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PREFAC E TO SECOND EDITION

THE fact that a second edition of thi s work has been called fo1 only a year
after the publication of the first indicates that it was really wanted . The
Great War has meantime completed the second year of its course

,
but has

not caused the introduction of any ve1y novel explosives
,
despite sensational

statements of some j ournalists . Certain aspects of the manufacture of ex
plosives have , however , become of greater importance , and have therefore
been treated in greater detail i n thi s edition . Picri c acid

,
trinitrotoluene

and other nitro-aromatic compounds were formerly merely b y - products of
the dye industry, and consequently their manufacture seemed only to call
for brief notice in a work on explosives . Now,

however they are being made
on a very large scale m factories specially erected

,
and thei l supply has become

a matter of national importance in every count1y in Europe . Befo1 e the W a i

nitric acid made from the air could hardly anywhere compete with that manu
fa ctured from sodium nitrate , but the blockade of Germany has altered this .
Thus does history repeat herself

,
for in the Napoleonic wars England cut

off the supply of potassium nitrate from India to France and caused a great
development of the French saltpetre industry . The blockade has also caused
Germany to pay more attention to chlorate and perchlorate explosives and
those made with liquid oxygen .

The publication of Les P oudres ai Ex plosifs , by L . Vennin and G . Ches
neau , has enabled me to improve the description of French explosives and
methods . As in the first edition , but little space has been given to explosive
substances that have not any commercial

,
military or theoretical impor

tance . A systematic account of all classes of explosives , organi c and inorganic ,
will be found in the work of Vennin and Chesneau j ust mentioned .

' I have spared no trouble to make the work as reliable and useful as pos
sible to those engaged in making and dealing with the explosives used in this
titantic struggle , and I hepe that in thi s way I have assi sted slightly , in spite
of the fact that I am detained far from the principal theatres of war . There
are of course some matters in connex ion with explosives which canno t be
publi shed .

My best thanks are given to my former fellow student , G . C . Jones , for very
kindly undertaking the revi s ion of the proofs and the preparation of the

index
,
thus not only relieving me of much work , but also greatly expediting

the publication of this edition . My former colleague , William Barbour, ha s
made a number of u seful suggestions and supplied me w ith copies of some
papers which I could not o therwise have obtained in time .

A . MARSHALL .

NAIN I TAL ,
IND IA.

Februa ry, 1 917.



PREFACE TO FIRST EDITION

SIN CE the late Mr . Oscar Guttmann published his work on the Ma nufac ture
of Ex p los ives in 1895 no comprehens ive book on thi s subj ect has appeared
in Engli sh . In the interval the ex plosives industry has undergone many
changes every branch of it has developed enormously— e ven that of black
powder ; and scientific investigations have thrown light on many of the
problems that ari se in the manufactur e and use of explosives . Especially
during the last few years many obscure points have been cleared up . It i s
hoped therefore that the presen t work wil l be found to supply a real want .

In a si ngle book of moderate size i t is not possible to treat in detail every
po int that ari ses in con nexion with ex plosives . Consequen t ly it has been
necessary to restric t i t s scope in some directions . The methods of us ing
explosives belong rather to the subj ect s of balli stics

,
blasting , etc ., and their

full di scussion w ould alone requir e a larger work than thi s . Therefore they
have only been referred to briefly . Details of manufacture , al though often
of much practical importance, can only be learnt properly in the factory :

consequent ly they have been omitted in many cases . Preposa ls made in
patent specifications have not been dealt wi th unless they possess practical
or theoretical importance for more detailed information concerning patents
relating to explosives the reader shoul d refer to w o rks such as those of
R. Escales . Subjects which are treate d ful ly in the ordinary scientific or
te chnical textbooks have only been dealt wi th in so far as they throw new
light on problems connected w ith explosives .

On the other hand, an endeavour has been made to increase the usefulness
of the book by collecting allied facts from scatte red sources , and placing them
in j uxtaposition w ith one another . Some subjects , which are only mentioned
briefly. or not at a ll . in other books have been treated more fully than their
intrins ic importance w ould otherw ise have called for . Numerous references
to original papers , etc . , have been given to assis t those who require more
detailed information concerning the subj ects dealt with . Considerable space
has been given to matters connected w ith the difficult and intricate question
of the stability of ni tro- cellul ose and alli ed compounds .

I am indebted to my “ i fe for her valued help in revi sing
—

the book . My
thanks are also due to Mr . W . Rin toul , Mr . J . Tho rburn , and Mr . \V. R. Moo re
for assistance in rev is ing the proofs .

It i s my earnest hope that the book may be of help to my country in the
present time of emergency .

A . MARSHALL .

NAINI TAL ,
IND IA .
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l ansitiveness.

Cons tituents
of Ex plosives.

INTRODUCTION

water
,
but in so do ing it absorbs heat consequently the rea ction is much t oo

slow to be explosive . Ammonium ni t rate , on the o ther hand ,
i s decomposed

into oxygen , ni t rogen , and wa ter , w ith the evo lut ion of heat , and i s con
sequently liable to explode . A vio lent impulse is required to s tart the
explos ion , b ut once i t is s tarted the energy (or heat ) liberated suffices to
propagate the explos ion ,

unles s the condi t ions be such that the energy is
diss ipated mo re rapidly than it is liberated.

Ano ther es sent ia l fo r an ex plo s ive i s that the reac t ion shall not set in
until an impulse is applied . If the reac t ion set in spontaneously ,

it is obv ious
tha t its energy canno t be u t ilized in the form of an explosion . A mixture
of sodium and water evolves hydrogen wi th the libera t ion of heat , but reaction
se ts in immediately the tw o substances come in con tact wi th one another .
Different explos ives require impulses of very di fferent strengths to cause
them to explode . Some , such as diazobenzene nitrate , are exploded b y

a s light touch ; these e x plosives are of no practical u t ility as th ey are too
unsafe . Others , such as fulminate of mercury , are exploded by a moderate
blow or a small flame ; these are used principa llv for charging caps and
detona to rs , a small quantity serving to explode a large amount of some o ther
les s sens it ive e x plos ive . Most o f the explosives now used can be ex ploded
by a blow only if i t be extremely vio lent , and many of them cannot be
exploded b y a flame in the open in ordinary circumstances . The tendency is
to use les s sens i t ive ex p los ives because they are safer to handle , but it should
never be forgo t ten that the term “ safe ,

”
w hen applied to an ex plosive, i s

only a compara t ive one . The duty of an explosive is to explode , and if i t
i s not t rea ted w i th proper respect i t w i ll , sooner or later , explode at the wrong
time w i th extremely unpleasant re sults .
Before the subj ect of explosives w a s understo od so w ell a s i t is now

,

inventors w ere very liable to think an e x plo sive was very pow erful , and there
fo re valuable merely because i t w a s very sensi t ive , w hereas too great a degree
o f sens it iveness is really a most obj ectionable featur e . In the middle of
the nine teen th cen tury many such mi x tures as potassium chlorate and picric
acid w ere proposed through this w ant of comprehension of a fundamenta l
condit ion .

The explosive gaseous mixtures used in gas and o il engines to whi ch refer
ence has been made are composed o f a combustible material , consisting largely
of carbon and hydrogen , and a ir , the useful constituent of which is oxy gen .
Similarly

,
nearly a ll commercial explosives are composed partly of combustible

elements
,
of which carbon and hydrogen are the mos t important , and part ly

of o x ygen combined . but not direc tly w i th the hydrogen and carbon . On

explosion the oxygen combines with the hydrogen to form w ater , and with
the carbon to form carbon monoxide or dioxide , o r a mixture of the two .

It is the heat set free in thi s combust ion that i s the main o r entire ca use of



INTRODUCTION

the rise of temperature . The formation of these two oxides of carbon liberates
very different quantitie s of heat ; 12 grammes of carbon unite with 16

grammes of oxygen to form 28 grammes of carbon monox ide with the libera
tion of 29 large Calories , and the same quantity of carbon unites with 32
grammes of oxygen with the liberation of 97 large Calories .
Consequently an explosive i s considerably more effi cient if it contains

sufficient ox ygen to oxidize the carbon entirely to di oxide , but the effect is
'

reduced to some extent by the relatively high specific heat of carbon diox ide .
In some classes of explosives , however , a very high temperature is ob jec
tiona b le this i s the case with smokeless powders and explosives for use in
coal mines . Smokeless powders , therefore , are generally made of such a
composition that the greater part of the carbon is oxidized only to monoxide .

But there i s always some carbon dioxide formed
,
for i t takes up some of the

oxygen from the water vapour and liberate s hydrogen , or if the total quantity
of oxygen be Very small there may even be free carbon produced . In the
case of safety explosives for coal mines , the temperature of explosion is also
sometimes kept low by restricting the proportion of oxygen , but this means
i s not free from objection because carbon monox ide i s poisonous . Other

'

methods are therefore adopted in some safety explosives to reduce the
temperature .

The oxygen may either be contained in a separate compound
,
such as Ox ygen

saltpetre
,
which is mixed mechanically with the combustible material

,
or carriers

the two may be combined together in a s ingle compound , as i s the case with
nitro —glycerine

,
trotyl

,
and many other modern explosives . The substances

rich in oxygen are often referred to as ox ygen carriers those most used
are nitrates , chlorates , and perchlorates , in which the oxygen is united to
ni trogen and chlorine respectively . Ordinary gunpowder , or black powder

,

”

belongs to the class of explosives that have separate oxygen carriers , in this
case saltpetre . The table on page 4 shows the properties of the principal
oxygen carriers .
I t w i ll be seen from “this table that the proportion of available oxygen is

about the same in the chlorates as in the corresponding nitrates , but whereas
the chlorates decompose with the evolution of a small amount of heat , the
nitrates require a considerable amount of heat to split them up , except in the
case of the ammonium compound . Explosives containing chlorates are con
sequently much more powerful than those containing nitrates , but they are also
very sensitive unless special measures are adopted to render them more inert .
The perchlorates require considerably less heat to decompose them than
the nitrate s , and have more available oxygen . As they are now produced
at quite low cost by electrolytic methods , i t i s not surprising to find that
they are being used more and more for the manufacture of explosives . Ammo
nium nitrate and perchlorate decompose with the evolution of heat , this
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being due to the fo rma t ion of wa ter , bu t the availa ble oxygen is dimin i shed
b v the same ca use . Ammonium ni t ra te ca n b e detona ted b y i tse lf . although
only w i th difficulty ,

and then gives a large vo lume of ga s a t a compara t ively
low tempera ture . In consequence o f this low temperature i t has been found
very useful as a cons t i tuent of sa fety e x plosives for use in coa l mines , bu t
i t also fo rms part o f many other high explos ives . A mmonium perchlora te
suffers under the di sadvantage tha t amongs t i t s produc t s of ex plosion is
the poisonous ga s , hydrogen chloride , or hy dr ochloric a cid .

Hea t evo lved Ox ygen ava i l

Mo lecu la r De ns itv Re ac tio n
c a rr ie r

10 1-1 — 75-6 4 4s

85-0 4 30 -5 4 13

- 70 -6 -1 3-0 ‘ 9

2Gl °5 — 94-4 — 36-1

33 1-1 — 16-5

Ammonium 1-71 NH
4
NO 3

=2H
S
O + N 3 + O

20 0 x eio ,
z x el 30

106-5 XaC10 3
=Xa C l 30

3043 3-1 8 so

P ei-chlora tes .

Po tassium . l 38 °6 KClO4
=KC l + 4O 515

1226 Na ClO 4
=Xa C l 40 10-2

336-3 B a (C lO , )2 SO

176 1 -89 3H ,O 29 -5 25-1

50 + 3 }

Po ta ssium permangana te and bich romate. have also been u sed , bu t thev
posses s no special advan tages . Permanganate exp losives a re. often incon
v eniently sensi t ive . At tempt s have also been made to use. liquid oxy gen ,

w hich has the advantage of being cheap a nd con taining 100 per cen t . o f avail
able oxy gen ,

bu t the difiiculties of employing a liq uid w hich boi ls a t 200 °

C . below the ordinary temperature are so great tha t these. at tempt s w ere
given up . The Germans a re . how ever , making grea t efforts t o develop these
explosives for w ork in mines , so as to se t free a co rresponding quant i ty of
ni trat es for milita rv use . For the same reason the German authori t ies a re
encouraging the use of chlorates and perchlora tes .
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In black powder the combustibles are charcoal and sulphur ; in blasting Comb ustib le
explosives many sorts o f organic matter have been used or proposed

,
and 0°“Stituent8 ‘

some inorganic substances , such as potassium ferrocyanide
,
ammonium

ox alate , and antimony sulphide , but those in common use are not very numer
ous . For explosives containing nitroglycerin an absorbent material must be
used

,
and of these wood meal i s the most usual , but flour and starch are con

stituents of some nitro-glycerine exp losives , and in a few cases such substances
as tan meal and prepared horse -dung are present . Cork charcoal has great
absorptive power , but its high cost prevents its use . Ordinary charcoal
i s a constituent of some ex plosives , as also i s coal -dust . American dynamites
often contain resin and sulphur , and these constituents are sometimes met
with in other ex plosives . Oily materials , such as castor oil , vaselin , and
paraffin wax , reduce t he sensitiveness of an explosive , and one or other of
them may usually be found in a chlorate blasting explosive . The addi tion
of aluminium greatly increases the heat of explosion ; i t i s present in the
explosives of the ammonal type .

Modern high ex plosives very frequently contain nitro -derivatives of the Nitre-aro
aromatic compounds obtained from coal tar , especially the mono di and gig?

”

tri -nitro -derivatives of benzene
,
toluene , and naphthalene . The nitro - groups

in these compounds contribute ox ygen for the exp losive reaction . The
trinitro -compounds of substances containing only one benzene ring are
explosives in themselves ; trinitrotoluene , for instance . Trinitrotoluene is
not only a constituent of composite exp losives , but is also very largely used
by itself as a charge for shell and submarine mines , and for other military
and naval purposes

,
for which its insensitiveness combined with its great

violence render it suitable . Picric acid (trinitrophenol ) i s also much used
for these purposes

,
and trinitrocresol to a less extent . Although they deton

ate with great violence
,
these trinitro - compounds do not contain suffi cient

oxygen to oxidi ze the whole of the carbon they contain even to the stage
of carbon monoxide . Their power as explosives is , therefore , increased
by mixing them with ox ygen carriers . Commercial explo sives containing
trinitrotoluene always have also some other constituent which can supply
the deficient oxygen .

Nitro — glycerine and the nitro- celluloses are the principal members of Nitric Esters.
another very important group of substances that can b e used as explo sives
without admi x ture . Strictly speaking , they are not nitro -derivatives , but
nitric esters . The more highly nitrated celluloses , such as gun cotton , contain
enough oxygen to convert all the hydrogen into water and the carbon into
monoxide

,
and even some of i t into dio x ide . Nitro-glycerine , CaHs Og , not

only has enough to ox idi ze entirely all its hydrogen and carbon , but also
has a little oxygen left over . Nitro-glycerine is the most powerful explosive
compound known

,
but its power i s increased by dissolving in i t a small pro
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portion of nitro-cellulose , which u t iliz es the excess of oxygen and at the same
t ime convert s it in to a gela t inous solid known as bla sting gelatin .

All smokeless pow ders consist largely of ni trocellulose , which has been
more or less gela t inized and converted into a compac t colloid by means of
a suitable solvent ; many of them contain prac tically nothing else , but in
oth ers there is a considerable proportion of nitro—glycerine . Small percent:

ages of mineral j elly , inorganic ni trates , and other substa nces are also added ,
i n many cases to immov e the balli s tic s or the sta bility . Powders for rifled
arms a re always colloided as completely as possible , whether they be for
small -arms or ordnance , to make them bur n slowly and regularly , but
in sho t -gun powders th e original structur e of the nitro- cellulose i s not
always destroyed entirely , as th ey are required to burn comparatively
rapidly.

There are some explosive compounds which do not depend for their action
on oxida t ion or reduction . These are endothermic substa nces , which decom
pose wi th the evolution of gas and heat ; they are usually rather sensitive .

The only compounds of thi s c lass that are of commercial importance are
fulmina te of mercury ,

Eg(CNO)2, and lead azide , PbNe, both of which are
used only for exploding other explosives .
There a re o ther endothermic explosive compounds in which th e heat

liberated on decomposi ng i nto their elements i s only of minor importa nce
compared with the larger amount set free by the redi stribution of the oxygen .

Such are tetryl and mono and dinitro -naphthalene .

The heat and gas evolved are the two principal factors which govern the
power of an ex plosive

,
i.e . th e amount of work i t can do in the way of

di spla cing obj ects . Bu t the t ime ta ken by the explosion is also a matter of

great importa nce . The rate of explosion i s measured by making a column
of the explosive

,
confi ning i t

,
i f nece ssary

,
in a metal tube

,
and measuring

the time that the explosive wave takes to t ravel a known di sta nce . In black
powder and similar ni trate mixtures the velocity of exp losion i s only a few
hundr ed metres a second , but w ith moder n high explosives the veloci ty of
detona tion is from two to seven thousand metres a second . Thi s na tura llv
makes them much more violent and destructive . Explosives of the gunpowder
type are used when earth o r soft ro ck i s to be blasted

,
or when the material

mus t not be broken up to o much . Propellan t s for use in firearms are required
to burn slowly ; for rifled arms they mus t be slower even th an gunpowder.
They are not exploded by means of another high explosive , but merely li t
by a powerful flame

,
and should then burn by concen tric layers . The rate of

burning increase s w i th the pressure in the gun , bu t for completely gelatinized
powders i t i s less than a metre a second .

The more insensi t ive explosives
,
such as trini t roto luene , i f fi red wi th

a weak detonator are only partially decomposed . Not only is some of the
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explosive merely scattered, but the velocity of the explosive wave is low .

Consequently the effect produced is comparatively small .
Another important property of an explosive i s its stabi lity . I t should Stab ility.

retain its properties and composition unchanged when stored even for a
long period . Above all i t should not be liable to explode or ignite spon
taneously . Nitre -cellulose unfortunately i s liable to this defect , and conse

quently special precautions have to be taken in the case of smokeless powders
and other explosives containing it .
The most important properties of explosives are : power , sensitiveness , Summary.

velocity of explosion , stability and temperature of exp losion . The power
depends upon the temperature of . explosion and the quantity of gas and

vapour evolved . The prices of the constituents and the ease and safety of
manufactur e a re also of importance . All these factors are dependent on the
composition of the explosive and some of them on its physical state .
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CHAPTER I

EARLY HISTORY

Gunpowder Confusion o f terms Incendiary mix tur es Greek fi r e \Vild-fir e

Saltpetre The Chinese The Indians Friar Bacon The Arab s Invention o f

fi rearms Summary G ib b on

S IN CE the very earliest times man has been searching for more and more
effective means of killing his fellows and the beasts and birds that threatened
his safety or provided his food or clothing , but there i s reason to believe that
the first exp losive , gunpowder , was not known before the thirteenth century .

This i s a mixture of three substances , saltpetre , sulphur and charcoal , two
of which have been known from time immemorial , for sulphur occurs native
in a state of considerable pur ity in some volcanic di stricts , and charcoal is
made by simply heating wood . The early history of gunpowder and
exp losives generally is therefore closely connected with the di scovery of
methods of preparing and purifying Saltpetre .
The investigation of thi s and other similar matters i s rendered difficult

not only by the scarcity of early records , but also by the great uncertainty
a s to their true interp retation . W hen saltpetre , gunpowder and guns were
discovered or invented , new words were not made , but old terms were adopted
whi ch had previously been used for somewhat similar obj ec ts . Our word
powder , for instance , means any dust - like material, but the term smokeless
powder i s now used to denote a class of substances which have nothing in
common with dust . Gun is from the old English gonne ,

” which was
used to denote an instrument for throw ing proj ectiles before the introduction
of gunpowder . Similarly the Arabic bunduq (OW ) now used fo r any
rifle or sporting gun , formerly meant a pellet shot from a small catapult used
for sporting purposes . Saltpetre (sal petrae) merely means salt of the rock ,

and the other Latin term for the same material , nitrum (nitron , nitre ),
formerly meant soda or any other white efflorescence . Both nitron a nd

natron in late Latin were derived from the Arabic
ev j

ku some of
the vowels being usually omitted in writing that language as in shorthand .

Similar difficulties occur with the terms in other languages . Nevertheless ,
considerable progress has lately b een made in ascertaining the early history
of gunpowder and fi re -arms

,
and various wi ld sta tement s as to the grea t

11

Gunpowder

Confusion of

terms.
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ant iquity o f the know ledge of gunpowder in some count ries are now quite
di scredited , a s it is fou nd tha t the evidence upon w hich the se s ta temen t s
were made w i ll no t b ea r scrut iny .

Long befo re the discovery o f saltpetre , incendiary materials had b een
used in warfare

,
such as pitch , sulphur , pet roleum and o ther o i ls . Burning

brands were frequent ly at tac hed to arrow s o r w ere thrown by means o f engines

(cata pult s ) , and the descrip t ions o f the effects produced b y these. ea rly fi re

arms i s often so fanciful and exaggerated that they have been though t
to imply the use o f gunpow der , wi th which they really have no connexion .

A ball o f burning pi tch mixed w ith sulphur and naphtha thrown a ga in st

a wooden building or ship w ould cause a fire , which if no t quickly ex tin

guished might prove disa st rou s . Such incendi ary mix tures were known
in England as w ild-fi re .

" The prompt. appli cation of a bucket of w ater
or some sand w ould

,
how ever , remove the danger . Hence , although iso la ted

insta nces occur in ancien t his to ry where great succe ss was achieved wi th
these incendiary mixtures , they mus t generally have proved ineffec tive .

The one nota ble exception to thi s i s the Gree k -fi re or
the secret of which prevented the conquest o f Consta nt inople and Europe
by the Mo slems for several centuries . About the yea r A .D . 668 , some forty
six years after the fl ight of Mohamed from Mecca to Medina

,
the Arabs , st ill

at the height of their conquering enthusiasm , commenced to belea guer Con
sta ntinople by land and sea , w hen an archi tec t named Ka lliniko s fled from
Heliopo li s in Syria to the Imperial ci ty and impart-cd the secret of the sea
fi re .

” This repeatedly spread such terror and destruct ion among the Moslem
fleet

,
tha t i t was the principal cause of th e siege being eventually raised after

seven years . In A .D . 716 to 718 ,
the Arabs again appeared before Constanti

neple wi th eighteen hundred ships , bu t again w ere defea t ed by the fi re
so effec tually ,

that afte r a stormy passage only five galleys re - ente red the
port of Alexandria to relate the ta le of their various a nd almost incredible
di saste rs .
Russian naval forces w ere similarly defeated in 941 and 10-13 ,

a nd the

Pi sans at the end of the eleventh century .

What
,
then

,
w a s the nature of thi s sea - fire From the contemporary

accoun t s w e know that i t was di scharged from tubes or siphons in the b ow s
of the ships , but its mode of preparation w a s kep t a. clo se secre t and it w a s
never used succes sfully by any but the Greek rulers o f Byzantium . There
appears to be no doubt that naphtha w a s the principal ingredien t , and i t
may also have contained sulphur and pitch . Colonel H . W . L . Hime came
to the conclusion tha t i t mu st have been mixed w ith quicklime . the slaking
of which by the sea -w ate r raised the temperature to the igni t ion poin t of
the sulphur . ‘ I have made a number of at temp t s to produce igni t ion in this

1 Gunpo ud cr a nd Ammunitio n , Lo ndon , 1904.
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way
,
but although a fairly high temperature w a s reached the sulphur never

caught fire . The heat set free by the slaking of the lime w ould be ample
to raise the temperature to the ignition point if there w ere no loss of heat

,

but the reaction i s a slow one compared with an ex plosion , for instance , and
consequently much of the heat i s dissipated . It seems more probable that
the naphtha w a s simply discharged from a squirt or fi re -engine (sipho ) , and
that it w a s ignited by means of a flame in front of the orifice , and that the
secret consisted in the method of constructing the squirt or pump

,
and of

using it so as no t to inj ure the users . If this be so , the Greek fire did not
di ffer greatly from the flame -proj ectors now employed by the Germans .
Later the name Greek fire ” w a s given also to combust ible mate rials

w hich w ere ignite d and then thrown by ballistae or other machines , and w ere
used on land . These compositions w ere semi - solid masses o f sulphur

,
pitch

,

naphtha and other substances that burn readily , and when saltpetre had
been di scovered this also w a s added . Such mix tures may more correctly
be called w i ld-fi re .

” They w ere much used by the Moslems in the Crusades .

Thus J o inville , the faithful and devoted companion of St . Louis in the di s
astrous six th Crusade (A .D . 1250 ) says that

“ it came flying through the
air like a w inged long — tailed dragon , about the thi ckness of a hogshead , with
the report of thunder and the velocity of lightning ; and the darkn ess of
the night w a s di spelled by this deadly illumination .

” Nevertheless
,
the

Greek fire on this occasion did very little damage . That men like St . Louis
and J oinvi lle , usually absolutely fearless , should have been terrifi ed by such
a cause and described it in such exaggerated language

'

seems to have been
due to the fact that they looked upon it. as a product of the Devil . By 1250 ,

however , the Arabs were . acquainted w i th saltpet re , and it i s quite likely
that they mixed some with the incendiary , causing it to burn far more fiercely.

Similar language i s used in describing the incendi a ry missi les discharged by
the Moors in Spain in battles and sieges of about the same date .
Saltpetre (potassium nitrate ) i s formed in the decomposition of animal and

vegeta ble matters . Under favourable conditions it forms an efflorcsccncc

on the ground . I t must have been by the investigation of such efflorcsccnces

that saltpetre was first discovered . These effl o rescences are never pure
and seldom contain more than a small percentage of po tassium nitrate . The
ancients did not clearly di stinguish such deposits of saltpetre from the simila r
ones of soda which are found in some locali t ies . The first preparation of
saltpetre of even moderate purity from such a deposi t w ould require con
sidera b le chemical k nowledge

,
and i t could only have been done in a country

where the deposit s are plent iful
,
that i s

,
in a country sufficiently w arm to

accelerate the decomposition o f the organic ma tter and having a regular and
prolonged dr y season during w hich the depos it w ould co llect and not be
washed aw ay . The climate o f \Yestern Europe is consequently not favour

W ild-fi re.

AD. 1250 .

Saltpetre.
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able
,
and moreover scient ific know ledge and invest igation w ere very ba ckward

in Europe in the ea rly Middl e Ages . The people who were most proficient
in this branch of knowledge at that t ime were the Arabs or rather the Arabic
spea king people of Spain , Northern Afri ca and Syria , and many part s of
these coun t ri es have climate s suita ble fo r the formation of sa ltpetre deposits .
Consequently

,
i t is no t surprising that i t i s in Arabic that the first clear refer

ence to sa l tpet re i s to be found . This is in the w rit ings of Abd Allah ibn
a l-Baytha r , a Spanis h Arab who died at Damascus in 1248 . I t seems probable
that the Arabs and Egyptians knew sal tpetre in a fairly pur e sta te about
1225.

The Chinese apparent ly became acquainted w ith saltpetre at about the
same period

,
and i t i s possible that they were the original di scoverers of salt

petre . The Egyptians ca lled it Chinese snow ,

” 1 and it i s significa nt that
Chingis , the Mongol conqueror , brought Chinese engineers with him in 1218

to reduce the fortifi cations of the cities of Pers ia .

2 The sta tements made
b y the ea rly Jesuit fa thers as to the great antiquity of the manufacture of
gunpow der in China , have been shown to be ina ccurate and founded on
erroneous translations .3 Marco Polo , who was in the Far East from about
1274 to 129 1 , says concerning the city of Chan—Glu in Part II . , Chapter L
of his book In this city and the di strict surrounding it they make great
quant i t ie s of salt

,
by the following process ; in the country i s found a sal

suginous earth ; upon thi s w hen laid in heaps , they pour water , w hich in
its pas sa ge through the mass imbibes the particles of salt , and is then collected
in chann els from w hence i t i s conveyed to very w ide pans not more than
four inches deep . In these i t is w ell boi led and then left to crysta llize . The
sa l t thus made is whi te and good , and i s exported to various part s .

” The
ma teri al prepared in thi s way could not fail to contain a considerable pro
por t ion of saltpetre , moreover the soil in the province of Che -Ii , in w hich
the city mentioned seems to have been situated , i s known to be rich in
sal tpe tre . But from Marco Polo ’ s statement it i s probable that the product
was u sed a s common salt . In fact , the Chinese appear to have used saltp etre
as ordinary salt even at much later periods .
In the chronicles called Tung-Klo n -Ka ng

-ma there i s an account of the
siege of Pien -King (now Kai - fung-fu ) in 1232, and thi s was translated into
French by Reina ud and Fa v é in the J ourna l As ia tique for October 1849 :

At tha t time use was made of the ho -pao or fir e pao , called Tobin
tien - loni or thunder that shakes the sky .

’ For thi s purpose an ir on pot
w a s used w hi ch w a s filled with yo .

’ As soon as a light was applied , the

pao rose and fir e spread in every direction . Its noise resembled that of thunder

1 Hime , Gunpowde r a nd Ammun it io n , p . 17.
2 Gib b on , cha p . lx iv.

Hime , cha p . v ii.
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and could be heard mo re than 100 li s (thirty- three English miles ) i t could
spread fire over more than a third of an acre . This fire even penetrated
the breast plates on which it fell .”

The Mongols constructed with o x -hides a passage which enabled them
to reach right to the foot of th e rampart . They commenced to sap the walls

,

and made holes in them in which they could remain sheltered from the men
above . One of th e besieged proposed that they should hang fi re -paos from
iron chains and let them down the face of the wall . When they reached
the places that were mined , the paos burst and shattered the enemies and
the o x -hides , so as not to leave a vestige of them .

”

In addition , the besieged had at their di sposition some arrows of flying
fire (fei -ho - tiang ) : to an arrow was attached a substance susceptible of
taking fire ; the arrow flew suddenly in a straight line and spread flames
over a width of ten paces . No one dared approach . The fi re -paos and
arrows of flying fire were much feared by the Mongols .

This arrow may have been a squib or a rocket , or merely an arrow to
which a saltpetre mix ture was attached . The effects described could hardly
have been produced without the use of saltpetre , nor the great noise without
an explosive

,
but we need not take literally the statement that it could be

heard thirty -three miles away .

By AD . 1259 the Chinese had made a further advance . The same annals
state : In the first y ear of the period Khai -King was made an appliance
called tho -ho - tsiang ,

’ that i s to say ,
‘ lance with violent fire .

’ A nest of
grains ’ was introduced into a long bamboo tube , whi ch was set light to .
A violent flame came out and then the nest of grains was shot forth with
a noise like that of a pao

,
which could be heard at a di stance of about 500

paces .” This w a s ev identlv the device now know n as a Roman candle .
Statements have been made with regard to the antiquity of gunpowder The Indians.

in India upon similarly incorrect evidence . It i s improbable that the refining
of saltpetre can have been di scovered in India , as the habits of mind of the
educated classes would prevent their interesting themselves in such matte rs ,
and the institution of caste would render it impossible for them to handle
many of the materials involved . But the same institution has enabled the
saltpetre industry to be developed very widely , when once the process had
been di scovered elsewhere and introduced , as a special caste of saltpetre
workers was formed

,
and India still supplies a large proportion of the saltpetre

used . The saltpetre at first must have been very impure , as the methods
of refining it were crude .

About 1249 Roger Bacon wrote an account of the composition and manu Friar Bacon

facture of saltpetre and gunpowder in his Dc Secretis and Opus Tertium.

1294 ‘

Those in the former work are fairly full , but were concealed by means of
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Another i s made of

Sulphur
Vine or willow charcoal
Saltpetre

These w ere rubbed down together on a marble s lab and put into a case

(tunica ) in different manners acco rding to the effect to be produced . To
make a loud no ise the case w a s to be sho rt and wide

,
and fi lled only half full

,

and w a s to be bound with strong iron wire . Evidently this w a s a cracker
no t unlike one described b v Bacon . On the other hand , the flying tunica
w a s to be thin and long , and fi lled w i th the above powder well rammed in .

This w a s apparently an imperfect rocket or squib . The same w ork contains
a second description of th ese fi re -works (recipes 12,

13 , 32, but this does
not help to clear up the uncertainties .
That the Arabs were probably using saltpetre in their fi reb rands in 1250 ,

i s shown by the passage in Jo inville , quoted above (page At the siege
of Niebla , in Spain , in 1257

, we are told that the Moors
“ launched stones

and darts from machines
,
and missiles of thunder and fire .

”

The Chinese do not appear to have developed explosives beyond this
point , or to have made the nex t step , namely , of causing the powder to throw
a heavy proj ectile instead of a ball of fire . Perhaps they made the attempt

,

but with di sastrous results to themselves .
This step could only be taken by a nation which was at once progressive

and well acquainted with the working of metals . For some time the develop
ment of gunpowder must have been impeded by the scarcity and poor quality
o f saltpetre . Before any great advance could be made , i t was necessary
for a considerable organization to grow up for collecting the saltpetre and
refining it . In the meantime all the available supply was no doubt absorbed
by the makers of warlike combustibles .
In the thirteenth century , therefore , saltpetre was known and used from

China to Spain and England , but before the invention of fi re -arms its
uti lity can have been but small . No reliable fuse having yet been discovered ,
hand grenades or bombs can have been o f little use and must have been more
dangerous to those using them than to the enemy . The fi re -works which
have been alluded to must have been very uncertain in thei r action and not
w i thout risk to the fi re -worker . It does not seem to have occurred to anyone
to use explosives to blow up the walls of a besieged town by mining under
neath and firing o ff a large quantity ; the primitive powder was no doubt
too uncertain in its action and its properties were not well enough known .

There is evidence to show that , for getting minerals , gunpowder was not
used unti l the seventeenth century .

l

1 See chap . 1 1.
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The real development of gunpowder and its extensive use had to wait
,

therefore , for the invention of the gun . I t i s generally considered that thi s
was accomplished by the German monk Berthold Schw artz

,
as he i s named

as the invento r in many old manuscripts . There i s
,
however

,
a curious

inconsistency about the dates mentioned . The year 1380 i s given by Flavius
Blondus , E neas Sylvius , Baptista Saccus and many others living in the

fifteenth century . Other w riters have stated that the invention w a s made
in 1354,

1390 , and But on the other hand , there i s no doubt that
guns were used much earlier . There i s a manuscript in the Asiatic museum
at Petrograd probably compiled by Shems ed Din Mohammed about 1320
which shows tubes for firing off both arrows and balls by means of powder .2

In an illuminated manuscript entitled De Ofi ciis Begum,
written by IVa lter

de Millemete in 1325 and preserved in Chr i st Church Library , Oxford , there
i s a drawing , reproduced in Fig . 2

,
of a rudimentary gun shaped like a bottle

,

and discharging a dart . A man is applying a light to the touch -hole . On

February 1 1 , 1326, the Republic of Venice ordered the provision of iron bullets
and metal cannon for the defence of it s castles and villages ,3 and in 1338

cannon and powder were provided for the protection of the ports of Ha rfi eur

and l’Heure again st Edw ard III .

4

In two frescoes in the church of the former monastery of St . Leonardo in
Leccetto ,

near Siena
,
painted by Paolo del Maestro Neri in 1340 are shown a

large cylindrical cannon di scharging a
"

spherical cannon ball , and many hand
guns .5

In 1331 cannon w ere apparently used by theMoors at the siege of Alicante ,6

and in 1342 in the defence of Algeciras against Alphonso XI of Castille .

The Count s of Derby and Sali sbury w ere present wi th the Spaniards , and
it i s supposed that they introduced gun s into England . In the follow ing years
there are several references in the accounts of the Wardr obe of Edward III of
payments on accoun t of saltpetre . Thus Thomas de Roldeston , Clerk of the
King ’ s Private Wardrobe in the Tower of London , gives an accoun t for forty
shi llings for making pow der and repairing various arms in the period 1344 to
1347 Eidem Thomae super facturam pulv eris per ingeniis et emenda tione

div ersa rum a rma tur am XL sol .” 7 And an account w a s discovered by Gutt
mann delivered by John Cok

,
Clerk of the King ’ s Great lVa rdrob e for the date

1 Guttmann , Bl a nufac tu re o/ Ex p los ives , 1895, v o l. i., pp . 10 — 1 1 .

2 O. Guttmann , JI onumeni a P u li ‘er is P y ri i.
3 Lib ris , H istoire de s Sciences ma thema tiques en I ta lic , v o l. iv , p . 487 ; P . et S ., v o l.

v ii .
, p . 33.

4 P . et S ., v o l. v ii. p . 34.

5 See Guttmann , Al onumenta P u lrer is Py r ii, 1906.

6 Utescher , S . S ., 19 14, p . 101 .
7 Guttma nn , Al a nufa ctu re of Ex p lo sives , v o l . i., p . 13 ; Hun ter , Archw ologia , 1847

Vo l. x x x ii
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May 10 , 1346, fo r 9 12 lbs . of saltpetre , and 886lbs . of quick sulphur for the
King ’ s guns : 1 Et eidem Thomas de Roldeston per manus W illielmi de

C XX

Stanes ad opus ip sius Rei s pro gunnis sui s I XXII lib . sal petrae et DCCC I I I IVI

lib . sulphur vivi per breve Regis datum X die Man dicto anno XX . When
all possible allowance has been made for alterations in the meanings of words

,

there can -b e no doubt that in 1346King Edward had guns and powder . On

November 25, 1346, and again on September 21 , 1347, an offi cial order was
given to buy all available saltpetre in the country . On the first occasion
750 lbs . of saltpetre and 310 lbs . of sulphur were obtained ; on the second ,
2021 lbs . of saltpetre and 466 lbs . of sulphur . The price of the saltpetre was
l 8d. per lh . , cf the sulphur 8d.

At the battle of Crecy (August 26, 1346) guns were used by the English .

The French are also believed to have possessed them
,
but apparently left

them behind in order not to be encumbered with them in their pursuit of the
Engli sh .

We see then that saltpetre became known about 1225 and that by 1350 Summary.

fi re -arms were in use to a considerable extent in Western Europe .
Saltpetre was apparently discovered by one of the Oriental nations

,
and

was used for making fi re -works and incendiary mix tures both in the East
and West , but especially the East . The explosive properties of saltpetre
mixtures must have been known to many people besides Roger Bacon , but
they were of little use until the discovery of fi re -arms , which apparently was
made in Italy or Germany early in the

'

fourteenth century .

The period of the first development of fi re -arms was in many respects an
important one . The division of the power in Italy , France and Germany
among a great number of petty rulers had given the opportunity for the
growth of the free cities on the one hand and the Papacy on the other . The
latter had used its power to crush the Albigeois in S outhern France , the most
civili zed and cultured people of the time

,
and by 1250 had extinguished them

with fire and sword . The free cities were frequently richer than important
countries , and it was in them that the skill and knowledge were developed
which made it possible to construct ordnance and make gunpowder . Only
in England did the king retain much power . In the East the prestige of
Chri stianity and the “ Franks ” was then at its lowest ebb , but a steady
advance was to come . The Christian religion had been ex tirpated from
Africa and a great part of Spain

,
and in Syria the Crusaders had finally failed

to retrieve the Ho ly Sepulchre . The Arabs had long since been obliged to
resign most of their conquests to the Turks , who had reduced the Eastern
Roman Empire to little more than the ci ty of Constantinople , and that had
become the spoi l alternately of French , Normans , Venetians and Genoese .

1 Pub lic Record Offi ce , London , L .T.R . Enro lled Acco un t No . 4.
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The final fall of th e ci ty w a s , however , postponed by the appearance of another
race who came , like the Turks , from Central Asia . These were the Tarta rs or
Mogul s

,
the grea tes t conquerors known in human hi sto ry . Under Chingi s

they conquered China in 1210 to 1214, Ca rizme , Transo x iana ,
and Persia in

1218 to 1224. The ci t ies of the Middle East were reduced w i th the aid of a
s taff of skilful Chinese engin eers , who perhaps brough t wi th them the secret
of sa ltpet re . Under the successors of Chingis fire and destruction w ere carried
into Russia , Poland and Hungary . At the beginning of the fourteenth century
the Mogul Empire declined under the civi l wars whi ch almost inevitably
resul t on the dea th of a monarch in the East . The Tur ks regained th eir
ascendancy for a t ime in Wes tern Asia . In 1361 to 1405 Timour or Tamerlane
usurped the w hole of Chingis

’

Empire except China , and added to it Northern
India

,
part of Syria and Asia Minor .

But already the forces were being born which were to revolutionize th e
world . In the ci t ies of I taly , Ge rmany ,

England and France a spiri t of
freedom in i nquiry

,
adventure and cul ture was ari sing which now dominate s

the w hole ea rth .

NOTE — The accoun t of the Greek fi re i s largely derived from Gibbon ’ s
Decline a nd Fa ll. Al though thi s remarkable w ork was wri tten in the
eigh teenth century , yet such is it s accur acy that even upon such a difficul t
and technical mat ter as this , subsequent research has been able to find no
errors in the statements . In a footnote relating to the di scovery of gunpowder

,

Gibbon says
The vani ty , or envy of shaking the esta bli shed property of fame , has

temp ted some modem s to carry gunpowder above the fourteenth and Greek
fi re above the seventh century . But their evidence , which precedes the
vulgar aera of the invention

,
i s seldom clear or satisfactory

,
and subsequent

writers may be suspected of fraud or creduli ty . In the earliest sieges some
combustibles of oil and sulphur have been used , and the Greek fire has some
affinities w i th gunpowder both in nature and effec ts .

I t i s impossible to sum the ma tter up bet ter .



CHAPTER I I

DEVELOPMENT OF GUNPOWDER

Early manufactur e Early powder-making machinery Incorporating mill
Stamp mills Additions to gunpowder Corned powder Pressed powder
Breaking down Compo sition o f gunpowder Tes ting gunpowder Fire -arms

D oub le -b arrelled guns zRifles Cannon Pro jectiles Incendiary missiles :

Shell Fuses Hand -

grenades Infernal mach ines Fire -w orks Milita ry mines
B las tin g

IN the four teenth century gunpowder was only used on a small scale and Early

was made in ordinary houses with pestle and mortar . We hear, for instance ,
manufac’um'

that the Rathaus at Liib eck w a s

’

destroyed by fire in 1360 through the care
lessness of powder makers . 1 Berthelot has stated that there were powder
mills at Augsburg in 1340 , at Spandau in 1344 and Liegnitz in but
Feldhaus could find no confirmation of these statements in the archives of
th ese towns . There i s no mention of gunpowder or fi re -arms in Augsburg
before 1372 to 1373, and the first powder mill was erected at Spandau in
1578 . The scale of operations gradually increased , and in 1461 we find the
first mention of a powder-house in the Tower of London ; powder was
made there for many years

,
as also in Porchester Castle .

3 In
’

the sixteenth
century mills of considerable size were in existence : the Liebfrauenkirche
in Liegnitz suffered at this time from the effects of explosions in a mill near
by . In 1554 to 1555 a gunpowder mill i s said to have been erected at Rother
hithe

,
and about 1561 George Evelyn , the grandfather of John Evelyn , the

diari st , had mills at Long Ditton and Godstone , having learned the methods
of manufacture in Flanders . A few years later he obtained from Queen
Elizabeth a monopoly of the manufacture of gunpowder , which he and his
sons were able to maintain more or less until 1636, when Samuel Co rdewell
obtained the monopoly

,
which was abolished by Parliament in 1641

, the
year before the outbreak of the Civi l War . George Evelyn made a fo rtune
out of gunpowder , and some of his sons did well , but i t i s doubtful whether

1 F. M. Feldhau s , S .S ., 1909 , p . 275.

2 Revue des deuce Al oudes , Aug . 15, 189 1 , p . 8 17.

B r it. Ex p . I nd. , pp . 183 et seq . See a lso H is to ry of the Evelyn Family , b y He len
Evelyn, 19 15, pp . 19 a nd 26.

3
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any one else made much money out of i t in England . After the Resto ration
the monopoly of gunpowder , as of many other materi als , w a s re -established
for a time

,
but does not appear to have been maintained long .

In the reign of Charles I the contractors supplied to the Crown every
year 240 lasts of gunpowder at 7d. or 8d . per lb ., and the Crown sold it again
at about a shi lling

,
the retail price being about 16d . A last consisted of 24

barrels containing 100 lbs . each .

1

At first gunpowder was made by simply pounding up the constituents
and mixing them together in a mortar . Of ten the pestle was suspended from
a flexible w ooden rod , which acted as a spri ng to assist the lifting . The very
earliest known example of such an appliance i s shown in an illustrated manu
script

,
the Codex Germanicus ,

” preserved in Munich (No : 600 of the Hof und
St-a a tsb ib liothek) . Guttmann assigns to thi s the very early date of
Similar pictures appear in late r manuscripts , such as the Rust und feuerw erck
b uych of the fifteenth century , in the Stadtbibliothek at Frankfur t a /M.

The latte r also shows the next step in the adoption of machinery , the stamp
mill . Guttmann , in hi s Monumenta Pu li eris Pyrii, gives reproductions of
many old dr awings of such plant . In the fi fteenth and sixteenth centur ies
there were generally two stamps working in each mortar . They were raised
alternately by a cam proj ecting from an axle which was turned by hand . At
a later date water wheels and treadmills were used as the motive power , and
only one stamp worked in each mortar . Horses do not seem to have been used .

There is a picture of an incorporating mill with an edge -runner in a book
enti t led Corona e Pa lma Milita re di Arteglicria by A . Capo Bianco , and
publi shed at Venice in 1598 . It has only one edge -runner, and the machine
i s apparen t ly turned by a horse working in the same building .

Stamp mills w ere still u sed extensively on the Continent at the end of
the nineteen th century , but in England they were forbidden . Tilt hammers
were also used sometimes , especially in Switzerland , and in more modern
times rotating drums containing hard wood balls have been employed .

A t firs t the powder was used in the fine state . In this condition i t burned
slowly , as the interstices were very small : i t was liable to foul the fi re -arm
very badly af ter a few rounds

,
and it was difficult to regulate th e effect , which

depended very much upon the ramming . Bourne
,
in his Art 0 / Shooting

in Gre at Ordna nce, 1587, said
“ The powder rammed too hard and the wad

also , i t will be long befo re the piece goes off . The powder too loose
will make the shotte to come short of the mark . Put up the’ powder
with the rammer head somewhat close , bu t bea t i t not too hard . Other
disadvantages of the fine powder were that i t absorbed moisture very rapidly ,
and the cons t i tuents were liable to separate one from the o ther i f the powder
were subj ected to much vibration . Fo r al though amorphous carbon has

1 Br it. Ex p . I nd. , p . 278 .

2
ill onumenla , p . 19, Fig . 48 .
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W
'

hitehorne , in hi s Certai n Wa ies for the Order ing o/ Souldiers in Ba ttelra y
1560 ,

says : If serpentine powder should be occupied (used ) in handguns ,
i t w ould scant be able to drive their pellet s a quoit

’ s cast from their mou ths
and if handgun (i .e. corned ) powder should be used in pieces of ordnance ,
thout great di scretion , i t would quickly break or mar them .

”

According to Guttmann , the French powder -mills began in 1525 to grain
and classify th eir powder by passing i t th rough sieves .1 Apparently corned
powder came gradually in to use for small-arms and hand-grenades during the
fifteenth century , and for big gun s in the six teenth , the const ruc t ion of these
being sufficiently improved by that time . In an engraving by Phil lip Galle

,

after a draw ing by John Stradanus , to whi ch the date 1570 has been ass igned ,

2

the operations of casting and fini shing gun s are shown , and the manufac tur e
had evidently reached a fairly high state of development by th a t t ime .
A really hard compact grain could not be made by this method

,
conse

quently after a time presses were introduced to compress the mill - cake before
coming . According to Guttmann 3 presses were first used for this purpose in
1784. At Faversham in 1789 the powder w a s compressed by means of a
screw press , shown in drawings in a con temporary note -book .

4 In the
nineteenth century hydr aulic presses were introduced .

The cake was broken down by hand wi th wooden mallets
,
and then pressed

through sieves to granulate and sort i t . At one time wooden rollers were
used to press i t through the sieves , but later di scs of lignum vi tae were placed
in the sieves , which were suspended by means of cords and swung backwards
and forwards . Colonel Congreve in 18 19 introduced his granula ting machine ,
which i s descri bed in Chapte r VI .
Colonel Hime has given tables to show the development that took place

in the composition of gunpowder in the course of time . lVith some al terat ions
these are reproduced here :

ENGLI SH G UNPOW D ER

Au tho rity Sa ltpe tre Cha rco a l Su lphu r

Ro ge r Ba co n

Arderne (La b ora tory rece ip t )
\Vh iteho rne

Government contract
Sir J . Turne r
Ro b ins
Bishop

1 JVI a nu/a ctu re , v o l. i.
, p . 17.

2 Jl onumenta , Fig . 8 .

3 Al a nu/a ctu re, v o l. ii.
, p . 204.

4 B r it. E x p . I nd . ,
Fig . 13 a nd p . 36.



DEVELOPMENT OF GUNPOWDER

FOREI GN GUNPOWDER

Country Sa ltpe tre Cha rco a l Su lphu r

14th Century Germany
1560 Sw eden

1595 Germany
1598 France
1608 Denmark
1697 Sw eden

1882 Germany

The proportions 6 : 1 1
, known as as , as , six , were first adopted in

France at the end of the sixteenth century and have been adhered to there
more or less ever since .

1

The fourteenth -century German powder has been substituted for a French
powder of about the same date mentioned by Hime , as i t is a more satisfactory
example . The last item in the li st i s German cocoa powder , ballistically the
best black powder ever made .
But ‘ in reality the composition was extremely variable . Every powder

maker had his own formula in early days , and in the absence of testing appa
ratus there was no means of j udging which was best . W i th the invention
of corned powder another variable was introduced , the size of the grains ,
and the confusion became still worse .
In the Middle Ages the only tests applied to powder were to feel i t to Testing

ascertain whether it was moist
,
and to ~b urn a little to see W hether much ”w e“

residue was left . The first instrument for testing powder , of which,

we have
any knowledge

,
i s that described by Bourne in his I nventions a nd Devices ,

publi shed in 1578 . It was a small metal cylinder with a heavy lid on e 1573.

hinge . The lid was prevented from falling by a ratchet , and the angle
to which it rose when powder was fired inside the box measured its
strength .

A much better instrument was that devised by Curtenb a ch and described 1627.
by him in his Ha linitro Pyrobolia ,

in 1627. This consisted of a heavy conical
shot which rested on the mouth of a small mortar and could travel vertically
upwards along a stretched wire . It was prevented from falling again by
a series of catches . There i s a copy of this in the Imperial Museum in Vienna ,
and Guttmann gives a reproduction of a photograph o f i t as Fig . 67 of
Monumenta. Pulvis Pyrii .

Master-Gunner Nye
,
i n his Art of Gunnery ,

1647, described the same 1647.

instrument
,
and also proposed that the strength of powder be measured by

1 Chalon , Ex p los ifs lVI odernes , p . 228 .
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fi ring bullet s
,

from a pistol into clay ,
or b y firing a heavy b all from a morta r

and finding out how far it t ravelled . This last , the mo rta r éproute tte ,
w a s

adop ted by the French and other Gover nment s , and led to considerable
improvements in the powders . By the beginning of the eighteenth century
the proport ions of the cons ti tuent s w ere fairly well fi x ed

,
and the powders

for di fferen t guns differed only in the size of grain . In 1742 Robins placed
the ma tte r on a mo re scien t ific basis by the invent ion o f the balli st ic pendulum ,

by means of which the actual veloci ty of a. proj ectile could be mea sured . By
the end of the century , practically every country had come to use the
proport i ons

,
75 of saltpet re

,
15 of charcoal , and 10 of sulphur .

To trace in detail the development of fi re -arms i s beyond the scope o f

this w ork . Mo reover it. has depended far more upon the engineer than the
powder-maker , who has nearly alw ays been able t o supply pow der more
pow erful than the gun —maker has been able to use

,
th rough insuffi cien t engineer

ing skill . At. first the chivalry of “
Testern Eur ope w a s entirely opposed to

the use of fi re -arms , but it soon had to acquiesce in the employmen t of gun ~

powder in w arfare
,
but made a longer struggle as regards the hunting of

animals . Hawking and the chase w ere the only respec table forms of sport
,

but poachers w ere no t governed by the same scruples , and laws were conse

quen tly passed to prevent the use of fi re -arms by them . For insta nce , in
1555 the Elector Augustus , of Saxony , prohibited the possession of fi re -arms
by peasants and shepherds , and in 1562 small shot w a s absolute ly prohibited
throughout. the Duchy of Mecklenburg .

1 Nevertheless
,
i t w a s not possible

to prevent the use of milita ry muskets for sporting purposes . I ta lv ,
in thi s

respect
,
as in so many others , w a s ahead of Northern Europe . Benvenuto

Cellini (b . 1500 (I . 1571 ) w hen a young man w a s very fond of shooting for
sport

,
and made his own gunpowder . He shot.w i th a single bullet and boasted

of his skill a s a marksman . He makes no mention of there being any prejudice
or law agains t the use of fi re - arm s .

It was no t until the double -barrelled gun was introduced that there w a s
any real difference between the milita ry and sporting w eapons . Double
guns w ere first made suffi cien t ly ligh t to be prac t icable in the middle o f the
seventeenth century ; in the eigh teenth century the ribs w ere added ,

and
the fl in t lock and hammer w ere introduced .

Rifles w ere already know n in the first half o f the sixteenth century , and
are said to have been invented b y Augustus Ko t ter , o f Nuremberg , 111 1520 ,

but fo r a long t ime the rifle w a s u sed principally fo r spo rting purpo ses . because
the necessi ty o f ramming the b ullet dow n the b arrel w i th i t s spi ral grooving
made the loading very slow . Mo reover , the powder left much fouling in the
grooves

,
a nd consequent ly it wa s necessary to clean the arm after a few rounds .

1 G reener Jl odcrn Shot Gu ns , 2nd ed ., p . l .

2 l
'

ita di Ben r enuto C ellin i. part i .
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With the old musket
,
on the other hand , the bullet wa s smaller than the bore ,

and this trouble did not arise to anything like the same extent . In the seven
teenth century the rifle w a s tried in several continental armies , but in every
case i t was given up again .

1 For sporting purposes accuracy was of more
importance than rapidity of fire

,
and the rifle was able to ho ld it s own , espe

cia lly in mountainous countries such as the Tyrol and Sw itzerland . In the
American War of Independence the sporting rifle was necessarily used for
military pm

'

po ses , and the English Government found it advisable to enlist
on the Continent a corps of J tigers to put against the colonial marksmen .

Afterwards the Rifle Brigade was raised
,
and this proved a success from the

first . Robins , the inventor of the ballisti c pendulum , had already prophesied
that w onderful effects would be produced by the State which could first make
the military rifle a practical success .
Since then every part of the rifle has been further improved the action

,

the rifling , the sights ; and magazines have been added to increase the rate
of fire . In 1 8 86 smokeless powder for rifles was introduced , and this has
added greatly to the efficiency of the weapon . The final development i s
th e introduction of automatic rifles and machine guns

,
such as that of Maxim

,

but thi s part of the evolution of small -arms is still in progress . The develop
ment of the pistol has proceeded on similar lines .
The first guns were tubes or pots

,
which could withstand only very slight

pressures . Then they were made of strips of wrought iron welded together .
By the sixteenth century they were being cast in bronze

,
and by the eighteenth

in iron . Until the second half of the nineteenth century a gun consisted
simply of a block of cast metal with a smooth bore machined out and a vent
drilled near the breech . It is true that breech - loading guns were made at
a much earlier date , for ex amples of t hem may be seen in the museums , but
the crudity of the wo rkmanship i s sufficient to ex plain why they were given
up again . In the Crimean war (1854) many of the guns used had seen service
in the Napoleonic campaigns . In 1858 a committee recommended the intro
duction of rifled ordnance into the British naval service

,
and from that time

there has been rapid and continuous improvement in all sorts of guns . The
introduction of the buffer has made the guns much steadier breech - loading
guns were re — introduced

,
and the mechanism of the breech has since then

been improved enormously .

To meet the requ irements of the longer and more accurate guns the grains
of the powder wer e gradually increased in size so as to make them burn more
slowly . In 1871 Pebble or P powder w a s made by cutting cubes from pressed
slabs , and in 188 1 Prism pow der w a s made by moulding hexagonal prisms
and pressing them in a special press . The Germans in 18 82 made a brown

prism powder , and in spite of attempts to keep the method of manufactu re
1 Tex tbook of Sma ll-Arms , 1909 , pp. (5, 7,

Caua cu.
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se cre t , i t w a s being made a t \Va ltham Abbey also two years later . Thi s
very large and dense powder was required on accoun t of the great increase in
the size of naval guns . In 18 82 at the bombardment of Alexandria w e had
80 - ton guns of 16- inch bore , a nd in 1886 1 10 -ton guns of 16i - inch calibre .
This powder did not reta in i t s importance long , however , for in the nineties
smokeless powder entirely displaced black powder as a propulsive explosive
in cannon . W ith smokeless powder it is now possible to throw a shell weighing
a ton a distance o f tw enty mi les .
The firs t proj ec t iles used w ere made more or less like arrows with metal
fea thers ” and arrow -heads ,1 j ust as the first railway carriages were built
like stage - coaches . These w ere soon found to be unsuita ble and w ere replaced
by round shot made of iron , bronze , lead or stone . All these materials re
mained in use for several centuries , but stone w a s the most common for large
guns , part ly because i t s cost w a s only a fraction of that of a metal shot of
the same size , and partly because the guns w ould not stand the strain of
di scharging the heavier materials . Lead and iron bullets w ere usually used
for small-arms

,
but in an emergency any small handy article was made

use of .
A ttempts w ere made very early to throw from gun s incendiary missiles

such as had been di scharged prev iously from machines , but some diffi culty
must have been exp erienced from the flames being extinguished by the rapid
mot ion th rough the a ir . At th e siege of W’ eissenbur g in 1469 stone balls
w ere used considerably smaller than th e bore of the g im, and these were
smeared over w i th incendiary matter and wr apped in a cloth soaked in the
same mix tur e .

2

Actual shell could not be used at that time , because i t was not known
h ow to cast them in metal . But a sort of w eak shell was made of earthen
w are , or by j oining tw o hemispheres of metal . These w ere fi lled with a slow
burning pow der w ell rammed in

,
or other incendiary matter , and were provided

wi th an igniter , whi ch w a s set light to by th e flame from the gunpowder of
the propellin g charge

,
but there must have been considerable 1mcerta inty

about the ignit ion , and of course i t w a s much too dangerous to introduce
a lighted shell into the bore of a gun which had been charged with serpentine
powder by means of a shovel . The diffi culty w a s sometimes overcome by
enclosing the powder in a paper cartridge

,
but thi s method did not find general

accep tance . Red-hot sho t. could not be used for the same reason , until Stephen
Bathory , King of Poland , in 1579 used a thick w et wad to prevent the fire
spreading to the charge . Hot shot w ere used with great effect in th e defence
of Gibraltar by the English in 1782.

Solid sho t are not used now except fo r prac t ice and exp erimental purposes .

1 See i ll onumenta , P lates 69 , 70 ,
71 Hime , p. 199 ; Ris e a nd Progress , Fig . 3.

3 Hime , p. 220 .
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The shell for the early muzzle - loading rifled guns w ere provided with
studs to fit into the rifling and with copper plates (gas - checks ) over the base
to prevent th e escape of the gases past the shell . For some of the early rifled
breech - loading guns th e shell w ere coated w ith lead , but now they are provided
with copper bands near the base to take the rifling and prevent the escape
of the gases . Originally of course shell were filled with black powder

,
but

now high ex plosives are used almost exclusively for common shell . Shrapnel
shell were devised about 1784 by Lieutenant Shrapnel for use against tr0 0ps
in the open . They were adopted offi cially in 1803 and consisted of a round
shell containing only a small charge of powder , j ust sufficient to break the
envelope into fragments , which continued to travel more or less in the same
direction and with the same velocity as the shell did before . After the intro
duction of rifled cannon the Shrapnel shell developed into a cylindrical missile
filled with bullets embedded in rosin with a small charge of black powder

,

which , when ignited by a time fuse , expels the bullets . Against troop s in
the open its killing power i s great , but it i s ineffective against them w hen
entrenched , and it has not the nerve shattering effect of common shell charged
with high exp losive .

Formerly case shot was used against troops at short range . It consisted
of a case containing a large number of bullets , whi ch spread out from the
muzzle of th e gun , the case being broken up in the bore . The principal sorts
of case shot were grape , canister and spherical case . They are not used
much now , as their place has been taken by shrapnel shell and machine guns .
Chain shot was fired against the rigging of ships it consisted of tw o balls
or half balls united by a chain , and are said to have been invented by De
Witt , Pensi oner of Holland , about 1666.

For exp losive shell the difficulty was to make a satisfactory igniter or
fuse . The earliest record of really successful explosive shell i s in the accounts
on the sieges of W a chtendonck and Bergen —op

-Zoom in 1588
, the master

gunner being an Italian refugee from Parma in th e employment of the Dutch .

The fuses used were apparently tubes or pipes filled with slow-burning powder ,
which were driven into the fuse -hole of the shell , and th i s type was adhered
to until the middle of the nin eteenth century and later , when concussion and
percussion fuses were invented .

The fuses were made to burn 14 to 20 seconds , corresponding to ranges of
1000 to 2000 yards in the mortars , w hich were always used instead of ordinary

guns for throw ing shell . The shell were used for the destruction of stone
fortifications and ships ; again st men they w ere not effective , as there w a s
usually plenty of time to get away from them before they exp loded . Unti l
after the introduction of w atches , which were invented by Huygens in 1674,

no convenient means ex i sted o f testing the time of burning of a fuse . In
the middle of the eighteenth century fuses were made of beechwood with

Fuses.
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a hole down the middle fi lled w ith fuse powder . The fuse could be cut to
a ny required leng th . Grea t accuracy w a s no t. demanded of them

,
until

Cap tain Mercier during the siege o f Gibraltar in 1779 propo sed to fire shell
from gun s instead o f how itzers or mortars . Short “

calculated fuses were
then used so as to make the shell burst over the Spanish working parties .
The effec t produced w a s considerable .
Accura te fuses w ere also required for the Shrapnel shell , which was devised

by Lieutenant Shrapnel , R.A. , about 1784, and offi cially adopted iii
-

1803 ,

bu t they w ere made upon the same principle unti l the second half of the
nineteen th cen tury .

Hand -grenades seem to have been used to a cons iderable extent in the
firs t half of the sixteenth century , at which time they were probably made
of earthenw are . They are said to have been used at the siege of Arles
in W hiteho rne , w riting in 1560 , says that

“ earthen bottles or posses ”

had been formerly used , but he recommends hollow balles of meta l
,
as big

as smal boules and ! in thick , cast in mouldes and made of 3 partes of brasse
and 1 of tinne .

” They w ere charged w i th “

3 partes serpentine , 3 partes
fine corne pow der and 1 part rosen .

” A little fine corned powder was used
as priming , and he directs that the grenades be

“ quickly thrown
,

” as they
will almost immediately b reake and fl ye into a thousand pieces .

”

In the seventeenth century the problem of the fuse for hand -grenades
w a s fairly well solved , and regiments were formed of Grenadiers , powerful
men specially trained to throw grenades . Maj or Adye , writing in 1802,

said grenades could be thrown tw enty - si x yards .
The doubtful honour of having invented infernal machines i s ascribed

to a Nuremberg citizen in 1517, but there i s a drawing of one by Leonardo da
Vinci

,
who lived from 1452 t o 1519 . In 1645 attempts were made to blow

up Sw edi sh ships in Wismar harbour b v means of clock -work bombs . The
clock -work actuated a fl int lock with a revolving steel wheel . Clock-work
infernal machines containing a nitro-glycerine ex plosive were used also by
the Irish -American Fenians in 1883 and 1884

, but now clock-work i s not
generally applied in these criminal attempts .
Fire -works seem to have been made soon after the di scovery of gunpowder

references to them are found in the writings of Has san -er-Rammah , Roger
Bacon ,

Marcus Graecus , and Albertus Magnus in the thirteenth and fourteenth
centuries . They w ere probably made firs t in China and introduced into
Europe in the thirteenth century . They were used to celebrate peace at
Vicenza in The essential features were developed early , and later
centurie s have added nothing really novel . Improvements have been made
in the artis t ic effect s

,
precis ion o f execution and safety , but the general prin

1
il I z

'

léla r W ochenb .’a lt, Sept . 1 1, 19 15.
2 H ime , cha p . x .

3 A. G nadew itz , 19 15, p . 273
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bo rers , fairly large— nearly 3 in ches in diameter , and then closed w ith a wo oden
plug , termed the

‘

shooting plug .

’

“ Henning Hutman in 1683 employed a kind of drilling -machine . In
1685 clay tampings

,
and in 1686 fi ring

-tubes
,
began to be used . In 1689

paper cartridge cases were used to replace the older form of lea ther
,
and in

1717 bore -ho les of smaller diameter came into vogue . The use of th e chisel
borer dates from 1749

,
blasting the un touched breast from 1767 (first at

I t is only by blasting operations tha t many o f the engineering feat s of
modern times have been made possible . In constructing means of com
munica tion ,

such a s roads , canals and railways , immense quantities of
explo sives have been used .



CHAPTER I I I

PROGRESS OF EXPLOSI VES IN THE EIGHTEENTH AND

NINETEENTH CENTURIES

Berthollet, Chlorate Igniters Forsy th
’

s detonator lo ck Fulminates
'

: Caps
Fuses Gun -co tton f Nitro -

glycerine Ammonium ni trate ex plosives Sprengel
ex plosives Coal-min e dangers Cheddite Inspection o f ex p lo sives Smoke

less powders Picric acid Tro tyl

IN the nineteenth century commenced the active appli cation of science to
exp losives , with the result that this industry like so many others developed
enormously . In this chapter no attempt wi ll be made to give in detai l the
history of each invention ; only the principal discoveries will be mentioned ,
and an attempt will be made to show how one has led up to and assisted
another .
When chemistry was put on a firm basis at the end of the eighteenth

century , there was a great increase in the number of chemical compounds
which could be made in the laboratory . No man had more influence upon
chemical science than Count Claude L . Berthollet (1748 Amongst
the substances which he di scovered was potassium chlorate , or at least he in
1786first showed clearly how it could be prepared in the pure s tate , and he
investigated and described its properties for it seems to have been known to
Glauber (1603 Berthollet found that potassium chlorate , i f substituted
for saltpetre , produced a more powerful (or violent ) explosive , and proposed
in 1788 to manufacture gunpowder with it . But the results were most
disastrous . A party had been made up to see the first of the new powder
made in the mills M. and Mme . Lavoisier , M. Berthollet , the Commissary ,
M. de Chev raud and hi s daughter , the engineer ,M. Lefort , and others . W hilst
the mixture was being incorporated in a stamp -mill the party went to break
fast . Lefort and Mlle . de Chev raud were the first to return , and as they did
so the charge exploded with great violence

,
throwing them to a great di stance

and causing them such in j uries that they both died in a few minutes .
In spite of repeated attempts it has not been found possible to make a

satisfactory propulsive exp losive with chlorate the explosion is always liable
to b e too Violent and uncontrollable .

35
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Unt i l the invention of Cheddite all the chlo rate mixtures proposed were
too sensitive to be used with safety even as blasting explosives . Cundill

and Thomson ’

s Dictiona ry ofEx p losives issued in 1895 includes the descriptions
of 150 mix tures contain ing potassium chlorate , but w ith the exception o f a
few cap and fuse compositions none of these have proved to be of practical use .

The first fi re -arms were set. off by means of a lighted match
,
which was

applied to a priming of fine powder . Rain or wi nd seriously interfered w i th
the operation . In the eighteenth century the fl int lock was devised and a
lighted match was no longer necessary . In its best form the priming powder
was conta ined in a small chamber which was uncovered only at the instant
when the descending fl int struck a spark from the steel . Although thi s was
a great improvement i t left much to be desired as regards ease of loading

,

rapidity of ignition , and fouling of the touch -hole . Hence the persevering
attempts to devise an easier and simpler method .

In 1 805 the Rev . A . J . Forsyth , a Scotch minister , made a sporting gun
with a detonator lock , and in the nex t year submitted his invention to the
Master -General of Ordnance , who asked him to adapt it to the requirements
of the Serv ice . Forsyth ’ s device consisted of a receptacle or magazine shaped
like a scent —bottle , which was attached to the look of the gun . It contained
a detonating mixture of potassium chlorate , charcoal and sulphur . By
rotating the magazine a small quantity of thi s was caused to fall into a small
hole in a plug communicating w i th the touch -hole of the gun , and on again
rotating the magazine it was brought into such a position that the portion
of detonating priming could be set o ff by the fall of the hammer .
Forsyth spent some £600 in trying to produce a satisfactory device for

military purposes , and he claimed to have succeeded , but the Government
authorities were not convinced and did not adopt it . At the time they only
paid Forsyth ’ s expenses , but they granted £ 1000 to hi s relatives shortly after
hi s death .

For sporting purposes Forsyth ’ s invention had some success , but the
profits must have been largely swallowed up by the numerous lawsuits that
he instituted to protect i t from 18 1 1 to 18 19 . Before very many years had
elapsed Forsyth ’s device was displaced by the copper tube or cap , containing
fulminate of mercury .

Fulminates of gold and silver have long been known , and their discovery
was ascribed to Basil Valentine , a fictitious person of the fifteenth century .

They were perhap s invented by Cornelius Drebbel , a Dutchman , about
Pepys , in his diary for November 1 1 , 1663 ,

recount s a conversation with a
Dr . Allen , who told him about Aurum fulminans , of which a grain put
i n a silver spoon and fired , will give a blow like a mu squett and s trike a hole
through the silver spoon downward , without the least force upward .

”

1 F, M. Fe ldhaus , S ,S , ,
1909, p. 258 ,



PROGRESS OF EXPLOSIVES
MercuryThe fulminates of gold and silver are , however , too sensitive and dangerous fulminate.

for any practical use , but they have played their part as toys and scientific
curiosities . Liebig , who was bo rn in 1803, when a boy saw a quack in th e

market -place of Darmstadt make fulminating silver . The alcohol he recog
nized from th e smell of a garment which the quack had cleaned with li quid
from the same bottle . He w ent home and succeeded in making the substance.
In 1823 , when he was in Pari s with Gay Lussac , he investigated the fulminates
at the suggestion of the latter , and i solated fulminic acid . By that time the
comparatively stable fulminate of mercury was well known

,
having been

described by Edw ard Howard , in a paper before th e Royal Society
in 1800 . It i s stated that it was manufactured in France in 18 19 .

There i s some uncerta inty as to who first invented the fulminate of mercury
cap , but it seems that several people were working at the idea at the same
time and contributed tow ards the final success . According to H .Wilkinson

,

1

J . Shaw
,
of Philadelphia

,
invented a steel cap in 18 14 in 18 15 a pewter cap ,

and i n 18 16 a copper cap . The London gun -maker
,
Joseph Egg ,

seems to
have adopted the idea from Shaw . The Pari s gun -makers , Prélat and
Deb oub ert, in 1820 patented caps filled with fulminates of silver and mercury
respectively . E . Goode Wright , of Hereford , in 1823 published a paper 2

on the fulminate of mercury cap , and subsequent workers seem to have derived
much information from it . Frederick Joyce was the first to make a real
success of the percussion cap about 1824. The firm of Joyce and Co . claim
an earlier date , but although experiments may have been made in previous
years there appears to be no evidence of manufacture on a considerable scale .

3

The next. important step was to combine shot , powder and cap in one The capped
cartridge , whi ch could be inserted in the breech of the arm . Many attempts cartfi dge‘

had been made from very early times to make breech - loading fi re -arms , but
workmanship and knowledge of engineeri ng were not sufficiently advanced
to make a success of it . In 1836Lefaucheu x introduced his pin -fi re breech
loading shot —gun

,
the barrels of which w ere made to drop as in the modern

shot -gun to allow the cartridges to be introduced . This gun , although it had
many imperfections , combined all the principal features of those made at the
present day . About 1853 the English and French gun -makers introduced
the central fire hammer gun ,

which fired cartridges having a cap in the middle
of the base of the cartridges

,
but the first really successful central fire gun

w a s that made by Daw in 1861 4

In 1841 the Prussians adopted a breech - loading rifle , the Ziindnagel gg
e

fig
'

rifi e

1 Engines of Wa r , p . 187. Phil. lll a g., v o l. lx ii., p . 203.
3 The a cco rmt o f the discovery o f the percussion cap is largely taken from the paper

b y E . Hulme , B .A., in the Rise a nd P rogress of the B ritish Ex p los ives I ndustry ,

London , 1909. See a lso Utescher , S .S 19 14, p . 10 1.
4 Greener, fi l odern Shot Guns , 2nd cd . , 189 1 , p . 4.
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gew ehr
,
invented in 1838 by D reyse . In this i gni t ion was effec t ed by a

needle being driven right through th e base of the cartridge into a di sc of
fulminat ing mate ri al . Af ter a few rounds th e rifle could not be fired from
the shoulder in consequence of the escape of flame . The needles also rusted
and broke . But in spite of it s defects the gain in rapidity of fire caused i t.
to be mainta ined as the general arm in the wars of 1848

,
1866

, and

The French adopte d the Chassepot in 1866. Thi s was a considerable
improvement upon the Prussian rifle ; escape of gas at the breech was pre
vented by means of a rubber w asher . About the same time a committee sat
in England to decide upon a rifle , and finally selected that ofMr . Jacob Snider ,
an Ameri can . But a t the suggestion of Colonel Boxer the cartridge case
was made of brass instead of thin paper as in previous rifles . This not only
grea t ly improved the accuracy o f shooting

,
but effectually prevente d the

escape of gas at the b reech .

2

The old method of firing a blasting charge was to lay a train of powder
up to i t , or use a quill or rush fi lled w ith powder . The time ta ken by these
to burn w a s very uncertain

,
how ever

,
and thi s caused numerous accidents

in th e mines . Thi s led Mr . William Bickford
,
of Tuckingmill

,
Cornwall , in

1831 to devise his miner ’ s safety -fuse
,

” wherein a continuous thin core of
powder was contained in cable of j ute and string .

3 This gradually came
more and more into use , and the fuse was improved in quali ty as experience
was gained in its manufacture . For use in wet places a special quality was
made covered wi th ta pe and var ni shed . Soon after 1 840 the Bickford fuse
w a s adopted by the English military authorities . In 1836 a factory was
started i n America ; in 1839 in France

,
and in 1844 in Germany . Before

1840 guttapercha -covered fuse had been adopted for blasting under water .
Various modifications have since been invented , including fuse cased i nmeta l ,
Colliery Fuse ,

”
w hich emi t s no sparks

,

4 and various sort s of instanta neous
fuse , which burn very rapidly and enable many shot s to be fi red
simultaneously .

As stated in the last chapter th e fuses of shell were originally arranged
to be ignited by the flash of the powder charge in the gun . The invention
of the percussion cap , however , made it possible to sta rt the action of the
fuse in another and more certa in manner . In 1846 Quartermaster Freeb urn ,

R.A. , invented the first Engli sh time fuse sta rted by the concussion of the
di scharge ; and in 1850 Commander Moor son , R.N. ,

brought forward th e

first percussion fuse w hich was actuated by the shock of impact of the shell .5

These tw o ty pes of fuse are st ill i n use and are made to screw into either th e

1 Tex tbook of Sma ll-A rms , 1909 , chap . ii.
2 Tex tb ook of S nw ll-A rms , 1909 .

3 Eng . Pa t . No . 6159 o f 1831.
4 Pa tented b y Sir G . Smith in 1886.

5 Hime , p . 245.
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nose or base of the shell . Very often both methods are combined in a time
and percussion fuse .

” Shell were used with great effect by the Russian
fleet against the Turkish at Sinope in
Gun - cotton was discovered in 1845- 1846 by C . F . Schonbein , Professor

of Chemistry at Basle
,
in the course of some experiments whi ch he was making

upon highly ox idized bodi es , following up a train of thought suggested by
his di scovery of ozone in 1844. Pe

’

louze had made an ex plosive in 1838 by
the action of nitric acid on cotton , but he did not take the important step of
mixing sulphuric with the nitric acid , and he did not make any practicable
application of his explosive . Schfinb ein at once recognized its importance as
an exp losive and kept the method of preparation secret , whil st he endeavour ed
to sell the process to various Governments . He showed th at when fired in
a musket gun - cotton produced the same velocity as a much greater weight of
gunpowder . Professor Bottger , of Frankfort-on-Main , discovered gun - cotton
in 1846

,
independently of Schonbein , but he entered into an arrangement with

him to share the profits of the invention . Several others , attracted by the
great stir that was caused by the invention , endeavoured to make gun - cotton

,

and some of them succeeded , but Schonbein was able to main tain the start
he had obtained . In the autumn of 1846he came over to England and gave
some very successful demonstrations at W oolwich and Portsmouth and before
the Briti sh Association . In the name of John Taylor he took out a British
Patent

,

2 and he entered into an agreement for three years with J ohn Hall
and Sons that they should have the sole right to manufactur e gun - cotton at
their powder works at Faversham , and in return should pay one —third of the
net profit with a min imum of £ 1000 down and the same each year . But
before a year had elap sed

,
on July 14

,
184 7

, there was an exp losion of the

gun
- cotton which destroyed the factory and kil led twenty -one men . After

thi s Hall and Sons refused to proceed with the manufacture . About the
same time th ere were disastrous gun - cotton exp losions at Vincennes and
Bouchet , and these produced such an effect that no more gun - cotton was
manufactur ed in England or France for some sixteen years .
Meantime Schiinb ein had offered his process to the German Union

(Deutscher Bund ) for thalers , and a committee had been formed
to consider the matter

,
on which Liebig represented the state of Hesse

,
and

Baron von Lenk , who was secretary , represented Austria . Thi s committee
sat un til 1852

,
but finally refused to buy the process

,
partly on political grounds .

