U L F U R I C  A C I D .  WATER. 
20503 O L Y S I S /  P R O D U C T I O N *  HYDROGEN. OXYGEN. WATER* AMMONIA. E L E C T R  

2001 9 E L E C T R O L Y S I S .  S P A C E C R A F T *  OXYGEN* 
20005 E L E C T R O L Y S I S .  OXYGEN# 
20002 E L E C T R O L Y S I S .  OXYGEN# 
33036 COMBUSTION.  OXYGEN* 
22642 STEAM. OXYGEN# 
20006 Y S I S .  OFF-PEAK POWER* AMMONIA.OXYGENR /Ns HYDROGEN. E L E C T R O L  
23004 REFORMING.  P U R I T Y .  CRYOGENIC.  OXYGENY /N. P R O D U C T I O N .  STEAM 
10019 r E L E C T R O L Y S I S .  F U E L .  V E H I C L E  OXYGEN* /OGEN. ECONOMY. ENERGY 
23027 F F U S I O N .  C A T A L Y S I S .  C H E M I C A L .  OXYGEN# / S S O C I A T I O N .  WATER. D I  

2341 1 D I F F U S I O N .  P A L 5 A D I U M .  C O S T #  
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3461 8 C A T A L Y S T *  P A L L A D I U M .  E L E C T R O D E *  
23415 ORMING. HYDROCARBON. AMMONIA/  P A L L A D I U M .  MEMBRANEI S T E A M  R E F  
2 3 4 1 7  RE. MEMBRANE* E L /  S E P A R A T I O N *  P A L L A D I U M .  P R E S S U R E *  TEMPERATU 
52031 P A L L A D I U M .  PROPERTY.  T E N S I L E #  
23009 T A L Y S I S .  METHANOL.  D I F F U S I O N .  P A L L A D I U M I  REFORMER* H E A T #  CA 
23430 S E P A R A T I O N .  P A L L A D I U M #  
23439 O R P T I O N .  D E S O R P T I O N .  AMMONIA. P A L L A D  I U M Y  PRESSURE.  A B S  
23428 A r  WATER. M E T H A N E *  D I F F U S I O N .  P A L L A D I U M #  /. HYDROGEN. AHMONI 
3461 2 F U E L  C E L L *  ELECTRODE. P A P E R #  
40212 P R O P E R T Y *  PARAHYDROGEN. COMPUTER. F L U I D #  
4021 1 S O L I D S  PARAHYDROGEN. P R O P E R T Y #  
4021 3 T A B L E *  PARAHYDROGEN. THERMODYNAMICS# 
40105 L I O U E F I C A T I O N *  PARAHYDROGENff  
40111 L I O U E F I C A T I O N .  PARAHYDROGEN# 
40304 L I Q U I D I  S O L I D .  PARAHYDROGENY 
41012 C O N D U C T I V I T Y .  S O L I D .  L I Q U I D .  PARAHYDROGENY 
41011 P R O P E R T I E S .  T H E R M O D Y N A M I C S *  PARAHYDROGEN# 
41007 SLUSH. Q U A L I T Y  I PARAHYDROGEN* 
22635 l N G .  HYDROCARBON, CONVERSION. P A R T  I A L  O X I D A T  ION.  ECONOMY Y /M  
22141 P A R T I A L  O X I D A T I O N .  F U E L  C E L L *  
22100 S. COAL.  E N /  S T E A M  R E F O R M I N G *  P A R T I A L  O X I D A T I O N .  HYOROCARBON 
22119 # P A R T I A L  O X I D A T I O N .  HYDROCARBON 
22110 SY S T E A M  R E F O R M I N G *  P A R T I A L  O X I D A T I O N .  HYDROCARBON 
22643 r N A T U R A L  GAS. N A P H T H A .  C A T A /  P A R T I A L  O X I D A T I O N .  HYDROCARBON 
22219 PRDCESSC P A R T I A L  O X I D A T I O N I  P O L L U T I O N I  
2 2 2 1  4 EAM. R E F D R M I N G I  P R O O U C T I O N .  / P A R T I A L  O X I D A T I O N .  R E S I O U E .  S T  
22117 P E T R O L E U M *  P A R T I A L  O X I D A T I O N #  
221 18 HYDROCRACK*  P A R T I A L  O X I D A T I O N *  
22146 HYDROCRACK* P A R T I A L  O X I D A T I O N 6  
20507 L Y S I  SI C O S T *  S T E A M  REFORMING. P A R T I A L  OX I D A T I O N #  /N. E L E C T R O  
22212 HYDROCARBON* S T E A M  R E F O R M I N G *  P A R T I A L  O X I D A T I O N *  /ODUCTION.  
22156 ON* P A R T I A L *  COMBUSTION. HYDROCARB 
40109 L I Q U E F I C A T I O N *  COST. P A T E N T *  
31012 M I C Y  RANGE*  PAYLOAD.  C O O L I N G .  SLUSH. ECONO 
31007 PAYLOAD.  RANGE. COST. N O I S E *  
20006 t HYDROGEN. E L E C T R O L Y S I S .  OFF-PEAK POWER. A M M O N I A I O X Y G E N ~ ~  /N 
1001 8 HYDROGENI N U C L E A R *  OFF-PEAK.  E L E C T R O L Y S I S #  
34807 S T O R A G E *  POWER. OFF-PEAK# 
31005 F E T Y U  PERFORMANCE*  COST. STORAGE. S A  
20504 C T I O N t  S T O R A G E *  T R A N S M I S S I O N .  PERFORMANCE. C O S T *  /RGY. PRODU 
3200 1 PERFORMANCE*  E M I S S I O N #  
3 3 0 2 2  PERFORMANCEI I N J E C T O R #  
30045 PERFORMANCE*  J E T *  S P A C E C R A F T #  
32010 N #  PERFORMANCE. M I X T U R E .  P O L L U T  I 0  
3 2 0 2 3  I N E I I  PERFORMANCE. N I T R I C  O X I D E .  E N G  
30068 GHTX PERFORMANCE*  O P T I M I Z A T I O N t  W E 1  
31017 T. L I Q U I D .  F U T U R E -  PETROLEUM. PERFORMANCE. P O L L U T I D N Y  /RCRAF 
3 2 0 2 6  A U T O M O B I L E *  F U E L  C E L L *  PERFORMANCE. POWER* B A T T E R Y *  
3 0 0 3 5  PERFORMANCE. R O C K E T 6  
30070 R E C O M B I N A T I O N I  PERFORMANCE. S P E C I F I C  I M P U L S E *  
30048 R O C K E T *  E N G I N E *  PERFORMANCE*  
30001 J E T  I PERFORMANCE# 
34204 F U E L  C E L L *  PRESSURE. PERFORMANCE* 



KEYWORD I N D E X  
SECTION * K *  

34245 F U E L  C E L L *  PERFORMANCE* 
20001 EN. E L E C T R O L Y S I S .  PRODUCTION.  PERFORMANCE. H Y  DROG 
40506 PUMP. D E S I G N  PERFORMANCE* 
40504 L I Q U I D .  SLUSH.  PUMP. PERFORMANCE# 
2 2 6 0 4  FORMING. REFORMER. CORROSION. PERFORMANCE* /ESSURE. S T E A M  R E  
2 3 0 2 1  . PRESSURE. D E S I G N .  C A T A L Y S T .  PERFORMANCE* / I O N *  T E M P E R A T U R E  
34647 Z A T I  ON+ P E R M E A B I L I T Y I  P O R O S I T Y .  P O L A R 1  
23420 L Y S I S .  ADSORPTION.  D I F F U S I O N I  P E R M E A B I L I T Y +  / E T A L  F I L M *  C A T A  
52009 AL.  S O L U B I L I T Y #  P E R M E A T I O N *  EMBR1,TTLEMENT. M E T  
52026 A N E W  D I F F U S I O N #  P E R M E A T I O N .  I R O N .  S T E E L .  MEMBR 
5 2 0 4 5  N #  P E R M E A T I O N I  P L A T I N U M .  D I F F U S I O  
52057 SPACECRAFT.  P E R M E A T I O N .  P R O P E L L A N T .  M E T A L #  
52040 T A L .  D I F F U S I O N #  P E R M E A T I O N +  RATE.  MEMBRANEI ME 
52005 D Y N A M I C S #  METAL.  P E R M E A T I O N .  S O L U B I L I T Y I  THERMO 
52041 E M B R I T T L E M E N T .  IRON.  P E R M E A T I O N #  
52021 S T E E L .  D I F F U S I O N .  S O L U B I L I T Y .  P E R M E A T I O N #  
23426 P U R I F I C A T I O N I  P E R M E A T I O N #  
23431 S E P A R A T I O N  I P E R M E A T I O N #  
34805 H Y D R A Z I N E .  HYDROGEN. P E R O X I D E .  FUEL C E L L *  
2 3 4 3 8  PRODUCTION. P U R f T Y ,  R E F I N E R Y ,  P E T R O C H E M I C A L I  C O S T #  
2 3 4 0 6  E L #  R E C ~ V E R Y .  R E F I N E R Y *  P E T R O C H E M I C A L .  HYDROCARBON. FU 
23401 E L #  RECOVERY. R E F I N E R Y .  P E T R O C H E M I C A L .  HYDROCARBON. FU 
2 2 1 5 3  D U C T I O N .  HYDROCARBON. O L E F I N .  PETROCHEMICAL.  HYDROGEN P U R I F I  
2341 0 AMMONIA.  R E F I N E R Y .  P E T R O C H E M I C A L .  P U R I T Y *  
23416 OVERY. R E F I N E R Y *  HYDROCARBON. P E T R O C H E M I C A L #  R E C  
42002 GAS. D I S T R I B U T I O N t  P E T R O C H E M I C A L #  
22 128 SULFUR I Z A T  I O N .  H Y D R O C R A C K I  N G *  P E T R O C H E M I C A L S *  R E F I N I N G *  /ODE 
2 3 4 3 3  ON. ANMONIAI P U R I F /  C H E M I C A L .  PETROLEUM. C R Y O G E N I C .  S E P A R A T I  
2 2 2 1  4 PETROLEUM. E C O N O M I C S #  
2 2 1  17 PETROLEUM. P A R T  I A L  OX I D A T  I O N #  
31017 RT. A I R C R A F T *  L I Q U I D .  F U T U R E *  PETROLEUM. PERFORMANCE. P O L L U T  
2 2 1 9 5  D E S I G N .  P R O D U C T 1  ON. P E T R O L E U M #  
40500 F L O W *  TWO-PHASE. B O I L I N G #  
40512 PUMP. FLOW. TWO-PHASE. D E S I G N #  
4 0 2 0 5  TWO-PHASE. E V A P O R A T I O N .  F L O W #  
4 0 2 0 0  #I D E N S I T Y .  TWO-PHASE. Q U A L I T Y *  FLOW. C R Y G E N I C  
52010 S T A I N L E S S  S T E E L .  D I S L O C A T I O N .  PHASE.  T R A N S F O R M A T I O N #  
4 0 2 0 4  S T A T E .  E Q U A T I O N .  P H A S E #  
2 3 2 0 2  H E M I C A L  C H L O R O P H Y L L #  P H O T O - C H E M I C A L *  R E A C T I O N .  B I O C  
2 3 6 9 2  A T I O N .  TEMPERATURE, C A T A L Y S T .  P H O T O C H E M I C A L .  M E C H A N I S M #  / X I 0  

2 3 6 0 5  QUANTUM. Y I E L D .  P H O T O C H E M I S T R Y I  L I G H T #  
23607 ARI REDUCT I O N *  WATERY P H O T O C H E M I S T R Y  O X I D A T I O N .  S O L  
2 3 6 0 0  D I A T I O N I  P R E S S U R E #  P H O T O D E C O M P O S I T I O N t  ENERGY. R A  
23208 HYDROGEN* MECHANISM,  P H O T O P R O D U C T I O N Z  
2 3 2 0 9  HYDROGEN*  P H O T O P R O D U C T l G N l  
4 2 0 0 3  W P I P E .  C O S T *  TRANSPORT.  STORAGE 
42000 GAS. P I P E .  D E S I G N .  SYSTEM# 
4051 1 TRANSFER.  P I P E .  L I Q U E F A C T I O N #  
o n 6 0 3  COST. PIPELINE. ELECTRIC* 

4051 9 C R Y O G E N I C +  P I P E L I N E *  

41013 METAL.  PRESSURE. P L A N E T  t 
21012 T I C S .  THERMODYNAMICS.  D E S I G N *  P L A N T #  /STUDY,  E C O N O M I C S 3  K I N E  

22627 G A S +  PLASMA,  S Y N T H E S I S #  
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3 4 8 0  1 E L E C T R O L Y T E .  ION-EXCHANGE. P L A S T I C #  
10083 T Y F R M A L t  PRODUCTION.  ENERGY. P L A S T I C S #  HYDROGEN. WATER. 
3 4 6 4 0  F U E L  C E L L *  P L A T I N U M .  ANODE# 
3 4 6 2 7  F U E L  C E L L .  P L A T 1  NUMI CATHODE# 
5 2 0 4  5 PERMEATION.  P L A T I N U M *  D I F F U S I O N *  
3463 8 F U E L  C E L L *  P L A T I N U M .  ELECTRODE#  
4 1 0 0 2  Y t  S L U S H *  T R I P L E  P O I N T .  C R I T I C A L  P O I N T .  PROPERT 
4 0 2 0 7  N V E C T I O N .  CRYOGENIC. C R I T I C A L  P O I N T .  H E A T  TRANSFER# CO 
4 0 2 0 6  B D I L X N G Y  FLOW. C R I T I C A L  P O I N T .  PRESSURE.  TEMPERATURE. 
4 1 0 0 2  T R I P L E  P O I N T .  C R I T I C A L  P O I N T ,  PROPERTY. S L U S H 6  
4 1 0 0 5  SLUSH*  T R I P L E  P O I N T .  PROPERTY. 
4 0 2 1  0 H E A T  TRANSFER. T R I P L E  P O I N T .  S U B L I M A T I O N #  
2 2 1 1 1  L C E L L .  PROCESS*  METHANAT ION.  P O I S O N I N G #  HYDROCARBON* F U E  
2 2 1 0 2  S I O N .  METHANAT ION.  C A T A L Y S I S I  P O I S O N I N G #  / REFORMING. CONVER 
34251 P O L A R I Z A T I O N .  A L K A L I N E *  
3 4 6 3 7  P O L A R I Z A T I O N .  ANODE* A C I D I  
3 4 6 1  9 P O L A R I Z A T I O N .  ANODE# 
2 3 4 1 2  TROCHEMICAL .  C A T A L Y S T .  ANODE* P O L A R I Z A T I O N I  E F F I C I E N C Y *  / LEC  
34259 ELECTRODE. P O L A R 1  Z A T I O N .  POROSI  T Y #  
3 4 6 1  1 ELECTRODE. P O L A R I Z A T I O N *  
3 4 6 0 5  C A T A L Y S T *  M A T R I X .  P O L A R I Z A T I O N #  
3 4 6 4 7  PERMEABILITY. P O R O S I T Y .  P O L A R I Z A T I O N #  
3 4  22 1 P O L A R I Z A T I C N U  
1 0 0 6 2  HYDROGEN. FUEL.  ENERGY. P O L I C Y #  
1 0 0 7 8  E N T +  PRODUCTION.  CONSUMPTION. P O L I C Y X  ~ ' R A N S M I S S I O N I  ENV IRONM 
10066 HYDROGENI G A S C L I N E .  P O L L U T I O N - F R E E .  AUTOMORILE#  
3 4 8 0 9  F U E L  C E L L .  P O L L U T I  ONI BATTERY*  
1 0 0 7 6  FUEL .  NUCLEAR. E L E C T R O L Y S I S #  P O L L U T I O N .  CONTROL. HYDROGEN* 
3 2 0 2 0  # I N T E R N A L  COMBUSTION. P O L L U T I O N .  E F F I C I E N C Y .  STORAGE 
3 2 0 0 5  P O L L U T I O N *  E M I S S I O N #  
3 2 0 0 2  STORAGE*  H Y D R I D E t  E M I S S I O N S  POLLUTXONI  ENV IRONMENT*  / A F E T Y  
3 2 0 0 0  M O D I F I C A T I O N .  COST.  E M I S S I O N t  P O L L U T I O N .  ENV IRONMENT*  
1 0 0 4 1  O S S I L .  WATER* ENERGY. FUTURE. P O L L U T I O N .  ENV IRONMENT#  /EL .  F 
1 0 0 4 5  CARBON. F U E L *  TRANSPORTATION.  P O L L U T I O N .  E N V I R O N M E N T 6  /HYDRO 
3 2 0 1 5  N A L  COMRUSTIONI  F O S S I L t  F U E L *  P O L L U T I O N .  EXHAUST#  I N T E R  
1 0 3 3 7  ONMENT. ENERGY*  E L E C T R O L Y S I S .  P O L L U T I O N .  F U E L #  /ONOMY* E N V I R  
2 2 1 2 3  P O L L U T I O N .  G A S *  S Y N T H E S I S #  
10074 INTERNAL-COMBUSTION.  ENGINE.  P O L L U T I O N .  HYOROCARBONI  FUEL. 
3 2 0 2 4  AUTOMOBILE.  P O L L U T I O N *  I N J E C T I O N  ENGINEW 
32011 . AMMONIAY P O L L U T I O N *  I N T E R N A L  COMBUST1 ON 
1 0 0 5 4  ORAGE* S A F E T Y *  FUEL.  ENGINE .  P O L L U T I O N .  OXYGEN. NUCLEAR.  S T  
1 0 0 8 7  L E C T R O L Y S I S I  S O L A R *  ENERGY*  P O L L U T I O N .  POWER. F U E L  CELL.  E 
2221 9 P A R T I A L  O X I D A T I O N .  POLLUTXONI  P R O C E S S I  
1 0 0 3 3  S Y N T H E T I C  F U E L *  ASSESSMENT*  P O L L U T I O N *  PRODUCTION.  STORAGE 
3 2 0 0  6 OXYGEN*  E F F I C I E N C Y *  P O L L U T I O N *  TEMPERATURE# 
1 0 0 4 3  ENERGY. SYSTEM. STUDY. COST. P O L L U T I O N .  T R A N S M I S S I O N #  /OGY. 
10059 OXYGEN/ E L E C T R I C *  E F F I C I E N C Y .  P O L L U T I O N *  T U R B I N E *  HYDROGEN. 
1 0 0 5 7  ON. HEAT.  G A S I F I C A T I O N .  COAL. P O L L U T I O N .  U S E &  /. D E C O M P O S I T I  
1 0 0 8 2  B I L E *  F U E L *  FUTURE. G A S O L I N E *  P O L L U T I O N *  AUTOMO 
32008 P R O D U C T I O N *  COST. P O L L U T I O N #  
3 2 0  14 POWER. STANDARD. P O L L U T I O N #  
3 2 0 1  0 PERFORMANCE* M I X T U R E  P O L L U T I O N #  
3 2 0 0 3  OXYGEN. I N T E R N A L  COMBUSTION. P O L L U T I O N #  CRYOGENIC. 
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3 2 0 0 4  ENERGY. INTERNAL-COMBUSTIONI  P O L L U T I O N *  E M I S S I O N *  
3 2 0 1 6  AUTOMOB I L E  I ENERGY. P O L L U T  ION. 
3 4 8 4 9  F U E L  C E L L .  P O L L U T I O N *  
31017 T U R E t  PETROLEUM. PERFORMANCEv P O L L U T I O N #  /RCRAFT. L I Q U I D *  F U  
2 0 5 1 0  E N *  PRODUCTION. E L E C T R O L Y S I S I  POLYMER. FUEL.  ENERGY*  T R A N S M I  
3 3 0 1  9 POLYMER*  WATERU 
20509 EN. PRODUCTION.  E L E C T R O L Y S I S .  POLYMER* HYDROG 
4 0 4 0  7 FOAM*  POLYURETHANE*  SPACECRAFT*  
34636 POROSI  T Y  9 A L K A L I N E #  
34625 POROSITY .  F A B R I C A T I O N *  
3 4 6 1 0  TEMPERATURE*  POROSITY.  MEMBRANE# 
3 4 6 4 7  P E R M E A B I L I T Y .  POROSITY .  P O L A R I Z A T I O N *  
3 4 2 6 0  TEMPERATURE. PRESSURE. P O R O S I T Y *  
3425 9 ELECTRODE.  P O L A R 1  Z A T  I ON*  P O R O S I T Y *  
34643 POROUSU 
34632 A L K A L I N E .  P O R T A B L E *  
34820 SPACECRAFTI  POWER REACTOR. HEAT*  
2 0 0 0 6  ROGEN. E L E C T R O L Y S I S .  OFF-PEAK POWER. AMMONIA*OXYGENU /N. H Y D  
3 2 0 2 6  B I L E  I F U E L  C E L L .  PERFORMANCE. POWER. B A T T E R Y *  AUTOHO 
34200 E F F  I C  IENCY.  POWER. C A T A L Y S T *  
3 4 8 1  3 POWERS CRYOGENIC,  WEIGHTU 
3 0 0 5 9  SPACE. POWER. D E S I G N #  
10022 HYDROGEN. POWER. ECONOMYU 
3401 1 POWER* ELECTRODE. MANUFACTUREU 
34812 POWER. E L E C T R O L Y T E #  
1 0 0 8 7  . SOLAR. ENERGY# P O L L U T I O N .  POWER. F U E L  C E L L *  E L E C T R O L Y S I S  
10061 DROGEN* FUEL.  T R A N S P O R T A T I O N *  POWER* G E N E R A T I O N *  H Y 

