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PHYSICAL PROPERTIES OF LIQUID PENTABORANE 

CALLER Y CHEMICAL COMPANY 
± 

Sumary 

The vapor pressure of liquid pentaborane from 25 to 75°C is described 

by the equation; 

log P = 5.6352 - -1.^ 
t +250 * 

where P = Vapor pressure in P.S.I.A., and 

t - temperature in degrees centigrade. 

From 75 to 125*0, the vapor pressure is described by the equation 

log P = 4.IÆ03 - —130 
t +160 

conductivity of liquid pentaborane from 70 °F to 105°F is 

described by the following equation 

kL = 0-0074 - 6.84 X lo"5 t 

where = thermal conductivity, Biu/hr-ft2 - (°F/ft) 

t = temperature, °F. 

The experimental work was done at the Research and Development 

Laboratories of Gallery Chemical Company under Navy Contract N0a(s) 58-454 d 

with funds supplied by the Air Force (MIPR 6o-2l). 
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PHYSICAL PROPERTIES OF LIQUID PENTABORANE 

Introduction 

Although pentaborane, BsHg, has been known sind studied for several 

decades, no measured physical property data are available for temperatures 

above its normal boiling point of 6o.0°C, and no data are available on its 

thermal conductivity. Two characteristics of pentaborane present problems 

in any program designed to extend data to higher temperatures. First its 

extreme sensitivity to air and moisture require that pentaborane be protected 

from the atmosphere during all handling and measurement operations. Second, 

the decomposition rate of pentaborane becomes significant at these higher 

temperatures, and special precautions must be observed to obtain reliable 

data. 

High temperature values for density and viscosity of liquid 

pentaborane as well as solubilities of nitrogen, hydrogen and helium in 

liquid pentaborane at high pressures were reported in the first volume. 

High temperature values for vapor pressure, and low temperature values for 

thermal conductivity of liquid pentaborane are presented in this volume. 

The experimental program is being supported by funds from MIFR 60-21 (issued 

by the Air Force) through Contract N0a(s) 58-454 d of the Bureau of Naval 

Weapons. 
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PHYSICAL PROPERTIES OF LIQUID PENTABORANE 

IV - VAPOR PRESSURE 

Results 

A graphical presentation of the results is given in Figure 1. Tabu¬ 

lated data are given in Table A - 1 (Appendix A). 

Discussion of Results 

Eleven series of measurements were made, each consisting of one to 

seven runs. Because many of the runs were unsuccessful for some reason, those 

are being omitted. Table A-II lists the absolute pressures exerted by samples 

of pentaborane heated to various temperatures in a modified Reid vapor pressure 

apparatus. The observed pressure rose rapidly at first as the sample warmed to 

the bath temperature. Then the pressure increased relatively slowly at a constant 

rate, due to thermal decomposition of the pentaborane. A pressure-time curve was 

plotted, and a straight line through the linear portion of the curve was extrapo¬ 

lated to zero time to obtain the experimental vapor pressure. This corresponds 

to the pressure of liquid pentaborane in equilibrium with its vapor at a given 

temperature, when no decomposition gases are present. 

Three different range compound gauges were used to measure the pressure 

of pentaborane. Each gauge was calibrated against a standard, and the observed 

pressures were all converted to absolute pressure in pounds per square inch. In¬ 

cluded in Table A-II are five duplicate runs to indicate the reproducibility of 

the results. Except when some obvious trouble such as poor bath temperature regu¬ 

lation or contamination of the sample was present, reproducibility was good. 
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B 
FIGURE i 

VAPOR PRESSURE OF 
LIQUID PENTABORANE 
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No attest was made in these experiments to make a comprehensive study 

of the thermal stability of pentaborane. Incidental to the experiments, however 

an indication of the relative rate of decomposition of pentaborane at various 

temperatures was observed. The rate of pressure increase in the apparatus, in 

PSI per hour, over the linear portion of the pressure-time curve was calculated 

for each run. They are listed in Table A-II and presented graphically in 

Figure 2 on semi-logarithmic paper. Despite the scattering of the points, the 

expected trend of increased rate of decomposition as the temperature is in¬ 

creased, is quite evident. Calculations based on the decomposition of the penta¬ 

borane into hydrogen have indicated that none of the experiments went beyond 

0.4 percent decomposition. Although the conditions of these experiments are 

such that the rates of decomposition cannot be compared directly, the results 

generally confirm those of McDonald. 