The individual members of the Union were then able to make separate
negotiations , and at the suggestion of von Lenk , who had done most of the
actual work of the committee

,
Austria acquired the process for gulden .

In 1852 the Emperor of Austria appointed a committee to inquire into
the use of gun - cotton for military purposes , and with some interrup t ions this

1 Rusch , S .S ., 1908 , p . 18 9 .

2 No . 1 1407, Octo b er 8 , 1846.

Gun-cotton.

1846.

von Lenk.
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cont inued to si t unt il 1865 . In 1853 a fac to ry w a s erected a t Hirtenberg to
ca rry ou t von Lenk

'

s method of making gun - cot ton . In thi s th e pur ification
w a s somew hat more thorough than in Schiinb ein

’

s original process , for in s tead
of merely w ashing wi th w ater un t il neu tral , von Lenk w ashed for th ree weeks ,
then b oiled wi th dilu te po ta sh solution fo r fifteen minutes , washed again
for several days , impreg na ted the y arn w i th water-glass , and finally dri ed .

Von Lenk also const ruc ted some batterie s of 12-pounder guns to b e fired
wi th gun -co t to n cartridges . These guns w ere so much da maged by firi ng .
how ever , that no other nat ions adop ted them . About 1860 von Lenk
in t roduced bronze guns , which w ere less liable to burs t than iron ones , and
these no t only had a propulsive charge of gun - cotton , but also had shell s
conta ining a burst ing charge of the same explosive . I t was found . however ,
that these often burst in the bore , and this was evident ly due to the very
sudden shock of the di scharge exp loding the shell charge , for when gunpowder
w a s used to fire the g un - cot ton shells

,
no bursts took place . On July 20 ,

1863 the magazin e a t Hir tenberg exploded ,
and this seems to have finally

decided the Aus trian au thori t ie s to give up grm
- cot to n as a propulsive

exp losive , and von Lenk w a s then allow ed to commu nica te the me thod of
manufac ture to o ther Powers . In 1865 another magazine exp loded on
S teinfelder Hea th nea r Vienna and on Octo ber 1 1 , 1865, th e manufacture
w a s officially stopped in Austria .

The further developmen t then to ok place in other countries . Von Lenk
mad e commun i ca t ions to the Emperor Napoleon I I I , and experiments were
sta rted in France . In 1864 he to ok ou t an Ameri can patent .
In 1862 and 1863 von Lenk to ok ou t pa tents in England in th e name

of Révy to pro tec t his methods of purifi ca tion .

1
antl in the la t ter year he

came over w ith the perm ission of the Emperor to describe his proce ss to a
commi t tee of the Bri t ish Association . The same year Messrs . Prentice and
Co . s tarted to make gun - cot ton a t S towmarket b v von Lenk

’

s process , but
an exp losion occurred there soon afte r .

Under the direc t ion of Frederick Abel , the Chemis t of the Engli sh War
Departmen t

,
manufac ture w a s also started abou t the same t ime on a small

sca le in the Ro yal Gunpowder Factory a t VVa ltham Abbey . This made i t
possible for Abel to carry ou t those experiment s and researches w hich led
to a revolu t ion in the explosives industry , and have rendered gun - co tto n
one of the safest ex plosives in manufa cture and use . In 1865 he to ok out
a paten t for pulping gun-cot ton and pres sing it into blocks

,

2 and in 1866 and
1867 he published his Re sea rche s on Gun -co tton .

3 He show ed that. b y pulping

E ng . Pa ts . 1090 o f 1862 a nd 2720 o f 1863.

3 Eng . Pa t . No . 1102 o f 1865. The pulp ing o f gun
-co tto n had , how ever , b een ca rried

o u t a t Le Bo uchet in Fra nce (see Es ca les , Seb z
'

es sba umuo lle , 1905, p .

3 Ph il . Tra ns . of Roya l Soc iety . 1866, p . 269 ; a nd 1867, p . 18 1.
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commenced to manufactur e i t at Heleneb org , near Stockholm . Many serious
acciden t s occurred in the transpor t and use of the explosive

,
and in 1864 an

exp losion took place at the Heleneb org works , which destroyed them ,
killed

the head chemist and Nobel ’ s brother , and caused hi s father a paralyt ic
s troke from whi ch he never recovered . Nobel , however , was no t dete rred
by thi s

,
and proceeded to re -erect hi s factory at Vin tervikken ,

and build a
new one at Kr iimmel in Germany . He was convinced that nitro -glycerine
w a s the most powerful explosive known or likely to be di scovered

,
and he

allowed nothing to prevent him turning its properties to profi t-able account .
The continual catastrophes , however , caused the various states to pass
laws restricting or prohibiting the transpor t and use of nitro -glycerine . In
consequence Nobel searched for means to make the material safer and more
convenient to handl e , and di scovered that kieselguhr had the power to absorb
three times its w eight of nitro -glycerine .

1 This , combined with the fu lmina te
detonator mentioned in the same spec ification , produced a very convenient
and fair ly safe exp losive . Nobel then proceeded to exploit hi s inventions ,
and he did thi s with such success that by 1873 fifteen factories had been
built or founded in the various countries of Europe and America . In 1875

he made anoth er important invention ,2 that of blasting gelatine . The
nitro -glycerine in thi s explosive was solidified by having about 8 per cent .
of collodi on cotton dissolved in it . As compared with kieselguhr dynamite
this has two advantages : the ni tro -glycerine is not liable to be displaced
from it by water , a defect which in the case of dynamite has led to
many accidents ; and , secondly , the substance added i s it self an explosive ,
and consequently blasting gelatine is 25 per cent . more powerful than dynamite .
Gelatinized ni tro -glycerine containing a small proportion of collodion has
been made a constituent of many blasting exp losives , the nature of the o ther
constituents and the method of preparation being modified to produce
explosives suitable for blasting different sorts of rock and other materials .3

In 1867 the Swedi sh chemists , C . J . Ohlsson and J . H . Norrb in ,
took out

a patent for exp losives consisting of ammonium nitrate , ei ther by itself or
in admix ture with other substances such as charcoal , sawdust , naphthalene ,
picric acid , nitro -glycerine or nitro -benzene . They were led to their invention
by theoretical calculations , which showed that a very large amount of heat
and gas was given off in the exp losion of these mixtures . They selecte d
the proportions so that a ll the carbon should be converted to carbon
dioxide and the hydrogen to water . Considerable difficul ty was , however ,
exp erienced in igni ting the charges , and consequently they usually added
some nitro -glycerine to assist the explosion . Afterw ards they used th e

1 Eng . Pa t . No . 1345 o f 1867.

2 Eng . Pa t . No . 4 179 o f 1875.

3 A very interestin g accoun t o f Al fred No b el a nd his invent ions w a s contrib uted
b y de Mo senthal to the fo r 1899, p . 443.
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fulminate detonator . The explosive was used to some extent in Sweden .

Early in the seventies Alfred Nobel bought up the invention and took out
further patents in connexion with it , but great difficulties were experienced
in consequence of the very hygroscopic nature of ammonium ni trate . Soon
after this Nobel invented blasting gelatine , and he did not take much active
interest in ammonium nitrate explosives for some time .
In 1871 Dr . Hermann Sprengel , the celebrated inventor of the Sprengel

mercury vacuum pump
,
took out patents for a whole series of mining

ex plosm s'

explosives to be made by mixing an oxidi zing substance with a combustible
one 1 “ in such proportions that their mutual oxidation and de - ox idation
should be theoretically complete . The essential feature was that the two
constituents were to be mixed together on the spot j ust before the explosive
was required , and the

‘

mixture was to be exploded by means of a fulminate
detonator . As oxidizing agents he mentions amongst others nitric acid and
chlorate of potash ; as combustibles , a very large number of substances
including nitro -benzene

,
nitro -naphthalene , carbon bisulphide , petroleum ,

picric acid . Liquid nitric acid i s a most obj ectionable material to handle ,
nevertheless several inventors have taken out patents for Sprengel explosives
containing nitric acid either enclosed in glass tubes or absorbed in fossi l flour
or other similar material .2 Needless to say , they have never found favour.
In addition to its other disadvantage there i s the serious danger that the
nitric acid may come in contact with the detonator and cause a premature
explosion . This actually happened in 1884 to the inventor Punshon .

Sprengel explosives consisting of chlorate of potash and a li quid comb us

tible material have , however , been used to a considerable extent . The Ameri
can, S . R. Divine , took out a patent in 1 880 for mi xtures of this sort and
several English patents in the follow ing years .3 One of these mixtures

,
under

the name of Ra cka rock
,
was used on October 10, 1885, for the great blasting

Operation of Hell Gate in New York Harbour . On thi s occasion lb .

of Ra cka rock were used together with lb . of dynamite .
There are considerable advantages in transporting separately two such

inert substances as nitro-benzene and chlorate of potash
,
but against this

must be put the di fficul ty and inconvenience of mix ing the constitutents in
the right proportions on the spot . If made up beforehand the cartridges
are dangerously sensitive and become more so on keeping . Under the English
Explosives Act this mixing i s considered to constitute the manufacture of
an explosive , and consequently may only be carried out in a duly licensed

1 Brit . Pats . No s . 921 and 2642 of 1871 . Jour . Chem. Soc. , 1873, p . 796 ; S .S ., 1907,

p . 184.

2 H ellh o ff, Brit . Pats . 1315 o f 1879, 1285— 87 and 2775 o f 1880. Punshon , Brit . Pa ts.
2242 o f 1880, 2428 o f 1883. Bichel , French Pa t . o f 18 85.

3 Eng . Pa t . No s . 5584 a nd 5596o f 188 1 , 1461 o f 1882, 5624— 25 o f 1883.
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factory . Therefore Sprengel explo sives have never been used in the Bri tish
Isles

,
but they w ere introduced by the American s into China and Siberia

w hen the fir st railw ays were built there , and one of them is now licensed in
Italy .

1

A somewhat similar explo sive Ox y liquit, invented by Linde , consisted
o f liquid o x ygen absorbed in w adding , charcoal , o r other organic material .
I t was found that these mi x tures w ould not de tonate readi ly

,
so kieselguh r

w a s subs t itu ted a s absorbent w ith an addition of liquid pet roleum . This
detonated all right , but w a s more sens itive to a blow or spark than dynami te .

I t w a s very inconvenient to use , as the cartridge had to be fired w i thin five
or fifteen minutes of it s preparation , according to the diameter . The ex plo
s ive was tried in 1899 by a commission in Austria , and on a fairly large scale
in the building of the Simplon tunnel , but in spite of the low co st o f liquid
o xygen it was found that the practical diffi culties were very grea t .
During the War , however , the use of ex plosives of this class is being

encouraged in Germany in o rder that th e available supply of ni trates may be
used as far as possible for military purposes . The indus trial use of chlorate
explosives i s being extended for the same reason .

Sprengel also drew attention to the fact that picric acid by itself could
be detonated by a powerful detonator and was a very violent explosive

,
but

no use was made of it in this way unti l many years later .
The revival of ammonium nitrate explosives w a s due to the demand for

such as w ould not ignite the fi re -damp in coal-mines . Numerous di sasters
due to the explosion of fi re —damp led to the appointment. of commissions in
many of the countries of Europe to inquire into the matter and propose
remedies . The nature of the danger w a s investigated in 18 15 by Sir Humphry
Davy

,
and one source of disaster was removed by the substitution of the

Davy lamp for the naked light . As time went on gunpowder was used mo re
and more for breaking the coal

,
a nd after 1870 dynamite w a s also used . Abou t

1873 Macnab proposed to insert a cylinder filled with w ater in front of the
charge . Others have suggested w et moss , j elly containing 90 per cent . water
and sawdust saturated w ith a so lution of alum and sal ammoniac . But
these devices w ere found to be cumbersome and e x pensive and not very
e ffective .

In 1870 ,
during the Siege of Paris , Pro fessor M. Berthelot , who had hitherto

devo ted himself to pure science
,
was called upon to give his city and country

the benefit of his scientific know ledge , and he w a s thu s led to study the sub

ject of ex plosives and especially to consider the amount of heat or energy
liberated in the reactions which take place , fo r he had been wo rking at. therm o
chemistry for some years and w a s practically the founder of this branch o f

science . After the war w a s over Berthelo t
'

s services w ere still retained by
1 G uttmann , Tw enty Yea rs

?
P rogres s , p . 10.
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the State in connex ion with all matters connected with explosives . On the
recommendation of the French Academy of Sciences he was in 1876appointed
a member of the Committee on Poudres et Sa lpétres .

” In order to deal
adequately w ith the many new inventions he recommended the formation of
a special commission . This was done in 1878 , and Berthelot was appointed
president of the new Commission des Substances explosives

,

” a position
which he occupied for many years .
In 1877 a commission was appointed in France to inquire into the question

of ignitions of coal-damp . In the report which it made in 1880 it was obliged
to admit that there was then no explosive known that would not ignite coal
damp . An English Commission which reported in 1886was forced to come
to an equally unsatisfactory conclusion .

In 1885 the Prussian Government built at Neunkirchen the fir st testing
station for investigating mining explosives and adopted a method of testing

,

which wi th slight modifications has been copied by the Governments of England
and several other nations . A long ir on cylinder w a s filled with mi x tures
of coal-damp , coal dust and air , and the ex plosives were fired . At first the
explosive was simply suspended in the gas mi x ture

,
and it was found that the

gas was ignited every time . Af terwards it w a s fired from a small mortar
without tamping , and it was found that under these condi tions kieselguhr
dynamite was safe up to 100 grammes , and gelatine dynamite up to about 80 .

It was now that ammonium nitrate ex plosives came to the fore again
,

as experience show ed that considerably larger charges could be used without
igniting the gaseous mixture . Two of the fi rst of these were roburite and
securite , mixtures of ammonium nitrate with dinitro-benzene . But it was
also found possible by suitable admixtures so to alter the character of nitro
glycerine explosives that they can be used in coal—mines with comparative
safety . In 1885 Schmidt and Bichel introduced carbonite

,
a mixture

of nitro-glycerine , saltpetre and flour . Thi s has been able to hold its
own to the present day and is still considered one of the best safety ex
plosives .
In 18 87 another commission was appointed in France to inquire into the

matter . Influenced by Berthelot ’s work and theories it directed its attention
mainly to the question of the heat developed by an ex plosive and the resulting
temperature of the products . Explosives having a high temperature of ex plo
sion , such as nitro-glycerine gun—cotton or collodion cotton

should be mixed with a substance having a low temperature of ex plo
sion such as ammonium nitrate Three sorts of safety explosives
were therefore introduced into France Grisoutine

,
a mi x ture of ammonium

nitrate and nitro -glycerine ; Blasting Powder P ,
ammonium nitrate and

collodion cotton ; and Grisounite
,
ammonium nitrate and nitro-aromatic

compounds such as nitro -naphthalene .

Pru ssia.

France.
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The great draw b ac k to the u se of ammonium nitrate i s it s hygroscopic
na tur e , but the tendency to absorb water from the a tmosphere has been
overcome to a grea t exten t by coa ting the grains with para ffin

-wax or
other w a terpro ofing mate ria l, and by enclosing the ca rtridges in suita ble
envelopes .
In Ge rmany and Engla nd it has long been recognized that the tempera

tur e of explosion is only one of the fa cto rs in making an exp losive safe or
da ngerous to use in fiery mines, and consequently reliance has been placed
more upon tr ials in testing galleries, w hich are intended to imitate as nearly
as po ssible the co ndi t ions in a mine . The North of England In stitute of
Mining and Mecha nical Engineers appoint ed a Committee in 1888 to inquire
into thi s ma tter . Their tr ia l gallery at Hebburn Co lliery w a s completed in
1892 and after experimenting wi th various explosives until 1895 they recom

mended the use of several , the maj ority of which were ammonium nitrate
explosives .

It wa s upon the result s obta ined by this Committee that the Coal Mines
Regula t ion Act of 1906w a s founded . This Act , which is sti ll in force , author
i zes the Home Secreta ry to prohibit the use of any explosive in

'

coa1-mines
,

and to appo int Inspecto rs of Explosives to administe r the Act . A testing
ga llery w a s erected in Woo lw ich Arsenal , and there all exp losives had to be
tes ted b efore they w ere permitted to be used in coal -mines in the United King
dom . More recentlv a larger testing gallery has been erected at Ro therham ,

w here t est s can be carried out on lines more nearly approaching those that
have been adopted in Germany and Belgium .

In 1897 F . A . G . Str eet to ok out patent s for explosives consi sting of potas
sium chlorate mixed wi th ca sto r-oil in w hich aromatic nitro-compounds are
dissolved . The grea t sensitiveness of chlorate mixture s is thus overcome .
The exp losive thus produced is called Cheddite , and is used largely in England,
Fra nce , and Germany .

In 1875 w a s pa ssed the English Exp losives Act , which has had such
a grea t influence upon the development of the explosives industry . Its form
w a s largely due to the late Co lonel Sir V . D . Ma jendie ,

who was appointed
the fir st permanent Inspecto r of Explosives to admini ster its provisions . The
nece ssi ty for legislation w a s revea led by an explosion at Messrs . Ludlow ’s

,

a t Birmingham , which ca used the death of fifty -three persons . Co lonel
Ma jendie w as instructed to report upon it . Previous to thi s there had been
many o ther ac cidents la rge and small , including that of tw o powder magazines
on the banks of the Thames at Eri th , w hich killed thirteen people and did
grea t damage to property .

The Inspecto rs of Exp losives w ere given power to inspec t a ll magazines
and fa cto ries and see that operations are carried out in a reasonably safe
manner . As a result the number of deaths in explosives fac to r ies has been
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very greatly reduced in spite of the fact that the number of people employed
i s several times as great

By the wi se and tactful manner in which they carried out their duties Colonel
Ma jendie and his colleagues conferred this great benefit upon the employees
in the explosive factories w ithout in any way seriously interfering with the
development of the industry . In fact , the precautions , which the inspectors
insisted on , have been advantageous to the shareholders as well as to the
workpeople and the general public . In 1898 Sir Vivian Ma jendie died in
harness , but the work has been carried on in the same spir it by hi s successors ,
Colonel Ford , Captain J . H . Thomson , and Maj or A . Cooper-Key, and the
other Inspectors of Ex plosives working under them . The provi sions of the
English Exp losives Act of 1 875 have been largely adopted in the legislation
of foreign countries , British Colonies , and India .

It has already been pointed out that the early attempts of von Lenk
and others to make a sati sfactory smokeless powder from gun-cotton were
unsuccessful because it was much too violent in i ts e ffects . The gun- cotton
being in a state of fine fibre interspersed with air spaces the explosion trav
elled thr ough it almost instantaneously . Black powder , on the other hand ,

being a mechanical mi xture , the explosion can only start at the points where
the particles of saltpetre are in actual contact with the particles of sulphur
and charcoal , consequently the time of explosion i s comparatively long .

The first successful smokeless powder was that of Maj or Schultze , of the
Prussian Ar tillery . Fir st, he appears simply to have impregnated little
grains of wood with saltpetre , 1 but afterwards he purified the wood to some
extent by washing , boiling and bleaching it , and then nitrated it , and purified
the nitrated lignose by much the same process as that used by von Lenk for

gun
-cotton . The grain s thus obtained were then impregnated with salt

Smokeless
powders.

Schultze
powder.

petre
,
alone or mixed with barium nitrate .2 This was introduced about 1865. 1865.

According to an analysi s published by Cundill in the Dictiona ry ofEx plos ires

the nitro-lignin contained more than 20 per cent . of unnitra ted lignin . This
and the different physical structure of wood as compared w ith cotton made
the material burn more slowly in the gun , and the rate was still further
reduced by the addition of the nitrates of potassium and barium . The e x plo

1 Sanford, N itre -Ex plos ives , 1896, p . 173.

2 Eng . Pa t . 900 o f 1864.

Average numb er killed pe r annum
in ex plo s ives fa cto ries

43

32

69

9 -0
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s ive w a s st i ll too v iolent for rifles , how ever , but was found to be quite suita ble
for shot -guns . The Aust ri an righ t s to Schultze ’ s invent ion w ere acquired
b y a firm called Volkmann

'

s K .K. priv . Co llodinfa b riks Gesellschaft
,
H . Per

nrce and Co . Volkmann to ok ou t Aus tri an pa tent s in 1870 and 1871
,
which

w ere kept secret a t the t ime bu t Gut tmann obtained copies of them and pub
lished t rans lat ions in his 7 evenly l

'

ta
-
rs

’

P rogress in. Ex plo s ires
From these i t i s seen that Volkmann had made the further step of

part ly gelat inizing the grains b y t reat ing them w i th a mixtur e of ether and
alc ohol

,
w hereby the ex plosion w ould be restrained s till more . Thi s powder

w a s made under the name of Co llodin from 1872 to 1875
,
but then the Austrian

Government stopped the manufac ture on the ground that it was an infri nge
ment of their grmpowder monopoly . The ni t ro- lignin made as describ ed by
Volkmann must have be en decidedly impure and

, therefore un stable . and
difficul t ies w ere no doubt exp erienced in ob taining uniform results .
A company w a s formed in England in 1868 t o w ork Schultze

'

s invention
,

and a fac tory w as es tablished at Ey ew orth . in the New Forest
,
in 1 869

,
and

this after a t ime achieved great success after the methods had been altered by
Griffiths . By 188 1 Schu lt ze pow der had become so popular wi th sportsmen
on accoun t of the light reco il and absence of smoke as compared w ith black
powder

,
that the London gun -makers found irksome the restri c t ions upon the

quant ities they w ere allow ed to store . The manufac turers of thi s powder
have modified their methods fr om t ime to t ime to meet the demands of sport s
men and to keep abreast of the general advance in the technology of ex plo
siv es . so tha t the Schult ze powders are s t ill amongst the best . In 18 83
Schul t ze started a fac tory in partnership w ith Volt z and Lich tenberger at
Het zbach in Hesse -Darmstadt , and powder i s st ill made there under Schult ze

'

s
patent s .

l

The next successful smokeless powder w a s i nven ted at the w ork s of
th e Explosives Company a t S towmarket

,
w hich formerly belonged to Thos .

Prent ice and Co . I t w a s protec ted by paten t No . 619 , taken out in 1882 by
F . Reid and D . Johnson . Thi s w a s called E . C . Powder (Ex plosiv es

Company ), and cons i sted of ni tro -cot ton mi xed wi th the ni t rates of potassium
and barium w i th the addi t ion of colouring-mat ter and small quant ities of other
organic compounds . I t w a s made into grains w hich w ere hardened by being
part ially gelat inized b y means of a so lven t , ether-alcoho l . A separate com
pany w a s formed to w ork the inven t ion a nd a fac to ry w a s started at Green
S t ree t Green

,
near Dartford , in Ken t . This i s still in existence , and E . C .

Powder cont inues to be much u sed .

For use in rifled fire-arms these powders are too quick . For this purpose
i t has b een found necessary to des troy ent irely the struc ture of the original
cellulose b y tho roughly gelat inizing it . The fir st to produce a good smokeless

1 A. Vo igt, H erstellung dU
’ Sp rengs lofi c, i., p . 1 16.
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power . Picri c acid , however , i s nearly as insensit ive as black powder and
can therefore be used with safety for shell . In fact i t requires a very power
ful detonat ing primer to ensure complete detonat ion . Wi th vari ous modifica

tions picric acid w a s adopted in ah ost every country for this purpose . I t

has the di sadvantage , how ever , tha t it readily forms picrates if it comes in
contac t wi th metals or earthy materials , and these picrates are much more
sensit ive than picric acid . I ts melt ing point also i s inconveniently high .

In hi s patent s Turpin po inted out that the sensit iveness could be reduced
s t i ll further b y compres sion , o r by mix ing the picric acid w ith heavy oi ls or
wi th collodion . At first collodion w a s used in thi s way ,

but later the acid has
generally been used by itself

,
either in compressed block s or melted and cast

direc t ly into the shell . In 19 1 1 the Civil Court in Pari s granted Turpin
francs in compensat ion because he had not been permi tted to u t ili ze his inv en
t ion to his own profi t .

1 In 1888 picri c acid w a s adopted by the Ge rman
Army both for fi lling shell and for military blastin g

,
and about the same date

shell w ere filled in England w ith molten picri c acid under the name of Lyddi te ,
derived from Ly dd , the place where the exper iments w ere carried out .

In 1904 the Germans commenced to use trinitrotoluene
,
otherw i se trotyl

,

ins tead . as i t i s free from the disadvantages of picric acid referred
'

to
u

a b ov e .

Thi s i s now used very largely for high explosive shell . and is also often mix ed
w i th o ther substances to form complex ex plosives .

1 See S .S . , 19 12, p . 57.
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CHAPTER IV

MANUFACTURE OF SALTPETRE

Nitre depo s its French saltpetre indus try Ar tifi cial nitre b eds English salt
petre industry Formation o f nitrates Berthelo t ’s researches Bacterial action
Indian sa ltpe tre industry Indian refin ery Chili ni trate depo sits

“

Con

version saltpetre Refining saltpetre Saltpe tre from the atmo sphere

SO far as i s possible in the almost entire absence of all records
,
an account ha s

been given in Chapter I of the fir st di scovery of saltpetre .

_

Until the middle of the nineteenth century a ll saltpetre w a s obtained by
dissolving it from earth and deposit s in cellars and caves and similar places ,
where it had formed naturally . In Europe there are very few locali ties where
ni trate can accumulate in the soil to such an extent that a profit could be
made b v ex tracting it . There i s no prolonged dry season during which
deposits can form without being washed away again . Consequently salt
petre could only accumulate in sheltered places

,
such as cellars and stables ,

especially those in which there was much nitrogenous matter undergoing
decomposition . As it was of the utmost importance in every country to have
a suffi cient supply of saltpetre

,
especially in time of war

,
its production formed

the subj ect of royal decrees and orders at an early date . In France , o fficers

(sa lpétriers commissionés ) were appointed in 1540 to search for and extract
saltpetre , and no doubt the industry was in existence some time before .

1 This
edi ct was confirmed and renewed in 1572,

and again whenever France was
waging a serious war . The saltpetre workers operated on the earth of stables ,
sheep -pens

,
cattle- sheds

,
cellars and pigeon-houses

,
and on the plaster and

rubbish removed when houses were pulled down . They had the right to
gather material everywhere

,
w ith scrapers and brushes in the houses , with

picks and shovels in places not inhabited . No building or w all could be pulled
down until notice had been given to the saltpetre workers , who stated which
parts they wanted reserved .

In the eighteenth century the saltpetre workers in France received many
additional privileges . For in stance

,
they could set up their vats and o ther

plant in public hall s
,
private courtyards or wherever they th ought fit . The

1 Berthelo t , Su r l a Force des Al a tzeres ex p los ives , 1883, v o l. i.
, p . 345 cl seq .
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lo cal authori t ies had to supply the w o od required for heating , and provide
carts for t ransport ing the plan t and the saltpetre to the refinery . As a rule
e a ch loca litv was visited once every three years .
Saltpetre w a s also obtained from artificial nitre-beds , consisting of earth

mi xed wi th animal and vegetable matters
,
ashes , refuse of buildings , lime and

marl . This w a s all placed in a large barn
,
and collected in heaps mixed with

twigs and intersected w i th holes to a llow access of the air . I t was tur ned
over also from t ime to t ime and w atered wi th uri ne . Nitrate gradually formed
in the mass and w a s ext rac ted wi th water . There w ere many modifications
of this process adopted in different places .
In the reign of Loui s XIII (1610 to 1643) the annual crop of sal tpe t re

amounted to lb .
,
b ut i t. gradually dimini shed in the eighteenth

century largely on account of the s trong obj ection the people naturally had
to the presence of saltpetre workers in their houses and domains . In 1775

the quant ity had fallen to lb .
,
and half the annual requirement was

imported from India . If it had not been for the many privileges the nitrate
w orkers enj oyed , the home produc t could no t have competed at all wi th tha t
imported from Indi a . In 1789

,
the year of th e fall of the Bas t ille , a grea t effort

w a s made . how ever to revive the indust ry
,
and 1b . were obtained .

In 179 1
,
how ever

,
the Nat ional Assembly proposed to abolish the privileges

of the saltp e tre w orkers . but w a r broke out
,
the harbours of France w ere

blockaded
, and i t became necessary t o produce in the coun try all the saltpetre

fo r the powder required . The recent increase of chemical knowledge and the
hearty co -operat ion of the greater part of the population made it possible to
produce 16 lb . in a single year

, and in the nex t . The whole
organi zat ion w a s placed under the con trol of the departmen t of Poudres
et sa lpétres , w hich still cont inues to regulate mat ters concerning ex plo sives .
When peace w a s finally re -es tablished

,
the renew ed compet it ion of Indian

saltpe tre dealt a severe blow to the industry in France , and in 1840 the bount ies
w ere abo li shed , bu t i t s truggled on unt il the exploitat ion of the sodium ni trate
deposi t s in Chile and the potash deposit s in Ge rmany in the second half of
the ninete en th cen tury led to th e produc t ion of art ificial saltpe t re . The
consequen t reduc t ion of price almos t ent irely killed the French sal tpetre
industry

,
a nd in 1870 , when a scient ific commi t tee w a s engaged in providing

Pari s w i th all stores necessary fo r i t s defence . Berthelo t could find only one
or two small producers in Champagne .

Unt i l the si xteenth century saltpet re seems most ly to have been imported
into England

,
ruuch of it coming from Spain , bu t in 1515 Hans \Volf , a for

eigner , was appointed to be one of the King
'

s gunpowder makers in the Tower
of London and elsewhere . He was to go from shire to shire t o find a place
where there i s stuff to make saltpetre of. and

'

w here he and his laborers
shall labor , dig o r b reak in any gro und .

” He i s to make compensat i on to
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its owners . A nd in 1531 Thomas a Le e , one of the King
’

s gunners
,
w a s

appointed principal searcher and maker of gunpowder . 1

As already stated gunpowder w a s only manufactured in England on a
small scale until the second half of th e sixteenth century

,
when George Evelyn

started mills on a comparatively large scale . Consequently there w a s little
difficulty before that time in obtaining suffi cient saltpetre , but then it became
necessary to grant the saltpetre men special privi leges for digging up the floors
of stables

,
dovecot s and even private dw ellings

,
and the kingdom was divided

into a number of areas in which the collection and
—

working of the saltpetre
was assigned to various people . In 1561 Queen Elizabeth granted Gerard
Hom'ick,

a Dutchman , £500 (or £300) for teaching tw o of her subj ects how
to make saltpetre .

2 In 1588 she granted a monopoly for gatheri ng and work
ing saltpetre to George Evelyn ,

RichardH ill s and John Evelyn . The monopoly
extended over the whole of the South of England and the Midlands , except
the City of London and tw o miles outside it . In 1596Rober t Evelyn acquir ed
the rights in London and “

I

estminster from the licensees there . As a rule
,

however
,
the Evelyns did not work saltpetre themselves

,
but bought it from

the saltpetre men .

In the reign of Charles I there w a s considerable friction between the salt
petre men and the publi c

,
but i t was probably due more to the weakness of

th e Cr own than to any real difficul ty in obtaining in England the quantity of
saltpetre required

,
v iz . 240 last s per annum . There w a s also compet it ion

between the saltpetre men and the soap -boilers for w ood ashes , which w ere
th en practically the only source of potash and w ere requir ed for the conver
sion of sodium nitrate into the potassium compou nd . In 1 834 the Lords of
the Admiralty gave orders to the Governor and Company of soap-boilers tha t
the saltpetre men w ere to have the pre- emp t ion of wood ashes , on the ground
that saltpetre w a s a commodi ty of such necessary use for the King and publi c
that it ought to be preferred before the making of soap .

3 The monopoly of
saltpetre was abolished in 1641 at the same time as the monopoly of gunpowder .
It w a s revived for a t ime after the Res torat ion ,

but manufa ctm'

e then w as

on a considerably larger scale .

The East Indi a Company
,
then in it s infancy ,

impo rted Indian saltpet re
into England as ear ly as 1625 and set up a powder mill in Il

'

indsor Fores t ,
which

,
how ever

,
was stopped on the ground tha t i t interfered wi th the King

’

s
deer . Nex t year the Company received a license to erect mill s in Surrey ,

Kent and Sussex . At this t ime its impo rtat ions w ere on a small scale , bu t
w hen its charter was renew ed in 1693 i t w a s stipulated that 500 t ons of saltpetre
should b e supplied every year t o the Ordnance . Ever s ince then . Indian salt
petre has been used very largely in England for the manufacture of gunpowder .

1 B r it. Ex p . I nd . , p . 18 5. B r it. Ex p . I nd . pp . 210 .

3 B r it. E x p . 1nd. , 269.
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Whence come these large quan t it ies of nitrates ? The ni trogen of the
atmo sphere does not form chemical compounds at all read ily . Under the
influence of ligh tning , and high tensio n elec t ricity generally ,

small quantities
of ni t ric ac id are formed and these are carr i ed down by rain into the soil and
rendered available for plan t life . Bu t Lawes a nd Gilbert in their researches
a t Ro thamsted found tha t the amount of ni t rogen removed with the crops
w a s more than the t otal sum of tha t added as manure and brough t down by
the rain together wi th the loss of nitrogen from the soil . No plant s can grow
w i thout absorbing ni trogen compounds from the soil and when animal
and vegeta ble ma t ters dec ompose , a port ion of the comb ined nitrogen is l iber
a ted a s nit rogen gas

,
but in spite of this steady loss there is no indicat ion that

the surfac e of the earth as a whole is becoming poorer in combined nitrogen .

Berthelot inves t igat ed this mat ter abou t 1876and discovered that nit rogen
and oxygen also combined under the influence of elec tricity of qui te low
tension such as tha t v ielded b y tw o or three elec tric cells

,
although only very

slow ly ,
and moreover tha t in the presence of carbohydrates such as dext rine

the combina t ion w a s considera b lv more rapid .

1 Al though the quant i t ies
thus obtained in small labora tory experiments only amounted to a few milli
grammes in several months y et, as there are alw ays di fferences of potent ial of
this o rder over the w hole surface of the globe betw een the earth and the air
above it he considered that this phenomenon w a s sufficient to account for
a ll the ni tra tes and other compounds of nitrogen that are formed .

Since then
,
how ever . i t has been found tha t this i s by no means the only

cause of the forma t ion of ni t rogen compounds from the nitrogen of the atmo
sphere . There a re bac teri a in the soil w hich can ta ke up ni t rogen from the
air and cause i t to combine w i th other element s to form ni trates and more
complex bodies such a s albuminoids . Some of these

,
such as Azob a cte rium

Chr oococcum Be ijerinck,
can live and ac t free ly in the soil others seem only

to exist in the nodules tha t are found on the root s of certain sort s of plant s .
The Bac terium Ra dicicola i s perhaps the mos t importan t of these it is found
on the roo t s of the leguminosae (b eans , peas ), and renders i t possible for these
crops to grow on otherwi se sterile soil

,
w hich afterwards i s able to support

other crops . Some other plant s such as the alder t ree have similar nodules
on their roo t s . There are some soil bac teria also . w hich convert ni t rates
into nitri t es , others carry ou t the reverse change , others again liberate ni t ro
gen from ni t ra tes or nit ri tes

,
and several of these ac t ions may b e going on

simul taneous ly in the soil .
Ba cterial a c t ion proceeds most rapidly in a w a rm moist climate like that

of Bengal . The accumula t ion of ni t ra te to such an extent tha t i t can readily
b e collec ted in large quant it ies , also requires tha t there sha ll b e regular sea sons
of the vear when lit t le or no rain falls . In thi s respect

,
Bengal and most other

Sur la Force des JIa tr
'

éres Ex p lo s ives , 1883 ,
v o l. i., cha p . vi .
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always bit ter , and I should sa y unwholesome , under the name of khari nimuk

i s sold to the lowes t cla sses of the community at a cheap ra te . The bus iness
mus t be a profitable one as the la rge bankers of Gha zipore , Patna and Benares
a re alway s readv to go in to the trade and to adva nce money to respons ible
middlemen . Somet imes these men experience considerable trouble in
recoveri ng their advances

,
bu t in that case they quietly walk off wi th the

F IG . 3. Perco la to rs fo r E x t ra ct ing India n Crude Sa ltpet re .

bullocks of the nuniab who never dreams of making a complaint bu t
begs or b o rrow s from hi s comrades and friends t ill he has got money enough t o
release them b y payi ng back principal and interest w ell kn owi ng that he
wi ll get no more advances . and wi ll , besides ,

b e pu t out of cast e by his cas te
mates if he does not . at all event s , pa y the ori ginal ad vance . If . on the con
tra ry , h e makes more sa ltpe tre than wi ll cover his a dvance , and he has no

part icula r ce remony going on , he wi ll clandes t inely sell his partially refined
sa l tpe tre to other pe t ty purchase rs , and get drunk while the money las ts , and
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a sk contemptuously , What , am I a poor man that I should work ? The
trade is too hazardous a one

,
and the petty advances spread over too wide

an extent of country
,
to make it worth the wh ile of Eur opeans w ith capital

to attend to in consequence it i s almost wholly in the hands of the large
houses above named (who a re connected w ith Calcutta native firms and who
in turn have their small branches in every petty town in the di strict ) .
The industry i s conducted on the same lines now as then , except that it

(FIG . 4. Evaporating L iquor from Perco lator .

i s not as remunerative as it used to be . Hooper 1 made analyses of a large
number of samples of the earth collected b y

'

l

the nuniahs the amount of
nitrates in them varied from 1 to 27 per cent., but as a general rule they con
tain 3 to 5 per cent ., also several per cent . of sodium chloride and sulphate . A
description of the process of extraction has been given by Leather andMukerj i .2

1 Agr icu ltura l L edger , 1905, No . 3.

2 Bu lletin No . 24 o f the Agricultural Research Inst itute , Pusa , 19 1 1 S .S . 19 12, 1 16

and 136.
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The nuniah builds an ear then changi er called the kuria or kothi
w i th wet mud , which is allow ed to dry . Thi s chamber (see Fi g . 3) has either
ci rcular walls some 5 or 6 fee t in diameter

,
or oblong walls

,
and a floor which

s lopes slightly from back to fron t . In the front wall i s a hole at the level of
the b ed , which allows the ni trate liquor to drain away into a pot . Above the
bo t tom of this ear then chamber a false bottom is laid

,
consisting of bamboos

a nd mat t ing placed on a few loo se bri cks . The nitrate earth is filled in on
this wi th great care . Stones , e t c .

,
a re removed from it as far as possible , and

i t is pu t in s light ly moist a nd trodden down so as to leave no channels
,
through

which the water w ould run too rapidly . Wood ashes are generally mixed
w i th the earth . so that the po tash in them may convert into saltpetre the
ni t rates of lime a nd magnes i a . A small piece of matting is placed over the
top o f the earth a nd w a ter i s poured on cautiously . The liquor that percolate s
through first i s fairly s trong it i s transferred to shallow earthenware or iron
bas ins a nd evaporated down (Fig . 4) by means of a fire of wood , leaves or
tw igs , or in the Punj ab to shallow masonry trays in which the concentration
takes place through the ac t ion of the very dry air and the heat of the sun .

The weak liquo r th at perco lates through afterwards , is thrown on to a heap
of already extracted ear th

,
where it evaporates : thi s earth is afterwards

e x tracted again . The strong liquo r is boiled down until crystals begin to
appear , and then is allow ed to coo l ; the crystals are then fished out , fresh
liquo r is added to the mother liquor and the concentration is carried out as
befo re . The compo sition of the crude saltpetre thus produced varies con
s iderably . Hooper gives the analysi s of fifty -fiv e samples

,
and of these the

fo llow ing have been selected by Leather as being typical

Fa rukha b ad Okar a

Mo za f Bu rb a n

fe rpo rc pu ra
I

Po tass ium n itrate
(
‘

a lcium n itra te

Magnes ium nitrate
Sodium chlo ride
Sodium sulphate
Inso lub le matte r

No at tempt is made to separate the sodium chlo ride at this stage because
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there i s an exc ise du ty on i t , and the salt department only allows the recovery
to take place in the refineries , w here a proper control can be kept . Some of
the crude saltpetre is used as manure

,
but the greater part goes to the refinery .

In the refinery the processes are very similar to those carried out by the
nuniah . There i s always a large heap of saltpetre earth

,
which is worked

over and over again , the w eak li quors being always thrown on to it . This i s
ex tracted in kothia s , but the strong liquors are not evaporated down by
themselves ; crude saltpetre i s dissolved in them at the bo i ling -point . The
quantity added i s such that the potassium nitrate i s all dissolved to form a
boiling saturated solution , whereas the greater part of the sodium chloride
remains undissolved (see Table of Solubil ities on p . 63 ) together with the
insoluble matter . The hot li quid i s allowed to settle for a little while , and
then run into wooden vats where it i s allowed to cool slowly and deposit
crystals of potassium nitrate . The residue in the di ssolving tank is w ashed
with w ater to recover the saltpetre in it , and the common salt may be purified
by di ssolving it in weak nitre li quor , decanting off and evaporating down .

The insoluble matter and all weak liquors are added to the heap of earth ,
whi ch steadily grow s from year to year . The mother liquor from the crysta lliza
tion of the saltpetre i s also added to it after it has been used three or four
times , as it i s then too impure .

The refined saltpetre i s in large crystals of a brownish colour . To purify
it further and improve the colour it i s sometimes subj ected to a washing
process i t is put in sacks over w ooden tubs and cold water i s poured through
it . Thi s of course dissolves some of the potassium nitrate as well as the
impurities , and is consequently returned to the refinery process . Leather
and Mukerj i give the following analyses of refined saltpetre before and after
washing

v a n Ba kraman

W a shed W a shed
w a shed w a shed

°93 '15 ° 15

Leather has designed a simple plant on mo re up
- to -date lines to carry

out the refining process
,
and i s endeavouring to get the Indian refiners to take

it up . This consists of a disso lving vessel provided w ith a stirrer , a fi lter in
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which the liquor i s rapidly filtered at a high temperature , and a series of
coolers in w hich the sa ltpetre is ca used to crystalli ze rapidly . The crysta ls
are then freed as far as possible from the mother liquor in a centrifugal
machine . The saltpetre produced has a purity of 90 to 93 per cent .
The plain of Tama ruga l in Chili i s even more favourably situate d than

Bihar or Bengal . It lies betw een the Andes and the comparatively low Coast
Hills at a height of about 3000 feet above the sea within the tropics . As a
rule there is very lit t le rain there , but about once in six or seven years the
plain ,

w hich i s about 45 miles wide , i s flooded . The plain slopes gently
towards the Coas t Hills and as there i s no outlet for the wate r , it collects there
and evaporate s , and a ll the nitrate i t has dissolved from the entir e plain
is deposi ted in a comparatively narrow area . The entire product of the
bacterial action upon many hundreds of square miles for many centuries i s
found in the Chi li nitrate beds . As the soil contains sodium compounds
and comparatively little potassium , i t i s principally sodium ni trate that has
been desposited .

1

The following gives the results of analysis of commercial Chili nitrate °

Sodium nitrate
Po tas sium nitrate
Sodium chloride
Sodium iodate
Po ta ssium chlorate
Ma gnesium sulphate
Ma gnesum chloride
Calcium sulpha te
Inso lub le
\Va ter

During the Crimean War (1854 the demand for saltpetre was so
great tha t the ex isting sources of supply in Europe and India did not suffice ,
and considerable quantities were made from Chili nitrate ,

which had been
supplied to Europe in consta ntly increasing quantities since 1830 . The
sa l t beds at Sta ssfurt , how ever , did not commence to yield potassium chloride

(Carnallite ) until about 1863 , therefore other sour ces of pota sh had to be
used to convert the sodium nitrate from Chili in to the corresponding po ta s
sium salt . The only sources of potash then available were kelp

,
and the

ash of w ood , etc . When the war was over , saltpetre prepared in this way
could no longer compete with the natur al product from India . But shortly
afterwards fresh sources of potash w ere found in suint ,

” the dried sweat
of sheep , which is washed from the wool , and in the c inder o f v inasse

1 See New ton, J . Soc . Chem. I nd ., 1900 , p. 408.
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(Schlempekohle ) , which i s obtain ed as a b y -product in the refining of beet
sugar . lVith the development of the Stassfurt potash industry these lost
their importa nce how ever .
Large quantities of potassium nitrate are now made by the interaction

of Chili ni trate and commercial chloride of potash , w hich is made by lixiviating
“ carnallite ,

” a double chloride of potassium and magnesium
, o ccurring in

immense deposit s near Stassfurt in Germany . In the heated and concentrated
mother li quor from a previous operation commercial sodi um nitrate (about
95 per cent . purity ) and potassium chloride (not less than 80 per cent . purity )
are dissolved , the nitrate being in slight ex cess . Of the four salts that might
be present in the solution thus formed , sodium chloride has the least solu
b ility at a high temperatur e and potassium nitrate the greatest (see Table
below ) . At a low temperatur e potassium ni trate has the lowest solubility .

The figur es are of course for pure salts dissolved in di stilled wate r , and the
presence of

’

other substances in solution would alte r the solubilities some
what , but the figures given in the last two columns , the solubili ties of sodium
chloride and pota ssium nitrate in water which is simulta neously saturate d
with both salts , show that in this case the salts have little effect upon one
another ’ s solubility . Consequently in the hot concentrated solution of sodium
nitrate and potassium chloride most of the sodium chlor ide i s precipita ted out

NaNO3 KCI Z K NO3 N3 0 ].

TABLE or SOLUB ILITI ES

G ramme mo ls . pe r 1000 g . w a te r

Tempe ra tur e One sa lt only p re sen t

Na Cl NaN0 3

Calculated from fi gur es in Seidell
’

s Solub ilities of I norga nic a nd Orga n ic Su b sta nces ,

1907. A gramme -mo l.
”
is the mo lecular w eight o f a sub stance in grammes . To find

the a ctual w eight o f the sa lts disso lved b y 1000 pa rts o f water , mult iply the ab ove fi gure s
b y the corresponding mo lecula r w eight s fo r Na Cl 58 5, KCl 74

-6, NaNO3 85
-1, KNO3

10 1-1.

Conversion”

saltpetre.
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The so lub ilit ies o f the se different sa lt s in the presence o f o ne ano ther ha ve recent ly
b e en invest iga ted b y J . Lea ther a nd J . N . Mukerj i, who se results do no t d iffer very
grea tly from the a b ove . At tempera tur e s b elow 30

°
C ho w ever. they found tha t a

sma ll prepo rtion o f KCl is fo rmed in a so lut io n sa turated w ith KNO3 a nd Na C l. a nd a

co rre spondin g amo ru it o f s o lid NaNOs is depo sited . At tempera tur es ab o ve 30
°
C . o n

the o ther hand KC l is depo s ited a nd NaN0 3 formed in so lut io n , a nd as the temperatur e
ris es the quant it ies o f these sa lt s in crea se rap idly .

l

The liquid is boiled for half an hour to complete the reaction as far as
po ss ible , then i t is run through a fi lt er in to shallow cooling ta nks some more
w a ter may now be added w i th advantage to preven t sodium chloride separating
out w i th the potassium nitrate .

The so lu t ion is kept stirred w hilst it cools , so that the potassium nitrate

FIG . 5. P lant fo r Refinin g Sa ltpe tre at Ab b ey .

may separa te i n small cry s tals , whi ch do no t contain so much mother liquor
as large ones . The cry s tals are drained and then w ashed with the liquors
from the nex t crys tallization . Thi s i s b est done in a centri fugal machine , as
the quan ti ty o f w ashing liquor is thereby reduced to a minimum .

The crude saltpet re thus obtained sti ll contains several per cent . of sodium
chlo ride and abou t a half per cent . o f magnes ium chloride . I t is purified by
disso lving in the w ashings of the purified salt a llowing it to crys talli ze , and
w ashing wi th w ater

,
w hereby the percentage of chloride i s reduced to 0 05

per cent . o r les s
,
and the material is rendered practically free from a ll other

impurities . Finally it i s dr ied .

The sodium chloride formed in the convers ion is w a shed on the fi lter wi th
li quors conta ining gradually dimin ishing amo imts of nitrate , unti l the solid
conta ins only 0 -8 per cent . or less . This saltpetre salt. then con ta ins about

1 dI em. of D ept. of Agr iculture. in I nd ia , Chemica l Series , v o l. iii. , No . 7, 19 14.
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Mother liquor.
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ture has fallen to abou t 32° C . (90
° F . ) the solution i s no longer s tirred and any

crv sta ls tha t fo rm after tha t are treated as grough nitre .

The w ashing va t E i s abou t 6 fee t long , by 4 fee t wide , by 3 feet 6 inches
deep , a nd is fi t ted wi th a false bottom made of wood w i th small holes bored
in i t . Below the false bottom is a plug which can be removed to allow the
w ashings to flow away . First the charge i s w ashed with 70 gallons of wate r
sprinkled over it by means of a rose , the plug being left out so that the w ashings
can drain aw ay to a liquor ta nk F . Af ter draining half an hour the plug
is inserted and the sal tpet re covered w ith fresh water

,
which afte r standing

half an hour i s also allowed to drain into F . Finally the salt i s washed by
sprinkling w i th 100 gallons of w ate r , the plug rema lmng out . The saltpetre
is now allow ed to drain a ll night and is then removed to the s tore-house w here
i t i s allow ed to dry sponta neous ly . In about t hree days the moisture has
fallen to 3 or 5 per cent .
The mo ther li quors and o ther impur e solutions are boiled down to about

a quar te r o f their original volume . Any scum or deposit that forms during
the boiling should be removed and w ater then be added . The solution i s
now fil te red and allowed to crysta lli ze . The crysta ls are treated as grough
sa ltpet re a nd the mother liquor returned to the evaporating pots .
The methods of refining adopted in France , Germany and o th er countries

are substantially the same as that at Waltham Abbey . A small proportion
o f size is , how ever , often added in the refining copper to assist the formation
of scum .

Po ta ss ium ni trate could also be made from the calcium nitrate produced
from atmospheric oxygen and nitrogen by processes such as that of Birkeland
a nd Eyde as carried ou t a t Notodden , but the calcium chloride ob ta ined as a
b y

-produc t w ould be o f no value .

.

Or the di lute ni tric acid obta ined in the
Birkeland -Eyde process co uld be treated wi th limes tone or chalk and pota ss ium
chloride

2R(
‘

I 2HNO, 2KNO3 (
‘

aCl 2 CC 2 +H 20 .

In this case the carbonic acid could be collected and compressed into cylinders
and so ld . Up to the present , these methods do not appear to have been
adop ted ,

bu t nit ric acid and ammonium ni trate are being made on a very
large scale

,
especially in Germany .

1

1 See cha p . viii.



CHAPTER V

MANUFACTURE OF CHARCOAL AND SULPHUR

Charcoal W o od used Distillation Compo sition Brown charcoal Sulphur :

Sicilian sulphur : By
-

product sulphur Loui siana sulphur Refin in g sulphur
Properties Functions o f su lphur

AT one time the charcoal for black powder was made almost exclusively from W ood

alder -wood , but later other soft woods were used , and straw charcoal was also
introduced for the brown powders for heavy ordnance . Charcoal from soft
woods i s generally used

,
especially for the better quali ties of gunpowder

,

because it i s more easy to ignite . In England dog-wood i s much used
,
espec

ia lly for rapid burning powders of small grain for larger powders
,
alder and

willow . In Germany alder and wi llow are the principal woods used ; in
Austria

,
alder and hazel in Switzerland , hazel in France black alder i s used

for high class powders , for mining powders common white woods such as
whi te alder , poplar , aspen , birch and hazel ; in Spain , the Oleander

,
yew

,

willow , hemp stems , and vine in Italy
,
almost exclusively hemp stems .

Charcoal burnt in heaps or kilns has not been used very largely for gun
powder since even the very earliest days

,
for it was soon found that to produce

good powder it was necessary to select the wood careful ly and burn it very
uniformly . It has therefore been heated in ovens or iron vessels , and the
procedure of the present day does not di ffer materially from that of the
fourteenth century .

The wood should be cut in the spring
,
as the sap in it at that time of the

year contains much less inorganic matter
,
so that although the proportion

of sap i s larger
,
yet the percentage of ash in the wood is much smaller . More

over , wood cut in the spring i s much more easily freed from its bark , which
also contains a large proportion of ash . The wood i s kept at least eighteen
months

,
and generally not less than three years , to allow the sap to dry out

of it and other changes to take place . The practice varies considerably as
regards protecting the wood from rain at Dresden it i s kept in sheds at
Spandau in the open at Waltham Abbey also the wood is kept in the open ,
but the dog -wood i s covered with thatch , whereas the alder and willow are
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The w ood is spli t i f necessa ry in to pieces abou t 1 inch thick
,
and these

a re plac ed in an iron cy linder abou t 2 fee t in diameter and 3 fee t 6 inches
long . This cy linder is then raised by mea ns of suita ble tackle and placed
i n a furnace , w hich is hea ted as uniformly as possible . The higher the tem

pera tu re and the longer the hea t ing , the lower i s the percentage o f hydrogen
and o x ygen in the charcoal and the grea ter is its hardness and the diffi culty
wi th w hich i t i s igni ted . A t IVa ltham Abbey dog-wood for R.P .G . or N .G .

l

powders i s hea t ed 4 hours , for 8 hours . Alder and willow for R.L .G .

2

a re hea t ed hours . for R.L .G 4 P . . and Pri sm 1 Black 4 hours
,
for P 3 6

U
'

hen the tempera ture of th e wood atta ins abou t 280
° C . volatile produc ts

of dec omposit ion of the wood come off plent ifu lly . These could be condensed
b y mea ns of a suitable condenser , and w orked up into aceta te of lime and

wood spir it . The charcoal plan t of a powder mill i s , how ever , on such a
small scale a s compared with the fac to ries in which charcoal i s produced for
meta llurgica l processes w ith recovery of the b y -product s , that it i s not usually
considered w orth while to do thi s . The volat ile products are therefore simply
led in to the furnac e by w hi ch the wood is being heated , and so some exp endi
tur e of fu el is saved . To enable the gases and volat ile products to escape
the cy linder ha s some holes bored in it a t one end , and the furn ace i s provided
with a pipe to lead aw ay thes e product s . I

‘
Vhen the carboni za tion has

proceeded far enough ,
the flame of the burning gas becomes blue . The furnace

i s then opened ,
the cylinder ta ken ou t by mea ns of the tackle , and a fresh

cylinder of w ood pu t in before the furnace has had time to cool . The cylinder
tha t has been taken ou t i s placed inside a larger cylinder , which has a clo sely
fit t ing lid , and is there allow ed to cool . I t i s necessary tha t the cooling should
take pla ce out. of contact of the a ir , as otherwise the charcoal will catch fire .
Even w hen cold i t a t first absorbs large quantities of oxygen from the air

,

and in so doing may become sufficien t ly ho t to catch fi re . Therefore oxygen
must only b e allow ed gradual access to the charcoal it should not be ground
un t il a w eek after i t has been burnt . Before use it i s carefully picked over
by hand to remove any that has not been properly burnt , as also any foreign
ma t ters that have got in to i t . Charcoal intended for powders for ord nance
should be jet bla ck in colour ; its frac tur e should show a clear velvet -like
sur fa ce ; i t should be light and sonorous w hen dropped on a hard surface ,
and so soft that i t will not. scratch polished copper . 1 The yield of such char
coal i s 28 to 30 per cent . of the dri ed w ood . For small -arms a more slackly
burn t charcoal ca n b e used , and the yield may be as much as 40 per cent .
Such charcoal has a reddi sh -brown colour , w hich is percep tible in the powder
unt il i t ha s been glazed wi th graphi te.

1 Trea tis e on Service Ex plo s ives , 1907, p . 10.
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The composition of some typical charcoals i s shown in the Table 1 below. Compositil

Spanish hemp charcoal i s usually burnt in pits ho lding zl‘ tO 1 ton . When
the carbonization has proceeded far enough the pit i s covered with a woollen
cloth on w hich earth i s placed . This probably account s for the high per
centage of ash in the analysi s below .

D e scr ip tion Ca r b o n H ydro gen Ox ygen

From P . Powder , \Va ltham Ab b ey

From “
Y

a ltham Ab b ey
From Ab b ey
From F .G . , W a ltham Ab b ey
Curtis ‘

s a nd Harvey , Sporting
Curtis ’

s a nd Harvey , Mining
Spanish , Hemp Cha rcoal .

German Sporting Powder . (B . S. )
Austrian Cann on Pow der . (K . )
Au s trian Sma ll Arm Powder .
Russ ia n Pow der . (F)

The charcoal fo r brown or cocoa powder was made from rye - straw
,
Brown

\

\

which was only carbonized very slightly .

2 It w a s heated only about half “ atom"

an hour , then taken out of the furnace . The carboni zation proceeded spon
taneously a little further and then the charcoal cooled . The resul t was a sof t
charcoal containing a large percentage of oxygen and hydrogen . In the
operation of pressing the powder this became a coherent colloid whi ch bound
the other constituents together to a dense impervious mass

,
which burnt

comparatively slowly . The cocoa powder gave the best balli stics in heavy
ordnance of any black powder ever produced , but it has now been entirely
displaced by smokeless powders .
For cheap blasting powder and powder for scaring birds and supplying

natives of Africa
,
etc . , charcoal of an inferior quality can be used .

SULPHUR

Sulphur occurs native in many volcanic district s
, cspecia llv i n Sicily

,

and un ti l recent t imes practically the whole of the w orld ’

s supply came from
there . The sulphur in Sici ly i s mix ed w i th limestone , the ores containing

1 No b le a nd Ab el , Tra ns . Roy . Soc. , 1875 a nd 1879 No b le , A rtille ry a nd Ex p lo s ives ,

1906, pp . 127 129 . B . 8: S.

”
mea ns ana ly s is b y B lmsen a nd Sch ischko ff, K b y

Ka ro ly i, F
‘

b y Fedeow .

2 Guttmann , i

’
l l a nu/a clu re , v o l. i. , p . 90 ; C und ill a nd Thompson , p . 21 Trea tise on

Ser vice Ex p los ives , 1900 , p . 1 10
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usually from 20 to 40 per ce n t . of sulphur . Formerly the sulphur was reccy
ered b v the wasteful calcaroni process . The ore was piled in a la rge hea p
and covered over wi th moistened ash except for a small opening . C ombus tion
w a s started wi th burning wood , but th e combustion of part of the sulphur
provided most of the necessary heat . The sulphur melted out and flow ed
down on to a prepared fi oor . Only about 60 per cent . of the sulphur in the
ore was recovered by this process , and the large quantities of sulphur dioxide
set free w ere very injur ious to the sur rounding vegetation . This method
has been largely superseded by the introduction of recupera t ive furnaces
invented by Gill and modified by Sanfillipo . About six large chambers are
arranged in a seri es so that the hot gases from one can be made to hea t the
next . By thi s process the recovery is about 80 per cent . At tempts have
been made to introduce more efficient methods whereby practica lly the whole
of the sulphur could be recovered by melting it out with hot brine or s tea m ,

or dis till ing it with superheated steam . These methods have no t atta ined
any great success , however , the obstacles being the absence of any local supply
of fuel and the backward state of the country . The sulphur is refined by
distillation , the principal di stilleries being situated inMarseilles . Some powder
mills have small sulphur refineries of their own , as at Wal tham Abbey for
instance .

Two sort s of sulphur can be obtained by di stillation : flowers and
stick sulphur . The former consists of minute crystals , whi ch have been
deposi ted on the interior surface of a large chamber or dome into which
th e vapour s have been passed . The flowers contain a small percenta ge
of sulphuric acid formed by the action of the air on the sulphur , and

consequently are not sui table for the manufacture of exp losives . S t ick
sulphur , on the oth er hand , i s very pure and only requi res to be ground .

For the manufacture of sulphur ic acid elemen ta ry sulphur is but li t t le
used now ,

a s i t pays bet te r to roast various ores in whi ch i t i s combined wi th
metals , such as copper pyrit-es and zinc -blende , b ut i t does not pay to extrac t
sulphur as such from these ores . A certa in proportion of i t comes on the
market , however , as i t i s obta in ed as a b y -product in the Leblanc soda pro
cess . The sulphuric acid used in that process is ul t imate ly convert ed in to
calcium sulphide , CaS,

and for many yea rs thi s accumulate d in grea t hea p s,
which were a public nui sance

,
no method being known by which i t could

be worked up excep t at a prohibitive cost . Eventually the Claus -Chance
process was devi sed and perfected

,
which enabled this to b e done . Kiln ga s

i s passed over the soda -waste ,

” converting it into calc ium ca rbonate and

sulphuretted hydr ogen CaS H gO CO , CaCO, H gS. As the sul

phuretted hydr ogen i s ra ther dilute and variable in concen t rat ion , the gas is
led thr ough a fresh quantity of the waste , by which i t i s absorb ed , fo rming
the bisulphide : CaS +H 2S CaH Z

S
Z. W

'

hen kiln gas i s led through thi s
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the sulphuretted hydrogen is again given off , but i s of double the previous
concentration CaH gS2 H 20 COZ CaC0 3+2H gS. This gas is col
lected in a gas -holder , and can be fed from there into the chambers where it
i s converted into sulphuric acid , or it can be mixed with gas from the pyrites
burners , whereby sulphur i s caused to deposit in accordance with the equation
2H zS +8 0 2

: 2H 20 + 3S. The sulphur thus obtained is of considerable
purity .

Sulphur is also obtained in the purification of coal-gas from sulphuretted
hydrogen and other sulphur compounds .
Until recently the market was entirely controlled by an English associa

tion , the Anglo -Sicilian Sulphur Company , formed in 1895. Sulphur had
been found in Louisiana in 1865, during some boring operations for petroleum ,

but it was situa ted
'

undernea th 500 feet of quicksand , and all attempts to
work it commercially fai led until the matter was taken up by Hermann Frasch
in 1891

,
and even then years of work were required and a large amount of

capital before success was achieved . The sulphur i s mixed with a much
smaller proportion of limestone than in Sici ly , the ore containing about 70
per cent . sulphur . The method that has been adopted i s to put down a pipe
of 10 inches diameter until the sulphur deposit i s reached , then the hole i s
continued with a 9 — inch drill through the sulphur deposit , whi ch i s about
200 f eet thick . A 6- in ch pipe i s passed to the bottom , and a 3- inch pipe
through thi s

,
both being perforated near their lower ends . Superheated

water i s passed down the 6- inch pipe , but the sulphur passes up the 3- inch .

At first i t was raised by means of pumps , but now air i s forced down this
mixes w ith the sulphur and reduces its density , and it i s raised to the surface
of the ground by the pressure of the water used for melting .

The Union Sulphur Company has been so successful that i t has acquired
the whole of the trade of the United States and also exp orts considerable
quantities . The production amounts to several hundred thousand tons per
annum .

The sulphur as i t comes up from the well i s said to have a purity of 99 -93

to 99 -98 per cent . It is simply run into great bins , whi ch hold as much as
tons each . W hen it has cooled the sides of the bins are removed , the

sulphur is broken up
,
and i s then ready for shipment .

The Anglo -Sicilian Sulphur Company finding itself unable to contend
with Frasch ’ s Company finally retired from the business , but it had made
enormous profits for many years . The Italian Government has formed a
compulsory trust to control the marketing of Sicilian sulphur and ensure a
living wage to the Sicilian workmen . This has proved very successful and
the workers in Sici ly are now better o ff than they have been for many years
past .

On the occasion of the presentation to him of the Perkin Medal , Frasch
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gave a very in te res ting accoun t of the variou s difficult ie s he had to contend
wi th in w orking ou t his inven t ion , and thi s i s published in the J . Soc . Chem.

I nd . , 19 12, pp . 168

Sicilian sulphur requires to b e refined before i t can b e used
,
and thi s is

done by di s tillin g it . The crude or grough sulphur i s placed in an iron po t .
w hich i s hea te d from be low by a furna ce un t il the sulphur boils . The vapour
passes over into a chamber w here the sulphur is depo si ted on the walls in
the form of small crystals , w hich const i tute flowers of sulphur .

“ If the walls
of the chamber are allowed to get ho t enough to melt the crys ta ls the sulphur
runs down and is ta pped off and cas t int-o sti cks or rolls . The st ill i s often
so arranged that the w aste heat from the furnace melt s ano ther charge of crude
sulphur ready to run into the s t ill as soon as the firs t charge has b een di st illed
off . The refinery at Waltham Abbey i s pro vided not only wi th a large
chamber or dome but also wi th a condenser leading to a receiver . Only
the firs t por tion of vapour is admi tte d to the dome , then the vapours are turned
into the condenser . Flow ers of sulphur are no t fit for making explosives
because they conta in a small proport ion of sulphuric and sulphurous ac ids .
The flow ers from the dome are therefore redi stilled .

Roll sulphur consists of pale yellow brit t le crysta ls belonging to the rhombic
system . having a density of 2 07 at It melt s a t abou t to an ambe r
co loured li quid , but when the heating is continued a bove 120 ° i t gradually
b ecomes darker and more viscous . Betw een 160

° and 220 ° i t i s so vi scous
tha t the vessel conta ining i t can be inverted wi thou t lo s ing any . If thi s
viscous amorphous mass be cooled rapidly part of i t reta in s the amorphous
condi t ion and i s insoluble i n carbon bisulphide , w hich di ssolves ordinary
rhombic sulphur wi th ea se : Flow ers of sulphur alw ays con ta in a proport ion
of this inso luble modificat ion . Sulphur boi ls at

One reason w hy sulphur i s added to black pow der is that i t s temperature
of igni t ion ,

2GI
°

C , i s low ,
a nd consequen t ly i t makes the powder bur n more

readi ly . Bu t another rea son is tha t under the influence of pressure . no t only
in the press bu t also in the i ncorporating mill , i t flow s a nd becomes colloidal
cement i ng together the par ticles of charcoal and the minu te crysta ls of sa l t
pe tre . From the examination of micropho to graphs Cronquis t 2 found tha t
brown charcoal has a simi lar power of becoming colloidal under pressure .

This is w hy brown gunpowders burn more slowly and regularly than blac k ,

and why the percen ta ge of sulphur i n them can b e reduced or abolished
alto gether .3

Sulphur oxidi zes s low ly in the air
,
forming sulphur dioxide and a li ttle

sulphuri c acid . If a chlorate be present chlori c acid i s liberated , and thi s
accelerate s the o xidat ion . and there i s grave danger of spontaneous ignit ion
occurring .

1 See a lso 19 11 , p . 236.

2 S .S., 1906, p . 53.

3 See p . 86.
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(b ) Ca nno n P owde rs

France 1

(c ) Spo rting P owders

(d ) B la sting P owde rs

Blas ting powders , how ever ; vary in composi t ion far mo re than thi s Table
indica te s , powders wi th di fferen t rat es of burning being used for rocks o f

differen t degrees of hardness . Thus the French Governmen t fac to ri es make
three sort s of mining powder :

Ordinary Powder
Slow Powder

1 Vermin e! Ches nea u , p . 322, giv e the propo rtions 75
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The powders manufactured in Belgium have the following compositions

Rifle Powder
Cannon Powder
Sporting Powder
B lasting Powder
Slow Powder o r Pulvérin
Slow Powder in cartridges
Ex p ort Powder

In France pulvérin i s also prepared for the manufacture of fireworks ,
etc . According to Chalon it has the composition 75 but
Vennin gives the proportions as 62 20 P034,

Before they are mixed together the three ingredients are powdered . As
they are not ex plosive when separate , they can be ground up in any sui table
mill . In this respect , however , some reserve must be made as regards the
sulphur : thi s has a great tendency to become electrified , and as it i s also
very inflammable an electric spark may easily set it alight or cause the ex plo
sion of a mixture of sulphur -dust and air . Rapid-moving machinery is
therefore to be avoided the parts should all be made of metal and earthed .

”

According to Voigt the drum for pulverizing sulphur should not make more
than ten revolutions per minute .3 In some works the sulphur is mix ed with a
small proportion of the saltpetre before grinding to prevent this electrification ,
which has the further di sadvantage that it causes the sulphur to cake together
and so escape proper grinding . At W altham Abbey the sulphur i s ground
under steel edge -runners similar to those used for incorporating the powder .
The charcoal i s generally ground in a machine resembling a large coffee

mil l (see Fig . but in some factories ball-mills are used , the charcoal being
placed in a drum with bronze balls . The drum is then rotated until the
constant falling of the balls on to the charcoal has reduced it to a sufficiently
fine state of division .

Sulphur and saltpetre may also be ground in the Excelsior mill , but if
the saltpetre is already in fine crystals it need not be ground , but only sifted .

In France the saltpetre i s mixed with 6per cent . of charcoal and pu lverized
in an iron drum with bronze balls . The charcoal makes the saltpetre easier
to grind

,
and this small proportion does not make it ex plosive . The remainder

of the charcoal i s mix ed with the sulphur and pulverized in a similar drum .

After grinding these binary mixtures are passed through a sieve with holes

1 Exp losifs rlf odérnes , pp . 228 , 263.

2 Venm
'

n el Chesnea u , p . 322.

3 H erstellung der Sp rengstofi e, v o l. i., p . 52.

Grinding the

ingredients.
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065 mm . in diamete r to separate fo reign ma t te rs . The tw o binary mixtur es
a re then mixed together b y hand before being milled .

1

The three ingredien t s are carefully w eighed ou t
,
preferably ea ch in separate

scales . An ext ra amoun t of saltpe tre i s o ften ta ken to allow for the moisture i n
i t , the actual proport ions w eighed ou t being somet imes 15-0 10 0

instead of 75-0 15-0 10 0 . Bu t the charcoal usua llv conta in s qui te a s high a
percentage of mois ture a s the
saltpe t re . I t i s no t surprising
therefore tha t analysis some t imes
show s a percen tage of charcoal
w hich is below the theoret ical .
The ingredient s a re then given

a preliminary mixing . In Ger
manv this i s done in a ro tat ing
drum w i th lignum vi tae balls .
The dr um is made of wood and

may be lined wi th lea ther ; iron
must be avoided in ts const rue
t ion : the axle mus t be co vered
w ith lea ther . At “a lt-ham Abbey
the mixing is done ii . a cy lindrical
drum o f copper or gun -me ta l
abou t 18 inches long a nd 2 feet
9 inches in diamete r . Through
the cen t re pas ses an axle carrying
eigh t row s of fo rk - shaped arms

,

called flyer s .

‘ The drum
ro ta te s in one di rec t i on making
40 revolut ions per minu te . The
a Xle moves in the Other direc t ion FIG . 6. E x ce ls io r Mi ll. mad e b v Ma schi nenb au
and makes 120 revolu t ions per A. ( lo lzern -G rinnna .

minu te . The ingredien t s are
mixed for five minu te s . and then sifted through a fine -mesh sieve of copper or
brass wire . The sift ing a t thi s s ta ge is very importa nt , a s any hard part icles
left in the charge are likely to cause an e x 1) lo sion in the incorpo rating mill .
Fo r thi s reason the s ift ing i s somet imes done b y hand . The

'

green charge
i s now placed in a w ate rproof bag ready to b e ta ken to the inco rporat ing mill .

On the Con tinent stamp -mills are s t i ll used t o a small exten t fo r inco rpo ra t
ing a s w ell as mi x ing gunpowder . In Germany the s tamp -heads ma y be mad e
of copper

,
zinc

,
bronze o r o ther sui ta ble allo y .

2 The charge is pla ced in a
spherical hole in a b lock o f w o od . w ith a piece o f specially hard w o od inserted

0

l
'

enn in cl C IMSNCG N. p . 327. 19 12. p . 182.
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at the bottom for the stamp to play upon .

“The stamping is carried on for
about fourteen hours . I f continued longer the density of the powder diminishes
and the balli stic s deteriorate .

In France the use of stamp -mills w a s definitely abandoned in 18 84
,

l the
powders there being inco rporated in drums and mills . The cheaper sorts of
powder are incorporated
entirely in drums contain
ing wooden balls . In

England also stamp -mills
are not used , and the
standard method i s to
grind the ingredient s to
gether in incorpo rating
mills . Formerly these
consi sted of tw o heavy
stone edge —runners work
ing on a stone bedplate .

Now it i s more usual to
have iron runners work
ing on an iron b ed-plate
of course iron must not
work upon stone , or vice
versa , on account of the
d a n g e r o f generat ing
sparks . In the most usual
type of mill the run ners
are 6or 7 feet. in diameter
and about 15 inches wide

,

and weigh about 4 tons
each . They rotate on the
opposite ends of a hori
zonta l shaft , which i s
carried by a cross -head , FI G . 7. Gruson Gmrpowder Mill.

whi ch again i s attached
to a vertical shaft making abou t eight revolut ions a minu te . Usually the tw o
edge - runners are mounted at different distances from the central shaft 8 0
that one works the oute r part of the charge and the other the inner , but their
paths overlap . There are two ploughs of wo od covered with leather , which
are fixed to the shaft and travel round wi th it . These con t inually push
the charge away from the centre and the curb respec tively

,
and bring it

under the edge - runners again . The mills make 7a or 8 revo lutions per minute .
1 P . a 51 , v o l. iii. , p . 18 .
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In the Gruson mill (Fig . 7) the iron runners do not rest on the bed but are
suspended a short dista nce abo ve i t , so that there is no danger of a very thin
lay er of powder being subj ec ted to great fri ction . The bearings a re so sus
pended tha t ei ther runner ca n travel upwards independently of the other
when an extra thick portion of charge comes underneath it . The f armers
w eigh about 5} to ns ea ch and ro ta te equidi sta ntly round the main vert ical
shaft . The ploughs are made of phosphor bronze , and each runner i s also
provided wi th a scraper to prevent the charge being thr own ofl

’ the bed . The
drive i s by mea ns of a large bevell ed gea r -wheel , which may b e arranged either
a bo ve the machine or below it .
In Germany iron runners are not allowed to work on an iron bed -plate

unles s they are suspended , as in the Gruson mill . If they a c tually rest upon
the b ed ,

i t must be made of wood fastened down with brass screws .
By the action of the runn ers the ingredient s are crushed and ground to

gether very intimately wi thout subj ecting the mixture to any violent action .

Usually about six incorporating mills a re arranged in a row and driven from
a common shaft actuated b y a single wate r-wheel or steam - engine . Each mi ll
i s separated from the next by a strong masonry wall . Ex plosions in these mill s
are fairly frequent in spite of every precaution

,
but as a rule no very serious

damage is done . In 1907 there were nine such explosions in Engla nd , but
only one man w a s in j ured in 1908 there were five explosions and two men
were in j ur ed in 1909 there were seven explosions and no men were injur ed .

The reason w hy there are so few men kill ed or inj ured in these accident s i s
that as a rule there is no one in the mill house afte r the charge has been
s ta rted the man in attendance goes on to see to other mill s and only comes
occa sionally to see that all i s right and to add a little wate r to the charge if
nece ssary . In France there i s less than one explosion in milling
ope rations .‘ In Ge rmany no workman is allowed to remain in the building
w hilst the mill is w orking a t full speed .

A charge consi st s of 60 to 80 lb s . , the t ime of incorporation varies with the
descrip tion of the powder the longer the incorporation the faster the powder
burns . Cannon pow ders were usually milled for thr ee or four hours , rifle
pow ders eight , and sporting powders as much or more . The charge when
plac ed in the mill conta ins 2 to 3 per cent . of moisture . It must be kept moist
the whole time for thi s purpose the mill -man adds wate r from time to time ,
preferably condensed wate r from a ste am trap . Formerly urine was frequently
used instea d of water . For fine grain powders i t to 3 per cent . of moisture
should b e present in th e fini shed mill -cake , for larger sizes 3 to 6 per cent .
In France mills similar to the Gruson mi ll a re used , but the charge i s only

20 kg . or 25 kg . in the case of mining powder . I t contains 8 per cent . moistur e
when introduced and 2 to 4 per cent . at the finish . The mill makes 10 revo

1 Vennin cl Chesneau , p . 333.
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lutions per minute and requires 7 horse-power . The following table
the times of mill ing and the densities of the mill “ cake :

Time Density
Military rifle pow der , F 3

2 — 2% hour s
Sporting powder, ordinary l l

s trong 5

Dus t rew orked
Mining powder

The density i s of importance because in France the powder i s not pressed .

The density can be increased by milling slowly , half a turn per minute , with
the outer plough removed .

1

In Germany the charge i s generally about 75 kg . and the mill makes about
nine revolutions per minute . The time of milling is

Military powder 23
1
2
— 3 hour s.

Sporting
Mining

FI G . 8 . Drenching Ar rangements for Powder Mills.