I 3 2 0 1 2  MPUTERU POWER. I N T E R N A L  COMBUSTION. C O  
34819 D E S I G N .  POUER. M I L I T A R Y *  
34807 S T O R A G E *  POWER* OFF-PEAKU 
20513 U E L E C T R O L Y S I S .  OXYGEN. POWER* PRESSURE*  CELL .  VOLTAGE 

I 3 0 0 1  9 D E S I G N I  POWER S H U T T L E *  
3 0 0 2 0  POWER. SPACE. S H U T T L E *  
3 2 0 1 4  POWER. STANDARD*  P O L L U T I O N l  
3 4 0 1 5  POWER. V E H I C L E *  
3 4 8 2 3  U E L E C T R I C I T Y .  POWER* WATER. CRYOGENIC.  LUNAR 

I 34821 ENERGY. CONVERSION.  POWER# 
34842 D E S I G N .  POWERU 
34825 HYDROCARBON. COST. POYERX 
3481 8 BATTERY. TEMPERATURE. POWERU 
3 4 8 4 4  F U E L  CELL .  S H U T T L E -  POWER* 
3 4 0 2 0  S O L I D - E L E C T R O L Y T E .  POWER# 
34 20 3 F U E L  C E L L .  TEMPERATURE. POWER* 
3 4 0 1  9 F U E L  C E L L .  POWER# 
3 0 0 7 2  COMPRESSOR* RECUPERATOR. POWER* 
3 0 0 7 3  ENGINE .  SPACE.  POWERU 
3 0 0 1  8 SPACE. SHUTTLE.  POWER# 
34002 R E A C T I O N .  POWERU 
2 2 0 0 5  I D I Z E D .  COAL. CATALYST .  CHAR. POWER# F L U  

\ 
23023 EL. WATER. AMMONIA. METHANOL. POWER* HYDROCARBON. FU 

i 20511 R O L Y S I S r  E L E C T R I C I T Y .  NUCLEAR POWER* /RODUCTION. COST. E L E C T  
41000 . PUMP* S L U S H *  P R E P A R A T I O N *  STORAGE. TRANSFER 

! 23439 ON. A M M O N I A *  P A L L A D I U M #  PRESSURE*  ABSORPTION. D E S O R P T I  

1 
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2261 7 CATALYST.  
22193 
20513 E L E C T R O L Y S I S +  OXYGEN, POWER. 
22154 CONTROL. 
23402 S E P A R A T I D N .  HYDROCARBONI 
221 13 HYDROCARBON. C A T A L Y S I S .  
2 3 0 2 1  A. P U R I F I C A T I O N .  TEMPERATURE. 
3426 1 
5 2 0 3 8  TC GAS. 
3 0 0 3 8  
5 2 0 2 5  EMBRITTLEMENT.  
5 2 0 2 9  NUM 2 2 1 9 -  E M B R I T T L E M E N T *  H I G H  
4 3 0 0 5  ADIUM. N I O B I U M .  D I S S O C I A T I O N .  
22618 * 
3 4 2 0 4  FUEL CELL .  
4 1 0 1 3  METAL. 
3 4 2 6 0  TEMPERATURE I 

4 1 0 1 7  METAL. 
221 53 ION, C H E M I C A L *  PROCESS* 
5 1 0 0 6  E X P L O S I O N .  TEMPERATURE* 
22129 MANUFACTURE. P U R I T Y .  COST*  
22170 ON* 
22202 
5 0 0 1  7 SAFETY. 
5 0 0 0 4  
2 3 4 1 9  A T I O N #  NITROGEN. 
2 2 6 0 4  DRMER. CORROSIONI PERFORMANC/ 
5 2 0 2 4  EMBRITTLEMENT.  
52055 MECHANICALI  PROPERTYI M E T A L *  
43003 . D I S S O C I A T f O N s  THERMODYNAMI/ 
5 0 0 1 3  NANTY SAFETY. STORAGE. 
4 3 0 0 0  D I S S O C I A T I O N .  DECOMPOSITION.  
2 3 4 1  7 E* EL/ SEPARATION.  P A L L A O I U M *  
2341 3 R P T I O N .  AMMONIA. HYOROCARBONI 
3 4 1 9 1  L L Y  
4 0 2 0 6  # FLOW. C R I T I C A L  POINT .  
4 0 2 0 1  C A V I T A T I O N .  V E N T U R I *  
5 2 0 5 6  GAS. EMBRITTLEMENT.  T E N S I L E .  
4 3 0 0 4  R /  E Q U I L I B R I U M .  D I S S O C I A T I O N .  
3 3 0 6 2  URE* 
4 3 0 0 1  HYDRIDEI  REACTION.  M E T A L *  
4 2 0 0 1  L U R E *  GAS*  
4 0 4 0 1  VESSEL.  L A M I N A T E D  t 
4 1 0 1 4  METAL. 
5 2 0 5 9  R E A C T I O N *  T I T A N I U M .  SURFACE*  
5 1 0 0 1  M A B I L I T Y *  L I M I T *  A IR .  OXYGEN. 
5 2 0 3 2  ON 1 M E T A L *  RATE. TEMPERATURE* 
52819 LEMENT. S T E E L *  C Y L I N D E R *  GAS, 
2 2 1 7 7  HYDROCARBON I STEAM* 
221 39 HYDROCARBONI STEAM. 
4 0 4 0  0 VESSEL.  COST. 
34810 E L E C T R O L Y S I S  s 

34840 ELECTROLYTE I 

PRESSURE*  BUTANE& 
PRESSURE*  C A T A L Y S T s  REFORMING* 
PRESSURE. CELL .  VOLTAGE# 
PRESSURE*  COMBUSTTONY 
PRESSURE I COST ECONOMY* 
PRESSURE CRACK1  NG* 
PRESSURE. DESIGN.  CATALYST .  P E  
PRESSURE. ELECTRODE* 
PRESSURE. E N G I N E *  E M B R I T T L E M E N  
PRESSURE. FLOW. ROCKET*  
PRESSURE. GAS. METAL. ALLOYY 
PRESSURE*  GAS* / N E L  718. ALUM1 
PRESSURE*  I M P U R I T Y *  /R IDE .  VAN 
PRESSURE. O X I D A T I  ON* REFORMING 
PRESSURE PERFORMANCE# 
PRESSURE. P L A N E T *  
PRESSURE I P O R O S I T Y *  
PRESSURE. PROPERTY* 
PRESSURE I P U R I T Y .  HYDROCDNVERS 
PRESSURE*  R E A C T I O N #  
PRESSURE REFORMER* 
PRESSURE, REFORMING. HYDROCARB 
PRESSURE. REFORMING* 
PRESSURE*  RUPTURE, F I R E #  
PRESSUREI SAFETY. N A R C O T I C *  
PRESSURE, SEPARATION.  F R A C T I O N  
PRESSURE*  STEAM REFORM INGI R E F  
PRESSURE STEEL.  MECHANICALY  
PRESSURE*  TEMPERATURE* 
PRESSURE*  TEMPERATURE* H Y D R I D E  
PRESSURE. TEMPERATURE I CONTAMI  
PRESSURE. TEMPERATURE. ENERGY* 
PRESSURE+ TEMPERATURE. MEMBRAN 
PRESSURE*  TEMPERATURE# ADS0 
PRESSURE*  TEMPERATURE I F U E L  CE 
PRESSURE. TEMPERATURE. B O I L I N G  
PRESSURE TEMPERATURE* 
PRESSURE*  T E S T *  
PRESSURE. THERMODYNAMIC. TEMPE 
PRESSURE. TURBULENCE. TEMPERAT 
PRESSURE*  V A N A D I U M *  N I O B I U M U  
PRESSURE, VESSEL.  STORAGE* F A 1  
PRESSURE. WELOC 
PRESSURE*  
PRESSURE*  
PRESSURE#  F L A M  
PRESSURE*  O I F F U S I  
PRESSUREX E M B R I T T  
PRESSURE*  
PRESSURE*  
PRESSURE*  
PRESSURE*  
PRESSURE*  
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34269 PRESSURE*  
3 4 2 6 5  FUEL C E L L *  PRESSURE? 
2 3 6 0 0  M P O S I T  ION.  ENERGY*  R A D I A T I O N .  PRESSURE*  PHOTODECO 
3 0 0 3 1  PRESSURES AND H I G H  R A T I O S *  
52033 TLEMENT. SPACECRAFT.  F A I L U R E .  P R E V E N T I O N *  METAL*  E M E R I T  
3 4 0 3 2  A P P L I C A T I O N .  PROBLEM* 
52020 E M B R I  TTLEMENT.  T E S T *  PROCEDURE# 
2261 3 ABSORPTION.  SEPARAT ION.  PROCESS. A N A L Y S I S *  
2 2 1 1 2  MING.  HYDROCARBONS. CHEMICAL .  PROCESS. D E S I G N # *  S T E A M  REFOR 
2 1 0 1 1  D E C O M P O S I T I O N *  CYCLE.  ENERGY. PROCESS. F U E L *  WATER. 
3 4 1 0 0  . CONVE/ U T I L I Z A T I O N .  ENERGY. PROCESS*  GENERATOR. E F F I C I E N C Y  
2 3 0 0 2  T I O N .  DES IGN.  STEAM. REACTOR*  PROCESS. H E A T *  /DROGEN. PRODUC 
2 3 0 0  1 PROCESS*  H Y D R I D E *  
22111 G* HYDROCAREONI F U E L  CELL .  PROCESS. METHANATION.  P O I S O N I N  
21014 S P L I /  THERMODYNAMICS.  CYCLE .  PROCESS. NUCLEAR*  HEAT. WATER* 
2301 8 PROCESS. NUCLEAR*  
22151 . CONVERSIONI D E S U L F U R I Z A T I O /  PROCESS. PRODUCTION. REFORMING 
2 2 6 0 8  I N E R Y .  STEAM R E F O R M I N G *  COST. PROCESS. P U R I F I C A T I O N .  D I S T R I B  
22609 NATURAL  GAS, N A P H T H A *  PROCESS. P U R I  T Y Z  
22628 GAS. PROCESS. REFORMING*  
21015 EAT .  WATER. S P L I T T I N G .  C Y C L E *  PROCESS. THERMOCHEMICALZ /R. H 

2 2 6 1  0 S Y N T H E S I S *  P U R I T Y +  PROCESS. Y I E L D #  
2 2 6 1 4  O X I D A T I O N .  WATER* GAS. COKE. PROCESS* ECONOMY I 
2 2 6 0 1  OGEN. P U R I F I C A T I O N .  CHEMICAL I  PROCESS* HYDR 
2 2 6 2 4  SEPARAT ION.  PROCESS*  
2 2 2 1 9  P A R T I A L  O X I D A T I O N +  P O L L U T I O N .  PROCESS#  
2 2 6 1  2 HYDROGEN. PRODUCTIONI  PROCESS* 
2 3 4 2 9  ADSORPTION.  PROCESS*  
2 2 1 0 1  HYDROGEN. CARBON M O N O X I D E +  PROCESS2  
2 2 1 0 5  F U E L  C E L L .  HYDPOCARBON. PROCESS* 
22192 GAS. FEED. PROCESS*  
2 2 1  86 REVIEW.  PROCESS* 
40107 L I O U E F  I C A T I O N .  PROCESS# 
22150 YI HYDROCONVERSION. CHEMICALI  PROCESS#  PRESSURE. P U R I T  
2 1 0 1 6  TECHNOLOGY. E F F I C I E N C Y .  H E A T *  PRCCESS*  / r  WATER*  S P L I T T I N G .  
2 2 2 1  8 STEAM. REFORMING*  PRODUCT1 ON. PROCESS# /OX1 D A T I O N *  RES IDUE.  
2 1 0 0 9  CYCLE. MARK I* CATALYST .  ECC/  PROCUDTIONI  HYDROGEN. OXYGEN* 
2 2 0 0 9  S GAS. METHA/ COAL. HYDROGEN. PRODUCTIONI  CATALYST.  S Y N T H E S I  

2 1 0 0 9  HYDROGEN. PRODUCTIONI  C A T A L Y S T *  THERMAL# 
1 5 0 7 8  ANDTRANSMISS IONI  ENVIRONMENT.  PRCIDUCTION. CONSUMPTION*  P D L I C  
2 2 0 0 7  S I S  6 4 5 .  A M M O N I A * #  HYDROGEN. PRODUCTIONI  COST. COAL. SYNTHE 
2 0 5 1 1  . E L E C T R I C I T Y .  NUC/  HYDROGEN. PRODUCTION.  COST. E L E C T R O L Y S I S  
3 2 0 0 8  PRODUCTION.  COST. P O L L U T I O N #  
2 1 0 0 6  HYDROGEN. OXYGEN. PRODUCTIONI  CYCLE.  R E A C T I O N *  
2 2 1 1 4  * HYDROGEN. STEAM R E F O R M I N G *  P R O D U C T I O N *  D E S I G N .  CONVERSION 
2 3 0 0 2  CTOR. PROCESS. H E A /  HYDROGEN. P R O D U C T I O N *  D E S I G N *  STEAM. R E A  
2 3 4 1 8  ON. E L E C T R O L Y T I C I  E F F I C I E N C Y .  P R O D U C T I O N *  D E U T E R I U M #  / I F F U S 1  
2 0 5 0 6  GN. C O S T #  HYDROGEN* PRODUCTIONI  E L E C T R O L Y S I S 9  D E S I  
2 0 5 6 9  MER# HYDROGEN. PRODUCTIONI  E L E C T R O L Y S I S .  P O L Y  
2 0 5 0  7 . STEAM RE/  HYDROGEN. OXYGEN. P R O D U C T I O N  I E L E C T R O L Y S I S .  COST 
2-10 MER. FUEL .  ENERGY* /  HYDROGEN.- PRODUCTION.  E L E C T R O L Y S I S +  P O L Y  
2 0 5 1 2  ENERGY. ENTROPY. T /  HYDROGEN PRODUCTIONI  E L E C T R O L Y S I S .  FREE 
20505 ECRAFT. D E S I G N *  OXYGEN* PRODUCTION.  E L F C T R O L Y S I S .  SPAC 
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10083 HYDROGEN, WATER. THERMAL.  P R O D U C T I O N t  ENERGY. P L A S T I C S #  
22602 FORMER/ CONVERSION.  C A T A L Y S T .  P R O D U C T I O N .  F U E L  C E L L *  GAS. R E  
10006 S M I S S I O N .  USE.  S A F /  HYDROGEN. P R O D U C T I O N *  F U E L .  ENERGY. T R A N  
2 1 0 1 0  HYDQOGEH. gROOttCT1OM. F e L .  N U C L E A R *  - - 

2 2 1 4 3  REFORMING.  VOLTAGE. TEMPER/  P R O D U C T I O N .  G E N E R A T I O N *  S U P P L Y  
23201 L E C T R O L Y S I S .  H A C T E /  HYDROGEN*  P R O D U C T I O N .  GROWTH. CULTURE, E 
41010 * SLUSH. P R O D U C T I O N I  H A N D L I N G *  T R A N S F E R  
10042 E .  NUCLEAR.  A P P L I C A T I O N I  USE. P R D D U C T I O N I  HEAT. WATER. DECOM 
22109 R E S I D U E #  HYDROGEN. P R O D U C T I O N *  HYDROCARBONS* C O A L  
22 153 N. P E T R O C H E M I C A L I  HYDROGEN P/ P R O D U C T I O N .  HYDROCARBON. O L E F I  
22212 REFORMINGI  P A R T I A /  HYDROGENI P R O D U C T I O N ,  HYDROCARBON* S T E A M  
2 2 6 0 7  R O - D E S U L F U R I Z A T I O N /  HYDROGEN. P R D D U C T I O N t  H Y D R O C R A C K I N G *  H Y D  
2 2 6 2 2  . N A T U R A L  GAS. R E F I N E R Y #  P R O D U C T I O N .  HYDROGEN* C A T A L Y S T  
22127 R O D E S U L F U R I Z A T I O N I  P U R I T Y *  PRODUCT I O N .  HYDROGENAT I O N .  H Y D  
2 0 5 9 3  WATER. AMMONIA.  E L E C T R O L Y S I S /  P R G D U C T I O N .  HYDROGEN. O X Y G E N t  
20013 S U L F U R I C  A C I D .  WATER. AMMONI /  P R O D U C T I O N .  HYDROGEN. OXYGEN*  
20007 Y S I S .  TRANSPORT. E Q U I P M E N T #  P R D D U C T I O N I  HYDROGEN. E L E C T R O L  
20006 Y S I S .  OFF-PEAK POWER* A M M O N I /  P R O D U C T I O N .  HYDROGEN. E L E C T R O L  
1001 2 E M  A N A L Y S I S /  HYDROGEN. S T U D Y  I P R O D U C T I O N *  L I Q U I D *  COST. S Y S T  
22006 C O A L *  G A S I F I C A T I O N *  HYDROGEN*  P R O D U C T I O N .  METHANE# 
23604 ENERGY*  HYDROGEN. P R O D U C T I O N .  OXYGEN+ O X I D A T I O N .  
2000 1 HYDRO~EN.  ELECTROLYSIS, PRODUCTION. PERFORMANCE* 
22195 D E S I G N .  P R O D U C T 1  3N. P E T R O L E U M #  
2 2 2 1 8  N. R E S I D U E .  STEAM. R E F O R M I N G .  P R O D U C T I O N .  PROCESS# / O X I D A T 1 0  
2261 2 HYDROGEN. P R O D U C T I O N .  P R O C E S S #  
22619 S. NAPHTHA. HYDROCARBON# P R O D U C T I O N *  P U R I T Y .  N A T U R A L  GA 
23438 P E T R O C H E M I C A L *  C O S T #  P R O D U C T I O N t  P U R I T Y .  R E F I N E R Y I  
23601 SM* HYDROGEN. PROOUCT10N.  R A D I A T I O N *  M E C H A N I  