The observed vapor pressure values agree, within experimental error, 

with the results published by Wirth and Palmerand Shapiro and Ditter^2), 

up to 55°C. The normal boiling point, calculated from the equation 

log P = 5.6552 - 1584/(t +250) 

is 59.8°C, and that from the equation 

log P = 4.4805 - 750/(t +160) 

is 6o.5°C. Thus the average calculated boiling point is close to Shapiro and 

Ditter's value of 6o.O°C. 
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£ CALLERY CHEMICAL COMPANY_ 

FIGURE 2 

RELATIVE RATE OF DECOMPOSITION 
OF PENTABORANE 
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It should be noted that Zhigach, Kazakova, and Kigel^) found that 

pentaborane boiled at 6o - 6o.2#C. Thus, the previously accepted value of 

58.4°C appears to be incorrect. 

The color of the pentaborane turned pale yellow as its temperature 

was increased above room temperature. The depth of yellow color was approxi¬ 

mately proportional to the temperature to which the sample was heated. No 

solids were observed as a result of the heating except a trace of yellow 

solids at 1250C. 

Discussion of Experimental Method 

Ihe modified Reid vapor pressure apparatus is shown in Figure 5. The 

brass body including the valve and O-ring connector was purchased from Research 

Appliance Company, Allison Park, Pennsylvania. Three different gauges were 

used: one was a 4-inch, 0 to 30 inches of vacuum gaugeJ one was a 4-inch, JO 

inches vacuum - 60 PSI compound gauge, and one was a J-inch JO inches vacuum - 

200 PSI compound gauge. With each gauge in place, the volumes of the assembled 

apparatus were 20.8, 26.8, and 11.8 ml. respectively. Ihe gauges were calibra¬ 

ted against secondary standard gauges which had been calibrated with dead 

weight gauges. The vacuum regions were calibrated against a mercury manometer. 

Calibration curves were then drawn for each gauge so that observed pressure 

readings could be converted directly to absolute pressure in pounds per square 

inch. 

It is assumed that the sample attained the temperature of the bath 

instantaneously, although actually a finite length of time was required. Thus 

a small error is introduced because this time is not known exactly, and all 

experimental vapor pressure values are slightly low. This error is within the 

experimental error of the pressure readings except possibly at 115 and 125°C. 
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MODIFIED REID VAPOR PRESSURE APPARATUS 



3 CALLERY CHEMICAL COMPANY. 

Several runs were made at each temperature to check the reproducibility 

of the results« Usually, the first run with a fresh charge of pentaborane gave 

slightly high vapor pressures~for example, approximately 0.4 PSI higher than 

normal at 65°C. This is caused principally by hydrolysis of the pentaborane 

with traces of water in the apparatus. One run in which water was known to be 

present gave very high apparent vapor pressure. Another contributing factor 

may be decomposition of traces of other boron hydrides in the pentaborane. 

After each ran, the sample was frozen at -8o°C, and thoroughly de¬ 

gassed. In this way, several runs could be made each time the apparatus was 

loaded. Any condensable decomposition products remaining in the sample did 

not affect the experimental vapor pressure. McDonald(1) found that products 

of the decomposition of pentaborane do not appreciably affect its rate of 

decomposition. 

References 

(1) McDonald, G. E., The Rate of Decomposition of Liquid Pentaborane from 850 
to 202°C, RME 55H01, NACA, Lewis Flight Propulsion Laboratory, Cleveland, 
Ohio. * 

(2) Shapiro, I., and Ditter, J. F., J. Chem. Phys. 2á, 798 - 80I (1957). 

(5) Wirth, H. E., and Palmer, E. D., J. Phys. Chem. &>, 9l4 - l6 (I956). 

(4) Zhigach, A. F., Kazakova, E. B, and Kigel, R. A., Doklad Akad. Nauk 

S.S.S.R., I06, 69-71 (1956), CA ¿O, I373O i. 
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PHYSICAL PROPERTIES OF LIQUID PENTABORANE 

V - THERMAL CONDUCTIVITY 

Results 

A graphical presentation of the results is given in Figure 4. Tabu¬ 

lated data are given in Table A-III (Appendix A). 

Discussion of Results 

Five measurements of the thermal conductivity of liquid pentaborane 

were made over the temperature range 65 to 105°F. One of the results, however, 

run number L-24, was inconsistent with the others, and was therefore discarded. 

The exact reasons for this inconsistency are not known. Because this run was the 

last in a series of runs, it seems probable that reaction of the pentaborane 

sample with a rubber gasket in the apparatus caused the apparent thermal con¬ 

ductivity to be relatively hign. 

The result of the preceding run, number L-2j5, is also somewhat high, 

which tends to support the hypothesis that the thermal conductivity of the 

pentaborane was increasing during that series of runs. 

The other three values were found to fit the linear equation 

kL = 0.0874 - 6.84 X 10“5 t 

where Kl = thermal conductivity, BTU/hr-ft2 - (°F/ft) 

t = temperature, 8F . 
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FIGURE 4 

GALLERY CHEMICAL COMPANY— 

THERMAL CONDUCTIVITY OF LIQUID PENTABORANE 

-kL = 0.0874 - 6.84 X 10-5 t 

Temperature, °F 
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The thermal conductivity of liquid pentaborane is of the same order 

of magnitude as those of many organic liquids, reported by Sákiadis and Coates(1). 