Before the charge i s removed the mill i s run slowly for a time to increase the
densi ty , but the powder undergoes a pressing operation also , except in the case
of mining powder .2

In order to prevent the explosion in one mill being communicated to the
other mill s of the group , each one i s provided in England with an automatic
drenching arrangement (see Fig . Thi s consists of a lifting board I, provided
wi th a counterpoise weight . There i s also a tank 15 full of water, supported
on a hinge and a leg at one end that rests on a proj ection from the lifting
board . When the latter i s lif ted , the leg is released , the tank tip s forward
and the water i s poured over the charge in the mill . The axle a. i s common

1 Vennin cl Chesnefru , p . 332.

2 Vo igt , H erstellung der Sprengstofie, i., pp . 55, 56.
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t o a ll the lift ing boards o f the group o f mills , so that i f there be an explosion
in one of the mills the co rresponding board I is ra ised , taking wi th i t all the
other s imilar boards . a nd a ll the charges in the group are drenched a nd so

rendered unexplos ive . In order to make the mechanism sufliciently sensit ive
it is impo rtan t tha t the boards be no t too small a nd no t to o near the roof , and
that they be directlv over the mills . The second po int i s essen t ial . because. if
the board be v erv near the roof a reflected
wave o f pres sure reaches i t almost imme
dia te ly after the direct wave and befo re the
mechanism has had time to act .
The mill - cake o ften b ecomes caked on

to the b ed v erv firmly . Nauv accident s
having been cau sed by removing this wi th
metal too ls H .M. Inspec to r of Ex plo sives
issued a letter on December 27,

18 83 , pro

po s ing the adop t ion of the fo llowi ng spec ial
rule in all black powder w orks :

t enev er i t ma y become neces sary in
mills or o ther buildings to remove a uv

powder incrustations (w hether from the
machinery o r elsew here ) . w hich cannot be
eas ily b rushed

v

ofl , such removal is to be
effec ted w i thou t the u se of any metal tool
whatever the hard powder is to be removed
b y means of w ater , supplemented , i f need
be

,
w hen the who le incrusta t ion has been

thoroughly sa turated . b y a sui ta b le w o oden
instrument gently applied .

”

The mill- cake i s next reduced to a rough
powder by hand o r b y passing it through
gun-metal rolls in a machi ne somew ha t
resembling the granulat ing machine , bu t 9 , G lmpo wder Pres s .
s impler .
Then the mix ture i s subj ected to high pres sure in a pres s . This convert s

i t into a hard mass , the const i tuents of which have no tendency to separate
again from one another

,
a nd also increases the density of the powder .

Formerly the powder w a s compressed in a very strong box , but thi s i s no
longer done on account o f the dangerous friction against the sides .

For moulded powders and blasting cartridges special presses are used ,

which wi ll be described later . Granulated powders are pressed in pres ses of
the type show n in Fig . 9 . The mill - cake is built up on a small t ro lley first
a plate of copper , bronze , or ebonite i s put down , and a temporary frame put
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over a s ieve to the nex t pair of rolls , w hich has smaller teeth . The low est
pair a re plain .

The pieces tha t a re no t fine enough a re passed through the

machine again powder short and

FI G . 10 . Co rning Ma chine . ma de b y Ma schinenb a u A.
-G . Go lzern-Grimma

pressed again . The bearings o f one o r b o th rolls o f each pair are prov ided

wi th sp rings o r w eigh t s to keep them in po si t ion . a nd a re no t ri gidly fixed .

Con sequent ly if an ex tra hard piece o f cake passes thr ough the rolls i t i s no t
subj ec ted to grea t violence the ro lls give w ay and the piece passes through .

Thi s typ e of granulat ing machine w a s in ven t ed in 18 19 by Colonel Congreve ,
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and is the one in most general use . Variousother types have been tried
,
but

none produces such a good angular grain .

In France the granulation is carried out in a horizontal drum covered with
metal sheet perforated with fine holes of a size suited to the sort of powder that
i s to be produced . The broken down mill - cake is pla ced inside this drum to
gether with pieces of hard wood , which are caused by longitudinal strip s to fall
continually on to the powder and break it up . A charge of 20 kg . i s granulated
in ten to twelve minutes and yields 35 to 55 per cent . of grains of the size required .

Powders made with dog -wood charcoal produce a lot of dust in the corning Dustin

FIG . 1 14 Corning Machine w ith Dus t -Remover

process , and it i s best to remove this by passing the powder through a dusting
reel . This i s simply a cylindrical reel set at an angle of about 4° to the hori
zonta l and covered with fine woven wire of copper or brass . It i s open at
both ends and rotates on its axi s

,
making about forty revolutions per minute .

The powder i s simply passed through thi s and caught again in a barrel .
The glazing operation i s carried out in wooden drums , which rotate on Glazing? )

their axis about thirty times a minute . Cannon powders receive an addi tion
of a small proportion of graphite and are glazed for two or three hours . Rifle
and sporting powders , and others that are required to burn quickly , do no t

receive any graphite , but are glazed longer .
The stove may be heated either b y forcing hot air through it , or by arranging

“ 01712
3 0 ‘
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ho t wa ter or s team pipes in i t . The easies t a nd mo s t economical method is
to dr y wi th steam , and a s black powder is no t very sens it ive and is not liable
to sponta neous decomposi tion ,

this method is u sually adop ted . Only low
pressure s te am should be used . the exhau st being open to the a ir . The powder
is placed on canvas trays supporte d on w ooden racks . Inlet s and outle ts are
provided for the a ir

,
and the temperatur e i s kept a t about 40 ° C . (104

°

The t ime required to dry the powder varies from one to four hours according
to the s ize of gra in .

To remove the la s t t races o f dust and give the pow der a good co lour
i t is now trea ted for some tw o hours in the finishing reel , w hich is covered wi th
fine canvas

, and finally thoroughly blended in to large uniform batches . The
las t operation i s performed at lVa ltham Abbey b y pouring i t into a hopper ,
w hich is provided wi th four delivery shute s , so tha t the contents of the hopper
are divi ded into four equal portions . By repea t ing this opera t ion in a
systematic ma ini er the desired obj ect is at tained very effectually .

Pow der for can on of large size , 6 to 12- inch bore , w a s made b y cu t t ing
the press -cake i nto cubes . The slab s from the press w ere pa ssed 1mder a roll
armed wi th longi tudi nal knives , w hereby th e cake w a s cut into strips , and these
w ere then passed mider another simi lar roll in the o ther direction and so cut

into cubes . The glazing , s toving , finishing and blendi ng w ere very much as
for granula ted powder

,
excep t tha t the stoving had to be con t inued for about

thir ty hours at 55° C .

’

These cu t pow ders are bu t li t t le made now ,
as they

have been displaced by smokeless powders .
The following Table gives particulars of some of the powders made formerly

a t Wa ltham Abbey 1

Moulded powders a lso are but li ttle used for the same reason , bu t much the
same proces s is used for making moulded cartri dges o f mining powder , and also

1 Trea tis e on Ser vice Ex p lo s ives , 1907 cd . , pp . 123, 124.
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respec t ively (see Figs . 12 and

EXPLOSIVES

The general principle i s , how ever , the same .
The granular powder i s pu t in to a hopper and flows from there in to a measure
tha t automa t ically measures off the righ t quant ity , which then passes into the
die . The dies are arranged in row s in a pla te , so that w hilst one row i s being
filled ano ther is being pressed . The pressure i s usually applied simul taneously

Fre .

'

jl 3. Mechani ca l Pr ess fo r Mo ulded Pow ders .

‘

etc . (F. Kr upp A.
-G . G ru sonw erk )

I

from above and below by two
different plungers . The cen
tral hole is formed by means
of a pin which passes through
the lower plun ger and into
th e other . Hydr aulic presses
are safer , but mechanical
ones more rapid in their
action . For blasting car
tridges , machines are also
made wi th rotating ta bles
conta ining a number of dies
each operation , filling , press
ing

,
removing , i s performed

at a difl erent position of the
ta ble . Such machines are
quite automatic and require
very li ttle attention .

Both black and brown
powders have been moulded
into prisms w hich are usually
25 mm . high and 40 mm .

wi de
,
measured across the

corners of the hexagons .
The followi ng Table gives the details of the Engli sh and German powders

1 Vermin et Che snea u , pp . 322, 341.
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P .P .C . 68 has seven holes , all the others , Engli sh and German , only one . The
value of the brown straw charcoal

—
1

i s that un der th e high pressures it flows
and holds the mi x ture together, making . i t into an impervious mass , which
can only burn at the surface , whereas black powders have slight pores th rough

FI G . 14. American B lack B lasting Powders (Mimro e a nd Ha ll )

which the flame can penetrate . This may be seen by examining th e powders
under

—
“

the microscope .

1

The usual composition of black blasting powders has a lreadv been stated

(p . The vio lence of the powder can be varied by altering the compo sition
,

the density or the size of the grains the powder i s made slower by diminish
ing the percentage of saltpe tre

,
compressing to a higher density or making

1 See Cronquist , 1906, p . 53.
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the gra ins coa rser . In France the mining powders manufa ctured in the State
mills are incorpora ted , not under e dge- runners , but in copper dr ums wi th
wooden and bronze balls , and the granula t ion is also e ffected in drums w ith
the aid of a spray of w a ter .
In Ameri ca enormous quan t i t ies of blast ing pow der a re used con taining

sodium ni tra te (Chili sa ltpe t re ) in s tead of the pota ssium sa lt . This burns
more slowly than ordinary gunpowder , bu t is more pow erful , as i t evolves
a grea ter volume of gas and more hea t , bu t i t s principal ad vantage i s i t s low
pri ce , for i t is used for many purpose s w here in Europe hand la bour would
b e employed . According to Chalon , 1 the composi t io n vari es betw een the
followi ng limi ts

The usua l propor t ions in thi s black blas t ing powder are given by Munroe
and Hall

‘
1
a s 73 : 1 1 16. The incorporation i s no t so thorough as in the

case of ordinary black pow der
,

and the charcoal i s generally ob tained from
coa rser-grained w oods . As the sodi um nit ra te is hygroscopic , care must be
taken not. to expose the powder t o damp air more than can be helped . The
followi ng are the size s of American bla ck bla sting powders

Diame te rs o f round ho les in screens in (
1
7
th inches

Thro u gh w hich gra ins On w hich gra ins

pa ss co llec t

40 32

36 24

18

12

7

3

2

The followi ng bla s t ing explosives resembling black powder in composition
a re made in Germany ,

and are allow ed to be sent as goods in unlimited qua nti
t ies a s thev a re cons idered sa fer to handle than ordinary black powder

Spreng sa lpe ter (blas t ing sa ltpetre ) is a mixture of sodium nitrate ,
sulphur and brown coa l in ab o ut the propo rt i ons 75 10 15

, and i s very
la rgely used in the Stas sfur t sa lt-mines w here the sof t and brittle nature of the
salts such as cama llite

,
requi re an explosive that i s mi lder than ordinary

bla s t ing powder . I t pos se sse s the advanta ge of being cheap and not giving
ri se to pois onous fumes . Harder ma terials

,
such as sv lv inite and rock-salt ,

1 Les Er plos ijs Jl ode rnes , 3rd cd . , 19 1 1, p . 264.

3 P r ime r on Ex plos ives fo r C 00 1 Jl ine rs , 19 1 1, p . 16.
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Departmental Committe e was held at the Home Offi ce to inquire whether
this explosive should be removed from the li st . This has not been done

,
but

by the Explosives in Coal-Mines Order of Septemb er
l

l
, 1913, i ts use has been

restricted to mines that are not gassy or dusty . In these its use i s permitted
for a peri od of five years from January 1

,
1914. The follow ing is its composi

tion according to the offi cial definitions . and an analysi s made by Hall and
How ell 1

Offi c ia l de fi nit io ns

Firs t Se co nd

Nitrate o f po tassium
Charcoal
Sulphur
Sulphate o f ammonium

Sulphate o f copper
Rice o r Maize starch
Paraffin w a x

Mo isture 0 -0 2-5

In 1914 more than a million lbs . of Bobbinite w ere used in Briti sh mines
and quarri es .
Raschig proposes to make a cheap blasting powder consisting of 65 per

cent . sodium ni trate and 35 per cen t . sodium cresol- sulphonate . These are
dissolved in water a nd the solu t ion i s evaporated very rapidly on a rotating
drum heated b y high -pressure ste am . It i s claimed that the expens ive and

dangerous operation of incorporation is thus done away wi th . It is necessary
to select a combustible constituent like the cresol- sulphonate that has a high
solubility of the same order as the nitrate

,
otherw i se there w ould be a te ndency

for the substances to separate during the evaporation . Safety explosives
containing ammonium nitrate instead of the sodium salt have been registe red
under the name of
The products formed on the explosion of gunpowder were investigated

by Bunsen and Schischko fi ,3 Linck ,4 and Karolyi ,
5 but the most complete

series of experiments was carr ied out by Noble and Abel .6 Debus 7 showed

1 US . Bur ea u o f Mines ,

'

B u ll . 15, 19 12, p . 179 .

2 See Any . 19 12, p . 1 194 ; Ger . Pa t. App . R. o f S .S . , 19 12, p . 292.

3 P ogg. Anna len , 102, 1857, p . 321. 4 Anna len der Chemle , 109, 1858 , p . 53.

5 P ogg. Anna len , April, 1863 ; Phil. .l1a g . . Ser . 4 , No . 26, 1863, p . 266.

6 Phil. Tr a ns , 1875, 49.

7 P roc . Roy . Soc ., 30 , 1880, p . 198 ; Phil . Tra ns . , 1882, p. 523.
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that they had made an error in giving potassium hyposulphite as a primary
product of the explosion . Noble and Abel 1 accordingly corrected their results .
The mean percentages from E .L .G . Powder were :

Gases
Solids

W ater
G a ses , per cent . b y vo lume

Carb on dio x ide

Carb on mono x ide
Hydr ogen
Methane
Nitrogen
Sulphur etted Hydrogen

From 1 g . of the powder 271 -3 of gas were produced
,
measured at 760 mm .

and 0° C ., and the quantity of heat liberated was 700 7 calories .
The products obtained from mining powder have been given by J . Harger ,2

and the analysis of the gases from American blasting powder ha s been published
by C . M. Young.3 Hall and Howell 4 have investigated the products from
Bobbinite .

1 Phil. Trans , 1880, p . 203.

2 J . Soc. Chem. I nd 19 12, p . 415.

3 B u ll. Am. M in . Eng., 19 10 , pp . 637— 662 ; Ang., 191 1 , p . 1886.

4 U S . Burea u of M ines Bu ll. 15, p . 179 .

So lids , per cent . b y w e igh t
Po tassium carb onate
Po tassium sulphate
Po tassium sulphide .

Po tassium sulpho cy anide
Po tassium nitrate
Sulphur
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CHAPTER VI I

SULPHURIC ACID

Manufactur e Pur ifi ca tion Concentration Melting -

points Specifi c gravities
Calculations Supplies in w a r -time

THE manufactur e of sulphur i c acid i s treated fully in special works such as Manufacture.

Limge
’

s Sulphuric Acid and Alkal i . Here only the general principles can
be dealt with and those special features which are of importance to the
manufactur er of exp losives .
Until the end of the last century , or the beginning of this , practically a ll

the sulphuri c acid was made by the chamber process . Now very large
quantities are produced by the contact process .” In both processes the
first stage i s to bur n sulphur , or a sulphur ore such as zinc -blende or pyrites ,
in an excess of air , thus producing a gaseous mixtur e consisting mostly of
oxygen , nitrogen , and sulphur -dioxide . I t i s necessary now to make the sul
phur-dioxide combine with a further quantity of oxygen . In the chamber
process this i s done by mixing a

'

small proportion of ox ides of nitrogen with
the gases and water in the form of spray or steam . Various intermediate
products are formed

,
but the final product i s chamber acid ,

” containing about
70 per cent . sulphuric acid and 30 per cent . water , or Glover tower acid

,

”

containing about 80 per cent . acid .

In the contact process the sulphur -dioxide is made to combine with ox ygen
to form the trioxide

, S0
3
,
by passing the gases over a heated contact substance

,

such as platinum or iron oxide . The burner gases are purified by washing
with water and sulphuric acid , but afterwards no steam or spray of water i s
introduced , and consequently it i s not necessary afterwards to concentrate
the acid to bring it up to a high strength , as i s the case with the chamber
process . On the contrary the sulphur - trioxide has to be absorbed in weak
sulphur ic acid so as to obtain an acid of convenient strength . Very great
difficulties were exp eri enced at first because after a short time it was found
that the spongy platinum used as the contact material ceased to be active . It
was di scovered

,
however

,
that this was due to the presence in the gases of traces

of impurity , such as arseni c , which poisoned the platinum . W hen these
are entirely removed the contact material retains its activi ty for a long time .

The principal motive of the inventors in working out the cont-act process w a s
95
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to produce at a reasonable cos t a fuming acid for use in the manufacture of
artificial indigo , but large quantit ies o f strong acid are also required in the
ex plos ives industry , and some explos ives works have in fact erected contact
plants of their own .

In the burners pyrites is generally burnt , but sometimes b lcnde . The
burnt pyrites or blende is afterwards sent to smelt ing works

,
w here the metal

i s extracted . Sulphur (brim stone ) is used only in localities w here there are
no smelting w orks available .

Fo r the manufacture o f explosives a high degree of purity i s generally
required of the sulphuric acid , especially freedom from arsenic . Acid made
by the contact process always has sufficient purity , as arsenic and o ther foreign
substances are neces sarily removed in the course of manufacture . Sulphuric
acid made from pyrites by the chamber process generally contains a consider
able amount o f arsenic and o ther impurities . These can be removed by
treating the acid wi th sulphuretted hydrogen and allowing it to settle befo re
concentrating it .
Acid o f 70 per cent . strength can oft-en be concentrated up to 80 per cent .

by passing it dow n a Glover tow er . W here thi s i s not available the coneen
tration is generally carried out in lead pans heated either by a fire underneath
or by s team coils laid in the bottom of the pan . Above this strength lead
pans cannot be used as they are attacked too much by the hot acid . For
the production of pure w ater -white concentrated sulphuric acid the further
concentration may be carried out in glass or platinum still s heated from below .

The greater part o f the water i s thus di stilled o ff together with a little acid .

The glass st ills
,
how ever , are liable to break and the consumption of fuel i s

considerable . Platinum i s very expensive and has risen in price considerably
o f late years . The platinum is sometimes coated with gold to diminish the
loss . In neither glass nor platinum can sulphu r ic acid of the highest strength
he produced to obtain thi s a further concentration in cast- i ron pans i s necessary .

The se works that have a contact sulphuric acid plant can use their recovered
acid to absorb the sulphur- triox ide

,
and so bring it up to any required strength .

In factories where the acid i s purchased the same obj ect can be accompli shed
by mixing the w eak recovered acid with fuming acid 1

containing 20
o r 60 per cent . anhydride . But in some processes of manufacture as

,
for

ins tance
,
the displacement process fo r gun - cotton

,
such large quantities of

w eak acid are produced that reconcentration i s necessary . Such reconcentra

t ion is nearly alway s carried out in the explosives works themselves , as i t
does no t pay to t ranspo rt such a material backw ards a nd forwards by road
o r rail .

1 The commercia l term fo r sulphur ic a cid o f 92 to 90 pe r cent . s t rength (s .g .

is (co ncentra ted o il o f vitrio l ). tha t o f the fuming a cid co nta in ing a nhvdride

is (No rdha u s en o il o f vitrio l) o r Oleum.
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max ima a t the points corresponding to H zO), (H (H 2SO..

and (S0 3 ), and minima a t intermedia te points . A strength that i s much used
i s one conta ining 18 to 20 per cent . anhydri de it has the advanta ge that it is
li quid at a ll ordinary tempera tures . Wi th an increa se of strength the melting
poin t rises rapidly un ti l wi th 45 per cent . anhydr ide i t reaches a tempera
tur e at w hich i t i s very inconvenient to dea l wi th an acid that gives off dense
fumes even a t the ordinary temperature and boil s below From here
the melt ing-point falls again un t il wi th a strength of 60 to 65 per cent. anhy
dii de an a cid i s obta ined w hich i s liquid in summer and can be easily melte d
a t any t ime of the y ea r . The choice of acid to be used therefore rests between
C .O.Y . and containing 18 to 20 per cent . and 60 to 65 per cent . anhy
dride . The dec ision must depend on the pri ce at which the acids can be
ob ta ined and the fac ili t ie s for reconcentrat ing or using the weak acids produced
in manufa c tur e . “ h ere such facili ties are deficient it i s better to u se the
st ronger oleum . Very litt le w aste acid wi ll then be produced . Otherwi se
most w orks prefer to use the 20 per cen t . oleum . C .O.V . i s new lit tle used
in explosives w orks for revivifying w aste acids .

One of the di sadvantages of the 20 per cent . oleum is that i t attacks iron
much more s t rongly than either C .O.V . or the 60 per cent . oleum .

1 On the
o ther hand the vapour tension of the wea ker oleum is considerably smaller
than tha t of the s tronger . l-Vherea s C .O.V. conta ining 98 -5 per cent . H gSO.

boils a t 3 1 and 100 per cent . a cid at about. 20 per cen t . oleum boils
a t a bou t 140 and 60 per cen t . at 60° C .

Tables of the specifi c gravi t ies of mixtures of sulphuri c acid and water
have been published by various investigato rs . There are slight differences
be tw een the best of them due principally to the difficulty of determining the
s trength of the a cid wi th a very high degree of accuracy

,
and perhaps partly

to the presence of t rac es of impurity in the materi al . The Tables of Lunge
and hi s cc -w orkers Naef and Isler are much used , but upon the whole the
figures of Pickering seem to be the best . Many of the Tables are not directly
comparable because the specific gravi ties have been taken at differen t tempera
tures or are referred to w ater a t different temperatures ; in some cases the
gravi ti es a re corrected for a ir di splacement and in others not . For general
w ork i t i s bes t to w eigh both the acid and wate r at the ordinary temperature
and not to correct for a ir di splacemen t , for the introduction of small corree
tions is no t only t roublesome but is liable to lead to error . Pickering ’ s figures
w ere therefore ca lculated by me to this basi s ,2 and a re given in the following
Table

1 See Knietsch . loc . cit. 2 J . Soc . Chem. I nd 1903.
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SPEC I FIC Gna vrr rrzs o r SUL PHURIC AerD AT 15
°
C . IN AIR— continued
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For concentrated acid the determination of the specific gravity is not of
much value as an indi cation of its strength , because the density reaches a
maximum at about 97-5 per cent .
The following Table gives the corrections to be applied to the specifi c

gravities if the temperature varies from 15
° 1

For the effect of impurities on the specific gravity of sulphuric acid see

Marshall
, J . Soc. Chem. Ind.,

1902, p . 1508 . Fig . 18 (p . 106) gives the specific
gravities of a number of trade samples of some of which had become
contaminated wi th traces of ni tric acid , also some acids that had been used
and reconcentrated several times in a Kessler plant . The curves correspond
ing to the Tables of Pickering and Lunge are also given for comparison .

Knietsch has determined the specific gravities of fuming acids (loc. cit ) .

His figur es are to be found in the follow ing Table :

To ta l SO3 Co rresponding
H 2SO4

(ma x .)

(ma x )

The strength of the fuming acid is generally exp ressed as per cent . free
S0 3 , but sometimes as total S0 3 . W hen determining the strength by analysis
i t i s most conveni ent to express it first as per cent . H zSO4, and there are other
advantages in expressing it thus . A figure i s

,
of course , obtained which is

greater than 100 , but it gives at once the quantity of sulphuric acid that will
be formed if 100 parts of it be added to a mixture , and if 100 be deducted from
it , the remainder i s the amount of water that will disappear from the mixture
to form this sulphuric acid . Thi s remainder multiplied by 8 0 ./Hp

1 Lunge and Hur te r, Alka li-Ill a ker
'

s P ocket-book.

Calculations
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FIG . 17. Melting -Po ints o f Sulphuric
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Per Cent . H zSO‘

FI G . 18 . Specifi c Gravities o f Sulphuric Acid

80/ 18 Z 4-44) gives the percentage of free S0 3 . The percentage of 11 280 ,

multiplied by 0 8 163) gives the total SO 3 . Simi lar rules may be
made for convert ing any of these three exp ressions into any other

F be the percentage of free SO3

T total SO ,

H H 2SO4

F

The conversion can also be effected by means of the scales at the base of Fig . 17.

All countries during the war are suffering more or less from a shorta ge of
sulphuric acid due to the enormous demands and the disturbances in the
supply o f the raw materials . In Germ any the cessation of the impo rts of
pyrites from over—seas appears to have caused considerable t rouble i n spite of
the fact that they have the Belgian acid works at their di spo sal as well as
their own

,
and that ores can be obtained from Norway , Hungary and Styria .

1

They are said to be making sulphuric acid from calcium sulphate (gyp sum )
and magnesium sulphate (Kieseri te ) .

2

1 See F. G . Donnan, Na tu re , March 23 , 19 16, p . 82.

2 Chem. Trade J o a n , No v . 27, 19 15.

44 44 (H 100 )
54 44 T 444

0 8 163 H
0 183? F 8 1 -63

F + 100

1225 T



CHAPTER V I I I

NITRIC ACID

Manufactur e Recovery o f nitrous fumes Storage The distilla tron Nitre
cake : Nitric acid from the atmo sphere : D ir ect : o x idation : Cyanamide pro cess
Serpek

’

s pro cess Hab er ’s pro cess Ostwald ’

s pro cess Properties Specifi c

gravities Freezing -

po ints Boiling -

po int s Vapour pressures

NITRI C acid i s usually made by di stilling Chili saltpetre with sulphuri c acid Manufacture.
in large iron retorts . Formerly these were made of such a si ze as to take a
charge of about half a ton of sulphuric acid and the same quantity of nitrate
now they are generally made to take twice as much or more . Fig . 19 shows
a retort somewhat similar to those used for the Va lentiner system . To take
a ton of ni trate the retort should be about 6 feet in diameter and 6 feet high
it must not be too small on account of the danger of frothing over or priming .

Horizontal cylindrical stills are also used .

At one time nitric acid wa s only made of about 60 per cent . strength , but
when a large demand for stronger acid arose for the manufacture of exp losives
i t was found that there was no real difficul ty in obtaining nearly the whole
of the acid of 92 to 94 per cent . strength . By the recovery of nitrous fumes
acid of 60 per cent . strength is still produced formerly it was sometimes con
centra ted by di stillation with sulphuric acid , but now it can be uti lized directly
mixed with G .O.V. or oleum.

The nitric -acid vapours were formerly condensed by a ir cooling , by leading Condensers.
them through a large number of stone -ware j ars connected by stone-ware
pipes , but this system was inefficient and required much plant and space .
The reason for its adoption was that metal condensers could not be used because
they were attacked by the acid

,
and stone -ware condensers cooled with water

would have cracked with the changes of temperature . But with the improve
ments that were made in the manufacture of earthen and stone —ware thi s has
been altered . The Guttmann condensing battery has been much used (Fig .

It consists of a number of vertical stone -ware pipes immersed in a tank through
whi ch water circulates ; at the bottom these pipes are connected by cross
pieces in such a way that whilst the fumes have to pass up and down the pipes
one after the other

,
the condensed acid flows along from one cross —piece to

another through inverted siphons and finally to the storage tank .

107
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In the Valentiner plant (Fig . 21 ) stone -ware coils are used , and these are
also adopted now by many w ho do no t w o rk by Va lentiner

'

s system . t en

first introduced there were frequent breakages , especia lly at the upper
extremity where the coil ente red the w ater . The coils could be repaired by
the addi t ion of a piece of lea d pipe j oined on , for the st rong acid has but little

FIG . 19 . Nitric Acid Still

action upon it . Such breakages are not so frequent now they can be avoided
to a large extent by not immers ing the fi rst co i l in water , but cooling it by
running wate r over clo ths laid on the coil . Coils can now be obtained made
of fused sili ca or vitreo sil as much as 2 inches in diameter and 60 feet long .

These are much more resistant than stone -w are and can be repaired when
broken .

The principal peculiari ty of Dr . Va lentiner ’

s system is that the di stillation
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there i s less breakage of coils because the temperature i s low er , also that the
acids are pur er . The plant i s well designed and made , and consequently
the users have generally found i t satisfactory , but some who have tried working
both with and without vacuum state that they can achieve equally good results
at the ordinary pressure , and with less complicated appliances .
In the Skoglund process the gases and vapours from the stil l are made to

pass up a reaction tow er and then up a condenser instead of down . The
result of this is that the oxides of nitrogen are removed almost completely
from the condensed nitric acid . The plant is used in many explosives factories
in North America and in several French dynamite works .1

Processes for the continuous or semi - continuous manufacture of nitric
acid have also been tried .

2

In the retort a certain proportion of the nitric acid is always reduced Recovery Of

through vari ous causes to lower ox ides of nitrogen . Some of thi s is dissolved
mtmm umes

by the strong acid in the condensers and i s an obj ectionable impurity . In
order to prevent this solution taking place air is sometimes dr awn over the
acid whi lst i t i s still warm , and thi s carries away the greater part of the lower
oxides . Whether thi s i s done or not , there i s always some nitrous gas that
is not condensed in the coils , and thi s must be recovered not only because
it i s valuable

,
but also because it would cause a nui sance . After passing

through the condensing coils , therefore , the residual gases are made to pass
up a series of towers fi lled with Lunge -Rohrmann plates or Guttmann -Bohr
mann balls . A jet of air is also introduced partly to draw the gases along
better and partly to oxidi ze the nitrous gases . These consist principally
of nitric oxide and nitric peroxide , NO and N0 the former is rapidly con

verted by free oxygen into the latter , so that then there i s only NO2, which
when it comes in contact with water forms a mixture of ni tric and nitrous
acids

2N0 2+H 20 HN0 3 +HN0 2

But nitrous acid i s only sparingly soluble in water or weak nitric acid , and
consequently it is given off again as a mixture of ni tric oxide and peroxide

2HN0 2
2 NO +N0 2+H 20 .

In the presence of oxygen and water the cycle of changes then recommences .
Although the combination of the nitric oxide with oxygen i s rapid , the reaction
w i th water i s rather slow

,
and consequently a considerable amount of tower

space i s necessary for the almost complete absorption of the fumes .
Nitric acid of 90 to 95 per cent . strength can be stored either in large stone fififgfficfi

’

j
1 See A. F. Otto , S .S . , 1906, p . 325 ; E . W o lff , ib id ., p . 373 ; O. Guttmann , ib id .,

p . 376 also G . Limge , Su lphu r ic Acid a nd Alka li, 4th ed ., v o l. i., p . 178 .

2 See Lunge , loc. cit., p . 154.
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ware vessels or in iron tanks lined with chemical lead . The action of the
acid on the lead i s very slight , and such tanks last for years before they require
to be relined . For weaker acid

,
stone -ware and glass are practically the only

ma terials that are available . The maximum theoretical strength of acids
running from a tow er o f this kind is that o f the constant boi ling mixture of
nitric acid and water , which contains 68 per cent . of the former and has a
specific gravity of 1 -41 (42

° but generally i t i s considerably weaker than
this and ha s a specific gravity o f about 1 -38 , corresponding to 61 per cent .
HNO3 . If a series of tow ers i s installed , the weak acid from one should be
raised continuously and made to flow down the next in the opposite direction
to that of the gases .
The nitrate i s dried by being spread on iron plates on the top of a retort

,

w hilst a previous charge i s being worked . It i s passed in through the man
hole in the top of the retort , sulphuric acid i s run in , and the lid of the man
hole i s closed and luted down with clay or a mixture of asbestos powder and
water-glass . Theoretically , parts of s O4 are required to convert 1
part of NaN0 3 into NaHSO 4 in practice i t i s usual to add rather less

,
1 0 4

to 1 008 parts , so that the nitre cake contains about 20 per cent . of the neutral
sulphate Na zSO4 . To use too much acid would not only involve a waste of
this substance

,
but would make the bi sulphate too soft and acid , and therefore

diffi cult to handle . It i s alw ays well to add a li ttle weak nitric acid to the
charge o r some weaker sulphuric ac id , or waste acid from the manufacture of
nitro cotton . In this way not only i s some of the weak acid w orked up ,

but
the yield of good nitric acid i s increased . If the charge is practically free from
water , some of the nitric acid in the retort is converted into nitric anhydride ,
which breaks down very readily into nitric peroxide and oxygen , and produces
a dark acid . The charge having been introduced , the fire is li t and the retort
i s gradually heated . If working in vacuo under a pressur e of 7 inches of mer
cury , acid begins to come over at about 100

° C . if at atmospheric pressure
,

somewhat higher . As the distillation becomes more active , the heat must be
moderated to prevent priming . The firs t runnings are liable to contain a
considerable proportion of hydrochloric acid and other impurities as well as
much nitrous acid . Therefore , i f acid of good quality be required the fi rst
portion should be collected separately and not added to the main bulk , or a
current of air should be drawn over the still warm acid as mentioned above .

The last runnings are liable to be rather weak , so that if acid of the highest
strength be required they also should be collected separately .

To work o ff a charge of nitri c ac id takes about ten hours , but it is claimed
that in the latest Va lentiner plant it can be done in four and a half hours .
When the charge i s finished , and w hilst the contents of the retort are

still hot , the plug in the opening at the bottom is removed , and the residue
in the retort i s allow ed to run out through a removable gutter into a trolley
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tha t ammonia i s more ea sily produced than nitric oxide , as it i s formed w i th
evolu t ion of hea t , w herea s nitric oxide i s an endothermic compound

N 2 + 3H 2
= 2NH 3 + 24 Calo ries

N z + O ,
= 2NO — 43-2

And the oxidat ion of the ammonia is also an exothermic reaction
,
as the

conversion of the hy dr ogen into w ater supplies the necessa ry heat .
Processes fo r the direc t ox idation of nitrogen were those first w orked

out commercially . These require tempera tures of several thousand degrees ,
w hich ca n only b e obta ined by means of an electric arc . Air i s passed through
the arc and then rapidly cooled to prevent the nitri c oxide decomposing
again into oxygen and nitrogen . About 2 per cent . of nitric oxide is obta ined ,

and this is converted into dilute ni tric acid by pass ing it up towers down
w hich w a ter is flow ing . The variou s processes di ffer in the means taken
to pas s a sufficien t ly large volume of a ir thr ough the arc and then cool them .

In the Birkeland -Eyde furnace an alternating arc i s made to spread out. fan
wi se by means of electro -magnets . In the Pauling furnace the arc i sV- shaped ,

due to the use of long elec trodes inclined to one another at an angle . And
in the Schfinh err furnace a spiral flame is obtained by blowing air through
inclined holes in a. tube forming one of the elec trodes .
The consumption of energy in these processes i s about 60 kilowatt -hours

per kilogramme of nitrogen fixed . Consequently they can only be worked
at a profi t w here there i s a v ery la rge supply of cheap water power , and Norway
is the principal seat of the industry . The emerging a ir contains about 2
per cent . of ni t ric oxide , and thi s i s mostly converted into weak nitric acid
by passing it up tow ers dow n whi ch w ate r i s flow ing .

The 40 per cen t . nitric acid thus obtained could be concentrated by dist illa
t ion w i th sulphuric acid

,
but as ni tric acid i s difficult to transport it is usually

converted into calcium nitrate by neutraliz ing i t with limestone and mi lk
of lime and evaporating down . The product thus obta ined i s known as
Norw egian saltpetre and i s used as a fertili zer . Ammonium nitrate i s also
made by neutralizing wi th ammonia liquor . And sodium nitrite is obtained
in the las t sc rubbing tow ers by running sodium carbonate solu t ion dow n
them . I t is said tha t a t a Sw is s w orks controlled by the Elektrochemische

in Bi t te rfeld the ni tric oxide is allowed to oxidize to peroxide , which
is recovered in the form o f snow by s t rongly cooling the a ir .

1 This i s then to
b e allow ed to mel t and sent into Germany in tank wagons , and there made
into ni t ric acid by treatment with air and wate r . Nitric peroxide freezes
at. abou t 1O°

C . and boils a t about 26° C . it i s far less corrosive than ni tric acid .

The manufa c ture of calcium cyana mide w a s worked out by Frank and
Caro

,
and is now the basis of a. whole series of importa nt chemica l industries .

1 Bad erma nn , S . S 19 14, p. 327.
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It i s made from calciumcarbide , which is manufactured by heating lime
and anthracite coal together in an electri c furnace at about 3000° C . The
carbide i s powdered and placed in a retort which can be heated ex ternally
by means of a gas or electric furnace , and nitrogen is passed in . The nitrogen
is now generally obtained by liquefying air and fractionally distilling it .

CaC 2 N 2 CaN zC C
Calciumcarb ide Nitrogen Calcium cyanamide Graphite

The reaction starts at about 800
° C . and proceeds with the evolution of

heat . The temperature must not be allowed to rise above 1400° C . , or some
of the cyanamide will be reconverted into carbide . The cyanamide i s used
on a large scale directly as a manure , and also as a source of ammonium
sulphate which i s applied for the same purpose . I t i s also converted into
cyanides

,
guanidine , dicyandiamine and other compounds . For the con

version of cyanamide into ammonia it i s treated in a closed tank with steam
under pressur e in the presence of water and alkali . The reaction is exothermic
and proceeds for a time after the steam has been shut ofl . W hen the steam
has been applied three times the yield i s almost theoretical .1 The cyanamide
process i s apparently the one which the German Government is developing
most largely for the production of nitric acid for the manufacture of explosives .
The consumption of power i s considerably less than in the direct oxidation
methods : about 24 kilowatt -hours per kg . of fixed ni trogen as compared
with 60, and the raw materials required , coal , lime , nitrogen and steam are
all cheap . Consequently the process can be worked wherever power can
be produced at a

"moderate cost .
In this process bauxite , a natural crude alumina , i s converted into

alumin ium nitride by heating i t with coal in an atmosphere of nitrogen in
an electric furnace at 1700° to 1800° C .

A120 3 3C N 2 2AlN 3CO -243 Calories

Producer gas , a mix ture of nitrogen and carbon monoxide , i s used as the
source of nitrogen .

The nitride i s then treated with a solution of caustic soda , which converts
i t into ammonia and sodium aluminate

AlN 3NaOH NH 8 Na 3A10 3 .

Many of the impurities of the bauxite are eliminated during these operations
and consequently the aluminate can be used for the manufacture of aluminium .

The power required i s only about 12 kilowatt-hours per kg . of fi x ed nitrogen ,
but bauxite being a comparatively ex pensive material the process can only
be used in combination with aluminium works .

1 See W . S. Landis , J . I nd. Eng. Chem., 19 16, p . 156.

Serpek
’
s

process.
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Professor Haber w orked out his method for the direct produc t ion of
ammonia from ni t rogen and hvdr ogen by a thorough study of the physical
chemi st ry of the rea c t ion . The process has been taken over and developed
commercially by the powerful Badische An ilin und Soda Fabrik . The mixtur e
of ga ses i s passed at high temperature and pressure over a solid contac t
substa nce , w hich promotes the reac t ion . Osmium and uranium are some
of the materials tha t have been used for thi s purpose , but apparent ly iron
i s more sa ti sfa ctory in some respect-s . The temperature is mainta ined at
500

°

to 700 C . and the pressur e at about 200 atmospheres . The gases are
circulat ed round a closed c ircui t with heat and cold regenerating appliances

,

firs t over the hea ted contact substa nce and then thr ough a cooler , where
the temperature is reduced to 60

° or 70
°

C . , which causes the ammonia
to separa te as a liquid . In ea ch circuit about 6per cent . of ammonia is formed
a nd li quefied . Thi s process i s said to requi re power only to the ex tent of
2 kilow att -hours per kg . of fixed ni trogen , but very great diffi culties had
to be overcome before plant could be made to work satisfactori ly at the
enormous pressure required . The low cost for power i s also compensated
to some extent b y the comparat ively high cos t of hydr ogen . It i s obta ined
ei ther b v the elec t rolys i s of wate r or from producer gas by li quefy ing out
the carbon monoxide and purifying it . Haber ’ s process i s apparently being
developed b y the German Government in addition to the cyanamide process .
If ammonia

,
toge ther wi th oxygen or air , be passed over a suita ble contact

subs ta nce i t i s converted into oxides of ni trogen , from which nitric acid can
be ob ta ined . Thi s has long been kn ow n , bu t about 1900 Professor Ostwald
commenced to in vestigate the most favourable condi t ions for the reaction .

He found that plat inum was a suita ble cata lyzer , but it should not be in too
fine a condi tion

,
and the gases should be passed over it very rapidly , otherwi se

the oxides of ni t rogen formed are further decomposed into ni t rogen and
oxygen . So long as the ammonia w a s practically only a b y -product in the
destruc t ive dist illat ion of coal , the amount available w a s too small , and the
other demands for i t to o great , to make this process very successful or
remunerat ive . But wi th the introduction of synthetic ammonia , made by
the cy anamide and Haber

’

s proce sses , the condi t ions w ere altered entirelv .

The ammonia mixed wi th 10 volumes o f air i s passed through a plug
of plat inum sponge 2 cm . thi ck at a temperature of 300° C . at such a velocity
tha t i t remains in conta c t w i th the pla t inum only 0 002 seconds . Abou t
85 per cen t . of the ammonia is oxidized , not to ni tric acid ,

w hich cannot
exis t a t thi s temperature

,
bu t to nitric ox ide , w hich promp t ly combines

wi th further oxy gen to form ni tric perox ide . The gases pass up a tower
w here they meet ni t ri c acid : here the w ater fo rmed in the reaction

2x 11 , zx o 3H ,o + 1068 Calories
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The figure in the second column i s to be subtracted from the
-

specifi c
gravity

be fore ascertaining the s trength of the ni tric a cid by mea ns of the specific
gravi ty Table . The amount of low er
oxide is , how ever , ofte n calcula ted as
nitrous a cid . The figures in the firs t
column of the a bove Table mus t be
mul t iplied by -519 to give the cor
responding amoun t s of ni trous acid
in accordance w ith the equation :

N 20 4 E QO HNO 2 HNO a .

The freezing-points of mix tur e s
of ni t ric acid and w a te r a re shown
in Fig . 22

,
w hich i s based on the

de terminations of Kus te r and Kre
mann .

1 I t w ill be seen tha t a ll mix
tures solidify a t temperatures con
siderably below the freezing -point

o w 20 3 0 70 so 90 faofi ol
'i

HMO,
FIG . 22. Free zing -

po ints o f Nitric Acid .

SPEC I FIC Gna vr rrns o r NITRIC ACI D AT 1x VACI
'

O

1 Z. a norg . C 1904, p .
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of water . In the first portion of the curve ice separates out , in the second
crystals of HNO 3H 20 , in the third HN0 3 ,H 20 , and in the last solid
nitric acid.

Pure nitric acid boils at about 86° C . under atmospheric pressure
,
and

at 215 ° under a pressure of 24 mm . W hen water i s added to the acid
the boiling-point increases until i t reaches a maximum at about 68 per cent .
HNOa, and then falls again . If acid either stronger or weaker than this
be evaporated or fractionally di stilled , the composition tends to approach
this percentage

,
and when it is reached the mixture di stils unchanged . The

composition of the constant boiling mix ture depends upon the pressure ,
however ; in va cuo a mixture containing 663 molecular per cent . HNO 3

boils at giving a di stillate of the same composition ; under 735 mm .

pressure the constant boiling mixture contains 680 per cent . and boils at
120 under 1220 mm . the composition i s 686 per cent .1

Saposhnikoff has made a few determinations of the vapour pressures of
nitri c acid at 15° C .

2

Va p . p re s . 15
°
C . Per cent . N in

vapour

Boiling poi

With reference to the third column of the above Table i t is to be borne in Vapour

mind that HNO3 contains 222 per cent . N . It i s therefore evident that ”mm “

the vapours from the nitric acid contain nitric peroxide or nitric anhydride
,

which have 30 6 and 25 9 per cent . N respectively .

1 Roscoe , L ieb .An ., 1860, pp . 1 16, 203. See a lso H . J.M. Creighton a nd J.H . G ithens
J Franklin I nst , 19 15, p . 161.

Z. p lays , C.,
1905, pp . 53, 225.
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CHAPTER IX

MIXED AND WASTE ACIDS. MANIPULATION

Mix ed a cid Mix ing the a cids Propert ies o f mix ed a cids Specifi c Gra vities
Vapo ur pressur es : acid : Gun -co tton w aste acid : Nitro -

gly cerine
w a st e acid : Nitro -compo und wa ste acid : D enitra tion plant : Manipula tion

o f acids : Ma teria ls : Raising acid Oleum

NITRATION w he ther of glycerine or co t ton or an aroma t ic compound , such
as toluene , is always carried out w ith a mix ture of sulphur i c and ni tric
acids

,
and not wi th ni t ric acid alone

,
for even the strongest ni t ric acid does

no t act well by i t se lf . One of the main func ti ons of the sulphuric acid is
to combine w ith the water tha t is formed during the reaction and prevent i t
dilu t ing the ni t ric acid , bu t i t appears probable that i t als o takes an active part
in the rea ct ion , and that to some extent-a t any rate it combines fir s t w ith the
subs ta nce to be ni trated to form a sulphuric ester or sulphoni c ac id , and that it
is thi s w hich is after wards ac t ed upon by the ni t ric acid . In the presence of
sulphuric a cid the ni t ra t ion i s no t only more complete but als o more rapid.
The two acids are mixed toge ther in ir on tanks . For work on a modera tely

large scale old s team -boilers can be u sed for thi s purpose
, the fire tubes being

removed and the openings closed by rivet ing on pla tes . For work on a large
scale i t i s be t ter to have special ta nks buil t , large enough to hold several
days ’ supply of mixed acid . The be s t form is a cylinder w i th its axis vert i cal ,
the heigh t b eing somew ha t less than the diameter . Passing through the
cover there should b e a shaf t. to which arms a re at ta ched , so that by rota t ing
the shaft the content s of the ta nk can b e s t irre d . “h en the mixing is carried
ou t in small boilers the agitat ion of the li quid usually has to be effec te d by
blow ing a ir through i t , which cause s a sligh t lo ss of nitric a cid .

“ 7hen ni tric acid is added in small quant i t ies to sulphuric acid , the specific
gravi ty a t firs t ri se s sharply in spite of the fa c t tha t nitric a cid has a lower
density than sulphuric . The specific gravity at tain s a maximum and then
fall s again , as is shown in Fig . 23 and in the Table 1 on p . 21 . Sapo shnikofi

'
2

1 Marsha ll, J . Soc . Chem. I nd . , 1902, p . 150 8 .

2 Ze its ch . Physi lca l. Chem. , 1904, pp . 49 , 697 ; 1905, pp . 53, 225.
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has obtained similar resul ts . The following are
.

two maximum specific gravities
observed by him with mixtures containing different amounts of water

Sp . gr . l '

88 10

Sulphur ic acid 89 -32 per cent . 89 -94 per cent .
Nitric acid 10-13 6-57

-28 3-49

Ox ide o f nitrogen .
'27

The second of the above i s almost identical both in composition and density
with the maximum observed by Marshall . From the results of his measure
ments of the vapour pressures Saposhnikoff came to the conclusion that
there is li ttle or no combination of the two acids to form complex molecules ,
and he ascribed these high specific gravities to the formation of nitric
anhydride , N 20 5 . But as thi s substance has a specific gravity of only 164

,

the ex p lanation does not appear sufficient . It seems possible that the high
densities are due to some reversible reaction taking place between the
sulphur ic and nitric acids .
Sapo shnikofl

’

s determinations of the vapour pressur es of mixed acids are Vapour
shown in the curves in Fig . 24, in which mm . of pressur e are plotted against pr°ssm°s°

the molecular percentage of sulphur i c acid in the mixtur es . The sudden fall
at the left end of curve I i s due to the fact that the nitric acid used contained
about 0 -9 per cent . of nitric oxide , whi ch is. very volatile as compared with
ni tric acid . When a little sulphur i c acid was added it combined w ith thi s
to form nitro sulphuri c acid

,
whi ch is not volatile . Through the greater part

of its course thi s curve i s practically straight : i f the acids had been quite
anhydrous and free from impurities it would probably have been straighter .
W ith acids containing water the addition of sulphuric acid increases the
vapour pressure , because it combines with the water and decomposes the
compound of nitric acid and water . The pressur e i s at a maximum when
there i s nearly a molecule of sulphuric acid for each one of water : then it
falls again . These vapour -pressur e curves are also given in another form
in Fig . 28 , whi ch shows the connexion between the vapour pressure and the
degree of nitration of cotton . That there should be such a connexion might
have been anticipated , as the activi ty of a substance in solution generally
increases when the vapour tension increases , but mixtures with equal vapour
pressures do not by any means always produce nitre - cottons with equal
amounts of nitrogen

,
as a careful examination of the diagram wi ll show .

WASTE ACID

The waste acid from the manufacture of nitro cotton i s usually rev iv ifi ed Gun-cotton
by the addition of strong sulphuric and ni tric acid , and used again ,

but if “ Ste ac‘a‘

the whole quantity were strengthened up in this way each time the quantity
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w ould steadily increase . It is therefore necessa ry to di scard some of the
waste acid . The quanti ty of was te acid produced in the di spla cement process
for the manufacture of gun -cot to n is more than in the older methods . fo r the
recovery of the waste acid i s much mo re complete and some of i t becomes
diluted with the wate r used fo r the displacemen t . IVhen ni trated by the
Abel process or in centrifugals a considerable amoun t of acid remain s in the
gun -cotto n after the bulk ha s been removed in the centrifugals . If oleum
of 60 to 70 per cent . be used to ge ther with ni t ric acid of about 93 per cen t .
strength

,
the fresh acid does no t bring the vo lume of acid much above its

original bulk , for it does not. much exceed w hat is lost in the manner j ust
mentioned

,
together wi th the ni tric acid actually consumed in the nitrat ion .

In small factories
,
w hi ch do not possess the plant for working up the waste

acids again , thi s i s a great advantage because only a very inadequate price
can be obtain ed for the waste acid if i t has to be sold . Where the ni tric
acid can be recovered on the spot i t i s more u sual to u se oleum of 20 to 25

per cen t . str ength .

These rev iv ified acids
-
fl

a re little , if at. all , less efficient than new acid , at
any rate for the manufactur e of the mo re insoluble variet ies of ni tro-cellulose .

The organic impurities formed in the ni t ration process apparen tly either pass
away in the nitrate d product and so eventually into the waters used for the
purifica tion

,
or else are oxidized complete ly away by the acid if they have

passed into solut ion . The quantity of o rganic impurity in the acids remain s
small therefore ; but Will found nitro- sugars in the acids .
The portion of the w aste acid that i s not rev ivified can generally b e u t ilized

to some extent for the manufacture of ni tric acid . The remainder. if any ,

mus t be reconverted into the separate acids , nitric and sulphur ic . The
greate r part of the nitric acid can be di stilled off in a. retort , and i s thus
obtained as concentrate d acid again . Some w eak ni tric acid can be added
to the charge in the retort at the same t ime , and so be w orked up again . I t

i s not prac ticable to di stil off the last traces of ni tric acid in thi s w ay , and
consequen tly it i s necessary to pass the residual sulphuri c acid down the
denitra t ing tower before reconcentrating i t in a Kessler plant . In many
works 110 attempt is made , however , to recover any of the ni tric acid in con
centra ted form . and all the w aste acid to be treated is passed a t once down
the denitrating tower .
The waste acid from the manufac ture of nitro-glycerine alw ay s conta ins

some of thi s substa nce , or mono or di -ni t ro -glycerine in solution . When
the waste acid is heated this decomposes wi th the production of considerable
quantities of the lower oxides of ni trogen . For this reason i t i s difficul t.
to obtain strong ni tric acid of good quality dir ec t ly from it . It cannot b e
rev ivified either , because the organic mat te r in solut ion would be liable to
decompose when the acid was heated by the addi tion of strong sulphur i c
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Evers plant (Fig . 25) a ir -cooled earthenware pipes are used , the sur face being
increased by subdividing the pipes at intervals into a large number of small
pipes . The b e st method of cooling i s , how ever , t o take the gas es through
pipe s immersed in a trough of wate r so arranged that the condensate can
flow away int o receivers . Before cooling the gases they should be mixed
w i th a ir , if it has not already been inj ected in suffi cien t quan ti ty . Thi s
oxidizes any nitric oxide to peroxide , and if wate r be present it converts
part of it into nitric acid .

From the condenser the gases pass to absorpt ion towers , where they meet
a stream of w ate r and the remaining ni t ric oxide i s converted into nitric acid .

It is essential that an excess of oxygen be present in the gas to effect the
conversion in accordance wi th the equat ion stNO 2 0 2 2H ,O 4HNO3 .

Whether the condensation is complete can be seen by the appearance of the
gas escaping from the la s t tow er it should not be red nor give much fume
w i th the air . \Vhether there i s an excess of oxygen in the gases can be
ascertained by analysi s : a sample of the gas i s first shaken wi th di stil led
w ater until there i s no further absorption

,
then wi th caustic alkali to absorb

any carbon diox ide , and finally with alkaline pyrogallol w hen there should
be a di st inct further diminution of volume .

The absorption towers are of stone-ware and should be filled wi th some
a c id- res isting material so as thoroughly to di s tribute both the ascending gas
and the descending liquid , and bring them repeatedly into intimate conta ct
wi th one another and cause them to mix . The Lunge plates do all thi s very
efficient ly if they are in perfect. w orking order , bu t if the plates are not quite
true , or if they get slightly out of the level , the liquid all runs down one side
of the tower and the gas ascends on the other , and very li t t le absorp t ion t akes
place . If one lays one ’ s hand on a Lunge tow er tha t i s working , one wi ll
often find that at one part of the cir cumference the shell i s quite hot whilst
the rest i s cold , showing that action i s only taking place in a porti on of the
tow er . Guttmann

’

s hollow stone-ware balls give a very good result and
have the merit that no special care is required in filling them into the tower .
There are many other forms of stone-ware filling for towers procurable . In
order to effect complete absorp t ion of the oxides of ni trogen two or thr ee
tow ers are necessary . A slow stream of w ate r i s run into the last one and
distributed uniformly over the cross-sect ion of the tow er . A weak nitri c
acid runs out at the bottom of the tow er and is rai sed from there by means
of a continuously acting appliance to the top of thenex t one . As weak
ni tric acid attacks a ll the common metals , glass and stone-w are are the only
materials that can be used for the construction of the pipes and vessels . For
raising the liquid to the tops of the tow ers small Kestner automatic eggs
made of s tone-w are can be used , but as the quant ity i s very small it i s b etter
to use a small appliance

,
which causes the acid to

“

ra i se itself and works on
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the w ell -know n pri nciple o f making the ascending column of liquid lighte r
than a descending one by mi xing i t wi th air .1 From the base of a tow er a
glass tube descends a distance equal to about half the height of the tower .
It then turns through and a small dista nce beyond the bend compressed
air is inj ec te d in through a number of small holes . When once the rate of
admission of the air has been adj usted the appliance works continuously and
requir es very li t tle attent ion . The mixtur e of acid and air should be delivered
into the t op of the tow er below the cover , so that the air cannot carry aw ay
part of the acid fumes . This a ir also serves a useful purpose , in that it renew s
the supply of oxygen , w hich has been partially ex hausted by the oxidation
of the ni trous ga ses . The greate r part of the absorption of the gases takes
place in the middle tow er or tow ers : in the first tow er the acid is

s trengthened
‘

tip slightly t o near the limit theoretically possible , namely ,

68 per cent . HNO , In the last tower the last traces of fume are absorbed .

The acid from the condenser generally has a specific gravi ty of 1 -41 t o
1 -42 and contains 67 to 69 per cent . HNO 3 that from the tow ers i s somewhat
w ea ker .

MANIPULATION OF ACID

So far as po ssible acids of a ll sort s should be conveyed about the w orks
in pi pes a nd not in tanks . carboys or bott les . In a factory which makes
i t s own acids and reconcent ra tes them there i s no reason why these vessels
should ever be used at a ll except in case of emergency . t erev er it i s feasible
the acids should run from one place to another by gravity , but of course
this is only po ssible to a limited extent , and when the acid has come down
to the ground level i t i s necessary t o raise i t again .

For strong sulphuric , mi x ed and w aste acids
,
tanks

,
pipes and other

appliances of either iron or lead can be used and last for a very long time .

Iron is cheaper in fi rst cost , bu t lead can be sold for a good price after it has
b een used ; iron has the further advantage that i t can be fitted up by any
skilled w orkman , whereas lead can only be j oined by a lead burner . Special
sort s of iron are made , such as tantiron , duriron and corro siron ,

w hich resist
acids particularly w ell , so that they can even be used for concentrating
sulphuri c acid and condensing nitric acid . These metals are very rich in
silicon and are consequent ly more brittle than ordinary cast iron . Ordinary
2- inch w rought- iron ste am piping fulfil s most of the purposes of an acid factory .

Storage ta nks can also be made of iron or steel boiler p lates . Strong nitric
acid has lit t le action upon iron ,

but the dilute acid di ss olves it rapidly . The

vapour that ri ses from the surface of the acid i s much more di lute than the

1 See P . 6! S v o l. v ii., 1894, p . 9 1.
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acid i t self , and where this condenses it is liable to attack ir on strongly .

Consequently it i s bette r to use vessels and pipes of lead for this acid .

Stone-ware is also used very largely with
ni tric acid . Fused silica w are

,
such as

v itreosil, i s how ever better , especially w here
hot acids are dealt wi th , as its coefficient of
expansion is very small and consequently
there i s very little tendency to crack . For
use at high tempera tiu

'

es a proportion of
zirconium or titanium oxide is added to
prevent devitrifi ca tion of the silica . Con
densers for nitric acid , basins of cascade
plants for the concentration of sulphuric
acid

,
caps for Kessler plants and many

other articles are made of this material .
Aluminium is also sometimes used as a
material of construction for acid plant

,
but

in most cases possesses
no advantage over iron
o r lead .

Where acid is running
in a continuous stream
one of the best appliances
to use for raising it i s an
automatic egg such as
that of Kestner

,
the con

struction of w hich is
shown in Fig . 26. The
liquid in the feed-tank , A,

runs by gravity into the
body , B ,

of the elevator
or egg . As soon as the
body i s full the liquid
raises the float , Y,

w hich
by means of the rod , C ,

closes the air ex haust
valve and opens another
valve which admits com
pressed a ir , The pressure FIG . 27. Kestner Automatic Elevato r fo r Nitric Acid .

closes the valve
, M,

and
fo rces the liquid up the pipe

, T, into a high-level tank . The air after
delivering the li quid exhausts through the same pipe causing the pressure
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to fall and the valves to resume their former positions the cycle of opera
tions then repeats itself automatically in the same manner . These eggs
can be obtained made of iron , w ith or without a lead lining , or of earthen
ware . Fig . 27 shows one type of the appliance specially devised for ni tric
acid . It can be fitted with a meter , which automatically registers the
quantity of liquid that has been raised . A type of elevator i s also made
with a

' double body so connected up as to give a continuous stream of
acid . Acid can also be raised by means of a centrifugal pump driven either
electrically or by a belt .
Where the acid has to be raised onlv occasionally , a non-automatic egg

can be used . This i s simply a strong vessel made of one of the materials
j ust mentioned and fitted with three pipes

,
one for the admission of the liquid,

one for delivery, and one for air . The inlet and the air pipes are provided
with valves which are Operated by the attendant .
When acids have to be transferred from bottles

,
carboys or dr ums to a

storage or mixing tank , they can be tipped in through a funnel placed higher
than the top of the tank and connected with it by a pipe . In the case of
oleum containing 60 to 70 per cent . anhydr ide there i s some difficulty in
consequence of the great volumes of most obj ectionable fumes that it gives
off, especially as the acid has to be warmed to keep it liquid . The production
of fumes can be almost entirely avoided by the following device The dr um
of acid is raised to a platform above the level of the tank to which it is to be
transferred

,
and a pipe is inserted through the bung—hole

,
the other end of

the pipe going to the bottom of the tank . A vacuum is then produced in
the tank by means of a steam- j et working through an ej ector : as soon as
there i s sufficient vacuum the oleum starts to flow over

,
and will then siphon

over by itself without any further assistance from the ej ector . These ej ectors
can be obtained made of special acid- resisting alloys

,
but those made of ordinary

iron withstand the mixture of steam and acid fumes quite well .
Oleum is kept and transported in wr ought- iron drums cast -i ron i s liable

to burst in consequence of the oxidi zing action of the acid on the carbon .

Metals are attacked by 60 per cent . oleum considerably less than by 20 per
cent . oleum .

Oleum.
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CHAPTER X

THEORY OF NITRATION OF CELLULOSE

Stages o f nitration o f cellulose Highest attainab le nitration So lub ility
So lub le nitro -cellulose Quantity of acid Consump tion o f acid Effect o f

nitrous acid Temperatur e and time of nitration Natur e o f the co tton
Nitro -co ttons o f low nitration Pyro x y lin Collodion

CELLULOSE being a non-volatile colloid
,
all the ordinary methods of determin Stages of

ing its molecular weight are inapplicable
,
and it i s only possible to deduce it “331222

“

from a study of the compounds that it forms . At first the simplest possible
formul a was assumed for cellulose , C H 100 5, and gun- cotton of high nitrogen
percentage and low solubili ty in ether-alcohol was supposed to be formed
by the substitution of thr ee N0 2 groups for hydrogen atoms, C GH70 5(N0 2) 3,
and was consequently called trinitro- cellulose . The less nitrated product
soluble in ether-alcohol was similarly supposed to be the dini tro- cellulose
0 6H80 5(N0 2) 2. Later workers obtaining ev idence of intermediate stages
of ni tration proposed to increase the formula of cellulose : Eder 1 doubled
it

,
Vieille 2 quadrupled it

,
and Mendeléeff 3 octupled it , giving 48 atoms of

carbon to each molecule
,
and hydr ogen and oxygen in proportion . A nitro

cellulose having the composition oi the above-mentioned trinitro- compound
would contain 14 14 per cent . nitrogen . Quite as much as this has never Highest
been found by the analysis of any product that has ever been obtained , but attainab le
various investigators by nitrating with mi xtures of nitric acid and phosphorus

mtratwn‘

pentoxide , or with concentrated sulphur ic and nitric acids and ex tracting
the product with ether-alcohol have obtained percentages between and

Lunge and Bebie 5 found that w ith mixtur es of sulphuric and nitric
acids the highest percentage of nitrogen was attained

,
not with anhydrous

acids , but with mixed acids containing 1 1 or 12 per cent . of water : with a
mixture in which the proportions H gSO4 HNO 3 H zO were 633 5 250 31

1 13 4 they produced a nitro- cotton containing 139 2 per cent . N, but this

1 B er ., 13, p . 169 .
2 P . et S ., p . 2 ; C .R., 95, p . 132.

3 ll/I om
’

teu r scientifique, 1897, p . 510 .

4 See Eder, Vieille , loc. cit Ho itsema , Ang., 1898 , p . 173 ; Lunge and “ f
eintra ub ,

Ang., 1899 , p . 144.
5 Ang ., 1901 , p . 514.
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was not sta ble .

‘ After keeping i n the we t sta te i t w a s re -analyzed and found
to conta in then only 135 per cent . N ,

and other nitro- cottons ni trated almost
as highly w ere found to decompose rapidly un t il the samecomposition was
reached, even though the mate rial wa s kep t under w ate r . This corresponds
very closely with the formula 0 2411 390 endeka -nitro-cellulose .
Hence the authors conclude tha t the molecule with 24 atoms of carbon fits
the fac ts suffi ciently well . bu t point out that this is only the lower limit of
the poss ible si ze of the cellulose molecule , as to the real magnitude of which
there i s li t t le or no evidence .

Hake and Bell . by nitrating fi lter-paper wi th a mix ture of concentrated
sulphuric and nitri c acids i n the proportion 3 : 1 for several days , obtained
a percentage of ni trogen as high as 139 6, bu t their product w a s washed only
wi th co ld wate r , whereas Lunge and Bebie washed theirs for several days
wi th hot. w ate r .2

lVith the possible exception of thi s endeka -ni tro- cellulose no definite
s tages of

fi

nitra tion can be recogni zed nitro-celluloses wi th every percentage
of ni trogen from 7 to 135 and more can be produced , and those of the same
degree of ni tration may be soluble to very different extents in ether-alcohol .
To charac te rize a nitro- cotton it i s better to Specify the percentage of nitrogen
and the solubility rather than to state the number of NO 2 groups that i t
i s supposed to contain in each molecule . The followi ng Table shows the
percentages of ni trogen and the volumes of gas evolved in the nitromete r
by the different intro -cellul oses of the C 24 series . The figures have been
calcula ted using the latest atomi c weights .

Fo rmu la C .c . NO pe r 1 g . Pe r cent . N

Dodeka -nitro -ce llulo se
Endeka -nitro -cellulo se
Dekamitro -cellulo se
Ennea -nitro -cellulo se
Okto -nitro -ce llulo se
H epto

-nitro -cellulo se
He x a -nit-ro -cellulo se
Penta ~ nitro ~ cellulose

Tetra -nitro c e llulo se

Nitro - cellulose conta ining up to 12 7 per cent . N can be obtained by
1 I t is o f interes t to no te that the velo city o f nitration o f aromatic compo unds dis

so lved in sulphur ic acid is a t a max imum when the mo lecular propo rtion o f sulphuric
acid to water is 1 0 7 o r a b out 1 1 -4 per cent . H QO b y w eight . (Mart in sen. Z . phys ik.

C 1904, 50 , p .

2 See J . Soc . Chem. I nd 1909 , p . 457.
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ni tro -cot to ns .
Their results a re shown in Fig . 29 together wi th Sapo shniko fi

’

s

nitrat ion curves ins ide the inner U- shaped dott ed curve is the regi on of the

H
2
0 ,H, SO,

FIG . 28 . D egree o f Nitration o f Nitro -co t ton a s a Func tion o f the Mo lecula r
Compo sition o f Mi x ed Acid a nd the Vapour Tension o f the Nitric Acid

collodion cotto ns complete ly or almost completely soluble in ether-alcohol .
The nitro- cotto ns betw een the tw o curves have an intermedia te degree of
solubility

,
10 to 90 per cent . those out side the outer one a re almost insoluble .
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It will be seen that the molecular percentage of water in the mixed acid i s
the principal factor in determining the solubility . This diagram be of

H -O-H - SO. _



Solub le nitro
cellulose.

EXPLOSIVES

carried out under very differen t condit ions from tho se that prevail in the
works .
The co t ton used for these e x periments w a s generally cotton-wool

,
which

is di fferen t in many respec ts to the co t t on w aste mostly used on the large
scale : i t is of much more open te x ture , each fibre being separa ted from the
o thers , so tha t the acid can soak in very readily

,
thus facilita t ing the nitra t ion .

Bu t a s a resul t the ma terial is very bulky ,
and for this reason inconvenient

to use on a manufacturing scale
,
as it requires a very large proportion of mixed

acid . Cot ton-w ool ha s o ften been subj ec ted to a very drastic bleaching and
scouri ng process

,
whereb y the properties of the cellulose and of the resulting

ni t ro -cellulo se are inj uriously affected .

1

Wi th acids containing a very large proportion of w ater or sulphuric acid
nitra t ion proceeds very slow ly and i s never complete . By raising the
temperature of nitration this can be overcome t o some extent , bu t then other
reac t ions also take place : ox y cellulose and nitro-oxycellul ose are formed ,

and a considerable propor t ion of the cellulose i s broken dow n altogether and
passes into solution . Thus Lunge and Bebie obtained the resul t s show n
below wi th an acid of the composition :

Time o f n itra tio n Tempe ra tu re Pe r ce n t . N So lu b

g
l

fgg
r

fipl
e the r

Y ie ld pe r cen t .

4 Hours

1 Hour

The nitration w a s prac t ically complete in four hours at the ordinary
tempera ture there w a s only a slight increase in the nitration , solubility and

yield
, w hen the t ime w a s extended t o twenty- four hours . Increase of the

temperature to 40° diminished the y ield somewhat , showi ng that the cellulose
molecule i tself w a s being at tacked . At 60° in four hours this action w a s

so s trong that the fibres were entirely destroyed and the nitro-cellulose could

I See Kilmer
, J . Soc. Chem. I nd ., 1904. p . 967.
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Consumption
of acid.

EXPLOSIVES

the experiments on which Figs . 28 and 29 were based the proportions were
generally 50 or 100 l

,
and the consequent alteration in positi on on the

diagrams w ould only correspond to 05 to 1 -5 molecular per cent . As a
mo lecule of w ater i s formed for every molecule of nitric acid used up

,
the

molecular percentage of the sulphur ic acid remains unaltered
,
and the point

representing the molecular composition descends at an angle of 60° parallel
to the lines marking the percentage of sulphuric acid .

To produce a nitro-cellulo se with 12-96 per cent . N
,
exactly one part by

w eight of nitric acid i s used up for each part of cellulose , and 1 -71 parts of the
nitro - cellulose should theoretically be obtained . In practice the yield i s as
a rule very nearly equal to the theoretical . More generally the connexion
between percentage of nitrogen and consumption of acid i s given by the
equations

w here x i s the nitric acid used up in the nitration of one part of cellulose , and

y the percentage of nitrogen in the nitro - cellul ose formed, and z i s the maximum
theoretical yield from 100 parts of cotton . These equations apply equally
w ell to all nitration processes , whether of hydrocarbons such as toluene , or
alcohols such as glyce
Lunge w ith his co -workers , Weintraub and Bebie , investigate d the effect

of using ni tric acid containing a considerable proportion of nitrous acid .

They found that nitri c acid containing as much as 6 per cent . HNO2 gave
as good yields , as high nitrogens and as low solubilities as acid free from thi s
impurity . Even when the proportion of nitrous acid was higher than thi s

,

the effect was only slight . Lunge and Bebie also examined the stabili ty of
the products by determining the explosion point s and the Abel heat te sts .
They came to the conclusion that the nitro - cotton made with acids containing
nitrous acid i s as stable as that made with acids free from it , but their results
hardly bear thi s out . The tests were in all cases rather unsatisfactory , showing
that the products had not been stabili zed sufficiently : the Abel te sts were
no w orse for the nitrous products than for the others , but with the explosion
test the former gave slightly worse results in every instance . The true stability
o f a ni tro - cellulose i s very difficult to determine with certainty , unless it i s
very had indeed it can only be ascertained by storage trials under various
condi tions extending over months or years . The evidence , such as it i s ,
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indi cates that nitrous acid has a slightly bad effect on the stability . If the
products had been thoroughly stabili zed perhaps the evil effect would have
been eliminated .

Lunge and W eintraub studied the influence of temperature and time of
nitration of cotton wool with a mixture of concentrated sulphuric and nitric
acids in the proportion 3 l

,
and found that w ith a rise of temperature the

velocity of the action increases considerably .

1

Per cen t. lo ss
Tempe ra tu re Per cen t . N Yield pe r cen t .

o f ce llulo se

It will be seen that at high temperatur es the nitration proceeds rapidly
to a maximum and then the yield falls again the cellulose i s first converted
quantitatively into nitro -cellulose , and if the acti on of the acids be prolonged
the product di ssolves partly , and the yield is consequently diminished . The
part which i s not di ssolved i s also attacked , with the consequence that the
percentage of nitrogen i s reduced . In the case of acids containing a
considerable proportion of water, this is demonstrated by the Table on p .

120 , and is confirmed by the following figur es , whi ch were obtained by nitrating
with concentrated acids at 32°

Time o f n itra tion
5 Minutes
15

30

60

1 See a lso Lun ge , J . Amer . Chem. Soc., 1901, 23, p. 527.
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Further Tables show the influence of t ime wi th mixtur es of concentrated
ni t ric and sulphuric ac ids in differen t proportions

These resul t s indica te tha t w hen the proportion of sulphuric acid is increa s ed
the veloc i ty of act ion is dimin is hed . This appli es not only to the nitra t ion
proce s s i t self , bu t also to the subs idia ry ac t ions . They show that i t i s not
only cheaper bu t also bet ter to ni t ra te wi th a mixture con taining a cons idera ble
proportion of sulphuri c a cid , provided that the a cid ca n be a llow ed to act on
the cot ton for some hours , but that if it be des ired to ob ta in a high degree of

1 254 unnitra ted ce llulo se .

2 The unnitra ted ce llulo se w a s dete rmined b y tr ea t ing the product wi th sodium

ethy la te so lution . The autho rs u se the te rm una ltered ce llulo se , b ut the w o rd um

nitra ted is prefera b le . b eca use the ce llulo se is no t unalte red , although it ha s no t b een
ni tra ted to an a pprecia b le e xi ent .
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Pyroxy lin.

EXPLOSIVES

the di fference in the percentage of ash w i ll account for a large proportion o f

what difference there i s . The cotton w ool contained only 00 5 per cent . ash
,

the other cottons about 05 per cent . The nitro - cottons were all completely
soluble in ether -alcohol . The vi scosi ty of the solutions was not determined
in thi s respect there w ould no doubt have been differences .
The above w ere all normal celluloses of good quality it i s when abnormal

celluloses are nitrate d that differences are found in the yields and nitrogen
percenta ges .
Lunge and Bebie (loo . oil . ) by ni trating with acid of the composition

HNO , 37
-17 per cent . , H ZSO4 34

-41 per cent . , H 20 28 42 per cent . by weight
obta ined a ni tro - cotton containing only 6-50 per cent . N

,
but the large amoun t

of basic dye - stuff tha t i t absorbed indicated that it was to a large extent:

nitro -oxycellulose . lVith nitric acid alone of specific gravity 1 -4 (34 8 mol . per
cent . HNOS) a product was obtained , of which 62 9 per cent . w a s unnitra ted

fibre as dete rmined by treatment with sodium ethylate : allowing for thi s
the nitrated portion contained 4 00 per cent . N . It contained li ttle or no
oxycellulose or nitro - oxycellulose . W hen 5 per cent . of sulphuri c acid was
added to the nitri c , a product was again obtained w hich contained a large
proportion of oxycellulose or nitro - oxycellulose there w a s about 58 per cent .
unnitra ted fibre , and the nitrated portion contained 5 12 per cent . N . Crane
and Joyce 1 have nitrated cotton with acids containing little nitri c acid and
much sulphuric and water . With an acid of the composition :

By w e igh t

they obtained a product containing 35 1 per cent . N . I t w a s insoluble in
acetone , ether-alcohol , and all the other usual solvents for nitro -cellulose ,
but soluble in strong acids

,
caustic alkali s

,
and phenol . Ultimate analysi s

gave results agreeing with the formula , C uH 380 20 ,NO2 2H 20 . It contained
0 34 per cent . sulphur and must therefore have been unstable . The composition
indicate s that i t was a nitro -hydro - cellulose .

Soluble nitro -cellulose or pyroxylin i s used very largely outside the
explosives industry for the manufacture of varni shes , photographic films ,
artifi cial silk , celluloid ,

etc . For practically all these purposes ready solubili ty
i s essential , and high viscosity generally a di sadvantage . Therefore the
nitration i s usually carried out at a fair ly high temperature , but it should
not be too high , else the cohesion of the material i s inj uriously affected , and
this i s one of its most important properties . According to figures given by

1 J. Soc . Chem. Ind 19 10 , p . 540 .
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Worden
,

1 Hyatt prepares the material for high - class celluloid by nitrating
tissue paper with acid of the composition :

The nitration i s carried out at a temperature of 55° and lasts a half to one
hour ; there are 22 lb . of acid per lb . paper . The product contains 1 10
to 1 12 per cent . N and about 0 1 per cent . ash the yield i s 140 per cent .
For commoner qualities a smaller proportion of nitric acid i s used .

Collodion is much used to seal surgical wounds , for appli cation to cuts
and abrasions , and as a vehicle for the application of drugs to the
skin when prolonged local action is required . The pharmacopoeias of the
various countries contain directions for the preparation of the pyroxylin for
these

’

collodions , but satisfactory or uniform products are not likely to
be obtained by following them .

If the collodi on cotton be of a suitable quality and it be di ssolved in
ether-alcohol together w ith camphor and castor - oil , the solution on drying will
leave a film

,
which does not contract . In this way incandescent mantles are

coated with material which enables them to bear transit . If the fi lm were
to contract on drying the mantle would be crushed , and when the collodion
was burnt off the mantle would fall to pieces .