221 51 I O N *  D E S U L F U R I  Z A T I  O/ PROCESS.  P R O D U C T I O N .  REFORMING. CONVERS 
22605 N A T U R A L  GAS. N A P H T H f  AMMONIA.  P R O O U C T I O N *  S E P A R A T I O N .  COST. 
23004 U R I T Y .  C R Y O G E N l C s  / HYDROGEN. P R O D U C T I O N .  S T E A M  PEFORMPNG. P 
22107 HYDROCARBON. C H E M I C A L  D E S I G N /  P R O D U C T I O N .  STEAM. REFORMING, 
29504 I O N .  PERFORMANCE*  CO/ ENERGY. PRODUCTION.  STORAGE. T R A N S M I S S  
10033 F U E L .  ASSESSMENT.  P O L L U T I O N S  P R O D U C T I O N I  STORAGE. METHANOL* 
10001 I /  HYDROGEN. ENERGY. ECONOMY. P R O D U C T I O N *  STORAGE. T R A N S M I S S  
22606 ROCARBONI F U E L .  01/ HYDROGEN. P R O D U C T I O N .  S Y N T H E S I S  GAS. H Y D  
10085 GENI ECONOMY. ENERGY. SOURCE. P R O D U C T I O N .  TECHNOLOGY*  WATER* 
10004 ERGY. F U E L *  ECONOMY. S T O R A G E *  P R O D U C T I O N .  T R A N S M I S S I O N .  U S E *  
10011 EN. ENERGY. ECONOMY* NUCLEAR.  P R O D U C T I O N .  T R A N S M I S S I O N S T O R A G  
10067 ORAGE*  M A R K E T *  C H E M I C A L .  R E F /  P R O D U C T I O N I  T R A N S P O R T A T I O N I  S T  
20500 OGENI E L E C T R O C H E M I C A L .  STEAM. P R O D U C T I O N t  Z I R C O N I U M  O X I D E #  / 
20 50 2 E L E C T R O L Y S I S I  P R O D U C T I O N #  
21004 HYDROGENo C Y C L E .  WATER. P R O D U C T I O N #  
22191 U S E *  GAS. P R O D U C T I O N *  
23400 ION.  HYDRDCARBON. F U E L *  COST. P R O D U C T I O N #  P U R I F I C A T  
3101 3 COST. A I R C R A F T *  P R O D U C T I O N #  
21 007 ER * CLOSED.  SYSTEM. R E A C T I O N *  P R D D U C T l O N f  THERMAL.  WAT 
30074 r HYDROGEN. O X Y G E N *  F L U O R I N E p  P R O P E L L A N T .  F U E L *  / K E T s  L I W I D  
52057 SPACECRAFT.  P E R H E A T  E ON+ P R O P E L L A N T .  M E T A L I  
30027 P R O P E L L A N T .  S T U D Y I  
30064 P R O P E L L A N T .  T H R U S T S  
30052 CRYOGENIC.  P R O P E L L A N T %  
20500 HYDROGEN. WATER. SPACECRAFT.  P R O P E L L A N T #  
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4 1 0 1  1 RAHYDROGENC PROPERTIES .  THERMODYNAMICS.  PA  
4 1  0 0 6  S O L I D I  PROPERTY. CONOUCT I V I T Y M  
4 0 0 3 8  P I L A T I O N ,  D E N S I T Y *  D E U T E R I U M *  PROPERTY. E N T H A L P Y *  ENTROPY*  H 
4 0 2 0 8  THERMOOYNAMICSt  TRANSPORT. PROPERTY*  F L U I D #  

5 2 0 5 9  PROPERTY. M E C H A N I C A L *  ALLOY*  
5 2 0 5 5  PERATURE#  MECHANICAL .  PROPERTY. METAL.  PRESSUSE. TEM 
4 0 2 1 2  ERI F L U I D *  PROPERTY*  PARAHYDROGEN I COMPUT 
10077 0 /  HYOROGEN. FUEL .  CRYOGENIC,  PROPERTY. S A F E T Y *  TRANSPORTAT1  
4 1 0 0 2  T R I P L E  P O I Y T .  C R I T I C A L  P O I N T .  PROPERTY*  S L U S H #  
5 2 0 3 1  P A L L A D I U M .  PROPERTY. T E N S I L E Y  
4 1 0 1 7  METAL.  PRESSURE.  PROPERTY# 
41005 SLUSH, T R I P L E  P O I N T *  PROPERTY#  
4 0 2 0 2  YNAMICS .  TRANSPORT. COMPUTER. PROPERTY*  THERMOD 
4 0 2 1  1 S O L I D .  PARAHYDROGEN. PROPERTY#  
3 1 0 0 0  A I R C R A F T *  PROPULSION.  COST*  

30061 PROPULSION.  E N G I N E *  
3 0 0 1 6  SPACE. SHUTTLE .  P R O P U L S I O N L  
3001 7 SPACE. S H U T T L E *  P R O P U L S I O N N  
5 2 0 4 4  S T E E L *  CRACKING.  PROTECTION.  COATING. N I C K E L *  
4 0 4 0 2  A IRCRAFT .  THERMAL. PROTECTION.  L I O U I O #  
3 0 0 6 2  C O A T I N G .  PROTECTION.  THRUST*  
51011 SAFETY.  F I R E *  P R O T E C T I O N #  
4 0 0 0 4  R Y O G E N I C U  P U B L I C A T I O N .  THERMODYNAMICS*  C 

40505 ON# PUMP*  B E A R I N G *  WEAR* L U B R I C A T I  
4 0 5 0  1 B E A R I N G *  PUMP. CRYOGENIC@ 
4 3 0 0 2  GAS, PUMP, OECOMPOSIT IONI  H Y D R I  DEY 

40506 PUMP*  DESIGN.  PERFORMANCE# 

4051 2 PUMP. FLOW. TWO-PHASE. D E S I G N *  
4 0 5 0 2  L I Q U I D 1  PUMP*  H E A T  TRANSFER. B O I L I N G *  

40503 PUMP. HEAT.  L I Q U I D C  
4 0 5 0 9  EJECTOR.  PUMP. L I Q U I D .  ANALYSIS.  

4 0 5 0 7  C PUMP*  L I Q U I D .  TEST .  E F F I C I E N C Y  
4 0 5 0 4  L I Q U I D .  S L U S H *  PUMP*  PERFORMANCE* 
40508 T E S T *  PUMP. S U C T I O N *  
4 1 0 0 9  SLUSH. PUMP* 
4 1  000 EPARAT  I O N *  STORAGE. T R A N S F E R *  PUMP* SLUSH. P R  

31 0 0 3  PURGE. A I R P L A N E ,  HYPERSONICY  

3 4 1 0 7  PURGE*  F U E L  C E L L #  

23436 P U R I F I C A T I O N .  ADSORPTION*  

22159 P U R I F I C A T I O N .  C A T A L Y S T #  

22601 S#  HYDROGEN. P U R I F I C A T I O N .  CHEMICAL .  PROCES 
2 3 0 2 5  STEAM REFORMING. HYDROCARBON. P U R I F X C A T I O N I  COST#  /ETHANOL. 
2 3 4 0 3  YOGENIC.  SEPARATIONI  A M M O N I A *  P U R I F I C A T I O N .  COST*  /OLEUM. CR 
22603 YDROCARBONS. STEAM REFORMING. P U R I F I C A T I O N .  CRYOGENIC.  L I Q U E  

2 3 4 0 4  P U R I F I C A T I O N .  D I F F U S I O N #  
2 2 6 0 8  EAM REFORMING. COST. PROCESS*  P U R I F I C A T I O N .  D I S T R I B U T I O N .  S A  
34231 F U E L  C E L L .  P U R I F I C A T I O N I  ELECTRODE*  
2 3 4 0 0  L. C O S T *  P R O D U C T I O N #  P U R I F I C A T I O N .  HYDROCARBON. F U E  
2 3 4 2 8  A. WATER. METHANE*  D I F F U S I O N /  P U R I F I C A T I O N .  HYDROGEN. AMMONI 
23420 F I L M .  C A T A L Y S I S *  A D S O R P T I O N * /  P U R I F I C A T I O N .  MEMBRANE. M E T A L  
2 3 4 3 5  A. WATER*  METHANE* P U R I F I C A T I O N .  N ITROGEN.  AMMONI 

23426 PURIFI~ATION~ PERMEATION# 
2 2 2 1 7  HYDROCRACKINGI HYDROCARBONI P U R I F I C A T I D N *  REFORMING. O X I D A  
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22180 STEAM* P U R I F I C A T I O N .  REFORM I N G #  
2 3 0 2 1  SSURE/  D I S S O C I A T I O N .  AMMONIA. P U R I F I C A T I O N .  TEMPERATURE. P R E  
2 2 1 4 9  S, GAS. HYDROCARBONS. DESIGN.  P U R I F I C A T I O N . C A T A L Y S T #  /L C E L L  
23437 F E N P E R A T t l R E s  P U R I F F C R T I O N *  
23432 P U R I F I C A T I O N #  
22153 EFPN.  PETROCHEMICAL .  HYOROGEN P U R I F I C A T I O N #  /HYDROCARBON. O L  
22634 WATER* MEMBRANE* TEMPERATU/  P U R I T Y .  C A T A L Y S I S .  HYDROCARBON 
2301 1 AMMONIA. REACTOR. DECOMPOSIT /  P U R I T Y .  C A T A L Y S I S .  O X I D A T I O N .  
22129 E R *  MANUFACTURE. P U R I T Y .  COST. PRESSURE. REFORM 
2 3 0 0 4  PRODUCTION.  STEAM REFORMING*  P U R I T Y .  CRYOGENICI  OXYGEN# /N. 
2 3 0 2 0  Y. R E A /  CONVERSION.  C A T A L Y S T *  P U R I T Y .  HYDROCARBON. E F F I C I E N C  
2 3 4 3 3  ION .  C R Y O G E N I C #  P U R I T Y .  HYDROCARBON. CONDENSAT 
22150 CAL. PROCESS# PRESSURE9 P U R I T Y  HYDROCONVERSION. C H E M I  
2261 9 HYDROCARBON# PRODUCTION. P U R I T Y .  N A T U R A L  GAS. NAPHTHA. 
2 2 6  16 HYDROCARBONS* P U R I T Y .  N A T U R A L  GAS*  NAPHTHA. 
2261 0 SYNTHESIS .  P U R I T Y .  PROCESS. Y I E L D #  
2 3 4 3 8  L. COST#  PRODUCT I O N *  P U R I T Y .  R E F I N E R Y *  PETROCHEMICA  
23410 N I A .  R E F I N E R Y .  PETROCHEMICAL.  PUR I T Y R  AMMO 
2 2 6 0 9  A T U R A L  G A S *  NAPHTHA. PROCESS. P U R I T Y #  N 
5 2 0 0 2  I T T L E M E N T .  METAL,  CRACK. A I R .  P U R I T Y *  EMBR 
22127 N A T I O N *  HYDRODESULFURIZAT IONI  P U R I T Y *  PRODUCTIONI  HYDROGE 
2 2 0 0  8 L A S E R *  P Y R O L Y S I S .  C O A L #  
10070 GAE. E F F I C I E N C Y I  WASTE. F U E L *  P Y R O L Y S I S .  COST#  /NE*  HEAT.  A L  
22172 # P Y R O L Y S I S .  K I N E T I C S *  F L U I D I Z E D  
220 12 L A S E R .  P Y R O L Y S I S #  
22649 K I N E T I C S .  P Y R O L Y S I  S #  
23434 SEPARAT ION.  P Y R O L Y S I S *  
3304 8 C A T A L Y S T .  PYROPHORICY  
40200 D E N S I T Y .  TWO-PHASE. Q U A L I T Y .  FLOY.  C R Y G E N I C t  
4 1 0 0 1  L I Q U I D .  SLUSH. FLOW. Q U A L I T Y .  G E N E R A T I O N #  
4 1 0 0 7  SLUSH. Q U A L I T Y .  PARAHYDROGEN* 
23605 . L I G H T #  QUANTUM. Y I E L D .  PHOTOCHEMISTRY 
23606 E R #  QUANTUM* Y I E L D .  R E D U C T I O N *  WAT 
5 1 0 0 0  DETONATION.  QUENCHING. R E A C T I O N #  
10089 SOLAR. WATER. DECOMPOSIT ION.  R A D I A T I O N .  E F F I C I E N C Y  t TEMPERA 
2 3 6 0 3  ODES DECOMPOSIT ION.  R A D I A T I O N .  ENERGY*  VOLTAGE. AN 
2 3 6 0 1  HYDROGEN. PRODUCTION. R A O I A T I O N I  MECHANISM. 
2 3 6 0 0  PHOTODECOMPOSIT ION.  ENERGY. R A D I A T  ION,  PRESSURE#  
3 3 0 5 4  I N J E C T O R *  COMBUSTOR. R A M J E T *  
3 1  007 P A Y L O A D *  RANGE. C O S T *  N O I S E #  
3 1 0 1 2  . ECONOMIC#  RANGE. PAYLOAD.  COOLING.  S L U S H  
4 3 0 1 2  L A N T H A N I D E .  A F F I N I T Y .  MAGNET. RARE E A R T H #  
3 3 0 6 4  R A T E e  DETONATION.  I N D U C T I O N #  
3 3 0 6 0  R A T E *  E X P A N S I O N .  R E A C T I O N #  
5 2 0 4 9  ON* PERMEATION.  RATE. MEMBRANE* METAL.  D I F F U S ?  
5 2 0 3 2  D I F F U S I O N I  M E T A L *  RATE,  TEMPERATURE. PRESSURE#  
3 0 0 3 1  PRESSURES AND H I G H  R A T I O S #  
2 3 2 0 2  H Y L L *  PHOTO-CHEMICAL*  REACTEON*  B I O C H E M I C A L t  CHLOROP 
3 4 0 0 4  REACT  I ON. CONSTRUCTION#  
21008 C O M P O S I T I O N .  CYCLE.  C H E M I C A L *  R E A C T I O N *  E F F I C I E N C Y .  ECONOMIC 
3 4 9 2 4  R E #  R E A C T I O N *  ELECTRODE. TEMPERATU 
3481 6 R E A C T I O N .  ENERGY. E L E C T R O L Y T E #  
2 2 0 0 0  E. METHANOL.  S Y N T H E S I S  GAS*  / R E A C T I O N .  G A S I F I C A T I O N I  METHAN 

/ r ?  c\ 
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22001 E #  
21013 ESI  THERMODYNAMICS.  C H E M I C A L I  
3402 8 
34003 
43001 A D I U M *  N I O B I U M *  H Y D R I D E *  
21001 D E C O M P O S I T f D N .  WATER* C L O S E D *  
34902 
21007 E R M A L *  WATER. CLOSED. SYSTEM. 
52030 E M B R I T T L E M E N T I  E N V I R O N M E N T .  
22638 
33002 A L  S O L U T I O N #  
3300 8 
52059 R E S S U R E #  
5231 8 P E R A T U R E *  G A S *  
51006 O S I O N .  TEMPERATURE. P R E S S U R E *  
51009 D E T O N A T I O N ,  QUENCH1 NG. 
34017 F U E L  C E L L .  ELECTRODE.  
33014 MODEL. COMPUTER, 
33012 K I N E T I C S .  HYDROCARBON*  
23905 AMMONIA,  
21006 NI OXYGEN. PROOUCT I O N *  C Y C L E .  
33060 R A T E *  E X P A N S I O N .  
34000 C A T A L Y S T .  ELECTRODE.  
51012 E X P L O S I O N I  SURVEY. I G N I T I  ON. 
221 33 D E S I G N *  O P E R A T I O N I  REFORMER, 
10057 GAS/  ENERGY. N U C L E A R *  OXYGEN. 
23Gll A T A L Y S I S ,  O X I D A T I O N .  AMMONIA.  
22625 M P O S I T I O N .  HYDROCARBDN. HEAT.  
21015 G .  CYCLE.  PROCESS. T /  ENERGY. 
34820 SPACECRAFT.  POWER 
23002 N t  P R O D U C T I O N I  D E S I G N .  STEAM. 
10084 EN. T f  F O S S I L .  F U E L .  BREEDER,  
33004 G A S *  N U C L E A R *  
33028 COMBUST I ON. 
23020 I T Y .  HYDROCARBONI E F F I C I E N C Y .  
34267 F U E L  C E L L *  L I G H T W E I G H T .  
30370 E C I F I C  I M P U L S E #  
23414 N #  O E S l  G N t  
23416 N. P E T R O C H E M I C A L #  
23406 C&L, HYDROCARBON. F U E L *  
23401 C A L .  HYDROCARRON. F U E L #  
23427 
30072 COMPRESSOR. 
23440 AMMONIA. C A T A L Y S T *  R E F O R M I N G .  
23000 R E D U C T I O N  . R E G E N E R A T I O N ,  
23423 A T I O N .  C O N D E N S A T I O N .  M C T H A N E t  
23000 C L E #  
23022 RATURE.  H E A T #  WATER. 
23606 QUANTUM* Y I E L D .  
23607 O C H E M I S T R Y .  O X I D A T I O N .  S O L A R *  
23416 E M I C A L Y  RECOVERY.  
23431 CARBON* F U E L #  RECOVERY.  
23456 CARBON*  F U E L #  RECOVERY.  