The samples gradually turned a pale yellow color, especially at the 

higher temperatures. Ihis coloration is probably due to two factors. First, 

liquid pentaborane alone turns pale yellow as its temperature is raised much 

above room temperature because of slow decomposition. Second, liquid penta¬ 

borane slowly attacks the Viton A (duPont) fluororubber 0-ring used as a gasket 

around the top of the cold bar. Unlike ordinary rubber, which is completely un¬ 

suitable for use in contact with liquid boron hydrides, fluororubbers are rela¬ 

tively resistant to attack. Over a period of time, however, even fluororubber 

tends to absorb pentaborane, swell, and impart a yellow color to the liquid. 

During the runs no gassing, precipitation of solids, or other evidence of de¬ 

composition were observed. 

Discussion of Experimental Method 

The thermal conductivity apparatus was constructed by Research 

* (o) 
Appliances Company and was based on a design by Sakiadis and Coates-'. 

The apparatus is of the steady state type. The liquid layer is en¬ 

closed between two 6-inch diameter horizontal parallel steel bars, and heated 

downward to eliminate convection currents. To establish isothermal surfaces the 

* Allison Park, Pennsylvania 
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top and bottom bars are heated and cooled respectively by large amounts of 

water circulated from constant-temperature baths. Heat flovs in series through 

the liquid layer and a 4-inch thick steel bar. Eighteen copper constantan 

thermo''ouples are embedded in the steel bars in 4 layers at different fixed 

distances from the surfaces of the bars. 

Heat losses are minimized by enclosing the bars in a glass cylinder 

and providing thermal guarding. The thickness of the liquid layer is measured 

by three micrometers. 

The thermal conductivity of the liquid is calculated by the over-all 

resistance to heat flow method, which involves calculating the resistance to 

heat flow due to the steel bars and to the enclosed liquid layer. 

By definition 

Rt = 

where Rt = 

I(At) = 

q = 

Rt = 

I(At) 
q, 

total resistance to heat flow (including effects due 

to surface irregularities and films), °F-hr/BTU 

over-all temperature drop due to liquid layer and a 

known thickness of steel bars, °F. 

heat flow across the liquid layer and steel bars, 

BTU/hr. 

Rs + Rl 

(1) 

(2) 

rl = 

resistance to heat flow due to steel bars alone, 

°F-hr/BTU 

resistance to heat flow due to liquid layer, °F-hr/BTU 
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To account for the resistance due to liquid trapped in the surface irregularities, 

the actual resistance to heat flow is measured when the steel bars are in direct 

contact and liquid is present. Equation (2) then becomes 

= Ro + rL (3) 

where Rq = resistance to heat flow at zero liquid 

film thickness, °F-hr/BTO 

The net resistance due to the liquid layer can be used to calculate the 

thermal conductivity of the liquid. 

rL = Rt “ Ro = W 
kL A 

and k^ = 

a(rt - Ro) 
(5) 

where 

kL 

A 

thickness of liquid layer, feet 

thermal conductivity of liquid, BTU/hr-ft2 

(°F/ft) 

arbitrary area of steel bars and liquid 

layer through which heat flows, ft2. 

Further details of the calculation method are given in Appendix C. 
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Because the top of the apparatus is open to the atmosphere, an attempt 

vas made to enclose the entire top section vith a polyethylene bag. The air in¬ 

side vas displaced by argon gas, and an argon blanket maintained at all times. 

Hovever, enough air leaked in during adjustment of the liquid film thickness 

to ignite the pentaborane and destroy the enclosure several times. Finally, a 

box vas built of half inch sheet Plexiglas around the top of the apparatus. 

This proved to be sufficiently rugged and leak-proof to enable the measurements 

to be made vithout further difficulty. 

The top and sides of the box vere sealed together vith Plexiglas¬ 

acetone cement and fastened to the hot steel bar as one piece. The bottom vas 

sealed to the glass pipe surrounding the steel bars. Thus the hot steel bar 

could be removed for cleaning. During a run, a rubber gasket vas placed betveen 

the sides and bottom of the box, vhich vere held together at the comers by four 

large C-clamps. Rubber gaskets vere used around the micrometers, adjusting 

screvs, hot vater line, and thermocouple leads on the top of the box to allov 

adjustment of the liquid film thickness. Rubber gaskets vere fastened to the 

Plexiglas vith Armstrong adhesive 520. Over a period of time the rubber gaskets, 

adhesive (and Plexiglas to a lesser extent) absorbed pentaborane vapors and 

deteriorated. 