1 N itrocellulo se I ndustry , p . 1 13.

Collodion



CHAPTER XI

CELLULOSE

Na ture o f ce llulo se Lig no
-cellulo se Compound ce llulo ses Rea ctions o f

ce llulo se sulphur ic acid ni tric acid Mercerized co tto n Vis

co se Cellulo se b en zo a tes Acct-ates Schw eitzer 's reagent Hydr ate ce llu

lo se Ox y
-cellulo se Nitro -o x y ce llulo se , etc . Visco sity Overb lea ched

co t ton Nitrated mercerized co tto n Eff ect o f dilute alka li Co tto n u sed in

manufacture ce llulo se Action o f b a c teria Structur e o f co tton fi b re
D ead co t ton

COMPLETE know ledge of the nature o f the process of nitration and the stability
of ni tro -cellulose would require a thorough acquainta nce wi th the structur e
of the cellulose molecule , but in spite of numerous invest igations there i s still
much that i s unknown about the chemistry of this substance . There are
few substances w hich are more complex

,
or about which i t i s more difficul t

to arrive at a definite conclusion . Thi s i s partly due to the fact that cellulo se
compri ses who le series of allied substances , which are known by thi s name ,
and these are no t all di stinct from one ano ther , but are liable to modifications ,
w hich cause one variety to merge gradually into another . Cellulose may be
converted by reagent s into products , such as o x y -cellulose and hydr o - cellulose

,

which are very similar to the original subs tance in appearance and properties ,
a nd only differ from -it very slightly in elementary composition . They a re ,

however , somewhat more reactive , more liable to be attacked by chemical
reagents . But true cellulose obta ined from different sources also show s
considerable variat ions

,
although no difference can be detecte d in the

compo s ition . Even the best cotton con ta ins a proportion of materi al
,
which

can be removed from it by treatment w i th bleaching powder and alkali ,
but the separa tion can never be carried to completion

,
because the trea tment

also attacks the true cellulose although to a less exte nt . The chemical
behaviour of cellulose cannot be represented by a formula con ta ining 24

or any
- other number of carbon atoms in the ni t ration no defin i te sta ges or

well -characteri zed nitrate can be di stinguished on the contrary the nitration
appears to be a continuous process from 6 up to 13 -5 per cent . N . Cross

148
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Reactions of

W ith ml

Ligno—ce lluloses give a number of characteri s tic reac t ions . ‘ Salt s of
aniline colour the fibre a deep golden-yellow . Phloro -

glucinol, di ssolved in
hy dr ochloric ac id , gives a deep magenta coloration . Iodine is absorbed in
lar

g
e quan ti ty co louring the fibre a deep brown . The fibre readi ly combines

wi th chlo rine, as shown by the chara c teris t ic magenta coloration developed
on the subsequent. addi t ion of sodium sulphi te . Very characteristic is the
rea c tion wi th ferric ferricyanide obta ined by mixing equivalent proportions of
po ta ssium ferricyanide and ferric chloride the fibre is sta ined a deep blue
and takes up a considerable qua nti ty of pigment .
Ma t thew s 2 cla s sifies the compound cellulose-s as follows :

(a ) Pecto -ce lluloses , rela ted to the pectin compounds of vegetable ti ssues
re presented among the

—

fi b res by raw fla x resolved by hydrolysis into pectic

‘

r(b ) Ligno -ce lluloses, forming the main cons tituent of woody tissue and
repre sented among the fibres by j ute resolved by chlorination into cellulose
and chlorina ted deriva t ives of aroma t ic compounds soluble in alkalis .

(c) Adipo—ce lluloses , forming the epidermi s or cuti cular tissue of fibres ,
lea ves , etc . resolved by oxidation wi th ni tric acid into derivatives

—

similar
to those of the o xida t ion of fats and cellulose .

The fibres of cork and other barks b e long to the last c lass
,
but all such

ma te ria ls conta in also la rge propo rti ons of oils and waxes
,
ta nnins , ligno

cellulo se and ni trogenou s subs ta nces . Adipo-cellul ose (or cute -cellulose)
con tains a la rger percenta ge of ca rb on than pur e cellul ose ; pecto -cellulose

,

on the o ther ha nd, has a hig h proporti on of oxy gen.
Bes ides the ni tro-celluloses produce d by the a ction of mixtures of sulphuric

and ni t ric ac ids , ea ch of these a cids alone yields products . Co ncentrated
sulphuric ac ids chars ce llulo se and di ssolves i t , forming dextrin e and, finally ,
glucose a nd o ther produc t s of a comparatively simple nature . If the a cid
b e dilu ted fir st wi th a third of i t s w eight of wate r

,
the cellulose dissolves

wi thou t charring wi th the forma tion of hydr o-ce llul ose sometimes
called amyloid, and cellulose - sulphuric ac id Cm O “ (SO if the

1 Allen
’

s Com. Org . Ana l , 4th cd . , v o l i. , p . 434.

2 Tex tile F ib res , 1907, p . 221 .
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action be only allowed to proceed for a short time and the cellulose be then
washed, the surface i s converted into a gelatinous non-fi b rous film. In thi s
way vegetable parchment is made . Cellulose combines very readily with
sulphuric acid of moderate strength

,
but the compound formed undergoes

further changes very rapidly . There i s reason to believe that in the ordin
ary nitration process the cellulose first combines w ith the sulphuric acid

,

and that the product then reacts with the nitric acid to form nitro-cellu
lose .
Hake and Bell found

,
however

,
that a proportion of sulphuric acid always Mix ed estc

remains combined with the nitro- cellulose , and that the amount does not 251
11

8313
dimini sh below a certain amount when the time of nitration i s increased . acids,

From this they concluded that in normal ni tration the nitric acid reacts
directly with the cellulose

,
and that the formation of the mixed esters i s due

to the absence of a sufficient amount of nitric acid
,
and the consequent inter

v ention of some of the sulphuric .1 But the evidence i s inconclusive , as the
compound fir st formed when cellulose is immersed in sulphuric acid i s probably
qu ite different from the mixed esters . (For further di scussion of these mixed
esters sée p .

With concentrated nitric acid nitro- cellulose i s obtained . Vieille 2 found With nitr,

the following percentages of nitrogen in the products yielded by acids of am"

different strengths

Mo lecu la r per cent . HNO3 Per cent. N
12 7

1 1 -5

10 -2

90 disso lves in acid , reprecipita ted w ith water .
friab le mass .

With acid weaker than this very little nitration takes place ; Saposhnikoff ,
with an acid containing 34-7 molecular per cent . HNOs , obtained a product
containing only 1 -46 per cent . N . Hake and Bell

,
wi th concentrated nitric

acid , obtained nitro- cellulose with as much a s 135 per cent . N.
3

Knecht 4 found that when cotton is immersed in weak nitric acid it swells Lab ile mi
up and forms a labile nitrate , from which the ni tric acid can be removed
again by washing with water if the cotton be in the form of yarn

,
a contrae

tion of length takes place . To estimate the amount of acid retained by the
cotton Knecht squeezed it out and then let it stand for several days in a
vacuum desiccator over quicklime

,
then immersed it in water and titrated

the acid removed . The following are some of the results that he obtained
with acids of di fferent strengths :

1 J. Soc. Chem. I nd 1909, p . 457.

2 Comp t. Rend., 1862, 95, p . 132.

3 J . Soc. Chem. I nd., 1909, p . 458 .
4 Ber . , 1904, p . 549.
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HN0 3 re ta ined b y
ce llulo se

S
Pe r cent .

p . gr .

If cellulose be heated wi th acids of these strengths it i s converted into oxy
celluloses , which con tain a higher propo rtion of ox y gen than cellulose does ,
and perhaps a low er proport ion of hydrogen .

1

As mentioned above , Vieille found that cellulose was di ssolved by acid
containing about 57 molecular per cent . nitric acid . This matter has been
more ful ly investigated by Jentgen ,

2 who found that the most suitable strength
for the preparation of these xyloidines at a te mperatur e of 1 8° i s 58 -2 to
63-7 molecular per cent . (1 -469 — 1 -479 sp . YVhen solution i s complete
it should be poured into a large volume of cold wate r . Products were thus
obtained containing 6-2 and 7 2 per cent . N they were insoluble in ether
alcohol

,
amyl acetate and acetone ethyl acetate

,
cold acetic acid and acetic

anhydride only caused them to sw ell up , but hot glacial acetic acid dissolved
them . With slightly stronger acid a somewha t higher degree of nitrat i on is
at tained , and the products are more soluble . A similar p roduct may be
obtained by di ssolving cellulo se in sulphuric acid and pouring into ni tric acid ,

or by di ssolving in nitric acid and pouring into sulphuric .’

The formation of the labile ni trate of cellulose i s very similar to that of
the compound wi th caustic soda . If cotton be immersed in a solution of thi s
alkali

,
i t absorbs some of i t , forming a combination in the proportion C GH 10O5,

NaOH the cotton sw ells up . and if i t be under te ns ion it acquires a lustre
resembling tha t of silk . The soda i s removed again on w ashing w ith w ate r .
bu t the cotton i s found to have changed in its properties , it s tensile strength
ha s become greate r and it can be dyed more easily . This process i s k nown
as merceriza t ion ,

” and is much used indus trially ; for an invest iga tion of
i t see Hubner and Pope , 1904,

p . 404. Nauv other reagents bes ides
caustic soda and nitric acid produce much the same result s , although no t

to the same e x tent as soda , e .g . solutions of sodium sulphide . po tass ium mer
curic iodide , barium mercuric iodide and s t rong hydrochlo ric acid . Sulphuric

1 See a Lso E . Kne cht a nd A. Lips chit z . J . Soc. Chem. I nd . , 19 14, p . 1 16.
2 Ang .. 19 12, p . 944.

3 Ha eus serma nn . S .S . , 190 8 . p . 305.
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ture of 120 wherea s hydr o-cellulose re ta ins its wa ter o b s tinately , and

a t this tempera ture gives 0 3 less than un t rea ted ce llulose .

‘

By trea tment wi th w ea k ni tr ic ac id
,
po tas sium permanga na te , bromine ,

and other o xidizin g agent s a ce rtain amoun t of oxy gen is ca used to combine
wi th the cellulose , producing o x y

-ce llulose , which als o is more reac tive
than normal cellulose .

The effec t upon the ni tra t i on of the pre se nce of thes e var ious a bnormal
cellulose s has fo rmed the subjec t of a number of inves tigati ons of re cent years .
“ ichelhaus and View eg 2 found tha t merceriza -t i on does not a fi ect the per
centa ge of ni tro

g
en , bu t considera bly increa se s the so lubili ty in e ther-alco hol.

Berl and Klaye have trea ted ce llulose wi th various rea gents, ni tra ted
them

,
and examined the produc t s before and a fter ni tra tion .

’ The fo llowin g
a re the materials they experimented wi th :

I . Cot to n wool tr ea ted wi th 2 per cent . soda solu tion to remove fat , and
w ashed wi th hot dis tilled w a ter un t il there w as no alkaline reac t ion. By
combus ti on analy sis i t w as fo und to contain 44 -38 per cent . C and 6-35 per
cent . H ca lcula ted on the ash-free materia l : calculated for 44-42

per cent . C and 6-23 per cent . H .

II . Hy dro -cellulose made b y dipping the ab o ve in 3 per cent . solution
of sulphuric acid, drying and hea ting for thr ee hour s at 70

° in a clomd vessel.
Found 42 -75 per cen t . C 6-43 per cen t . H ca lcula ted for 3C ,H ,.Os H ,O

42 -86 per cen t . C ,
63 5 per cent . H .

I II . Hy dral-cellulose : 15 g . ce llulose digested wi th 30 c .c . of a 30 per
cent . so lu tion of hy drogen peroxide for thir ty da ys . Found 43-24 per cent .
C 6-25 per cent . H calcula ted for H ,O 43-24 per cent . C,

6-30

per cent . H .

IV . KMnO Ox y
-cellulo se : 32 g . cellulo se trea ted wi th a solution of

30 g . permanganate in 300 c .c . water for thirty- six hours wi th frequent sha k
ing . Then dec olorized wi th sulphurous a cid and digested wi th dilute sulphur ic
ac id . Dis s olved in 10 per cent . ca u s tic soda so luti on and reprecipita ted

wi th acid . Found 43-61 per cent . C 6-30 per cent . H ca lculated for 4C ¢H ,. 5

CH ,.O , 43
-58 per cent . C,

60 5 per cen t . H .

V . Br-Ox y
-ce llulose : 25 g . cellulose a llow ed to sta nd for a day wi th

a mixture of 5 g . bromine, 75 g . ca lcium ca rbonate and 400 c .c . wate r . The
bromine wa s then dr iven o ff on the wa ter-ba th , 50g . bromine a nd 75 g .

calcium carb ona te a gain added and the mix ture sha ken in a machine . Found
438 3 per cent . C, 63 1 per cen t . H ca lculated for C ‘H "

43-96 per ce nt . C
,
6-1 1 per cent . H .

VI .
-Ox y

—cellulose : 5 g . cellulose a llowed to sta nd for a
week wi th 22 g . ca lcium perma ngana te and 1000 c .c . wa te r, deco lor ized wi th

1 See Ost a nd “ e stho f’f. C .Z.. 1909 , p . 197 ; J . Soc . Chem. b ut , 1909 . p . 325.

2 Be r . , 1907. p . 44 1. S .S ., 1907, p . 38 1.
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sulphurous acid and washed . The permanganate was added gradually.
Found 435 2 per cent . C, 5-20 per cent . H ; calculated for 3C GH I OO, C eHSO 6

43-51 per cent . C, 5-74
'

per cent . H .

VII . HNOa
-Ox y

- cellulose : 50 g . cellulose heated on a water-bath
for two and a half hours with 350 c .c . nitric acid of sp .

“ gr . 1 -3 . Found
43 17 p er cent . C

,
5 95 per cent . H ; calculated for 20 611 1 00 , C fiHsO 6

43-03 per cent . C ,
5 98 per cent . H .

M

VIII . KClOs
-Ox y

-cellulose :
'

30 g . cellulose heated to 100
° with a

solution of 150 g . chlorate in 3000 c .c . water and 135 c .c . hydr ochloric acid

(20
° B .) gradually added . Found 433 4 per cent . C, 63 9 per cent . H ca lcu

lated for 3C GH 1 00 5 C 6H 1 0O 6 43
-37 per cent . C, 60 2 per cent . H .

IX . Bleaching Powder-Ox y - cellulose cellulose allowed to stand in the
air with a solution of bleaching powder of 10° B .

,
washed with slightly acidified

water , di ssolved in 10 per cent . caustic soda solution and precipitated with
acid . Found 43 62 per cent . C, 63 6 per cent . H ; calculated for 4C GH 1 00 5

+C GH I OO5 43
-58 per cent . C, 60 5 per cent . H .

These products were examined also as to the colora tions they gave with
various reagents

“

,
but these were affected to a considerable extent by the

di fferent physical structures of the materials .

Co lora tion with

I s o4 I+Zn012

I . Ce llulo se No rma l.

I I .

’

H ydro
-ce llulo se

I I I . H ydra l
— ce llu lo se

IV. KMnO4
— C / c .

V . Br— O/ c .

Ca (MnO4) 2— O/ c . pa le b row n b lue

VI I . HNO3
— C / c . yellow ish ha rd

V I I I . KC lOa
- C / c . 9 -5 yellow

- b row n b lue

IX . Blea ch . Pow .O / c pa le b lue

These products were nitrated with acid having the composition °

Pe r cent . b y w e igh t Mo lecu la r pe r cent .
46-22 26-5

42-03

25}
11 -50 35-7

Fib res pa r tly a tta cked ,

tw is ted .

Str uctu re re ta ined
,
in

te r fe rence co lou rs .

G ra nu la r powde r .

Stru ctu re a lmo st de

s troyed , inte rfe rence
co lou rs .

Stru ctu re little cha nged ,

s trength sma ll.

Structu re less ,
g ra ins .

B roken dow n
,
inte r

fe rence co lou rs .

G ranu la r powde r .
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for twenty-four hours at a tempera ture of about after w hich they w ere
w ashed for thr ee days , fi rst wi th cold and then wi th hot w ater . Ult ima te
a nalyses , et c .

,
w ere made of the ni tro- celluloses :

Nitro gen b y Atomi c ra tio s from
ana lyse s

Nitro Duma s C H N 0
me te r

13 -29

13 -28

The followi ng were the results of the microscopic examination

I . Fibres intac t , in polari zed ligh t steel blue .

11 . In polarized ligh t grey fibres as w ell as s teel blue .
III . Struc ture reta ined , in polari zed ligh t s teel blue .
IV . In polari zed light blue .

V . In polari zed ligh t blue toge ther w ith many grey fibres .
VI . Fibres nea rly inta ct , in po larized ligh t blue .

VII . Grains , resolved by high magnificat ion into separate fibres , in polar
ized ligh t. blue and t rans lucen t at. the edges .

VIII . In po lar i zed light blue wi th vio le t t inge .

In the case of No . VII the atomic rat io i s calculated from the nit rogen
de terminat ion by the Dumas method . The au thors do not. consider that any
conclusions can b e dr awn from the differences in the ni trogen determinat ions
b y the tw o me thods , b ecause the quant it ies taken for analysis w ere in some
cases very small . The increa se in the solubili ty in ether-alcohol is no more
than migh t have b een expec ted from the low er percentage of ni trogen . The
higher rat io of oxy gen to carbon ,

which w a s to b e observed in the unnitra ted
produc ts afte r treatment , di sappears in the ni trated products . The absorpt ion
of basic dye i s higher , the viscosi ty much low er in the ni tro-oxy-celluloses ,
etc .

,
than in the nitro-cellulose . The v isco sit ies w ere de termined wi th 2 per

cen t . solu tions in ace to ne by the method of Cochins . For compari son a
numb er of ni tro-celluloses w ere prepared by ni t rat ing cot ton w i th mixtures
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Over-b leached

EXPLOSIVES

These matters are of some pra ctica l importance as different degrees of Vi scosity
are required for different pur poses .
The effec t produced by heat ing in a curr ent of dry oxygen indi cates tha t

oxida t ion takes pla ce . Cunningham and Dorée 1 found that ozoni zed oxygen
has a very powerful effect on moist cotton at the ordinary temperature , form
ing a peroxide of cellulose , w hich w hen boiled wi th w ater gave an oxy - cellul ose
wi th a copper value of 15 to 17.

The ni trat ion of cot ton tha t has been over-bleached has been studied by
Piest ,2 as also tha t

“

of cotton that has been
‘

merceri zed and heated to a high
tempera ture . The

-

experiments were done on a manufac turing scale and the
nitro -cellul oses w ere te sted for s tability . The resul t s of the bleaching were
as follow s

ment Tre a tment

Sta ndard \ o rma lly prepa red co tton
24 hours wi th b lea ching pow der so lu
tion o f 3%

°
B

48 hour s w ith b lea ching pow der so lu
tion o f 373

°
B .

8 da y s wi th so lution o f 27} kg .

b lea ching po wder in 50 l.

8 da vs w ith so lution o f 5 kg . b lea ch -85 10 -4

Of these materials Ia and l b w ere w hit e ; II a was yellowi sh-white and the
fibres w ere short I I b w a s yellow ish and consisted of part icles adhering tightly
to one another . They w ere ni trated wi th acid of the composition

B y w e igh t
Pe r cent .
20 -5

69 -0

10 -5

The t ime of ni trat ion had to b e varied in order to ensure tha t the acid had
penetrated t o the in terior of the fibres in all cases . After ni trat ion the
ma terial w a s w ashed firs t wi th cold and then w ith successive lot s of hot water
in a hollander .

1 Tra ns . Chem. Soc 19 12, pp . 497— 512.

2 Ang. , 190 9 , p. 1215.
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Solub ility in
Sta b ility

Ethe r - a lcoho l a fte r
Ab ao

lute w a shes

Firs t co ld La s t ho t a lcoho l

w a sh w a sh

Standard

The number of hot washings required to obtain a satisfactory stabili ty was
much higher in the case of the bleached cottons , but as j udged by the Berg
mann -Junk test none of the nitro- celluloses was really stable except the
last

,
for the official limit in Germany is 3 c .c ., and a good gun- cotton does not

give more than 2.

Similar experiments were carried out with mercerized cotton and cotton Nitrated me:
that had been heated at 150° in a cur rent of C0 2

° “ med °°tt°

VVood Coppe rTrea tment
g um va lue

Standard Normally prepared co tton
IV. Mercerized 20 minutes with 18 -5 per

cent . soda ly e
Hea ted 10 hour s in CO2 at 150

°

Heated 100 h our s in CO2 at 150
°

The heated cottons were yellow i sh-white and yellow respectively . The
following were the resul ts of nitration :

So lu b ility in

w a shes

H ou r



Effect of dilute

EXPLOSIVES

Merceriza t ion reduced the percentage of nitrogen only to a slight extent ,
bu t greatly increased the solubility in e ther—alcohol and impaired the stability
i t also increased th e quantity of unnitra ted material as dete rmin ed by treating
the nitro-cellulose wi th sodium sulphide solution . In the nitrated mercerized
cot ton this amounted to 1 -8 per cent . , w hereas in all the other of the above
products it varied betw een 0 -6and 0 -8 per cent . Heat ing the cotto n in carbon
diox ide made very lit tle difference to the nitro-cotton ,

but. it was somewhat
more difficult to sta b ili ze .

The general conclusion from thi s investigation i s that both over-bleaching
and merceri zation have a very bad effect on cotton intended for the
manufacture of nitro- cotton .

Piest has also investigated the action of alkali s and ammonium sulphide
solution on nitro-celluloses prepared from normal

,
over-bleached and mer

cerized cotton .

l He found that the material from over- bleached cotton
wi thstood these reagents less w ell than ordinary gun- cotton

,
but that the

material from merceri zed cotton withstood them somewhat ‘ bette r . The
regenerate d cellulose had a much higher copper value than the original cottons ,
w hence Piest concludes that it has been converted into oxy- cellulose , but
does not consider whether it may not rather be hydro-cellulose . Vignon 2

s imilarly found that nitrated hydro- cellulose w a s more attacked by caustic
pot-ash solution than normal nitro -cellulose , and nitrated oxy-cellulose still
more .

Vignon 3 considers that ordi nary gun- cotton is really nitro-oxy-cellul ose .
He prepared the product of maximum nitration according to Lunge ’ s direc
tions and made an elementary analy si s of it . The results w ere in accord
with the formula 3C 6H7(N0 2)3O5 But this view is not
generally accepted . The cellulose could only be oxidized by the nitric acid ,
some of which would be reduced to nitrous acid

,
w hereas there i s practically

no formation of nitrous acid in the nitration process . Moreover , there are
distinct di fferences betw een the nitration product s of normal and oxy
cellulose .

As regards the effect upon cotton of treating i t w ith di lute caustic soda
lyes of di fferen t strengths and at different temperatur es

,
some curious observa

t ions have been made by Schw'albe and Ro b ino ff .

4 They tried the effect upon
pure cotton cellulose w hich had been prepared by Tamin

‘

s method 5 by boil
ing wi th a solution of res in soap and alkali without pressure

,
washing hot

and bleaching very carefully ; in this w ay they obtained a mate rial which
had a copper value of only 0 -042.

1 Ang . . 19 10 , p . 1009. 2 C R 1898 , p . 1658 .

3 Compt. Rend 138 , 1904, p . 808 . 19 1 1, p . 256.

Rev . ma t. ed . , 1908 , p . 3 13.
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was te not only for the manufactur e of ni tro-cot to n bu t als o for other purposes
grew , and i t is now diffi cul t to ob ta in a rea llv sa tisfac tory cotton waste . More;

over
,
a special industry has sprung up

— the co tton-w aste indus try— which
collec t s the w as te from all the mill s and prepares i t for various purposes .
The objec t of the suppliers of cotton waste is t o produce a materia l that wi ll
pas s a specification . ra ther than to supply a really good cotton w hich can be
made into stable gun-cotton , a matter about whi ch of course they know li ttle
or nothing . Co t ton w aste for nitrating is mad e la rgely from the sw eepings of
the cotton-mills " i t con ta ins some spun thr ead

,
but i t i s liable to cons is t

largely of fly
,

‘ the fluffy material w hich escapes into the air during the
various mechanical operat ions . Thi s fly i s the least resis tant portion of
the cot ton a s i t i s supplied to the mills . The presence of a very la rge pro

po rtion of dir t and oil and a ll manner of foreign matter makes i t neces sa ry
to submi t the cot ton w as te to a v erv dras t ic scour ing and blea ching process

,

and this , as mav be seen from the preceding pages, mu s t inevitably produce
a considerable proport ion of oxy-cellulose and other modifications of the
normal resis ta nt cot ton cellulose . At the same time more and more demands
a re being made upon the stability of the ni tro-cottons , especially those used
for the manufac ture of smokeless pow ders for military and naval purposes .
Consequent ly the explosives w orks have bee n obliged to give more attention
to the ques t ion of their supplies of cotton . A few of the largest obtain their
cot ton w a s te unpurified and uncleans ed from the mills and purify i t them
selves

,
and undoub tedlv thi s is the bes t method w here i t is prac t icable .

iVas te from w ea vmg mills migh t also b e used for making nit ro-cot ton ,
but it i s liable to be contaminated wi th starch ,

w hich is applied to the w arps
to increase their s t rength . S tarch on ni trat ion gives an uns ta ble ni tra t ion
product , and consequent ly must be removed from the cotto n b y suitable
t reatment . New cot ton can als o be used

,
the only obj ection to i t being i t s

high price i t s employment for the manufacture of smokeless powder w ould
only involve sligh t al terat ions to the dies , etc .
The cot ton is subj ected to various purifica t ion proce sses before i t can be

used . To remove the greater par t of the o il and fatty mat ter i t i s ex
t rac ted wi th a vola t ile solven t in an ext rac t ion vess el . The solven t after
i t has soa ked through the cotton flow s into a chamb er w here i t i s boiled by
means of steam pipes ; the va pour is condensed and again flow s thr ough
the cot ton . IVhen the extraction is fini shed the solvent is di st illed o ff into
a receiver and the last po rtions of i t are removed from the cot to n by blow
ing steam through i t . As a solvent benz ine or benz ol can be used bo th are
very inflammable and somew hat po is onous and preca u ti ons should be taken
a c cordingly . Carbo n bisulphide is s till more inflamma ble . Ca rbon te tra
chlori de and other chlorinated carb o n compounds a re not imflamma b le b ut

are more poisonous than benz ine or benzol . The choi ce of the solvent wi ll
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depend on the price and the local condi tion s . After ex traction the cotton
i s boiled in a kier with a weak solution of caustic soda or sodium carbonate

,

and well washed w i th water either in the kier or in a poacher . Af ter this it
i s generally bleached w ith a weak solution of bleaching powder or sodium
hypochlorite . This operation is often carried out in stone cisterns

,
but if

the bleaching solution be very weak iron vessels can be used . Next it i s
treated again with dilute alkali to destroy the bleach and then washed again
thoroughly . The bulk of the water i s then removed in a centrifugal machine
and the cotton i s finally dried and made into bales . It i s important that
cotton whilst alkaline be not exposed to air at a high temperature .

For the removal of the fatty matters, soaps , especially resin soaps, can
be used . The whole purification process can be varied in many different
ways

,
and must be adapted to the sort of cotton that i s to be treated . It is

required to remove
-

all matters except normal resi stant cellulose , without
inj uriously affecting the character of the latter . Although the methods of
treating ordinary cotton goods have formed the subj ect of numerous investiga
tions , the preparation of cotton for nitration ha s not received the attention
which its importance calls for
B . S . Levine recommends treating the cotton with bacteria instead of

bleaching . He claims that the impurities are thus removed more completely .

1

For the manufactur e of collodi on cotton for blasting gelatine cop-bottoms Cop-botto
are generally used . This is spun thread in a tangled condition , the last portion
left on the spindle . This undoubtedly is a very good class of material, but
is usually considered too expensive for the manufacture of smokeless powder .
After the long staple fibres or “ lint” have been removed by the fir st ginning , Linters.

there is on American upland cotton seed still about 10 per cent . of short fibre
cotton , which is recovered by a second process, and is known as linters .”

From sea- island cotton
,
which is grown near the coast

,
and Egyptian

cotton long staple fibres only are obtained
,
and consequently these varieties

yield no linters . This would form quite good material for the manufacture
of ni tro cotton , if it could be freed mechanically from the adh erent resin and
a ll particles of seed husk , but this does not appear to be possible , and conse

quently the linters have to be submitted to a very dr astic chemi cal treatment ,
which damages the cellulose . Moreover the seeds often remain for a long
time b efore the linters are removed and during this time they undergo a certain
amount of fermentation and the fibre is attacked .

2 When nitrated linters
consequently give somewhat low ni trogens and high solubilities in ether-alcohol .
They are

,
however

,
used on a considerable scale in America and Germany,

but not so much in England .

For the ma nufacture of collodion for high - class lacquers and celluloid, Tissue paper

cellulose is used in the form of tissue paper . Although this i s somewhat
1 J . I nd . Eng. Chem., 19 16, p . 298 . 2 Pies t, Ang., 1912, p. 396.
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e x pensive
,
i t has grea t advantages fo r this class o f w ork : by inspection of

the sheets i t i s po ssible to detect and then to remove every pa rt icle of foreign
matter . Moreover , these thin shee t s are nitrated completely in a very short
time . The paper must , of course , cons ist of pure cellulose and should no t

be calendered .

Schultze spor ting powder has always been made from purified wood fibre
,

a nd the makers claim that this gives a powder w ith the right rate of burning
more readily than cotton . Other makers of bulk shot- gun powders have
also used nitrated wood cellulose .

Wood - cellulose , or chemical wood-pulp , i s made by three different methods
called the sulphite

,
soda and sulphate processes . In all of these finely ground

w o od pulp is boiled with a solution w hich destroys the non- cellulose . In the
sulphite process a solution of calcium or sodium bisulphite i s used ,

in the soda
process caust ic soda , and in the sulphate process a solution of caustic soda
a nd sodium sulphide .

A number of wood a nd straw cellulose s , and ni tro- celluloses prepared from
them

,
have been examined by Nitzelnadel . 1 The w ood celluloses w ere pre

pared by the sulphite process , the straw celluloses by the sulphate process .
None o f the latter proved satisfactory , but one of the sulphite celluloses gave
a good yield of nitro - cellulose , w hich could be rendered stable . C . B . Schw albe
and A . Schrimpf 2 have also prepared nitro- celluloses in the laboratory from
wood celluloses made by different processes from various w oods . They
obtained ni tro- celluloses of a high degree of nitration and satisfactory sta bility
so far a s the tests could show . For the preparation of high - class smokeless
powder for rifled fire -arms it w ould be necessary to purify the w ood cellulose
very carefully and to make it into thinner sheets than is usual . Under normal
conditions this must make the wood cellulo se almost , if not qui te , as e x pen
sive as the cotton w aste generally employed , and as the true stability of the
smokeless powder can only be ascertained by keeping trials extending over
many years

,
it i s easy to understand that most of the Pow ers have not used

it for their powders . The Japanese , however , are said to be us ing wood cellu
‘
c se from Sakhalin ,

3
and it i s probable that the Germans are using it

,
since

they can no longer import cotton .

Cellulose i s attacked by various bacteria , especially if it be mixed with
substances which provi de food that favours their development . The methane
w hich rises from marshes is apparently derived principally from the fermenta
t ion of cellulose the intestines of animals also contain bacteria and ferments

,

w hich attack cellulose . Even pure cotton cellulose can be thus entirely
destroyed ; Hoppe -Seyler ‘ found that Sw edi sh fi lter -paper w a s completely

1 a s 19 12, pp . 257, 30 1 , 339 , 384 a nd 409 .

2 19 14, p . 002.

3 A. Buisson , Le P rob le
‘

me des P oudres , Paris , 19 13 , pp . 175
, 177.

Z. phys io l. Ch., 10, p . 401.
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1 . Natural Co tton Fib re x 300

2. Port ion o f same Fib re 1000

Portion o f (2) Focussed to Show Stomata x 1000 4. Longitud inal Section o f Co t ton Fib re x 1000

5. Portion o f a Fragment o f Co tton 6. Granules from a 65 per cent . So lution
Cuticle from a So lution in Cuprammo o f Nitrated Co tton x 1500

nium X 1 100

a indica tes the Stomata

7. Portion o f a Nitrated Co tton Fib re x 300

FI G . 30. Micropho togra phs o f Co tton (de Mo senthal),
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are removed from the solutions to a grea t e x tent. For the manufacture of
artificial silk such fil tration is necessary , because otherw i se the orifices of the
silk -worms get stopped up . It i s somewhat remarkable that the molecules
of ni tro -cellulose

,
which must be very large , can pass through the minute

pores of a Pasteur fi lter
,
which stop the molecules of many organic dye - stuffs .

It can only be explained on the assumption that the cellulose molecule i s in
the form of a long string . The molecules of nitro - cellulose will not pass through
a dialyzer .1

W hen cotton i s nitrated the pressure exerted by the cuticle i s released ,
with the consequence that the twists of the fibres disappear (see No . and
the interference colours become much less bri lliant . Similar changes in
appearance occur when cotton i s mercerized or submitted to other actions
of a like nature .

All cotton contains a proportion of immature fibres
,
called dead or unripe

cotton . These have very thin wall s and either no central channel or a very
flat one . They are weak and consequently liable to break during the spinning
operations . Therefore they constitute a large proportion of the fly which
passes into the cotton waste . It i s less easi ly nitrated or acetated than ripe
cotton . It generally has a smaller twi st , but the fibres retain this twist on
treatment with an 18 per cent . solution of caustic soda . It behaves di fferently
with dye - stuffs also .

If the cotton bolls be allowed to remain on the plant for some time after
they are ripe the cotton acquires characters very similar to these . Cotton
i s liable to form in portions of the length of the fibre solid parts , which do not
take up dye properly.This i s usually at the tip , which i s consequently brittle
and breaks off during the spinn ing processes . In the body of the fibre this
structure i s seldom found except in the coarser varieties , such as Surat and
Peruvian .

2

1 D e Mo senthal, J . Soc. Chem. I nd., 1907, p . 447.

2 F. H . Bowman , Structu re of the Cotton Fib re, p . 1 13. See a lso Chem Zeit , Sept ,

Dead
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CHAPTER X I I

MANUFACTURE OF NITRO-CELLULOSE

P icking the co tton Tea sing Dry ing Nitrating Ab el
’

s pro ce ss Centrifuga l
pro cess Direct dipping Displacement pro ce ss Hyatt nitrator rH igh nitrogen
gun

-co tto n Pa r tially so lub le nitro -co t tons So lub le nitro -co tto ns Pyr o

co llodion Co llodion fo r b last ing gela tine Co llodion fo r o ther purpo ses

WHEN the raw mate rial used i s pur ified cotton waste , i t i s necessary to pick
i t over first by hand in order to remove a ll string , pieces of wood and metal,
hard kno ts of cotton and all o ther ma tte r whi ch would not nitrate sa tisfacto rily .

This w ork i s generally done b y women .

Next the mate rial must be opened out by means of a te asing machine .
The simplest form of thi s consists of a rapidly rotating drum armed wi th
numerous iron te e th and a pair of feed - rollers that grip the un teased cotto n
firmly and gradually feed it up to the drum

,
w hich tears it o ff in small port ions

and throw s i t ou t at the other side of the machine . The whole should be
enclosed to prevent the fine cotton dus t flying about .
The co tton as supplied generally con tains about cent . of moisture

,

and i t i s desirable to reduce thi s t o about 0 5 per cent . This ma y be effec ted
in any ordinary form of s tove . The simples t type i s a cupboard wi th a number
of perforate d shelves 0 11 which the cotton i s placed , and ste am -pipes under
nea th . Suita ble openings allow ho t air t o circulate through the cotton and
escape at the top of the cupboard . The disadvanta ge of thi s form is tha t
the co tton in the lower trays gets much hotter and dryer than that in the
top ones . Instead of having the ste am -pipes undernea th they may be in a
separate heater through which a ir i s forced b y means of a fan and then through
the stove , but the utili zation of the heat i s not very good , as the air i s cooled
down before i t can take up more than a small proportion of water . In the
mos t economical stoves these tw o methods of hea t ing are combined , th a t i s
to say the air i s blown through a heater into the stove

,
w hich i s provided wi th

a number of steam -pipes
,
w hi ch maintain the temperature at abou t 90 ° C .

The co tton should be made to pass continuously through the stove by mea ns
of travelling bands . The drying takes about three -quarters of an hour . Over
heating o r too prolonged drying should be avoided .
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immersed
,
the inflow of water was stopped and the tank drained down .

When all the water had been run o ff the tank was fi lled up again with
fresh water . Thi s was repeated six times , or unti l the gun -cotton no
longer tasted acid . W hen thi s stage had been reached the gun -cotton
was wrung in a centrifugal machine , water from a hose -pipe being turned 0 11

the gun - cotton for one minute during the wringing , and it was then ready
for boiling .

This process , although it undoubtedly produced a good gun-cotton
,

had certain di sadvantages , and the amount of labour required was very great .
The plant

,
although individual items were not expensive , very rapidly deteri

orated ,
and the cost of renewals and replacements was heavy . Power was

requi red to drive the centrifugal machines , large quantities of water were
used both for cooling and immersing , and decompositions , i n the pans , pots ,
and acid centrifugals , were by no means infrequent .

”

In order to save the laborious and unpleasant operations of transporting
the nitrating pots from the dipping pans to the cooling pits and from

,
there

to th e acid centrifugals , and the transfer of the acid and cotton from one
vessel to another a method has been adopted , especially in Germany , of nitrat
ing in the centrifugal itself. A centrifugal machine used in thi s way lasts
much longer than might be expected , for several years in fact with only occa
siona l repairs . The firm which has had the wi dest experience in bui lding
thi s plant

,
Selwig and Lange , of Brunswi ck , has introduced several improve

ments in it . The basket of the centrifugal i s fi tted with a secondary driving
gear

,
whi ch can cause it to rotate slowly during the period of nitration , thus

making the acids circulate , and their temperature can be kept at any desired
point by means of a water j acket .
The nitrating centrifugal i s not very suitable for making gun - cotton of

low solubi lity in ether -alcohol , because unless the cotton used i s of good quality ,
parts of i t will not be completely nitrated in the short time that i t remains in
contact with the acid .

The method of working i s as follows First , the acid i s run into the centri
fugal by turning on the cock on the pipe communicating with the supply tank .

Then the cotton i s immersed in the acid a little at a time until there i s about
1 part of cotton to 50 of acid . The lid i s then shut down and the nitration
i s allowed to proceed , usually for a quarter to three -quarters of an hour , accord
ing to the sort of ni tro -cotton that i s being made . Then the acid i s allowed
to dr ain away by a cock communicating with the waste -acid tank . The
centrifugal i s then rotated

,
slowly a t fi rst and gradually more rapidly unti l

the proportion of free acid in the cotton has been sufficiently reduced .

When making insolu b le gun- cotton by thi s process i t i s generally desirable
to leave not less than 11 parts of free acid to every part of gun -cotton , because
if the wringing be carried further there i s danger of the charge fuming o ff, or
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even exp loding .

1 W ith nitro - cotton of lower nitration the wringing can b e
carried somewhat further .
When the centri fugal has been stopped the nitro - cotton i s taken out by

means of tongs made of iron or aluminium , and removed to tanks where it i s
immersed in running water . Selwig and Lange have introduced an auto
matic hydraulic conveyor , the entrance to which i s j ust by the centrifugal
and may be seen at the back of Fig . 3 1 . A ring of water j ets directed down
wards j ust below the opening immediately immerses the nitro - cotton as it i s
introduced

,
and the stream of water carries i t along to a tank where the washing

with cold water i s completed . The somewhat dangerous operation of carrying
the acid cotton in wooden boxes or other receptacles i s thus avoided

,
and

there i s also a saving of labour .
During the operations of introducing the cotton into the acid and of remov

ing the acid cotton after nitration , a considerable amount of acid fume i s given
off

,
and it i s therefore necessary to provide the machine with a draught to

draw
,
the fumes away . Provision for doing this i s shown on the left side of

Fig . 31 , where an upright earthenware pipe may be seen communicating with
the interior of the centrifugal . This i s intended to be connected by means
of earthenware pipes with a stone -ware fan . I have found , however , that
the draught produced in this way was very inadequate

,
and that the men

who did the nitrating suffered much from the fumes which were not drawn
away . A better arrangement w a s to make the lid of the centrifugal open to
one side

,
and run a wooden shaft about 18 inches square along the back of

the row
_
of centrifugal machines with an opening j ust by each machine that

could be closed with an aluminium door . At the other end of the wooden
shaft there was an ordinary propeller fan with aluminium blades driven from
a shaft . This created a much better draught with a smaller ex penditure of
power

,
and the cost of the arrangement was much less than that of the stone

ware fan , etc . The woodwork had to be renewed from time to time , but this
was far less ex pensive than the repairs to the stone -ware fan had been .

Information about the various types of nitrating centrifugals will be found
in a paper by Gr iindlich .

2

At Nobel ’ s factory at Ardeer a method was adopted known as di rect
dipping .

” According to a commun ication by Mr . Lundholm to Sir F . L .

Nathan the process was as follows :
The installation consi sts of parallel double rows of long iron tanks known

as coolers .’ Iron pots , termed dippers
,

’ in which nitration i s carried out

1 At the K . B . Pulv er fa b r ik a t Ingo lstadt the contents o f a nitrating centrifugal
e x ploded on

,

Ju ly 1 , 19 1 1, killin g one ma n a nd injuring ano ther. The machine w a s

b eing emptied a t the time . I t is suppo sed that it ha d b een spun too long . As a rule
the contents merely fume off. 19 12, p .

2 19 10, No s. 18 , 21 , 22, 23, 24.

Directdippi
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stand in the coolers , sixty -two to each cooler . Sliding wooden covers rest.
on the coolers to guide the fumes from the clippers in to ea rthenware pipes
wi th openings at inte rvals , through which thev are drawn by exhaust fans .

Flo . 3 1. Nitra ting Centrifuga l wi th Hydraulic Convey o r fo r the Nitro -co tton
(Se lw ig a nd Lange ).

The mixed acid , ei ther coo led o r w armed as necessary ,
is carried b y lead pipes

placed between each row of coolers
,
and i s supplied to the dippers through

earthenware cocks at intervals .
Nitra tion . The wate r in the coolers i s kept at 15° C . The dippers ,

hav ing been placed in posi t ion in the coolers , are each filled wi th 127 lb . of
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w i th cold w ater from a hose to remove adh ering acid . No special preca u t ions ,
how ever , are ta ken to remove a ll ac id a t thi s sta ge . The bulk of the w ater
ha ving been removed , the gun - cotto n is loaded from the cen trifu gals into
bogies and convey ed to the boiling-house .

The si x ty - tw o clippers in each cooler form a charge .

’

Eight charges
are w orked by each shif t . The yield is 159 per cent . of dry gun - cotto n on
the dry - ca rded cot ton . The ou tpu t per shif t consis ting of seventeen men is
therefore : 4-5 X 159 X X 8 - j 100 z 3549 lb .

F16 . 32. Section o f D isplacement Appara tu s (from A rms a nd Ex p lo s ive s ) .

Gun -cotton has been made at lVa ltham Abbey by Nathan and Thom
son

’

s displa cemen t process since August 1905.

'

The insta llation consists of a
number of units of four pans w orked t oge ther . The pans are of earthenware 1

and circular 3 feet 6 inches in diameter , and 10 inches deep a t the side of the
pan the bot tom has a fall of 2 inches to the outlet

,
w hich i s fit- inch in diamete r .

They are supported on ea rthenw are pedesta ls about 1 foot 10 inches above
the floor level . The four pans are connected to gether by lead pipes

,
and these

are a gain connec ted to the nitrating acid supply pipe
,
to the strong and weak

w as te acid pipes , a nd to a w aste w ater pipe , thr ough a gauge -box , w here the
1 Pa ns o f acid -res ist ing ir on a re also b eing tried . A.M 19 16.
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rate of flow i s determined whilst the waste acids are being run o ff . Gravities
of the acids are also taken in this box . The process proceeds as follows

A small perforated plate i s placed over the outlet of each pan
,
and four

A Unit o f Four Pans (from Arms a nd Ex plos ives ).

perforated segment plates making a complete disc about 1 inch less than the
inside diameter of the pan

,
are placed on the bottom . Aluminium fume

hoods
,
which are connected to an exhaust fan , having been placed on the four

pans
,
the stone -ware cook on the acid supply pipe i s opened , and the acid

FI G . 34. View show ing Ar rangement o f Uni ts in Row s (from Arms a nd Ex p los ives ) .

allowed to rise in the pans to the proper level . The nitrating acid i s cooled
in summer and warmed in winter

,
so as to maintain the same temperature

of final nitration a ll the year round . The composition of the nitrating acid
i s 705 per cent . sulphuric acid , 21 per cent . nitric acid, 06 per cent . nitrous
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acid
,
and 7-9 per cent . w a ter : the quantity in ea ch pan ab ove the bot tom

pla te s i s 600 lb . , and below the plates i s an addi t ional 50 lb . A charge of
20 lb . of cot ton waste i s then immersed in the a cid , handful by handful , alu
minium dipping - forks being used for the purpose . “ h en all the cotton w aste
has been pushed under the surface of the acid , perforated pla tes in segment s
a re placed on the top of i t . care being taken tha t a ll co t ton w aste i s below

FIG . 35. Plumb ing Insta llation fo r Displa cement Plant (fr om Arms a nd. Ex plos ive s ).

the surfa ce of the acid , and a fi lm of w ater at a. tempera tur e from 5
° C . to 8 ° C .

i s run very gradually on the surfac e of the plates through a distributor . The
fi lm of w a te r prevents the esca pe of ac id fumes , and the fume hoods are then
removed . The t ime requi red for dipping a charge is a quarter of an hour .

The nitration is allow ed to proceed for tw o and a half hour s . At the
expiration of thi s period the cock leadi ng to the gauge - box i s opened ,

and

the waste acid allowed to run o ff a t the rate of a bou t 17 lb . a. minute . \Vater ,
cooled , if necessary , i s run on the top of the pe rforated plate s , through the
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(2) The actual dipping of the cotton waste i s a very much less laborious
operat ion— the heavy labour of squeezing out the excess acid i s done away
w i th the absence of fumes makes the work much healthier , and inj uries to
w o rkmen from acid splashes are almost unknown .

(3) Loss of gun - cotton due to decomposition in the diges ting pots and
acid centri fugals , and consequent inconvenience and danger to w orkmen
from nitrous fumes , are done aw ay with , and the heavy loss from breakages
o f pot s and lids i s saved . Thr ee and a half years ’ experience has proved that
the earthenw are pans are very lasting .

(4) Fumes during dipping , loading , and unloading acid centrifugals and
immersing , are avoided .

(5) The quantity of acid lost i s very much reduced . This reduction
means also very much less pollution of the escaping washing water .

(6) The recovered waste acid i s very much cleaner , a matter of the great
est importance from the point of view of reviv ifi ca tion and concentration .

(7) The mechanical loss of gun - cotton in the acid and w ater centrifuga ling
pro cesses , and in the immersing process , is saved .

(8 ) A more thorough preliminary washing of the gun - cotton i s obtained
with an ex penditure of about one -fi fth of the quantity of wate r , and less
boiling , and consequently less steam , i s required in order to reach a given
standard of purity .

(9 ) Great saving in power is gained by the abolition of the acid and water
centri fugals

,
and by the reduction in the quantity of w ater whi ch has to be

pumped .

(10 ) Renewals of plant , and repairs to plant and buildings are exceedingly

(1 1 ) The number of hands employed fo r any given output i s much less
the total cost of labour being reduced by tw o -thirds .

(12) The y ield i s improved ; i t averages 170 per cent .

(13) Finally , a more stable gun -cotton , of more uniform composition , i s
produced . It i s also far cleaner and contains notably less mineral matter .
The last claim especially has proved to be amply j ustified . Cordite made

from gun- cotton manufactured by the di splacement process show s promise
of lasting about twice as long under adverse climatic conditions , as that in
w hich the Abel proces s was used , in spite of the fact that the latter would
compare favourably with any other gun -cotton made except by the di splace
ment process .
Thi s improved stabili ty i s probably connected with a cur ious fact which

has been observed by Ma cDona ld .

1 He found that as the di splacement
pro ceeds , the percentage of nitric acid i n the waste acid after falling slightly
has a distinct rise and then fall s again (see Fig . The ratio of nitric to

1 J. Soc. Chem. I nd., 191 1, p. 251.
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sulphuric acid also
,
after a very slight fall, rises steadi ly until the end of the

displacement and washing . This can only be due to a partial denitration of
the gun - cotton , and evidently the more unstable products a re decomposed
to a greater extent than the normal stable gun - cotton .

The recovery of the w aste acid i s far more complete than by any other
process

,
but

,
on the other hand , i t i s di luted somewhat with the water used

for the displacement . Consequently a considerable plant is required for

Time i n Mi nu t e s
FI G . 36. Composition o f D isplaced Acids .

working up the acids again and reconcentrating them. According to Ma c

Donald the loss of acid i s only 0 08 lb . per pound of gun -cotton produced ,
but hi s own figures

,
as has been pointed out by Delpy ,

1 indicate a very much
higher loss .
In a ll the processes ex cept that of displacement there i s liability of the

charge fuming o ff either in the pots or centrifugals . This i s especially the
case in hot weather or if the cotton has not been suffi ciently pur ified from
grease

,
etc . ,

o r has hard lumps in it which the acids can only penetrate slowly .

Acco rding to Wo rden ,2 t issue paper fo r lacquers i s nitrated in Ameri ca Hyattnitrt

in pots
,
which are placed on a rotating table , about which are arranged inlets

1 S.S 19 12, p. 237,
2 Nitre-cellu lose I ndustry, p. 1 10,
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for acid
,
a stirring appara tus

,
and a mechanism for tipping the pot s into a

centrifugal . The plant must be somew hat cumbersome and expensive , and

i s not likely to be adopted for the manufactur e o f exp losives .
The details given by Sir F . L . Nathan refer to the manufac ture o f gun

co tton con taining about 13 per cent . N . If i t be desired to obtain a produc t
w ith a higher percen ta ge of nitrogen ,

i t i s necessary to increase the proport ion
o f nitric acid in the mixed acid (see Figs . 28 , but it i s not very often that
i t is required to obtain a percentage much higher than 13 , because such
product s are less sta ble and are mo re expensive to manufactur e . I t has
been shown by Lunge and Bebie that beyond 13 5 per cen t . the products are
quite unsta ble (see p .

For the manufactur e of various smokeless powders nitro - cot to ns pa rtially
so luble in ether-alcohol are used . The acid mi x ture to be employ ed depends
upon the sort of cellulo se and the method of nitration .

For a nitro - cotton to tally soluble in ether —alcohol there should , according
to Fig . 29

, be a molecule of water for every molecule of acid , whether ni t ri c
or sulphuric , but in prac t ical manufacture a smaller proportion of wate r i s
generally used

,
especially if a high percentage of nitrogen i s required . At

one time i t was thought to be impossible to prepare a to ta llv soluble product
conta ining more than 12 per cent . N . Mendeléefi , however , who w orked
at this subj ect from 1891 to about 1895

,
produced a soluble ni t ro - cotton w ith

about 12 5 per cent . N
,
and he pointed out that a product with 124 4 per cen t .

conta ins j ust enough oxygen to convert all the carbon into CO and a ll the
hydrogen into water . This material , which has been called py ro - collodion

,

was adopte d as the basis of the Russian milita ry smokeless powder , and later
the United State s adopted a powder made from a pyro - collodion conta ining
about 12 5 to 12 7 per cent . N . This i s produced by nitrating at a compara
tiv ely high temperature . Accordi ng to Worden , 1 in Pica ti nny Arsenal the
nitra t ion i s now carried out in Thomson ’ s di splacement plant . The acid has
the composition

The temperature i s 30° and the charge in each pan consist s of 20 lb .

cotton a nd 700 lb . acid .

A high degree of nitration i s also desirable for the collodion used for the
manufacture o f blasting gelatine and other similar high exp losives , but the
nitro -glycerine contains an excess of oxygen

,
and the proport ion of collodion

cot-ton is small , so that high pow er is not of the same importa nce as in the case
of a military powder . The great essential i s that the collodion cotto n shall

1 N itroc ellulose I nd us try , p . 97.
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Bolling.

CHAPTER XI I I

THE STABILIZATION OF NITRO-CELLULOSE

Ea rly methods Bo iling Pulping Removal o f foreign b odies Poa ching
B lending Addition o f ca lcium car b ona te Moulding , etc . The b ea ter
Alka line method o f s tab iliza tion Sulphur ic esters Velo city o f hydrolysis
o f nitro -cellulo se US . Ordna nce me thod Cellulo se ni tr ites Products o f

decompo sition “ a shing co llodion co tton

THE gun-cot ton that w a s manufactured in the early days was pur ified by
w ashing in cold wate r only, and it i s principally to this very inadequate
treatmen t that the numerous catastrophes of those times are t o be ascrib ed .

One of von Lenk
’

s most important improvement s w a s the introduction of a
boili ng of fifteen minutes with a potash solu t ion of specific gravity 10 2. Sir
F . Abel tried pulping the gun - co t ton wi th the obj ect of ob taining i t in a more
compa ct and convenient form . In his paten t specifica t ion , No . 1 102 of 1865,
he says

Now my invention has for it s obj ect to assimila te the physical condi t ion
of gun- cot ton as nearly as possible to that of gunpowder by mechanically
converting it into a solid conglomerate s ta te . and impart ing to i t either a
granular or other suitable form that will present the exa ct amount of sm'fa ce

and compactness requir ed for obtaining a certain rapidi ty or in tens i ty of
combustion .

I fir st convert cotto n wool by the proces ses now well known into gun
cotton . For this purpose I prefer to use the cotton in the form of a loose
roving . W hen the gun- co tton has been puri fied from acid by washing in
running water and in very dilute alkali , I trans fer i t to a b eating engine of
the description commonly used in the manufacture of pape r, where i t is reduced
to a pulp , which is then converted into solid ma sses .

Prolonged boiling w i th w ater , whi ch is an es sential feature of the modern
process of stabili za t ion

,
was not intr oduced un til considerably later . Sir

F . L . Na than remarks 1 that Bo iling as now understood did not form part
of the process of gun - cotton manufacture when manufacture was started at
lValtham Abbey early in 1872. About the middle o f 1873 ,

however boiling
1 J . Soc . Chem. I nd 190 9 , p . 180 .

182
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vats were put up at Waltham Abbey , but no records exist , unfortunately ,
about the details of the early boiling processes .

’

In the official Notes on Gun

powder a nd Gun-cotton ,
published by the War Office in 1 878 , it i s stated that

gun-cotton manufactured at Waltham Abbey underwent two boilings by
steam in wooden vats for eight hours each , the water being extracted after
each boiling by wr inging for three minutes in clean water centrifugal machines .
The same boiling process was in use in 1 888 , according to a later edition of the
same book . E v e years later each boiling was extended to twelve hours ,
and the boiling lasted for five days and nights— that is , the gun-cotton received
ten boilings of twelve hours each . In April 1894, thi s system of boiling was
replaced by a system characterized by short boilings at the commencement
of the process

,
the time of successive boilings being gradually increased . The

scheme of boiling was as follows

This system of boiling was continued with but slight modifications until
August 1905. On the introduction of the displacement dipping process it
was found

,
as alr eady stated

,
that gun- cotton made in thi s way w as brought

to a condition of stability by the boiling process then intuse , and ju st referred
to

,
at an earlier stage than gun- cotton made by the Abel process . A probable

explanation of this fact i s that during the displacement process a zone of
acid liquid at a comparatively high temperature— somewhere about 40° C .

passes through the whole of the gun- cotton in the dipping pan . The action
of thi s hot acid liquid may be to oxidi ze certain organic impurities which are
certainly present , and to cause the breaking down of unstable nitrogen com
pounds into soluble or non-reactive bodies . Systematic experiments were
therefore carried out

,
in 1905, to determine the most suitable and most e cono

mical method of purification by boiling for displacement process gun-cotton .

In the principal experiments two types of boi ling were employed— one in which
long boilings were used at first

,
followed by short boilings the otherain which

short boilings were used at first
,
followed by long boilings . The following

deductions were made from the results obtained in these experiments

(1 ) Purification of gun- cotton obtained by means of long boilings at
the beginning followed by shorter boilings later , i s superior to that obtained



184 EXPLOSIVES

w hen the reverse condi tion holds . This is substantiated by the followi ng
considera t ions Examina t ion of the w aters show ed that neutrality is ob tained
earlier ; that less decomposi ti on of

.

the gun- cotton takes place ; that the
stabili ty , as shown by the various s ta bili ty te st s , i s greater a nd that a stable
condi t ion is a ttained earlier .

(2) A di splacemen t washing after a long acid boiling at an early stage
is a beneficial trea tmen t . 1 This t reatmen t i s probably responsible for the
early a t tainment of neu trali ty .

The system of boiling determined on as a resul t of these experiments
was as follow s :

wi th a cold wate r di splacement wash after the fir st two boilings . A full
account of these investigations was given by Dr . Robert-son in a paper on
the purificat ion and stabili zation of gun- cotton .

2 This system of boiling i s
s t ill in use a t the Royal Gunpowder Factory .

The quest ion of how the purification of gun- cotton can best be effected
cannot

,
however

,
be considered as set tled , nor can the system which has j ust

been described
,
although it undoubtedly gives an excellent gun-cotton at the

Royal Gunpowder Factory
,
be applied t o gun- cotton made by other processe s

at other factories
,
without full inves tigat ions as to it s sui tability . Another

mat ter which must be taken into account in connexion wi th the purificat ion
of gun- cotton by boiling

,
i s the nature of the wa ter available . The water

at W altham Abbey is very hard , and its alkalinity may be an impor tant
fa c tor in the success of the boiling trea tment in use there . This ques t ion
i s perhaps connected wi th another one , and tha t is , that the boiling of gun
co tton can b e carried to o far . The effect of boiling , w hils t i t no doubt breaks
down impuri t ies

,
also

, no doub t , breaks down the s table es ter i ts elf . I t i s
well known that if gun- co tto n i s boiled fo r a sufficient ly prolonged peri od ,

the percenta ge of soluble ma t ter w ill ri se and the nitrogen- content wi ll fall .
The breaking down of ester will be accompanied by the format ion of acid

1 A go od method is to run in co ld wate r at the b o t tom o f the v a t
,
w hich rema ins

fu ll o f water the who le time . The contents then do no t se ttle down to a compa ct ma s s .
3 J. Soc . Chem. I nd 1906, p . 624.
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w ashing w ater i s removed by a skimmer . The washing wate r contains in
suspension foreign bodies of a low er specific gravi ty than gun- cotton

, a nd in
the case of the earlier w ashing w ate rs

,
there i s always presen t a. scum con

taining ni tro-bodies of low stabili ty.

“ A further purpose served by poaching is the thorough blending of a
number of di fferent batches . This i s a final blending , but at the Royal Gun
p owder Factory there e x i st s a regular syste m of blending ri gh t through the
who le of the manufacturing processes . This system is bri efly as follows

’

The cotton w aste reaches the factory in consignment s from di fferent con
tractors . The w aste i s drawn from the s tore in proport ion to the quant i t ie s
on the contracts , and is mixed and passed thr ough the teasing machine in
these proportions .

“ The next process where blending is possible i s in charging the boiling
vats . Tw o vats are filled simul taneously from a number of set s of paris
two pans of each set of four going into one vat the other two of the set into
the o ther va t . On completion of th e boiling . four va t s are emp tied simulta

neously int-o thirty-tw o beaters . This ensures the gun - cotton fr om the four
vats being blended together in the beating process .

On the completion of the pulping the beate rs are run alternate ly into
the poachers in such a manner that the content s of the thirty-tw o bea ters
are blended into eight poachers . The gun - cot t on in the eight poachers i s
therefore uniform throughout .

The system produces gun- cotton of very uniform ni t rogen- conte nt .

In 1907— 1908 . 29 1 te s t s , represent ing 600 tons of gun- cot ton . gave the follow
ing n it rogen resul t

Ma x imum Minimum Me a n

From the poacher the pulp passes to a stuff—chest or large tank provided
wi th stirring arms . Abou t this stage , if the gun- cotto n is to be made int o
compressed blocks for blast ing , stabili zing matters are added , u sually calcium
carbona te . If the water u sed be hard a considerable amount may be precipi
ta ted on the fibres by the addi tion of lime wa ter . If the wate r b e so ft . o r

the quantity of calcium carbonate to be added be large , it may be added in
the form of whi t ing .

B onldinx .oh . To remove the great bu lk of the water the pulp may now b e. passed into
a centrifugal machine , lined wi th fine canvas . The damp mass thus obtained
still conta ins 40 or 50 per cent . of water . I t may be sen t aw ay from the gun
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cotton factory in this form , or it may be moulded fir st into blocks . This i s
done by loading it into a hydr aulic press , where it is subj ected to a pressure
of 30 or 40 lb . per square inch . Presses are also made which di spense wi th
the preliminary wringing in the centrifugal machine . These have hollow
plungers covered with fine wir e gauze , and the bulk of the water i s drawn
o ff through these by the application of a vacuum . The hydr aulic pressure
i s then applied whereby the gun- cotton is moulded into a block or cylinder

,

which can be handled conveniently .

An important po int concerning the beating engine i s to secure a very The b eater.
good circulation of the water . In the machines used in the paper Industry

FI G . 37. B eater for Pulping Gun -co tton.

the rotation of the drum causes the w ater to move round so fast that the
fibrous cellulose material cannot settle, but i s carried round and round,

so
that it comes repeatedly under the knives

,
until i t has been reduced to the

required degree of fineness , and the machine requires very little attention .

But if the same machine be used to pulp nitro- cotton
,
it i s found th at the

solid material tends to settle down at the bottom
,
and it i s necessary for a

man to attend the machine and help the material round with a wooden paddle .

This is not due ent irely to the increase of the specific gravity , for that of
nitro- cotton i s only 1 -67

,
whilst that of cotton is about 16 1 , but in the nitra

tion the weight of each fibre has increased about 70 per cent . The length
has not become greater , probably it has diminished somewhat , consequently
each fibre has become much stouter , as may be seen clearly on comparing
micro-photos 1 and 7

,
Fig . 30. There i s therefore much more weight for the



Sulphuric

EXPLOSIVES

same amount of surface , and consequently the ma terial i s bo rne along by
the water w i th grea ter difficul ty .

A good form of bea te r is tha t of Hoyt , in w hich the materi al is made t o
circula te vertically ins tead of horizon tally . The drum carri es the wa ter and
pulp right over , after which they descend a s teep incline

,
then another under

this sloping in the opposite dir ec t ion t o the low es t point of the knife dr um .

The fixed knives under the rota t ing drum require to be sharpened fre
quen tly . and it is usual to have a duplica te set . The knife-blades on the
drum also require sharpening from time to t ime . They thus become gra dually
shorter , and this causes the circulation of the pulp t o become w orse .

The knives are somet imes made of phosphor bronze
,
as i t has been found

that particles of iron have a deleterious effec t on the s tability of the ni tro
cellulose , but they have the disadvantage tha t they w ear faster than s teel
knives .
The development of the method of stabili za t ion took a somewhat di fferent

cour se in some factories ; a boiling process has been introduced , after the
pulping , and w as carried out in large iron tanks fit ted wi th s t irring gear and
valves for running o ff the water at di fferent levels . The w ater had t o b e
kept alkaline throughout the Operations , else the a cid developed by the ni tro
cotton would at tack the iron of the vessels . At fir s t s ight i t appears as though
the boiling in the pulped sta te mus t purify the ma teri al much more effectua llv
than when the ma terial i s compac t , but experience has proved tha t this i s
not so . Robert son has shown tha t the most important part of the purificat ion
is the boiling wi th dilu te acid , and in the alkaline method thi s is omit ted
altogeth er . Actual tests and trials have show n that the gim- cot ton stabili zed
by this process is di stinc t ly inferior t o tha t prepared b v the ll

'

a ltham Abbey
proce ss .
The reason for this

,
or at least one reason w a s revealed by the observa t ion

of Cross
,
Bevan

,
and Jenks , tha t mixed es ters containing both sulphur i c and

ni tric ac id residues are liable to be formed when cellulose is immersed in the
mixed acids . 1 The observat ion w a s confi rmed by Hake and Lewi s 2 and
was further investigated by Hake and Bell .3 Wh en these produc t s are allow ed
to stand they gradually become acid in cons equence of the format ion of fr ee
sulphuric a cid , which ma y ult ima te ly lead t o the spontaneous explos ion of
the gun- cotton . Hake and Lewi s suggested tha t the disas t rous explos ion
at S towmarket in 1871 w a s probably caused b y the presence of sulphuric
este rs .
It was shown by Robertson 4 that the sulphuric es ters are decomposed

hydrolyt ically by boiling wi th acid w a ter much mo re rapidly than wi th alkaline

1 Ber . , 190 1 , p . 2496 ; Resea rches on Cellulose , v o l. ii . , p . 51 .

2 J . Soc . Chem. I nd .. 1905, pp . 374 a nd 9 14.

3 J . Soc . Chem. I nd , 190 9 , p . 457.
4 J . Soc . Chem. I nd . , 1906, p . 624.
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a s rapid in an alkaline solut ion as in an a cid solution of equal strength . For
this reason i t is unadvis able to use s t rong alkalis for the stabiliza t ion ca ustic
alkali s should be avoided and sodium carbonate should only be used when
the wa ter otherwi se contains no alka li . Hard wa ter possesses sufficient
alkali in the form of calcium bica rbona te wi thou t any addi t ion , and this is
the most suitable for stabilizing nitro-cellulose . Moreover , treatment wi th
s trong alkali is liable to convert the ni t ro- cellulose into un stable decomposition
products .
The two me thods of sta bili za tion are often combined , that is to say ,

after
the ni t ro - co t ton has been boiled and pulped i t i s a gain boiled . The instruc
t ions of the US . Army Ordnance Departmen t as revised up to April 18 , 1908 ,
are for instance :

Nitra ting — C ellulose of sta ndard quality shall b e dried at a tempe rature
not exceeding ll

'

hen cold thi s co tton sha ll be nitrated in mixed ni tric
and sulphuric acids . After nitra ting , the ni tro - cellulose shall b e washed in
w ate r before bo iling .

Prelimina ry bo iling .
— The nitro - cellulose shal l be bo iled a t lea st forty

hours , and wi th not less than four changes of water, in tubs so cons tructed
that the nitro - cellulose shall not come in con tac t wi th the steam at a tempera
tur e grea t-er than There shall be complete ebullition or boiling over
the ent ire sur face of the tubs . No alkali shall b e used in this p reliminary
purification .

Pulping — The ni t ro -cellulose shall then be pulped in fresh water , to
w hich shall be added j us t enough sodium carbonate to preserve a slight alkaline
reaction to phenol-phthalein solution the process i s con t inued un til the
mate rial is thoroughl y and evenly pulpe d to a sa t is factory degree of finenes s ,
and show s a c lean break when a handful i s squee zed and broken into parts .
Dur ing this proces s the water shall b e changed to such an extent a s may be
neces sa ry to remove the impuri ties .

“

Pouch-in — A.fter pulping , the ni tro - cellulose pulp sha ll be run to the
poachers , set t led

,
and the water deca n t ed . The ni t ro -cellulom shall then

b e boiled six hours in fresh water , and dur ing this time not more than 10

ga l'o ns of carbonate of soda solution for each 2000 lb . dry ni tro -cellulose may
be added a t intervals . This solut ion sha ll con ta in 1 lb . ca rbonate of soda
per gallon . Dur ing this and all other bo iling in the poachers the pulp shall
b e thoroughly agi ta ted by mechanical st irrers . Af ter boiling the nitro -cellu
lose shall be allow ed to set t le and the clea r wa ter decanted as completely
as poss ible . The tubs shall then be filled wi th fr esh water bo iled two hour s ,
settled , decanted and refi lled wi th fresh wa ter . The boiling sha ll then be
continued for one hour , and this proces s repea t ed thr ee t imes .

”

This makes a to tal of tw elve hours ’ b o i ling wi th five changes of wate r,
viz . 6

,
2
,
1
,
1
,
1 , l . lVit-h only the fir s t of these is an addition of soda a llowed.
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After boiling the nitro - cellulose shall have ten cold water washes
,
each

washing to consist of agitation by mechani cal means for half an hour in a
sufficient amount of fresh water , thorough settling and decanting the clear
w ater at least 40 per cent . of the total contents of the poacher shall be dr awn
off . A sample shall then be taken for subj ection to the various tests prescribed
for nitro - cellulose . Should the nitro -cellulose fail to meet the required heat
test , i t must be boiled again w ith two changes of water , the time of actual
boiling being five hours without the use of alkali , and then it must be given
ten cold water washes in the manner prescribed for the regular treatment .

One of the disadvantages of boiling the pulp in ir on hollanders i s that it
may be necessary to add alkali to neutralize the acid formed . It i s better
to add it in the form of finely divided calcium carbonate (whitening ) than
sodium carbonate . Another di sadvantage is that the water cannot be removed
nearly as completely as when the unpulped nitro - cotton i s boiled in wooden
vats

,
from which the water can be allowed to drain very thoroughly . If the

pulp be allowed to settle in the hollander too long , i t forms a dense mass at
the bottom

,
whi ch prevents the rotation of the stirring arms , and it may be

necessary to dig it out .
An other class of unstable products that may be present in nitro cellulose 053

11

2
10 56

i s that of the nitrous esters . These are apparently formed m the hydr olysi s
es

of nitro - cellulose on treatment with dilute alkali or acid the cellulose residue
becomes oxidized whilst the acid residue i s reduced . The nitrites of cellulose
are so unstable

,
however , that they are never present in a normal product

to any considerab le extent . Nicola rdot and Chertier 1 succeeded in preparing
them by the action of nitrous acid on vi scose cellulose suspended in dilute
nitric acid . A certain amount of ni trate i s formed at the same time , but thi s
can be separated from the nitri te by dissolving it in acetone . It can also
be made by passing nitrous gases through a mixture of acetic acid and acetic
anhydr ide in which vi scose cellulose or ramie fibre i s suspended . The products .

thus prepared are of a grey colour , gelatinous when moist , brittle when dry,
insoluble in water

,
alcohol

,
ether

,
acetone

,
chloroform and ethyl-acetate .

The percentage of nitrogen , as determined by Schloesing
’

s method , could not
be obtained higher than 26 per cent ., that i s to say , the higher nitrites decom
posed before they could be analysed . In the Lunge nitrometer they gave
no evolution . Even those with 2-5 per cent . gradually evolve nitrous fumes
at the ordinary temperature

,
and water and strong acids sp lit the nitrous

acid o ff rapidly , but acetic acid has little effect . It i s possibly the presence
of these nitrites which causes unstabili zed gun -cotton to give low results
when tested in the nitrometer . It i s found that on boiling , the nitrogen as
determined by the nitrometer goes up

,
whilst that as determined by the

Schloesing (Schultze —Tiemann ) method goes down . Although nitrites of

1 Compt. Rand 19 10, 151, p. 719.
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cellulose are probably fo rmed to some extent in the nitrat ion process
,
their

presence is to be ascribed more to the decomposi t ion of the ni t ric esters .
Their presence must be a cause of instability .

The inte rmediate products fo rmed in the decomposi t ion of ni tro -ce llulose
have engaged the at tent ion of various investigato rs , who have hoped to obta in
evidence a s to the const itu t ion of the cellulose molecule . Thus Kerkhofi

dete cted tartaric and ci t ric acids among the product s o f saponifi ca tion , and
Hadow 2 found o x alic acid a nd ammonia and an acid similar to sa ccharic .

Divers 3 found in the decomposi t ion products acids w hich from their reactions
b e iden t ified as pec t ic

,
and para and meta -pectic acids . Abe l ‘ confirmed

the presence of these in gun - cot tons that w ere badly decomposed ; he also
found formic and oxalic acids and cyanogen , and w hen the material w a s
heated wi th pota sh

,
ammonia was given o ff . Fermenta ble carbohydr ates

w ere only formed in a few insta nces . Silb errad and Farmer 5 extra cted wi th
w ater 100 kg . of gelatinized nitro -cellulose powder , which had been hea t ed
for tw enty - three w eeks at In the extract they dete cted ethy l nitrite ,
ethyl nitrate ,

ethyl-alcohol (these evidently derived from the alcohol used
for the gelatinization ) , nitric and nitrous acids , ammonia , formic , ace ti c ,
butyric , dihydroxy- butyric

,
oxalic , tarta ric , i sosa ccharic and hydroxy -pyruvi c

acids . Carbohydrate s w ere found to be present by the fermenta tion te st ,
and some other compounds were obtained , but could not be identified by
reason of the complexi ty of the mixture and thei r minute quantity . Hydroxy
pyruvic acid

, C 3H 4O 4, has also been found by Wi ll 6 and Vignon 7 among the
products of the alkaline saponifi ca tion of nitro - cellulose and ni tro -oxy-cellulo se
respectively . Berl and Smith 8 obta i ned it (called by them oxy -pyruvic a c id )
by the alkaline hydrolysis not only of ni tro - cellulose but also of the ni trates
of glucose and levulose , show ing the intimate relationship of cellulose with
these other carbohydrates . From starch nitrate a sim ilar but not identica l
acid w a s obta ined . They also found that hydr oxy -pyruvic acid i s very
susceptible to oxidation and fermentation , and consequently may b e the
substance which others have described as “ fermentable carbohydrate s .”

Berl and Fodor 9 found that the relative proportions of the different acids
formed vary according to the concentration of the alkali used , a dilu te solution
yielding compounds containing 4 to 5 carbon atoms , whil st wi th concentrated
alkali acids w i th 1 to 3 carbon atoms predominated . In addition to hydroxy
pyruvic acid they dete cted malic , trihydroxy -gluta ric , malonic , ta rt roni c ,
oxalic , glyco llic and dihydroxy-butyric acids .

1 J . pmkt. C . , 1847, p . 284.

2 J . Chem. Soc . 1854, p . 20 1.
3 J . Chem. Soc .. 1863. p . 9 1. P h il . Tra ns , 1867. p . 18 1.
5 J . Chem. Soc , 1906, p . 1 182.

6
Ber 189 1 , pp . 400 . 383 1.

7 C ompt. c d . , 1907, p . 872.

8
J . Soc . Chem. I nd . , 190 8 , p . 534.

9 S .S . , 19 10 , pp . 296, 313.
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CHAPTER X IV

NITRIC ESTERS OF OTHER CARBOHYDRATES

Nitro -s tarch : Nitro -sugars

Nik o-starch. NITRo - STARCH has been k nown even longer than nitro -cotto n ,
for i t was fi rst

prepared by Bra connot in 1833 1 by di ssolv ing sta rch in strong nitric ac id
and pour ing the vi scous trans lucent liquid into wate r . The resul ting cheesy
w hite substa nce was called by him xy loidine ,

” a name which i s now applied
generally to any product that i s made by di ssolving a carbo -hydrate in nitric
acid and pouring into w ater or sulphur ic acid , or by dissolving in sulphuric
acid and pouri ng into nitric . Nitro - starch was afte rwards inve stiga ted by
Pélouse ,

2 Liebig
, Buijs -Ballot , Gerhard , Bechamp ,

s and Reichardt . In spite
of the cheapness of the raw mate ri al , sta rch , i t has never been able to di spla ce
ni tro - cotton thi s i s partly due to the in stability of ni tro - starch . and partly
to the mechanical di fficulties in nitrating and purifying i t . If the sta rch be
introduced into the mixed acids in the same way that cotto n is , i t forms clots ,
which are no t th oroughly acte d upon , and are difficult to puri fy subsequently .

Hence in a ll the early attempts to manufactur e the substance the sta rch was
di ssolved in nitric acid a nd poured into sulphuric acid . Such . for insta nce ,
was the method of the Austrian engi neer offi cer [

l

cha tius 4 The process of
the Viennese Nobel Company 5 consi sted in di ssolving ground sta rch in nitric
acid (specific gravity 1 and then in j ecting it as a spray into the w a ste
acids from nitro -glycerin e (HNO3 10 per cent . , H g

SO , 70 per cent . , H ,O 20

per the temperature being kept down to 20° to The ni tro - sta rch
was then filtered off on a filte r of gun - cotto n , washed wi th wate r and trea ted
for tw enty - four hours with 5 per cent . soda . It was then ground to a paste
and washed in a centrifugal or filte r -press and impregnated wi th aniline wi th
the object o f making it sta ble . Until i t was required for fur ther use i t w a s
kept wet , conta ining about 33 per cent . wate r and l per cent . aniline .

1 Ann . chim. p lays , 52, p . 290.

2 Ann. pha nn., 1839, p . 38 ; Compt. Rend 23. p . 893.

3 Ann. ch im. phys . , 1862, p . 31 1.
4 D ingle r

’

s P oly. Journ., 1861 , p . 146. 5 Germ. Pa t .

194
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Hough ’ s process 1 differs from previous ones in that he injects powdered
starch by means of a j et of air into mixed acid containing an excess of sulphur ic
anhydride , which excess i s maintained during nitration by the addi tion of
more oleum . The nitrated product i s filtered off and treated with hot
ammonia . He claimed thus to obtain a stable product containing about
165 per cent . N . These claims have been investigated by Berl and Biitler ,2

only they did not treat the product w ith alkali , as thi s could only have an
injurious effect on the stability : they treated it with water only . They
found that the products were very unstable , the heat tests low , as also the
ignition points

,
and they contained 0 50 per cent . combined sulphuric acid .

The percentage of nitrogen also was very much lower than as stated by Hough
in no case was it more than about 13 4 per cent . , which was the same as nitro
c otton contained when it was nitrated in the same manner .
The Nobel and other methods were simi larly investigated by Muhlhauser .3

The principal resul ts are collected together in the following Table :

So lu b ility in
Per cent .Me thod o f P repa ra tion Rema rks

Alcoho l

Pptd . w ith N/ G waste acid M, Nob el pro cess
w ater

pts . 11 28 0 4 inso l.