/ 

R E A C T I O N .  G A S I F I C A T I O N .  M E T H A N  
R E A C T I O N *  K I N E T I C S *  f N  C H L O R I D  
R E A C T I O N *  MEMBRANE. WATERY 
R E A C T I O N .  MEMBRANE. N I C K E L #  
R E A C T I O N *  METAL.  PRESSURE. V A N  
R E A C T I O N *  O X I D E .  HALOGEN*  
R E A C T I O N .  POWER* 
R E A C T I O N .  P R O D U C T I O N #  T H  
R E A C T 1  ON* R E V E R S I B L E #  
R E A C T I O N *  STEAM. R E F O R M I N G *  
R E A C T I  ON. T E M P E R A T U R E *  N U M E R I C  
R E A C T I O N .  THERMODYNAMICS*  
R E A C T I O N .  T I T A N I U M .  S U R F A C E *  P 
R E A C T I O N *  T I T A N I U M .  A L L O Y *  T E M  
R E A C T I O N *  E X P L  
R E A C T I O N #  
R E A C T I  ON* 
REACT!  ON# 
R E A C T 1  ON# 
R E A C T I O N *  
R E A C T I O N #  HYDROGE 
R E A C T I  ON# 
R E A C T I O N #  
R E A C T 1  ON# F L A M M A B I L I T Y .  
REACTOR. C O S T #  
REACTOR. D E C O M P O S I T I O N .  H E A T *  
REACTDR. D E C O M P O S I T I O N .  N l T R D G  
R E A C T O R *  E Q U I L I B R I U M ,  METHANE. 
REACTOR. H E A T *  WATER. S P L I T T  I N  
REACTOR*  H E A T #  
REACTOR. P R O C E S S *  H E A T #  /DROGE 
REACTOR*  SOLAR.  ENERGY 9 HYDROG 
REACTOR* 
REACTOR*  
REACTOR# / R S I O N .  C A T A L Y S T *  PUR 
RECHARGEABLE*  
R E C O M B I N A T I O N .  PERFORMANCE. S P  
RECOVERY I CRYOGENIC.  SEPARAT I 0  
RECOVERY. R E F I N E R Y .  HYOROCARBO 
R E C O V E R Y +  R E F I N E R Y .  P E T R O C H E M I  
RECOVERY * R E F I N E R Y .  P E T R O C H E M I  
R L C O V E R Y *  WASTE* GAS# 
RECUPERATOR. POWER* 
R E C Y C L E *  COST. FUEL.  SEAPRAT I 0  
R E C Y C L E *  
R E C Y C L E *  R E F R I G E R A T I O N ,  S E P A R  
REDUCT I O N  r R E G E N E R A T I O N *  RECY 
R E D U C T I O N ,  R E G E N E R A T I O N .  TEMPE 
R E D U C T I O N .  WATERY 
R E D U C T I O N .  WATER# PHOT 
R E F I N E R Y .  HYDROCARBON. PETROCH 
R E F I N E R Y .  P E T R O C H E M I C A L +  HYDRO 
R E F I N E R Y *  P E T R O C H E M I C A L *  HYDRO 
/T/? 
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23410 Y e  AMMONIA. R E F I N E R Y .  P E T R O C H E M I C A L .  P U R I T  
23438 PAODUCTPON, P U R I T Y .  R E F I N E R Y .  P E T R O C H E M I C A L .  COSTR 
22608 T. PROCESS. P U R I F I C A T P O N I  D I /  R E F I N E R Y  r S T E A M  REFORMING. C O S  
22622 ROCEN*  C A T A L Y S T .  M A T U R A L  GAS. R E F f  N € R Y X  PRODUCTIOMs H Y D  
22621 R E F I N I N G *  G A S #  
22600 COST, D E S I G N .  R E F I N I N G .  G A S #  
22187 R E F I  N I  NG*  STEAM. HYDROCRACKW 
10067 N. S T O R A G E *  MARKET I C H E M I C A L *  R E F I N I N G .  U T I L I T Y .  E L E C T R I C .  R 

22125 G A S *  9 E F I N I N G l  
22128 YDROCRACKING, P E T R O C H E M I C A L S *  R E F  I N 1  N G l  /ODESULFUR! Z A T I O N .  H 
34824 E L E C T R O L Y T E *  REFORMER*  B A T T E R Y *  
22103 FUEL C E L L  9 REFORMER*  CARBON MONOX I O E d  
22694 C/  P R E S S U R E *  S T E A M  REFORMING. REFORMER, CORROSION. PERFORMAN 
23007 THANOL.  D I F F U S I O N .  P A L L A O I U M r  REFORMER. H E A T #  C A T A L Y S I S *  ME 
22116 F U E L  C E L L .  CONVERSION.  REFORMER. O X I D A T I O N S  C A T A L Y S T *  
22 133 D E S I G N .  O P E R A T I  ON* REFORMER*  REACTOR. C O S T #  
22129 TURE e P U R I T Y .  COSTI  PRESSURE. REFORMER# MANUFAC 
34830 TEMPERATURE. M O I  STURF.  REFORMER* 
22602 . P P O D U C T I O N *  F U E L  C E L L *  GAS. REFORMER*  / O N V E R S I O N +  C A T A L Y S T  
23007 M O N I  AI C R A C K I N G .  HYDROCARBON. REFORMEROXYGENX / S I S  r H E A T  I AM 
23029 ONSI AMMONIA. CRACKENG. S T E A M  R E F O R M I N G .  CATALYST.  H E A T *  / R B  
34839 T E *  WATER. REFORMING.  CATALYST.  E L E C T R O L Y  
34847 E L E C T R O L Y T E *  CATHODE. R E F O R M I N G .  C A T A L Y S T #  
22 1 A 7 STEAM, R E F O R M I N G .  C A T A L Y S T *  
22144 STEAM. REFORMPNG* C A T A L Y S T U  
22178 HYDROGEN, R E F O R M I N G .  C A T A L Y S T @  
22 183 S T E A M *  R E F O R M I N G .  C A T A L Y S T *  
22162 STEAM. R E F O R M I N G .  C A T A L Y S T #  
221 98 R E F O R M I N G .  C A T A L Y S T *  
22157 S T E A M *  R E F O R Y I N G I  C A T A L Y S T #  
50003 STEAM. REFORMING,  CONTROL, S A F E T Y *  
22151 R I Z A T I O /  PROCESS. PRODUCTION.  REFORMING.  CONVERSION.  O E S U L F U  
22102 T I O N *  C A T A L /  O E S U L F U R P Z A I I O N .  REFORMING.  CONVERSION.  METHANA 
22636 S T E A M  REFORM INGI  C O N V E R S I O N #  
23409 DESULPHUR P Z A T I  ON. R E F O R M I N G .  CONVERSPON* 
22608 F I C A T I O N e  01/ R E F I N E R Y *  STEAM R E F O R M I N G .  C O S T *  PROCESSs P U R I  
5001 2 S T E A M *  R E F O R M I N G .  D E S I G N .  C O R R O S I O N #  
22131 S T E A M *  R E F O R M I N G .  F U E L  C E L L U  
22122 REFORM ING.  F U E L  C E L L #  
22 189 R E F O R M I N G .  F U E L  C E L L #  
22132 S T E A M *  R E F O R M I N G .  G A S #  
22112 C A L o  PROCESS. D E S I G N #  S T E A M  R E F O R M I N G *  HYDROCARBONSI C H E M I  
22126 STEAM9 REFORM PNG. HYDROCARBON* 
221C8 STEAM. REFORMING.  HYDROCARBON# 
22107 A L  D E S I G N /  PRODUCTIDNI  STEAM. REFORMPNG. HYDROCARBONI C H E M I C  
22142 S1EA.M. R E F O R M I N G *  HYDROCARBON# 
22185 STEAM. REFORMPNC. HYDROCARBON# 
22 169 R E F O R M I N G .  HYDROCARBON# 
22170 n 

PRESSURE, R E F O R M I N G 9  HYDROCARBON# 
22629 STEAM. REFORM PNG. HYDROCARBON# 
22208 REFCRM PNG* HYDROCARBON# 
23025  XNGs AMMONIA0 METHANCLo S T E A M  R E F O R M I N G s  HYDROCARBONI P U R I F I  
22635 S I O N e  P A R T I A L /  A M M O N I A *  S T E A M  R E F  RM ING.  HYDROCARBON. CONVER 

I 9 
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23415 A/ P A L L A D I U M .  MEMBRANE. S T E A M  REFORMING.  HYDROCARBONI A M N N I  
2261 1 S T E A M  REFORMING,  METHANE. K I N E T I C S #  
22104 REFORMING.  N & P H T H A #  
22217 G. HYDROCARBON* P U R I F I C A T I O N .  REFORMING.  O X I D A T I O N #  / C R A C K I N  
34256 REFORMING.  O X I D A T I O N #  
22212 QODUCTION. HYDROCARBON. S T E A M  REFORMING,  P A R T I A L  O X I D A T I O N *  / 
22100 HYDROCARBONS. COAL. E N /  S T E L M  R E F O R M I N G *  P A R T I A L  O X I D A T I O N I  
20507 ON. E L E C T R O L Y S I S .  COST. S T E A M  REFORMING. P A R T I A L  O X I D A T I O N *  / 
22110 HYDROCARBONS# S T E A M  REFORMING.  P A R T I A L  O X  I D A T  I O N .  
221 14 C O N V E R S I O N #  HYDROGEN, S T E A M  REFORMING.  PRODUCT I O N *  D E S I G N .  
22218 A L  O X I D A T I O N .  R E S I D U E .  S T E A M *  R E F O R M I N G r  PRODUCTION.  P R O C E S S  
22603 E N  I C *  L I  / HYDROCARBONS. S T E A M  R E F O R M I N G *  P U R K F I C A T  ION. CRYOG 
23004 HYDSOGENI PHODUCTIONI S T E A M  REFORMING.  P U R I T Y .  C R Y O G E N I C *  
23440 . SEAPRAT/  AMMONIA. C A T A L Y S T .  REFORMING.  RECYCLE. COST.  F U E L  
22604 r PERFORMANC/ P R E S S U R E *  S T E A M  R E F O R M I N G *  REFORMER* C O R R O S I O N  
221 40 REFORMING.  STEAM'  HYDROCARBON# 
22106 HYDROCRACK. REFORMING.  STEAM*  
22171 R E F O R U I N G I  STEAM* 
22143 O D U C T I O N .  G E N E R A T I O N *  S U P P L Y .  REFORMINGI  VOLTAGE. TEMPERATUR 
221 34 HYDROCARBON. STEAM. R E F O R M I N G *  
22115 F U E L  C E L L .  STEAM. R E F O R M I N G #  
22 190 C A T A L Y S T .  STEAM, R E F O R M I N G #  
22202 P R E S S U R E *  R E F O R M I N G #  
221 93 PRESSURE*  C A T A L Y S T .  R E F O R M I N G *  
221 55 C A T A L Y S T *  HYDROCARBON. R E F O R M I N G #  
22158 F E U L  C E L L .  HYDROCARBON. R E F O R M I N G *  
22180 STEAM. P U R I F I C A T I O N .  R E F O R M I N G *  
2261 8 PRESSURE. D X I D A T I O N *  R E F O R M I N G #  
22640 TEMPERATURE. R E F O R M I N G #  
22645 A M M O N I A *  R E F O R M l N G Y  
22633 STEAM. C A T A L Y S T *  R E F O R M I N G *  
22206 HYDROCARBON. REFORM I N G U  
22630 C O A L *  F U E L .  REFORM I N G U  
22209 C A T A L Y S T  s R E F O R M I N G #  
22628 GAS. PROCESS, REFORM l N G #  
22207 C A T A L Y S T .  R E F O R M I N G #  
22644 C A T A L Y S T .  R E F O R M I N G #  
2263 8 R E A C T I O N .  STEAM. R E F O R M I N G #  
22639 NUCLEAR. HEAT.  R E F O R M I N G #  
22650 HYDROCARBON. R E F O R M I N G #  
34247 R E F O R M I N G *  
23423 D E N S A T I O N .  METHANE. R E C Y C L E *  R E F R I G E R A T I O N .  S E P A R A T I O N .  CON 
23000 R E D U C T I O N  R E G E N E R A T I O N I  R E C Y C L E #  
23022 T *  WATER* R E D U C T I O N I  R E G E N E R A T I O N *  TEMPERATURE. H E A  
34237 F U E L  C E L L .  R E G E N E R A T l O N Y  
34238 F U E L  C E L L .  R E G E N E R A T I O N #  
34240 F U E L  C E L L .  R E G E N E R A T I O N S  
34838 D E S I G N .  TEST.  R E G E N E R A T I O N #  
23424 N t  HYDROCARBON. C O N D E N S A T I O N .  R E G E N E R A T I O N #  / T I O N .  S E P A R A T I O  
23425 T I O N .  ABSORPTION.  A D S O R P T I O N *  R E G E N E R A T I O N R E F R I G E R A T I O N *  / S A  
2392 8 F U E L  C E L L *  R E G E N E R A T I V E #  
2001 8 F U E L  C E L L *  R E G E N E R A T I V E #  
34846 FUEL C E L L *  REGENERATOR. E L E C T R O L Y S I S #  

/ A ,d 
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34103 WEIGHT. R E L I A B I L I T Y .  ELECTROLYTE*  
40408 I N S U L A T I O N I  R E L I A B I L I T Y *  
34255 WATER* REMOVAL. HEAT. V I B R A T I O N #  
34504 HEAT. REMOVAL. WATER. ENDURANCE* 
34268 HEAT. REMOVAL. WATER. ENDURANCE* 
34506 HEAT. REMOVAL. WATER* 
34206 AEROSPACE. HEAT. REMOVAL*  WATER* 
34503 F U E L  CELL.  WATER. H E A T *  REMOVAL* 
34507 F U E L  C E L L *  WATER. R E M O V A L I  
34509 WATER* REMOVAL* 
3451 0 WATER. REMOVAL*  
34505 FUEL C E L L *  MOISTURE.  REMOVAL* 
34254 WATER. REMOVAL* 
10067 R E F I N I N G *  U T I L I T Y .  E L E C T R I C *  RESEARCH* F O S S I L *  F U E L #  / I C A L *  
32025 AUTOMDB I LE. RESEARCH. F U E L #  
3201 9 I N T E R N A L  COMBUSTIONI RESEARCH* 
34013 DESIGN.  RESEARCH* 
34027 O X I D A T I O N .  RESEARCH* 
22218 DUCTION.  / P A R T I A L  O X I D A T I O N .  R E S I D U E .  STEAM. REFORMING. PRO 
22109 ODUCTION.  HYDROCARBONS. C O A L *  R E S I D U E #  HYDROGEN. PR 
52030 EMENT. ENVIRONMENT. REACTION.  R E V E R S I B L E #  E M B R I T T L  
221 86 REVIEW.  PROCESS# 
30057 REVIEW.  ROCKET*  ENGINE*  
52053 T Y Y  EMBRITTLEMENT.  REVIEW.  STRENGTH. S U S C E P T I B I L I  
51009 AFETY.  LEAK. F I R E +  D E T E C T I O N .  R E V I E W #  S 
5001 5 GAS. SYSTEM. D E S I G N *  R E V I E W #  
34038 F U E L  C E L L *  R E V I E W *  
34012 F U E L  C E L L *  R E V I E W #  
10086 TORAGE. TRANSMISS ION.  EXPORT-  R E V I E W *  / F I S S I O N .  HYDROGEN. S 
330 3 3 ROCKET. COMBUSTION# 
30002 ROCKET. COMBUSTION# 
30046 ROCKET. ENGINE.  CRYOGENIC# 
30030 ROCKET*  ENGINE.  F U E L *  
30048 R O C K E T *  E N G I N E *  PERFORMANCE* 
30058 THRUST. ROCKET I E N G I N E X  
30067 DESIGN.  R O C K E T *  E N G I N E *  
30047 D E S I G N t  ROCKET. E N G I N E X  
30057 REVIEW. ROCKET. E N G I N E #  
300.28 I N J E C T I O N .  ROCKET. E N G I N E #  
30031 ROCKET*  EXHAUST*  
30026 ROCKET*  F U E L *  
33026 ROCKET. HEAT.  TRANSFER* 
3001 3 ROCKET*  I N J E C T I O N #  
30D75 N E #  ROCKET*  L I Q U I D .  HYDROGEN* E N G I  
30074 E N *  F L U O R I N E *  PROPE/ H ISTORY.  ROCKET*  L I Q U I D .  HYDROGEN* OXYG 
30 0 54 STUDY ROCKET r MOTOR# 
30033 ROCKET. N O Z Z L E  I 
30006 ROCKET. TEMPERATURE# 
30066 ROCKET. THRUST*  
33030 H E A T *  ROCKET. TRANSFERS 
30035 PERFORMANCE. ROCKET* 
30049 THRUST. ROCKET*  
30038 PRESSURE I FLOW I ROCKET W 
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3007 1 C O M B U S T 1  ON. R O C K E T *  
30005 GAS. N U C L E A R *  R O C K E T #  
30009 T U R B I N E *  N U C L E A R *  R O C K E T *  
30007 NUCLEAR. R O C K E T #  
30022 FUEL. R O C K E T *  
30003 NUCLEAR. R O C K E T S  
30008 T U R B I N E .  NUCLEAR.  R O C K E T *  
33037 C O M B U S T 1  ON. R O C K E T *  
50017 S A F E T Y .  PRESSURE, RUPTURE. F I R E *  
52049 EN?. S T E E L .  C O A T I N G *  SURFACE.  R U P T U R E I  E M B R I T T L E M  

50000 L I Q U I D .  S A F E T Y .  CONTROL. DAMAGE* 
50008 G A S *  L I Q U I D S  S A F E T Y *  CRYOGENIC.  COMPRESSED*  
10031 RGY. S Y N T H E T I C .  FUEL. SYSTEM. S A F E T Y .  C R Y O G E N I C E L E C T R O L Y S I S *  
10005 HYDROGEN. E N E R G Y *  FUEL. USE.  S A F E T Y .  E L E C T R O L Y S I S .  E N V I R O N M  
10006 L, ENERGY. T R A N S M I S S I O N .  U S E .  S A F E T Y .  E N V I R O N M E N T *  / I O N *  FUE 
51014 T E R I A I  S A F E T Y  I E X P L O S I O N .  L I A U I D *  C R I  
5101 1 S A F E T Y .  F I R E *  P R O T E C T I O N #  
50009 L I Q U I D I  S A F E T Y .  F I R E *  
50002 D E S I G N *  SAFETY.  FURNACE. TEMPERATURE. 
51009 R E V I E W #  SAFETY.  L E A K .  F I R E .  D E T E C T I O N t  
50001 TIONW S A F E T Y *  L I Q U I D .  F I R E .  A S P H Y X I A  
5001 1 S A F E T Y .  L I Q U I D .  L A B O R A T O R Y *  
50014 Nff S A F E T Y .  MANUAL. LEAKAGE.  O E S I G  
50004 PRESSURE.  S A F E T Y .  N A R C O T I C #  
10055 EL.  ECONOMYI ENERGY. ECOLOGY. S A F E T Y .  N U C L E A R *  C O A L *  /EN. FU 
50017 EU S A F E T Y *  PRESSURE. RUPTURE. F I R  
50005 L I Q U I D I  H A N O L I N G Y  S A F E T Y .  STANDARD. COMMERCIALI  
51002 U I D .  GAS. E X P L O S I O N #  S A F E T Y .  STORAGE. H A N D L I N G .  L I Q  
32002 S I O N .  P O L L U T I O N . /  E F F I C I E N C Y .  S A F E T Y  t STORAGE. H Y D R I D E .  EM I S  
5001 3 PERATURE. C O N T A M I N A N T *  SAFETY.  STORAGE. PRESSURE+ TEM 
5001 0 TR U U E N T A T I  ON* S A F E T Y ,  STORAGE. T R A N S F E R *  I N S  
10046 N A L Y S I S *  A L T F R N A T I V E . N U C L E A R v  S A F E T Y *  T R A N S P O R T A T I O N #  / G Y t  A  
10077 N. F U E L .  CRYOGENIC.  PROPERTY.  S A F E T Y .  T R A N S P O R T A T f O N . S T A N 0 A U  
10010 HYDROGEN S A F E T Y  I 
10051 . S Y N T H E T I C *  F U E L .  C R Y O G E N I C .  S A F E T Y *  HYOUOGEN 
50603 STEAM. REFORMING.  CONTROL. S A F E T Y *  
42004 GAS. S T A N D A R D *  CONSUMER. S A F E T Y *  
50016 L I Q U I D ,  S Y S T E M *  S A F E T Y *  
50007 F L A R E .  VENT. S A F E T Y *  
50006 R A F T *  F U E L *  L I Q U I D .  H A N O L I N G *  S A F E T Y *  SPACEC 
51 005 F L A R E *  FLOW. I N S T A B I L I T Y .  S A F E T Y #  
31005 PERFORMANCE*  C O S T *  STORAGE. S A F E T Y *  
10054 ON. OXYGEN*  NUCLEAR.  STORAGE. S A F E T Y *  F U E L .  E N G I N E *  P O L L U T I  
20005 R I N G  METHODSOPERAT I O N .  C O S T S *  S A F E T Y #  /EN. OXYGEN. MANUFACTU 
22608 * P U R I F I C A T I O N .  D I S T R I B U T I O N .  S A F E T Y #  / O R M I N G +  COST. PROCESS 
10079 L I Q U I D .  ECONOMICS.  C R Y O G E N I C . S A F E T Y #  / R A N S M I S S I O N v  STORAGE. 
34006 A C I D .  A L K A L I N E *  M O L T E N  S A L T Y  
23440 FORMINGI  R E C Y C L E .  COST. F U E L .  S E A P R A T I O N X  / N I A .  C A T A L Y S T ,  R E  

33015 COMPUTERI S E L F - I G N I T I O N #  
20015 OGENATION.  F E R T I L I Z E R S .  M E T A L  SEMICONDUCTOR*  / T R O L Y S I S .  HYDR 
23602 I O N .  TEMPERATURE. C A T A L Y S T .  / S E N S I T I Z E R .  CONVERSION.  OX I D A T  
40309 SENSOR, D E T E C T I O N #  
40302 S E N S O R *  L I Q U I D - L E V E L S  
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2 3 4 0 3  E M I C A L I  PETROLEUMI CRYOGENIC.  
2 3 4 2 3  ANE. R E C Y C L E #  R E F R I G E R A T I O N *  
22655  N A P t i T H i  AMYONIA.  PRODUCT IUN .  
2 3 4 2 2  
2 3 4 1  9 NITROGENI  PRESSURE*  
2340 7 
2 3 4 2 4  N S A T  ION.  REGENERf ADSORPTION. 
2 3 4 0 2  URE. COST. ECONOMY# 
2 3 4 0  8 
2 3 4 1  7 E. TEMPERATURE. MEMBRANE* E L /  
2 3 4 3 0  
23431 
2 2 6 1  3 ABSORPT I ON* 
22624 
2 3 4 3 4  
23414 D E S I G N .  RECOVERY. CRYOGENIC.  
34228 C A T A L Y S T  I 
5 2 0 1 5  E M B R I T T L E M E N T .  
3 3 0 5 6  
3 3 0 5 5  M I X I N G .  CONCENTRATION.  
3 3 0 3 2  T R A N S I E N T .  I N D U C T I O N I  
4 0 4 1 5  L I Q U I D .  I N S U L A T I O N *  
3001 5 SPACE 
30021 SPACE.  
4 0 6 0 4  
3 0 0 1  8 SPACE. 
3 4 8 4 4  F U E L  C E L L *  
3 0 0 1 7  SPACE 
3 0 0 1  6 S P A C E *  
3 0 0 1 4  
43605 
3 0 0 1  9 DESIGN,  POWERI 
3 0 0 2 0  POWER. S P A C E *  
31001 PERSONIC .  GAS  TURBINE .  S P A C E *  
34225 
3 4 2 2 6  TEMPERATURE*  
3 4 8 0 6  E F F I C I E N C Y I  N I C K E L .  
3 3 0 6 3  . N U M E R I C A L  S O L U T I O N #  
3 0 0 4 3  TANK.  
31012 R A N G E *  PAYLOAD.  COOL1  YG. 
4 1 0 0 1  ON# L I Q U I D .  
4 1 0 0 4  E R *  STORAGE. FLOW* 
41003 YY 
4 1  0 0 0  RANSFER. PUMP# 
4 1 0 1  0 RANSFER*  
40504 L I Q U I D .  
41 0 0 9  
41 007 
41018 AFT*  
4 1 0 0 8  
41005 
4 1 0 0 2  NT. C R I T I C A L  P O I N T .  PROPERTY. 
4 0 3 0 0  FLOW * CRYOGENIC.  MEASUREMENT. 

S E P A R A T I O N ,  AMMONIA*  PUR I F  I C A T  
S E P A R A T I O N *  CONDENSAT ION*  METH 
S E P A R A T I O N .  C O S T *  N A T U R A L  GAS. 
S E P A R A T I O N *  D I F F U S I O N S  
S E P A R A T I O N *  F R A C T I O N A T I O N #  
S E P A R A T I O N .  G A S *  
S E P A R A T I O N .  HYDROCARBON. CONDE 
S E P A R A T I O N I  HYDROCARBON* P R E S S  
S E P A R A T I O N .  MEMBRANE# 
SEPARAT ION.  P A L L A D I U M .  PRESSUR 
S E P A R A T I O N I  P A L L A D I U M #  
S E P A R A T I O N .  P E R M E A T I O N #  
S E P A R A T I O N *  PROCESS*  A N A L Y S I S #  
S E P A R A T I O N *  PROCESS# 
S E P A R A T I O N .  P Y R O L Y S I S #  
S E P A R A T I O N #  
S E P A R A T I O N #  
S H E E T *  B E N D I N G #  
SHUCK. I N J E C T O R ,  TURBULENCE* 
SHOCK# 
SHOCK# 
SHUTTLE.  COST*  
SHUTTLE.  E N G I N E *  
S H U T T L E *  J E T #  
SHUTTLE.  L I Q U I D .  D I S T R I B U T I O N #  
SHUTTLEI  POWERY 
SHUTTLEI  POWER* 
S H U T T L E  r P R O P U L S I O N #  
S H U T T L E *  P R O P U L S I O N #  
SHUTTLE.  SPACE,  E N G I N E #  
SHUTTLE.  STORAGE*  D E S I G N *  
S H U T T L E #  
S H U T T L E #  
S H U T T L E #  S U  
S H U T T L E #  
S H U T T L E *  
S I L V E R ,  C A T A L Y S T #  
S I M U L A T I O N I  COMPUTER. I G N I T I O N  
S L O S H I N G *  O S C I L L A T I O N #  
SLUSH. ECONOMIC#  
S L U S H *  FLOW. Q U A L I T Y *  G E N E R A T I  
S L U S H *  I N S T R U M E N T A T I O N *  T R A N S F  
SLUSH. I N S T R U M E N T A T I O N .  DENS I T  
SLUSHI PREPARAT ION.  STORAGE. T 
SLUSH. PRODUCTION.  HANDL ING,  T 
SLUSH. PUMP. PERFORMANCE# 
SLUSHI PUMP# 
sLusn. QUALITY. PARAHYDROGEN* 
SLUSH. S O L I D *  STORAGE. SPACECR 
S L U S H *  S P A C E C R A F T #  
S L U S H *  T R I P L E  POINT .  PROPERTY# 
S L U S H #  T R I P L E  P O I  
S L U S H *  
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1 0 0 6 8  YDROGENt ENERGY, ENVIRONMENT. S O C I E T Y *  L E G A L *  H 
1 0 0 8 6  . STORAGE* T/ ENERGY. C R I S I S .  SOLAR. COAL. F I S S I O N *  HYDROGEN 
1 0 0 8 8  ENERGY. A L T E R N A T I V E *  SOLAR*  ENERGY. CARRIER. COAL* 
1 0 4 7 2  IONMAGNETOHYDRODYNAMIC. COST, SOLAR. ENERGY* CONVERSIONX / S T  
1 0 0 7 5  HERMOCHEMICAL. WA/ ECONOMICS. SOLAR. ENERGY. E L E C T R O L Y S I S .  T 
1 0 0 8 4  S S I L *  F U E L *  BREEDER. REACTOR. SOLAR. ENERGY*  HYDROGEN* TRANS 
1 0 0 8 7  WER. F U E L  CELL.  E L E C T R O L Y S I S .  SOLAR. ENERGY# POLLUT ION.  P O  
23607 PHOTOCHEMISTRY. O X I D A T I O N .  S O L A R *  REDUCTION.  WATER* 
10089 A O I A T I O N *  E F F I C I E N C Y /  ENERGY, SOLAR. WATER* D E C O M P O S I T I O N *  R 
3 4 0 2 0  S O L 1  0-ELECTROLYTE.  POWER# 
3 4 0 3 4  # A P P L I C A T I O N .  ELECTROOEI S O L I D - E L E C T R O L Y T E *  TEMPERATURE 
41012 C O N D U C T I V I T Y I  S O L I D .  L I Q U I D .  PARAHYDROGENI  
4 0 2 1  1 S O L I D .  PARAHYDROGEN. PROPERTY # 
4 0 3 0 4  L I Q U I D *  S O L I D .  PARAHYDROGENX 
41006 S O L I D .  PROPERTY. C O N D U C T I V I T Y X  
41 0 1  8 S L U S H *  SOL I D S  STORAGE* SPACECRAFT*  
4 0 4 0 6  STORAGE. CRYOGENICI  S O L I D I F I C A T I O N #  
4 0 4 0 5  I N S U L A T I O N *  CRYOGENIC.  S O L I D I F I C A T I O N *  
5202 1 STEEL.  D I F F U S I O N .  S O L U B I L I T Y ,  PERMEATION#  
5 2 0 0 5  METAL. PERMEATION.  S O L U B I L I T Y ,  THERMODYNAMICS* 
5 2 0 0 9  E A T I O N .  EMBRITTLEMENT.  METAL. S O L U B I L I T Y *  PERM 
33009 BER. VENT. EXHAUST*  N U M E R I C A L  S O L U T I O N #  CHAM 
3300 1 N U M E R I C A L  S O L U T I O N #  
3 3 0 0 2  C T I O N .  TEMPERATURE. N U H E R I C A L  S O L U T S O N I  R E  A 

'I 
3 3 0 6 3  COMPUTER* I G N I T I O N .  N U M E R I C A L  S O L U T I O N #  S I M U L A T I O N .  
10078 RAT ION.  SUPPLY. DEMA/ ENERGY I SOURCE. E L E C T R I C I T Y .  USE. GENE 
1 0 0 8 5  ./ HYDROGEN* ECONOMY. ENERGY. SOURCEI PRODUCTION. TECHNOLOGY 

i 
3484 1 FUEL C E L L .  SPACE, ENERGY* 
3 0 0 1  4 SHUTTLE.  SPACE*  E N G I N E #  
3 0 0 1  1 SPACE. E N G I N E X  
10070 F I C I E N C Y .  WASTE/ T E R R E S T R I A L .  SPACE*  MARINE.  HEAT. A L G A E *  E F  
30059 SPACE*  POYERI D E S I G N #  
3 0 0 7 3  E N G I N E .  SPACE. POWER* 
3 0 0 1 5  SPACE. SHUTTLE. E N G I N E *  
3 0 0 2 1  SPACE+  SHUTTLE. J E T #  
3001 8 SPACE. S H U T T L E *  POWER* 
3 0 0 1 6  SPACE. S H U T T L E *  P R O P U L S I O N #  
3 0 0 1 7  SPACE. SHUTTLE. P R O P U L S I O N #  
3 0 0 2 0  POWER. SPACE. SHUTTLEY 
3 1 0 0 1  SUPERSONIC. GAS T U R B I N E .  SPACE. SHUTTLE#  
3 0 0 0 0   LIQUID^ ENGINE. SPACEIT 
2 0 5 0 5  E N *  PRODUCTION*  E L E C T R O L Y S I S *  SPACECRAFT*  D E S I G N #  OXYG 
34822 F U E L  C E L L *  SPACECRAFT*  D E S I G N *  
51010 S I O N #  E X P L O S I O N *  SPACECRAFT. DETECTXON. SUPPRES 
52033 N. METAL*  E M B H I  T T L E M E N T *  SPACECRAFT*  F A I L U R E .  P R E V E N T 1 0  
50006 L I N G .  SAFETY#  SPACECRAFT*  F U E L *  L I Q U I D .  HAND 
51007 C T I O N d  SPACECRAFT*  HAZARD. LEAK.  D E T E  
2 0 0 1 9  E L E C T R O L Y S I S I  SPACECRAFT*  OXYGEN* 
5 2 0 5 7  LANT I  METALX SPACECRAFT*  PERMEATION.  PROPEL  
34820 T I  SPACECRAFT. POUER REACTOR. HEA 
2 0 0 0 0  HYDROGEN. WATER, SPACECRAFT. PROPELLANT*  
40421 SPACECRAFT. STORAGE, L I Q U I D *  

D 40108 L I Q U E F I C A T I O N .  SPACECRAFT. THERMODYNAMICS# 
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34826 FUEL C E L L .  SPACECRAFT. 
40005 L I Q U I D o  HYDROGEN. CRYOGENIC.  S P A C E C R A F T C  
34263 S P A C E C R A F T S  
34249 FUEL C E L L *  S P A C E C R A F T *  
34256 COST. S P A C E C R A F T *  
34271 F U E L  C E L L *  TECHNOLOGY. S P A C E C R A F T #  
40403 NI S T R U C T U R E *  D E S I G N *  L I Q U I D .  S P A C E C R A F T *  
41018 SLUSH. S O L I D .  STORAGE. S P A C E C R A F T *  
4040 7 FOAM. POLYURETHANE. SPACECRAFT. 
41 008 SLUSH. S P A C E C R A F T #  
30045 PERFORMANCE. J E T .  S P A C E C R A F T @  
30039 C O M P R E S S I O N *  S P A C E C R A F T #  
31010 LOW* S P E C I F I C  I M P U L S E I  THRUST. A I R F  
30053 EJECTOR.  S P E C I F I C  I M P U L S E .  TURBOPUMP@ 
30070 R E C O M B l N A T I O N t  PERFORMANCE*  S P E C I F I C  I M P U L S E #  
21015 ENERGY. REACTOR. HEAT.  WATER* S P L I T T I N G *  CYCLE. PROCESSI T H E  
21016 CLEAR. THERMOCHEMICAL.  WATER* S P L I T T I N G .  TECHNOLOGY. E F F I C I E  
210 14 ROCESS. NUCLEAR. HEAT.  WATER. S P L I T T I N G .  THERMOCHEM I C A L  E F F I  
33034 S T A B I L I T Y .  CONCENTRAT I O N Y  
33049 S T A B I L I T Y .  I G N I T I O N S  DRAGC 
33052 S T A B I L I T Y .  TEMPERATURE. 
33047 S T A B I L I T Y *  
30037 COMBUSTION. S T A B I L I T Y *  
43007 H Y D R I D E .  ENERGY*  STORAGE. S T A B I L I T Y *  
52010 PHASE. T R A N S F O R M A T I O N *  S T A I N L E S S  S T E E L *  D I S L O C A T I O N .  
52022 S T E E L .  S T A I N L E S S .  A U S T E N I T E Y  
5 2 0 3 7  O C A T I O N .  M A R T E N S I T E U  S T E E L *  S T A I N L E S S .  E M B R I T T L E M E N T .  O I S L  
52052 O S I D N *  C R A C K *  S T R E S S *  S T A I N L E S S .  E M B R I T T L E M E N T .  CORR 
50005 H A N D L I N G *  SAFETY.  S T A N D A R D *  COMMERCIAL.  L I Q U I D *  
42004 G A S *  S T A N D A R D  CONSUMERI S A F E T Y  C 
32014 POWER. S T A N D A R D *  P O L L U T I O N #  
10077 PERTY.  S A F E T Y .  TRANSPORTATION.STANOARDS, A P P L I C A T I O N S #  / P R O  
34508 FUEL C E L L .  T R A N S I E N T .  STEADY-STATE.  ANALOG* 
40204 S T A T E *  E Q U A T I O N .  P H A S E C  
2001 6 E L E C T R O L Y S I S .  WATER. S T A T I C #  
3 4 5 0 8  F U E L  C E L L *  T R A N S I E N T .  STEADY-STATE.  ANALOG* 
22174 HYDROCARBON. S T E A M  C A T A L Y S T *  
2 3 0 2 9  RDCARBONS*  AMMONIA. C R A C K I N G .  S T E A M  R E F O R M I N G *  CATALYST.  H E A  
22636 S T E A M  REFORMING. C O N V E R S I O N #  
22608 . P U R I F I C A T I O N I  D I /  R E F I N E R Y *  S T E A M  REFORMING.  COST. PROCESS 
22635 C O N V E R S I O N ,  P A R T I A L /  AMMONIA.  S T E A M  REFORMING.  HYDROCARBON. 
2 3 0 2 5  C R A C K I N G *  AMMONIA.  METHANOL. S T E A M  REFORMING.  HYDROCARBON. 
23415 A M M O N I A /  P A L L A D I U M .  MEMBRANE. S T E A M  REFORMING.  HYDROCARBONI 
22112 C H E M I C P L .  PROCESS. D E S I G N #  S T E A M  REFORMING.  HYDROCARBONS. 
2261 1 T I C S #  S T E A M  REFORMING. METHANE. K I N E  
22212 GENS P R O D U C T I O N .  HYDROCARBON. S T E A M  REFORMING.  P A R T I A L  O X I D A  
2 0 5 0 7  ODUCTION.  E L E C T R O L Y S I S .  COST. S T E A M  REFORMING.  P A R T I A L  O X I D A  
22100 T I O N *  HYDROCARBONS. COAL.  EN/  S T E A M  REFORMING.  P A R T I A L  O X I D A  
22110 T I O N *  HYDROCARBONS* S T E A M  REFORMING,  P A R T I A L  O X I D A  
221 1 4  E S I G N *  C O N V E R S I O N #  HYDROGEN. S T E A M  REFORMING. PRODUCTION. 0 
23004 E N I C .  / HYDROGEN, PRODUCTION.  S T E A M  R E F O R M I N G *  P U R I T Y .  CRYOG 
22603 C R Y O G E N I C *  L I /  HYDROCARRONSI S T E A M  R E F O R M I N G *  P U R I F I C A T I O N I  
2 2 6 0 4  R O S I O N ,  PERFORMANC/ PRESSURE. S T E A M  REFORMING.  REFORMER. COR 
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34833 E L E C T R O L Y T E .  A I R .  
22633 
22196 
22002 NI I N D U S T R I A L .  GAS. CHARCOAL,  
10058 COMBUSTIONI HYDROGEN* O X Y G E N *  
22168 
22140 REFORMING.  
221 87  R E F I N I N G .  
22003 
221 73 
22642 
22177 HYDROCARBON. 
221 39 HYDROCARBON. 
20500 X /  HYDROGEN. E L E C T R O C H E M I C A L .  
22180 # 
23002 HYDROGEN. PRODUCTIONI DES IGNI  
22157 
22183 
22162 
22144 
2 2 1 4 7  
50003 E T Y #  
50012 O S I O N #  
22131 
22132 
2 2 1 3 7  C H E M I C A L  D E S I G N /  P R O D U C T I O N .  
2 2 1 2 6  
22108 
2 2  142 
221135 
2 2 6 2 9  
2 2 2 1 8  P A R T I A L  O X I D A T I O N .  R E S I D U E ,  
22638 R E A C T I O N .  
2 2 1 9 0  C A T A L Y S T *  
2 2 1 3 4  HYDROCARBON. 
2 2 1  15  F U E L  C E L L .  
2 2 1 4 8  G A S I F I C A T I O N .  F U E L .  
22106 HYDROCRACK. R E F O R M I N G .  
2 2 1 6 4  C A T A L Y S T ,  
2 2 1 7 1  R E F O R M I N G .  
221 60 C A T A L Y S T .  N I C K E L .  
22203 HYDROCARBONI 
2 2 6 3 7  HYDROCARBON I 
33016 COMBUST I ON. 
52035 I F F U S I O N Y  I R O N .  
5 2 0 4 9  R E #  E M B R I T T L E M E N T *  
5 2 0 4 4  O A T I N G I  N I C K E L #  
5 2 0 1 9  U E M B R I T T L E M E N T .  
5 2 0 2 1  P E R M E A T I O N *  
5201 0 Y S F O R M A T I O N C  S T A I N L E S S  
5 2 0 9 4  4 D U C T I L I T Y .  C H E M I S O R P T I O N #  
52001 # 
52051 E M B R I T T L E M E N T I  