Injection. W heat s tarch dif. so l .

Po tato
Rice

So lub le

M means investigated b y Miih lhausen ; B b y Berl and Butler.

None of these were stable except the first two , whi ch contained only 1 1

and 10 -5 per cent . N respectively , but , on the other hand , W ill and Lenze ,4

by treatment with solvents
,
obtained a stable product with 14-04 per cent .

N . To prepare this they di ssolved the dried starch in concentrated nitric
acid (specific gravity which was kept cool , and after twenty -four hours
sulphuric acid was gradually added . The product was washed w i th water ,
then extracted first with cold alcohol and afterwards twice with hot alcohol .

1 US . Pats . o f Feb ruary 2, 1904,
and o f May 23, 1905.

2 S .S., 1910, p . 82.
3 D ingler

’

s P olyt. Jou r ., 1892 p . 37. Ber ., 1898 , p . 68 .
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It was dissolved in a mi x ture of acetone and alcohol and the acetone evaporated
off , thereby precipitating the nit ra te a s a white powder . This was then
boiled with alcohol , w ashed wi th w ater and dried . The product purified in
thi s w ay igni ted only a t and after keeping at 50° fo r six months was
sti ll quite stable . Such a process i s , of course , quite unsui table for use on

a commercial scale
,
but i t seems to indicate that nitro -starch its elf is fairly

sta ble i f i t can be separated from impurities .

Nitro - starch dissolves readi ly in acetone and eth y l - acetate . The solu
b ilities i n alcoho l and ether-alcohol are given in the above Table . That made
by the Nobel process dissolves very readi ly in nitro -glycerine

,
but does no t

gelatinize i t as collodion cotton does . Thi s is in accordance w ith the low
visco s ity of the solutions in acetone . Berl and Biitler obta ined the follow ing
vi scos it ies for solutions of potato starch nitrated by Hough ’ s method and
for nitro -co llulo se nitrated in the same way ,

both containing 13 4 per cent . N .

Po tato s tarch nit-rate
Cellulo s e nitrate

Other variet ies of starch gave even low er viscosities . The molecula r com

plex i ty is in fact small ; Sapo shniko ff 1 determined the molecular weight in
a Beckmann apparatus w ith boiling acetone fo r two different product s each
containing 13 4 per cent . N ,

and obtained results agreeing w i th a C 3 , formula .

One o f the disadvantages o f nitro — starch as compared with nitro - cotton
lies in the fact that i t absorbs a much larger amount of moisture from the
air

,
j ust as starch i s more hygroscopic than its homologue , cellulose . Thus

W ill z found that the materials after being dried in an oven at 40° to ok up
the following amounts in an atmosphere nearly saturated with moisture at
25

°

a nd the corresponding figures for the nitrated products w ere found by Will
and Berl and B iitler to be

1 J . Russ . Phys . Chem. Soc., 1903, p . 126 ; J . Chem. Soc. Ab s , 1903, p . 402.

2 Mitt. a . d. Centra ls tclle , No . 4.
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The product from levulose appears to be the most sta ble those from maltose
and lacto se also did not decompose very rea dily .
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the saponifi ca tion i s completed by the addition of a little more soda , and i t
is submi t ted to such further processes as a re nece ssary to produce the class
of soap requ ired .

There are a number of o ther processes of sp li t ting up the fats with separa
tion of the fa tty a cids a s such , and these ac ids can subsequently be combined
wi th soda to form soaps . These methods have been us ed largely in Germany
fo r soap -making

, b ut the manufa c tur e of soap is thus rendered much more
difficul t the soap is often da rk in colour , and is apt to grain on keeping

,

a nd in many cases becomes rancid . Thes e disadvantages more than compen
sa te for the fa c t that the recovery of the glycerine i s ea sier . In England
mponifi ca tion wi th soda i s prac t i cally universal , and i t i s the process most
us ed in America . The tendency in Germany i s also to return to thi s method
for the manufac ture of soap .

The spent lye conta ins , beside s glycerine and much water , a large amoun t
of sodium chlori de , and vari ous impurities , organic and inorganic . It i s
firs t nece ssary to remove some of the impuri ties . The free alkali i s first
neu tra li zed wi th sulphuri c or hydrochlori c ac id, and if impure soda has been
us ed , ferri c or aluminium chloride is added as long as a precipita te i s formed
to free the li quid from hypo- sulphi te s , sulphides , cyanides , sulpho -cyanides ,
etc . The precipita te , which is allowed to settle , contains Prussian blue and
fat ty mat ters

,
which are recovered . Other meth ods of purifi ca tion are also

adopte d acco rding to the composition of the lye .
The next step is to concen trate the lye . Durin g thi s operation considerable

quan ti t i es of salt separate and cause trouble by coating the solid surfaces
and preventing the transmi ssion of heat . Various types of pla nt have been
defi sed for ca rrying out thi s Operation , such as that of L . Droux , of Paris ,
consi sting of a steam -hea ted drum revolving in a shallow tank filled with th e
li quid ; the removal of the salt is easy with a pla nt of this kind . At the
present time the concentration is usually carri ed out in single or multiple
effec t va cuum evaporato rs , in which the li quid is kept cir culating rapidly ,

so tha t solid deposits may not be formed on the hea ting surfaces .
If the fa t ty ac ids a re to b e used for the manufacture of candles

,
other

proce sse s of trea ting the oil or fa t ca n b e us ed , as the acids have to be distilled
in vacuo in any case , in order to remove the da rk - coloured impuri ties . It
is also necessary to remove from them oleic a cid , which has a melting-point of
only and would consequen t ly make the materi al too soft ; the melting
points of stearic and palmi tic ac ids are 48 ° and 62

° respectively . Thi s i s
effec ted partly by fil tration and partly by di stilla tion .

The method whi ch was fi rs t used for the manufactur e of stea rine was to
saponify wi th an excess of milk of lime , separate the glycerine from the lime
soap , and decompose th e la tter wi th sulphuri c a cid . The consumption of lime
and sulphuric ac id was considerable , however , and the proce ss was trouble
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some . Then it was found that a much smallerproportion of lime would suffice
,

i f the operation were carried out at a high temperature and pressure . The
treatment i s effected at a pressure of about 120 lb . per square inch in an auto
clave , prov ided with a mechanism for stirring . A little zinc oxide i s also
added sometimes to hasten the reaction . According to Lewkowitsch l the
yield of saponifi ca tion crude glycerine of specific gravity 1240 by this
process is about 10 per cent .
It is possible to do away wi th the lime entirely , and resolve the fat into

acids and glycerine by merely heating with water in an autoclave
,
but the

temperature required is high and the time long , and consequently there i s
much decomposition , w i th the result that the yields are bad and the products
impure . But instead of alkaline substances such as caustic soda and lime

,

many other materials may be used to accelerate the saponifi ca tion . One of
these i s sulphuric acid , which i s much used for the production of candle stearine .
The fat i s heated to about 120° and mixed intimately with 4 to 6 per cent .
of G.O.V. The yield of glycerine by this process i s only 8 or 9 per cent . the
acids are very dark in colour , but a large yield i s obtained of material suitable
for candle making , 61 to 63 per cent . as against 45 to 47 per cent . by the auto
clave process . This i s due to the action of the sulphuric acid upon the oleic
acid , which is converted into iso - oleic and hydr oxy - stearic acids

,
stearo - lactone

and other bodi es having comparatively high melting-points . Unfortunately
some of these are broken down again in the subsequent distillation .

The advantages of both processes can be combined by first heating in an
autoclave with a small proportion of lime , and subsequently treating the fatty
acids with concentrated sulphuric acid According to Lewkowitsch 2 the
yields from 100 parts tallow a re then

Candle material
Oleic acid
Crude glycerine (s .g .

Pitch and lo ss

In the Twitchell process 3 the fat i s treated with a reagent made by the
action of sulphuric acid on o leic acid di ssolved in an aromatic hydro -carbon ,
such as naphthalene . Thi s reagent greatly accelerates the hydrolysis of the
fat

,
but it i s not known how it acts . The fat mixed w ith to 1 per cent . of

the reagent and some water i s boiled for twelve to twenty- four hours with
live steam in a tank closed to prevent access of a ir , which would make the
acids dark . The fatty layer now contains 85 to 90 per cent . of free fatty
acids . The contents of the tank are allowed to settle , and the aqueous layer
containing the glycerine i s drawn off . A small quantity of water i s then added ,

1 Oils , Fa ts a nd Wa x es , 4th cd ., v o l. iii., p . 178 .

2 Loc. cit , p . 188 .

3 Amer. Fa t , 601, 603, March 29, 1898.

Autoclave
process.

Comb ined
process.
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and the boiling is con t inued for another tw elve to tw enty-four hours . The
'

conversion is then 97 to 98 per cen t . Bari um carbonate i s then added until
the w ater i s neu t ra l to methyl o range , as the presence o f strong acids ca uses
the ma t eri al to discolour . This process is much used in America for the
manufacture of candle mate ri al .
Another ca ta ly tic agen t that i s used to accelerate the saponifi ca tion of

fat s i s the enzyme con tained in casto r-oil seeds . The reagent i s prepared
by decorticating the seeds , grinding them up w i th wa ter , and al lowing them
to ferment . A creamy emulsion ri ses to the surface con ta ining some 4 per
cen t . of albumenoid substances , which cons t i tu te the ac tive agen t . The oil

to be saponifi ed is mixed wi th abou t 40 per cen t . of water and stirred to an
emu ls ion by means of air , 5 to 8 per cent . of ferment are added

,
and 0 -2

per cent . of manganese sulphate , which grea t ly assists the act ion . The whole
mass is kept a t a suita ble temperature , which should not be above but
must

,
of course , be higher than the mel ting -poin t of the fat . In the case of

fat of high melting -point it i s necessary to mix it w ith oil . The fermen ta t ion
is allow ed to proceed fo r one or tw o days , and if the emuls ion show s s igns of
set tling out , i t i s s tir red up again w ith a ir . I t i s no t practicable to at ta in
much more than 80 per cen t . conversion by this proce ss . When it i s finished a
litt le sulphuric acid i s added to cause the emulsion to separate and the tem

pera ture i s raised to about 80
°

to des troy the enzymes . Some diffi culty is
caused by the slowness wi th which the emuls ion separates out the incom

pleteness of th e conversion i s also an obj ec t ion . The advantages of thi s
and the Twi tchell process are tha t the plan t required i s very simple and in
expensive

,
and the colour o f the acids i s good . The los ses by either ma y

be heavy
,
however , i f they are mishandled .

Glycerine tha t i s to be used fo r the manufacture of ni tro -glycerine has to
be purified b y di st i lla t ion . At one t ime the di st illa t ion w a s carri ed on? at
a tmospheric pressure w i th superhea ted steam in a st i ll heated by a fire . Under
these condit ions much of the gly cerine w a s decompo sed and polygly cerines

were formed . Dis ti llat ion w i th sa tura ted ste am in va cuo did not give good
results , be cause the temperature of the steam w as reduced too much by the
expans ion . The di sti llat ion i s now generally carried out wi th superheated
s team in va cuo . There i s no grea t di fficulty in separating the glycerine from
the wate r in the dis tilla te , a s the boiling -poin t s are very far apart and

100
° respec t ively a t atmospheri c pres sure ) , bu t the dis t illat ion must b e carri ed

ou t wi th proper care to ob tain the glycerine in a satisfac tory sta te of pur i ty .

The glycerine is generally condensed in a series o f meta l pipes coo led b v ex

po sure to the air . In the fi rst tubes pract ically anhy drous glycerine con

denses in the later ones the condensate is somewhat dilute . The former only
is used for th e manufac ture of nitro -glycerine , the la t ter for a varie ty o f pur
poses , such as fi lling gas-meters ,

the manufac tur e o f ink and si zes for tex t iles .
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CHAPTER XVI

MANUFACTURE OF NITRO-GLYCERINE

Ea rly methods : Injecto r : Modern plant : Nitrator : Sepa rato r : Pre -wa sh
ta nk : Filte ring Wa sh -w ate rs Afte r-sepa ration Re cent im
pro vements Ab o lit ion o f co cks : Fume hoods Plugs fo r a ir -ho les : So ften
ing the wa shing w a ters Operations La b yrinths Nitrato r-separa
to r Co o lin g co ils Prevent-ion o f after -separation Drowning a rrangements
Acids a nd yi elds Time o f separation Conveyance o f nitro -

glycerine Gutters
Lo ca tion o f fa cto rv : Air -supply : Limit b oards : Thunder-storms : General

preca utions Sens itiveness .

IN the early days nitro —glycerine w a s made on quite a small scale by hand .

The mixed acids w ere placed in a pot of iron
,
lead

,
or earthenware , surrounded

by a trough contai ning cold water . The glycerine w a s then pour ed in slowly
w hile the liquid was stirred b v means of a rod of iron or glass . The yield
obta ined was sometimes as much as 2 lb . of nitro -glycerine from 1 lb . of
glycerine

,
but w a s frequently considerably less . After all the glycerine had

been added
,
the stirring was continued for a few minutes longer , then the liquid

w a s allow ed to stand and the nitro -glycerine was skimmed from the surface
and pour ed into water , w ith w hich it was agitated . Finally it was separated
from the water by means of a separating funnel . IVith the development of
the dynamite industry the demand for nitro -glycerine grew enormously

,

and mechanical applia nces w ere gradually intr oduced to enable larger quantities
to be dealt wi th a t a time , thus saving labour and improving the yield . De
scriptions o f these are to be found in the older text -books , such as th ose of
Guttmann a nd Chalon .

A few years after the di scovery of dynamite by Nobel in 1866most of the
essential fea tures of the modern plant had been introduced . The nitrating
vessel w a s a large cy lindrical leaden tank with an oute r wooden casing , form
ing a j acket through which cold w ater w a s circulated .

1 In the ta nk there
were also co il s through which cold water ran . Agitation was effec ted by
means o f compressed a ir led in through lead pipes , and in the earlier pla nts
mechanical agita tion w a s also employed . The glycerine w a s run in from a
tank placed above the nitra tor through a cock b y means of which the inflow

1 Sec Na than a nd Rintoul , J . Soc. Chem. I nd 1908 , p. 194.
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was controlled . The fumes passed away through a glass pipe , which enabled
the man in charge to observe their colour . He also watched the temperature
by means of a long thermometer , the scale of which was above the cover ,
whilst the bulb was in the acid mixture .

O

Below the nitrator a large tank
was provided containing water into which the charge could be run if the
temperature rose beyond control . On completion of the nitration the whole
of the charge of waste acids and nitro -glycerin e was run slowly into a large
tank of water

,
which was kept in agitation by means of wooden paddles operated

by hand or mechanically . The ni tro -glycerine was allowed to separate out
at the bottom of thi s tank , and was then drawn off into smaller vats and
washed several times with soda solution and w ater until neutral .
This system involved the loss of the whole of the waste acids , and if the

rate of flow into the water was not controlled very carefully , a dangerous
amount of heating w a s liable to occur . In any case much nitrous fume was
formed and there w a s some loss of nitro—glycerine through decomposition .

For these reasons the separating tank was introduced towards the end of the
’seventies . The charge was run into this through a cook at the bottom of
the nitrator , and the nitro -glycerine being lighter than the acids separated
out at the top

,
and was transferred to the washing tank .

In America iron nitrators are still used . These have double walls
,
within

which cold water circulates , and are provided with mechanical agitators instead
of, or in addition to , compressed air . In Europe , however , such plant has
long ago been superseded by leaden vessels in which the li quids are agitated by
j ets of air . The water before being passed through the coils is generally
cooled by means of refrigerating plant to a temperature only a few degrees above
its freezing-point . Thi s enables the nitration to be carried out more rapidly
and at a lower temperature . The outer water j acket has been done away
with . The nitrator has frequently been made in the form of a wooden tank
lined with lead , but the best modern practice i s to construct it of lead only ,
sheet being used of sufficient thickness to stand without support .
The form that the nitro - glycerine plant had generally assumed by the

end of the nineteenth century may be seen from the diagram of the factory
that was erected at W altham Abbey in 1890 (Fig . The nitrator was of
the form that has j ust been described . The top consisted of a dome of lead

,

which was cemented on and provided with glass inspection windows . The
a ir pipes , the pipe for the mixed acids , and the inlet and outlet pipes for the
cold w ater coils all passed through holes in the cover ; in the centre of the
cover was a man - lid w ith an acid lute , and in the centre of that again was
a

'

hole for the insertion of the glycerine inj ector . Thi s hole was closed by a
loose lead plug when the inj ector was removed . The air used for the agitation
was allowed to escape through a fume -pipe fitted with a glass cylinder to enable
the man in charge to observe whether red fumes were being developed . The

Modern plant

Nitrator.
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bot tom o f the ta nk w a s provided w ith tw o earthenware cocks , both of which
w ere available if it should be necessa ry to drown the charge one of them w a s

used for running the content s of the nit ra to r into the separat ing ta nk thr ough
a movable lead bend.

The mi x ed acids having been run into the nitrato r the glycerine inj ec to r
w a s in t roduced thr ough the hole in the man - lid , and the glyceri ne was sprayed
by mea ns of air pressure under the surface of the acid . During nitration cold
w a ter w a s passed through the co ils , and the contents of the nitrator w ere
kept in a sta te of vio lent agitation b y means of numerous j et s of compressed
a ir . The inflow of glycerine w a s regulated so as to keep the temperature of
the charge a t or below 22

° C . all the gly cerine had been added , the

Atter sepa ra ting house Nitra ting house Sepa ra ting house Wa shing house Weighing and Wa sh wa ter
W A. Wa ste ac id tank . MA . Mix ed acid ta nk . S. s epa ra to r. mix ing house settling house
A.S. After sepa ra ting G . Glycerine tank . S.T. Sa fety ta nk . W .T. Wa shing ta nk . F T. Filter tank . W .W .S. Wa sh wa ter

b o ttl es . N. Nitra to r . D .T. Drowning ta nk . D .T. Drowning tank . W . Sca les . settling
D .T. Drowning ta nk . P .W . Fro w ntank . ta nk .

FIG . 39 . D ia gram o f Old N itro -

gly ce rine Plant a t “ a ltham Ab b ey .

inj ec to r w a s removed . the charge cooled down to about and then r un

o ff into the separa to r . In fac tories w here refrigerated w ater i s not available
i t is not alw ays poss ible to ni t ra te at such a low tempera ture : the German
o ffi cial reg ula t ions lay down tha t the tempera ture shall never exceed
and the charge must no t be run into the separato r until i t has been reduced
to

For introducing the glyceri ne in to the acids an ingenious form of inj ector
w a s used by Nobel , and w a s adop ted in many factori es . It consist s o f two
meta l tubes one w i thi n the other the ou te r one is for the glyceri ne , and the
inner one for compress ed air , a nd there are tw o flex ible diaphragms so arranged
tha t if the a ir pressure fail , or i f i t ri se too high , the supply of glycerine is cut
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W a shing.

W ash-waters.
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w ash ta nk ,
w a s fi tted wi th tw o earthenw are cocks , an Uppe r one for running

o ff the w ashing waters , and the lower one to run the ni t ro -glycerine to the
washing house . The air pipe for agi ta t ing the charge w as laid loosely on
the bottom ; another pipe w a s led into the bottom fauce t down the inside
of the ta nk ; the ta nk w a s open a t the top . The obj ect of pre

-w a shing
is to remove the bulk of the acid from the ni tro -glycerin e a s quickly a s possible ,
and render i t almos t neutral before i t i s sent down to the w a shi ng house .

To do this it i s agita ted for a ' few minute s wi th abou t four difl erent lot s of
w ash -w ater and then wi th a weak solution of sodium carbona te .

The washing ta nk w a s similar to thi s and was provided wi th cocks one
a t the bottom for rtuni ing o ff the nitro -glycerine , and one or more skimming
cocks at different levels . An alte rnative arrangement for rtmning o ff the
w ash -w ater was a skimmer , a saucer - shaped funn el at ta ched to a rubber
pipe

,
w hich led th rough the side of th e tank to th e wash -wate r g ut ter . The

early form of skimmer was of lead supported by mean s of a rope and counter
w eight . Late r patte r ns were made of lighte r mate ri al , such as brass covered
wi th rubber cloth .

The fil tration of the w ashed nitro—glycerine i s generally ca rried ou t in
the washi ng house in a leaden ta nk . Formerly i t was filte red th rough dry ,

coarse -grained salt conta ined in a flan nel bag supported on wi re gauze . The
greate r part of the water in suspension in the ni tro -glycerine was absorbed
by the salt

,
whilst the nitro -glycerin e flowed in to the ta nk . This had an

earthenware cock by means of which the nitro -

glv cerine was run into a rubber
bucket sta ndi ng on the pan of a pair of scales , so that the correct quantity
could be weighed out for a charge of the exp losive th at w a s to be made . At
the end of the day ’ s work , or oftener if necessary , th e salt bag was renewed ,
and the salt w a s di ssolved in w arm wate r to recover any nitro -gly cerine it
might conta in .

The fil tration is now carried out at Walth am Abbey not in the washing
but in the mixi ng

‘

houses . The nitro -glycerin e runs down a gutte r to the
mixing house , and from there into a plain lead ta nk wi th a fals e bottom of
perforated lead ,

on w hich lies a lay er of sponges sewn up in flannel . The
nitro -glycerine filte rs through the sponges , which reta in the moisture and
flocculent matte r . The nitro -glycerin e i s drawn off from the ta nk by mea ns
of a rubber tube

,
through which it flows to the mea suring vessel (see p . 306)

w hich i s placed j ust below it .
All the waters used for washi ng the ni tro -glycerine and plant are run dow m

lead gu tte rs into a large ta nk in the wash -water settling house ,
”

and the
contents of th e ta nk are kept agi ta ted by mea ns of compressed air . A t the
end of the day ’

s work the air is shut o ff and any ni tro -glyceri ne i s allowed
to set t le out . Thi s i s drawn o ff from the bottom oii the ta nk and returned
to the pre -wash ta nk . The residual mud consists mostly of lead sulphate
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mixed with wate r and nitro -glycerine and some sand , wool , etc . It i s rendered
alkaline with soda solution , and fi ltered and washed with warm water in the
mud hut . Thi s converts most of the lead sulphate into carbonate

,
and

renders the material much less dangerous . The mud i s subsequently wrung
out in flann el to remove us much nitro -glyceri ne as possible

,
and finally it

i s mixed with kerosine and burnt . At Waltham Abbey the wash -waters are
finally run into a small pond , in which a couple of dyn amite cartridges are
exploded every week so as to destroy any nitro —glycerine that may still be
present .
The waste acid from the separator carries wi th it some nitro -glycerine ,

which i s present in it in three forms there are some minute globules
,
which

have not had time to separate out completely , there i s some in solution in
the acids , and there i s some , which may be called potential nitro -glycerine

,

”

which has not actually been formed , but i s present as mono and di —nitro
glycerine , and may be converted into tri -nitro -glycerine on standing t so causing
a further separation at the surface of the acids . In order to avoid the great
danger that would be caused by the separation of ni tro -glycerine in any part
of the acid plant

,
the waste acid i s generally allowed to stand first for several

days in an after - separator (German Na chscheider Thi s consi sts
of a large cylin drical lead tank with a conical top surmounted by a glass cylinder .
It i s filled until the surface of the liquid i s vi sible inside the glass . An y nitro
glycerine that separates i s removed by the attendant with a small aluminium
scoop

,
and washed wi th water in a small lead tank , and then carried over

by hand in a rubber bucket to the washing house . The after- separatin g
house contain s a number of after - separators so that it can hold several days ’

supply of waste acid .

During the first years of the present century a number of important im

prov ements were introduced at the Royal Gunpowder Factory , W altham
Abbey

, into the methods of manufacturing ni tro-glycerine , as also into the
other processes carried out there . Those relatin g to the manufacture of
gun - cotton have been mentioned in Chapters XII and XIII . Maj or (now
Lt .

-Col . Sir ) F . L . Nathan was the Superintendent , and Mr . J . M. Thomson
the Manager , and the nitro -glycerine plant was under the charge of Mr . W .

Rintoul . The far -reaching alterations have been dealt w ith by the first two
named of these in the J ourna l of the Society ofChemica l Industry ,

1908
,
p . 193 .

The operation of washing the nitro - glycerine would appear to be a compara
tiv ely safe one as the material i s neutral or alkaline , and it i s only subjected
to agitation by means of compressed a ir yet there have been a considerable
number of fatal accidents in washing houses . H .M. Chief Inspector of Exp lo
siv es in hi s Special Report No . 162 on the ex plo sion at Fa v ersham on November
9
,
1903 , gives a list of nine , which had occurred in Great Britain alone , and

there w as another one at Hayle on January 5, 1904 (Special Report No , a s

Aiter-separa
tion.

Recent im
provements.

W ashing.



EXPLOSIVES

well as a cons iderable numbe r in other co untries . One po ss ible ca us e of some of
these ca tas t rophes w as the presence of the loo se a ir -pipe , which was simply
laid on the b o t tom o f the ta nk : i t is quite conceivable tha t the j arring of
this pipe on to the bo t tom of the ta nk migh t in excep t ional circumsta nce s
ca use a n explos ion . The a ir -pipe i s now ca rried down the outside of the
ta nk from above the level of the liquid and is burnt on to the under sur face
o f the bo ttom of the ta nk . Holes a re pierced through at interval s , and there
is a hole in the end of ea ch branch of the a ir -pipe so arranged tha t any ni tro
gly cerine tha t ha s lodg ed in the pipe , wi ll be blown out a gain into a shallow
depress ion w hich slope s down to the outlet.
The w ooden ca sing of the washing ta nks has also been done away with .

It w a s alwa y s poss ible tha t a sma ll leak migh t be formed thr ough which nitro
gly ce rine w ould pass and soa k into the w ood and there set up a dangerous
decompositi on

,
and ni tro-glycerine w as a lwa v s lia ble to get spilt or splashed

on to the wood .

Another po ssible source of danger was the presence of the numerous cocks
through w hich the nitro -glycerine had to pa ss . Fr ic ti on migh t be ca used
if the cock s tuck ,

or if the ni tro -gly cerine fr oze in or around i t ; al s o if the
hole thr ough the key of the cock w ere not quite s traight , there might be a
pocket in w hich nitro-glycerin e could lodg e and set up decomposit ion . Soft
rubber tubing has now been substituted for the cocks , arranged as i s shown
in Fig . 40

,
w hi ch how ever still shows a w ooden casing to the tank . The

w it rubber tube ,
d is fixed over the outle t lead pipe , and is kept closed by

slipping i t over the hollow lead plug , e , through which a small current of air i s
pas s ed w hilst the nitro -glycerine is being w a shed . “h en the charge i s rea dy
to be run o ff the ai r is shut down , and the rubber tube kinked in the hand
and pulled o ff the plug . The flow of the nitro -glycerin e can be controlled
by pinching the tube wi th the hand . The skimming tube , 6, rs also of soft
rubbe r the ha rd and hea vy skimmer ha s been done away wi th . Thi s skim
ming tube has since been improved by widening i t at the mouth funnel-wi se
and providing it wi th a rubb er handle .
It has been suggested that the explosions in w ashing tank s may have been

caus ed by the genera tion of electri ci ty b y the fric tion of the a ir w hen pa s sing
t hrough the j ets in the air -pipes . Bu t air or other gas cannot produce elec
tricity by fri c t ion a s w as shown by Fa raday .

l It is only w hen the air carries
wi th it partic les of solid ma tter or liquid globules tha t any charge i s formed ,

and then only if the solid or liquid ma tter be i t self non -conducting . The
nitro -gly ceri ne is surrounded on a ll sides by conductors on i ts upper surfa ce
by soda solu t ion and everyw here e lse by lead , so that any charge would b e
rapidly discha rged , especia lly a s the ni t ro -glycerine i s kept in motion and ‘ i s

1 Ex pe rimenta l Resea rches in Electr icity .

"
Series XVI II , Phil. Tra ns " January

1843.
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mix ed wi th dr op s of the soda solu tion . Expe riment s carri ed ou t a t Ardeer
fai led to detec t any charge of electrici ty .

1

The pre
-wash tank is cons truc ted in the same way as the final washing

tank ; the principa l difi erence lie s in the arrangements made for conducting
away the fumes . The air ris ing from the pre -wa sh ta nk ca rries some nitr ic
ac id with i t as well as fumes of the ni tric e ste rs of glycerine the tank has
a fixed lea d cover wi th an opening , which is kep t co vered wi th a smal l rubber
flap

,
and there i s a fume pipe through which the fumes a re drawn b v mea ns

of a j et of a ir or steam . From the washing ta nk the air ca rries away only
vapour of w ate r and nitro -glyce rine , consequen t ly the lead top is unnece ssa ry
it is merely provided wi th a hood of rubber cloth shaped like a large inverted
funnel

,
the stem of which passes out through the roof and is provided wi th
j et to keep a current of air going in an upwar d direc tion during the

whole of the time of the washing . The removal of the fumes of ni tro -glyce rin e
makes the work much less ttrying to the workmen . In the pre was h ta nk the
air-holes in the bottom are hushed wi th small perforated ebonite plugs to
prevent the ra pid enla rgement of the holes , but in the final wa shing tanks
these small plugs a re unneces sary as the wea r i s very slow .

A very ha rd sto ny deposit consisting mostly of calcium carbona te used
to be formed on the inside surface of the washing tank , due to the action of
the soda solution on the hard wate r employed . This was another possi ble
source of da nger . The formation is now prevented by softening the water
before u se . There is a large ta nk in the charge house above the level of the
nitrating hous e , and in this sufficient water i s trea ted ea ch da y to suffi ce for
a ll the washing operations of the next da y . Enough lime and sodium car
bona te is added to precipitate the bi carbonate and sulphate of calcium and

the magne sia , and the wate r i s well agita ted and al lowed to settle over night .
Washing tanks should be made wi de and shallow , beca us e a reduc tion in

the depth of the liquid grea tly diminishes the time requir ed for the separa tion
of the ni tro -glycerine from the water . At the Royal Gunpowder Fac to ry
compara t ive tr ials were carried out wi th two different design s of ta nk , the

proportion of wate r to ni tro-glyce rine and a ll other condi tions be ing kep t
consta nt . The depth of l iquid only was varied by having the tank s of difi erent
diameters . The results were

To tal depth of liquid Mea n time o f separa tion
27i in. 34g. 28 1! secs .

18g in . 10 9}

In the pre-wash ta nk the ni tro -glyce r ine i s u sually wa shed about four times
at a temperature of about 18 °

C . The firs t thr ee w ashings are wi th w a ter only
but the last with some soda , so a s to remove a ll bu t a small quan t i ty o f the
a cid . The nitro -glyce rine i s then sent down a gu tter to the w ashing house ,

1 Sec S .R. , 156, p . 8 .
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where the final washing i s carried out . The number and duration of the
washings vary considerably in di fferent works , but the following scheme is
a good one

1st washing 15 minutes wi th dilute soda (3% per cent . Na lC0 3 )
2nd 30

3rd 45

4th 15 with softened water only
5th 15

Temperature of washing 30° C . , proportion of soda solution or water to nitro
glycerine 4 : 10 by weight .
All the wash -waters from the ‘pre -wash and final washing tanks are run

through labyrinths before they pass to the wash -water settlin g tank
,
and from

the latter they again pass through a labyrinth before they reach the pond .

The labyrinth consists of a long lead tank open at the top and provided with
a number of transverse partitions so arranged that the water has to flow
alternately over one and under the next . The bottom is inclined gently to
a central channel

,
whi ch run s the whole length of the vessel ; there i s also

a fall towards the exi t end . Most of the globules of nitro -glycerine collect
in thi s central channel , and can be drawn off ' through a rubber tube arranged
in the same way as the delivery tube of the washing tank . S ince the introduc
tion of these labyrinths at W altham Abbey the amount of nitro—glycerine
that i s recoverable from the wash -water settling tank i s only 1% per cent . ,
whereas formerly it w a s about 4% per cent .
In those parts of the plant where the nitro -glycer ine i s mixed with strong

acid
,
i .a . the ni trator and separator , i t i s not possible to make use of delivery

tubes of rubber , such as have been substituted for cocks in a ll other parts of
the ni tro -glycerine plant . Yet cocks are specially dangerous here as the
acid nitro -glycerine i s more liable to spontaneous decomposition than when
it i s neutral or slightly alkaline . In January 1901

,
thi s danger was brought

home at the Royal Gunpowder Factory in a very forcible manner : shortly
after the charge had been run out of the nitrating apparatus an explosion
occurred in one of the earthenw are co cks leading to the dr owning tank . If
the apparatus had contained the charge , a serious accident must inevitably
have occurred . Thi s led to the idea of removing the nitro —glycerine at the
top of the nitrator instead of at the bottom a method the accomplishment
of which was rendered more easy by the fact that the nitro -glycerine separates
out at the top of the charge . The simplest way to effect this was to raise
the whole of the contents of the apparatus

,
so that the nitro -glycerine would

flow over a suitable arrangement in the cover and run by gravity into the
pre -wash tank , and the best method for rai sing the level was to introduce
waste -acid from a previous charge at the bottom of the vessel .

Lab yrinths.

Nitrator
separator.
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The form Of plant adopted to carry out thi s princip le i s shown in Fi g . 41
,

and i s prote cted by English Patent NO . dated August 8 , 190 1 , ta ken
out in the j oint names Of Nathan , Thomson , and Rintoul . The sepa ration
Of the ni tro - glycerine from the acids takes place in the same vessel a s the
nitration , and for thi s reason the inven tors call i t a nitrato r- separator .”

It consists Of a cylindrical lead vessel , a , with a bottom sloping in one direction ,
and conta ining cooling coi ls and a ir -pipes

,
the number of which depends on

the size Of the vessel . The cooling coils enter and leave through the sides
j ust below the surface Of the ni trating acid , as also do the air -pipes , g. The
cooling water i s led in and out again through one main pipe controlled by
a single cock , and the coils , h , branch away from thi s main pipe inside the
vessel . The supports for the coi ls are of lead , and are formed by loading
up between the turns ; this arrangement obviate s the use of lead-covered
iron supports , and entirely does away with interstices in which nitro -glycerine
or sulphate can lodge . The cover i s conical , and i s burnt on to the cylindr ical
portion it terminates in a cylinder , e, of small diameter Open at the tOp and
provided wi th glass in spection windows , f the only o ther fitting in the cover
i s a gland , through which the thermomete r , 8 , passes . A pipe , k,

opens out
Of one side Of the cylinder , and from this another pipe , m, branches for carrying
away the fumes , suction being produced by means Of an air- j et . At a lit t le
distance beyond this fume pipe 1c opens out to a gutter leadi ng dow n at an
in c lin e to the pre -wash tank . The pipe , d,

for i ntroducing the mixed acid
into the apparatus , as well as the waste acid for the displacement , enters the
vessel at the bottom . In order to prevent any nitro -glycerine getting into
the acid supply pipe it i s carried vertically dow nwards below the bottom Of

the vessel and rises again i nto it . There are two branches
,
b
, c, leading out

Of thi s pipe , each w i th an earthenware cock ; 1) leads to the waste -acid egg ,
and c to the drow ning tank .

The w aste acid from the previous charge havi ng been ru n out Of the vessel
,

the cock on the nitrating-acid tank is Opened , and the acid i s allow ed t o run
into the ni trator - separator by opening the cock on the acid supply pipe , (1.

As soon as the acid has all run in , the cock on the nitrating- acid tank is c losed
as well as that on the acid supply pipe , a nd the acid ha ving been brought to
the desired temperature by means Of the cooling coil s the in j ector i s i nserted
through the open top Of the apparatus , and the nitration i s commenced . The
temperature Of the cooling water , which flows through the coi ls i s regulated
so that the total time of nitration for any given charge i s kept consta nt wi thin
fairly narrow limits both winter and summer . To enable this to be done
the water i s refrigerated when necessary . The advantages Of using refrigerated
water are that nitration i s completed in a rea sonable time , loss Of ni tric acid
due to volatilization is reduced ,

and the time Of ni tra t ion being consta nt the
Operations Of the facto ry can be carried ou t in a systemat ic manner. The
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volat ilized nitric acid is carried away to a Guttmann condensing tower pro
v ided wi th a circulating arrangemen t for the liquid the fumes are thus con
densed and about 18 lb . Of nitri c acid of specific gravity 13 2 are recovered per
ton Of nitro -glycerine produced . VWien nitration i s completed , the inj ec tor i s
removed

,
and the nitro -glycerine i s allow ed to separate for a few minute s .

The cock leading from the di splacement waste -acid tank i s then opened
,
and

waste acid i s allowed to enter the apparatus at the bottom by Opening the acid
supply pipe . The rate Of inflow Of the di splacing acid can be regulate d with
the utmost nicety , so as to allow of the nitro -glycerin e flowing over thr ough
the gutter to the pre -wash tank as it separates . The dividing line between the
c lear nitro -glycerine and the acid is w a tched thr ough the inspection windows .
The nitrator - separator i s left full Of waste a cid until i t i s required for the

ni tration Of another charge . The result Of thi s i s that no part Of the interi or
Of the apparatus i s exposed to acid fumes , and its li fe i s greatly increased .

In the Old form of plant , in which thi s could not be done , and the coils entered
through the cover

,
i t was necessary to remove the cover and the coils as Often

as once in every three months to repair them . The new form of apparatus
was in use for two and a quarter years wi thout being opened up , and then
the whole of the interior including the coils and a ir -pipes were found to be as
good as new , and no repairs Of any kind were required . As a precaution the
cooling coils are tested every week by air pressure before commencing work
any leak would be detected at once by the escape Of air bubbles through the
waste acid .

It i s well to arrange the exit pipe from the coils so that the water in them
is under a slight vacuum . If a small leak does develop , the acid wi ll then
enter the coils where it will be drowned by the large volume Of water

,
and

the defect w ill be shown by a rise in the temperature Of the water leaving
the coils . In Germany several exp losions have been

-ascri bed to the bursting
Of the coils , but no such accidents appear to have occurred in England . It
has been proposed by the Explosive W orks , Dr . R. Nahnsen and CO . Of Ham
burg

,
to use chloroform

,
carbon tetrachloride

,
or other similar chlorin e deriva

tives for circulating through the coils , ’ but this does not appear to be necessary
prov ided that reasonable precautions are taken.
The afte r- separating house has for some time ceased to exi st at the Royal

Gunpowder Factory . Its abolition was rendered possible by the fact that
the addition Of water to the waste acid not Only prevents the formation Of

more nitro -glycerine , but also absorbs any that ex i sts as minute globules
in the waste acid .

2 Originally only 2 per cent . Of water was added to the
waste acid

,
as this quantity was found to be sufficient at the normal tempera

ture Of storage , 10
° to 15

°

C .,
to prevent any further separa tion . But on

1 G er . Pa t . Amn . July 6, 19 10 ; S .S . , 19 12, p . 30.

2 Nathan , Thoms on a nd Rintoul , Eng . Pa t . 3020 , Feb rua ry 9 , 1903.
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January 15
,
1906, a fatal accident occurred with a drum Of nitro -glycerine

waste acid , which was part Of a consignment sent by the Explosives and
Chemical Products Ltd . , to Messrs . F . W . Berk and CO . In consequence Of

this , further ex p eriments were carried out at Waltham Abbey , which are
given in detail in Special Report NO . 174 Of H .M. Chief Inspector Of Ex plo

WATUI IANh

ACIOmm

PRSWASN IANK

WAYEfi

NASH AUO fcc$

F1G . 42. W altham Ab b ey Nitrating -House Plant

sives . It was then found that in order to prevent further separation Of nitro
glycerine , when the temperature Of the waste acid i s reduced to 0° C . i t i s
necessary to add 5 per cent . Of water. The fact that when the temperature
i s reduced the solubili ty of nitro -glycerine in waste acid i s considerably dimin
ished should be kept constantly in mind . In Germany ,

where large variations
Of temperature are more liable to occur than in England

,
there have been

several accidents due to the further formation Of nitro -glycerine on the surface
of acid that had been subj ected to after- separation for a considerable time .
However the waste acids are treated , they should not afterwards be allowed
to fall to a very low temperature , and the denitration should take place as
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soon as pos ible . If after- separa tion ha s ta ken pla ce wi thout the addi tion
of wa ter , the a cid should afterwards b e kept a t a higher temperature than
tha t at w hich the after- separa t ion w a s effec ted .

The method adop ted for dealing wi th the was te a cids in the ni tra tor- sepa
ra tor is as follows The was te acid is allow ed to remain in the ves sel un til this
i s required for ano ther ni tra t ion ,

any ni tro -glycerine separa t ing in the interval
being displaced in the usual way into the pre -w a sh ta nk . Further mpa ra tion
i s promoted by coo ling down the waste acid . “ h en the nitra tor is to be

S ta te“ o r 0 0m g

Nitrating House Filtering and Mix ing House Wa sh Wa ter Settling House

MA . Mix ed Acid G . Glycerine Tank W .T. Washing Tank P31
“

. Filte r Tank W .W .S. Wa sh Water Settling
Tank S itn tor Sepa ra tor L . h b yrinth B . Burette Tank

D .T. Drowning Tank D .I . Drowning Tank
Acid Tank P .W . Pre m h Tank

12. Egg La b yr inth

FIG . 43. Diagram o f Nitro ~

gly ce rin e Pla nt a t IVa ltha rn

emp t ied , every trace of nitro -gly cerine i s removed from the surface of the acid ,

and the quan ti ty Of was te acid required for the di sp la cemen t Of a subsequen t
charge i s then run ou t of the ni tra tor in to an egg , and blow n into the di spla c ing
ac id ta nk in the charge house . To the remainder o f the w as te a cid in the
ni tra tor 2 per cent . of wa ter i s then added the con tent s of the ni t rator
being s t rongly agita ted meanw hile b v means of a ir . The was te acid is

then sen t i nto an egg and blown up to a ta nk in the deni t ra t ing house .

As a further precau t ion a ll was te acid is kep t a t a tempera ture Of a b ou t
15

° C .

The new lVa ltham Abbey plan t is shown dia gramma t ically in Figs . 42,
43 .

One grea t advan ta ge Of the plant is tha t the eleva t ion of the ni t ra to r ab ove the
wash -wa ter se t t ling ta nk i s less than ha lf w ha t it w a s wi th the old s tyle of
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supply Of co ld w ate r keeps down the temperatur e due to the mixing of a large
volume of acid wi th the w ater , and also allow s of a smaller drow ning tank
being used tha n w ould otherwise be necessary .

The regulat ions of the German Trade Gu ild 10 ) are somewhat s imilar .
It is there laid down tha t the drown ing tank mus t have a capacity equal to
a t least five t imes the vo lume Of the acid

,
and is to be provided wi th stirring

arrangements and a. w ater inle t at the bot tom Of the ta nk Of such a s ize that
the acid w ill be rapidly displaced and no heating Of the nitro-glycerine wi ll take
place . The drown ing ta nks must alw ays be kept wi th the proper quantity Of
w a te r in them . The w ater inlet and the air for stirring must be tur ned on simul
ta neously w i th the dr owning cock ,

or must be so arranged that they can be
operated from a place Of safety outside the traverse . In some cases these cocks
are so arranged that they are all operated simul taneously by compressed air ,

w hich can be turned on from several points
,

1 but it is not advi sable to make such
arrangements to o complex , as they are not only liable to fail , but through some
combination Of peculiar circumstances they may ac t w rongly in an emergency ,
and so w hilst preventing an ex plosion in one house , cause one in another .
Before Oleum could be Obtained at a reasonable cost , it was usual to use

an acid made by mix ing about 5 parts Of G.O.V. w ith 3 parts Of concentrate d
ni t ric acid (sp . gr . 1 At Wal tham Abbey 8 parts Of the mixed acid were
used to nitrate 1 Of glycerine , bu t in some other w orks a smaller amoun t of acid
w a s employed, Often 75 parts to 1 Of glycerine .
Theoretically 100 part s of glycerine should give 246-7parts Of nitro-glycerine ,

but for several reasons this y i eld i s never attained in practical manufacture .

The average yield at the Royal Gunpow der Factory over a series of eight yea rs
w a s 2142}per cent . , but after the introduction Of the nitrator - separator and other
improvements it was 2202 per cent . as an average Of tw o years ’ w orking wi th
the proportions j ust mentioned . There is practically no oxidation of the glycer
ine, consequen t ly th e rea ction may be represented by the following Table

Be fo re n itra ting Afte r n itra ting

Pe r cent . Pe r ce n t .

H ZSO ‘

6533

1 Sec Les ser, 1907, p. 48.
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The w ater present in the nitrating acids performs no useful function . I t

might be eliminated , and acid used as follows :

Be fo re n itra ting Afte r nitra ting

Pe r cen t . Pe r cent .

H ,so ,

509 -5 100 0 362 8 100-0

But it is more usual to use an acid containing 1 to 2 per cent . water . The
following results have

,
for instance , been recorded by :

Soddy Cha lon H o fw imme r

Proport ion Acid Gly cerin e
Y ield

The resul ts given by Soddy were Obtained with a nitrator- separator at a
factory in Mex ico 1 those by Chalon in a similar plant in the dynamite works
of Boceda , in Italy ? Hofwimmer

’

s figur es were Obtained from laboratory
experiments in which the proportion Of acid to glycerine w a s varied through
a wide range 3 the maximum yield was Obtained with the proportion 63 1

,

but the most remunerative proportion at the prices Of materials assumed
was 5-3 1 . At W altham Abbey , with a proportion 6-13 1

,
the yield for a

period Of nearly two years was 229 per cent .
The difl erences betw een the yields generally Obtained and the theoretically

possible yield Of 246-7 per cent . i s due to the influence Of various factors . The
practical yields are generally calcula ted upon the glycerine as nit-rated , w hereas
thi s glycerine does not usually contain more than 97 per cent . Of glycerol .

1 Arms a nd E x p , Ma rch 19 1 1 . 2 E x p los i/s modernes , 19 1 1, p . 222.

3 Chem. Zeit , 19 1 1, 35, p . 1229 . Ho fw immer ha s given the results O f further lab o ra
tory e x periments in S .S ., 19 13, p . 36.
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The w a s te acid produced on ni t ra t ion absorbs a fur ther quant ity Of the
nitro-glycerine , the proport ion absorbed depending upon the composition
Of the w a s te acid . A st ill further quant ity Of the ni t ro-glyce rine di sa ppea rs
in solution in the w ash w aters from the pre-w ashing and w ashing opera t ions .
The solubili t y of ni tro-glycerine in acids Of varyi ng composi t ion formed

the subj ec t Of numerous exp eriment s at the Roy al Gunpow der Fa cto ry .

l

“ h en nitro- gly cerine is added to a mixed ac id , it fir st di ssolves unchanged ,

but par t of i t is at once decomposed wi th the formation Of other esters , such
a s glycerol t risulphate , the production of w hich may be represented by the
revers ible react i on C ,H ,(OXO 3H ,

SO, F3 C ,H 5(SO 4H ) , 3HXO 3 .

The ni tro-glycerine diss olved as such w a s determined b v shaking out rapidly
wi th chloroform and the nitro-gly cer ine decomposed w as est ima ted by differ
ence . Fig . 44 show s the amount Of ni tro-gly cerin e taken up b y acid containing
w at er and ni tri c ac id in the co ns tant rat io 1 and varying percenta ges
Of sulphur ic acid . I t will be seen that port ions Of the curves are represented
b y shad ed lines . This indicat es that on at tempt ing to sa tura te ac ids in this
zone oxida t ion of the gly cer ine radi cle occur red

,
and the resul t s w ere vi t iated .

An uncontrolla ble reac t ion w ould set in if special precaut ions w ere not ta ken
no acid Of a composi t ion in or nea r thi s zone should ever be allow ed to come
in conta c t wi th nitro-gly cerine in a manufacturing operat ion . Fig . 45 shows
the resul t s tha t w ere Ob tained wi th acids in w hich the ratio i sulphur ic acid
to w ater w as kept constant a t 5-8 and the ni t ric acid w as varied . In Fig . 46

the rat io of sulphuri c to ni tric acid w a s kept co nstan t at 10 -4
,
and the w ater

w a s vari ed . Fig . 47 w a s Ob tained wi th mix tures Of sulphuri c acid and w ater
only here again ox idati on took place wi th a cids Of 50 to 85 per cent . strength .

All these solubili ty determinat ions w ere carried ou t a t 20° C . It w ill be seen
that all the curves wi th mixed acids show a di st inc t minimum w hich points
to the fac t tha t there mus t be a certain composit ion Of acid w hich wi ll be the
most economical to use .
The t ime tha t the ni tro-glycerine takes to separat e from the acid is l ia ble

to vary wi thin wi de limi t w hen the separat ion is carri ed out in a spec ial
separator , it ma y be anyt hing from a quarter of an hour up to several hour s.
Long separa ti ons are very inconvenient a s they disorganize the w hole Of the
w o rk of the fac tory . In the early day s Of the indu s t ry they w ere generally
attribut ed to impuri t ies in the glycerin e

,
and probably wi th j ust ice . In the

Boutmy sy s tem Of ma nufac turing nitro-gly cerine the gly cerine w a s di ss olved
firs t in sulphuric acid . the solut ion w a s cooled and then a mixture of ni tric and
su lphuri c acids w as added . Bu t as a result Of the action Of the concentrat ed
sulphuric acid on the gly cerine and the impurit ies in i t , product s were formed ,
w hich grea t ly impeded the separa t ion no ni tro-glycerine w as taken Off un t il
tw entv - four horns had elapsed . and then the acids were t ransferr ed t o ca rboys

1 See Na tha n a nd Rintoul , Ioc . cit.
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coalesce , and consequently take a very long time to separate . Hence the
importance of allow ing the acids to stand for some days after mix ing in order
to allow time for the inso luble impurities to set t le ou t . These consist most ly
of the sulphates of lead ,

iron and aluminium . But during the nitra t ion process
a further quantity is precipitated ,

mostly lead sulphate , which is considerably
less soluble in dilute acids than in concentrated , and this freshly formed precipi
tate i s probably more inj urious , as i t has not had time to be converted into
larger aggregates . The time of separation increases wi th increase in the
percentage of w ater in the w aste acid ; this is no doubt due part ly to the
larger amount of lead sulphate precipitated , but ma y als o be caused partly
by the retardat ion of the nitration react ion b y the pres ence o f the w ater .
Just the same trouble wi th long separations is liable to occur wi th the nitrator
separator or any other form of plant . It is due to the format ion of an emuls ion
of the one liquid in the other , and is intimately connec ted wi th the phenomena
o f surface t ens ion ,

but the ma tter has not been investigated suffi cient ly to
allow of a fu ll and satisfactory explanation . The format ion of an emul s ion
can be prevented by the addi t ion of various substances to the charge ; thus
Ry

. Moeller . in Ger . Pa t. claimed the addi t ion of 0 -05 to 0 -2 per cen t .
of the w eigh t of glycerine. of vari ous fat ty substances , such as paraffin vaseline ,
the higher fat ty acids and their esters . The slow separat ions have als o been
ascribed to the presence of sili ca t es , and especially gelatinous silicic acid and

the addition of 00 0 1 per cen t . of sodium fluoride has been proposed to destro y
them .

1 The lVestfa lisch-Anhalt ische Sprengstofi A . G .. in their Ger . Applica
t ion of December 2,

on the other hand claim the addition of a
small quant ity of a silicate

,
such as kaolin or talc , and the Rheini sche Dynamit

fabrik adds both silica and hydr ofluoric acid or SOdll ll l l sili co- fluoride .2 The
addit ion of either puri fied petro leum or sodium fluo ride undoubtedly accelerates
the separation , and the use of these substances is ex tending .

Conveyance of Before the invent ion of dynamite and blast ing gelatine nitro-glycerin e
“itf fl lycefine was sent long distances in the liquid state . The dangers involved led to

numerous accident s
,
as w a s inevitable . In Ameri ca Mow br‘ay froze the

materi al for the pur poses of transport , but then it had to be thaw ed again
before use

,
as it is too insen s itive in the frozen state . In Europe liquid nitro

glycerine is now no longer used as such , but in America it is employed for
blow ing oil-w ells

,
for w hich purpose it has to be sent by road as the railways

will not carry it . In the w orks the principle is adopted of mixing i t wi th a
solid substance at as early a stage as poss ible , so that the quant ity of liquid
ni tro-glycerine is reduced to a minimum

,
but unt il it has been fully w ashed

and mixed ,
it mus t. of course be convey ed from one hous e to another in the

liquid state . This is sometimes done in closed trucks or tro lleys (see Fig .

1 Ea stern Dyn amite Co Ge r . Pa t . C . L . Reese , Am. Pa t .

2 Eng. Pa t. o f June 12, 19 12 ; Germ. Pa t . o f Octo b er 10 , 19 12.
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In Germany the tendency is to revert to trolleys on account of the danger
of explosions being communicated from one house to another by gutters
or pipes . Where small quantities only have to be transferred

,
as from the

after- separating and wash-water- settling houses to the washing house
,
covered

buckets of india r —ub b er
, gutta—percha , or papier ma ché are used

,
and these

are carried in the hand . In England the bulk of the nitro-glycerine is
,
how

FI G . 48 . Truck for Conveyance of Liquid Nitro -

glycerine , Repaun o , U .S.A.

(By permission o f E . J. du Pont de Nemours Co .)

ever
,
caused to run from one house to another through open gutters , which Gutters.

are usually made of lead . Pipes are not suitable on account of the impossi
b ility of inspecting or cleaning them properly . All wash-waters are also
sent down open gutters to the wash-water- settling house , as they carry globules
of nitro-glycerine . The fall of the gutters should not be less than about 1
in 65 they should be free from sharp turns and from a ll inequalities in which
nitro-glycerine can lodge . At the Royal Gunpowder Factory they are j oined
by butt-welding , as thi s gives a much smoother surface than lap-welding . In
order to prevent the nitro-glycerine from freezing in cold weather, the gutter
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connect ing the nitrat ing house w i th the washing hous e i s provided with an
outer j acket (see section in Fig . and w arm water i s circulated in this when
the outside temperature is low . The gutter i s pro tected by means of a canvas
covering fix ed along one edge and laced down on the o ther , so that i t can easily
be turned back for cleaning purposes . After a charge has been run down ,

the gutter is w iped along it s whole length with a flannel in the direction o f

the w ashing house to remove any traces of nitro -glycerine .

\Vhen the nitro -glycerine ha s been mi x ed with sufficient gun-cotton o r

o ther absorbent material to render i t non- liquid it is comparatively safe .

F10 . 49 . European Nitre -

glycerine Hills . Fo r cite at Bae len-lVezel
(Fr bm Fa b rica tion des Ex p los ifs , Brussels , 1909 )

Mix ed material for the manufacture of cordite has been transported in
very large quantities over considerable distances without mishap . W hen
the nitro-glycerine factory at lVa ltham Abbey , near London , was destroyed
by an explos ion on May 7, 18 94, supplies were obtained from th e Nobel Factory
at Ardeer , in Scotland, in this state until a new factory was bui lt . Gun
cotton in the wet state was sent from lVa ltham Abbey to Ardeer , and was
there dried and mixed with the requisite quantity of nitro-glycerine and
returned by sea, and so the manufacture of cordite at lVa ltham Abbey was
no t brought to a standstill . Similarly

,
when the nitrating house at Curti s ’s

and Harvey ’

s w orks at Cli ffe
,
in Kent

,
was blown up on February 18

,
1904,

gun- cotton was sent from there to Waltham Abbey
,
and was there converted

into mixed material and sent back . Messrs . Curtis
’ s and Harvey were thus
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built underground in a hill , and Bichel has put fo rward similar proposa ls . 1

That part of the works in whi ch are situa te d the buildings for the manu
facture of ni tro -glycerine and o ther specially dangerous opera t ions should
be separa ted from the rest by a fence , a nd no one should be allow ed wi thin
the da nger area unless his duties ta ke him there .

Provi sion must be made for the s tirring of the conte nts of the ni tra tor
a nd the washing ta nks , etc . , in case the air compressor should fail . This
can b e done by having a la rge reservoir for compressed air wi th an automa t ic
inle t valve , so that the conte nts cannot escape in the direc t ion of the com

pressor . A cylinder of highly compressed carbon di oxide or ni t rogen can

also b e used as a reserve it should be provi ded with a reducing valve a nd

a manometer
,
or other appliance , to show how much it conta ins .

If a thunder- storm pass over the factory all work must cease in drying
and mixing houses , and the men must retire to the mess - room or other pla ce
of safe ty . In the ni t rating house no fresh charge should be s ta rted w hils t
there is a thunder - storm anywhere near . All men must leave the building
except one to look after the separation , and one for the ni t rator if a charge
be in the process of nitration . If the sto rm becomes very threatening , th ese
also should leave afte r stopping the operations . Charges in the w ashing
tanks may be left with the a ir turned on . In Germany it i s laid down tha t
the electric light and power wires are to be di sconnec ted .

Every nitro -glycerine house , like a ll other danger buildings
,
must have

a board in the ent rance showing the maximum number of workmen and the
grea te st quan t ity of explosives that may be in it a t one t ime . In Germany
the followi ng are the greate st numbers of men allow ed ,

exclusive of carri ers

Nitrating house
Separa ting house

house
Afte r ~ sepa ra ting hou se
“ a sh -wate r house
Denitrating hous e

At the Royal Gunpowder Factory , lVa ltham Abbey , Use - lists are als o
posted up , showi ng the to tal number of loose artic les that are allowed in
each house . This is a very valuable institution , as there is no doub t tha t
many accidents have been caused by the dropping or falling o f some hea vy
implemen t , o r by the use of some unsuitable tool . I t ha s been found pos sible
to limit the num b er of loose art ic les t o those which appear in the Table given
below . These only are allowed .

I t need scarcely be said tha t the mos t scrupulous cleanliness and tidiness

1 19 10, p . 182 ; Chem-!ache I nd us trie, 19 12, p . 139 .



MANUFACTURE OF NITRO-GLYCERINE 231

must be observed in all ni tro -glycerine houses . Any nitro -glycerine that
may be spilt should be wiped up immediately with a flannel .
The men in the nitro -glycerine section should have special clothes of a

different colour from those of other danger building men . There must be
no pockets . The boots must be changed on entering a danger building ;
those worn inside must have no nails or others parts made of iron . Keys and
other implements

,
that have to be brought near the buildings , are to be made

of gun -metal or other soft material .
To destroy spilt ni tro-glycerine H .M. Inspectors of Ex plosives recom

mend the use of a solution of 1 1b . caustic soda in 1 1, 1b . water to which is
added a gallon of wood spirit

,
or failing that methylated spirit .1

Nitre -glycerine can be exp loded readily on iron or steel by an iron imple
ment , but with some difficulty only with a brass one , or on brass with an
iron one. Contrary to what might have been anticipated it is more diffi cult
to explode a thin fi lm than a layer of moderate thickness , such as that formed
by a small drop . It i s very difficult to exp lode nitro -glycerine on sheet lead
placed on stone by iron or steel implements either by a direct or a glancing
blow .

2

U SE -LI STS AT W ALTHAM ABBEY .

W a shing W a sh -w a ter Filtering a nd

H ou se H ou se Mix ing H ou se

Bags , rub b er
Bo t tles , gutta-percha
Buckets , rub b er
Covers , b ucket , gutta -

percha
Flann els
Gauntlets , rub b er
Gaun tlets , leather
Overshoes , rub b er
So cks

Thermometers

1 1904, p . 62.
2 A.R 1902, p . 25 ; 1903, p . 25.

Sensitivenes:



CHAPTER X V I I

LOW -FREEZING NITRO-GLYCERINE

Free zing o f nitro -

gly ce rine e x p lo sives Effec t o f additions Super-coo ling

nitr o -digly eerine Dinitrozgly eo l Nitro iso b uty l-gly cerine nitra te

ONE of the grea te s t drawbacks a t ta ching to nitro -glycerine explosives i s the
liabili ty of ni t ro -glycerine to go solid a t moderate ly low tempera tures . The

melt ing-

poin t of pur e ni tro-glycerine i s 133
° C . or 56° F bu t. it ca n often

be kep t even in large quantities for cons iderable peri ods at temperatures much
below thi s wi thou t solidifying , for i t show s in a high degree the phenomenon
of super- cooling . In the solid sta te it is much les s sensitive to the deto native
effec t of fulmina te , and this is a grea t sour ce of da nger , for frozen cartri dges
a re liable to rema in in the b ore - hole partly or en t irely unexploded , and in the
subsequen t opera tions they are very l ikely to be fired by a blow wi th di sastrous
results . \Vhether fr ozen nitro -gly cerin e i s more sensi t ive to blows than when
liquid the evidence is somewhat con tradi c tory . H .M. Inspectors of Explosivesz

t ried the effec t of a falling w eigh t of 5 lb . on li t t le cylinders of dynami te Qinch
diameter and é inch high ,

pla c ed between gun -metal di sc s , and found that
wherea s the unfrozen ma teria l w a s sometimes exploded wi th a fall of 30 inches ,

the fro zen dynami te w a s never exploded wi th a single blow of the weight
falling 48 inches

,
bu t a feeble explosion w a s produced a t. the second blow .

La ter on further experimen t s were carri ed out w i th o ther nitro -glyce rine
explosives .’ Thin slice s of the explosive about the s ize of a shilling and about
0 22 inch thick were placed be tween brass pla te s 1 inch square and inch
thick . The slice thus sandw iched was placed on an anvil , and a 58 -lb . weight
w a s a llow ed to fall on the upper brass pla te . The cri t ical or probable exploding
poin t s under these condi t ions were found to b e ab out a s follows

Unfro zen Fro zen

B la s ting gela tine 12
'

4 to 8
,

I
f

The figures give the number of fee t of fall of the weigh t which ca used explosion .

1 Kas t , S .S . , 1906, p . 225 ; Nauckhofi , S .S. , 19 11 , p . 124 ; Hi b b ert , 8th 1m. Cong
App . Cha n ,

vo l. iv . p . 37.

z 1879 . A .R. , 1889.
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fortunate absence of fatal inj ur ies . C . Herlin has carried out exp eriments
in which the conditions of some o f these accidents w ere reproduced more
c losely . He dropped balls of explosive weighing 40 to 1 10 grammes from
vari ous heights up to 12 3 metres on to an iron plate . Fro zen explo s ives
w en t o ff every time if the quantity and the length of drop w ere sufficient

,

but partly thawed balls never exploded , and presumably the unfro zen material
did not either . 1

The following Table shows how certain classes of accident are much more
frequent at those t imes of the year when ni tro -glycerine i s liable to be frozen .

Only those accidents in which an ex plosive con tain ing over 10 per cent . of
nitro -glycerine was involved are shown here .

J a n . Fe b .Ma r . Apr May June Aug . Sep . Oct .Nov .

Ramming o r s temming charge 4 1

Bo ri ng into ini e x ploded cha rges 2 1 2 1 1

Striking une x ploded charges in
remo ving deb ris 1 1

To ta l o f a b ove causes , 19 14 2 2 2 3 1 2 1

To ta l in pa s t 14 yea rs 75 9 1 94 58 39 29 16 26 21 34

In addi tion to these there were up to the end of 19 14 1 10 accidents in thawing
cartridges o f frozen nitro -glycerine ex plo sives

,
causing death to 85 persons

and inj uri es to 143 others . It i s true that all ex cep t one of these accident s
would have been avo ided , i f the explosives had been thaw ed in the regulation
manner . The one exception was due to the thawing o f some unstable ex plo
sive

,
the heat test of which had been masked by the addition of mercuric

chloride .

These special dangers and the trouble in having to keep the ex plo sives
in heated magazines during cold wea ther

,
or of thaw ing them and keeping

them thawed up to the time of using them
,
as well as the great difficulty in

preventing the workmen thawing them in an irregular manner, has caused
endeavours to be made to manufac ture nitro -glycerine ex plos ives which will
not freeze so readily . Fo r thi s purpose u se is made o f the fact that when a
substance i s di ssolved in a li quid the freezing-point is depressed in accordance

1 S .S ., 19 14, p . 390 .
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with the equation A r: E in which A i s the depression of the freezing

point produced by the addi tion of m grammes of a substance of molecular
weight M to 100 grammes of the solvent , and E i s a constant , which represents
the depression produced by 1 gramme -molecule . I t can be calculated by the

2

formula E : in which R i s the gas constant ( z T the absolute

temperature of the freezing -point and W the latent heat of fusion . As early
as 1885 Nobel patented the lowering of the freezing—point of nitro -glycerine
by dissolving other substances in it.

1

The behaviour of nitro -glycerine when cooled was investigated by Nauck
hoff,2 and was found by him to be quite normal . He determined the latent
heat of fusion as 23 1 cal . per gramme ,3 and hence E 70 -5. The following
Table gives some of the depressions of the freezing -point observed and ca lcu

lated by Nauckhoff :

D epress ion o f Freez ing

po in t
Sub s tance Disso lved

Ob served C a lcula ted

Nitro -b enzene

D rnitro -b enzene

Trin itro -b enzene
D ini tro -to luene
D initro -naphthalene

Nauckhoff also determined the freezing ,
or rather melting-po ints of a

number of mixed explosives

Freezing -

po int

1 French Pa t. o f Ju ly 24, 1885.
2 Ang. , 1905, pp . 1 1 , 35.

3 H . Hib b ert a nd G . P . Fuller found the latent heat to b e 332 ca l. per gramme o r

7-54 ca l. per mo l. (J. Am. Chem. Soc., 19 13, p .
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Nitro -

gly cerin e 50 50 50

Nitro c ellulo se
Ammo nium Nitrate 35 40 34 40 40

N itro -b enzene
D initro -b enzene
o -Nitro -to luene
p

-Nitro -to luenc

N itro -na phtha lene
o -Nitro -

pheno l
Aniline

Freezing -

po int 64
°

4
°

6
°

14
°

The freezing -point o f the nitro —glyceri ne used fo r these exp erimen t s w a s abou t
Taking in to accoun t this fac t , and that the law of the depress ion o f

the freezing -poin t i s s trictly true only fo r di lu t e so lu tions , the figure s found
agree fairly well with those calculated . The low freez ing -po int of the o riginal
ni t ro -glycerine w a s due of course to the presence o f some impurity in the
ni tro -glycerin e , probably dinitro -glycerine , of w hich abou t 8 per cen t . w ould
be required to produce thi s depression . Nauckhoff considers that 10 -5

° i s
the normal freezing-point of commercial ni tro-glycerine , but thi s no doub t
depends upon the composit ion of the acid used and the proport ion of acid
to gly cerine . There is no doub t tha t much of the ni tro - glycerine manufa ctured
almo s t pure t rini trate and freezes near
The mel ting-point s of ni tro -glycerine

,
dini tro - chlo rhydr in and mi x tures

o f them w ere det ermined by Kas t : 1

Me lting -

po int

Nitro -

glyce rine D in itro - chlo rhyd r in

Ob se rved

Kast also giv es
p

the freezing -po int s . but as the liquids were co o led con
siderably below the t rue freezing-po ints b efore being inoculated w ith a
crys tal , the compo sition had been altered by the separation o f crystalline ni tro
glycerine before the t emperature rose to a max imum ,

a nd thi s consequent ly
1 S S 1906. p . 225.
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gelatini zed w ith collodi on , but i f it is absorbed in kieselguhr its tendency to
crystallize i s increased . When a cartridge of a nitro-glycerine ex plosive has
once been frozen , i t has a much greater tendency to become hard again as
soon as the tempera ture fall s below the freezing-point . This i s probably due
to the separation of globules of practically pure ni tro-glycerine

,
which only

mix again with the impurities and other constituents very s low ly .

The first attempts to reduce the freezing-point of nitro—glycerine were
w i th nitro -benzene 1 and nitro- to luene .

2 Unfortunately they not only reduce
the sens itiveness of the explo sive , a difficulty that can be overcome by the
use of a stronger detonator , but also diminish the power and the velocity of
detonation . For blasting hard rock these dr awbacks are of the greatest
importance

,
but fo r safety explosives for use in coal-mines

,
etc .

,
far less so

in fact it is necessary to reduce the pow er and the velocity of detonation in
order to make the explosive safe , and for blasting soft rock too high a rate
of detonation is undesirable . Hence various nitro-hydr ocarbons are used
as constituents of many safety explosives . In o rder to reduce the freezing
po int to any great extent it is necessary that the proportion of di ssolved
substa nce to nitro-glycerine should be fairly high , and the greater the mole
cular w eight of the addi tion , the larger must be its proportion . But sub
stances of very low molecular w eight cannot be used because they are volatile .
Therefore

,
in order not to reduce the efficiency of the explosive too much

,
i t

i s desir able to add some substance that is almos t a s effective an explosive as
nitro-glycerine . There are a number of substances closely allied to trinitro
glycerine

,
which can be used .

0

Methods for the manufacture of dinitro-glycerine have been devised b y
Mi kolaj czak 3 and the Zentra lstelle .

4 Will has pointed out that dinitro
glycerine i s liable to go solid at quite moderate temperatures

,
and that i t

has the further disadvantage that i t combines w ith water ‘of crystallization
,

i s soluble in water and acids and somew hat hygroscopic . To what extent
these troublesome qualities di sappear when it i s mi x ed w i th several times
its weight of trinitro-glycerine there is no published evidence to show

,
but

the results of experience with this substance in France do not appear to have
been very favourable .5

Dinitro -chlorhydr in i s easier and cheaper to prepare and purify, and i s
now used to a considerable extent for reducing the freezing-point of
ex plosives . It mix es with trinitro-glycerine in all proportions and gelatinizes
co llodi on cotton equally well . As regards power , Roewer found that there

1 Budb erg , Sw ed . Pa t., April 30, 1866.

2 Vo lney , Am. Pa t ., March 5, 1872 ; VV
ahlenb erg a nd Sunds trom, Sw ed . Pa t. 1877.

3 Am . Pats . o f Septemb er 1 1, 1906, reissue o f July 2, 1907, and 830, 909
o f January 26, 1909.

4 G er . Pats . and . 175
,
751.

5 See Vennin , P oudrcs ct Ex p losifs , p . 367.
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wa s little difference between explosives made with ni tro-glycerine alone and
those made w ith a mix ture in which 20 per cent . of the nitro-glycerine had
been replaced by dinitro- chlorhydrin . In the following Table the columns
marked A are those obtained with the nitro-glycerine ex plosives , and B those
with the mixtures of nitro-glycerine and dinitro-chlorhydrin

G uh r dynamite B la sting ge la tine G elignite

Tra u zl Tes t , c .c . 30 1 555 541

Ballistic Pendulum, kg .m . 75 9 1 1 1 -4 1 1 1 -4

The calorimetric figures calcu lated for 65 per cent . gelatine dynamite

(63 per cent . nitro ~ glycerine or mixture , 2 per cent . collodi on co tton , 26 per
cent . sodium nitrate , and 9 per cent . cellulose ) also give similar resul ts

Heat evo lved per kg .

Temperature o f Ex plo sion
Ga s produced per kg .

Dinitro-chlorhydrin i s a constituent of the follow ing explosives authorized
fo r transport by rail in Germany : Gelatin Astra lit, Gelatin W ettera stra lit,

Gelatin Donarit , Gelatin W estfa lit, and Perilit.
In order to make a mixture of nitro-glycerine and nitro-chlorhydrin ,

the
chlorhydrin can be mixed w ith the glycerine , and the mix ture nitrated and
washed in the usual way.

Dinitro- chlorhydr in i s practically insoluble in acids and water , and is not
hygroscopic , but has the di sadvantage that on ex plosion it gives off hydr o
chlori c acid ,

"

which makes it unsuitable for use underground
,
unless suffi cient

of an alkali nitrate or other compound be added to convert a ll the chlorine
into an inorgani c chloride . This di fficulty does not occur if the third ox ygen
atom in the glycerine molecule be combined w ith the radicle of an organic
acid instead of chlorine . Vender has found that the acetyl and formyl deriva
tiv es , mono-acetin and mono- formin , can be nitrated and give a good yield,
provided that the mixed acid contains more nitri c than sulphuric acid .

1

Dinitro
chlorhydrin.

Dini tro-acetin
,

he says , can be obtained with a Dinitro
yield of 95 per cent . by nitrating 40 parts of acetin with a mixture of 100 acetm‘

part-s nitric acid and 25 of 25 per cent . o leum . Dinitro- formin may be made Dmitri)
b y heating 100 kg . glycerine w i th 50 kg . ox alic acid first at 100° and then “mm“

1 Ger . Pats . of April 27, 1906, and S .S ., 1907, p . 21.
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a t 14 0 to 150 and then ni tra t ing . The product has a specific gravity of
1 -57,

con tains 15 7 per cent . N and consist s of 33 per cen t . dini tro-formin
and 67 per cen t . ni tro-glycerine . It is unfr eeza ble and gelat ini zes collodion
a s w ell as if not bet ter than ni tro -glycer ine .

By t rea t ing i t in various w ays glycerine can be condensed to di-glycerine
2C3HsO, H ,O 2) ,O. and this on nitrat ion yields
a tet ra -ni trate ‘O 13, which reduces the freezing-poin t of nit ro—glycerine
j us t as the other subs ta nces tha t have been ment ioned . The formation o f

di -glycerine w a s s tudied in the Zenlra lsld le, 1 and it w a s found that the co n
vers ion w as best eflected by heat alone . By hea t ing gly cerine for seven or
eight hours a t 290 to 295 some 60 per cen t . of di -gly cerine is formed to gether
wi th 4 to 6per cent . of poly -gly ce rines . The cons t ituents ca n b e sepa ra ted by
di st illat ion a t a pressure of 8 to 10 mm . According to Eng . Pa t.

of October 24, 19 10 . taken ou t b y Nobel
'

s Explosives Co . . Rin to ul and
A . G . Inn es

,
the co nversion is bes t effec ted b y heating at a temperature of

2 45
° to 250 ° in a cur rent of inac ti ve gas , such as ca rbo n dioxide

,
which carri es

aw ay the w ater formed , and keeps the liquid in a state of agi ta tion.

Cla ess en . in Eng . Pa t . 9572 of 1908 , claims the u s e of a small proportion
of alkali : b v hea t ing to 275° to 280 °

wi th 0 -5 per cen t . the co nversion is
effec t ed in a compara t ively shor t time.

Pure di -gly cerine boils a t 245° to 250 1mder a pres sur e of 8 m . it is
a colour less , sw ee t li quid readily soluble in w a ter i t s specific gravi ty is 1 -33

and i t is eleven t imes more vis cous than glycerine . Tetra f nitro-di-glyce rine
very s imilar to nitro-gly cerine . A mixture of glycerine wi th about 25 per

cent . di-gly cerin e can be ni tra t ed in the same w a y as gly cerine alone , and
the produc t is un freeza ble . Guhr dynami te made wi th such a ni tro-gly ce
produced a s great an efi ect in the lea d block as ordina rv dvnamite .

Dinitro-gly col CH ,NO, .CH ,NO, is used b v the Société anonyme d
'

Ex p lo

sifs et de Produi t s chimiques . 3 It s pow er ac cording to cal cula t ion is 4 per
cent . greater than tha t of ni tro-gly cerin e . In the calor imetric bomb the
resul t s obtained indica ted a superiori ty of 8 to 20 per cent . according to the
method of interpreting the resul t s ' b v the lead block tes t the result s were
about equa l . The Socie

'

te s tate tha t a t the presen t high price of glycerine
ni tro-gly col can b e made at a cos t no t much grea ter than that of nitro
glycerine . I t is more volat ile than nitro-glycerine ; its specific gravity is
1 -496 a t 1 5
If nitro -me thane b e mixed wi th 4 part s of 40 per cent . formaldehyde , and

a li t tle po tass i um ca rbonate or bicarbonate b e added , co ndensa tion ta kes
pla ce wi th the forma t ion of nit ro- isobu ty l-gly cerine NO zCH , 3E .COB
NO2C .(CH a crys ta lline subs tance readily soluble in w a ter and alcohol

1 Sec “ i ll, 1906, p . 231. 2 P . “ S 16, 1911— 12, p . 72.
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are the aroma t ic hydrocarbons , benzene , to luene , naph thalene and anthracene ,
and the aroma t ic alcohols , pheno l o r carbo lic acid ,

and creso l o r cresylic acid .

All these are used in the manufac tur e o f synthe t ic dye - s tuffs
, drugs , etc . ,

and to luene , benzene , phenol and naphthalene are also used in the manufacture
of ni t ro -ex plo sives

,
especially toluene and phenol . Hence the demand for

these substa nces i s sometimes di fficul t t-o mee t , especially in the case o f toluene .

Benzene and naph thalene on the con t rary are ob tained in abundant
quan ti t ies . The following are the melt ing and boiling-poin t s o f the principal
subs ta nces in coal ta r :

Su b s ta nce

The aromatic hydrocarbon
, C t

~

,
H 6, w a s formerly called benzol or benzo le , but

in scient ific English i t s name is now benzene
,
the termination -ol being restricted

to bodies of the nature of an alcohol and contain ing a hy dr oxyl group (OH ) . The
name benzol is applied commercially to volatile dist-illa tes obtained b y the de
s t ructi ve dis tillation of coal and rec t ified so as to boil betw een abou t 80 ° a nd
The nex t hydr ocarbon of thi s series , C SH S.CH 3 , has similarly had its name al tered
from toluol to t oluene . Different grades o f benzol are dis t inguished b y the per
cen ta ge which dis t i ls over below 100

° C . from a plain sti ll or re tort w ithou t a
dephlegma t ing column

,
thus 90 per cent . benzol i s a liquid of which 90 per cen t .

di s tils over be low the boiling-poin t o f w a ter . Acco rding to Kraemer a nd Spilker 1

the followi ng are the mean compositions of the benzols used in co lour w o rks

90 pe r ce nt . 50 pe r cen t .
Be nzo l Be nzo l

1 Muspra tt , H a ndb uch der techn ische n Chem-
ac, 4th ed . , 8 , pp . 33 cl seq .



BY -PRODUCTS OF COAL DISTILLATION

Benzine is a volatile distil late from petroleum having about the same range
of boiling -points as benzol . It consists mostly of hydrocarbons of the paraffin
and olefine series . In German benzene i s still called benzol ; in French it
i s sometimes called benzine .

The alcohol corresponding to benzene is phenol , C GH sOH . Unlike ordinary
alcohol i t has decided acid properties and i s often called carbolic acid , but
this term,

like benzol
,

” i s more generally applied to commercial. products
containing other similar substances and impurities as well as phenol .
The quantities of benzene and toluene contained in the tar are , however ,

small compared with what is carried away in the state of vapour in the gas .
Thus Bunte found that at the Karlsruhe Gas W orks the products from the
di stillation of 100 kg . of coal contained :

Conta ining
Prima ry P roducts

Benzene To luene

Very large quantities are now recovered from coke- oven gas , especially in
Germany , by scrubbing it w ith creosote or anthracene oil . The removal of
the benzene and toluene from coal gas destroys its i lluminating power when
burnt in a fi sh - tail burner , and reduces its calorific power . If these hydro
carbons b e removed from gas for town supplies it i s necessary to reintroduce
the greater part of the benzene . By using a mmlmum of washing oil it i s

,

however , possible to remove a considerable amount o f the toluene with very
little benzene w i thout seriously interfering w i th the quality of the gas . The
volatile products are di stilled off from the washing oi l by means of live steam
or by heat alone . The distil late i s separated from the accompanying water
and fractionated .

The tar 1 i s first freed as far as possible from ammoniacal liquor , and i s
then fractionally distilled from an iron boiler fired directly , the products being
separated either into four or five fractions . The following are the fractions

I Crude naphtha up to 1 10
°

I I Light o il 1 10— 210

I I I Carb o lic o il 210— 240

IV Heavy o r creo so te o il 240— 270

V An thra cene o il ab ove 270

1 This account o f coal tar dis tillation is takenma inly from The rll a nu/a cture of Organic

Dye
—stufis , b y A. iVah I, translated b y F. W . Attack (Bell Sons ,



Toluene from

petroleum.
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up to 150
°
density less than 1

150 — 210 mo re 1

210- 280

a b o ve 300

The residue remaining in the still i s pitch , a thick black mas s which sets
prac t ically to a solid . The naphtha is separated from the wate r , which pas se s
over with it

,
and i s agitate d first wi th dilute sulphuric acid to remove basic

substances
,
and then wi th concentrate d sulphuric acid to resinify the unsa tu

rated hydr ocarbons and absorb the sulphur compounds , such as thiophen .

Afte r washing twice with caustic soda and then wi th water the liquid i s again
fractionally di stilled

,
preferably through a good dephlegmating column similar

to that shown in Fig . 69 (p . giving benzols and solvent naphtha . On

redi stilling these give more or less pure hydrocarbons : benzene , to luene ,
x ylenes

, etc . ,
whi ch generally have still to be further purified .

The light oil i s distil led and separated into two portions : the frac t ion
up to 170 ° i s added to the naphtha and the other i s added to the carbolic
oil

,
which i s worked up for phenols and naphthalene .

The heavy oi ls are used for impregnating wood ,burning fo r heating purpo ses .

for lighting and for the production of lamp -black , etc . They are also hea ted
for the production of illumi nating gas and of more valuable

hydr ocarbons . On leaving to crystallize anthracene oil gives crude anthra
cene

,
and on redi stilling the oil gives a further yield of anthracene . This i s

puri fied by pressing washing w ith creosote oil , subliming and recrysta lliz ing .

I t i s used for the manufac ture of numerous dye - stuffs .
Acco rding to Lunge the disti llation of a ton of coal tar yi elds on an average

Ammoniaca l liquor
Naphtha
Light o ils

Heavy o ils

Pitch

The treatment of the tar i s outlined in the diagram on the next page .

Aromatic hydr ocarbons are present in petroleums obtained in various
parts of the world , but the publi shed information about thi s i s somewha t
contradictory . It has been demonstrated by W . F . Rittman and T . J .

Twomey of the U .S. Bureau of Mines that i f petroleum be heated under
pressure to temperatures of 550° C . and upwards considerable quant it ies of

aromatic hydro carbons are formed . To luene and xylene are apparently

produced
'

mo st easily . Benzene requires more strenuous cracking , a nd its

fo rmation reaches a max imum at a point w here toluene and xylene have
already fallen o ff considerably . Naphthalene begins to form at abou t the
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poin t where the toluene and xylene content is at a maximum ,
indicating that

i t i s probably fo rmed by the condensat ion o f tw o mo lecules of a monocyclic
hydrocarbon . Anthr acene is fo rmed under similar conditions to naphthalene

,

but requires even more severe hea t ing . The produc t ion of t oluene was in
some cases 4 per cent . of the original pe troleum a nd 18 per cent . of the cracked
o il. Under manufac turing condit ions i t. w ould perhaps be poss ible to obtain
considerably be tter yields .1 This pro cess i s being developed commercially .

W . A . Hall heats pe troleum products to about 600° C . in o rder to obtain
motor spirit . It has been found that the product somet imes contains a s
much as 10 per cent . of toluene and 8 per cen t . of benzene .2

The fraction collected as carbolic oi l cons ist s mainly of naph thalene and
phenolic substances . The oil i s run into tanks and allow ed to cool down ,

whereupon 25 to 30 per cent . of naphthalene crystalli zes out . The oil sepa
rated from thi s has a spec ific gravity of about 10 025 and contain s 25 to 30
per cent . of phenols . It i s first concentrated by redistilling

'

it , preferably
through a dephlegmating column . First some crude benzo l comes over , then
a mix ture of benzol and water . t en the dis t illate no longer separates into
two layers the receiver i s changed , and it is collec ted as crude carbolic acid .

A further fraction may also be collected consist ing largely o f cresols and
naphthalene . The residue accordi ng to its quali ty i s either run into the
creosote oil tank or used for softening pitch .

The rectified carbolic oi l i s next treated with weak caust ic soda to separate
the acid from the neutral hydrocarbons . For thi s purpose a lye i s used wi th
specific gravity not greater than 10 75 to 1 -10 , as a s tronger liquo r w ould dis
solve some of the naph thalene . If pure phenol be aimed at fractional ex trac
tion w ith caustic soda is generally adopted : a quantity of the carbo lic oil
i s mixed thoroughly with a quantity of caus t ic solut ion more than sufficient
to extract a ll the phenol so that it also takes up a small proport ion of the
cresol . The aqueous solution is then drawn off and mixed wi th a further
quantity of the carboli c oil , w hen an interchange takes place , the sodium
cresylate being converte d into sodium carbolate . This method is rendered
possible by the fact that phenol has a cons iderably grea ter affinity for the soda
than the cresols and o ther homologues in other w o rds

,
i t i s a s tronger acid .

The solution of phenate c r carbolate o f soda is purified by boiling and
blowi ng in steam , whi ch removes any naph thalene and various other impurities .
It is fi ltered i f necessary and then treated w i th acid to release the phenol.
Fo r this purpose carbonic acid i s now generally u sed , but a li t t le sulphuric
acid is added to complete the proces s . The so lu t ion o f sodium carbonate
thus obtained i s reconverted into one of caustic soda by t reating it wi th lime.

1 J . I nd . Eng. Chem., 19 16, p . 20 . Fo r de script ion o f plant see Rittman, Dutton
a nd D ean, ib id. , 19 16, p . 351. See a ls o G . Eglo f’f a nd T. J . Tw omey , J . Phys . Chem. ,

19 16, p . 121. 2 See C . F. Chandler, ib id . , p . 75.
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Thus not only i s the soda saved and used again but the carbolic acid remain
ing in the solution passes into the process again . The crude phenol separates
a s an upper layer on the acidified liquor it is drawn o ff and further purified
by fractionating through a dephlegmating column . At first the distillate
consists of water containing only a small percentage of phenol , then practically
pure phenol comes over 1 at the end of the di stillation cresols are obtained .

The phenol can be further purified by allowing it to crystallize and pressing
out the liquid residue .
Cresol can be separated and in a similar manner from the fractions from

which the phenol has already been removed , and it can be purified in the
same way . But as a rule , cresol and the other similar bodies are used with
out exhaustive purification for the preparation of disinfectants , etc . The
alkaline washings obtained by treating benzol w ith caustic soda solution are
worked up for phenol or crude carbolic acid in the same way .

Before the war Germany depended largely on England for the supply
of carbolic acid

,
as the coke- oven tars made there contain comparatively

little of it , and its ex traction consequently could not compete very success
fully with the English product made from gas tar . For the rectification of
the carbolic oil from coke-oven tar

,
F . Raschig recommends that it be frac

tiona ted in va cuo through a very tall dephlegmating column , 14 metres long .

This column he fills with small hollow rings of sheet iron
,
1 inch long and 1

inch in diameter , with walls of 3
1
7 inch thick . These offer a very large

surface for the interaction o f the vapour and condensed liquid , and conse

quently improve the fractionation and offer little resistance to the passage
of the vapours , and so do not diminish the vacuum . The distillation i s
carried out at about 120° C . At first an oil passes over containing no phenol ,
and is shown by the fact that if a portion be shaken with caustic soda its
volume is not reduced . After a time the phenol content rises rather suddenly
to 30 or 40 per cent . It remains at this for some time , and then falls to 20
or 25 per cent . , and naphthalene then crystallizes out from the disti llate on
cooling . The distillation is now stopped .

2

When the demand for phenol is so great that i t cannot be met by the Phenol frot

amount obtained from coal tar
,
the consequent rise in price makes i t remu b enzene”

nera tive to manufacture phenol from benzene by sulphonation and fusion with
soda . A . H . Ney has described the process with considerable detail in a
lecture 3 in New York : the following description gives the methods briefly .

The sulphonation kettle is a cast- i ron vessel
,
fitted with a lid and a condenser

1 Fo r the vapour pressur es o f mi x tures o f pheno l and water see F. A. H. Schreine
makers , P roc. K. Aka d. W etensch., Amsterdam, 1900, p . 1 also A. Marshall, J . Chem.

Soc. , Trans ., 1906, p . 1365.
2 Ang., 19 15, i. p . 409.

3 Reproduced in Chem. Trade J our Octo b er 16 a nd 23, 19 15 ; also M et. a nd Chem.

Eng., 19 15, p . 686.
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to condense vapour of benzene and return it to the ket t le . I t has a good stirrer
and a j acket for hea t ing i t . Eight parts by w eigh t of concent rated sulphuric
acid are placed in it , and three parts of benzene are added wi th consta n t
stirring . t en the temperature ceases to ri se , heat is applied and i t i s main
ta ined near the boiling- point of benzene . Afte r five to nine hours the sul
phonat ion i s complete and the con tents of the kettle are run into a lead - lin ed
ta nk and diluted wi th an equal volume of w ate r . Then milk of lime i s added

,

which converts the benzene sulphonic acid into the calcium sal t
,
w hich

remains in solu t ion
,
and the excess of sulphuric a cid into calcium sulpha te

,

which i s precipi ta ted . The la tte r is filte red off in a filte r press and w ashed
the solution is mi xed wi th sodium carbonate (soda ash ) , which prec ipita te s
the calcium as carbona te and leaves sodium sulphonate in solution . This is
evaporated down and the dry sal t i s hea ted w ith fused caustic soda . In a
cas t - iron vessel are placed 10 parts of caustic soda and a little wate r . Thi s
is melted and heate d to about and 10 parts of the sulphonate are gradu
ally added . The temperature is then raised to about the sulphonate
i s thus converte d in to sodium phenate and sulphite

C-GH sSOsNa 2J aOH z C GH SONa Na 2S0 3 H gO.

The melt i s ladled out , allowed to solidi fy , broken up , crushed and di ssolved
in wate r . Then dilute sulphuric acid i s run i n unt il there is a copious ev o lu
t ion of sulphur di oxide , and the liberate d pheno l i s allowed to separate out .
I t i s freed from sulphur di oxide by blowi ng air through , and is rectified by
dis t illation
The naph thalene which crysta lli zes out from the carbolic o il and various

other frac tions i s subj ected to a number of opera tions to purify i t . Afte r
allow ing i t to drain i t i s heated and pressed in a powerful press to remove
the bulk of the oil . Then it. is washed wi th caust ic soda solu t ion to dissolve
out carbolic acid

,
and then wi th ho t w ate r . Next it i s heated wi th sulphuric

acid of about 18 specific gravi ty , which abso rbs vari ous impuri ties . Then
i t is washed again wi th hot w a te r , and afte rwards wi th wea k alkali

,
and

finally it i s fractionally di stilled . It i s thus obta ined as a white cry s ta llin e
solid having a characte risti c smell .
The quantities o f the different products obta ined natu rally vary accord

ing to the nature of the tar and the processes adop t ed , but thev are usually
w i thi n the following limits 1

Benzene and to luene l to 1 -5 pe r cent .

An thr acene 0 -25 to 0 -45

Pheno l 0 -4 to 0 -5

Creso l 2 to 3

Na phtha lene 6 to 10

Heavy o il 25 to 30

Pitch 50 to 60

1 Meye r und Jaco b son , Orga nise/7c Chenn
’

c , v o l. ii . pa rt 1, p . 93.
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soda solu t ion and then wi th w a ter , a ir being blown in through the pipe P to
agita te the liquids . Afte r se t tling , the ni t ro -benz ene is run to a s to ra ge ta nk .

The maximum theore t ica l yi eld from 100 part s of benzene is 1576 ,
and the

FIG . 51. Benzene Nitra tin g Pla nt . (From Tho rpe
'

s D ictiona ry of Chemifi ry )

ac tua l yi eld should no t be less tha n 154-5 . The ni t ro -b enz ene ca n b e further
pur ified b v di s t illa t ion in metro .

Ni trob enz ene , is a. pa le v ellow o il s light ly vola t ile a t the ordin
a ry tempe ra ture and ha ving a cha rac te ri s tic odour . I t is slightly poisonous ,
b ut is used for perfumery and fla v ouii ng under the name of o il of mi rba ne .

”

Under a tmospheric pres sure i t bo ils a t 209 C . i t free zes wi th some difiiculty ,
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and melts at Although its use has often been proposed as an ingre
dient of vari ous ex plosives it has not been so used very ex tensively ,

as i ts
v ola tib ility i s obj ectionable , and there are other nitro -compounds available
which have more decided explosive properties . It has , however , been used
as an ingredient of Sprengel explosives and to reduce the freezing —point of
nitro -glycerine . It i s practically insoluble in water , but soluble in alcohol
ether and other organic solvents .
W ith ordinary care the nitration of benzene i s quite a safe operation

,
Accidents.

but in February 19 14, there was a severe accident at Rummelsburg in the
works of the Aktiengesellschaft fiir Anilinfa b rika tion whereby eleven people
were killed and fourteen inj ured . The catastrophe seems to have been caused
by allowing the acid to run into the benzol without starting either the stir
ring gear or the cooling water . After a time such an energetic action set in
that the top was blown off the pan , and large quantities of benzol vapour
escaped, mixed with the air and exploded . Similar accidents occurred at
Mannheim in 1907, and Moscow in 19 1 1 .

After the Rummelsburg catastrophe a committee of chemical manufa c

turers assembled in W iesbaden to consider the steps to be taken to avoid
the recurrence of such accidents , 1 and subsequently

“ the Prussian Minister
for Trade and Industry passed regulations somewhat similar to those in
force in explosives factories

,
namely

1 . Accumulations of material and persons are to be avoided as far as
possible .

2. Ar rangements must be made to prevent large quantities of raw materials
interacting on one another at one time . The nitration plant should be exam
ined every time before it i s started ; accidents may be caused by the inad
v ertent presence of acid .

3 . It i s undesirable that the plants should be in communication with
one another .

4. The nitrators are to be so erected that if large volumes of hydrocarbon
vapours are evolved they will be discharged above the roof by an outlet o f
suffi cient size .

5. Arrangements must be made that acid cannot be run in before the
stirrer has been started .

6. There must be a device to show w hether the liquid i s in motion .

7. These rules may be moderated somewhat in the case of continuous
processes .
At the meeting of the Wiesbaden Committee , W . ter Meer described a

continuous nitration plant
,
which he has used in his works .2 This consists

of a cylindrical vessel of 3 cubic metres capacity provided with two inlets
at the bottom end for benzol and acid respectively . Down the middle of

1 Chem. I nd ., 1914, p . 337. 2 Germ. Pa t. o f July 24, 1909.
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the cylinder passes an axle carrying a number of stirrer blad es . The path
of the liquids is prolonged by a number of diaphra gms extending nearly
across the cylinder and fixed alte rnate ly to the walls and to the axle . The
cylinder is pro vided w i th a wate r - j acket and an outlet at the to p . The benzol
i s introduced at the rate of 300 kg . per hour , to gether with the requisite
quan t ity o f mixed ac id

,
abou t 800 li tres in all . They ta ke nearly four hours

to pass through the nitrato r , and in a tw elve -hour shift 4% to ns of good ni t ro
b enzol a re obtained .

Neumann described a similar plant in w hi ch the rea cting liquids a re made
to traverse an annular space betw een a fixed and rotating cylinder

,
both

carry ing stirrer blades and cooled or heated locally or entirely as required .

Kub ierschky
’

s plant is on a different system it ha s no mechanical stirrers
and the benzo l and acid a re made to pass in opposite direc tions thr ough a
tow er . It i s shown diagrammat ically i n Fig . 52. The benzol flows from the
ta nkA into the nitrating tower I at the point a nea r the bottom . The mixed
ac id flow s from B i nto the same tower nea r the top at b : in consequence
of i t s higher gravity it sinks dow n gradually , nitrat i ng the b enzol a s i t goes .
At the bot tom of the tow er the w aste acid separate s from the benzol and flow s
into the tank 0 The nitrated product flow s from the top of the tow er through
the pipe d , and the v i sible overflow D to the washing tower I I , where it meets
a stream of w ate r flowing up the tow er

,
and is thus free d from a cid . The

flow from the bottom of I I i s regulated by the cock 6 : the ni tro -benzol i s
prehea ted in E , and then flow s at f into the top o f the column I I I . Up to
this point the nitro -benzo l contain s about 10 per cent . of unchanged b enzol ,
an ex cess having been used to prevent the formation of dinitro -benzol . In
I I I this benzol is removed by means of live steam at g . The pur ified nitro
benzol then flow s through the cooler G , and the visible overflow to the separato r
K , w here it. i s freed from w ater

,
carried along mechani cally . The di stillate

from I I I i s condensed in E andF , and i s separate d in ] into benzol and wate r .
The construction of column I i s shown in Fig . 53 . The arrows in the

low er po rtion show the way the benzol c irculate s and passes i na finely divided
state through the acid which i s moving in the opposite direction . The nitric
acid is thus very fu lly utilized . The temperature i n thi s column is regulated
by means of the coils . The nitration process i s followed by ta king read ings
of the dens i ty of the crude nitro - benzol by a hydromete r in D ,

and the flow
o f benzo l and acid i s regulated accordi ngly . The co lumn I I i s of similar
construc t ion to I Thi s plant is said to work well .
Dinitro - benzene is manufactured in the same way as mono—nitro -benzene ,

excep t that twice as much acid i s used . The nitration is generally ca rri ed
out in tw o sta ges , the bulk of the w aste acid from the first sta ge being run

aw ay befo re the second lot i s run in . For the second sta ge the a cids may
with advanta ge be somewhat stronger and the contents o f the nit-rat ing pan
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of light yellow colour . It should co nta in no nitro - benzene and should be
odourless . I t is readily soluble in alco hol , benzene and other organic solvent ,
and ca n b e pur ified by rec ry sta llization from them . It can only b e detonated
with grea t diffi cul ty , and consequently is not used an an explosive by itself

,

but it has been used as a co nst ituent of complex exp losives
,
such as the

ammonium ni tra te explosives , Bellite and Ro burite , and low freezing nitro
glyce rin e explosives . There has been a tendency of recent yea rs to substitute
di and tri ~ nit ro ~ toluene for this substa nce , but the present scarcity of toluene
is likely to ca us e thi s prac tice to be reversed . The density of m-dinitro
benzene is 13 69 a t

By a fur ther nitration of din itro-b enzene it can be converted partly into
t rinitro -benzene , but it is neces sary to use very strong ac ids made w ith oleum,

’

and to ca rry out the ni trati on at a high temperatur e and for a long time .
Thi s dr a stic trea tment causes the destruction of much of the materia l by
oxida tion

,
and consequently the y ield is poor . I t i s obtained more ea sily

from trin i tro-to luene : thi s i s oxidi zed by sulphuric acid and bichromate
of pota sh to trini tro -benzoic ac id , which is reduced to trin i tro-benzene by
boiling with water . In either case the manufa cture is expensive and trouble
some , so that although it i s a slightly more powerful explosive than either
tr ini tro-to luene or picric a cid it has never come into general use .

There are thr ee po ssible trin i tro- benzenes , but the one that i s obta ined
almost exclusively is the symmetri cal or 1 3 5 compound .

I t melts at 121 °C . i ts exp lo sive properties have been investigated by Daut
r iche .

l The 1 2 4 compound is also known .

Toluene i s ni trated in the same way as benzene , but the nitration pro
ceeds somew ha t more rapidly ; also less acid i s required because the mole
cula r w eight i s grea te r . Of the thr ee ni tro - to luenes only 2 to 4 per cent .
of the me ta - compound is formed , about 38 per cent . of the para and 60 per
cent . of the ortho

,
the propor t ions varying somewhat a ccording to the con

ditions of nitration .

’ The yield i s about 140 parts from 100 parts of to luene ,
w herea s acco rding to theo ry there should b e 149 . The product has a specifi c
gravity of a bout and i s liquid at the ordinary temperatur e . By cool
ing it to a b out 10 ° C .

, pa rt of the para -nitro -to luene can be made to separate
out and filtered o ff on a co oled fil ter plate , but to effec t a separation of the

1 P . at S., 16, p . 27.

3 See A. F. Ho lleman , Pw e. K. Aloud . “Me nsch , Amsterdam, 1908 , v o l. x i , p . 248 ;

Rec. Tmr . chm ,
19 14, p . 1 . H. w . Fischer, z .Elektmc. , 19 10, p . 161.
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constituents of the liquid residue i t i s necessary to submit it to fractional
di stillation in vacuo . The ortho - compound distils over first ; when the
greater part of it has passed over the di stillation i s interrup ted and the residue
i s run out and cooled , whereupon it deposits the greater part of its para
nitro - toluene . The following are the principal physical properties of the
nitro -toluenes

Ortho Me ta Para

Specifi c gravity 1 -163

Melting-

point — 3-85
°

Boilin g
-

point 2233

The mono -nitro - toluenes are not explosive in themselves and are not used
as constituents of composite exp losives , but they are formed in the first stage
of the formation of di and tri -nitro - toluenes , and para -nitro -toluene i s used
extensively for the manufactur e of dye - stuffs .

On fur ther nitration para-nitro-toluene gives almost exclusively 2 4

din itro -toluene , and the ortho -derivative gives mostly the same compound ,
but also some 2 6-dinitro - toluene . The meta -derivative i s present only in
small quantity and nitrates much les s readi ly , and consequently remains
un changed to a considerable extent . Consequently the principal product of
the direct nitration of toluene to the second stage i s 2 4-dinitro—toluene mixed
with small quantities of other dinitro - compounds

,
some mono -nitro- toluene

(meta and para ) and trinitro -toluene . The mono -nitro-toluenes are only
separated from one another before nitration if the para - compound is required
for the manufactur e of dye - stuffs in thi s case the crude ortho -nitro -toluene
i s taken for ni tration . When the nitration i s complete the crude dini tro—toluene
i s allowed to separate from the waste acids in the warm . On cooling it sets
to an oily solid . Thi s i s often purified by warming it to about 40° C . and allow
ing the more easily fusible portion to flow away . The purified product i s
used for the manufacture of dye- stuffs , and sometimes for the preparation of

composite explosives such as Cheddite . The more fusible residue i s known
in Germany as Binitrotropfol, and i s used for the manufacture of trinitro
toluene . From the waste acids on cooling there separates out a fur ther small
quantity of ni tro -product which floats on the surface , from which it i s skimmed
o ff . The waste acid has a specific gravity of 1 -75 to 1 -77, and contains from
3 to 4 per cent . of nitric acid , whereas the waste acid from the manufacture
of mono -ni tro-toluene has a specific gravity of 1 -66 to 1 -67, and contains ,
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according to R. Escales , 1 to 15 per cent . nitric acid .

1 If the nitrat ion be
properly conducted the yield of dinitro - toluene is not far short of the theo
retica l.

There are s ix poss ible dinitro -toluenes
,
a nd all of them have been prepar ed

either by nitration of to luene o r by more indirect methods .

2 4

Me lt ing
}70

°

pomt

Of these the first is the only one that i s of any commercial impo rta ncc o rtho
nitro - toluene

,
however , gives a little of the 2 6- compound . Meta -nitro

toluene gives 3 4 mixed w ith smaller quantities of 2 3 and 3 Commer
cia l crude dinitro - toluene contains , therefore , a ll the above six compounds
except the last , but the first predominates . The statement th at the 3 5

derivative i s also formed 3 i s doubted by All except the 2 3 and
3 5- compounds have been found in a b y -product from the purification of
dinitro -toluene .

5

In explosive properties a ll these substances are very similar ; they can
only be detonated with great difficulty , and are decidedly insensit ive . The
2 4- compound is used as a constituent of composite blasting exp losives

,

notably cheddi te . They possess the disadvantage that they are very poisonous
and are liable to affect inj uriously those who handle them . From the purifi
cation of the crude material a complex mixture can be obtained , which i s
li quid at the ordinary temperature . This dissolves collodion cotton ,

and
is thereby converted into a thick j elly

,
which is used in the manufacture of

plastic blasting explosives .
Trini tro - to luene may be made by the nitration either of Binitrotropfo l

or crude ortho - nitro -toluene or from toluene by successive nitration in two

or three stages w ithout the separation of any of the nitro -bodies . In any case
i t i s best to conduct the conversion of di into tri -nitro - toluene as a separate
Operation as it requires a stronger mixed acid , and i f a large volume of strong
mi x ed acid be used to nitrate toluene or mono -nitro - to luenc directly to trinitro

1 N itrosp rengstofie , p . 142.

2 A. F. H o lle rna n a nd H . A. Sirks , P roc. K. Akad. lVetens ch., Am sterdam, 1906,

p . 280 ; Chem. Soc . Abstra , 1907, i ., p . 280 .

3 H a usse rmann a nd Grell , Ber ., 1895, p . 2564 Ber ., 19 13, p . 558.
5 E . Mo linari a nd M. G ina , Rendiconti del Bea le I stituto di Scienze c Lettere , 19 13, v o l.

46,
No . 1 1 ; S .S .

,
19 14, p. 239 ,
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exp losives pass unaltered into the nitro-cake and may ca use explosions .

l

Or i t may b e denitrate d in a deni t ra tion tower , but in thi s case a large pro
portion of the ni t ro -compounds pass over with the nitrous ga ses and ca use
stoppages . 2 The following are the compositions of two waste ac ids given
by M. Copisa rofi

3 in the second one an insuffi cient quantity of nitric a cid
has been used :

Co lour b rown
Nitrous ac id
Nitric acid
Sulphuric acid

Sulphomc a cids

W . McHutchison and R. Wright ‘ give the following as the composition
of a waste acid :

Specifi c gravity . 18 50 a t 17
°

On mixing with th i s an equal volume of water , reducing the specifi c gravity
to trinitro - toluene separated , equivalent to 5-8 per cent . by weigh t .
The addi tion of 4 more volumes of water only increa sed thi s amoun t to
6-2 per cent . The authors recommend that the waste acid be added to the
water

,
and not vice versa , so as to recover the trinitro -to luene in a convenient

form .

The ni tro -compounds can also be extracted from the waste a cid by agitating
i t wi th toluene

,
or by revivi fying the acid and using i t for the manufacture

of mono or dini tro -toluene . In either case the to luene used to ext ra c t the
ni tro -body is eventually converte d into trinitro - toluene .

The crude product i s freed from acid either by boiling it w ith wate r or by
washing it in a granula r condition with warm wate r with the addition of a
little sodium bicarbonate . It i s then dried and purifi ed ei ther by wa shing
with alcohol of 95 per cent . strength ,

5 or by recrysta ll ization ei ther from
alcohol or benzene . According to Langenscheidt ,6 te chnical alcohol conta in

1 Vennin et Chesneau, p . 260 .

2 F. Langenscheidt. 19 12, p . 426.

Chem. News , 19 15, p . 247 ; J. Soc . Chem. I nd . , 19 15, 1168.

J . Soc. Chem. I nd 19 15, p . 78 1.

5 Vermin et Chesneau , p . 261. 3 19 12, p . 427.
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ing about 90 per cent . C zH aOH dissolves at the boi ling-point one -ninth of its
weight of trini tro - toluene and gives 90 per cent . of it up again on cooling .

Benzene di ssolves 1 -7 times its weight at the boiling-point , and about 78 per
cent . of i t crystallizes out again on cooling . But the best solvent i s alcohol
mixed with 5 to 10 per cent . of pure benzene . In a double-walled iron vessel
are placed 2300 l itres of this solvent , and 500 kg . of trinitro - toluene . The
liquid is stirred and boiled

,
the vapour formed being condensed and returned

to the vessel. W hen solution is complete the liquid i s fi ltered and allowed
to cool . The crystals are freed from mother liquor by centrifuging or fi lter
ing o ff in a vacuum press . If the material be recrystallized more than once
the mother liquor from the second recrystallization is used for dissolving up
a further quantity of crude substance , and so on . The last mother liquors
are concentrated in a still and give on cooling some trinitro - toluene of inferior
quality

,
and on further concentration a still more impure material i s obtained

,

which may be liquid at the ordinary temperature , and may then be used for
making plastic explosives .
Trinitro - toluene may also be purified by recrystallization from sulphuric

acid . This method i s used in France for the preparation of material for the
manufacture of mining explosives . After thi s recrystallization it i s washed
methodically with warm water , neutralized with a dilute solution of sodium
carbonate and then rinsed with pure water . The product obtained ha s a
melting-point of 77° to 7 Vender has patented a process for recrystalli zing
it from strong sulphuric acid , preferably of 100 per cent . strength . After
dissolving at 80° to 100° the acid is cooled and may be diluted . It i s claimed
that this process gives a large y ield of material of good quality .

2

Another proposal i s to use nitro -toluene as a solvent .3 The trinitro
toluene is heated with a third of its weight of nitro - toluene , allowed to cool ,
fi ltered o ff and washed with alcohol to remove the nitro —toluene . The nitro
toluene containing the impurities is used for the manufacture of a further
quantity of trinitro -toluene . The obj ection to this process i s that the
nitro -toluene must be nearly as diffi cult to eliminate as the natural
impurities .
Liquid trinitro - toluenes are naturally very variable in composition , an

average sample may contain 80 per cent . trinitro-toluene
,
consisting of the

6- compound with one or more other isomers , together with several
dinitro - toluenes and only a very small quantity of mono -nitro - toluene .4

Other substances are probably also present . Nobel and Co . of Hamburg
have patented a method for increasing the degree of nitration of this product

1 Vermin et Chesneau, p . 261.
2 V. Vender, Eng . Pa t. o f 1909, Germ. Pa t.

3 Germ. Pa t. Announcement 8729, 12 0
, Aug . 28 , 19 13.

4 See 8th Intern. Cong . Appl. Chem.
,
19 12, v o l. 27, p . 44.
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without ca using i t to solidify at the ordinary temperature .

1 For this pur
pose they us e an ac id rich in sulphuric a cid and poor in ni t ric . The following
example i s given : 100 kg . of a residue from purificat ion , conta in ing abou t
15 per cen t . ni t rogen

,
are hea ted for a long time a t a tempera ture of 85° to

100
° C . wi th 185 kg . of mixed a cid con ta in i ng 85 per cen t . and 15 per

cent . HNO, . The result ing product was 87 kg . of li quid t rini tro -toluene
so lidfying a t con ta ining 166 to 17-2 per cent . nit rogen and giving a Tra nzl
tes t of 250 to 270 c .c .

,
w hereas dini tro - toluene conta ins 15 4 per cent . ni tro

gen , and t rini t ro - to luene 185 per cen t . and gives a Tranzl te st of about
290 c .c .

Ligh t has been thrown upon the low melting-points of these products
by M. Giua , who has dete rmined the melting-point curves of vari ous binary
mix tures of ni tro- to luenes .2 In each case examined he found that a complex
compound i s formed having a melt ing-point about 30 ° lower than that of
ei ther cons t ituent . These compounds only exist in the soli d state , when
melted they dissociate entirely . Mixtures conta ining three or more con
stituents w ould show a still greate r depression of the melting-point .
There are six possible trinitro - toluenes

,
and ac cording to M. Copisa row

3

they are a ll known and have the following mel t ing-points :

As already sta ted , commercial dinitro -toluene consist s almost ent irely of the
2 4-compound , and thi s on further ni trat ion gives only 2 4 6-trin

'

tro

toluene , w hich co nsequently consti tute s the bulk of crude commercial tro tyl .
I t co ntains , how ever , small quanti t ies of 2 3 4 and 2 4 5-trinitro - toluene

,

these being formed from the products of meta -ni tro -toluene .

“- 5 2 : 5-dinitro
to luene gives the 2 4 5-compound and 2 3 the 2 3 4- compound , 3 4

a mix ture of ab ou t 75 per cent . 2 4 5 and 25 per cen t . 2 3 4 I t i s doub t
ful whe ther 3 : 5-dinitro -toluene is amongs t the products o f ni t ra t ion , but

1 Germ. Pa t . o f Sep t . 14, 19 10 .

2 Ber . , 19 14, p . 1718 .

3 Loc . c it. “ 1 “ i ll, Ber . , 19 14, p . 707.

5 Komer and A. Co nta rdini. All i R. Accad L ince i, 19 15. i., p . 888 .
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in Council was i ssued under secti on 50 of the Explosives Act , 1875, exempting
it from be ing deemed to be an explosive during manufac ture and storage

,

uncondi ti onally , and when conveyed and import ed provided it is prope rly
packed .

Nevertheless it must no t be forgotten that it can explode , and in fa ct it
has ca used a number of disasters . In 1906 a fire at the Robur i te Fac to ry
at Wi t ten led to the explosion of the sto re -room containing t rinitro -toluene
and ammonium nitrate ; the detonation wa s so violent that the fac tory was
almost entirely des t royed , and forty- tw o people were killed , and many injured .

l

In 1908 an explosion occurred at J . IV. Lei tch and works a t Hudders

field
,
whereby five men were inj ur ed . The accident was caused by pla c ing

a pipe containing trini tro -toluene in a boiler fire to clear the pipe by mel ting
ou t the content s . In 1909 several men were killed by an explosion in the

crysta llizing house at Allendorfi ’

s fac tory at Schiinebeck, This acciden t
i s somewhat puzzling , as the effects seemed to be too great to be due only
to an explosion of vapour , and yet not nearly so grea t as would have been
caused by the exp losion of even a small proportion of the t rin i tro-toluene
present in the building .

2 In 19 12
,
100 kg . exp loded from some unknown

cause in a ca sk in the washing house of a German factory , whereby four men
were killed and four sev erelv inj ured . It would seem that the substance is
liable occa sionally to conta in some impur i ty , which renders it much more
da ngerous . To a ca use of this sort is a s crib ed a fatal explosion that occ urred
in 1907 in a vacuum still from which mono -ni tro -toluene was distilled .

3 Dupre
found that the addition of a litt le caustic pota sh caus ed trinitro - to luene to
explode when hea ted to

B-and 7
- tr initro -toluene are , however , somewhat less stable than the

a - compound . Their behaviour with alkali was investigated by W . IVill ,
5

who found that the B and 7- compounds when trea ted with alkali , even an
alkaline ca rbonate , whether in the presence or absence of alcohol , are con
verted into salts of dini tro -cresol , and these have much the same properties
as picra te s . This change even takes pla ce when they are hea ted wi th
lea d oxide in the presence of alcohol lead cresy la tes being formed . The
a compound , on the, other hand , is not atta cked by heating wi th lea d
oxide and alcohol , and by 1 per cent . soda solution at 95° to 100

° i t
i s only a t ta cked a third as rapidly as the other tw o . Alkali alone
convert s the u - compound into red colouring matters , and in the presence
of an oxidiz ing agent gives hex anitro -dibenzyl , w hi ch i s comparatively
s table .

1 See S .S. , 1907, pp . 333, 4 13, a nd 416.

2 See S .S ., 1909, p . 213.
3 S .S . , 1908 , p . 298 .

1903, p . 26.

5 Ber ., 19 14, p . 711 see a lso M. COpisa row , Chem. News , 19 15, v o l. 1 12, p. 283.
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CH 2
_ CH 2

NO2
+ alkali and NO,

NOZ

o x idizing !
agent

m.p . 806
° m .p . 212

°

alkali alkali

m.p . 1 12
° m.p . 10 1

° m.p . 104
° m .p . 74

°

Except as regards the melting-point the physical properties of the three properties,
i someric trinitro -toluenes are simi lar. They have about the same specific
gravity of about 162, the same temperature of ignition , 290

° to the same
heat of combustion of about 3660 Calories , give the same resul t in the Tra uzl
test , and are about equally sensitive under the falling weight , although the
a -compound i s slightly less sensitive than the 7.

Trinitro - toluene , which has been melted , has a dens ity of 1 -57 to 160 Density,

when powdered and compressed Dautri che found that it had the following

whence it i s concluded that the limiting density for the compressed mate rial
i s about 1

NITRO-XYLENES, ETC.

The next homologue of the benzene series 1s xylene , of which there are
three i somers , all of which are present in coal tar , and have boi ling-points
close together between 137° and It i s not practicable to separate them

1 P . et S ., v o l. 16, 19 12, p . 28 .
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on a commercial scale . Nitro- xylene i s a constituent of some blasting eXplo

sives , Mona chit for insta nce , 1 but fo r this purpose the crude mix ture i s used
which is obtained by nitrating the mi x ture of the three xylenes . As. th ese
are nitrated w i th different degrees of diffi culty a mi x ture tri di and even mono
nitro -xylenes i s obtained , and in consequence of the complexity o f the mixture
i t is o ften liquid . If the crude xylene contain other substance s as well

,
the

nitro -product w ill
,
of course

,
be still more complex . The liquid products

can be used , like liquid trinitro - toluene , for the manufacture of plastic exp lo

sives , the liquid being thickened by di sso lving some collodion cotton in it .
Some inventors have proposed to nitrate w ide fractions of coal tar naphtha .

Thus C . Distler
,
E . Blecher and C . Lopez 2 nitrate the fraction boiling between

130
° and and O. Silb errad 3 that between 200° and There is no

published information as to the chemical stability of these complex mixtures
o f nitro - compounds .

NITRO-NAPHTHALENES

This substance i s made by nitrating naphthalene w i th a mixed acid con
taining only slightly more than the theoretical amount of nitric acid . The
acid is placed in a nitration pot provided w i th a stirrer and the naphthalene
added a little at a time , the temperature being kept below Then the
liquid mix ture i s heated to 60° for an hour . A considerable amount of red
fumes i s evolved in consequence o f secondary reactions involving the forma
tion of phthali c acid and other oxidation products . On cooling the nitro
naphthalene crystalli zes out on the surface of the acid , which is then run off .
The product i s centrifuged, washed with water and di lute sodium carbonate
solution , then with water again and dri ed at It may be purified by
recrystallization from alcohol or benzol . The yield is about 1 10 per cent . ,
whereas theoretically i t should be 135 per cent .
There are two mono -nitro —naphthalenes

,
but under ordinary conditions

of nitration the u - compound only i s formed . The melting-point of this i s
given variously as 58 5 ° and but the commercial product , not being quite
pure , melts at about It i s a neutral body

,
insoluble in water

,
but so luble

in ether , alcohol , carbon bisulphide , petro leum ether , etc . As an explosive
i ts pow er i s small , but it i s used in cheddite as a combustible and agglomerant ,
i ts softnes s helping to bind the powder together . Its specific gravity i s 13 3 1
at 4°

1 See S .S ., 1909 , p . 106.

2 G erm . Pats . French Pa t. Eng. Pa t. o f 1907
3 Eng . Pats . a nd o f 19 12.
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POISONING BY AROMATIC COMPOUNDS

The a roma t ic hvdroca rb ons have a decided toxic action ; the vapours of
benzene and toluene produce giddiness and fi nally insensibility when inhaled .

W
'

orkers who a re cons tantly exposed to the fumes may suffer severely in
health . Adequa te fans should therefore be provided when these volatile
liquids a re exposed in open vesse ls .

The nitro-derivatives of the se hydr ocarbons a re more poisonous than
thev a re themse lves , but a re not so vola tile . Dini tro -benzene and dini tro
to luene a re spec ially pois onous , and their use in exp losives i s therefore
obj ec ti onable . Explosives containing them should not be handled with the
ba re hands , and during all manufactur ing operations precautions mus t b e
taken to prevent w orkers inhaling the du s t and fimi es .

1 A French Commis s ion
which reported on this subj ec t in 1912 2 found that

1 . The w orkers most frequently affected a re genera lly young people who
have not been working long in the factory .

2. Most of these workers are dr inkers .
3 . Serious atta cks are most frequent in July and August, and especially

when the wea ther is thunderv the vapours being liberated to a grea te r extent
the higher the tempe ra ture .

The symptoms are drow siness , sometimes going a s far a s unconsc iousness ,
gastric troubles , ex cema , and fronta l hea dache . In mi ld case s a few hours
in the open air may cure the patient . Severe ca ses may end in death . M

'

orkers

who show si gns of be ing affected should at once be transferred t o other work
at any ra te for a time .

Tr initro-benzene and -toluene are generally considered to be much less ,
pois onou s than the dinitr o - compounds . There have , however , been some
ca se s of fata l poi s oning b y troty l , but these may have been due rea lly to
the presence of dinitro -toluene .

Picric acid has a disa greea ble bitter ta s te , but i s not very poisonous . The
chlor-nitro -compounds , on the other hand , are more dangerous than those
not conta ining chlorine . Some of the other nitro-derivatives , such as
tet ry l and hexa -nitro -diphenylamine, have been found to b e decidedly
pois onous .

The curative mea sures adopted in Germany a re : immedia te removal
fr om the facto ry , artificial respiration and inhalation of oxy gen , and non
a lc oholic stimulants . As preventa t ive mea sures alcohol is forbidden during
working hours , and only modera te qua nti ti es a re allowed at other times . The
workers should w ea r lea ther gloves and clot-hes fitting tightly at the neck ,

wris t s and ank les . Their b oots should have wooden soles , and they should

1 Sec Repo rt to the Home Secreta ry b y Dupré a nd Smith, 1893.
2 P . e: S.,

v o l. x v i , p . 144.
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put cotton wool in their ears, and when necessary they should wear respirators .
Meals must not be taken in the working rooms , and before eating the worker
must wash his face and hands with soap and water and clean hi s nails with a
nail -brush , and rinse his mouth out with a 2 per cent . solution of tincture of
myrrh . The workers have daily a douche bath and once a week a tub .

1

1 R. Escales , Nitrosprengstofie, p . 211 ; see a ls o S .S., 1908 , p . 259.
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Derivative s o f An iline

An iline C 6H 5

’

NH 2
D iphenylamine (C 6

H 5 ) 2NH H e x anitr o -dipheny lamine
(C

‘

6
H 2N 30 6) 2NH Nitro -anilines Nitro -methy la nilin cs Manufacture o f tetry l

Properties o f tetry l Higher nitro -derivatives o f me thy l-aniline P icric acid ,

C 3H 3N sO7 Properties Higher nitro -

pheno ls Styphni c acid C 6
H

3N 30 3

Trinitro -creso l, Picrates and trin itro -cresyla tes

Trin itro -anis ole , CeH zOCHn z) 3 : Kinetics o f nitration

AN ILINE i s made from ni tro-benzene by treating it w ith iron borings and
hydrochlori c acid . The nascent hydrogen replaces the oxygen . W hen
reduction is complete the ani line i s di stilled in a current of steam

,
allowed

to settle
,
and purified by di stillation in va cuo . For detail s of the processes

see Thorpe ’ s D ictiona ry of App lied Chemistry , vol . i , p . 260 .

Aniline
,
when pure , i s a colourless liquid with a specific gravity of 10 25 at
and boiling at It i s used very extensively for the manufacture

of syntheti c dyes , and some of its derivatives are used in the explosives industry .

The substa nce itself has been used as a stabilizer in smokeless powders
,
but

it s strongly basic character and its volatili ty are seriou s objections : i t has
now been replaced for this purpose by other substances , nota bly diphenylamine .
Thi s i s made by heating aniline and ani line hydrochloride together in

an autoclave for thirty to thirty-fi v e hours at 220° to The product
i s extracted with hot dilute hydrochlori c acid ,

w hich dissolves the un

changed aniline hydrochloride whilst the diphenylamine floats on the surface
as free base . The yield i s 60 to 70 per cent . of the aniline used . It i s a

H
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oi tetryl.

5
°

3 minute i t melts at about It is c laimed for it that i t is not more
sensi tive than tetryl , and that it is s ta ble , but on bo iling w ith water it is
converted in to t rini tro -amino -phenol , and the sa me substa nce is obtained
ins tanta neously a t the ordinary tempe ra ture by th e ac tion of an equeous

solu t ion of sodium aceta te .

m .p . 174
°
— 175

°

Me thyl-ani line i s made by hea ting a nline hydrochloride or sulphate with
methyl alcohol . On nitrati on four NO2 groups can b e made to enter the
molecule without any great diffi culty , thr ee combining with the ca rbon a toms
of the benzene ring and one w ith the nitrogen . Thi s substa nce i s often called
tetranitro-aniline , but strictly spea king its sc ientific name is trinitro-pheny l
nitramine commercially it is called tetryl or tetralite . I t w a s first desc ribed
by Romb urgh in and is ob ta ined als o on nitra ting dimethyl-aniline ,
which is made in a simila r manner to methyl- aniline .

x 0 ,

The followi ng is the method of manufacture a s desc ribed by F . La ngen
scheidt 2 The dimethyl-aniline used should be of a high degree of purity ;
95 per cent . of it should dis til over within a ra nge of 1 ° or 11

° C . Its spec ific
gravity is 0 9567 at and i t s boiling-point l 90 °(a t 760 mm . Acco rding to
the Tables of La ndolt-Biirnstein ,

19 12, the specific gravi ty is 09 555 at
and the boiling-point 193-1° at 760 mm . ) The nit-ration ves se l consis ts of an

enamelled pot prov ided with an enamelled stirrer, and a j acket through which
water or steam ca n be passed . In i t 1000 kg . of colourles s lead -free sulphur ic
ac id of 97 to 98 per cent . strength are placed , the stir rer i s sta rted and 100 kg .

of the dimethyl -aniline is slowly run in : thi s takes about two hour s . The
ac id in di ssolv ing the dimethyl-aniline becomes colour ed light brown , but
the colour mus t not be so dark that one ca nnot see thr ough a la yer 5 cm .

thick . A da rk colour is generally due to insuffi cient cooling or too rapid
1 Rec. lra v. chim. , vo l. ii. , p . 108 .

2 S.S ., 1912, p . 445. See a lso F. M. Vasquez, S.S ., 1911, p. 302.
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additi on of the dimethyl-aniline . The sulphuric acid solution should be
ni trated wi thout unnecessary loss of time , otherwi se there may be darkening ,
and the dark colour cannot be removed from the fin ished tetryl .
The nitration i s carried out in the same or a similar vessel . In it are placed

first 430 kg . of ni tric acid of 47° B . (sp . gr . 14 83, 87-3 per cent . HNOa) and
heated to 40° C . , and the sulphuric acid solution i s run in in a thin stream .

At first the temperature must not be allowed to rise above but when
tw o - thirds have been run in the temperature may be allow ed to rise to
The addition takes eight or nine hours ; after i t i s fini shed the temperatu re
i s maintained for another two hour s at 53° to 55° to complete the ni tration .

The oxidation of one of the CH 3 groups causes the contents of the vessel to
froth considerably . t en the nitration i s complete the mixture i s cooled
to the ordinary temperature and allowed to stand over night . The te tranitro
methyl-aniline separates out on the sur face in fine crystals

,
provided that

the nitric acid used i s not stronger than as stated above . If stronger acid
be used the crystals are larger and cannot be washed properly . Next morning
the waste acid i s run off it has about the follow ing composition

74-04

1 10 5

2-58

024

\Vater (b y difference ) 12 19

Specifi c grav ity

Afte r draining off the waste acid the solid product i s washed by means of
dilute sulphuric acid on to the plate of a vacuum fil te r , where it i s washed
with more dilute sulphuri c acid . Then it i s removed to another filte r , where
it i s washed with water un til i t i s neutral . To test for this 15 or 20 g . of the
wet substance , equivalent to about 10 g . dry , are boiled w ith 50 c .c . wate r ,
cooled , fil tered and washed the fil trate should not require more than 0 -2 c .c .
N 10 caustic soda solution to render it neutral to phenol phthalein . Thi s
amount i s p rincipally due to the faint acid character of the pure te tryl . The
substance i s then dr ied . It now has a melting-point of 126° to and the
yield i s about 210 kg ., whereas according to theory there should be 237 kg .

from 100 kg . of dimethyl-aniline .
It is necessary further to purify the tetryl by recrystallization , as small

amounts of impurity seri ous ly affect its stabil i ty . For thi s purp ose 500 kg .

are dissolved by boi ling in 1850 kg . of pur e benzene and allowed to crystalli ze
out , fi ftered off and dried . The benzene i s recovered from the mother li quor
by di stillation , but some water i s added to the still to prevent heating the

solid residue above About 13 per cent . of the crude tetryl i s lost by
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this proces s and remains in the still . As this residue is unstable i t i s destroyed
by burning . There are also oth er methods of purification in use .

Pure te tryl looks like flour wi th a faint yellow colour . The melting -point
of the pure substance i s 129° to that of a good commercial mate rial
127-5

o to l28 °2
°

.

Tetryl i s a more pow erful explosive than trotyl or picric acid
,
but it i s

also somewhat more sensitive , without, however , being dangerously so w ith
ordinary precauti ons . This makes i t very sui table for use as an intermediate
detonating agent . It i s used in conj unction with fulminate as a filling for
detonators , and as a primer for high explosive shell . Detonating fuse has
also been filled with it . Accordi ng to Langenscheidt it gives a Tranzl test
of 460 to 480 c .c . ,

a nd in the falling weight test i t requires a weight of 5 kg .

falling 30 to 40 cm . to explode it . I t is somewhat poisonous
,
and should

not be handled more than is necessary as it is liable to set up skin irrita tion .

It i s a component of some ammonium nitrate explosives such as Fortex ,

but its comp a ra tive
'

y high cost of manufacture prevents its extensive use
for thi s purpose .
Still higher ni tro —derivatives of methyl -aniline have been prepared

,
but

are unsta ble . Tetranitro -phenyl -methyl -nitramine i s a substance melting
at 146° to on boiling w i th water one of the nitro -groups i s replaced
by OH and nitric acid i s formed

Oth er reagents produce s
'

mila r changes .1

CH , No 2

The correspondi ng penta -ni tro -derivative i s a yellow crystalline s ubstance
which melts at 132° and explodes at a higher temperature .2

1 Romb ur gh , Rec. tra v. ch ina , 1889, p . 108 Romb ur gh a nd Schepers , P roc. K . Aka d.

W etens ch., Amsterdam , 19 13, p . 369.

2 J. J. Blanksma . Proc. K . Akad. lVetens ch., Ainste rda rn,
_

l 902, p . 437.
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2. The second and more modern method employs as sta rting mate rial
chlorbenzol , whi ch i s dini trated to dini tro - chlo rb enzene ; thi s product i s
separated from the spent nitrating mixture , the chlorine atom repla ced by
hydroxyl by heating w ith caustic soda

,
and the resulting dinitro -phenol i s

nitrated .

The possibility of a third commercial method for the production of picric
acid i s sugges ted by an o ld publication by Hepp ,

l who claims to have obta ined ,
w i th an excellent yield , picric acid by ox idizing trinitro - benzene in alkaline
solution w ith potassium ferric cyanide , th e use of other mifd ox idi zing agents
being also suggested .

In view of the difficul ty in obtaining trin itro -benzene wi th anything like
a satisfactory yield , the commercial feasibility of such procedure i s open to
grave doubt

,
although the wri te r has private information that a small plant

i s at the present time producing picric acid to some exten t by a process pur
porting to be based upon thi s method .

The chemical and techni cal literature contains many suggestions and
several descriptions for the manufacture of picric acid

,
all of them

,
how ever

,

being obsolete . Chemically , the preparation of pictic acid i s very simple
and easy

,
and

,
as a matte r of fact , i t would seem almost impossible for any one

placing phenol and nitric acid together , in some form and manner , not to
obtain picric acid . Techni cally , however , the manufactur e in volves several
difficult problems , mainly due to the fact that the handling o f unmixed ni tri c
acid i s a diffi cult and dangerous operation excluding th e use of mate rials for
recepta cles , etc . , usually employed in the chemical i ndustry , and the somewhat
exaggerate d fear of contamination by inorganic salts

,
detrimenta l to th e

stability of the product . The drying and pulveriz ing of the material is a
very dangerous operation , which ,

however
,
i s now seldom required in chemical

factories
,
the Ordnance w orks usually requiring delivery of the wet crystals

with a moisture conte nt of approximate ly 20 per cent .
The manufacture o f picric acid i s carri ed out a s follows :
A large sulphonation kettle of the usual construction , preferably lea d

lined
,
wi th steam j acket , bottom di scharge and agitato r , i s charged wi th

one part phenol and four parts sulphuri c acid
,
98 per cent . The mixture i s

heated under agita tion u ntil a sample appears complete ly sulphonated
that i s

,
soluble in wate r without turbidity ,

and having no odour of phenol .
The content of the sulphonation ket t le i s now divided into the ni trators ,
which are receptacles suspended in a space adapted to have hot or co ld wate r
circulated therein . To the content of each kettle an equal part of sulphur i c
acid i s added , and after reducing the temperature to below 20

° the nitra t ing
acid is run in . This is preferably a usual mixture of equal part s o f sulphuric
i cid a nd nit ri c acid o f 62 per cent. strength , b ut other proportions may be

1 Anna len 215, p . 344.
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used . Instead of the three molecules required by the theory , four molecules
of HNO3 are added ; the temperature i s kept below 40

° while the fi rst 30
to 40 per cent . ni tric acid i s run in , and th en gradually increased to 70

° or
hot water being circulated towards the end of the operation and one to

two hour s afterwards . Proper ventilation must be provided . Ai r may be
blow n through the nitrators before removing their content in order to remove
the nitrous gases formed . The content i s now removed into an acid-proof

,

non -metallic receptacle and diluted with water
,
about equal volumes having

been found to give the best result s . After cooling , the picric acid , which
separate s usually in large crystals , i s fi ltered by means of nutches or
centrifuges , and washed . The yi eld i s somewhat less than the theoretical.
The formation of too large crystals and caking should be prevented . It
i s now usually of sufficient puri ty , but to obtain it still pur er , i t may be fused
in a steam - j acketed enamelled kettle , from which it i s run , i f desired , through
a sieve of platinum or gold , into a wooden tank with water . It i s then fi ltered
o ff again . The method suggested in the li teratur e of di ssolv ing i n alkali

,

and again precipitating , i s irrational and dangerous , and has never been
practised by manufacturers .
The material of whi ch the nitrators are made may be cast - iron i f the

strength of the acid i s always kept above 82— 85 per cent . , otherwi se earthen
ware or enamel receptacles are indi spensable . After the nitration the mixture
i s diluted , and for all fi nal operations , contact with metals , other than precious ,
must be avoided .

1 Coatings of a pure a spha lturn varni sh have given satis
faction . Proper agitation devices and ready means for di scharging the
nitrators and fill ing the same open a w ide field for the ingenuity of th e con
structional engineer .
The largest manufacturer of picric acid in the world (Hauff in Fuerb a ch )

uses an interesting and highly efficient fil tering device . It consi sts of a fi ltering
box or nutch ,

” with vacuum below and above
,
and is adapted to be used

as both filter and dryer . The crude picri c acid i s placed on the filtering
surface (a porous stone plate ) and suction i s app lied . After the bulk of the
adhering waste acid has been removed

,
alcoho l i s sprayed on the material

and received in a separate container
,
from which it i s at once rectified and

recovered . The filte r box i s then covered with a specially constructed lid
and vacuum applied ; the dr ying proceeds very rapidly , and the result ing
product i s very pure , due to the fact that it has been washed w i th alcohol ,
which is an ex cellent solvent for the resinous products always formed during
high ni tration .

Picric acid forms pale yellow , crystalline needles or scales , of an intensely
bitter taste and specific gravity l '

767 at The pure acid melts at 12 2
°

and the common at a lower temperature , to a brown ish -yellow o il, which at
1 Tin a nd a luminium ma y b e used — A. M.

Properties.
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a higher temperature part ia lly sublimes , and boils with formation of yellow ,

bi tter , suffocating vapours . The low er melting -point of impure picri c acid
i s probably due to an admix ture of dini tro -phenols or of a nitro - cresol . Hence
the mel ting -point of picric acid is a te st of i ts purity .

When strongly heated , picri c acid burn s rapidly wi th forma t ion of an
inte nsely black smoke . It does not explode when heated under o rdinary
condi tions , but it can be made to explode by allow ing it to fall into a tube
heated to a red heat . 1 Picric acid can be detonate d by means of other violent
explosives ; a charge of 1 g . of mercury fulminate suffices to determine the
explosion under favourable condi t ions . Metallic picrates , especially that o f

lead
,
or even an imperfect mixture of picric acid with the ox ides or nitrates

,

will detonate violently when heated or submitted to a moderate blow ,
and

the explosion will induce the detonation of neighbouring quantities of picri c
acid or picrates

,
even though they be w et . In spite of the comparative

insensitiveness of the pur e substance , these properties have led to a number
of serious acc idents , of which the following were particu larly disastrous
Heron Chemical lVorks , Lancaster , June 7,
Roberts , Dale a nd Co .

’ s Works , Cornb rook, near Mancheste r, June 22,

Rheinau , near Mannheim, Jun e 27,
Read , Holliday and Sons , Huddersfield , May 30 ,

Gri esheim -Elektron
,
near Frankfort a .Ma in

, April 25, 190 1 , tw enty- four
killed and one hundred and seventy - eight injured .

6

“Woolwich Arsenal , June 18 , 1903, sixte en killed and fourte en inj ured .

7

For the histori cal development of the use of pi cri c acid as an explo sive ,
see Chapter III

,
pp . 44, 49 . It i s now used only as a mili tary explosive either

alone or mixed with a nitrate or wi th o ther ni tro -compounds . It i s not
itself used much as a dye now , but it i s used in the manufacture of mo re complex
compounds , which are valuable dye - stuffs .
The sensitiveness of pic ric acid can be reduced by mixing i t wi th inert

substa nces . Under Orders in Council , Nos . 20 and 20A ,
it i s not considered

an explosive when mixed with half its w eight of wate r or w i th three times
its weight of the following substances anhydrous sulphate of soda , crystalliz ed
sulphate of soda when in hermetically closed packages

,
or potash alum .

8 It
i s also not considered an explosive if in a quantity of not exceeding 2000 lb .

1 M. Berthelo t , Ann. Chim. Phys . , 1889 , v o l. x v i., p . 23 P . etS 1900 , v o l. x .
, p . 280 .

2 S.R., 8 1 , p . 20 , Home Offi ce Pape rs A,

a S .R. , 3 1.
4 A .R., 1890 , p . 48 .

5 S .R. , 139 .

6 Ang . , 190 1, p . 459 ; Chem. Zez
'

t., Ma y 1, 190 1 Chem. Tra de J oa n , May 18 a nd

25, 190 1 (Chemica l No tes ).
7 A .R. , 11 03, p . 51 ; Chem. Trade Jaur ., July 4, 1903.
8 See Ca ioe to the Ex p losives Act, pp . 204— 206.
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in consequence of i t s formation directly from natura l products . Its melting
poin t i s

In commercial cres ol obta ined fr om coal ta r there are three cresols present
in abou t the followi ng proport ions

Propo rt ion

Meta

Mono and di -nitro - compounds can b e made from a ll of these , but only
meta - cresol gives a trin i tro -der ivative , the oth ers on cont inued ni t ration
be ing ox idized to oxalic acid , etc . It i s necessa ry , therefore, to use meta
cresol a s pure as practica ble for the manufacture of t rini t-ro - cresol . The
o rtho -compound can be eliminated by fractional dis t illa t ion wi thout grea t
difficul ty , but the others boil at almost the same temperature . Nevertheless
it is sa id that the meta -compound can be ob ta in ed almos t pure by frac t ional
di s ti llation .

1 The separation can als o b e effected by sulphonation wi th
oleum

,
whereby meta - cresol i s converted into a liquid sulphonic acid and

the para - compound into a solid one . For o ther methods of separa t ion see

Tho rpe ’ s D ictiona ry of App lied Chemistry ,
vol . i i . , p . 164.

Trinitro -creso l i s made in the same w ay as picri c acid , bu t the nitra t ion
pro ceeds wi th grea ter ease . The yield from me ta -cresol is sa id t o b e 150 per
cent .

,
the theoreti cal be ing 225 per cent .

Trinitro -cresol or trini tro - cresylic ac id is a very similar substance to pic ric
acid

,
but i s less powerful as an explosive as it conta ins a smaller proportion

of ex ygen . I t has been used in France under the name of Cresylite for fi lling

1 Vennin et Ch esnea u , p . 280 .



OTHER NITRO-AROMATIC COMPOUNDS 283

shell in admixture with picric acid . A mixtur e of 60 parts with 40 parts of
picric acid (mélin i te ) melts at 85

° and is plastic at 65° or
The composition and temperatur es of ignition of a large number of metallic

picrates were investigated by Silb errad and Phillip s ,1 and the formation and
exp losibility of various picrates and trini tro -cresyla tes by Kast .

2 The picrates
of lead , calcium , barium , potassium , and Copper explode when heated

,
the

lead compound being much more violent than the others . The picrates of
sodium

,
zinc

,
si lver

,
magnesium and iron explode with considerably less

v iolence those of ammonium , mercury and aluminium , like picric acid itself,
do not exp lode when heated in the ordinary way .

The trinitro -cresyla tes behave very similarly to the corresponding picrate s .
The lead salts are also by fa r the most sensi tive to blows , being about as
dangerous in this respect as nitro -glycerine , blasting gelatine and dry gun
cotton . The salts oi the other heavy metals , such as copper , silver , i ron ,

calcium
,
and barium are also somewhat sensitive more so than picric acid .

The salts of sodium , potassium and ammonium are less sensitive , and those
containing water of crystallization are less so than the dried substances .
The action of solutions of picric acid and trinitro - cresol upon different

metals was investigated by Kast . Plates of metal 5 X 10 cm . were placed
in mixtures of 50 g . picric acid or trinitro -cresol and 200 g . water for four
weeks It was then found that the following quantities of the metals had
been dissolved

Lead
Iron
Zinc
Copper
Brass
Aluminium

Saposhnikof tri ed the effect of molten picric acid on metals under conditions
more nearly resembling those that prevail in a shell that i s fi lled wi th the
melted explosive .

3 One gramme o f the finely div ided metal was placed in a
beaker with 2 g . o f picric acid and kept at a temperature of 125° for eight
and a half to nine hour s . The weights of metal that had been dissolved were

02 798 g .

0 -1530 g .

0 02046 g .

0 -1754 g .

0 -0488 g .

g .

1 Trans , 1908 , p . 474.
2 19 11 , pp . 7, 31 and 67.

3 J. Sapo shnikof, S .S ., 19 11, p . 183.

Picrates an

cresylates.



ca mera,

284 EXPLOSIVES

Picra te s w ere at one time much favoured by inventors as ingredi ents of
explosives b ut very few of the se mixture s achieved any prac tical success .
Designolle s powder co nsis ted of po tas sium picrate and saltpetre and sometimes
charcoa l , and w a s made for a time in France a s a cannon powder . Brugere

’

s

pow der co ns is ted of 54 parts of ammonium picrate and 46 of saltpetre , and
was said to give go od res ul t s in the Chassepot rifle . A mixture of 43 part s
ammonium picra te and 57 sal tpe tre is us ed as a deto na t ing agent in lyddite
shell

,
under the name of picric powder . It. i s mad e by incorporating the

two ingredients together in a ba ll mill .
Aniso le is made by condensing phenol or sodium phenate wi th methyl

chloride or methyl alcohol in various ways . Experiments on nitrating i t
ha ve been ca rried out by A . L . Broad bent and F . Sparre

,

1 who found that
there is a tendency for the acid to atta ck the side cha in and consequently
give low yi elds . By commencing the nitration wi th mixed ac ids at however

,

they obtained a yield of 85 per cent . of the theoretical . When one ni tro - group
ha s b een in troduced in to the molecule there is no longer any tendency to
a t ta ck the side cha in .

An other possible method of manufa c ture i s from nitro -phenol . Phenol
is ni tra ted in the co ld wi th dilute ni tri c ac id , yielding ortho and para -nitro
phenol and some ta r . The o rtho-compound is distil led off w ith steam and
use d fo r the manufac ture of dyes , etc . The para -nitro-phenol is pur ified by
crv sta lliza tion from xylene ; it i s used for the ma nufactur e of phenacetin
and some o ther synthetic compo unds , but the demand for it i s le ss tha n for
the ortho—compound . Co nse quently there is spare mate rial , which can be
use d for the manufac ture of explosives . By trea tment with ca us tic soda

,

sodium ca rb onate methyl alco hol and methyl chlori de under pressure i t can
be converted into ni tro -anis ole ,2 whi ch on nitration gives trini tro - ani sole .

Trini t ro- aniso le is a yellow crystalline substa nce with a melting-point of
64 to 65

° and a specific gravity of 14 0 8 at It has the same composi tion
a s t rini tro-c reso l , but i s free from ac id charac te r and consequently much
sa fer but unfortunately it is slowly hydrolysed by water to picri c acid . It.
is more difficult to deto na te than t rotyl .3 It has been uw d by the Ge rmans
fo r filling bombs . In December 19 14 the Ge rman Ra ilw ay Commi ssion
admi tted i t to Group Al b of their cla ssifi ca tion , enabling i t to b e sent in

1 Eighth Inte rn. Co ng . Appl. Chem. , v ol. iv .. p . 15.

2 See L. Paul, Ana , 1896, p . 587. 3 A. Ste ttb acher , S.S. , 1914, p . 356.
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Martinsen found that when para -nitro -aniline i s nitrate d two , nitro -groups
are i ntroduced at nearly the same rate giving picramide , 2 4 6-trinitro -aniline .
The rate of nitration of a -ni tro -naphthalene i s greate r than that of nitrobenzene .
If para -nitro -anisole be freshly di ssolved in sulphuri c acid and nitric acid

be then added , one molecule of the latter i s taken up in stantaneously with
the formation of dini tro -anisole . But if the sulphuric acid be a llow ed to
stand for a day before the ni tri c acid i s added nitration i s slow . This i s
ascribed to the gradual formation of the sulphonic acid , which is much more
diffi cult to ni trate . Sulphonation of para -nitro -toluene i s much slower than
nitration , but i s more rapid the stronger the acid . In oleum conta ining
25 per cent . 80 3 the velocity constant i s 0 003 and in absolute H zSO, 0 0004,

and in acid containing a lit tle water much less .1

In aqueous solution the nitration proceeds in quite a different way to
that in sulphuri c acid solution . I t commences very slow ly and then the
velocity increases

,
be ing accelerated by the production of nitrous acid in the

cour se of the reaction . The velocity of nitration is increased by the addi tion
of sulphuri c acid or potassium nitrate , and to a less extent by sodium or
strontium nitrate . A min ute quantity of sodium nitrite at the commencement
of the reaction accelerate s it considerably .

2

1 Zeit. phys ikn l. Chem., 1908 , v o l. lx ii., p . 713.
2 H . hla rtinsen, ib id ., 1904, v o l. l., p . 385.
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in th e drying stoves a nd dur ing the opera t ion o f w eighing the nitro - cellulose .
The drying is effected by blow ing air by means of a fan through a s te am
heate r a nd then into the stove . The tempera ture o f the air ente ring the
stove should no t exceed 60

°

C . , no r the temperature inside the stove
The bes t arrangement of the inlet pipes is to provide th em wi th a numb er of
o rifices near the top o f th e building and to direct the air on to the ceiling .

The ou t lets should be nea r the flo or a nd should have a larger area than the
inlet s . The reason fo r blowi ng the ho t air in a t the top o f the sto ve is that
w hen the air takes up w ater vapour from the nitro - cellulose it becomes heavier
a nd tends t o sink ; although the water vapour itself i s lighte r than the air ,
the coo ling produced by the conversion o f the wate r into vapour is so great
that the ai r afte r taking up the water i s cons iderably denser . Thus suppose
1 cubic metre of dry air at 40° C . on coming in contact w ith the w et gun - cotton
to take up 1 gramme of water . The late nt heat of w ater vapour at thi s
temperature i s 573 calories per g . , the cubic metre of air weighs 1 127-5 g .

and its specific heat i s 0 -237 calories per g . Consequently the reduction of
573

1 127 X 2 37

to 993 -2 li t res . The gramme of w ater vapour o ccupies a space of 1 -4 li tre ,
and therefore the 1128 -5 g . of the damp a ir occupies 994-6 litres , and a cubic
metre of it weighs 1 134-6g . Hence by taking up thi s small amount of moisture
the density of the a ir has been increased 0 -63 per cent . ; the evaporation
o f mo re w ater wi ll lead to a furth er increase of density . I t i s important
that the inlet s and outlet s be well distributed round the ceiling and floor
respectively to avoid the formation o f dead corners in w hich the grm-cotton
wi ll not be dri ed properly . If the air i s blown in at the bo ttom , as i s ofte n
the case , th e fresh dry air tends to rise at once to the top and escape through
th e outlet s befo re i t has done as much drying as i t sho uld . The stove should
not be unnecessarily tall inside it should be lined throughout wi th zinc sheet
wi th soldered j oint s or other sui table material , in order that there shall be
no cracks in w hich dust may accumulate , and so that the stove can be w ashed
out th oroughly from time to time . If the nitro - cellulo se has been moulded
into blocks , these should be stood on racks wi th air spaces be t-w een the blocks
to faci li tate drying . If the ma terial i s in th e form of loo se fibres , i t should
be laid on trays , preferably of copper wi re . In ei ther case the racks or trays
should be so arranged that they are connected elec t rically t o earth , as dry
nitro - cellulo se i s very liable to become electrified , and a spark may set the
powdery material alight . The s toves should no t be very near o ther buildings ,
a s there is a lw ays a risk o f one ca tching fi re . The s toves are generally
constructed of light material . If th e ni t ro - cellulose be in loo se fibrous form ,

i t may be dried in tw enty - four hours
,
but if i t be moulded , i t wi l l take several

days . The greate st care must be exercised not to subj ec t the dry ni tro
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cellulose to friction or blows , especially if it be still warm . The whole stove
should be allowed to cool down thoroughly before i t i s unloaded .

In most instances , when an accident has occurred in a gun-cotton stove
,

the explosive has merely burnt away extremely fiercely
,
but w ithout exploding

FIG . 54. Alcoho l D isplacemen t Plant (Ma schin enb au A G . Go lzern -G r irnma )

but on March 10 and 28 , 19 13 , severe exp losions took place in stoves situated
respectively at Ardeer , in Scotland , and Pi tsea , in Essex .

1 In both cases
the stoves were being unloaded

,
and the presumption i s that some of the

gun - cotton must have been subj ected to blows or friction by the workmen .

In the former case it i s supposed that the explosion was brought about by
upsetting one of the racks on which the gun - cotton primers were placed . The
explosion caused three oth er similar stoves in the neighbour hood to exp lode
a lso , with the result that altogeth er seven men were killed and ten injured.

1 S.R., Nos , 206, 207.
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The explo sion of these o ther stoves w a s probably caused b v the buildings
being shaken a nd w recked , and perhaps by the racks being thrown down in

them also . From this acciden t the deduc t ion may be drawn that these and

a ll other buildings fo r sens it ive explo sives
should be so s t rongly cons t ruc ted tha t the

explosion of a neighbouri ng building wi ll no t
w reck them . The racks should be fixed rigidly
to the flo or .
In the case o f powders tha t are gelat inized

wi th ether -alcohol the t roublesome and danger
ous opera t ion of dryi ng the ni tro - cellulose can
be dispensed wi th , a s the w a ter can be dis
placed by means o f alcohol . The w et gun
co t ton i s packed in to a cylinder (see Fig .

and then alcohol i s forced through i t by
means of compressed air . Firs t water flows
aw ay and i s ru n to w aste , then w eak alcohol
which i s re -rectifi ed ,

so that i t can be
used again and , finally , fairly s trong
alcohol w hich i s used again for the pre
liminary di splacement of ano ther cylinder
of ni t ro - cellulose . The alcohol i s alw ays
introduced a t the top of the cylinder a s
it i s lighter than the w a ter ; fir st alcohol
from the final di splacement in another
cylinder . a nd then strong alcohol . The
displacemen t takes three to six hours .
\Vhen the w ater ha s been displaced

,
the

surplus alcohol i s removed from the ni tro Fro . 55. p ress for Al coho lized Nit“ )
cellulose by means o i a hydraulic press . A cellulose
type of press much used fo r thi s purpose in
Germanv i s shown in Fig . 55. It has tw o cy linders , which swi ng round
together on one of the columns so that w hilst the contents of one are being
pressed the o ther can b e emp t ied and filled again . “

l

ashing wi th alcohol
ha s the further advantage tha t i t removes the unstable impuri ties to some
ex tent . According to Gu t tmann this device of displacing water by alcohol
w a s used in Austria in 189 1

,
but the invention has been claimed for Mes sier ,

Ingénieur des Poudres ct Sa lpétres , in 1892. In this year a pate nt was also
taken out for i t in England by Durnford .

1

The nit ro - cellulose is incorporated wi th the solvent in a machine which
1 JI a nu/a cturc o/ Ex p los ives , v o l. ii. , p . 239 . Venn in , P o udres et Ex p lo s i/s , p . 394 ;

Buisson , P rob leme des Poudres , p . 37. Brit . Pa t. o f Nov . 17, 1892.
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aluminium may be surrounded by a w ooden frame held down to the rim o f

the incorporato r by but te rfly nut s .
The dough i s nex t formed into the desired shape . Formerly it w a s in

manv cases rolled into shee t s by passing i t repeatedly through rolls resembling

FIG . 57. Incorporating Ma chine . Trough Tilted ,
show ing B lade s

a paper -maker ’ s calender . The sheets were cut into strips , which were again
cu t transversely so as to form cubes or flakes . Now i t i s mo re usual to press
the dough through a die in a press , which is an adaptation of the machine
used for making macaroni . It i s thus obtained in the form of cords , strips , or
tubes if desired these can then be cut into flakes of any required thickness .

Poudre B
,
which was invented by Vieille and adopte d by the French

Gover nmen t in 18 84 for use in the Lebel rifle , was the first smokeless powder
to achieve success in a rifled fi re -arm . It i s named afte r the first lette r in
the name o f General Boula nger

,
who wasMinis ter of W a r at the time . Accord

ing to an analysis made by Lieu t . \Visser , US .N. ,

1 i t s composit ion was :

In so lub le n itro -ce llulo se 68 -2 pe r cent .
So lub le 29 -8

Paraffi n 2-0

1 N itre -cellulo se I ndus try , p . 962.
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Apparently it was gelatinized by means of acetic ether . The composition
was modified several times the powder known as Poudre BN consisted of

Inso lub le nitro -cellulo se 29 1 per cent . 38 -7 per cen t .
So lub le 413 33-2

Barium nitrate 19 -0 18 -7

Po tass ium nitrate 8 -0 45

Soda
Vo latile matter 13

N stands for Nouvelle . Instead of soda , tannin was sometimes used . The
powder was gelatinized with ether—alcohol ; the first analysis w a s .given by
Neumann , 1 the second by Weaver .2

All other solid constituents were subsequently abolished , and the powder
consisted only of a mi x ture of soluble and insoluble nitro - co ttons gelatini zed
with ether —alcohol . In order to improve the stabil ity an addition of
amyl—alcohol was introduced in 1 896— 1897

, first 2 per cent . and afterwards
8 per cent . These powders received the names B(AM2) and B(AM8 )
respectively . Now diphenylamme 18 added instead .