STEAM. ANODE# 
S T E A M *  C A T A L Y S T *  R E F O R M I N G t  
STEAM. CONVERSIONI  G A S *  
STEAM. D E C O M P O S I T I O N I  ECONOMIC 
STEAM. F U E L *  ECONOMY# 
S T E A M *  G A S O L I N E #  
STEAM. HYDROCARBON* 
STEAM. HYDROCRACK* 
STEAM*  I R O N .  CYCLE.  HYDROGEN* 
STEAM. NAPHTHA. C A T A L Y S T *  
STEAM. OXYGEN* 
STEAM. P R E S S U R E *  
STEAM*  P R E S S U R E *  
S T E A M *  P R O D U C T I O N *  Z I R C O N I U M  0 
STEAM. P U R I F ~ C A T I O N I  R E F O R M I N G  
STEAM*  R E A C T O R *  P R O C E S S *  HEAT. 
S T E A M *  R E F O R M I N G *  C A T A L Y S T *  
S T E A M *  REFORMING.  C A T A L Y S T *  
STEAM. R E F O R M I N G *  C A T A L Y S T #  
S T E A M *  REFORMING.  C A T A L Y S T *  
STEAM. REFORMING.  C A T A L Y S T *  
STEAM, R E F O R M I N G *  CONTROL. S A F  
STEAM. REFORMING.  D E S I G N .  CORR 
STEAM*  REFORMINGI  F U E L  C E L L #  
STEAM. REFORM INGI G A S *  
S T E A M *  REFORMING.  HYDROCARBON. 
STEAM*  R E F O R M I N G *  HYDROCARBON* 
STEAM. REFORMING.  HYDROCARBON* 
STEAM*  REFORMING.  HYDROCARBON* 
STEAM. REFORMING. H Y D R O C A R ~ O N R  
S T E A M *  R E F O R M I N G r  HYDROCARBONY 
STEAM, REFORMING. PRODUCTION.  
STEAM. REFORM I N G Y  
STEAM. R E F O R M I N G #  
STEAM. R E F O R M I N G #  
STEAM*  R E F O R M I N G *  
STEAM# 
STEAM# 
S T E A M #  
STEAMR 
STEAM# 
STEAM# 
STEAM# 
STEAM*  
S T E E L .  A B S O R P T I O N .  C A T H O D I C .  D 
S T E E L .  C O A T I N G *  S U R F A C E *  R U P T U  
S T E E L *  CRACKINGI  P R O T E C T I O N .  C 
S T E E L .  C Y L I N D E R *  GAS. P R E S S U R E  
S T E E L .  D I F F U S I O N .  S O L U B I L I T Y .  
S T E E L *  D I S L O C A T I O N .  P H A S E .  T R A  
S T E E L .  E M R R I T T L E M E N T .  S T R E N G T H  
S T E E L .  EMBR I TTLEMFNT.  S T R E N G T H  
S T E E L *  FRACTURE.  M E C H A N I S M *  
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52006 P I  NGI TEMPERATURE. S T E E L .  F R I C T I O N *  I N T E R N A L .  DAM 
52007 S U R F A C E *  E M B R I T T L E M E N T .  S T E E L *  H I G H  STRENGTH. C O A T I M t r  
5 2 0 2 4  E U R P I T T L E M E N T  I PRESSURE. S T E E L *  M E C H A N I C A L *  
52026 P E R M E A T I O N .  I R O N .  S T E E L .  MEMBRANE. D T F F U S I O N Y  
5 2 0 2 2  S T E E L ,  S T A I N L E S S .  A U S T E N I T E C  
5 2 0 3 7  T, 0 I S L O C A T I O N .  M A R T E N S I T E #  S T E E L  * S T A I N L E S S *  EMBR I T T L E M E N  
52008 E M B R I T T L E M E N T X  S T E E L .  STRENGTH.  C P A C K r  S T R E S S  
52016 S I O N #  E M B R I T T L E M E N T .  CRACK. S T E E L .  STRENGTH. S T R E S S v  CORRO 
52027 E M B R I T T L E M E N T r  S T E E L .  S T R E N G T H *  T E N S I L E *  
52023 L E M E N T *  S T E E L *  S U S C E P T I B I L I T Y .  E M B R I T T  
5 2 0 4 6  E M B R I T T L E M E N T I  S T E E L Y  
5201 3 E M B R I T T L E M E N T .  MECHANISM.  S T E E L S *  STRENGTH, D I F F U S I O N *  
10048 UOY. ENERGY I ECOLOGY. F O S S I L .  STORAGE. A L T E R N A T I V E  I E L E C T R I C  
3 4 8 3 6  STORAGE. CONTROL. B A T T E R Y *  
40102 L I Q U E F A C T I O N .  H E A T  T R b N S F E R v  S T O R A G E *  C O S T *  
4 0 4 0 6  T I O N *  STORAGE. CRYOGENIC.  S O L I D I F I C A  
40412 STORAGE. CRYOGENIC.  O E S I G N I  
4041 1 STORAGE. C R Y O G E N I C #  
4 5 6 0 5  SHUTTLE.  STORAGE. D E S I G N *  
22603 ION.  CRYOGENIC,  L I Q U E F A C T I O N I  STORAGE. D I S T R I B U T I O N #  / I F I C A T  
4301 0 IRON.  T I T A N I U M .  H Y O P I D E *  STORAGE. E N G I N E *  
4 2 0 3  1 G A S *  'PRESSURE. V E S S E L .  S T O R A G E *  F A I L U R E *  
41 0 0 4  Hs I N S T R U M E N T A T I O N .  TRANSFER, STORAGE. F L O W #  S L U S  
43008 H Y D R I O E .  METAL.  ENERGY. STORAGE. F U E L *  
5 1 0 0 2  r E X P L O S I O N *  SAFETY.  STORAGE. H A N O L I N G *  L I O U I O I  GAS 
32002 L L U T I O N . /  E F F I C X E N C Y .  S A F E T Y .  STORAGE. H Y D R I O E .  E M I S S I O N .  P O  
3 2 0 5 9  R I D E .  E N G I N E *  S T O R A G E *  I M P A C T .  ECONOMIC. H Y D  
1 0 0 2 4  EC3NOMY. USE.  T R A N S P O R T A T I O N .  STORAGE. I N T E R N A L  C O M B U S T I O N t  
1 0 0 7 2  DROGEN. E L E C T R O L Y S I S .  O X Y G E N *  S T O R A G E *  I N T E R N A L  COMBUSTIONMA 
10079 Y O G E N I /  ENERGY. T R A N S M I S S I Q N I  S T O R A G E *  L I Q U I D .  ECONOMICS.  CR 
4 0 4 2 1  S P A C E C R A F T *  S T O R A G E -  L I Q U I D #  
4 0 6 0  1 T R A N S P O R T A T I O N .  STORAGE, L I O U I O Y  
10067 PRODUCTION.  T R A N S P O R T A T I O N v  STORAGE. MARKET. C H E M I C A L *  R E F  
10023 P O R T A T I O N *  HYDROGEN. E N E R G Y *  S T O R A G E *  M E D I U M t  SYSTEM. T R A N S  
10033 SMENTI P O L L U T I O N *  P H D D U C T l O N t  S T O R A G E *  M E T H A N O L #  /UEL.  A S S E S  
34807 S T O R A G E *  P O Y E R t  O F F - P E A K *  
50013 , C O N T A M I N A N T #  SAFETY.  S T O R A G E *  P R E S S U R E *  TEMPERATURE 
10004 ROGENI ENERGY*  F U E L .  ECONOMY. STORAGE. P R O D U C T I O N *  T R A N S M I S S  
31005 PERFORMANCE*  COST. STORAGE. S A F E T Y *  
10054 . P O L L U T I O N I  OXYGEN. NUCLEAR. STORAGE. S A F E T Y #  F U E L *  E N G I N E  
4 1  01 8 S L U S H *  S O L I D .  STORAGE. S P A C E C R A F T *  
43007 H Y D R I D E .  ENERGY. STORAGE. S T A B I L I T Y .  
50013 T I O N #  S A F E T Y  STORAGE. TRANSFER.  I NSTRUMENTA 
41000 SLUSHI  P R E P A R A T I O N .  S T O R A G E *  TRANSFER.  P U M P *  
10086 LAR.  COAL.  F I S S I O N .  HYDROGEN* STORAGE. T R A N S M I S S I O N I  EXPORT. 
10029 L Y S I S C  HYDROGEN* U S E *  S T O R A G E *  T R A N S M I S S I O N .  E L E C T R O  
10052 . ENERGY. MARKET. FUEL. COST. STORAGE. TRANSMISSION.ELECTRIC 
20504 A N C E *  CO/  ENERGY. P R O D U C T I O N .  STORAGE. T R A N S M I S S I O N S  PERFORM 
1000 3 R O G E N *  ENERGY. ECONOMY. F U E L ,  STORAGE. T R A N S M I S S I O N .  U S E  IELE 
10001 E N E R G Y *  ECONOMY. PRODUCTION.  STORAGE, T R A N S M I S S I O N *  U S E #  /r  