Various processes of nitration are in use in the French Government
factories : the Abel process , nitrating centrifugals , and at Angouleme there
i s a displacement plant on Thomson ’ s system . Two sorts of nitro - cotton
are made , called GP 1 and CP 2 respectively . CP 1 i s a gun —cotton of high
nitration giving 205 to 215 c .c . N0 per gramme in the nitrometer (z about
13 per cent . N ) and having a solubi lity in ether -alcohol of less than 15 per
cent . in practice it gives 209 to 214 c .c . NO, and has a solubility less than
10 per cent . CP 2 i s a soluble nitro —cotton giving 190 to 198 c .c . NO per
gramme (2 about 12 per cent . and having a solubili ty of over 96per cent .
Limits are also set to the vi scosity of the solution in ether -alcohol and to
the percentage of matter soluble in alcohol .
The proportions of GP 1 and CP 2 are varied according to the sort of powder

that is to be made . For rapid powders
,
such as BF ,

20 to 25 per cent . of
soluble nitro - cellulo se are used

,
and in the slowest powders

.

50 to 55 per cent .
CP 1 i s not only a more powerful explosive than CP 2, but as the fibres are
not gelatinized by the solvent

,
but only covered with the so lution of CP

it burns more rapidly .

The nitro - celluloses are bo i led and pulped and mixed in the proper
proportions

,
and are then dehydrated with alcohol and pressed . If the

pressure be 300 kg . per sq . cm. (2 tons per sq . in . ) the alcoho l left in the block
amounts to about 20 or 25 parts per 100 o f nitro -cotton . It is then placed
in the incorporato r with the solvent , which consi sts of 1 volume o f alcohol
to 1 -9 volumes ether

,
allowance being made for th e alcohol already

present . The quantity o f so lvent varies according to the sort of powder
1 S .S .,

19 10 , p . 451. 2 111 '
1

'

lita ry Ex p los ives , p . 135.
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from 140 to 150 parts per 100 parts nitro - co tton . The alcohol used is of

95 per cent . streng th by vo lume (925 per cent . by weight , sp . gr .
the eth er is o f 05

°

Ba umé (sp . gr . a nd the mixture i s of 56° Baume

(sp . gr . In the so lvent is
'

disso lved the stabili zer
, diphenylamine ,

1 -5 to 2 per cent . of the ni t ro - cellulose . The incorporation lasts from one

to three hours , a nd then the dough i s placed in air-tight boxes and allowed
to ripen .

By means of a press i t i s now squirted through a die which forms it into
a s t rip . Above the die is placed a fi lter of fine wire gauze to retain impurities .
The strip is received on an endless band . Its width varies according to the
type o f powder from 20 to 150 mm . , and its thickness from 0 6 to 8 mm .

The strip s must no t be dried too rapidly at first , else they will curl up .

As they come from the pres s they have j ust sufficient tenacity to allow o f

their being suspended from bars . Thus suspended they are introduced into
a chamber where they first meet with air partly saturated w i th vapour of

e ther -alcoho l . The bars can be moved in the opposite direction to the curren t
o f air , so that the Poudre B meets air ever less saturated with solvent vapour
The air may be circulated in a closed circuit after leaving the drying chamber
it passes through a heat regenerator

,
then th rough a cooling plant

,
which

is also constructed on the regenerative principle , and in which the temperature
is reduced to — 20

° to — 5
°

C . so as to condense most of the solvent vapour .
After this the air passe s through the heat regenerator again

,
then through

a heating coil and then i s driven by a fan back into the other end of the drying
chamber . The powder after this preliminary drying contains 15 to 20 per
cent . o f so lvent

,
mostly alcoho l .

It is now out to the right size . Artillery powders are merely cut. into
lengths , usually o f 100 to 400 mm . Rifle powder i s cut into small flakes

,

1 5 to 2 mm . square and about 0 -5 mm . thick : the strip s are first cut by
ro tat ing ci rcular cutters into narrower strips , and these are then cut trans
v ersely . Irregular grains are sorted out by means of automat ic sieves and
re - incorporated with a fresh charge .

The cut powder is then dried in stoves heated not above It is next
immersed in water at or slightly below 80

° C . fo r a period varying from a
few hours up to forty -eight hours for powders of the largest size . Finally
it is dried again in a stove fo r one to four days to remove the water and reduce
the vo latile matter w ithin the limits fixed fo r each sort. o f powder , 0 8 to 2
per cent . The w ater immersion i s carried out at such a high temperature
i n order to reduce the time . A reduction of 100 in the temperature would
render i t neces sa rv to double the time o f immersion , and a reduc tion of 20

°

to quadruple it .

The powders are given le tters acco rding to the purpose fo r which th ey
are intended : thus BF and BNF are small -arm powders from the words
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The co st of production of Poudre B in 19 12 was Fr . 640 per kg .

The quest ion of smokeless powders was referred by the Russian Government
to the great chemist Mendeléeff , who s tarte d work upon the problem in 189 1
together with a band of able assis tants in the scientific laboratory of the
navy

,
whi ch was founded specially fo r this purpose . Mendele

’

eff found that
it was possible to make a nitro - cotton totally soluble in ether -alcoho l , whi ch
had as high a percentage of ni trogen as the mix ture of so luble and insoluble
nitro -cot tons used by the French (see p . This , which he called pyro
collodion , w hen gelatinized wi th e ther-alcohol gives a much more uniform
co lloid than a powder like Poudre B , as may be seen in the micro -photographs
reproduced in Fig . 58 .

Pym-co llodi on contains about 12 44 per cent . N and therefore has enough
o x ygen to convert a ll the carbon into CO and a ll the hydrogen into water

,

bu t as a matter of fact some CO 2 and CH 4 are always fo rmed and some of
the hydrogen i s evolved as such . According to Buisson , Russ ian powder
con tains 1 per cent . of diphenylamine . The general methods of manufacture
are similar to those for Poudre B . As the productive power of the Russ ian
factories was insufficient

,
powder was often obtained from France before

the war .1

In Rumania a powder resembling Poudr e B is made from a mixture
of tw o nitro - cottons containing 13 and 12 5 per cent . N respectively . At
a factory at Dudeski a powder i s made containing 1 per cent . of diphenylamine
and 4 per cent . of centra lite ,

whi ch i s a substance used to gelatinize the surf ace
of the powder and so restrain the ini t ial rate of ignition .

2

The powder made by Coopa l et (Li e . at Caulille was also of the same type .

I t contained 40 to 60 per cent . of soluble nitro cotton gelatinized by means
o f e ther -alcohol in the proportion of 1 125 parts b y w eight to 1000 part s of
ni tro - co t ton . The dough was not pressed through a die bu t ro lled into shee t s
be tween ro llers , doubled over and rolled several times . The sheet s w ere
then cut in to s trips or flakes .3

The Ameri cans
,
afte r experimenting w ith various sorts ,4 have adopte d a

1 P roble
‘

me des P oudres , p . 70 .

2 I b id . , p . 59 .

3 I b z
’

d ., p . 63.

4 The Max im -Sch iippha us powders tha t w ere used in the American services had the

fo llowing compo s itions
Pe r cent . Pe r cen t

Gun -co tton
So lub le nitro -ce llulo se
Nitro gly cerine

They w ere gela tin ized b y means o f ace tone .

The powder for the naval small-a rms cons is ted o f nitro -ce llulo se a nd the nitra te s o f

b a rium a nd po ta ss ium ,
tha t fo r the milita ry sma ll-arms conta ined also nit ro -

glycerine
a nd a de te rrent . ill ilita ry 1906, p .
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pyro - collodion powder for all kinds of guns .1 In the United States the powder
i s made up into the form of short cylinders which are pierced longitudinally
with small perforations , usually seven . The plant and methods of manu
facture are described by W orden . The soluble nitro - cotton wi th 126 to
128 per cent . N is made as described onp . 180 ,

and boiled to render it

Pyro x y line Pow de r . Py ro
-co llodion Powde r

Mix tu re o f So lub le a nd Inso lu b le

Nitro - ce llulo se

FI G . 58 . Micropho tographs of Smokeless Powders (Sa poshnikoff, S .S ., 1907, p 163)
Sections 0 05 mm . thick. Magnifi cation 150

stable .

2 The greater part of the water is wrung out in a centrifugal , and
the remainder is di splaced by alcohol in a hydraulic press . Pressure up to
3500 lb . to the square inch i s then applied so as to produce a block weighing
about 38 lh . ,

of which 10 1h . i s alcohol of 88 per cent . strength . These blocks
are broken up with wooden mallets , and three of them are loaded into an
incorporating machine

,
which 1s run for about fifteen minutes before any ether

is added in order that the lumps may be broken up to a fine powder ; Then
48 4 lb . of ether are added and 6 oz . of diphenylamine to act as a stabilizer ,
so that the charge consists altogether of :

Nitro -co tton
Alcohol
W ater
Ether
D iphenylamine

The incorporator i s kept covered to prevent loss of solvent
,
and incorporation

i s continued for fo rty-fi ve minutes . The white , finely comminuted material

1 See Schuppha us , J . Soc. Chem. I nd.,
1895, p . 556 ; Hudson Max im , ib id. , 1897, p .

495 ; Aspinwall, ib id., 1900 , p . 315.

2 N itre - cellu lose I ndustry , pp . 902— 926.
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i s then converted in to a compac tmass by subj ecting i t to a pressure of 3500 1b .

to the square inch in a hy draulic press . Bv means of another press i t i s
fil tered through a 30 -mesh iron wi re sieve to remove gross impurit ie s . Then
i t i s compac ted again in a third press , and by means of a fourth i t is squirted
through a die , which forms i t into a long mul t i -perforated cord . The dough

so stiff in consequence of the small propo rtion of so lven t u sed that a

FI G . 59 . A merica n PV I ‘O Pow ders (from App leton
’

s J I a ga zine )

considerable amou nt o f heat is generated in passing through the die ,
bu t b v

means of a w a ter j acke t the tempera ture is kep t down t o 30 ° or
i s no t advi sable to reduce the tempera ture below 30

° because a t lower
temperatures the cord becomes too hard to be cut into short lengths in the
nex t operation . In order to prevent fall of t emperature and evapora t ion o f

e ther from the warm colloid , the cord i s passed at once to the powder cut ter ,
w hence the grains dr op into a closed recepta cle . This i s removed to a dryi ng
house , where the drying i s carri ed ou t slow ly a t first in order not to di sto rt
the grains too much or make them crack . The temperature of drying doe s
not exceed 44° and the process i s a long one for large grain powders i t lasts
four or five mon ths . Quick dryi ng methods are said not to give a. uniform
pow der .1 The fin i shed powder i s subj ec te d to special physical test s to

ascertain that it is not britt le the ends of the grain are cut o ff even and
perpendicular to the a x i s , and then i t i s subj ected to a slow pressure : the
length must diminish 45 per cen t . befo re the grain begins to crack .

2 If kept
for long there mus t , however . be a gradual though slow loss of solven t , w hich
wi ll make the grain harder a nd more bri t t le . If the powder grains break up
in the gun , high pressures are generated , and the gun mav be inj ur ed o r even

1 R. Ea rle , J our . U S . A rtille ry . Sept . Oct . , 19 14.

2 Schuhmacher , S .S . , 190 7, p . 82.
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a nd .w a s a fte r wards evapo ra ted o ff . A be t te r me th od of incorpora tion w a s

disco vered by Lundho lm and Sayers 1 , w ho place the soluble ni tro - cotto n and
nitro -glycerine in ho t w ate r and s t i r i t by mea ns of compressed air . Under
these condi t io ns the ni t ro -cotto n gradually di ssolves in the nitro -glycerine , or
perhaps i t w ould be more correc t to sa y that the nitro -glycerine dissolves in
the ni t ro -cot to n . The dough thu s produced is then passed be tw een rolls
hea ted to 50

° or 60° C whereby the w ater i s pressed out . and the exp losive
i s made in to a sheet Thi s i s

,
fo lded over :

a nd passed through the ro ll s again , and
the ope ra t ion is repea ted unt il the
mate rial ha s been converted int o a uni

form colloid . I t is then cut into square
flakes

,
generally coate d wi th graphite ,

and finally i t i s blended . Various addi
tions have been made a t different times
to make the powder more s table or to
improve its physical properties . The
first English patent mentioned camphor ,
but thi s w a s dropped on account of it s . FIG . 60 . American Rifle Powder
volatili ty : diphenylamine , aniline and (Thom er , S .S .,

1907, p . 425)

calcium carbonate have also been used
much for thi s purpose . T he powder generally conta in s 40 to 50 per cent .
of collodi on cotto n and 50

'

to 60 per cent . of nitro —gly cerine . It ha s the
advanta ge that the plant required for it s production i s comparatively simple ,
but it causes very severe erosion in the gun s .
Ballistite was adopted b y the Ita lian Government soon a fter its invention

,

bu t instead of using it in flake form it w a s drawn out into cords wi th the aid
of a solvent

,
and hence w a s given the name

“ Filite .

” Ita lian balli st ite
generally consist s of equal pa rt s of ni tro -gly cerin e and collodion cotton ,

together
with 0 -5 to l per cent . aniline or diphenylamine for micro -photo s see Pa temo

and Trae tta -Mosca S .S . ,
19 10

,
p . 1 45.

In consequence of the severe erosion that balli stite causes in the gun ,
the

I ta lians reduced the percenta ge of nitro -gly cerine to 33 per cent . It then
became necessa ry to use acetone to

‘

a ssis t the gelat ini zation , and the presence
of thi s s olvent made i t possible to use a nitro - cellulose only partly soluble
in nitro -glycerine or e ther-alcohol . From 1 to 3 per cent . of a light- coloured
mineral j elly w a s also inserted ,

so that the powder, which is called Soleni te .

does not differ very much from Cordite . The ni tro - cotto n used conta ins
.

124 to 12-6per cent . N and about 50 per cent . of it i s soluble in ether -alcohol .
’

It i s pres sed into tube s
,
w hich are cut into short lengths . The grains thus

1 Eng. Pa t. of 1889.
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obtained are translucent and of a light brown colour , and look somewhat
like glass b eeds .

The Germans adopted ballistite for their navy in 1898 under the name
W .P .C / 89 i t had the same composition as the Italian Filite , but was made
up in the form o f square flakes or cubes . W P . stands for W iirfelpulver ,
i .e. cube powder ; In 1 897 and . 1900 other powders were introduced less
erosive to the guns . These are blackish - grey in colour , and in composition
they appear to '

b e much the same as Solenite or Cordi te M.D ., except that a
little diphenylamine is added as a stabilizer as well as mineral j elly . The
powders are made in tubular form and are called R.P .C/ 97 and
R.P . stands for Rohrenpulver , i .e . t ube powder . The Germans use nitro
glycerine powder for -their large naval guns and fp r their howitzers , as they
consider . that they ,

give more regular balli stic s in these weapons tha n
nitro -cellulose powders . For their small - arms and 77 mm . field guns , etc .

,

they use
‘

nitrOLcellulose powder of comparatively high nitration containing
diphenylamine as a stabili zer, and sometimes some camphor as an aux i liary
gelatinizing

“

agent . The powder for field guns i s made in the form of tubes .
They have also introduced a progressive powder with the surface gelatinized
by means of Centralite .

1

The follow ing - particulars as to German military powders are given by
Berlin

N titre -cellulose powders . C o lour greyish yellow o r b rown , resemb ling glue .

SP .
" Flake powder for rifle 98 a nd carb ine 98 .

P1.P .P . (Platzpatronen-

pulver ). B lank powder fo r same w eapons .

G esch .Bl.P . (Gesch iitz -B lattchenpul v er ) . Flake powder for the 9 cm . guns 73,
and the heavy 12 cm . gun .

Ge sch .Bl.P . 03 Pow ders made b y re f w o rkin g Gesch
-B1.P . and G r .B l.P . to make

Gesch .B l.P . them milder and more. stab le .

G r .Bl.P : 03 (Grob es Blattchenpulv er ). Large flake powder for u se in the 15 cm . ring
cannon and 21 em. do .

G r .B l.P . Made b y re -w orking the ab ove .

R.G . 96

R.P . 05

RP .

.

97 and -99 (Rohr enpulv er ). For u se in the various 10 cm . guns (380 mm . long ).

RP . 07. Fo r the 13 cm . gun ..

Man .R.P . (Manover -Ringpu lv er ). B lank ring powder fo r fi eld guns .

N ina -

glycerine p owders . Co lour
,

b lack , due to coating of graphite .

VV.P . (é) (W iir felpu lv er ) . Cub ic powder, edge o f cub es mm. fo r th e 3 -7 revo lver
ca rin on .

\V.P . (2 X 2 X i ) . Fo r the 5 cm . gun .

W
'

.P . (4 x 4 x Fo r the light fi eld how itzer .
Fo r the heavy field how itzer and 21 cm. b ronze mortar.

(10 X 10 x Fo r the heavy fi eld how itzer 02, and 15 cm. how itzer, a nd the
21 em. b ronze mortar .

Tub ular powders for use in the fi eld gim 96 n/ a (127 mm . long ).

1 Buisson , P rob le
‘

me des P oudres , p . 71. 2 H a ndbuch der Wafienlehre.

German
powders.
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(12 X 12 X Fo r the 21 cm . mo rta r.
Rg .P . (Rin g pu lv er ). Sho rt tub ula r powder fo r mo rta rs .

Man .St .P . (Manov er -Ste rnpulv e r ). A po rous powder ea sily ignited , made in the

form o f s ta rs , co lour grey wi th y ellow spo ts , fo r b lan k ca rtridges fo r manoeuvr es .

About the time o f the discovery o f Poudre B , the English Gover nment
appointed a commi t te e to inves t igate and report upon the subj ect o f a sui ta ble
smokeles s powder fo r the B ri t i sh service . Samples were obtained of ballisti te
and all other available powders , b ut the commi t te e w a s not sa t isfied with
any of them , a nd finally devised a new one , to w hich the name Co rdite w a s

given from the fact that it w a s made in the form of cords . The composit i on
differed from tha t o f ballis t ite in that gun - cotton w a s used

,
insoluble in

ether -alcohol , and thi s w a s incorporated wi th ni tro -gly cerine by means
o f ace tone , w hich w a s afterw ards evaporated o ff . Mineral j elly

,
a semi - solid

pe troleum product
,
w as added wi th the idea of lubri cating the barrel . It

does no t have thi s effect , as it. i s , of cour se , entirely consumed in the explo sion ,

but it w a s a most fortunate addition , as it exerci ses two most important
functions in the pow der . Firstly i t diminishes th e temperatur e of the exp losion
and so reduces th e amoun t of erosion of the barrel . At the same t ime i t
increases the vo lume of gas given o ff and so does not reduce the power of
the powder to any great extent . Secondly , i t absorbs the ni t rous gase s which
are gradually given o ff w hen the powder i s stored , and so prevents them
from increasing the rate at which the powder decomposes ; in this way the
mineral j elly adds great ly to the chemical stabili ty of the powder . It also
prevent s the access of the air to the gun - cotton and nitro -glycer ine

,
and so

reduces the amount of deterioration due to o x idation .

The experimental w ork in connexion wi th the invent ion of co rdite w a s

mainly carried out in Sir F . Ab el
’

s la b o ra t-ory in lVo olw-i ch Arsenal , much
of the most importan t work being done by Dr . IV. Kelhi er , w ho afte r wards
succeeded Abel as “ f

a r Department Chemist . Pate nts No . 5614 of April
2,

1889 , and No . of July 22, 1 889 ,
w ere taken out on behalf of the

Government by Sir F . Abel and Professor (now Sir ) J Dew ar , who w ere
members of th e committe e , and the same year the manufac ture of cordite
w a s commenced at. the Royal Gunpowder Fac tory , “

l

a ltham Abbey .

Co rdite must be considered one of the most success ful smokeless powders ,

for after a quarter of a. century .

‘ during w hich i t has been subjected to far
more drastic treatment in all parts of the Bri t ish Empire than the powder
of any other Pow er , i t is still giving sat i sfac t ion . The Germans meantime
have adopted and abandoned a number of different pow ders , and for their
naval guns have finally decided upon a powder of the same type as cordite .

The two w o rs t defec t s o f cordi te are that i t erodes the guns badly
,
especially

those o f large calibre , and that w hen s tored at a high tempera ture its li fe
i s a limited one . The erosion i s not so severe as that caused by the

’

use of
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the incorporator , o r i f this be o f great size , an integral fraction of it . The
necks o f the bags are tied up ,

and they are transported by boat or trolley
to the mi x ing house .

Formerly the nitro -glycerine was weighed out into india — rubber buckets
and then poured on to the gun - cotton in the brass- lined boxes . Now

,
however

,

i t i s measured out in a special burette made of lead , which holds the exact
quantity required

,
and i s fixed to the floor . It is a small cylindr ical vessel

w ith a conical top ending in a narrow neck the bottom slopes down to one
side w here there i s an orifice to which a rubber tube i s attached , the other
end of w hich can be passed over a lead plug near the top of the burette

,
when

it is no t being emptied . Round th e outside of the neck i s a channel to catch
nitro -glycerine that overflows , and thi s i s conducted by a pipe into a rubber
bucket

,
so that i t can be returned to the fi lter - tank . The burette i s fi lled

by means o f the rubber pipe attached to the fi lter - tank , until i t i s quite full ,
and then the burette i s emptied by means of the similar rubber tube attached
to i t into one of the rubber bags containing dry gun - cotton .

The next operation i s to mix the gun - cotton and nitro -glycerine roughly
together

,
and reduce the large primers of the former to the fo rm of powder .

At one time thi s was done by rubbing the material through a é—inch copper
wi re sieve , but now a special lead table i s made for the purpose . This is
pear- shaped and slightly di shed out . At one end are a number of é- inch
ho les , and underneath i s a sort of neck on to which a bag can be attached .

The contents of a bag of gun - cotton and nitro —glycerine are placed on the
other and larger part of the table then a man wearing leather gloves transfers
a little at a time to the end where the holes are and rubs it through into the
bag below . No unnecessary violence

'

must be used .

The cordite paste ” thus obtained i s next taken to the incorp orating
house . The interior of th e incorporator (see Figs . 56

, 57) i s thoroughly
mo i stened with acetone , the charge of paste i s added and the rest of the
acetone

,
and the machine is run for three and a half hours , th en the mineral

j elly i s added and the kneading i s continued for another three and a half
hours . The quantity of acetone used i s about 56 per cent . o f the weight of
the gun -cotton .

The cordite dough thus obtained i s nex t pressed through a die , which
forms it into a cord . The type o f press used depends upon the size o f co rdite
that i s to be made . The smaller s i zes , such as 3-2which is used fo r rifles , are
pressed in a small press with only a single orifice , and the cord as i t emerges
i s wound on to a small drum , whi ch i s then taken to the cordite stove for
drying . The larger sizes are made in large presses which have several orifices ,
and the large co rds as they emerge are cut by hand to the lengths required ,

according to the size of the cartridges to be made these sticks are then laid
upon trays

,
which are conveyed to the stove . Inside the press cylinder
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above the die i s placed a piece of fine wire gauze , through whi ch the dough
i s made to pass in order to remove from it a ll foreign material as far as possible .
The dough i s rammed into the press cylinder by means of a wooden rammer .
There i s only one pressing operation , whereas the Ameri can multiperforated
nitro -cellulose powder undergoes four .
For pressing cordi te in the ordinary round form the die has

,
of course

,

a simple round hole . For making tubular cordi te a pin i s inserted in the

centre of the hole . In the case of tubular cordite of small si ze it i s found
that the tubes have a tendency to collapse in consequence of the diffi cul ty
th e air has to pass through a great length of narrow tube . To overcome
this difficulty Lloyd and Curtis ’ s and Harvey Ltd . use a perforated pin
communi cating through the side of the die with the open air .1

Occasionally the cordite ignites as it emerges from the press . As a rul e
no serious damage i s done , but on September 17, 1909 , an ignition took place
at Waltham Abbey whilst pressing cordite Mk .I si ze 20 ,

which wrecked the
press and damaged the building . Tw o men w ere inj ured by broken glass
from the wi ndows , whi ch were shattered . The fire was accompanied by two
explosions probably of acetone vapour as well as some cordite . The first
apparently destroyed the die seating and released the die the burning then
continued , and the second explosion occur red in the cylinder ?

The cordite stove consist s merely of a building prov ided w ith sui table
racks and heated by means of steam pipes to a moderate temperature

,
which

depends upon the sort of cordi te that i s to be dri ed . Cordite Mk .I size 3—2
gives off it s moistur e so readi ly that artificial heat i s not necessary in the
summer time . All that i s requir ed i s to keep the reels in the stove at a
temperature of about 15° C . for a few days . The larger sizes are dried at
temperatures from 38

° to 43° C . for periods ranging up to a fortnight . Cordite
M.D . gi ves off its moisture much less readily than Mk .I , and consequently
requires to be kept in the stove several times as long in the case of the largest
sizes the stov ing occupies months , and is one of the greatest difficulties that
have to be contended with in the manufactur e . The moisture in the
cordite Mk .I must not exceed 0 4 to 0 -6 per cent . according to size

,
but the

percentage allow ed in M.D . i s considerably more . The size of cordite i s given
by a figure

,
which i s the approximate diameter in hundredths of an inch of

the die through which the cordite has been pressed . Thus cordite size 50 has
been pressed through a die about inch in diameter . The thickness of the
cord is , how ever , somewhat less than thi s , as it shrinks considerably in drying .

Various particulars about the different sizes of cordite will be found in the
Trea tise on Service Ex p losives , Appendi ces V and VI .

It is usual now to recover as much as possible of the acetone that i s given
o ff during the drying . The cordite should th erefore be placed in an air-tight

1 Eng , Pa t , o f Novemb er 28 , 19 10 , 2 See A. R., 1909 , p. 33,

Drying.



Moddite.

EXPLOSIVES

recep tacle as soon as pos s ible afte r pressing , and th i s should b e ta ken to the

stove wi thou t unn ecessary los s of t ime .

The Japanese Governmen t formerly bought cordi te fo r i t s naval o rdnance
from private firms in England , but after the spontaneous igni t ion on the

Jl ika sa. in 1905 i t resolved to make i t s own pow der . 1 Powders fo r field a nd

mountain guns captured by the Russ ians during the Rus so -Japanese w a r

were found to be ni tr o -cellulose powders wi th 40 to 47 per cen t . soluble in
e ther -alcohol and 125 per cent . N .

1 They were i n strip and flake fo rm
respectively . The Japanese are said now to be nitr ating wood cellulose
obtained from the i sland of Sakha line ?

The smokeless powders used for sporting rifles are prac tically the same
a s those used for mili tary small - arms . Balli stite of a suitable s i ze is employed
to a considerable ex tent , as th e erosion is not so very severe in these weapons .
Cordi te i s very largely used most of the pri ncipal exp losives manufacturers i n
England make cordite for the Government , and cons equently have all the pla nt
and exp eri ence required . Several slight modifi cat ions of cordite are also made .

Thus Kynoch Ltd . in axi te have replaced a portion of the gun - cotton by
means of pota ssium nitrate or ox alate s of potassium and barium . A sample
tha t I examined some years ago had the following compos i tion :

Nitro -

glycerine 29 -7 pe r cent .
Gun -co tton 63 -1

Minera l jelly a nd o il 5 1

Vo la tile matter 02

P ota ss ium nitrate 1 -9

100 0

I t w a s made in the form of flat strips . The pa ten t s No s . 1 2 892 of June 22
,

1905
,

and of July 26,
1905, cover th e use of olive - oil

in addi t ion to vaseline or mineral j elly , of flakes and s trips w i th various forms
of ribs and knobs to facilita te ignition ,

and th e addition of carbonate s . Ax i te
i s als o sometimes made of a composition resembling that of cordite Mk .I wi th
part of the gun -cotton replaced by potassium nitrate . It i s c laimed tha t
ax i te erodes the '

rifle less than cordi te , as the temperature of explosion is
lower , and that it does not cause the barrel to rust so much , because the
res idue remaining in the bore is alkaline .

Eley Bros . also manufacture a variety o f co rdite w hich they call Moddite .

A sample
,
w hich I examined

,
had the compo s it ion '

Nitro -

glycerine
Nitro c e llulo se
Minera l je lly .

Vo la til e I rra tte r

1 Buisson , P ro bleme des P oudres , p . 175.

2 Sa po shni ko fi
'

, S .S . , 1906, p . 69.
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CHAPTER XXI I

REQUIREMENTS OF A SLOW -BURNING SMOKELESS POWDER

Ra te o f b urning : Form o f powder : Progressive powder : Erosion : Nitro
glycerine v . nitro -cellulose powders : Ba ckfl a sh : Muzzle flame : Products of

ex plo sion Test ing propellants Effi ciency .

IT i s required of apowder for rifles or ordnance that i t shall give a high -muzzle
velocity with moderate pressures , that i t shall not cause too much erosion
of the bore , and that the balli stic s shall be regular , i .e . di fferent rounds fired
with similar ammuni tion must give practically the same velocity to the
proj ecti le . The speed acquired by the bullet or shell i s due to the pressure
of the powder gases on its base , as i t travels down the bore of the fi re - arm

,

and it i s important that the powder shall burn in such a manner that the
pressure i s suitable during the whole of the time until the proj ectile leaves the
muzzle . Two of the most important facts in connex ion with the study of
internal ballistic s are (a ) That the grains of completely gelatinized powders
burn away uniformly from the surface , so that they retain their original shape ,
but get thinner unti l entirely consumed ; and (b ) that the ra te of burning
varies directly with the pressure . From the results of experiments in closed
vessels Vieill e deduced that the rate of burning 9) could be calcu lated from an
equation of the form t} cp

’

,
where p i s the pressure and c and a: are constants .

For o rdinary black powder a: z : 0 5, for highly compressed black pri sm powder
0 33 , for brown prism powder 02 5, for Poudre B 0 67, and for powder con
taining 50 per cent . nitro -glyceri ne Mansell 2 and Peta v el 3 prefer an
equation of the form 7) a o a p , where d o i s the rate of burning when there
i s no pressure , and a i s the rate of increase of burning per uni t of pressure .

For cordi te d o 0 -5 cm . per sec . and a. 2 00 18 cm . per sec . per atmosphere .

That the burning proceeds uniformly by layers i s shown by the fact that
if a gelatinized powder be fired from a gun , which i s too short to allow o f the
total consumption of the explosive , the remains of the grains thrown from
the muzzle are found to be in every way similar to the original grains

,
except

that the dimensrons are reduced .

1 Vennin , P oudres ct Ex p los ifs , p . 72.

2 Phil. Tra ns , 1907, 207A, p . 243.

3 P roc. R.S ., 79A, p . 277 ; S .S . , 1908 , p . 166.

3 10



FI G . 61 . Pro jectile a nd Powder Charge for American 16-inch Gun ;

W e ight o f Cha rge , 6665 lb . nitro -cellulo se powder

(From Smithsonia n Report, 19 14, p . 256)



Form of

EXPLOSIVES

The result of thi s is tha t wi th a powder made in the form o f cords or cubes
there i s a diminu t ion of the burning surface a s the combus t ion of the charge
proceeds , and consequent ly the pre ssure falls o ff rapidly as the proj ec t ile
approaches the muzzle , although no t so much as w a s the case wi th bla ck
pow der w hich being porous did no t burn ent irely by parallel surfac es . In
o rder to overcome this obj ec t ion o ther forms a re often adop ted for the grains
of powder . I f a . s t rip or flake be used . the wi d th of which is great compared
wi th the thicknes s , the area of surface remains prac t ica lly consta nt. until th e
ma terial is ent irely consumed . I t has been found , however , tha t. powders
made up in these fla t forms are liable to give irregular balli stic s , and thi s has
been as c rib ed to the obs ta c les i n the w ay of regular ignition , when two grains
li e fla t agains t one another . Messrs . Ky noch have proposed to remedy thi s
defec t b y providing the s t rips or flakes wi th ri bs or knobs .
Consta ncy of the area of sur face can a lso be a t ta ined by making th e powder

in the form of tube s . There i s then no difi culty about the igni t ion , bu t
the pressure inside the tube i s alw ays somew ha t greate r th an out side , because
the gases cannot escape very readi ly ,

and thi s exce ss of pressure may become
sufficient ly grea t to split the tube s . If thi s occur , the balli st ic s become
un reliable , par t ly on accoun t of the sudden relief of p re ssur e , and part ly b e
cause the surfac e is increa sed in an erra t ic mamrer . If the gravimetric densi ty
of the pow der in the chamber be high , the general pressure is in creased and th e
di fference be tw een the pressure inside and outside the tube s i s dimin i shed .

If ins tea d of only one perfora t ion there b e several as is the case with the
Ameri can mult iperfora ted powder , the pressure increases as the burning
pro ceeds and consequent ly the pressur e i s mainta i ned a t a higher level w hil s t
the pro j ec t ile i s t ravelling through the forward portion of the bo re . This should
no t b e carried too far . b ecause it i s no t prac t icable t o have great thi ck ness
of meta l near the muzzle . To preven t the grains spli t t ing in consequence of
the grea t pressure ins ide them thev are cut into short lengths .
The thick ness or diameter of a powder should be such tha t i t i s entirely

consume d short ly before the proj ec t ile reache s the muzzle .

The rela t ive ra te of burning of th e pow der charge a t different instant-s
can also b e regul i ted by submi t t i ng the explosive t o an opera t ion , wherein
the surface lay er of the material i s modified . Such progre ssive powder
is made a t Ro t tw eil by t rea t ing the grains of ni t ro -cellulose powder wi th
an alcoho li c solu t ion of Centra lite (dimethyl-phenyl -urea ) thi s ca use s th e
ou ter lavers of the gra in s to burn more slow ly ,

and so causes the chamber
pressure to b e les s ,

a nd tha t further down the bore to be higher . The same
method i s b eing t ried in France .

1 Another method is to trea t the powder in
a drum wi th a so lu t ion of 0 1 to l pe r cen t . o f pa ra fl

‘in -w a x di ssolved in b enzole .

Flake powders fo r small -a rms are some t imes coated wi th graphi te . Thi s
1 See Flo rent in , S .S . , 19 13, p . 32 ; a lso Buisson , P rob leme des P oudres , p . 40 .
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EXPLOSI VES

no t only rest-rains the initial veloc i ty of igni tion but. als o fa c ilita te s the loading
from loading mac hines .
There has been cons iderable con troversy as to th e relative advanta ge s and

di sa dvan ta ges of ni tr o - ce llulose and ni tro -glyce rin e powders . The advanta ges
c laimed for ni t ro -glyce rine powders are tha t they give more regula r ballis tics

,

do no t give ba ck -fla sh w hen fired , a re more powerful , are cheaper to manu
fa c ture , leave les s residue in the gun , and have a t least as good chemical
s ta bili t y as ni tro -ce llulose pow ders . Their grea t disa dvantage i s th at the
tempera ture of explosion is high , and consequently th e ero s ion of th e bore
of the gun i s very severe .

In spi te of the fac t tha t they erode the gun s more , most. of the Powers
use ni tro - glycerin e powders in their la rge gun s , and the principal reason for
thi s is tha t they give more regular balli stics . It. i s impossible to dri ve the
w hole of the so lvent ou t of a collo ided nitro - cellulose powder , even though
the drying be grea t ly prolonged ,

and indeed i t is advisable to leave several

pe r cen t . i n the powder , be ca use o th erwise i t i s to o bri t t le . But thi s residual
solven t is a source of u ncertai nty ,

beca use it gradua lly diffuses from the cen t re
o f the grains or st rips

, etc . , and evapora tes , even though the powder be sto red
i n closed re cep tac les . The loss of thi s combustible ma tte r makes the powder
more pow erful

,
but what i s more seri ou s is that th e mate ri al b ecomes harder

a nd more brit tle , and it may brea k up when fi red , and consequent ly give high
press ures and irregular veloc ities .
The addi t ion of a considerable proportio n of ni tro -glycerine to a powder

makes i t give up i t s vola t ile mat ter much more readily .

“ Apparen tly th e

re sidual solvent pa sse s from the part icles of gun - cotto n to the ad j acen t. one s
of ni tro -glycerine , and diffu ses thr ough the la t te r to the ou ts ide of the st ick
or fla ke much more r apidly than it ca n through the co lloidal ni t ro - cellulose .

l

The resul t is tha t the percen tage of volatile mat te r can be reduced wi thout
diffi cul ty to 1 per cent . o r a lit t le more , and i f a frac tion of this afte rwards
escapes , i t doe s not. alte r the composi t ion of the pow der ma te ria llv . and even
the loss of the w hole of i t does no t. affect the physi cal propert ie s o f th e materi al .
The presence of the ni tro -glyce rine causes i t to remain always a tough or
slight ly pla st ic mass ac cordi ng to the percenta ge . Nitre -glycerine powders
a re also considerably le ss hygroscopic . Thus N . L . Hansen found that. in
a ni t ro -ce llulose powder in s trip form 0 '

78 mm . thi ck freely ex posed the moisture
varied from to 2 35 per cent . ac cording to the time o f year and the amount
of mois ture in the a tmosphere , and i n a tubular ni tro - cellulose powder 3 70
mm . th i ck from 0 -56 to 1 -36 per cent ? “ i th a ni tro -glycerine powder the

1 It ha s b een fo und b y H. Bechho ld and J. Ziegler tha t wherea s in dilute gels diffu
s ion is pra c t ica lly the same as in the pure so lvent , in very s tiff gels it is mu ch sma ller,
and ma y b e e ither increa sed o r d imin ished b y the addition o f o ther su b s ta nces (Ze its ch .

pluys ika l. Chem. , 56, 1906, p .
2 S .S . , 19 1 1 , p . 461.
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amoun ts of water absorbed and the variations would have been much smaller ,
as the nitro -glycerine waterproofs the powder .
The smaller bulk of nitro -glycerine pow ders i s of some advantage on board

ship
,
where magazine room i s limited . The lighter weight of th cartridges

also makes them rather more easy to handle .

The question of erosionw a slinv estiga ted by Vieille , 1 who showed that the tem Ems“

pera ture produced in the explosion was the principal factor . He fired charges
of various explosives in vessels,which were closed except for a small o rifice
drilled through a metal plug ,which w a s weighed before and after the exp eriment .
He found that the erosion increased w ith increase of length of the orifi ce , with
decrease of the diameter , and with increase of the volume of gas and the pressure .

The influence of the nature of the exp losive i s show n by the follow ing Table .

This clearly shows the influence of the temperature of the explosion gases .
The lower the melting -point o f the metal , the more it i s eroded the following
resul ts were obtained by firing charges o f 3 55 grains of balli stite

,
using plugs

of different metals
P lati num 59 -1 cub . mm .

Platinum -iridium
Iron
Cannon s teel
Chr ome s teel (3-5 per cent . )
Copper
Nickel steel (24 per cent . )
Cas t iron
Silver
Bronze
Brass
Zin c

1 P . et S v o l. 30 1902, p . 157.
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I t wi ll be seen th a t the melt ing -point a ffec ts the eros ion far more th an the
hardness of the metal . Similar experiments have been carried out in Ameri ca

,

1

w here charges of smokeless powder w ere fired in an armour -piercing shell
,

closed wi th plugs of different metals
,
w hich were drilled w ith holes mm .

i n diame ter . The erosion w a s measured b v th e number o f times the area of
the o ri fice w a s enlarged '

lVrough t iro n
Ma rt i n s tee l
3 pe r cent . tun gs ten ste e l

‘ Ma rt in stee l w ith 3 pe r cent . tungs ten
3 7} pe r cent . nicke l ste e l
20 per cent . nickel stee l

Manganese b ronze

The erosion i s to be ascribed to the fusion o f the surface of the metal
,
which

is then swept aw ay by the rush o f gas . As regards the influence of pressure
Vieille found that up to a pressure of 100 kg ./ cm .

2 the erosion w a s only slight
i t increases very rapidly wi th rise of pressure from 900 to 2000 kg ./ cm .

2
,
and

then remains practically constant from 2000 to 4000 kg .

Noble carried out an elaborate series of ex periments with cordite s specially
manufac tured wi th varying propo rtions of nitro -glycerine .

2 These were tested
in the calorimetric bomb and also fired from the gun . The result s are shown
in Fig . 63 . I t w ill be seen that w hen th e percentage of nitro -glycerine i s
increased from 10 to 60 per cent . , the quantity of heat increased 60 per cent . ,
but th e eros ion was grea ter by nearly 500 per cent .
W hen only small charges are used , the erosion i s not very severe , fo r

both the temperature and pressure in the chamber are much lower . It is
largely fo r this reason tha t practice wi th large guns i s mostly carri ed ou t
wi th reduced charges . It i s reckoned that the w ear of the gun due to a proof
round i s equal to that of tw o full charges , and that a ful l charge of powder i s
equivalen t to four ! charges or si x teen -charges or sixteen blank charges .
One round o f co rdi te Mk.I is equivalent to several of cordite M.D . producing
the same ballis t ics . It is in large ordnance , firing very heavy charges of
powder in order to obtain a high muzzle velocity , that th e erosion is mos t
severe in smaller guns i t is comparatively trifling . By properly proportioning
the chamber a nd the length o f th e gun ,

and making the powder of the righ t
s i ze a nd shape

,
the ero sion can be reduced somew hat , but naval guns of large

s i ze require re - lining after they have fired a. few hundred full charges .

lVith smokeless powder the ero sion mo s t ly consists in w ashing the su rface
o f the me tal smoo thly away . “ i th high charges o f b lack powder , w hich
generated temperatures o f the same o rder , the metal w a s sco red in to deep
ruts . and this ha s been ascribed to the mechanical ac t ion of the so lid part icles

1 S ee S .S . , 190 7, p . 21 1.

2 Artille ry a nd Er p lo s ir
'

es , p . 534.
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fac t that a smaller charge is requir ed .

1 Like Vieille he found that the erosion
is prac tically independent of the pressure if i t exceed 2000 atmospheres .
Yarnell also tried the effect of adding considerable quantitie s of water or
paraffin to the charge . The erosion was greatly reduced thereby , and the
pres sures w ere increased . Such addi tions have been advocated frequently

,
but

apart from the difficul ty of carrying them out under war condi tions
,
the

presence o f cooling material in the lump , so to speak , must render the balli stic s
uneven . Any addition should be incorporated with the powder during
manufacture . The mineral j elly in cordi te reduces the temperature of the
products several hundred degrees , and in fact cordite M.D . has a temperature
o f explosion , which i s but little higher than that of some nitro - cellulose
powders . An addition such as this does not diminish the ballistic efficiency
of th e powder to any great extent , because the reduction of temperature i s
partly compensated by the increase in the volume of gas fo rmed .

Vieille (loo. cit.) showed the effect of adding nitro -guanidine to powders :

Ero s io n per gramme

Nitre -ce llu lo se

Pow de r
Co rdite Ba llis tite

Alo ne

30 pe r cent . nitro -

guanid ine
50

The difficulty is to find a substance that can be incorporated with the powder
in sufficient quantity w i thout affecting inj uriously any of its qualities . Nitro
guanidine

,
for instance , ma kes i t brittle .

2

With a low temperature of explosion i s always associated a low percentage
of oxygen in the powder , and consequently a large preportion of carbon
monoxide in the products . W hen large guns are fired the combustible powder
gases are liable to catch light at the muzzle and burn down the bo re , and
on the breech being opened thi s flame may emerge , especially if the gun be
pointing to windward . In France , where nitro -cellulo se powder only is used ,

a number of disasters have been caused by such flames emerging
,
and setting

light to cartridges in the turret
,
or standing near the gun . Similar accidents

have occurred in the United States , where also nitro - cellulo se powders are
employed exclusively . This danger i s also present with cordite , although not
to the same extent

,
and must be guarded against .

1 J ou rn . Amer . Soc. Na va l Engineers , Ma y 19 10 ; S .S ., 19 11, p. 193.

3 Brave tta , S .S ., 19 12, p. 493,
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When cannon are fired
,
flames appear at the muzzle due to the ignition Muzzlo fla

of the combustible gaseous products . Thi s i s obj ectionable , because at night
i t reveals the position of the guns . The flame can be diminished or even
abolished in some cases by adding a few per cent . of sodium resinate or other
sodium or potassium salt

,

1 but the quantity of smoke is thereby greatly
increased and thi s will reveal the position by day , and will obstruct the

grmners .

Muzzle flame is due to high temperature of the gases as they emerge from
the gun as well as to their composition . With a large charge of powder it
i s much more difficult to keep this temperature below the ignition point of
the gases . The problem of doing away with it has much in common with
that of the preparation of coal mine exp losives .
Numerous analyses of the products from the explosion of cordite and Prodfl QtS of

Rottweil nitro - cellulose powder have been publi shed by Noble .2 The powders
ex ploswn'

were exp loded in a calorimetric bomb at vari ous densities of loading , but
only the figures for the lowest density

,
0 05, are reproduced here , as they

probably represent most nearly the composition of the gases evolved in the
gun .

The temperatures were calculated with very low values for the Specific heats
and are consequently high and have only relative value .

1 See Schilderma nn , S.S . , 1913, p. 126. 2 Proc. Roy. Soc.
,
76A, 1905, p. 381.
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Macnab and Leighton carried out similar e x periments w ith co rdite .1 The
relative temperatures o f ex plosion determined with thermocouples a s compared
w ith the sporting powders given on p . 327 were 19 1 and 168 for Cordite Mk .I

and M.D . respectively .

According to Schumacher, 2 American multiperforated powder fired at a
dens ity of 0 053 gives 6644 c .c . o f permanent gas per gramme having the
composition

Sir A . Noble has also given the follow ing. figures in Engineering

Vo l. Hea t
l. H . t\ 0 G a s c a

1000

909 9

960 4

When a new explos ive i s being investigated all the usual characteristics
of an explos ive may with advantage be determined , such as the power ,
inflamma b ility , residue , vo lume and composition of gases . The recoi l and
erosion of the gun may also be measured , and the temperature of combustion
calculated . A determination may also be made of the law of combustion

,

t.e . the rate of rise of pressure with time , by means of a spring manometer .3

Fo r current supplies of powder th e principal tes ts are determination of
the compos ition by chemical analysis , stability tests , measurements of the
muzzle veloci ty by means o f an electric chronograph

,
and o f th e maximum

pres sure in the chamber of the gun by means of a crusher gauge . The mean
and greatest differences of series o f these last two are also taken into con
sideration .

Of the to tal energy of the powder from 15 to 40 per cent . i s actually uti li zed
a s kinetic energy o f the pro j ectile .

4 Of the remainder th e greater part remains

1 J . Soc. Chem. I nd . , 1904, p . 300 .
2 1907, p . 84.

3 Vennin et Chesneau , p . 142 et seq.

4 I b id ., p. 147.
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Shot-gun

CHAPTER -XXI I I

FAST-BURNING SMOKELESS POWDERS

Sho t -gun powders Condensed powders Bu lk powders In gredients Manu
fa cture o f b ulk powders : American method : 33-

grain powders : 30 -

gra in
powders French powders German powders America n powders Aust ria n
powders : Req uir ements : Test ing sho t -grm powders : Powders fo r trench

howi tze rs : Blank powders

THE sho t -gun i s di s t inguished from the rifle not only in not having a rifled
bore , bu t al s o in being genera lly of considerably greater calibre . To produce
a w ea pon easy to handle i t i s necessa ry to make the forward portion of the
barrel very light , and therefore th ere must be but little pressure excep t nea r
the breech . The dis tri bution of the shot in a uniform mann er , i.e . th e

formation of a good pattern , seems to require th at comparatively li ttle
pressure be exerted on the shot in the forward portion of the barrel . For
these reasons a shot- gun powder must burn much more rapidly than a ri fle
powder

,
and therefore there must b e more surfac e exposed . These powders

are of two kinds : the “ condensed and bulk types .
In the condensed pow ders th e ni t ro - cellulose is complete ly gela tinized

they are made in much the same w a y as ri fle powders , but are formed into
qui te small grain s or very thin flakes . Cannonite ,

Shot - gun Rifleite and
Spor ting Ballistite are of this type , but the fir st two of these are no .longer
manufac tured their composi t ion i s given in the Table on p . 327. Cannonite

w a s made in the form of small graphited grains the process of manufac ture
w a s described by Sanford in the fi rst edi t ion of his Nitro -Er p los ire s

,
1896,

p . 182. Shot -gun Rifleite w a s in the form of thin flakes ; Sporting Ballisti te
is also a flake powder . The advanta ges claimed for these pow ders are that
they leave very li t t le solid residue when burnt , and are consequen t ly free from
smoke and blow -back ,

” and leave but li ttle fouling in the bore , that they
a re no t much affected by exposur e to mois t air , are very quick and give little
recoil . On the other hand , they require special cart ridg e ca ses with a cone
of pas teboard filling up part of the ba se , beca use otherwi se th e case would
no t b e entirely filled , and al s o too much of the pow der w ould be exposed to
the flash of the cap . In cons equence of the smal l space oc cupied by the
powder charge very slight varia t ions in the strength of the cap and other
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conditions produce great variations in the pressures generated , and the gun
may therefore be strained dangerously

,
and di fficulties are sometimes

experienced in extracting the cartridge cases . These powders are also more
di fficult to manufacture than those of the bulk type .
Bulk powders are so made that the charge for a 12-bore gun occupies Bulk powa

the same space in the cartridge as the standard charge of 82 grains of black
powder occupying a space of 3 li quid drams equal to 1065 c .c . The first
successful smokeless powder was that of Captain E . Schultze , of the Prussian
Artillery , who made it from nitrated wood .

1 This was first cut into thin
veneers , from which small cylinders were punched , and then it was purified by
boiling with soda , bleaching and washing . After nitration the nitro - lignin was
boiled with soda , and washed with cold water , and afterwards, impregnated
w ith the nitrates of barium and potassium . In the course of time various
modifications have been made in the process of manufacture . The wood
fibre now used i s thoroughly purified by drastic chemica l treatment , and
is formed into grains by manipulation with solvents after nitration . The
treatment with solvent also hardens the grains and makes them more water
proof . For further information about the early development of Schultze
powder see ante, p . 47, also Guttmann , P rogress , p . 38 and Appendices , and
Griffith ’s Patents 3294 of 1877, and of 18 84. Most of the other powder
manufacturers use nitro - cotton instead of nitro - lignin , but the Schultze
Company have adhered to wood fibre , as they consider that a powder made
with it i s less sensitive to variations of loading , and gives more satisfactory
results under adverse climatic conditions .
Bulk powders frequently contain a small proportion of substances , such as Ingredients

vaseline or paraffin wax , which serve to moderate the action . Starch also i s
sometimes used it helps to hold the grains together . Camphor i s somewhat
obj ectionable , as it i s volatile and escapes on long storage . The mono and
dinitro -derivatives of benzene and toluene are present in some powders ;
like camphor they have the property of assisting the gelatinization of the
fibres . Other materials that are added sometimes are lamp -black , wood
meal

,
various gums and potassium ferricyanide . In order to complete the

oxidation of such added organic matters
,
and also to make the rate of burning

more unifo rm ,
nitrates of barium and potassium are added : the barium

salt has th e advantage that i t produces comparatively little smoke and i s
not hygroscopic . On the other hand , i t leaves a residue in the gun , which
i s difficult to remove . Therefore it i s customary to use a considerable
percentage of barium nitrate together with a small preportion of potassium
nitrate . A small quantity of aniline dye i s also added in many cases to colour
the powder . Other powders are coated with graphite , which renders them
less liable to become ignited by electrification , although there i s little danger

1 See Eng . Pa t. 900 of 1864.
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of this in powders that contain mineral salts . G raphiting also reta rds the
ignition of the powder and so acts as a moderating agent . The nitro -cellulose
used generally contains 12 5 to 12-8 per cent . nitrogen , and is partially so luble
in ether -alcohol . The addition of calcium carbonate improves the stability
of the powder by neutralizing any acid that i s given o ff , but it should be
very intimately mixed with the nitro - cellulose , and such intimate contact i s
best produced by precipitating the carbonate in the fibres by using hard
water for the b oilingzof theznitro -cellulose .

The incorporation of the ingredients i s in many cases performed under
edge - runnersxsimila r to

'

those used for the milling of
'

b la ck powder . The wet
nitro -cellulose , containing some 40 per
cent . of water , i s roughly mixed with the
other ingredients , and these are ground
together in the mill , water being added
from time to time to keep the mixture
moist . The duration of the milling and
the amount of water are regulated accord
ing to the gravimetric density required
in the finished product . The longer the
milling and the higher the proportion of
water , the greater the gravimetric density .

FIG . 64. English Bu lk Powder The material is then passed through a
(Thfim e l

‘

, S .S ., 1907, P 424) sieve w i th meshes somewhat larger than
the finished grain i s to be . The moist

grains thus formed are then dri ed in a stove by means of a current of hot
air , the powder being spread on trays to a depth of not more than 3 inches .
\Vhen dry the material should be allowed to cool down in the stove before
it i s moved . The dust and large lumps are then removed by passing the
powder through slope reels .
The next operation is the important one of hardening the grain by treating

i t with solvent . This i s frequently done by spraying i t with the solvent
inside a drum

,
which can be closed hermetically and rota ted

'

a b out i ts axis .
After a few minutes ’ rotation the grains a re thoroughly mo i st . The powder
i s then allowed to steep for some time either in the same vessel or another
one , and then it is dried . The preliminary drying may be carried out in a
solvent recovery plant consisting of a rotating drum provided w ith a s team
jacket and a ho llow ax le , which is connected through a condensing coil wi th
a vacuum pump . The coi l , pump , etc .

,
are placed in a separate compartment

from the drying drum , which i s i solated by means of a wall hav ing no

openings , in order to minimize the danger of fire . A considerable proportion
of the so lvent is recovered in thi s way

,
and after redistillation may be used

again , but in order to obtain a sati sfactory recovery it i s necessary to cool the
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Thirty-three
grain powder.

EXPLOSIVES

co tton in mechanical suspension in the so lution thi s rotat ion is maintained
during the whole o f the process . lVa te r in which 5 per cent . of barium nitrate
and 2 per cent . o f po tassium nitra te have been di ssolved i s then pumped into
the s t ill , and finely pulped gun - cotton i s thr own in through an opening in the
upper part . In all 450 lb . of fresh gun -cotton and some 250 lb . of dus t and
fine grain s from prev ious granulations are introduced . Mo re of the nitrate
solution is pumped in , and finally the opening is c losed , and an emulsion is
pumped in consisting of 25 to 50 per cent . amyl - aceta te in nitra te so lu t ion .

The surface of the liquid should now be up to the top stirrer blades .

The mate ri al now begins to granulate , and the progress of the granula tion
is observed by w i thdrawing a li t tle of the mi x ture through a small orifice
near the bottom of the still . t en granulation has been effected throughout
the mass

,
which i s wi thin five minu tes of the time when the introduction of

the emulsion into the still was commenced , steam is turned into the j acket
sur roundi ng the lower portion of the still . Heating i s continued for five or
six hours

,
b y which time practically all the amyl-acetate has been di stilled

over together w ith some of the water . This i s condensed and the amyl-acetate
is separa ted . A gate valve in the bottom of the still i s now opened , and the
mix ture of water and granulated powder i s drawn off into a draining tank .

Af te r draining it i s dri ed , sized , blended and packed . The strength and
amount of the emulsion used depend upon the amount and quality of the
gun -cotton the best proportions are ascertained by experi ence . The finished
powder i s coloured to sui t the taste of customers .
The older pow ders , Schultze and Amberi te , are 42-

grain powders , that i s
to say the charge required for an ordinary 12-bore cart ridge i s 42 grains

,
and

thi s quanti ty o ccupies the same space in the cartridge as 82 grains of black
sporti ng powder . Other 42- grain powders are Ruby , Felix ite ,

Primrose
Smokeless , Cooppa l No . 1 and KS . Some of these are still used extensively

,

but there i s a growing demand for powders of which smaller charges are
required , the principal advantage o f which is that they give a decidedly
ligh ter recoil , for the powder products are ej ected from the muzzle of the gun
wi th higher velocity than the shot . It i s also claimed that they are quicker .
Re duc t ion of charge i s effec ted by using a nitro —cellulose of higher nitrogen
con tent , and reducing the propo rtion of the other cons t ituents . These changes
increase the rate of burning , so in order to preven t the produc t ion of dangerous
pressures in the gun it i s necessary to gelatinize the nitro - cellulo se more
completely . A 33-grain powder can be made in much the same manner as i s
descri b ed abo ve , ex cept tha t after the grains have been fo rmed and hardened
a po r tion o f the ni trate s i s washed out by s teeping the materials in wa ter .
A w ell -known 33-grain powder o f English manufac ture is Smokeles s Diamond
Henrite i s ano ther o f this class both these are in the fo rm o f black grains .
E C . No . 3 i s a 33-grain powder too i t is co loured yellow w i th amine . Other
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33-grain powders are Empire
,

Lightning , Red Star , Stowmarket
Smokeless , Viemos and Emerald .

By taking a further step in the same di rection the charge cantb e reduced
to as little as 30 grains . The nitro-cellulose i s mixed with a small proportion
of reducers and several times its weight of barium and potassium nitrates .
It i s then incorporated in a W erner and Pfleiderer machine with sufficient
acetone or other suitable solvent to gelatinize it entirely . The dough i s then
formed into small cubes or prisms by processes similar to those employed
for rifle powders , and after drying , the mineral nitrates are disso lved out as
completely as possible with warm water . Only about 5 per cent . are left in .

Schultze Cube Powder i s an instance of a 30 -grain powder produced by a
process of manufacture of thi s sort .

Calories per g .

Permanent ga s , c .c .

Aq . vapour , c .c . per g .

To tal v o l. ga s N .T.P .

Compu . permanent ga s p .c .

Relat ive temperatur e
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The above Table , published in 1904 by Macnab and Leigh ton .
l gives the

composi t ion o f the principal shot -gun powders at tha t time in use in England ,

toge ther w i th the amoun t of heat generated in the calorime t ric bomb and the
compo sition of the products of ex plosion . Of these , Shot -gun Rifleite ,

Sport ing
Balli st i te and Cannonite w ere condensed pow ders . S.S. ,

Shot -gun Rifl eite
and Cannonite are no longer made .

Spor ting balli stite i s made in much the same manner a s rifle ballistite
,

except that after the sheets have been rolled out , acetone is added and the
ro lling is repeated , so that the fini shed sheets are only about 0 005 inch thick
and look like oiled silk . These are cut into small flakes . The normal charge
of a 12-bore cartridge is only 26 grains .
In France the manufacture of spor t ing powders forms part of the S tate

monopo ly of explosives . The follow ing Table gives the composi t ion of the
pow ders made

Poudre

Nitro -cotton
Barium n itrate
Po ta s s ium n itrate
Am. b ichr omate
Po ta s s ium b ichromate

Binding ma teria l
Mo is tur e

Price

The following details o f manufacture are gi ven in P . etS . , 19 12 xvi . , pp .

99
,
100

,
and Vennin et Cheneau ,

Poudres cl Ea
'

p lo s i/s , pp . 434— 43 4

Poudre S . The ni tro - cot ton consists of 37 part s of GP , and 28 o f CP , .

The ma terials are incorporated under light edge runners
,
dried and part ly

gelatinized wi th 35 per cent . of ether-alcohol . The dough ,
which is no t very

coherent , i s formed into grains by simply passing i t thr o ugh a s ieve . The
grains are dried , sif ted , hardened i f necessary w i th ether-alcohol and again
dried and sifted .

2

Poudre J . A mixture of ni tro —cottons i s used con ta ining 30 per cen t .
soluble in e ther -alcoho l . This i s dehydrated w i th alcoho l a nd mixed w i th
the bichromates in an inco rp ora tor . Then 14 per cen t . of e ther -alcohol

(50
° B , sp . gr . 0 760 ) is incorpo rated in ,

and the resul ting dough is pressed

1 J . Soc. Chem. I nd . , 1904, p . 298 .

2 Fo r ea rlier method see P . at S . , 1890 , v o l. iii . , p . 13.



https://www.forgottenbooks.com/join


powders.

Austrian.

Requirements .

EXPLOSIVES

The following a re
‘

some of the principal German shot -gun powders :
Ro t tw eil . Square flakes wi th me ta llic lust re . Charge 2 22 g . (34-3

grains ) .
Saxonia . Square flakes

,
bluish green . Charge 19 0 g . (29 4 grains ) .

Mullerite . Thin square flakes , green . Charge abou t 35 grains . Con
ta in s no inorganic salt s .

lVa ls rode . Small grains . greyi sh -w hi te a nd greyi sh -green . mixed .

Charge 2 27 g . (350 grain s ) .
Adler-Marke . Small cylinders , grey . Charge 2 00 g . (30 9 grains ) .
1Volf—Marke . Grains , w hi te and yellow , mixed .

Fasa n (Pheasan t ) . Grains , grey ish -yellow . Charge 265 g . (409 grains ).
Tiger . Grai ns , blue -black . No lustre . Charge 2 73 g . (42 1 grain s ).

The American ex plosives indus try i s largely in the hands of the E . I . du

Pont de Nemour s Powder Co .
, who make the following

Condensed powders : Infallible and Sport ing Balli stite .

Bulk powders : Du Pont Smokeless
,
E . C . Improved , New Schultze

,

Empire and Lesmok .

In Austria there is a S tate monopoly of explo sives . Information about
the sporting powders is given in S .S 1909 . p . 413 , bu t their quality has been
decried .

1

The requir ements o f a good shot -gun pow der are : (a ) That it shall b e
reliable and cons ta n t in its quali ties thi s is as importan t as in the case of
o ther gunpowders . and somew hat more difficul t to a t ta i n ; grea t care in
manufac ture and thorough blendi ng are necessary . (b ) It should burn clea nly ,

leav ing li t t le residue in the gun , and w hat residue there i s should be alkaline
in reac tion and easily removed . (0 ) I t should give good resul t s , even when
loaded into chea p cartridge cases

,
wi th indifferen t wadding and light sho t

charges . (d) I t should be quick in ignition : a delay of a few thousandths
o f a second in the time that elapses betw een pull ing the tri gger and the shot
leaving the muzzle makes a considerable di fference in the accuracy of the
shoo t ing ; smokeles s powders burn considerably faster than black . (6) I t
should not be grea tly affec ted b y ex posure to ho t or moist air . (f) I t should
occupy about the same space as the equivalen t charge of black powder in
the manufac tur e of cartri dges the charges are measured and no t w eighed ,

and if the powder be very dense , there i s cons iderably greater danger of an
ext ra large charge being in troduced accidenta lly .

To te s t shot -gun pow ders they are loaded into cartridges , the balli st ics
of w hich are then measured . The veloci ty of the shot is de te rmined usually
over a range o f 20 yards from the muzzle by means o f an electric chronograph .

One o f the current s pas ses through a wire before the muzzle of the s tandard
gun , and the o ther through a wire screen or a spring con ta c t on the back

1 See S .S . , 19 10 , p . 320 .
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Ro ttw eil Adler -Marke

Sax onia W olf-Marke

VVa lsrode Fa san

FIG . 65. German Smokeless Sho t ~ Gun Powders (Thorner , S .S . , 1907, p .
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of an iron ta rge t . A n advan ta ge of the spring contact i s that the second
curren t canno t b e in terrupted prema ture ly by one or tw o shot going ahead
of the bulk of the charge .
The pre ssures a re measured by fir ing cartridges in a special gun of solid

const ruc t i on . A t 1 inch and 25 inches or 6 inches from the brea ch there
a re plugs passing through the walls of the gun ; on these plugs are placed
crushers whi ch are held down b v screw s . In England lead crushers are
generally used for tes ting shot-gun powders instead of the copper crushers
used w i th slow -burning powders , as they are found to give more sat i sfacto ry
resul t s wi th the very vari able pre ssur e s o b tained . The subjec t of pressure
meas urements wi l l be dealt wi th more fully in Chapte r xxix .

The pat tern of the shot i s dete rmined by firing car tridges from a gun
of sta ndard choke at a whi tewas hed iron plat-e generally at a range of 40
va rds . The marks of the shot should be fairly evenly di stributed . and about
tw o- thirds of the shot should b e wi thin a circle of 30 inche s diamete r . 1

The pene tration of shot can be measured by fi ring under sta ndard condi tions
a t a numbe r of pieces of cardboard placed one behi nd the other and counting
the number of pellets that penetrate the di fferent cards .
The recoil of the sta ndard gun can also b e mea sured and forms a useful

check on the o ther dete rminations , especially the veloci ty . In Fig . 66 i s
shown the Field proo f gun for ta king simul ta neously the recoil and the pressures
a t 1 inch and 6 inches from the breech . The velocity and pattern can also
b e ta ken a t the mme time . The gun w eighs 50 lb and is suspended 5 feet
below i t s supports ; i t i s fired b y means of a pneumat i c bul b in order not
to di s turb the gun . Wi th this gun numerous investigat ions have been carried
ou t on behalf of the Field newspaper
The cart ridges for the 12-bore and most of the oth er shot -guns are 24inches

long . T he ba s e and the powder usually occupy j ust 1 inch , so tha t the hole
bored to admi t the powder gases to the base o f the pre ssure plug is bisec te d
by the first wad . Over the powder i s placed a. thin card wad . then a grea sed
fel t w ad , then another thin card , then the charge of sho t . and finally a thicker
card w ad . The spac e above the sho t w ad should be about 1 inch this i s
tur ned over inwards by means of a special ma chine so as to hold the shot
w ad in place and a pull of about 50 lb . should b e required to extract i t . The
cartri dges a re usually ad j u sted to give a velocit y over the 20 yards range
of 1050 to 1080 fee t per second wi th a. chamber pressure of 3 to 3 3 t ons per
squa re inch . If the veloci ty be higher than thi s the sho t are deformed and
sca t tered to o much , if lower the killing pow er of the pellet s is reduced ; i t is ,
how ever , b ette r for the veloci ty to fa ll below these limits than to ri se above
them

,
a s shooting is generally at short ranges . If the pre ssure be too low

1 Fo r spec ia l a pplia nces
fo r ana ly s ing pa tte rns are Venn in et Chesneau , P oud res et

Ex plo s ifs , p . 149 , a lso 0 . Ma re tsch , S .S . , 19 15, p . 261.
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the pa t terns a re b ad , i f to o high the gun may b e spoilt or even burst . The
recoil of the sport sman ’ s gun should be abou t 16 feet per second ,

whereas
tha t of an express rifl e i s usually about 17 fee t per second , and that of a mi lita ry
rifle w hich i s fired much more rapidly , i s 10 feet per second .

1 The French
smokeless powders only give a veloci ty of 755 feet per second over a range of
15 met re s yards ) in a 16-bore gun with the sta ndard loading .

The pre ssur e i s increa sed by u s ing felt wads th at a re harder or slightly
larger in diame ter or b y having a longer or harder turnover . The velocity
is a ls o increa sed slightly by the same alte rat ions . The opposite changes

, of

course , produce the opposite effect s . The balli stic s are affected also by the
st rength and natur e of the cap in the cartridge case . If by adj usting these
elements i t is no t possible to produce the desired resul t i t i s nece ssa ry to

alte r the w eight of powder or shot or both .

The propellant for a trench howi tzer has to fulfil much the same
requiremen t s a s that for a shot- gun : a heavy proj ectile has to be given
a comparatively low-muz zle velocity and the gun canno t wi thsta nd a high
pressure . The difficulty i s to obta in consta nt balli stic s wi th thi s low pressure
in the chamber . It is overcome b y using powders of the same types as those
for shot - guns .

Bla nk powders are used for firing time and other signals , for manoeuvres
and disp lay s , such as feux de jo ie : in all cases , in fact , w here it i s required
to make the noise of firin g w i thout ej ecting a proj ectile . Difficul ty is caused
b y the fac t that there is no heavy proj ectile to offer resista nce to the expansion
of the powder gases : consequen t ly as soon as the envelope conta ining the
powder is burst the pressure falls almost to nothing . Wi th black pow der this
does not mat te r v erv much as the rate of burning is not affected to the same
exten t b y the pressure ; gunpow der can be used indeed for thi s purpose
whi ch is not good enough for ordinary cartri dges . The rate of burning of
nitro -powder, on the o ther hand , i s grea t ly affected by the pres sure : there
is danger therefore if the envelope offer a li ttle too much resistance or the
primer be too s trong , that dangerous pressures may be set up in the gu n

and i f the resis ta nce or the igni t ion b e too weak the report will b e insufficiently
loud .

As in the ca se of sho t -gun pow ders the rapidi ty of burning i s attained
either b y us ing a part ia lly gelatinized materi al , or a complete ly gelat in i zed
one in a fine sta te of div i sion . In the Briti sh service the small -arm blank
cart ridges have a charge of 20 grains of cordi te size 20 SC . SC . sta nds for
sliced .

‘ and this pow der i s made by passing strands of cordi te about 0 -20

inches in diamete r t hrough a machine
,
in which it i s cut transversely by

rapidly rota t ing knives in to small disc s having a thicknes s of about 00 055
inch . For ordnance how ever black powder i s st ill used generally . In France

1 Ar ms a nd Er plo siw s , 1908, p . 8 .
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a special powder i s manufactured known a s

'

Poudre EF, which i s made of

nitro - cotton and binding material in much the same way as Poudre M.

1 In
Spain a nitro -cellulose flake powder i s used for small -arm blank ammunition .

2

In order to offer greater resistance to the powder gases the cartridge is
often provided with a mock shot made of hollow wood or other suitable
material which breaks up at the muzzle of the gun . A disadvantage of these
i s that they are liable to lead to accidents , men being shot at short range
during manoeuvres . In Germany a large proportion of the wounds thus
caused formerly proved to be fatal because the patients developed tetanus .
The source of this di sease was , however , traced to the felt wads used under
the mock shot . Thi s danger i s now guarded against by sterilizing the felt
wads .3

Blank powder for rifles i s called in Germany Gewehrplat a tronenpulver

(Gew . Pl . B B ), and that for machine guns Ma schinengewehrpla tzpa tronen

pulver (M. Gew . Pl . P B ) . The latter i s more violent in order to give sufficient
recoil to work the Maxim gun , and with the same object a piece i s fixed
to the muzzle with a narrower bore . In order to prevent accidents an appliance
i s sometimes fixed on to the muzzle to break up the mock bullet and deflect
i t . In Austria blank cartridges are called Ex erzierpa tronen .

1 P . at S . , 16, 19 12, p . 100.
2 S .S ., 1908 , p . 284.

3 E . Neumann , S .S . , 19 15, p . 220.



CHAPTER XXI V

SOL VENTS

So lvents availab le : Ether-a lcoho l : Na ture of co llo ids : Manu facture o f ace

tone Permanga nate te s t Impur it ies Acetone fr om starch Acetone from
ace tylene : Re covery o f s o lvents : Acet one recovery : Vo la tility o f nitro

glycerine : Va pour e x plo sions : Tox icity of vapour s

IN the powders fi rst introduced , Schultze , E .C . , Poudre B , the solvent used
was a mixture of ether and alcohol , which had bee n employed in makin g
collodi on solutions for many years . Wh en the Engli sh Government intro
duced cordi te in 1 888

,
they adopted a solvent , w hich had been but little used

previously except in the laboratory , namely , acetone . Thi s possesses the
advantage that i t can di ssolve gu n- cotton even of the highest degree of
ni t ration .

In the lacquer and celluloid industries various solvents for nitro - cellulose
are used in order to obta in different specifi c effects . Amyl -acetate especially
i s much employed in the preparation of lacquers . It s grea t value lies in the
fact that it boils at a high temperature ; consequen t ly the sur face does not
become cooled by rapid evaporation , and so condense wate r from the air .

Moreover , from a mix tur e of amyl -aceta te and w ate r the la tte r evaporate s
proportionally

.

much faste r than the former . Consequent ly the solution of
nitro - cellulose gradually set s to a clear solid film, as the amyl -aceta te ev apo

rate s , wherea s if only very volatile solvents such as ether and alcohol a re
used

,
wate r accumulates more and more , until it precipita tes the ni tro -cellulose

in an opaque form .

In the manufacture of mili tary and rifle powders there a re no t many
different solvents used . If gun - cotton wi th some 13 per cent . of nitrogen
be the base , either acetone or ethyl -aceta te is used , generally the fo rmer .
If a. soluble ” nitro -cotton be the base , e ther-alcohol i s usually employed .

In Poudr e B amyl -alcohol w a s formerly added for a purpose somew ha t sim la r
to that for w hich amyl- acetate is used in lacquers . For sport ing sho t -gun
powders a somewhat wider range o f solvents i s in use

,
and they a re ofte n

mixed in order to produce certain specific effects .
The subj ect of the solubili ties of nitro - celluloses in the various simple and

mixed solven t s has never been thoroughly investigated , al though it is of
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chlo roform diminish the solubility , the diminution being proportional to the
quantity added . Other substa nces , such as wate r and acids , also affec t the
solubili ty , but not proportionally .

Soluble nitro -cellulose or collodi on cotton is also di ssolved by nitro -glycerine
,

acetic acid , etc . In the celluloid industry use i s made of the solvent pow er
of camphor , and there are a number of other substances , solid at the ordinary
temperatur e , which have the same property : the dissolution i s grea t ly pro
mote d by the addi tion of alcohol . It has been sta te d by Bernadou that at
a low temperatur e nitro - cellulose i s dissolved by ether alone .

Lunge and Bebie 1 found that a nitro - cotton containing about 1 1 per cent .
N was soluble in absolute alcohol , but insoluble in 95 per cent . alcohol . Ennea

nitro - cellulose (12 per cent . N ) only dissolved to the extent of 70 per cent .
in absolute alcohol , whi lst a deka -ni tro -cellulose (12-75 per cent . N ) , although
complete ly soluble in ether -a lcohol , only dissolved in absolute alcohol to the
extent of 1 0 3 per cent . W ith a nitro -cotton contain ing 1 15 per cent . N
the followi ng results were obta ined wi th the ether and alcohol in varying
proportions

Ethe r Alco ho l Ethe r Alcoho l

1 3 Disso lves rea dily
1 6 Le ss read ily , 93 per cent . a fte r 6 1 Dis so lves readily .

trea ting tw ice .

9 1 Less read ily , 95 per cent .
1 12 More rea dily , 96 per cent . after 12 1 92 1 per cent . disso lved .

treating once .

1 24 956 pe r cent . 27 1

Similar experiments have been carried out by A . Ma tteoscha t wi th a
nitro - cellulose o f medium solubility conta ining 12 95 per cent . ni trogen ?

The solvents used consiste d of pure ether and pure alcohol conta ining varyi ng
percentages of water mixed in different proportions . To prevent surface
gelatiniza tion of the nitro -cellulose the alcohol w a s added fi rst and then the
ether . The followi ng were the solubilities found

Stre ng th o f Alco ho l b y Vo lume

99 -5% 9596 90 %
32-4

28 -7

40-5 53-9

25 o

I t will be seen that in mixtures rich in ether the solubili ty is increa sed
by the addi tion of a moderate proportion of w ater . T . Chandelon has found
that the addi tion of water also diminishes the viscosity o f the solution of
nitro -cellulose in ether-alcohol , and that it makes no difference w hether wet

1 Ang ., 190 1 , p . 537. 2 S.S . ,
19 14, p. 105.
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nitro -cellulose be dissolved in water-free so lvent , o r dry nitro - cellulose in
ether-alcohol containing water , prov ided that the fina l composition of the
solution be the same .1

The di ssolution of a colloidal substance
,
such as nitro - cellulose , differs Nature of

fundamentally from that of crystalline substances
,
such as sugars or the colloids.

ordinary mineral salts . Strictly speaking colloids do not form solutions ,
but with suitable liquids they form what are termed sols

,

” which are inter
mediate between solutions on the one hand and suspensions and emulsions
on the other . The latter consist of small particles of solid or liquid respect
ively suspended in a liquid medium , the particles being of such size that they
can be seen under moderate magnification . In a true solution the di ssolved
substance consists of individual molecules floating about in the solvent .
No sharp line of distinction can be drawn between sols and solutions on the
one hand and emulsions and suspensions on the other . A molecule has a
diameter of about a ten millionth of a mi llimetre in the case of the simplest
compounds up to rather more than a millionth in the case of very complex
substances . The extreme limit of visibi lity through a microscope i s about
a ten - thousandth of a millimetre . The si ze of the di sperse particles in a
sol may be considered to be comprised between the limits of a thousandth
to a millionth of a millimetre . If not smaller than about 5 millionths they
can be detected as bright spots when illuminated by a powerful beam of light
against a dark ground in the ultra -microscope . One of the properties of
particles of this size i s that they show a continuous oscil lating movement ,
known as the Brownian movement , when observed under the microscope or
ultra -microscope . Colloid substances are divided into two classes , suspens
c ids and emulsoids , according as their sols resemble suspensions and emul sions
respectively . Colloidal metal sols belong to the former class ; silic ic acid ,
gelatine and other organic colloids

,
in cluding nitro — cellulose , belong to the

emulsoid class . When a colloid of the latter class is immersed in a suitable
liquid it swells up . Thus hide substance when soaked in water swells up
wi thout passing into the liquid phase , and india-rubber behaves similarly
in ether . Gelatine swells up in water in a similar manner , but if the mi x ture
be heated a sol i s obtained which on cooling sets again to a gel .” Unvul

canized rubber in chloroform or benzene sw ells up and at the same time forms
a sol

,
and nitro - celluloses behave similarly with solvents . When a colloid

swells there i s always evolution of heat and the volume is always smaller
than the combined volume of the colloid and the liquid before the swelling
took place . From this it may be deduced according to le Cha telier

’

s theorem ,

that heat must hinder swelling whi lst cold and pressure favour it . There i s
a considerable rise of temperature when acetone or ether -alcohol is added to
gun -cotton , but only a slight rise w ith alcoho l alone and none with ether . It

1 Bull. Soc. chim. Belg., 19 12, no . 1 1 , S .S ., 1914, p . 194.
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is suppo sed tha t the so ] o f an emulsoid cons ists of two liquid phases differing
from one another considerably in compositi on . b ut as the tempera ture is rai sed
the composit ions o f the tw o phases approa ch one another . as is the ca se wi th
part ially mi scible liquids . Many gels when exami ned under the microscope
show a cellular or webbed structure , whence i t i s concluded that they als o
consist of tw o phases , but this structure has only b een observed in gels ob ta ined
by coagula t ing sols by hea t or the addition of some other substa nce . When
the gels are prepared by cooling the gel or evaporating ofl‘ the solvent thi s
s t ruc tur e i s not observed , and it i s wi th such gels as these that w e a re con
cerned in the case of smokeless powders and blas t ing gela tine . Wh en a gel
i s subj ec ted to pressure under such condi tions that the solvent alone can escape ,
some of the solvent escapes , the amount depending upon the pres sur e applied
and the composi t ion of the gel the larger the quantity of solvent present the
more ea sy it i s to ex press part of it . The last portion of solven t i s however
very difficul t to remove by pressure or even by heat , and thi s difficulty i s
increased by the fact that diffusion i s very slow in a stiff and conce ntrated
gel

,
although in a sol conta ining much solvent i t is almost as rapid as in the

pure liquid .

Acetone is made by the dry dist illation of aceta te of lime , w hich in turn
i s a product of the dry distillation of wood . Bee ch , birch and the. American
maple are the trees most concerned , as they yield compara tively large quan
tit ies of acet ic acid on di stillation . Coniferous trees , the fir and pine , on the
other hand yi eld little acetic acid ; the most valuable product from their
di stilla tion is turpentine . Even from the most suitable w oods the yield of
acetone is small only 8 to 105 parts of aceta te of lime of 80 per cent . strength
are ob tained from 100 of dry wood , and thi s in turn only yields about 20
per cent . of acetone . Moreover , fresh felled bee ch or maple conta i ns ab out
40 per cent . of moisture . Consequen tly i t requir es from 80 to 100 to ns of
wood t o produce 1 ton of acetone , and the manufacture i s dependent on the
supply of very large quanti t ies of wood . Attempts have been made to manu
fac ture acetate of lime and other products by the distilla tion of sawdust

,

waste w ood and other w oody mate rials , but most of these undertakings have
hither to proved unremu nerative . The charc oal obta ined from thes e waste
mate rials i s generally of little value , and the yield of acetate and w ood
spiri t i s considerably less than from good new wood .

Grignon , the residuum left after pre ssing the oil from olives , i s now
di s tilled on a large scale in Spain . It yields about 4 per cent . of aceta te of
lime and 1 -2 per cen t of crude w ood spiri t . Other w aste products consisting
principally of cellulose and lignin might b e utili zed similarly ; coffee husks ,
for instance , and the wood from which ta nnin and dye extrac ts have been
made , such as quebracho chips . In course of t ime these mate rials w ill no
doubt be u t ili zed , but only where very large supplies of them a re availa ble .
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The conversion into acetone i s effecte d by s imply heating the acetate a t

a temperature of abou t 300 ° C .
,
w hen the followi ng reac tion takes place

CaCOs +CH 3CO.CH 3 . bu t the o ther organic calcium salt s
reac t in a similar manner formic acid yi elds aldehydes . propioni c acid yi e fds
methyl -e thyl -ketone and diethyl -ketone , and the higher homo logues the

corresponding higher ketones .

The di s tillation of the acetat e
of lime is usually carried out in
a shallow c ircular re tort heate d
by direc t fire . Fig . 07 i s a view
o f a re tor t at the Royal Gun
powder Factory , lVa l t h a m
Abbey ; it i s provided wi th a
st irring arrangemen t

,
B

, and

man -ho les A and C ,
for fi lling

and emptyi ng . The tubes for
the gases and v apo ru

‘

s have rods .
K

, to remove. a ny obst ruct ion of
tar , coke o r dus t . The charge
of such a reto rt i s from 300 to
00 lb . Afte r fastening down
the man -hole the s t i r r i n g
mechanism is started and the
retort is gradually heated up ,

care being taken t o avoid over
hea t ing as far as possible

,
as i t

causes the formation of ta r and

coke
,
and a corresponding di

minution of the yield of acetone .

I t i s no t pra cticable t o dry the
whole of the moisture out o f the

Aceta te o f acetate before charging it in to
the reto rt , a s acetone begins to

be given o ff even at a moderate temperature . Consequently the first run
nings of the retor t consis t of w ater w i th only a little acetone . The decom
po si t ion o i the aceta te does not become active until the tempera ture
reaches about 380° C . the bulk of the di s tillate comes over betw een 380 °

and 400° C . A t the end of the di st illat ion steam i s blow n through to remove
the las t po rtion o f the dis t illate

,
and to render the residue in the retort non

inflammable .

At tempt s have been made to heat the ret o rts in a bath o f lead in o rder
to make the heat ing mo re uniform and so improve the yi eld , bu t t rouble was
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caused by the oxidation of the lead , with the consequence that heat was lost ,
and the special obj ec t of the ba th was not attained . Hea t ing in a stream
of superheated steam has also been tried : a better yi eld i s thus obtained ,
bu t the consumption of fuel by this process i s considerably greater ; more
over

, it i s only possible to work sifted , dust - free acetate , which makes i t
very expensive . Another
process , that has been
t ried and abandoned , w a s

the conversion of the
acetic acid of the crude
pyr oligneous acid di rectly
into acetone wi thout the
preliminary formation of
acetate . Thi s was done
by passing the acid over
hea ted baryta or lime .
A plant was erected on
this principle in Woolwich
Arsenal , but it did not
prove successfu l , and was
soon abandoned . The

ylelds b y bb l s Process w ere FI G . 68 . F. H . Mever ’s Plant for the D ry Distil lat ion
very poor ; the crude Aceta te of L ime .

acetone was mi xed with
much unchanged acetic acid , which had to be recovered and worked over
again .

Recently an improvement has been effected by heating the acetate in thin
layers , that are not in direct contact with the hot w all s of the retort . Fig . 68

shows a retort on this principle made by F . H . Meyer , of Hanover . The trays
of acetate are placed on trolleys , two of which are wheeled bodi ly into the
retort . The latter i s heated as uniformly as possible by means of a number
of fires . W hen the charge i s finished , the trolleys are wheeled out and two
fresh ones are run in at once . Thus loss of heat i s avoided , and the di sagree
able operation of drawing the very dusty spent lime from the retort is much
improved .

From the retort the vapours are led to a condenser , w hich mus t be so

constructed that the tubes can easily be cleaned ,
as they are liable to become

choked w i th tar and dust . The crude distillate separates into tw o layers
,

the heavier of which consists mostly of wate r and a cetone wi th some me thyl
ethyl -ketone and other impurities , the lighte r one of methyl -ethyl -ketone
and ta rry matte r with impurities such as duma sin ,

and there i s some water
and acetone di ssolved in it . The mi x ture i s pumped into a tank rendered



Perm “ :

alka line wi th ca u s t ic so da and al lowed to se t t le . The hea vier la yer is then
run o ff . and the ligh ter i s w a s hed se vera l times wi th w a te r . These collected
liquo rs a re then pumped into a s t ill

,
such as tha t shown dia gramma tica lly

in Fig . 69 The ( ssential fea ture of this is tha t part of the vapour is con
densed in the tubula r co ndense r D ,

and returned to the co lumn , C ,
w here it

flow s over a numbe r of perfora ted pla tes . The
pa s sa ge o f the vapour thr oug h ea ch of the se
pla tes is eq uivalent to a . fres h frac tiona tion .

The rema inde r of the va pour pas ses down the
tube

,
F, to the co ndense r , D . From this the

liquid flow s throug h the still-w a tc her, H , to a
drum o r o ther re c eiver . Co ntinuous w orking
s tills a re ma de on the sa me principle .

mth su ch a di s tilling pla nt there is no
diffi culty in get ting the ace tone free from
w a ter . bu t the remov al of the other impuri ties
ca uses co nsidera ble trouble . As the dis tilla te
runs thro ug h the still-w a tcher , co ntinuous oh

serva tions of the specific gra v i ty a re ta ken
by mea ns of a hvdromete r floa ting in the
li quid : a ll tha t show s a higher gra vi ty tha n
8 00 is run in to a sepa ra te re ce p ta c le for impure
ac e tone , but i t is a fte rwards redistilled to te

cover the good acetone .

One o f the principal tes ts applied to ace to ne
is the pe rmanga na te test acco rding to the

Frc . 69 . Still fo r
specifica tion of the Eng lish Go vernment 1 c .c . Aceto ne o r AlcohoL

o f a 0 -1 per cent . so lu tion o f pota ssium per
ma nga na te is a dded to 10 0 c .c . o f ace to ne , and the cha rac te risti c colour
o f the pe rmanga na te mus t pe rsist for at lea st ha lf a n hour . Only the
middle po r tion of the di stilla te will s ta nd this te st . The so da added to the
crude ace to ne combin es w i th a ll free ac id , so tha t the dis tilled ac eto ne con
ta ins no ac id exce pt a little ca rbo n dioxide . The grea ter pa rt of the a ldehyde
is a lso remo ved b v the soda a s i t converts it into re s inous bodies , which a re

no t vo la t ile . and co nse quently rema in in the still ; the dis ti lla te only co n

ta ins traces of alde hyde .

There a re o ther impurities , how ever , w hich pas s o ver a nd grea tly a ffect
the perma ngana te tes t . Mo re over , i t is fo und tha t ace to nes , which pass the
tes t w ith ca se w hen qui te fre sh , fa il a fte r ha ving been kept some time . The
fa ll of the t es t is o ften very ra pid a t first

,
but b ec omes slower a fte r a time ,

bu t . even afte r vea rs the fa ll may s t ill co ntinue . The fa ll of the perma ngan
a te tes t i s gene ra lly accompanied by an a ltera t ion in the co lo ur of the ac eto ne ,
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Propioni c and other aldehydes behave very much in the same way as acetalde
hyde . The destruction of the aldehydes i s not complete ,

however , and con
se quently sma ll trace s a re to b e found in the aceto ne even afte r several

The pre sence of small t race s of aldehyde can b e dete cted in ace tone by
the applica tion of Schifi ’

s reagent . Ace to ne it se lf give s a purple coloration
,

but if there b e 00 05 per cent . of aldehyde or methylal in it , the colour is
dis tinctly stronger .
Methyl-alcohol , as has already been pointed out , is produced from the

fo rmaldelyde . There a re many other reactions by which it can b e formed
from the cons tituents of crude pyroligneous acid . As methyl -alcohol has a
boiling-point , conside rably higher than that of aceto ne ,

and has
practi ca lly the same spec ific gravity , 07 96, i t might b e thought that the
alcohol would pass over in the la st runnings of the distilla tion

,
and that its

p resence would not affect the specifi c gravity of the acetone . The reverse
is , however , the case . VVhen the two liquids a re mix ed to gether , there is
a contrac ti on , and consequently the mix tur e i s more dense than the con
stituents . Moreover mixtures containing much ac etone boil at a lower tem

pera ture than aceto ne i tse lf the mix ture of minimum boiling-point conta ins
865 pe r cent . of a ceto ne , and 135 pe r cent . of methyl -alcohol , and boils
at This mixture ha s a specific gravity of 0 -7997 i t cannot b e separ
a ted into its consti tuents by fractional di stillation on the contrary it behaves
much a s a simple liquid . Moreover , as i ts boiling -point i s so near to that
of ace tone the constant boiling mixtur e cannot b e entir ely separated from
the ace tone . Consequently methyl-alcohol occurs mostly in the first runnings

,

b ut i s also pre sent thr oughout the distillation . It is possible that methyl
alcohol may have a de lete rious e ffec t upon the stability of explosive s w i th
which i t i s mixed , through its liabili ty to become ox idized to formaldehyde ,

but a s there i s no method kn own for the ready dete rmination of the amoun t
of i t in acetone , nor any pro ce ss for separating it on a manufa c turing scale
without grea tly increasing the cost of the solvent no particular attention has
hi therto been paid to the matter .
Be sides the se impuri tie s the firs t runnings also contain some substance s

that a re insoluble in wate r : i f this a ceto ne b e mixed with twice i ts bulk of
wa te r the se separate out partly . The li quid thus obtained i s a complex
mixture w ith a spec ifi c gravity of about 0 -78 and boiling over a range of 50°

to 1 10 ° i t apparently contains various hydr o -carbons saturated and unsa tur

a ted ,
and als o subs tance s such as furan C.H .O and sylvan (

‘

SH GQ Furan
would b e formed by the dry distilla tion of the calcium salt of pyromucic acid ,

one of the constituents of the crude pyroligneous acid .

The effect of the se substa nce s upon the permanganate te st i s very similar
1 Pet-tit , Jou r . Phys . Chem. , 1899 , 3 , 349 .
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to that of aldehyde , but not nearly so great. The addi tion of 0 -2 per cent .
reduces the permanganate test of pure acetone from many hours to about
100 minute s , and in the presence of basic substances there i s a further slow
fall , which , however , i s not nearly so rapid as in the case of aldehydes . If
02 per cent . b e present the acetone become s c loudy on the addition of two
volume s of water . Those impurities can b e separated by a special process of
di stillation , for which see Part XI I . There a re also chemical reactions by
which these substance s can b e detected and estimated : such as the iodine
test given in Part XI I which enables one to estimate the amount of the
substance s to within 00 02 per cent . Commercial acetones usually contain
from 0 -02 per cent . to per cent . , average 00 4 per cent . There appears
to b e no reason to think that these small quantities can have any appreciable
effect on the stability of exp losives , e ither beneficial or otherwise .

The presence of these substances insoluble in water i s not confined to the
first runnings there i s almost as much of them in the last runnings , and even
the middle fractions contain usually to 0 -04 per cent . , as may b e asoer
ta ined by the application of the tests just mentioned
W hen the main bulk of the acetone has di stilled over . the temperature

of the sti ll -head and the specific gravity of the distillate commence to rise
after a short time the temperature reaches about 735 ° and the specific grav i ty

and there they remain steady for some time . The distillate now con
sists almost entirely of a mixture of water and methyl - ethyl-ketone , the

next homologue to acetone , in the proportion of 1 14 of water to 886 of ketone .

Thi s mixture disti ls unchanged , and the water can only b e separated from it
by treatment with a dehydrating agent such as calcium chloride or solid caustic
soda . In the intermediate fractions , when the boiling -point and the gravity
a re rapidly altering , the distillate contains much impurity , substances insoluble
in water and perhaps ethyl-alcohol . Afterwards , when the boiling-point
becomes constant , the constant boiling mixture comes over in a state of
considerable ,

purity . Then after a time the boiling-point rises again , and
a di stillate i s obtained which still separates out into two layers , the lighter
of whi ch consists mostly of higher ketone s with a small proportion of water
and impurities , and the lower largely of water .
Methyl-ethyl-ketone ,

when freed from water , gelatinizes gun - cotton as
well as acetone ,

and has no bad effect upon it . It would b e possible to add
a considerable proportion of it to acetone without causing it to fail in any
of the usual specification tests , but it i s more usual to se ll i t separately for
denaturing spiri t and dissolving resin s . The heavier acetone oils a re also
used for making lacquers , etc . ,

but do not command a very good price .

It has been discovered by Fernbach that starch can b e submitted to a Acetone fro
process of fermentation whereby i t is converted into a mixture of fusel oil “mm“

and acetone ,
and it has been proposed to convert the fuse] oil into artificial
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rubber , whilst the b y -product acetone is purified and pla ced on the marke t . l

It has been sta ted that from 100 parts of dry po tato substa nce a yield of 22
part s of rubber and 14 of ace t one can b e ob ta ined .

Aceto ne can also b e made from ace tylene and this method has been
sugges ted in Ge rmany dur ing the lVa r .

2 If acetylene b e led into sulphuri c
ac id of about 44 per cent . strength , and the product b e boiled wi th wate r ,
i t i s converted into aldehyde .

3 The change i s als o effec ted by pas s ing the
acety lene through boiling sulphur ic acid of thi s stre ngth . The re ac t ion i s
assisted by the pre sence of a li ttle mercuric oxide .

‘ The aldehyde may then
b e oxidized to ace tic acid which i s converted into ace to ne by heating ba rium
or calcium ace tate , or by passing the vapour over hea ted barium oxide .

As but little of the solvent is al lowed to remain in the finished powder ,
i t i s advisable to recover as much as possible in order that it may b e used a ga in .

A considerable proportion is lost during the operations of forming the dough
into cords , strips , tube s or flakes , and hitherto there has been li t t le attempt
to recover thi s portion , as the diffi cul tie s introduce d into the ca rrying out
of the ope rations would absorb to o much of the profit on the recove ry . It
only from the drying sto ve s that recovery i s attempted as a rule . “ h en

the solvent is ether-alcohol difiiculties a re in troduced by the great volatili ty
of the e ther by draw ing the air away from the stove s through coo ling coil s
only alcohol i s recovered generally . A grea te r bulk of condensa te ca n b e

obta ined by using re frigerated wate r or brine , but if the tempe ratur e of the
coils b e reduced much be low 0

° C . there i s da nger of the coils be ing choked
with ice . In the manufacture of artificial silk by Chardonne t

'

s proce ss attemp t s
have been made to recover the solvent by passing the air up towers , w hcre it
i s scrubbed with a mixture of sulphuric acid and wate r or with oil . T . han
de lon proposes to use the chlorine , bromine or nitro -derivative s of aliphatic
or aromatic hydrocarbons for the recovery of ether and alcohol from air .3

In Spain sulphuric acid i s u sed .

6 It has also been proposed to compre ss coo l
and re -e xpand the air in a regenerative machi ne as i s done i n Linde

’

s plan t.
for the manufac ture of li quid air . but whether recovery of the solvent by
such a proce ss would prove remu nerative seems doub t ful .

7

At the French Government works at Sain t-Medard the solvent is recovered
from Poudre B by the following method : A trolley cha rged with st rips of
powder i s run ove r a meta l chambe r a door opens in the top of the chambe r
jus t large enough for the trolley to pa ss through it i s let dovm and the door

1 See Pe rkin , J . Soc . Chem. I nd . , 19 12, p . 616 ; a lso June 29 , 19 12.

2 F . G . Domi a n , Na tu re ,
M a rch 23 ,

19 16, p . 83 .

3 La germa rk a nd Elte rkow , B er . , 1877, p . 637.

4 Erdma nn and Kothner , Ze fts ch . Ano ry. Chem. , 1898 , p . 48 .

5 Gem ) . Pa t . of Fe brua ry 22, 19 12.

6 S .S . , 19 13, p . 395.

7 See pp . 492— 196.
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dri ve the

'

a cetone o ff again ,
as it has been found that practically the whole

of the ace tone can b e di stilled o ff be fore the bisulphite begin s to decompose .

FI G . 70 . Scrubbing Towe rs (Robe rtson and R int oul ’ s Pa tent ).

A li ttle sodium carbonate or caustic soda is added , however , to diminish the
amount of sulphur dioxide that passe s over , and to combine with any free
sulphurous acid that has been formed by the oxidation of the bisulphite ,

and the consequent formation of sodium sulphate . The crude distillate thus
obtained i s mixed with water and a lit tle sodium carbonate , and di stilled again
from a st ill such as that shown in Fig . 69 . It i s thus obtained in an extreme ly
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pure state it
'

conta ins no detectable quantity of any impurity except some
ethyl -methyl -ketone , which is harmless , and a trace of carbonic acid . The

Per Cent . Acetone by We ight
I d 4 0 m 60

‘ 00016

00012

'00008

°00004

J o J o

Per Cen t . Nitro-glycerine by W e igh t.

FI G . 71. Va pour Pressur e s of M i xture s of Acetone a nd Nitro -glycer i ne a t 18
° C .

bisulphite solution i s prepared by passing sulphur dioxide into a solution
of sodium carbonate , the sulphur dioxide be ing made by burning sulphur
in a small burner in a current of air .
Another reason for not attempting to recover the acetone from the last Volatility 0

stages of the dry ing of a nitro -glycerine powder i s that nitro -glycerine i s given Sfcgim'

o ff much more readily when the greater part of the acetone has been removed .

Fig . 71 shows how rapidly the vapour tension of the nitro -glycerine rise s when
the percentage of acetone i s very small .1 In the case of cordite the problem

1 M a rsha ll , Tra ns . Chem. Soc. 1906, 89, p . 1350 ; P roc. 19 13, p . 157.
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is complica ted b y the pre se nce of gun - co tton , and the vapour pre ssures of
mixtur es of gun -cotto n a nd ace to ne have no t been dete rmined . It is proba ble ,

howeve r . tha t in the freshl y pre ssed cords , co ntaining a fairly la rge pe rcenta ge
of ace to ne , a co ns iderab le proportion of i t i s di ssolved in the nitro -glyce rine ,

thus reducing the vapour pre s sur e of the latte r , but when the pe rcenta ge of
a ce to ne has bee n reduced to a small amount by drying , nea rly the whole of
i t is dissolved in the gun

-co tton , so t hat the nit ro -glycerine exerts nearly its
full vapour pre ssure . The resul t of thi s is that in the ea rly sta ges of the
drying t here is li t t le or no da nger of ni tro-glyce rine being deposited in the

pipes lea ding from the sto ve to the reco very house , but in the late r sta ges it
wil l b e depos i ted . Ca re must b e ta ken therefore in la ying the pipes that the
ni tro - gly ce rine will only accumula te in pla ce s from which it can b e drawn off .

At a ll the low es t points of the pipe -rim small draining tubes must b e provided
these can b e closed wi th rubbe r corks , so tha t the ni tro -glyce rine can b e drawn
off da ily in to a. rubbe r or gutta -pe rcha bottle or beaker .
Another danger that has to b e gua rded against is the communication of

fi re from one sto ve to another thr ough the pipe - lines . In Robertson and
Rintoul ’ s sy stem protec tion is afforded by the introduction of traps , in which
fine wire ga uze is in te rpo sed to prevent the fur ther travel of the flame . They
a re so arra nged tha t a ga s exp losion in the pipe will blow out a disc of thin
ma teria l and s o re lieve the pres sur e .

I t is not only in the pipe - lines that the explosibili ty of mixtures of vapour
and a ir has to b e guarded agains t, but wherever combustible and volatile
liqui ds a re used ; in the incorpo rating and pres s house s , sto ves , magazines
and so lven t s tore -house s , grea t ca re must b e ta ken tha t no flame or spark
ma y igni te a mixture of air and vapour . The following Table gives the
e xplosive limi ts for a number of vola tile li quids as dete rmined by Kub iers chky

1

Pe rcen ta ge s b y VONDZO Per ce n t . by

corre spond ing to
Lowe r L imit f ppe r Limit 1 pe r ce n t . by Vo l .

Pentane

1 Ang ., 1901 , p . 130.
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A sample of the guhr used at Ardeer in 1884 was analysed by Dupre(S .R. 61 )
i t was of pale red colour and passed entire ly through a 20 -mesh sieve ; i t
consisted of

Soluble s ili ca , oxide of iron
Ins olub le s ili ca , sa nd a nd gr it
Lo ss on ignit ion
M oistu re

100 -00

In consequence of the cessation of supplie s from Germany and Austria.
steps a re be ing taken to deve lop deposit s in Victoria and New South Vi

’

ales .
Those at Lillicur , north -west of Ballarat

,
a re said to b e suitable for the manu

factur e of dynamite .

1

Guhr is decidedly hygroscopic and cannot b e dried effectively except at a
high temperatur e it i s necessary to calc ine it at a low red hea t . The organic
matter i s thus destroyed also . Sometimes , however , the guh r is only charred ,

in which case a considerable percentage of carbonaceous matter will remain .

The guh r may b e mixed with someochre , mica , talc or barium sulphate w ith
out impairing its absorptive powers . Ochre gives the dynamite a uniform
red colour . Carbonate of ammonium ,

sodium , mag nesium or calcium is
added up to 2 per cent . of the finished explosive , in order to neutralize the

acid formed by the decomposition of the nitro -glycerine on storage . The

carbonate s of mag nesium and calcium a re best , as the others have a decom
posing action on the exp losive .

The carbonate and other addi tions should b e mixed very in timate ly with
the guhr , which i s th en passed through a 30 -mesh sieve to remove a ll fore ign
bodie s . The mate rial i s then weighed out i nto a lead , brass or copper - lined
box , or a rubber bag , and nitro -glycerine i s pour ed on in the proportion of
not more than 75 parts by weight to 25 of the absorbent . After standing for
a time the mate rial i s kneaded or mixed by hand in much the same way as
i s done w ith cordite paste . The mixture i s then conveyed to a cartridge
hut in which a re e rected two to four , but preferably only two , cartridge
machine s . Each of these consists of a brass plunger working vertically
through two sleeve s or guides (Fig . It is worked by means of a hand
lever, and is shod at the lower end with lignum vitae or ivory . Thi s lower
end works i n a thin brass tube of the same diamete r as the finished cartridge
i s to b e . The upper end of the tube forms the apex of an inverte d cone or
hopper of soft leather (not shown i n the illustration ) , having a capacity of
about a pound of dy nami te , the upper edges of thi s hopper being connected
by three or more cords to a boss higher up on the plunger . The plunger works
easily thr ough the guide s

,
so as to minimize the friction ,

and there i s a good
1 Chem. Trade Jou rn . , Ma y 13 , 19 16, p . 426.
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clearance between it and the tube . Sometimes it carries an inverted bell
to prevent the explosive working up into the lower guide . To work the

apparatus a girl wraps a paper cartridge wra pper round the outside of the

Dynam ite Ca rtridge
Ma ch ine .

tube ,
leaving sufficient paper at the bottom to

turn in and close the end . Holding this in
position with one hand she works the pump
handle with the other ; the effect of each up

ward stroke i s to jerk the soft leather hopper
by means of the cords , and cause the contained
dynamite to fall into the tube , whence i t i s
forced ‘ by the ensuing downward stroke into

the paper wrapper at the lower end
of thi s tube ; thi s i s repeated until
the cartridge i s of the required
length , when it i s removed , and the

upper end of the paper i s folded in .

The operation of making these cartridges i s
a dangerous one , and the greatest care should
b e taken to minimize the danger .1 There should
b e no nails in the machine ; the mouth of the
tube should b e beve lled and faced w ith leather
so fitted that an untrue plunger cannot strike
the edge of the tube the diameter of the body
of the plunger should b e less than that of i ts
working end ; and the tube should b e slightly
conical after the first short distance . On no
account should any attempt b e made to work
the explosive when it i s frozen , and work should
b e suspended altogether if the temperatur e inside
the hut i s below Only a small quantity
of explosive should b e allowed in the hut at one
time , the remainder being kept in a cupboard
outside . The huts should b e at least 40 yards
one from another , and surrounded wi th good
mounds .

The material thus made i s a plastic mass varying in colour from buff to
reddi sh brow n. Direct contact with water causes the nitro -glycerine to
separate from it ; therefore great care must b e exercised when using it in
w et places . It freeze s somewhat more readily than liquid nitro -glycerine .

W
'

hen ignited in small quantitie s i t simply burns away fiercely , but fatal
accidents have ari sen in considerable number from persons supposing that ,

1 See SJ ? 61 , Nos. 145 and 184.

Properties 0

Dynamite,
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as i t i s rea sonably sa fe to ignite a few ca rtridges of un frozen dynamite , it i s
equally safe to warm i t upon a shove l , in an oven . in a t in over a fi re , or in
various other ways , which usually lea d to a verdict of Accidenta l Dea th .

”

Frozen dynamite i s much more susceptible to explosion by simple i gni t ion ,

but it i s less sensitive to detonation , as also to a blow or friction under some
condi tions , but the annals of explosive s a re full of insta nce s of the fa ta l
unex pected exp losion of fr o zen nitr o -glycerine explosives , which had not
been treated w ith prope r respect . The density of dynamite i s stated to b e

1 -4 to but I have found it to b e about 162. If the re were no air spaces
in i t the density would b e 1 77. The temperature of ignition is given as

The following a re analyses ni ade b v Dupre in 190 1 of two samples from

Nitro -glyce r ine
Kie se l guhr
Ammonium ca rb ona te .

Othe r solub le ma t te r
M oi stu re

100 0 0 1000 0

Conta inin g sa nd , ca l cula ted on dynamite
Kies e lgu hr

Both samples were of a light brick red colour and gave heat te st s of over
thi rty minutes .
This mate rial i s called in Grea t Britain Dynamite No . 1 , or Kieselguhr

Dynamite ,
or simply Dynamite , and in Ge rmany the nomenclature i s much

the same ,
but in America it i s called Giant Powder , and the te rm dynamite

i s usually applied to a mixtur e of. nitro —glycerine , wood pulp and sodium
ni trate ,

which i s not authori zed in England at all . Dy namite No . 1 i s not
made very extensively now , as i t has been replaced by various gelatinized ni tro
glycerine mixtures , but. i t possesses the advantage that it i s more stable when
sto red at high temperatures , as the acid products of decomposition a re imme

dia te ly neutrali zed by the carbonate pre sent . I have examined dy nami te
that had been stored for a considerable numbe r of years at Aden , and could
find no signs of instability , wherea s a gelatini zed explosive under the same
conditions would have given a very low hea t te st .
Beside s infusorial ea rth other siliceous mate rials have been used for the

manufacture of dynamite in France , for instance , a mate rial called Ra nda nite ,

which is found in Auvergne , and has been formed by the wea thering of
fe ldspar . Berthelot proposed the use of a spec ial artificial sili ca . made by
decomposi ng silicon fluoride w ith wa te r and having a very high absorptive
power . Nobe l , in hi s patent specifications , mentioned a number of materi als

1 C ha l on,
p . 302 ; Venn in et C he snea u , p . 365.
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unde te rmined
,
but those in whi ch there was a considerable defici t have been

excluded from the above summary . The following a re two examples of
America n 40 per cent . dynamite s :

Stra igh t dynam ite H e rcu le s
Nit ro -gly ce rine 40

\Vood -pulp 1 1 -75

Sodium n itra te 47-25

Ca l c ium ca rbona te 1

M a gn es ium ca rbona te
Sod ium chloride
M oist ure

Hall and How e ll give the followi ng as th e composition of ty pical American
straight dynamite s ° 1

Strenrf th
25per 30 per

cen t .

0 25 30 35 40 45 50

Combust ible ma te ria l 2 9 18 17 16 15 14 14

Sod ium nitra te 0 56 52 48 44 40 35

Ca lc ium or ma g ne s ium ca rb ona te 1 l l 1 l 1 1

100 100 100

A similar exp losive is manufactur ed in South Africa under the name of
Ligdyn . The 40 per cent . grade has the composition

:

Nit ro -glyce r ine
“ b od -mea l
Sod ium n it ra t e
“ h ea t fl our

The cartri dge s a re made in the Quimau packing machine , which works on the
same principle as the hand machine shown in Fig . 72, but i t i s operated by
pow er

,
and make s thir teen to fi fteen cartridge s at one t ime . On January 3 ,

19 13 , the contents of one of these machine s exploded and killed nine persons
and in jured two o thers .
In America Ammonia Dynami tes a re also made , in which a large propor t ion

of the nitro -glyce rine i s replaced by ammonium ni t rate .

1 B urea u of M ine s , Bulletin No . 48 .

2 Consist ing of w ood -pulp
, fl our , and sul phur for grad e s be l ow 40 pe r cent w ood

pulp only for othe r grade s .



NITRO-GLYCERINE HIGH EXPLOSlVES 363

The following Table shows the compositions of typical ammonia dynamite s
of various grades 1

Streng th 30 pe r cent . 35 pe r cent . 40 pe r cent . 50 pe r cent . 60 pe r cent .

Nitro glycer ine
Ammonium nitra te .

Sod ium n itra te
Combu st ib le ma ter ia l 2
Ca lciiun ca rb ona te or z in c
oxide

An explosive of a . somewhat difierent type , which is also used extensive ly
in America

,
i s Judson Powder , which was patented in 1876 by E . Judson .

This i s made with percentage s of nitro -glycerine varying from 5 to 20 per
cent . Judson Powder E .R.P . has the composition '

Nitr o glycer ine
Sodium n itra te
Sulphur
Ca rme l coa l

Nitro glycerin e
Sulphur , coa l a nd res in
Sod ium n itra te

The sodium nitrate i s mixed with the combustibles and the mixture is heated
beyond the melting pomt of the sulphur and resin . The slightly porous mass
thus formed is coated with nitro -glycerine ,

which accelerates the explosion
of the mixture and so makes it considerably more violent .3 It i s really a
sort of crude gunpowder containing a little nitro —glycerine . It i s fired with
a priming cartridge of dynamite .

The great objection to these mixtures i s that sodium nitrate i s decidedly
deli quescent , and ammonium nitrate still more so even from a moderately
dry atmosphere they take up moisture and become li quid , and the solution
thus formed displaces the nitro -glycerine and causes it to exude ,

thus giv ing
rise to a very serious danger . For this reason such explosives have not been
authori zed in England . It i s noteworthy that for the work on the Panama
Canal

,
in which many millions of tons of dynami te have been used , the

Isthmian Canal Commission only accepted explosive s containing potassium

1 Ha ll a nd H owe ll , loo. cit.
2 Cons isting of wood -pulp , fl ou r , a nd sulphur .

3 Burea u of hiines , Bu lletin No . 48 , p . 6.
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nitrate and free from sodium nitrate ,
magnesium salts and other impuri tie s

whi ch would make the mate ri al hygroscopic . Two samples of Atlas Powder
used in the construction of the Panama Canal were analysed by Stillman and
had the composition :

The early demand for an ex plosive that w a s milder and slower than
Dynamite No . 1 was met in England by the manufacture of Dynamite No . 2

,

which was recommended for work in coal -mines and quarries . This consisted
of not more than 1 8 per cen t . of nitro -glycerine mixed with some 10 per cent .
of charcoal and 72 per cent . of saltpetre ,

and sometimes a little paraffin . It
was practically gunpowder in which nitro -glycerine had been substituted for
sulphur . Dynamite No . 3 was a more powerful ex plosive , and consiste d of
a mi xture of equal part s of kie selguhr dynamite and a mixtur e of sal tpetre
and “wood-meal .
In 1875 Nobel made a fur ther advance of the very first importance by

his di scovery that by di ssolving 7 or 8 per cent . of collodion cotton in nitro
glyceri ne it i s converted into a gelatinous solid . The di scovery arose from
the fact that Nobel had cut his finger and collodi on had been used to cover
the wound whilst the inventor was experimenting w ith nitro -glycerine some.
of it got mixed with the collodion . In th e followi ng year patents were grante d
in the principal industrial countries protecting the inven t ion , but it was some
years before the difficulties of manufacture had been overcome . In Great
Britain the manufactur e was licensed in 1878

,
and in 1 8 80 the manufacture

was commenced on a large scale in the Continental factori es of the Nobe l
Syndicate

,
but considerable diffi culty was found in fulfi lling th e requirements

of H .M. Inspectors of Explosives . The first products exuded ni tro -glycerin e ,

and manufacture w a s suspended for some years afte rwards , when thi s
difficulty had been overcome , the blasting gelatine s failed to pass the heat
test , and it was not unti l 1 8 87 that the manufacture was in full swi ng i nGreat
Bri tain . A great demand for the materi al sprang up at once in consequence
of i t s enormous pow er and convenient nature . For blast ing hard rock i t has
proved ve ry serviceable . e specially when ,

as in tumi elling , i t i s not necessa ry
to get the rock out in large pieces .
The collodion cotton i s thoroughly dried and reduced to a fine sta te of

divi sion . It should not conta in more than 1 per cent . of wate r . A we ighed
quantity is placed in a brass - lined box ,

and the requi si te quantity of nitro
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FI G . 75. Photogra phs of B la sting Ge la t ines

(From Report to Pa rliament of W . Aus tra lia by A. E . Mann )



FIG . 76. Photogra phs of Gel i gni tes

(From Report to Pa r l iamen t of W . Aus tra lia by A. E . M a nn )

FIG . 77. Photogra phs of South Africa n Geligni tes

(From Report to Pa rliamen t of W . Aus tra lia. by A. E. Mann )
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blasting gelatine has been manufactured w hich i s less liable e ither to become
insensitive or on the other hand to exude .

1

Blasting gelatine may b e made into cartridges in the machine shown in
Fig . 72,

or the sau sage machine illustrated in Fig . 74 may b e used for this
and other gela t inous explosives that a re not too stiff . The gelatine i s fed in
through the hopper , b , whil st the handle is turned . The Archimedean screw
forces the material forward and out of the nozzle , the diameter of w hich
corresponds w ith the si ze of cartridge to b e produced . It i s necessary that
the jelly should b e w arm during this operation , a s otherwise i t breaks up .

The followi ng is the approximate output of cartridges of gelignite ,
gelatine

dynami te or blasting gelatine in a day of hours by a gang of four
girls , one working the cartridge machine and the other three rolling car
tridges

Size o f ca rtridge

a re .

5 2 .

15 4 .

There a re groove s inside the body to prevent the material rotating . In all
machine s used for w orking these substa nces i t i s e ssential that only bronze
or other suitable alloy b e used , and all bearings must b e so arranged that
the nitro -glycerine cannot get in to them . “

7

hen the nitro -glycerine i s hot
i t i s decidedly more sensitive than when cold .

The boxe s for conveying the mixture of nitro -glycerine and collodion cotton
a re usually made of wood lined wi th copper , brass , lead or rubber , or of heavy
copper tinned inside and provided with rubber rims . They should b e so
constructed as to prevent , as far as possible ,

those surfaces which a re liable
to have explosive on them from coming in conta ct with one another , or with
the supports on the bogie on which they a re carri ed . The boxes should b e
cleaned thoroughly at frequent intervals . An explosion that occurred at
Arklow on August 4

, 19 1 1
,
i s ascribed to the neglect of these precau

tions .2

Afte r manufacture blasting gelatine continues to stiffen for a considerable
time and , unfortunately , as it gets stiffer it becomes less sensitive to detonation ,
so that old blasting gelatine may give a missfi re . Thus Soddy found that
gelatine s which gave results of 570 to 600 c .c . in the lead block when first
te sted , after keeping for a year gave only 340 to 420 c .c . when fired with a
No . 6 detonator , but gave normal results again when a No . 7 detonator was
used .

3 Indeed , i t i s not easy to produce a collodion cotton which has the

1 J . Soc. Chem. I nd . , 19 14,
p . 337.

2 S .R.,
No . 20 1.

3 A . a nd E ., 19 12, p . 22.
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The follow ing Table shows typical compositions for the se three standard
gelatinized exp losives

B la st ing Ge la t ine

The wood meal used fo r the manufacture of these explosive s should not b e
too fine ,

otherwise there i s difficulty in obtaining complete detonation . In
some factories it is only sifted through a mesh of eight holes to the linear
inch

,
but in other factories i t i s finer . Apparently the air vesicle s in the

coarse meal assist the detonation , and at the same time reduce the density
of the explosive . The saltpetre and other ingredients , i f any , a re ground
more fine ly ,

to pass a 50 or 100-mesh sieve . The mixture should contain
sufficient oxygen to convert the whole of the carbon present into carbon
dioxide ,

so that none of the poisonous carbon monoxide shall b e formed to

W rappers.
foul the air in mines . It has been shown by Mann (Report to the W estern
Australian Parliament , 19 1 1 ) that if the paper wrappings on the cartridges
a re removed very little carbon monoxide i s formed not more than 2 per cent .
of the carbon i s converted into this gas , but with thewrappers on from 7 to 14

per cent . i s formed . In Great Britain wrappers of parchment paper a re used ,
but on the Continent and in America they a re often of pa ra ffi ned paper . A wrap
ping of metal foi l would have far less reducing action , but the finely divided
metallic oxide would itself have a poisonous action . Impregnation of the paper
with nitrates or similar means would make the cartridges considerably more
inflammable . For the avoidance of this danger of poisoning with carbon mon
oxide the most e ffective means i s undoubtedly efficient ventilation of the mine s .

Forty per cent Dynamite No . 4 or 40 per cent . dynamite i s a somewha t similar mixture
dynamite.

i t conta ins not more than 395 per cent . of nitro —glycerine gelatini zed wi th
not less than 07 5 per cent . of nitro - cotton and mixed with sodium nitrate
and not le ss than 165 per cent . of dry wood -meal and a little magnesium
carbonate . It is sometimes sold under the name of “ Farmer ’ s Dynamite ”

for b reaking up sub - soil , making holes for trees and other agricultural pur
pose s , for which an inexpensive explosive i s required . It differs from the

ordinary American 40 per cent . dynamite in that the nitro -glycerine i s gelatin



NITRO -GLYCERINE HIGH EXPLOSIVES 371

ized and a larger proportion of wood-meal i s used the danger of exudation
is thus greatly reduced .

these explosive s a re called gelatins or gelatin dynamites ; American
1 they generally have compositions approximating

35 per 40 pe r 50 pe r 55 pe r 60 pe r 70 pe r

cent . cent . cen t . cent . cent . cent .
streng th strength streng th streng th strength streng th streng th

Nitro -glycer ine
Nitro -ce l lu lose
Sod ium n itra te
Combu st ib le ma ter ia l 2
Ca l c ium ca rb ona te

100 -0 100 0 100 -0 1000 1000 1000

A sample of 40 per cent . ge latine dynamite analy sed by Cope was found
to contain

Nitro -glycer ine
Nitr o -ce l lulose
Sodium n itra te
W’ood -mea l
Su lphu r
Zin c oxide
M oistur e

100 -00

To prevent the formation of poisonous gaseous products of explosion Munroe
and Hall advise the omission of the sulphur .3 They recommend the follow
ing as a we ll balanced formula °

Nitro glycer ine
Nit ro -ce l lulose
Sod ium n it ra to
Flour
C a l c ium ca rb ona te

1 Burea u of M i nes , Bu lletin 48 .

2 “ b od -pulp is used in 60 a nd i n 70 per cent . strength ge la tine dyn amite . Sulphu r ,
flour , wood -pulp

,
a nd some time s resin a re u sed i n othe r gra de s . Some ma nufa cture rs

repla ce a sma l l pe rcenta ge of the n itro -glyceri ne in the se gra de s w ith a n equa l amoun t
of ammon ium n it ra te . This repla cemen t

,
however , off e rs l it t le , i f a ny ,

a dva nta ge othe r
tha n reducing the cost of ma nufa cture .

3 Burea u of M ine s , Bu lletin No . 80 , p. 27.
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The name Fo rcite is also employed some t ime s for ordinary ge lignite s
conta ining po ta ss ium or sodium nitra te and wood -meal , bu t somet ime s also
for mixtures in va rious proport ions of a thin blasting gelatine wi th an
absorben t ha ving the composi ti on :

In Be lgium Fo rcites were manufactured at Bae len sur Nethe , having the
followin g compo siti ons :

They a re also made with corresponding pe rcenta ges of po ta ssium ni t rate .

In France explosive s con ta ining ni t ro -gly cerine a re excep ted from the Sta te
monopoly a large numbe r of different compo s i t ion s have been au thorized for
manufac ture in the priva te works . The follow ing a re some example s (Chalon )

1

Dynam i te -

gc-mme Gela t ine

Ge l igni te
So ude A

92— 93 82— 83 82— 83 64 5

6- 5 6— 5 3 I

v

m
l

0
1

C)
!

Pota ss i um ni t ra te

Any of the nit ro -gly ce rine explosive s can b e made wi th low- free zing ni t ro
glyce rine (see Chap te r XVI ) . The me thods of incorporat ing the explosive s
a re the same as if ordina ry ni t ro -

glyce zine were used . In Eng land , where

1 Vennin et Chesnea u , p . 369 . See a lso Cha l on , p . 295. For simila r e xplos ives made
in Sw it zer lan d see B . Zschokke , S .S. , 1909 ,

pp. 143, 144.
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The use of these low- free zing ni tro -glyce rine explosives diminishes the
da nger of solidification , but doe s not overcome i t entire ly . If the weather
b e very cold it is still nece ssa ry th ere fore to make use of thaw -house s and
warming-pans to prevent acc ident .
The re a re a number of explosive s made which co ns ist practically of gelignite

in which part of the pota ssium nitrate has been repla ced by ammonium
oxa la te , or a compound conta ining much wate r of crystalli zation such
as ma gnes ium su lphate , so as to slow down the explosion and reduce
the temperature of the flame . These a re mostly used for blasting coal . The

mos t la rgely used of a ll the Permitted Exp losive s in Grea t Brita in w as

a t one time Saxonite , made by Nobe l
’ s Ex plosives Co . The consumption

in 1907 under the Coal —Mine s Regulation Act was lb . But in 1909
it fa iled when te—te sted in the te sting gallery and was removed from the lis t .
It was promptly replaced by Samsonite ,

in which the limi ts of composition
a re considera bly narrower , and of which lb . were used in 1910 .

Saxoni te i s still u sed however , where pe rmi tted e xplosives a re not compulsory ,
and in 19 1 1 the consumption wa s lb .

Sa x onit

Nitr o-glycerine
Nitr o -cotto n

“ b od -mea l

Ammonium oxa la te

W hils t the li
'

oolwi ch Test was in force a number of other explosives very
simila r to Samsonite were on the Permitted List : Ar kite , Rippite , Stowite ,

Co rnish Powder , Sw a lite , amongst others .
To pas s the more severe Rotherha m Test i t ha s been found necessary

to reduce the pe rcenta ge of nitro -glycerine and increa se the amount of nitrate
and oxala te . The following a re on the Pe rmitted List 1

Ark i te , No . 2 Du x ite

32 32

l l

27

Amm onium oxa la te
M ois ture
M a ximum cha rge , oz .
Pow e r (sw in g of b a l. pend . )

1 In the Er ploeiree in Cool M inee Orde rs the limi ts of compo s it ion a re pu bl ished .

He re only the a pprox ima te means a re sta ted , the wood -mea l , e tc . , be in g given in the

na tura l dry sta te wi th a bo u t 10 per cent . of its w e i gh t of mo is ture .
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The following have passed the Belgian test and a re on the list of explosifs

G risou tite

Nitro -glycerine
Ce l lul ose
Sod ium su lpha te
M a g ne s ium sulpha te

Cha rge l imite
Equ iva lent , dynamite No. 1

There i s also GrisoutineII , which is practically the same as Dynamite Anti
grisouteuse V .

One of th e earliest and most successful safety explosives was Carbonite , Carb onite
which was made by Bichel and Schmidt first about 1885, and after under
going some modifications gave satisfactory results at the Neunkirchen test
ing station in 1887. It consists of nitro - glycerine , about 25 per cent . ,
absorbed in wood -meal and mixed with nitrates . The proportion of wood
meal i s so high that a large proportion of the carbon i s only oxidi zed to
monoxide

The composition has been varied by the substitution of other nitrates for
those mentioned

,
and of rye starch and other carbo -hydrates for wood -meal .

The composition has been imitated by many other manufacturers . The

following a re some of the explosives of this type that passed the W oolw i ch
test :

Ca rboni te Tu to l Ko la x

Nitro -glycer ine
Pota ss ium n itra te
Ba rium n it ra te
“ b od -mea l
Sta rch
Sulphure tt ed ben zene
Ca l c ium ca rbona te
Sod ium ca rbona te
Sod ium b ica rbona te
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There a re a number of explosive s of thi s type on the Belgian list o f
explosifs

Nit ro -glyce rin e
Pota ss ium ni t ra te Sod ium nit ra te
Ba rium n it ra te Dinit ro -t oluene
Flour 39 -5 Ammonimn sulpha te
Ta n -mea l Ce llu l o se
Soda 0 -5 “ b od -mea l

Cha rge limite Cha rge limi te
Equiva lent Eq uiva len t

Minerite and Colimi te antigrisouteuse have the same composition as Kohlen
carbonite ,

and Securopho re III only differs from it in having 1 per cent . wood
meal instea d of tan -meal : it s “ charge limite i s 850 grams , equivalent to
548 grams Dy nami te No . 1 . Inge

'

lite i s identical wi th Antigel de surete
'

.

To pass th e Rotherham te st i t. has been foun d nece ssary to add a coo ling
agent such as ammonium oxalate :

Supe r-Ko la ) :

Camb r ite

Nit ro -glyce rine .

C oll od ion cot t on
Pota s sium nit ra t e
Ba rium n it ra te

Sta rch
Ammonium oxa la te
Ca l c ium ca rbona te

M a ximum cha rge , oz .
Pow e r (sw in g of b a l. pendulum , in che s )

Some ammonium ni trate exp losives also have a small percenta ge of nitro
glycerine added to render them le ss insensitive , and to make i t possible to com
pre ss them to a higher density w i thout making them too di ffi cult to deto na te .

The se a re dealt with in Chapter XXVI I . The pota ssium pe rchlorate e x

plosive s dealt with in Chapter XXVI also generally contain nitro -glycerine .
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sudden inte nse heat it explode s ; he devi sed th e following experiment : A
glass tube 25 to 33 mm . in diamete r , closed at one end , i s supported in a nea rly
vertical posi t ion , and hea te d in the flame of a large gas -burner , until the
lower part has atta ined a perceptible red heat . A glass rod i s dr awn out to
th e thickness of a coarse threa d , then introduced into a quantity of pure
pota ss ium chlorate ,

which has been melted in a porcelain crucible ,
withdrawn

and allowed to cool until the salt begins to solidify . The operation is repeated
several times until a few decigrammes of solidified salt a re accumulated in the
form of an oval lump on the end of the glass thread . “h en the glass tube
i s qui te red , the glass rod i s introduced un til the potassium chlorate i s with in
about 10 mm . of the bottom , care being taken that it does not touch the tube
anywhere . Afte r a short time the chlorate melt s and falls , drop by drop ,

on
to the red -hot bottom of the tube . Each drop explodes at the insta nt that
it comes in contact with the glass , producing a very distinc t sound and a
cloud of whi te smoke .

‘Dupre 1 showed th at hea t alone suffices to explode the chlorate , if i t b e
applied wi th sufficien t suddenness . A bead of pota ssium chlorate , supported
in a loop of thin platinum w ire , can b e made to ex plode by heating it rapidly
e i ther in a gas flame or by means of an electric cur rent .
Since the St . Helens di saste r there have been several other instances in

which considerable quantities of pota ssium chlorate have exploded in the

course of conflagra tions . On July 27, 1908 , an explosion of thi s sort occurred
on the premise s of a carrying company in Manche ste r 2 and on July 21

,
19 10 ,

ano th er at the match -w orks of Messrs . Bryant and May , at Seaforth , near
Liverpool .3 In 19 12 an explosion took place dur ing repairs to a diy ing
machine fi v e men being killed .

‘1 Although potassium chlorate i s not classified
officially a s an explosive , yet where large quantities a re stored they should b e
kept in an uninfl amma b le building , separate from all combustible materi als .

The in te nse inflammabili ty of wood and oth er organic matte r , when
impregnate d w i th chlora te ,

should b e borne in mind . The exp losibility
of chlorate i s caused by the fact that heat i s liberated when it decom
pose s into potass ium chloride and oxygen . It doe s not explode with great
violence .

Chlorate ex plosives may b e rendered reasonably safe by adopting the

device of Sprengel and i ssuing the chlorate separate ly from the combustible
matte r . The pota ssium chlorate i s made up into porous cartridges , and a
liquid combustible i s u sed ; the former i s dipped into the latte r jus t before
use . These explosive s a re not allowed i nGreat Britain , as thi s dipping opera
t ion is considered t o const itute a proce ss of manufacture ,

and consequently
may only b e carried out in a duly licensed factory .

1 J . Soc . Chem. I nd . , 1902, p . 2] 2 S .R. ,
185.

3 19 10 , p . 41. 4 A .R. , 19 13, p . 39 .
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A Sprengel explosive i s made in France under the name of Explosif O3 Prométhée
I I 0 0 0 0 or

or Promethee ei ther the oxygen carrier or the comb ustlb le can b e varied

Pota ss ium chl ora te .

M a nga ne se d ioxide }Oxygen ca rr ier 92 10 87 per cent .

Combust ib le 8 t o 13

Any combination of a , b or c with 1 or 2 can b e used. The explosive i s sold
at the price of Fr . 3 per kg . The amount of liquid combustible taken up by
the solid oxygen carrier may vary from 8 to 13 per cent . This irregularity
i s a serious defect and may cause incomplete detonation .

1

There i s also a factory for Prometheus explosive at Sant . Eusebio , near
Genoa , in Italy , where a severe explosion took place on May 10 , 1909 , killi ng
the manager , head foreman , a customs officer and e ight wo rkmen j and injuring
three others .2

Rack - a -rock , which has been used very e xtensively in America , Siberia ,
and China

,
consists of cartridges of chlorate of potash , which a re dipped just

before use into a combustible oil . For this purpose ni tro -benzene i s used , or
dead oil ,

” which consi sts chiefly of hydrocarbons from coal tar , or a mixture
of the two . The chlorate cartridges a re enclosed in small bags of cotton :

before use these a re placed in a wire basket suspended from a spring balance
and dipped into a pai l containing the liquid , until a quarter to a third of the
weight of the chlorate has been taken up . The chlorate sometimes contains
an addition of a few per cent . of iron oxide . Considerable quantities of Rack
a —rock were i n store at Port Arthur and Dalny at the commencement of the
Russo -Japanese W a r , and were used in the early operations .3

Prométhée i s similarly issued in the form of compressed cartridges , and
the French Government has refused to make i t i n the form of grains , as the
danger of ignition by friction during manufacture and use would b e greatly
increased .

‘1 The Government has also refused to issue i t ready impregnated
with the combustible ,

as it would then possess no advantage over Cheddite .

6

1 Ven ni n et C hesnea u , p . 350.

2 A.R. ,
1909 , p . 35.

3 S .S .,
1908 , p . 19 .

1 P . et S . , vol . xv . ,
19 10 , p . 130 .

5 P . ci S ., vol . xv ., p . 148 .

Rack-a-roc
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An explosive of this sort has , however , been introduced recently in Germany
in order t o economize nitrate s dur ing the war .1

If a charge of Sprenge l ex plo siv e b e fired with a primer of black powder ,
it should b e so made up that admixture i s impossible : a compressed pellet
of black powder wrapped in impe rmeable paper may b e used for instance .

The primer of black powder should b e not less than 10 per cent . of the weight.
of the charge w ith a minimum of 25 g . (say 1

It was dis covered b y E . A . G . Street , of the firm of Bergés , Corbin et Cie ,

that the dangerous sensi t iveness of chlorate mixtures could b e reduced by
coating the chlorate wi th an oily mate ri al , such as castor-oil thickened by
having a nitro -hydr o - carbon di ssolved in it.

2 Ex plosive s made on thi s p
ciple have been examined from time to time by the French Commission des
Poudres et Sa lpétres , and th e manufacture of several has been undertaken
by the Sta te .

3 They a re called Cheddi te s from Chedde , th e place in Hau te
Savoie ,

where the above - named firm manufactures chlorate s by electrolytic
methods . I t has b een fou nd necessa ry to keep the proportions of the various
constituents within certa in limit s in order to produce an explosive that shall
possess the right degree of sensitiveness and shall not b e liable to exude oil .
It was also found that th e velocity of detonation of Cheddite varies consider
ably w i th the density to which it i s compressed : with i ncrease of density
th e ve locity of deto nation rises until i t reaches a maximum and then fall s
rapidly . Thi s fall i s due to the fact that the explosive becomes very insensitive
to deto nation when the density exceeds a certain critical value , and thi s
difficul ty can only b e overcome to a slight extent by the use of a stronger
deto nato r . Some of the ea rlier preparations were fou nd to increase in density
on keeping and consequent ly to diminish in sensitiveness , but thi s was traced
to the use of dinitro -t-oluene which had been insufficiently pur ified .

4 The

ni tro -body should not mel t below 60
°

else th ere i s danger of exudation .

5

The explosive s a re easi ly compressed ,
and therefore there i s danger of dimin

ishing the sensitivene ss too much if charge s a re rammed hard in the bore
hole .

Various attempts have been made to produce a satisfactory Cheddite in
which th e potassium chlorate i s replaced by the cheaper sodium salt , which
conta in s a larger percentage of oxygen ,

but the mixtur e s first made were
found to b e too insensi t ive ,

when the density exceeded quite a moderate
amount , and very compressible . Moreover

,
sodium chlorate i s very hygro

scopic , and when ground gives ri se to a great deal of dust , which make s the

1 S .S . , 19 15, pp . 55,
56.

2 Eng . Pa t . a nd of 1897 ; G e r . Pa t . of 1897.

3 P . e! S . , vol . xi. , p . 22 ; vol . xii . . p . 122, 130 ; vol . xi ii , pp . 29 , 144, 282 ; vol
xi v . , p . 33 ; vol . xv . , pp . 212, 247.

1 P . ci S . , vol . p . 33.
5 P . ct S . , vol . x iii . , p . 144.
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dite 41 i s a slow mild explosive , which splits rocks rather th an shatters them .

Cheddi te 60 i s more violent , and the Sodium Clorato Cheddi te , 0 5,
still more

so . The ve loci ty of detonation of Cheddi te 60 was measured by Lheure 1

and found to b e 3175 me t res per sec .
, about half of th at of picric acid , blasting

ge latine ,
and oth er very high explosive s , and that of 0 2 2750 metres per

sec
?

Many o th er mixture s on the same principle as cheddite have been tri ed
in France and e lsewhere such as 0 4 , a mixture of 90 parts pota ssium chlorate
and 10 pa ra fli n wax .

3 Séb omite containing tallow and dinitro -benzene or
ni t ro -to luene ‘ 0 6 or minélite containing heavy petroleum ,

mineral jelly and
paraffin wax .

'

Stee lite consists essentially of pota ssium chlorate , the particle s of which
a re enve loped in oxidi zed resin , which is made as follows 9 parts of ground
colophony a re mix ed w ith 1 part of starch , and to this mixture ni tric acid
of 14 ] spec ific gravi ty (67-5 per cent . HNOa) i s added at th e ordinary tempera
tu re ,

wi thout the addition of any sulp lnui c acid . A n oxidi zed yellow amor
phons mass is thus formed

,
which floats on the top of the acid . Thi s i s broken

up
,
washed wi th wate r , dr ied at a moderate temperature , and ground up .

I t i s not explosive w i thout the addition of chlorate , and only burns with
diffi culty . I t i s mixed with the ground chlorate and other constituents in
a dr um wi th lignum vi tae balls . The mixture i s spread on a zinc sheet in
quantities of 1 to 5 kg . and spri nkled with methyl-alcohol , whilst it i s raked
about , so that a paste or dough may not b e formed . It is kept i ngentle motion
wi th a wooden tool until it i s dry .

Several samples of Steelite were examined by the French Commission
des Substance s Explosives , but it was decided not to undertake its
manufacture on the ground that i t possessed no advanta ges over
Cheddite ,

than which it was more sensitive and less dense .

6 Colliery
Stee lite conta ining

‘

a small percenta ge of caste r-oil passed the W oolwich
te st for s afety explosives and was formerly on the English “ permitted
list .
In Ge rmany thi s explosive i s called Silesia unoxidi zed resin is

apparently used in it sometimes , and to make i t pass th e Continental
te st s for sa fe ty explosives a c ons iderable proportion of sodium chlori de
i s added . The follow ing a re some of the compositions that have been
made

1 P . cl S . , vol . x ii . , p . 1 17.

2 Verm in et Chesnea u , p . 359 .

3 Sec P . cl S . , vol . xv . pp . 212, 247, a ls o l st ed . of t his work , p . 298 , a nd Vennin et

C he snea u , p . 359 .

4 P .

O

ct S . , vol . xi ii . , p . 280 , a nd vol . xv . , p . 136.

5 P . ct S . , vol . xv . , p . 212 ; Vermin et Che snea u ,
9 P . ct S . , vol . xv . ,

p . 18 1
,
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Co l l ie ry Ste elite No . 3 No . 5 Si le sia I v 22

Pota ssium Chlora te
O xid i zed re s i n
Ca st or -oi l
Alumin ium
Sodium ch loride .

M oisture

The Silesia explosive has a large excess of chlorate , and the gases produced
contain 142 per cent of free oxygen .

1

In Austria a chlorate exp losive called Chlora tit ha s been sanctioned for
use i n coal mines during th e war ? It give s rise to bad fumes and i s hygro
scopic .
Chlorate s should never b e mixed with ammonium salts

,
as ammonium

chlorate w ould b e formed , and thi s i s liable to explode spontaneously . Mi x
tures with picric acid or trinitro - cresol also should not b e made ,

as they a re

very sensitive .

POTASSIUM PERCHLORATE EXPLOSIVES

The perchl orate s possess the advantage over the chlorates , that they
a re more stable and less sensitive , although th ey contain a larger pro
portion of oxygen . Consequently explosives containing perchlorates do
not require to have each particle encased in fatty matter , as is the

case w ith chlorate explosives . Since the introduction of electrolytic
methods of manufa ctuiing perchl orates , these explosives have been used
exte nsively . A certain amount is obtained as a b y -product in w orking up
Chili nitrate : 55 tons of potassium pe rchlorate were exported from Ch ile in
19 14.

Exp losives containing potassium perchlorate and ammonium nitrate
together with trinitro - toluene ,

starchy matter and wood -meal , a re made by
the Sprengstoff-A.

-G . Ca rb onit under the name of Permonite .

”
One of

these compositions was formerly on the Engli sh “ permitted list ,
” and another

i s on the Belgian li st of Explosifs S.G .P . Gesteins -Permonit i s used i npotash
and o re mine s . The following a re the compositions , together w i th other
particulars as stated by the makers '

1 See E sca les , Chlo ra tsp rengstofle, 19 10 , p . 143 ,

2 S .S .
,
19 15, p. 294,

Permonite.



Polarite,

Pe rmo nit I Pe rm niteor Ge ste ins 0

(Pe rmitted L is t )

Pota s s ium pe rchlora te 31 — 34

1 1 — 13

15

0 2-5

0 c c 0
Ve l oc it y of detona t ion
Sens it ivenes s , 2 kg . we i ght 20 cm .

10 kg .

The cha rge limite of Permonite S.G .P . is 900 g . , equiva len t to a bout 570 g. of
d yn am ite No . 1 .

The j e lly i s a mixture of 1 part glycerine and 3 5 parts gelatine the

influence te st consis t s in a scerta ining the di stance over which deto na tion is
conveyed from one 30 cm . ca rtridge to another lying on the ground . Another
Ge rman explosive simila r to Permonit , but not so powerful , i s IVette r -Persa lit.

Another very similar explosive made in Germany i s Alka lsit . Pola rite ,

a non - free zing explosive of high power , i s used in England as a substitute
for Ge ligni te .

Severa l explosive s conta ining pota ssium pe rchlorate have passed the

Ro therham te st . and a re on the Engli sh Permitted Li st . They differ from the

Permonite s in that th ey contain a larger proportion of nitro -glycerine and
wood -mea l , and the ammonium nit-rate has been repla ced b y oxalate , so that
the y a re not hygroscopic . The re sult i s that instead of an excess of available
oxygen they con ta in a slight defici t .
The general method of manufac turing the se explosive s i s as follows The

oxa la te , pe rchlorate and wood -meal a re a ll sifted and placed in a pan and
mixed toge ther roughly by hand . The ni tro -glycerine ,

which has been par
tia lly ge la t inized wi th the collodi on co t-to n the day be fore ,

i s poured on top ,

the la s t port ion of j elly be ing wi ped out w i th some wood -mea l which has been
kep t bac k for t hi s purpose . The composition i s then incorporated in a gela tine
incorpo rator for a bout an hour at a tempe rature not higher than
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No . I bur ns “ i th dangerous rapidi ty when ignited , but II i s quite sa fe in
thi s re spect . Fabrics M pregna ted wi th ammonium pe rchlorate a re more
inflammable than when potassium chlorate i s used , but not so much so a s
wi th sodium chlorate . Ammonium pe rchlorate i s a mild explosive by it se lf ,

2000 050

0
o 02 0] 05 03 1 00 no 120 130 LSD A

F10 . 78 . Det ona t ion of Ammonimn Perchlora te Chedd ite a t Difl
’

erent Densi t ie s

but i s only exp loded w ith diffi cul ty and i ncomplete ly at ordinary tempe ra
ture s i t i s sta ble , but at 150

° decomposition sets in afte r a time and proceeds
according to the equation NH .CIO. C1 O N 2H 20 (gaseous )

cal . The reaction i s appa rently a uto - cata lytic .

1 It i s very importa nt
that ammonium perchlorate b e kept. quite separa te from the chlorate s of
sodium and pota ssium , as dangerous double decompositions a re liable to

1 Sec Gira rd and La roche , Mon-item sciemifique , April , 1909 ; S .S . , 19 10 ,
p . 134.
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occur . Ammonium perchlorate has about the same degree of sensitiveness
to impact as picric acid : a 5 kg . weight falling 50 e m. causes explosion
sometimes . As in the case of other Cheddites the velocity of detonation
rises w ith increase of density to a maximum , after which it falls in consequence
of the diminution of the sensitiveness to detonation . This i s clearly shown
by the curves in Fig . 70 , which gives the velocitie s of detonation and the
weights of fulminate required to detonate explosive I , when loaded into
cartridges at different densities .
A number of explosive s of this type were made i n Belgium under the Yonckite.

name of Yonckites . One of these No . 10 bis i s on the Belgian list of Explosives
No . 13 i s of a more brisant type

Ammon ium p er chl ora te
Ammon ium n itra te
Sod ium n itra te
Ba r ium n itra te
Tr in itro -t ol uene
Sod ium ch loride

The charge limite of 10 bi s i s 900 g .
, equivalent to 540 g . dynamite No . 1 .

To make these explosives the perchlorate and nitrates of sodium and barium
a re milled together , as also a re the ammonium nitrate and trinitro -toluene .

The two mixtures a re then incorporated together in a Pfleiderer machine .

These explosives were examined by the French Commission des substances
explosives , but it was decided that they possessed no marked advantage oVer

the Cheddites .1

An exp losive which is now being used extensively i s Bla stine , in which Blastine.
ammonium perchlorate and sodium nitrate a re mixed with the combustible
matters , dinitro - toluene and paraffi n wax .

1 P . et S ., vol . xv ii , p . 170 ; Venn in ct Chesneau , p . 362.
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Manufacture.
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Grisounites.

CHAPTER XXVI I

AMMONIUM NITRATE EXPLOSIVES

Fa v ier e xplosive s : G risounite s : Ammona l s : Sa bulite G ris out ine

ATTENTION was first drawn promi nently to the use of ammonium ni trate as
a constituent of explosive s in consequence of the numerous exp losions of coal
damp and dust in mines . The low temperatur e of ex plosion of mixtures
containing large proportions of ammonium ni trate indicated its use for this
purpose . Ammonium nitrate explosives a re used now very extensively , not
only in coal mi ne s

,
but also for general blasting work , and the introduction

of synthetic methods for the manufacture of ammonia and nitric acid i s likely
to lead to further developments in this di rection . In 1884 and 1885 Favier
took out patents for mixture s of ammonium nitrate w ith mononitro -naphtha
lene ,

paraffi n and resin .

1 The manufacture w a s soon afterw ards underta ken
by the French Government and is still conti nued under the name of Ex plosifs
N , or Exp losifs Favier , or Poudres de sfi reté .

The ammonium nitrate i s first dried and then ground in a mill , the pan
of which i s heated by ste am or hot wate r . The nitro -naphthalene i s then
added

,
and the incorporation i s carried on for an hour or two in a warm dry

room . The mass i s then allowed to cool and is ground to a powder , afte r whi ch
it i s loaded into cartridges .2 In some cases the cartridges a re formed under
considerable pressure , but in that case i t i s necessary to remove the core and
introduce a primer of the powdered exp losive . because if the density b e to o
high , the exp losive i s very diffi cult to detonate . In other case s the cartridge s
a re formed under a moderate pre ssure only , such as that produced by an

Archimedean screw working against a slight resistance . The cartridges a re
conta ined i n wrappers of meta l - foil or paper rendered w ate rproof by dipping
in a bath of paraffin -wax . Accordi ng to the German regulations for the
manufacture of ammonium ni trate exp losive s the temperatur e of the w a x

bath must not exceed 100° C . W ate rproofing i s absolute ly necessa ry be cause
ammonium nitrate i s extremely hygroscopic .

The composition of the Favier explosive s made in France has been varied

1 Ge r . Pa t . of Ma y 27, 1884 ; Eng . Pa t . 2139 of Februa ry 16, 1885.

2 See a lso P . et S ., vol . iv . , p . 159 .
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In order to pass the Rotherham te st , in whi ch the exp losive i s fir ed w i thout
stemming into the gas mixt ure , the compositions have had to b e modified
somewhat

In Belgium the followi ng a re on the li st of Exp losifs S.G .P

Poudr e
Densite Fa vie r Dens ite bla nche Fa v ie r

te rite
4 3 b is 3 Cornil 2 b is

1 b is

Ammoniu m nit ra te
Po tas s ium ni tra te
Sodium ni tra te
Pota ssium pe rm a nga na te
Lead c hroma te
Tr in it ro -toluene
Trinit ro -na ph tha lene
Dini tro -na pht ha lene
Flour
Ammoni um oxa la te

Amm onium ch l oride .

Ba riu m ca rb ona te

C ha rge lim ite g .

Equi va len t , Dyui . No .
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The following a re the results given by some German safety explosive s
tested at the Gelsenkirchen testing station :

1

Ammonium n itra te
Pota ss ium n itra te
Pota ss ium perma nga na te
Din itro -ben zene
Din itro -t oluene
Trin itro -t oluene
W oed -mea l
F lour
Fenne l
Ammonium chl oride
Sod ium chl oride
M a gne s ite
Copper oxa la te

L imit ch a rge , g .
Tr anzl te st , c .c .

Roburit

Other German Favier explosives a re :

Dahmenit

Annn onium n itra te
Pota ss ium n itra te
Pota ss ium b ichroma te
G un -cot ton
Tr in itro -t oluene
Pa ra ffi n oi l
Rye flour
Na ph tha lene
Cha rcoa l
Sod ium ch loride

L imi t cha rge , g .
Tra u zl test , c .c .

1 S .S . ,

D o rfi t

1907, p . 13.

AI I I

W e tte r
Aldo rfi t Fu lmemt

Fulmenit
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Of the se Aldorfi t and Fulmenit a re not in tended for use in dangerous coal
mine s . Dorfi t and W ette r-Fulmenit differ fr om them in containing consider
able percen ta ges of sodium chloride which reduces the temperature of explosion .

Mona chit conta ins crude trinitro - xy lene made by nitrating a fraction of
benzol . The ni tro -product may b e solid or liquid , but must not conta in more
than 60 per cent . of t rinitro -bodie s

Monach it l Mona eh it I Id
Ammonium ni tra te 8 1 64

Pota ss ium nit ra te 5
3

Sod ium n itra te
Trini tr o -xylene 12

Coll odion cott on 1

Flour
Cha r c oa l
Alka li chloride

Mona chi t I Id has a limit charge of more than 500 grammes . ‘

Under the name of Ra schit , Raschig has recently introduced a numbe r of
explosives conta ining ammonium nitrate and highly soluble organi c substa nces
such as ammonium mononitro - cresol- sulphonate , sodium cresol- sulphonate ,

or the residue obtained in the manufacture of wood ce llulose . The incor

pora tion i s carried out by di ssolving the constituents in water and evaporating
the solution rapidly on a rota ting steam -hea ted drum .

A n ammonium nitrate explosive manufactured in Denmark under the
name of Aerolit has the composition :

Ammonium nitra te
Pota ss ium ni tra te

Fa t (bee f suet )
Sa go flour
M a nga nese d ioxide
Re sin

100

The sulphur , fat , resin and manganese dioxide a re melte d together , and the
pota ss ium nitrate and flour stirred in , and the mass i s allowed to cool and i s
powdered . Then the ammonium ni trate i s added and the mixture i s again
melted , cooled and powdered .

2

The Austrian Government manufac ture as safety explosives :
D ynammo n \Ve tte r-D yna1nmo n

Ammonium nitra te . 87— 88 94

Pota ss ium ni tra te 2

C ha rcoa l 4

Dens ity 0 8 5

1 S .S . , 1909, p . 106. For the ve l oc ity of det ona t ion of M ona t I , see H. Kast ,
S .S., 1913, p . 136. 2 Da nish Pa t . S .S ., 1905, p . 295.
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The Ammonals manufactured at the Felixdorf Powder W orks i nAustria

(G . Roth A G . ) have the following composition

Ammon ium n itra te

Cha rcoa l

Ammonal i s not allowed to b e used in fiery mines , but only where dynamite
would b e permitted .

1

The effec t of adding aluminium to an ammonium ni trate explosive was
investigated by Bichel ,2 who obtained the following results °

Dynammo n Ammona l
Exp l os ive

Ammonium n itra te
Al um in ium .

Cha rcoa l (red )
Density

Ve l oc ity of de t ona t ion , m/ sec .
Hea t of e xplosion in ca l orimeter

Products of explosion
Ca rb on d ioxide 13 14

Ca rb on monoxide
“ l

a ter

O xygen
Nitrogen
M etha ne
Hydrogen
Al uminium oxide

Volume o f perma nen t ga s , N .T.P .

wa ter va pour
Tota l volume

Explosion pre ssure (ca l cu la ted ) 9425 kg/ sq .cm.

Tr anzl tes t 329 c .c .

Biche l considers that the results of the Tra nzl test a re misleading , because
the great heat of the explosion in the case of the aluminium explosive melts
the surface of the lead and so makes the apparent expansion of the hole greater .
The Felixdorf Powder lVo rks contend , however , that ammonal is a very
powerful explosive when exploded on top of a small lead cylinder , i t. com
presse s it considerably more than a gelignite containing 05 per cent . nitre

1 S .S ., 19 10 , p . 54. 2 Aug., 1905, p . 1889.
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glycerine ,
and it breaks up a shel l more than an equal weight of cast picric acid .

1

The French Commission des Substances Explosives found that the addition of
aluminium does not greatly increase the useful e ffect on rock , but it makes
the exp losive easier to detonate even if only 3 per cent . b e present ?

A somewhat similar explosive i s Sabulite whi ch contains calcium silicide
and trotyl with or without the addition of potassium ni trate and ammonium
chloride , the latter constituents being added to make it safe in coal mines .
On the Belgian list of Explosifs S.G .P . 18 °

Sa bu l ite a ntigr isou teuse A

Ammon ium n itra te 54

Pota ss ium n itra te 22

Ca l c ium silic ide 5

Trotyl 6

Ammonium chlorid 13

Maximum cha rge 900 g .
Equiva len t t o 596 g . dynami te No . 1.

The only explosives allowed in the more dangerous French coal -mines ,
in addition to the Grisounites , a re the Grisoutines (otherwise Grisou —dynamites ),
which consist of ammonium nitrate mixed with blasting gelatine . As the
State monopoly does not extend to explosives containing nitro -glycerine ,
these a re made by private firms , but the compositions a re regulated by the
State . In 19 1 1 the Commission des Substances Exp losives resolved that
the compositions should b e unified as follows

Couche Roche

The calculated temperatures of explosion of the Grisoutines Couche a re below
those of the Grisoutines Roche below The addition of 5 per

cent . saltpetre instead of the same quantity of ammonium nitrate has been
found to increase the safety , probably because the potassium compounds
formed a re dissociated and vaporized at the temperature of explosion , and
afterwards give up again the energy they have absorbed , so that the e ffect
i s not very much less . It i s estimated that the explosives with 5 per cent .
potassium ni trate a re about 5 per cent . weaker than the others .3

A number of explosives similar to these passed the W oolwich test and
1 S .S . ,

1906, p . 26. See a lso Rud olph , K rz
'

egslechnische Zeitschr ift, 1907, p . 287 S .S .,

1907, p . 3 14.
2 Venn in et Chesnea u , p . 3 14.

3 See P . ct S ., xv ., pp . 189 , 190.

Sab ul ite.

Grisoutine.
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were formerly on the Permitted Lis t . Monob el , one of the principal ones
had the composition :

Nitr o -glycerine
Ammonium ni tr a te
“ b od -mea l

To pass the more severe Rotherham te s t it has been found necessa ry in
most ca se s to add sodium chloride or ammonium ox alate :

On the Be lgian li s t of Explosifs S.G .P . a re the follow ing :
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398 EXPLOSIVES

In Austria. an explosive ca lled Pannonit i s made

Nitro glycerine 25-5

Coll odi on cotton 15

Ammoni um nitra te 37

4

3

Nitro -to luene 5

Al ka li chl oride 24

A caput mortuum i s added as colouring matte r , and the explosive i s
fi red with a spec ial deto nato r conta ining trotyl .1 It repla ced a former ex plo
sive consisting of ammonium nitrate , aniline hydrochloride and sometimes
ammonium sulphate ?

1 a s 19 13, p . 398. 2 S .S ., 1907, p . 1 12.
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