10002 ROGENI ECONOMY. ENERGY. F U E L .  STORAGE. T R A N S M I S S I O N .  U S E *  / D  
4 0 6 0 3  STORAGE. T R A N S P O R T A T I O N C  
40113 L I Q U E F I C A T I O N .  STORAGE. T R A N S P O R T A T I O N C  
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I O O ~ O  . FUEL. ENERGY. TRANSMISSION, STORAGE. USE* HYDROGEN 
22 176 HYDROCARBON F U E L  C E L L ,  STORAGE# 
42003 P I P E .  COST* TRANSPORT, STORAGE# 
40420 INSULATION.  MULTILPYER.  STORAGE# 
43011 H Y D R l D E t  METAL. F U E L *  ENGINE. STORAGE# 
32020 STION. POLLUTION.  E F F I C I E N C Y .  STORAGE# I N T E R N A L  COMBU 
23415 ARBON. AMMONIA, D I S S O C I A T I O N .  STORAGE* /AM REFORMING* HYDROC 
20510 ENERGY. TRANSMISSIONI ENERGY STORAGE# / Y S I S *  POLYMER* FUEL. 
4041 7 S T R A T I F I C A T I O N I  TANK. L I Q U I D #  
52067 EMBRITTLEMENT. STEEL.  H I G H  STRENGTH. COATING. SURFACE* 
52008 TTLEMENTX STEEL. STRENGTH* CRACK. STRESS. E M B R I  
52013 ITTLEMENT.  MECHANISM. STEELS, STRENGTH. D I F F U S I O N *  EMBR 
52004 T I O N #  STEEL. EMBRITTLEMENT. STRENGTH. D U C T I L I T Y I  CHEMISORP 
52016 EMBRITTLEMENT . CRACK* STEEL. STRENGTH. STRESS. CORROSION* 
52053 EMBRITTLEMENTI REVIEW. STRENGTH. S U S C E P T I B I L I T Y *  
52034 EMBRITTLFMENT*  ALLOYS. H I G H  STRENGTH. S U S C E P T I B I L I T Y #  
52027 EMBRITTLEHENT. STEEL. STRENGTH. T E N S I L E *  
52058 EMBRITTLEMENT. CRACK* STRENGTH* 
52001 STEEL. EMBRI TTLEMENT* STRENGTH* 
52016 MENT. CRACK. S T E E L *  STRENGTH. STRESS. CORROSION# E M B R I T T L E  
52008 S T E E L *  STRENGTH. CRACK. STRESS* EMBRITTLEMENT* 
52003 TANTALUM. D U C T I L I T Y I  STRESS* 
52052 R I T T L E M E N T  . CDRROS ION. CRACK. STRESS* STAINLESS.  EMB 
40464 AIRCRAFT. STRUCTURAL. HYPERSONIC# 
40403 CECRAFTC INSULATION.  STRUCTURE* DESIGN. L I Q U I D *  SPA 
5 2 0 1 1  ITTLEMENT.  METAL. NONFERROUS. STRUCTURE* EMBR 
2001 1 HYDROGEN. ELECTROLYSIS .  STUART C E L L *  
10043 U E L *  ECOLOGY* ENERGY. SYSTEM. STUDY*  COST. P O L L U T I O N *  TRANSM 
2101 2 CLEI DECOMPOSITION. CHEMICAL.  STUDY I ECONOMICS. K I N E T I C S .  T H  
10046 N A T I V /  HYDROGEN. F U E L *  WATER* STUDY* ENERGY* ANALYSIS.  ALTER 
10069 S #  HYDROGEN. SYSTEMS* STUDY. ENERGY. COSTS* ECONOMIC 
10048 r STORAGE* ALTERNA/ HYDROGEN. STUDY* ENERGY* ECOLOGY. F O S S I L  
31004 SUPERSONICI OPTIMUM. STUDY. ENERGY* 
10040 HYDROGEN. ENERGY* MARKET* STUDY. INTERMEDIATE#  
10012 T. SYSTEM A N A L Y S I S /  HYDROGEN. STUDY* PRODUCTION. L I Q U I D I  COS 
30054 STUDY* ROCKET* MOTOR* 
31002 STUDY* SUBSONIC. SUPERSONIC* 
30027 PROPELLANT. STUOYY 
22002 AM* DECOMPOSITION* ECONOMICSt  STUOY* /AL. GAS. CHARCOALI STE 
40210 HEAT TRANSFER* T R I P L E  P O I N T .  S U B L I M A T I O N #  
33020 SUBSONICI COMBUSTlONY 
31002 STUDY. SUBSONIC r SUPERSONIC* 
3304 1 MIX ING.  TRANSPORT. SUBSONIC# 
40508 TEST. PUMP. SUCTION* 
23203 OXIDE, METABOLISM. MECHANISM* SUGAR* CARBON D I  
20013 PRODUCTION* HYDROGEN* OXYGEN* S U L F U R I C  ACID.  WATER* AMMONIA* 
410t5 METAL, OENSITY.  SUPERCONOUCTORI 
33058 SUPERSONIC*  FLOW* COMBUSTION* 
31 006 NSUMPTION* SUPERSONICS FUEL.  ANALYSIS.  CO 
31001 . SHUTTLE* SUPERSONIC*  GAS TURBINE. SPACE 
31004 ERGY* SUPERSONIC*  OPTIMUM. STUDY, E N  
31002 STUDY. SUBSONIC. SUPERSONIC# 
10078 E L E C T R I C I T Y I  USE*  GENERATION. EN 
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22143 MPER/ PRODUCTION. G E N E R A T I O N *  SUPPLY.  REFORMING*  VOLTAGE*  T E  
51010 OSION.  SPACECRAFT. D E T E C T I O N *  S U P P R E S S I O N #  E X P L  
52359 REACTION.  T I T A N I U M .  SURFACE. PRESSUREY 
5 2 0 4 9  MBRITTLEMENT.  S T E E L *  COATING.  SURFACE-. RUPTURE* E 
5 2 0 0 7  TEEL.  H I G H  STRENGTH*  COATING.  SURFACE*  EMBRITTLEMENTI  S 
51012 F L A M M A B I L I T Y .  E X P L O S I O N .  SURVEY. I G N I T I O N .  R E A C T I O N Y  
52023 STEEL.  S U S C E P T I B I L I T Y I  E M R R I T T L E M E N T I  
52034 EMENT. A L L O Y S *  H I G H  STRENGTH*  S U S C E P T I B I L I T Y #  E M B R I T T L  
52053 R I f T L E M E N T r  R E V I E W .  STRENGTH. S U S C E P T I B I L I T Y #  EMB 
2 2 0 0 7  OGEN. PRODUCTION, COST. COAL. S Y N T H E S I S  GAS. A M M O N I A * #  HYDR 
22000 I F I C A T I O N .  METHANE. METHANOL. S Y N T H E S I S  GAS. ENERGY# /N. GAS 
2 3 4 2 1  TURE. CONOENSATI /  E X T R A C T I O N I  S Y N T H E S I S  GAS. HEL IUM.  TEMPERA 
2 2 6 0 6  EL. 01/ HYDROGEN. P R O D U C T I O N *  S Y N T H E S I S  GAS. HYDROCARBON. FU 
2 2 0 0 9  DROGEN. PRODUCTION.  CATALYST .  S Y N T H E S I S  GAS. METHANE* /L. H Y  
221 30 HYDROGEN. S Y N T H E S I S *  GAS# 
22165 AMMONIAI S Y N T H E S I S *  GAS*  
22610 ELDX S Y N T H E S I S *  P U R I T Y .  PROCESS. Y I  
22627 G A S *  PLASMA I S Y N T H E S I S *  
2 2 6 1  5 O X I D A T I O N *  S Y N T H E S I S *  
22163 GAS. S Y N T H E S I S #  
221 2 3  P O L L U T I O N .  GAS. S Y N T H E S I S #  
1 0 0 3 3  L L U T  ION.  P /  HYDROGEN* ENERGY. S Y N T H E T I C  FUEL.  ASSESSMENT 9 P O  
2 0 0 1 4  E R T f /  HYDROGEN. E L E C T R O L Y S I S .  SYNTHETIC .  AMMONIAI N I T R O G E N  F 
1 0 0 5 1  F E T Y Y  HYDGOGEN* S Y N T H E T I C .  F U E L *  CRYOGENEC. S A  
1 0 0 4 3  G Y P  SYSTEM*  STUDY./ HYDROGENI S Y N T H E T I C *  F U E L *  ECOLOGY. ENER 
10034 Y s  N U C L E A R *  C A R R I E /  HYDROGENI SYNTHETIC I  FUEL.  FUTURE. ENERG 
1 0 0 6 3  HYDROGEN* S Y N T H E T I C .  FUEL.  F U T U R E #  
10031 Y. CRYOGEN/ HYDROGENv ENERGY. S Y N T H E T I C .  FUEL ,  SYSTEM. S A F E T  
10064 HYOROGENI FUEL. S Y N T H E T I C .  TRANSPORTATION#  
1 0 0 7 3  F U E L .  S Y N T H E T I C *  WATER* ENERGY* 
1 0 0 2 3  ENERGY. U S E *  CRYDGENICI  F U E L *  S Y N T H E T I C #  HYDROGEN I 
1 0 0 1 2  D Y *  PRODUCTION. L I Q U I D .  COST. SYSTEM A N A L Y S I S *  /YDROGEN. S T U  
10050 L E C T R I C I T Y t  A N A L Y S I S .  FUTURE. SYSTEM. A L T E R N A T f V E U  /OLOGY+ E 
5 0 0 1 5  GAS+ SYSTEM. DESIGN.  R E V I E W #  
2 2 1 4 9  CARBONS* D E S I G N .  P U R I F I C A T I O /  SYSTEM. F U E L  CELLS .  GAS. HYDRO 
22136 SYSTEM. F U E L  C E L L S *  GAS. F U E L *  
21 0 4 7  THERMAL*  WATER. CLOSED*  SYSTEM. REACTION.  PRODUCTIONY 
1 0 0 3 1  GEN. ENERGY. SYNTHETIC .  F U E L *  SYSTEM*  SAFETY.  CRYOGENICELECT 
5 0 0 1 6  L I Q U I D .  SYSTEM*  S A F E T Y *  
1 0 0 4 3  H E T I C ,  F U E L *  ECOLOGY. ENERGY. SYSTEM STUDY. COST. P O L L U T I O N  
1 0 0 2 3  GENt  ENERGY. STORAGE. MEDIUM. SYSTEM. TRANSPORTATION*  HYDRO 
4 0 6 0 2  L I  Q U I D .  TRANSFER. SYSTEM# 
4 2 0 0 0  GAS*  P I P E *  DESIGN,  SYSTEM# 
3 4 0 3 5  E L E C T R O L Y T E *  SYSTEM* 
1 0 0 8 9  ION. E F F I C I E N C Y .  TEMPERATURE* SYSTEM# / D E C O M P O S I T I O N *  R A D I A T  
1 0 0 6 9  ECONOMICS#  HYDROGEN. SYSTEMS. STUDY. ENERGY. COSTS. 
4 0 2 1 3  A M I C S Q  TABLE.  PARAHYDROGEN. THERMODYN 
4 0 4 1  8 T A N K *  A I R C R A F T ,  HYPERSONIC#  
4 3 4 2 2  VENT. L I Q U I D .  T A N K *  A N A L Y S I S *  
4 0 4 1 0  S I G N #  T A N K *  HYPERSONICI  A I R C R A F T *  OE 
4 0 4 1 6  U I D #  TANK. I N S U L A T I O N *  D E N S I T Y *  L I Q  
4 0 4 1 7  S T R A T I F I C A T I O N .  TANK. L I Q U I D *  
3 0 0 4 3  TANK, S L O S H I N G s  O S C I L L A T I O N *  
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51013 E X P L O S I O N *  TANK, V E N T #  
4041 3 T A N K *  VOLUME# 
52047 E M B R I  T TLEMENT.  TANTALUM.  C O N T A M I N A T  I ON# 
52003 TANTALUM. D U C T 1  L I T Y .  S T R E S S #  
2101 6 M O C H E M I C A L t  WATER* S P L I T T I N G .  TECHNOLOGY. E F F I C I E N C Y .  HEAT.  
3427 1 FUEL C E L L .  TECHNOLOGY. S P A C E C R A F T *  
10085 ENERGY. SOURCE. P R O D U C T I O N .  TECHNOLOGY, WATER*  USE. /ONOMY 
34022 F U E L  C E L L .  TECHNOLOGY# 
43009 M E T A L L I C *  HYDRIOEI  TEMPERATURE. A B S O R P T I O N *  I N T E R  
3 4 2 1 4  T E M P E R A T U R E *  ANODE. C A T H O D E S  
4 0 2 0 6  OW. C R I T I C A L  P O I N T *  PRESSURE,  TEMPERATURE. B O I L I N G #  FL 
34624 # F U E L  C E L L .  TEMPERATURE. CARBON*  E L E C T R O D E  
2 3 6 0 2  T I Z E R .  C O N V E R S I O N .  O X I D A T I O N .  TEMPERATURE. C A T A L Y S T .  PHOTOCH 
34634 AEROSPACEI TEMPERATURE. CATHODE# 
22631 T E M P E R A T U R E *  C O M B U S T I O N #  
23421 C T  ION.  S Y N T H E S I S  GAS 9 H E L I U M I  T E M P E R A T U R E *  C O N D E N S A T I O N A B S O R  
5001 3 S A F E T Y .  STORAGE.  P R E S S U R E *  TEMPERATURE, C O N T A M I N A N T *  
40306 TRANSDUCER+ TEMPERATURE. C R Y O G E N I C *  
50002 SAFETY.  FURNACE. TEMPERLTURE. D E S I G N *  
22143 r SUPPLY.  R E F ? P M I N G *  VOLTAGE. TEMPERATURE. E F F I C I E N C Y .  Y I E L D  
3421 7 FUEL C E L L *  TEMPERATURE. E L E C T R O D E #  
3421 2 F U E L  C E L L *  T E M P E R A T U R E *  E L E C T R O D E #  
33006 HEAT.  TEMPERATURE. E M 1  S S I O N #  
43000 I O N .  D E C O M P O S I T I O N I  P R E S S U R E *  TEMPERATURE. ENERGY* / I S S O C I A T  
34101 PRESSURE.  TEMPERATURE 9 F U E L  C E L L *  
23022 TER. R E D U C T I O N .  R E G E N E R A T I O N I  T E M P E R A T U R E v  H E A T #  WA 
43003 T I O N *  THERMODYNAMI /  P R E S S U R E *  TEMPERATURE. H Y D R I D E ,  D I S S O C I A  
2 3 4 1  7 A R A T I O N .  P A L L A D I U M .  PRESSURE. TEMPERATURE. MEMBRANE. E L E C T R O  
34830 R #  TEMPERATURE. M O I S T U R E *  REFORME 
52036 # EMBRZTTLEMENT.  TEMPERATURE. N I O B I U M .  V A N A D I U M  
33002 No R E A C T 1  ON*  TEMPERATURE. N U M E R I C A L  S O L U T  10 
3461 0 E *  TEMPERATURE. P O R O S I T Y .  MEYBRAN 
3481 8 B A T T E R Y .  T E M P E R A T U R E *  POWER# 
3 4 2 0  3 F U E L  C E L L *  T E M P E R A T U R E *  POWER# 
34260 Y *  TEMPERATURE. P R E S S U R E *  P O R O S l T  
2 3 3 2 1  A T I O N I  A M M O N I A *  P U R I F I C A T I O N .  T E M P E R A T U R E *  P R E S S U R E *  D E S I G N .  
5 2 0 3 2  O I F F U S I O N .  M E T A L ,  RATE,  TEMPERATURE, P R E S S U R E 6  
5 1 0 0 6  N* E X P L O S T O N *  TEMPERATURE. PRESSURE. REACT I 0  
23437 TEMPERATURE. P U R I F f C A T I O N C  
22640 TEMPERATURE. REFORM I N G #  
3 4 2 2 6  TEMPERATURE 1 S H U T T L E #  
10089 I T I O N .  R A D I A T I O N I  E F F I C I E N C Y .  TEMPERATURE. SYSTEM* /DECOMPOS 
3 3 0 5 2  S T A B I L I T Y  I T E M P E R A T U R E #  
3 3 0 6 2  PRESSURE. TURBULENCE TEMPERATURE# 
34106 A L K A L I N E *  TEMPERATURE# 
34029 OGEN. H Y D R A Z I Y E .  HYDROCARBON. T E M P E R A T U R E #  HY OR 
34024 R E A C T 1  ON. ELECTRODE. T E M P E R A T U R E #  
3 4 2 C  8 F U E L  C E L L .  ELECTRODE. TEMPERATURE*  
34031 T I O N .  H Y D R A Z I N E .  HYDROCARBON. T E M P E R A T U R E #  A P P L I C A  
34026 F U E L  C E L L *  TEMPERATURE# 
34270 F U E L  C E L L .  TEMPERATURE# 
3463 9 A C I D *  T t M P E R A T U R E #  
3 4 8 3 4  F U E L  C E L L .  E L E C T R O L Y T E *  T E M P E R A T U R E #  
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40305 I N S T U R M E N T A T I O N .  C R Y O G E N I C t  T E M P E R A T U R E #  
4020 1 A V I T A T I  ON, V E N T U R I  s P R E S S U R E *  T E M P E R A T U R E #  C 
70006 ROCKET. TEMPERATURE*  
32006 XYGEN. E F F  I C I E N C Y t  P O L L U T I O N .  TEMPERATURE# 0 
5 1004 E X P L O S I O N .  L I M I T .  T E M P E R A T U R E *  
52018 S1 P E A C T I O N t  T I T A N I U M .  A L L O Y *  TEMPERATURE# G A 
5 2 0 0 6  F R I C T I O N .  I N T E R N A L .  DAMPING. T E M P E R A T U R E #  S T E E L ,  
52055 L. PROPERTY.  M E T A L .  PRESSURE. T E M P E R A T U R E #  M E C H A N l  CA 
34034 ELECTRODE.  S O L I D - E L E C T R O L Y T E .  T E M P E R A T U R E #  A P P L I C A T I O N .  
2 3 4 1  3 M O N I A .  HYDROCARBON I PRESSURE TEMPERATURE*  A D S O R P T I O N .  AM 
4 3 0 2 4  ION,  PRESSURE. THERMODYNAMIC.  TEMPERATURE*  / B R I U M .  O I S S O C I A T  
2 2 6 3 4  HYDROCARBON. WATER*  MEMBRANE* T E M P E R A T U R E #  / I T Y .  C A T A L Y S I S .  
22625 EACTOR. E O U I L I B R I U M .  METHANE. TEMPERATURE# /OCARBON. HEAT.  R 
5 2 0 5 6  GAS. E M B R I T T L E M E N T .  T E N S I L E .  P R E S S U R E *  T E S T Y  
5 2 0 2 7  B R I T T L E M E N T .  S T E E L .  STHENGTHI T E N S I L E *  E M  
5 2 0 3 1  P A L L A D I U M *  P R O P E R T Y  t T E N S I L E #  
10070 AT.  ALGAE.  E F F I C I E N C Y .  WASTE/ T E R R E S T R I A L *  SPACE. M A R I N E *  H E  
34843 F U E L  C E L L .  T E S T *  CONTROL# 
4050 7 PUMP*  L I Q U I O t  T E S T *  E F F I C I E N C Y #  
30051 TEST.  FLOW. E N G I N E #  
52020 E M B R I  TTLEMENT.  T E S T *  PROCEDURE* 
40508 T E S T *  PUMP. S U C T I O N #  
34838 D E S I G N .  TEST.  R E G E N E R A T I O N #  
4041 9 E X P U L S I O N .  L I Q U I D .  T E S T *  
52056 I T T L E M E N T .  T E N S I L E .  PRESSURE.  T E S T *  GAS. EMBR 
5 2 0 1 7  E M B R I T T L E M E N T t  D E T E C T I D N .  T E S T *  
30050 A B L A T I O N *  T E S T *  
20512 O L Y S I S t  F R E E  ENERGY. ENTROPY. THERMAL E F F I C I E N C Y #  /N t  E L E C T R  
21005 R R O S I O N .  E N E R G Y *  C Y C L E .  COST. THERMAL. D E C O M P O S I T I O N #  /L. C O  
22651 ECONOMICS.  HYDROGEN. GAS. THERMAL. D E C O M P O S I T I O N U  
2 1 0 0 2  NUCLEAR.  WATER. C Y C L E *  THERMAL. E F F I C I E N C Y *  
4021 4 CRYOGENIC.  THERMAL. MEASUREMENTS*  
10083 L A S T I C S U  HYDROGEN. WATER, THERMAL. PRODUCTION.  ENERGY. P 
40402 A I R C R A F T *  THERMAL. P R O T E C T I O N *  L I O U I D Y  
21007 . R E A C T I O N *  P R O D U C T I O N #  THERMAL. WATER. C L O S E D +  SYSTEM 
21000 DROGEN. P R O D U C T I O N .  C A T A L Y S T .  THERMALC H Y  
21003 I T I O N *  C H E M I C A L .  E N E R G Y *  USE. THERMAL*  / E C T R O L Y S I S .  DECOMPOS 
3 0 0 1 3  GENERATOR. T H E R M I O N I C R  
21014 L E A R .  H E A T .  WATER* S P L I T T I N G *  THERMOCHEMICAL E F F I C I E N C Y #  /UC 
21016 N G *  TECHNOLOGY, EFF/ N U C L E A R *  THERMOCHEMICAL.  WATER. S P L I T T I  
10075 S O L A R *  ENERGY. E L E C T R O L Y S I S *  T H E R M O C H E M I C A L *  WATER. DECOMPO 
2101 5 R o  S P L I T T I N G *  C Y C L E .  P R O C E S S *  T H E R H O C H E M I C A L #  /R. HEAT.  WATE 
34009 RODE# THERMODYNAMIC G A L V A N I C .  E L E C T  
43004 R f U M *  D I S S O C I A T I O N .  PRESSURE. THERMODYNAMIC.  T E M P E R A T U R E #  / B  
43003 A T U R E *  H Y O R I D E *  D I S S O C I A T I O N .  THERMODYNAMIC# /ESSURE. TEMPER 
21013 T I O N *  K I N E T I /  I R O N  CHLORIOES.  THERMODYNAMICS.  C H E M I C A L .  R E A C  
2221 3 THERMODYNAMICS,  C O M B U S T I O N #  
33007 THERMODYNAMICS*  COMBUSTION# 
4 0 0 0 4  P U B L I C A T I O N *  THERMODYNAMICS.  C R Y O G E N I C #  
21014 r N U C L E A R .  HEAT.  WATER* S P L I f  THERMODYNAMICS.  CYCLE.  P R O C E S S  
21012 t STUDY. ECONOMICS.  K I N E T I C S .  THERMODYNAMICS,  D E S I G N .  P L A N T #  
34007 C O S T *  THERMOOYNAMICS.  D E S I G N #  
34036 A L Y S T .  MEMBRANE# T H E R M O D Y N A M I C S *  ELECTRODE. C A T  
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4101 1 P R O P E R T I E S r  THERMODYNAMICS.  PARAHYDROGENS 
40208 PERTY. F L U I D #  THERMODYNAMICS.  TRANSPORT. PRO 
40202 PUTER. PROPERTY#  THERMODYNAMICS.  TRANSPORT*  COM 
40108 L I Q U E F I C A T I O N .  S P A C E C R A F T t  THERMODYNAMICS# 
40213 TABLE .  PARAHYDROGEN. THERMOOYNAMICSW 
33008 R E A C T I O N .  THERMODYNAMICS* 
52005 E T A L ,  P E R M E A T I O N *  S O L U B I L I T Y I  THERMODYNAMICS# M 
33004 THERMODYNAMICS# 
40110 U S #  THERMOSIPHON. COOL ING.  APPARAT  
31 01 0 S P E C I F I C  I M P U L S E .  THRUST.  A I R F L O W #  
30036 THRUST.  C O M B I N A T I O N #  
30065 THRUST. C R Y O G E N I C #  
30069 C A T A L Y S I S .  T H R U S T *  D E S I G N #  
30034 THRUST. I N S T A B I L I T Y #  
30069 T H R U S T *  L O A D 1  E N G I N E *  
30058 THRUST. ROCKET. E N G I N E *  
30049 THRUST.  ROCKET*  
30056 D E S  I GN. THRUST # 
30066 ROCKET I THRUST#  
30062 COATING.  PROTECTION,  THRUST#  
30064 PROPELLANT.  THRUST # 
30041 C O A X I A L *  INJECTOR.  V A R I A B L E  THRUST#  
30023 E N G I N E .  THRUST#  
30029 I N J E C T I O N +  THRUST*  
30024 E N G I N E  9 THRUST#  
52012 E N B R I T T L E M E N T I  T I T A N I U M I  ALLOY.  D I F F U S I O N #  
SZC18 GAS. R E A C T I O N .  T I T A N I U M .  ALLOY.  TEMPERATURE# 
52 0 54 E M B R I  TTLEMENT.  T I T A N 1  UM. CORRQS I O N I  
43010 G I N E *  IRON.  T I T A N I U M .  HYDRIDE .  STORAGE. EN 
52059 R E A C T I O N *  T I T A N I U M .  SURFACE. PRESSURE# 
40306 E N I C #  TRANSDUCER*  TEMPERATUREI CRYOG 
40502 L I O U I D *  PUMP. HEAT  TRANSFER. B O I L I N G #  
31008 H E A T *  TRANSFER. G A S  TURBINE,  
5001 0 SAFETY.  STORAGE*  T R A N S F E R *  I N S T R U M E N T A T I O N #  
4551 1 TRANSFER.  P I P E *  L I Q U E F A C T I O N #  
41000 SLUSH. PREPARAT IONI  STORAGE. T R A N S F E R *  PUMP#  
40102 L I O U E F A C T I O N ,  HEAT  TRANSFER.  STORAGE*  C O S T #  
41 004 SLUSH. I M S T R U M E N T A T I O N t  TRANSFER.  STORAGE. FLOW# 
40602 L I Q U I D *  TRANSFER. SYSTEM#  
40210 A T I O N I  HEAT  TRANSFER. T R I P L E  P O I N T *  S U B L I M  
40209 C .  FLOW* H E A T  TRANSFER. TURBULENCE*  CRYOGENI  
33026 ROCKET*  H E A T *  TRANSFER#  
33030 HEAT.  ROCKET. TRANSFER*  
4101 0 S L U S H *  PRODUCTION.  H A N D L I N G *  TRANSFER*  
40207 YOGENIC.  C R I T I C A L  P O I N T *  HEAT  TRANSFER*  CONVECTIONI  CR 
52010 SS S T E E L -  D I S L O C A T I O N .  PHASEI  T R A N S F O R M A T I O N #  S T A I N L E  
33051 T R A N S I E N T *  CATALYST .  COMPUTERI  
33032 T R A N S I E N T  I I N D U C T I O N .  SHOCK# 
34501 H U M I D I T Y .  T R A N S I E N T .  MODEL* 
34508 GY F U E L  C E L L ,  T R A N S I E N T .  STEAOY-STATE.  A N A L 0  
34502 H U M I D 1  TY t T R A N S I E N T *  
33025 NOZZLE .  T R A N S I E N T #  
33023 WIND TUNNEL.  T R A N S I E N T #  
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10029 HYDROGEN. U S E *  STORAGE* 
20510 L Y S I  S. POLYMER. F U E L *  ENERGY* 
10086 . F I S S I O N v  HYDROGEM* STORAGE+ 
20504 ENERGY. PROOUCTION. STORAGE* 
10000 HYDROGEN. F U E L *  ENERGY. 
10079 ECONOMICS. C R Y O G E N I I  ENERGY9 
10004 ECONOMY. STORAGE. PROOUCTIONt  
10006 EN. PRODUCTION. FUEL.  ENERGY* 
10003 ERGY . ECONOMY. FUEL. STORAGE. 
10031 ECONOMY* PRODUCTION. STORAGE* 
10002 ONOMY. ENERGY. FUEL. STORAGE. 
10052 MARKET*  F U E L *  COST. STORAGEI 
10084 TOR. SOLAR*  ENERGY. HYDROGEN. 
10043 STEM* S T U D Y *  COST. P O L L U T I O N *  
10011 ECONOMY. NUCLEAR. PROOUCTION. 
31017 UTURE. PETRSLEUM* PERF/  FUEL. 
40 20 2 THERMODYNAMICS* 
33031 
20007 TION.  HYDROGEN. E L E C T R O L Y S I S *  
40208 THERMODYNAMICS t 
42003 P I P E .  COST. 
3304 1 M I X I N G .  
40008 C T R I C A L .  MECHANICAL.  O P T I C A L +  
10045 N. LIQUID. HYDROCARBON. F U E L *  
10061 I O N *  HYDROGEN. FUEL.  
10024 HYDROGEN* F U E L .  ECONOMY* USE. 
10067 T. CHEMICALI  R E F /  PROOUCTION. 
49501 OY 
10077 CRYOGENIC. PROPERTY. SAFETY. 
10064 HYDROGEN. FUEL.  S Y N T H E T I C *  
10047 EN. COST. NUCLEAR. ECONOMICS. 
10016 HYDROGEN* ENERGY. ECONOMY 
40603 STORAGE* 
40113 L I Q U E F I C A T I O N .  STORAGE, 
10023 RGYI STORAGE. MEDIUM*  SYSTEM* 
10046 A L T E R N A T I  VE.NUCLEARI SAFETY. 
41002 PROPERTY* SLUSH* 
41005 SLUSH. 
4021 0 HEAT TRANSFER. 
33023 WINO 
10059 CTR IC.  E F F I C I E N C Y .  P O L L U T I O N .  
30008 
30009 
31 00 r SUPERSONIC. GAS 
3100.5 HEAT. TRANSFER, GAS 
30053 EJECTOR. S P E C I F I C  f MPULSE*  
40209 HEAT TRANSFER. 
33044 
33062 PRESSURE. 
33056 SHOCK* INJECTOR.  
33003 DRAG* 
40500 FLOW. 
40512 PUMP* FLOW* 

TRANSMISSION,  E L E C T R O L Y S I S #  
TRANSMISSION.  ENERGY STORAGE# / 
T R A N S M I S S I O N v  EXPORT. REVIEW# / 
T R A N S K I S S I O N I  PERFORMANCE* COS 
TRANSMISSIONI  STORAGE* USE# 
TRANSMISSION.  STORAGE. L I Q U I D .  
TRANSMISSION.  USE. E L E C T R O L Y S I  
TRANSMISSION.  USE. S A F E T Y *  ENV 
TRANSMISSIONI  USE.ELECTROLYS1 S 
TRANSMISSION.  U S E #  /. ENERGY. 
T R A N S M I S S I O N +  U S E *  /OROGEN. EC 
TRANSMISSION.ELECTRICITYY /GY. 
T R A N S M I S S I O N #  /. BREEOER. REAC 
T R A N S M I S S I O N *  /OGY. ENERGY. SY 
TRANSMISSIONSTORAGE. USE. COST 
TRANSPORT. A I R C R A F T *  L I Q U I D .  F 
TRANSPORT. COMPUTER. PROPERTY* 
TRANSPORT CONVECTION I FLOW* 
TRANSPORT* EQUIPMENT*  PRODUC 
TRANSPORT. PROPERTY. F L U I D #  
TRANSPORT* STORAGE# 
TRANSPORT, SUBSONICY 
TRANSPORT+ /OPY. HYDROGEN* ELE 
TRANSPORTATION. P O L L U T I O N *  ENV 
TRANSPORTATION.  POWER. GENERAT 
TRANSPORTATION. STORAGE. I N T E R  
TRANSPORTATION. STORAGE. MARKE 
TRANSPORTATION*  STORAGE. L I Q U I  
TRANSPORTATION. STANDARDS s APPL 
TRANSPORTAT I O N *  
TRANSPORTATION#  HYDROG 
TRANSPORTATION*  
TRANSPORTATION#  
TRANSPORTATION#  
TRANSPORTAT I O N #  HYDROGEN. E N E  
TRANSPORTATION#  /GY. A N A L Y S I S .  
T R I P L E  P O I N T .  C R I T I C A L  POINT .  
T R I P L E  P O I N T .  PROPERTY # 
T R I P L E  P O I N T .  S U B L I M A T I O N #  
TUNNEL. T R A N S I E N T *  
T U R B I N E *  HYDROGEN. OXYGEN. CON 
T U R B I N E *  NUCLEAR. ROCKET# 
TURBINE.  NUCLEAR*  ROCKET* 
T U R B I N E *  SPACE. SHUTTLE#  
T U R B I N E #  
TURBOPUMPY 
TURBULENCE. CRYOGENIC. FLOW# 
TURBULENCE, IN3ECTOR. VORfEXY 
TURBULENCE. TEMPERATURE# 
TURBULENCE# 
TURBULENCE* 
TWO-PHASE. B O X L I N G A  
TWO-PHASE. OES I G N #  
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40205 TWO-PHASE. EVAPORATION.  FLOW* 
4 0 2 0 0  E N I C Y  D E N S I T Y .  TWO-PHASE. Q U A L I T Y .  F L O W *  CRYG 
1 0 0 3 2  HYDROGEN. FUEL.  ENVIRONMENT.  URBAN*  ENERGY*  E L E C T R O L Y S f S *  
1 0 0 1 1  DUCTION.  TRANSMISS IONSTORAGE.  USE. COST*  /NOMY* N U C L E A R *  PRO 
1 0 0 2 0  C* HYDROGEN* ENERGY. USE. CRYOGENICI  FUEL.  S Y N T H E T I  
1 0 0 7 1  A T I O N Y  USE, ECONOMY* C A R R I E R *  CONSERV 
1 0 0 0 4  GE. PRODUCTION. T R A N S M I S S I O N I  USE. E L E C T R O L Y S I S *  /OMY. STORA 
2 2 1 9 1  USE, GAS. PRODUCTION#  
19078 ENERGY. SOURCE. E L E C T R I C I T Y .  U S E *  G E N E R A T I O N *  S U P P L Y *  DEHAN 
1 0 0 4 2  FUTURE. NUCLEAR. A P P L I C A T I O N .  USE. PRODUCTION. HEAT.  WATER* 
1 0 0 0 5  I R O N /  HYDROGEN. ENERGY*  FUEL .  USE. SAFETY .  E L E C T R O L Y S I S *  E N V  
1 0 0 0 6  . F U E L *  ENERGY. T R A N S M I S S I O N I  USE. SAFETY.  ENV IRONMENT*  / I O N  
13029 E C T H O C Y S I S #  HYDROGEN* U S E *  STORAGE*  T R A N S M I S S I O N *  E L  
2 1 0 0 3  O M P O S I T I O N .  C H E M I C A L ,  ENERGY*  U S E t  THERMAL*  / E C T R O L Y S I S .  DEC 
1 0 0 2 4  I N T /  HYDROGEN. FUEL.  ECONOMY. USE. TRANSPORT A T 1  ON. STORAGE*  
1 0 0 0 3  F U E L .  STORAGE. T R A N S M I S S I O N .  U S E t E L E C T R O L Y S I S #  /Y. ECONOMY* 
1 0 0 0 9  ROGEN* F U E L *  ENERGY. ECONOMYI USE*  H Y D  
1 0 0 0 8  ERGY. FUEL.  ECONOMY, C A R R I E R *  U S E #  HYDROGEN. E N  
10000 NERGY. T R A N S M I S S I O N .  STORAGE*  U S E #  HYDROGEN. F U E L *  E 
1 0 0 5 7  A S I F I C A T I O N .  COAL. P O L L U T I O N I  U S E #  / t  DECOMPOSIT IDN .  HEAT. G 
1 0 0 0 1  C T I O N .  STORAGE*  T R A N S M I S S I O N *  U S E *  I .  ENERGY. ECONOMY. PRODU 
1 0 0 0 2  F U E L .  STORAGE. T R A N S M I S S I O N .  USE*  /DROGEN* ECONOMY, ENERGY*  
1 0 0 8 5  R O D U C T I O N *  TECHNOLOGY. WATER. U S E #  /ONOMY* ENERGY*  SOURCEI P 
2 2 2 1  0 HYDROGEN* U T I L I T Y *  D I S T R I B U T I O N #  
1 0 0 6 7  MARKET. CHEMICAL .  R E F I N I N G *  U T I L I T Y *  E L E C T R I C *  RESEARCH. F 
3 4 1 0 0  GENERATOR* E F F I C I E N C Y *  CQNVE/ U T I L I Z A T I O N *  ENERGY. PROCESS. 
43005 N *  PRESSURE. I M P U R I /  H Y D R I D E I  V A N A D I U M *  N I O B I U H I  D I S S O C I A T I O  
43001 E. R E A C T I O N +  METAL.  PRESSURE, V A N A D I U M *  N I O B I U M *  H Y D R I D  
52036 LEMENT. TEMPERATURE*  N I O R I  UM* V A N A D I U M #  E M B R I  T T  
4 0 3 0 7  VAPOR. C A L I  BRAT I ON# 
3 3 0 2 9  E F F I C I E N C Y .  VAPOR* 
3 0 0 4 1  C O A X I A L *  I N J E C T O R .  V A R I A B L E  THRUST*  
10019 . ENERGY. E L E C T R O L Y S I S *  FUEL* V E H I C L E  OXYGEN# /DGEN* ECONOMY 
1 0 0 3 8  HYDROGEN. ENERGY*  V E H I C L E .  NUCLEAR#  
3 4 0 3 3  D E S I G N ,  V E H I C L E #  
3 4 0 1 4  COST. V E H I C L E #  
34015 POWERI V E H I C L E @  
3 4 8 0 2  F U E L  C E L L .  V E H I C L E *  
3 4 8 4 8  A I R .  MARKET. V E H I C L E S #  
3 3 0 5 3  V E L O C I T Y .  B U R N I N G *  
3 3 0 4 6  V E L O C I T Y .  E Q U A T I O N #  
3 3 0 4 5  V E L O C I  T Y #  
3 3 0 6 5  I G N I T I O N ,  V E L O C I T Y @  
3 3 0 0 9  I O N #  CHAMBER. V E N T *  EXHAUST.  N U M E R I C A L  SOLUT 
4 0 4 2 2  VENT. L I Q U I D .  TANK. A N A L Y S I S #  
50007 FLARE.  VENT*  SAFETY#  
51013 E X P L O S I O N .  TANK.  VENT*  
3 3 0 5 7  M I X I N G *  VENT ING.  K I N E T I C S *  
4 0 2 0 1  * C A V I T A T I O N .  VENTURI .  P R E S S U R E *  TEMPERATURE 
4 0 4 0 0  V E S S E L  I COST. PRESSURE*  
4 0 4 0 1  E L D *  V E S S E L *  L A M I N A T E D .  PRESSURE*  W 
4 2 9 0 1  GAS. PRESSURE. V E S S E L *  STORAGE. F A I L U R E *  
34255 WATER. REMOVAL '  HEAT.  VZBRAT  I O N @  
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2 3 6 0 3  M P O S I T I O N 1  R A D I A T I O N .  ENERGY*  VOLTAGE. ANODE# DECO 
2 2 1 4 3  ENERAT ION.  SUPPLY.  REFORMING. VOLTAGE. TEMPERATURE. E F F I C I E N  
2051 3 XYGENp POWERI PRESSURE*  C E L L *  VOLTAGE#  E L E C T R O L Y S I S .  0 
4041 3 TANK. VOLUME* 
3 3 0 4 4  TURBULENCE. I N J E C T O R *  VORTEX. 
1 0 0 7 0  I N € .  H E A T *  ALGAE. E F F I C I E N C Y 9  WASTE. FUEL. P Y R O L Y S I S I  COST# / 
23427 RECOVERYI WASTE. GAS. 
34815 CRYOGENIC.  WASTE. HEAT.  WATER. 
2 0 5 0 3  PROOUCTIONI HYDROGEN. OXYGEN* WATER. AMMONIA. E L E C T R O L Y S I S *  / 
23023 R #  HYDROCARBON. F U E L *  WATER* AMMONIA.  METHANOL. POPE 
20013 ROGEN. OXYGEN. SULFURIC ACID. WATER. AMMONIA.ELEC~ROLYSIS. N 
2 2  152 HYDROCARBON. GAS. METHANE. WATER* CATALYST .  A C T I V A T O R #  
2 1 0 0 1  t HALOGENS DECOMPOSIT ION.  WATER. CLOSEDI REACT ION.  O X I D E  
2 1 0 0 7  N 1  P R O D U C T I O N #  THERMAL*  WATER. CLOSED. SYSTEM*  R E A C T 1 0  
34823 E L E C T R I C I T Y .  POWER. WATER. CRYOGENIC.  L U N A R #  
21002 NCY#  NUCLEAR. WATER* C Y C L E +  THERMAL. E F F I C I E  
2101 1 NERGY. PROCESS. FUEL* WATER. DECOMPOSIT ION.  CYCLE.  E 
10089 N. E F F I C I E N C Y /  ENERGY. SOLAR. WATER* DECOMPOSIT ION.  R A D I A T I O  
10042 A T I O N .  USE. P R O D U C T I O N *  H E A T *  WATER. D E C O M P O S I T I O N #  / A P P L I C  
1 0 0 4 9  HYDROGEN. ENERGY, NUCLEAR. WATER. D E C O M P O S I T I O N #  
1 0 0 7 5  E L E C T R O L Y S I S .  THERMOCHEMICAL t  WATER. D E C O M P O S I T I O N #  /NERGY I 

23027 H E M I C A L *  OXYGE/ D I S S O C I A T I O N .  WATER. D I F F U S I O N .  C A T A L Y S I S .  C 
2 0 0 0 5  OXYGEN*  MANUFACTURING METHO/ WATER. E L E C T R O L Y S I S .  HYDROGEN. 
3 4 5 0 4  HEAT.  REMOVAL. WATER* ENDURANCE* 
34268 H E A T *  REMOVAL*  WATER* ENDURANCE*  
1 0 0 4 1  ON. / HYDROGEN. FUEL .  F O S S I L .  WATER, ENERGY. FUTUREI P O L L U T I  
10073 FUEL.  S Y N T H E T I C *  WATER. ENERGY# 
1 0 0 1 3  HYDROGEN* WATER, F U E L #  
2 2 6 1  4 ECONOMY I OX1  D A T  ION.  WATER. GAS I COKE. PROCESS*  
2 2 6 4  7 WATER. GENERATOR. HYDROCARBON# 
3451 1 F U E L  C E L L *  WATER. H E A T *  BALANCE*  
3 4 5 0 3  F U E L  C E L L *  WATER* HEAT.  REMOVAL* 
34500 F U E L  C E L L .  WATER. HUMAN# 
22167 CATALYST,  WATER* HYDROCARBON* 
2 2 6 3 4  R I T Y .  C A T A L Y S I S *  HYDROCARBON* WATER* MEMBRANE* TEMPERATURE# / 
2 3 4 2 8  I F I C A T I O N .  HYDROGEN. AMMONIA*  WATER. METHANE. D I F F U S I O N .  P A L  
23435 I F I C A T I O N I  N ITROGEN.  AMMONIA*  WATER, METHANE*  PUR 
2001 7 E L E C T R O L Y S I S .  WATER, MODULE# 
1 0 0 8 0  F U E L *  WATER. N U C L E A R #  
2 1 0 0 4  HYDROGEN. CYCLE,  WATER* P R O D U C T I O N #  
2 3 0 2 2  . TEMPERATURE, H E A T #  WATER. R E D U C T I O N .  R E G E N E R A T I O N  
3483 9 E C T R O L Y T E Y  WATER. REFORMING.  C A T A L Y S T *  EL 
34255 N* WATER. REMOVAL.  HEAT.  V I B R A T I O  
3 4 5 1 0  WATER. REMOVAL*  
3 4 5 0 9  WATER. REMOVAL#  
3 4 5 0 7  F U E L  C E L L .  WATER* REMOVAL*  
3 4 2 5 4  WATER* REMOVAL#  
2 0 0 0 0  HYDROGEN. WATER. S P A C E C R A F T *  P R O P E L L A N T #  
21015 SSI T /  ENERGY. REACTOR*  HEAT.  WATER* S P L I T T I N G .  CYCLE.  PROCE 
2101 6 E F F /  NUCLEAR.  THERMOCHEMICAL*  WATER. S P L I T T I N G .  TECHNOLOGY* 
2 1 0 1 4  YCLE. PROCESS. NUCLEAR. HEAT. WATER* S P L I T T I N G .  THERMOCHEMIC 
2 0 0 1  6 E L E C T R O L Y S I S .  WATER. S T A T I C *  
1 0 0 4 6  A L T E R N A T I V /  HYDROGEN* F U E L .  WATER. S T U D Y *  ENERGY. A N A L Y S I S  

/ ql-7 
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10083 ERGYI P L A S T I C S *  HYDROGENr 
10085 URCE. PRODUCTION*  TECHNOLOGY* 
3 4 5 0 6  HEAT. REMOVAL. 
3 4 6 2 8  ELECTRODE r CARBON. A L K A L I N E *  
3 4 8 1 5  CRYOGENIC. WASTE. HEAT,, 
3301 9 POLYMER. 
34028 R E A C T I O N *  MEMBRANE. 
3 4 2 0 6  AEROSPACE* HEAT. REMOVAL. 
23606 OUANTUM* Y I  E L D *  R E D U C T I O N *  
23607 O X I D A T I O N .  SOLAR. REDUCT ION, 
4 0 5 0 5  PUMP* BEARING.  
3 4 2 3 9  
3 4 1 0 3  T E #  
34813 POWERI CRYOGENICI 
30068 PERFORMANCE. O P T i M I Z A T I O N t  
40401 V E S S E L *  L A M I N A T E D .  PRESSURE. 
33023 
2 3 6 0 5  QUANTUM. 
2 3 6 0 6  QUANTUM. 
2261 0 SYNTHESIS .  P U R I T Y .  PROCESS. 
2 2 1 4 3  AGE* TEMPERATURE. E F F I C I E N C Y .  
3 4 6 3 5  F U E L  CELL.  ELECTROOE. 
2 0 5 0 0  OCHEMICALI  STEAM. PRODUCTIONI 
5 2 0 2 9  SURE. / I N C O N E L  718, ALUMINUM 
52029 EN*. H I G H  PRESSURE*  / XNCONEL 

WATER. THERMAL. PRODUCTION.  E N  
WATER* USE# /ONOMY. ENERGY*  SO 
WATER# 
WATER# 
WATER* 
W A T E R I  
W A T E R I  
WATERY 
WATER# 
WATER& PHOTOCHEMISTRY. 
WEAR, L U B R I C A T f  ON# 
WEIGHT. CURRENT D E N S I T Y #  
WEIGHT. R E L I A B I L I T Y .  ELECTROLY 
W E I G H T I  
W E I G H T I  
WELDS 
WEND T U N N E L *  T R A N S I E N T &  
Y I E L D .  PHOTOCHEMISTRY.  L I G H T &  
Y I E L D *  REDUCTION.  WATER* 
Y I E L D #  
Y I E L D #  / U P P L Y +  REFORMING. VOLT  
Z I R C O N  I A X  
Z I R C O N I U M  O X I D E #  /OGEN, E L E C T R  
2219. EMBRITTLEMENT.  H I G H  P R E S  
718. ALUMINUM 2219. E M R R I T T L E M  

END OF S E C T I D N  'K* 