Thermal Conductivity of Steel Bars 

The thermal conductivity of the steel vas determined by running heat 

-n nv mOOanÔV>4-O a4- 4-*******.4»»v. _i - „v _-i _ -«WT7 ww «o sju n-propyi. tu-Conox as a reiercncs 

liquid. Sakladis and Coates have made an extensive study of this liquid 

in their apparatus, and report the thermal conductivity of n-propyl alcohol is 

O.0912 BTU/hr-ft2 (°F/ft) at 100°F, and its temperature coefficient is -O.95 x 

10“4 BTU/hr-ft2 (°F/ft)/0F. 
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It vas observed that the apparent thermal conductivity of the steel vas 

inversely proportional to the liquid film thickness of the n-propyl alcohol. 

Sakiadis and Coates reported that this effect vas due to mechanical vibrations 

in the apparatus vhich increase the heat flow. Rather than try to eliminate 

the mechanical vibrations in the apparatus, due principally to stirrers in the 

constant temperature baths, it vas decided to make «.n runs at one constant 

thickness. Therefore all runs with both n-propyl alcohol and pentaborane were 

made at or close to a film thickness 0.025 inches. Thus the effect of mechanical 

vibrations vas the same during a-i t measurements. 

The results of six determinations of the thermal conductivity of steel 

are listed in Table A-IV (Appendix A). The thermal conductivity of the steel 

from 52 to 107°F is described by the equation 

ks = 29A5 + 0.0558 t 

vhere ks = thermal conductivity, BTU/hr-ft2 (°F/ft) 

t = temperature, °F. 

References 

(1) Sakiadis, B. C., and Coates, J., A. I. Ch. E. Journal 1, 275-88 (1955). 

(2) Sakiadis, B. C., and Coates, J., "Studies of Thermal Conductivity of 
Liquids, Part III, A Thermoconductimetric Apparatus for Liquids", 
Louisiana State University, Engineering Experiment Station Bulletin 
No. 45, (1954). 
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Appendix A 

Tables of Experimental Data 

Table A-I Vapor Pressure of Liquid Pentaborane from 25°C to 125°C 

Table A-II 

Table A-III 

Table A-IV 

Vapor Pressure of Pentaborane, observed pressure readings 

Thermal Conductivity of Liquid Pentaborane from 63°F to 104°F 

Thermal Conductivity of Steel Bars from 52°F to 107°F 
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TABLE A-I 

VAPOR PRESSURE OF LIQUID PENTABORANE 

Temperature 
°C 

Vapor Pressure, pounds per square inch, absolute 
0¾served Calculated 

Deviation 
obs.-calc. 

25.O 

35.O 

45.O 

55.1 

65.2 

75.3 

75.3 

85.4 

95.5 

105.7 

115.8 

125.8 

4.03 

6.01 

8.65 

12.56 

17.7 

23.9 

23.9 

31.9 

41.9 

54.7 

68.3 

84.2 

4.001 

6.011 

8.781 

12.561 

17.61 

24.01 

23-92 

32.02 

42.02 

54.I2 

68.22 

84.32 

+ 0.03 

0 

-0.13 

0 

+ 0.1 

-o.l 

0 

-o.l 

-o.l 

+ 0.6 

+ 0.1 

~0.1 

1 Calculated from equation log P = 5*6352 " V(t +250) 
Standard deviation = +0.I PST A 

a Calculated from equation log P = 4.4803 - 730 (t + I60) 
Standard deviation = +0.3 PSIA 
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Time, Minutes 

O 

10 

15 

20 

50 

4o 

45 

50 

6o 

70 

8o 

90 

loo 

no 

120 

150 

l4o 

150 

Run Number* 

Temperature, ÔC 

Extrapolated Vapor Pres¬ 
sure at Zero Time, PSIA 

Rate of Pressure 
Increase, PSI per Hour 

AS¬ 

TABLE A-II 

VAPOR PRESSURE OF PENTABORANE 

4.13 

4.52 

1-1 

25.O 

4.03 

Observed Total Pressure, PSIA 

0 

5.96 

6.06 

6.08 

6.11 

6.13 

6.16 

6.18 

6.20 

6.22 

6.25 

6.27 

6.30 

6.32 

6.34 

6.37 

4-2 

55.0 

6.01 

8.67 

8.89 

9.02 

9.13 

2-3 

45.0 

8.65 

12.65 

12.75 

12.83 

12.93 

2-5 

55.1 

12.56 

0 

17.5 

17.8 

17.8 

17.9 

17.9 

17.95 

18.0 

18.0 

18.05 

18.1 

18.15 

18.15 

18.15 

18.2 

18.25 

10-3 

65.2 

17.7 

0 

22.3 

24.0 

24.1 

24.2 

24.4 

24.5 

24.6 

24.7 

24.8 

24.9 

25.0 

25.1 

25.2 

25.4 

25.5 

8-4 

75.3 

0.20 o.l4 0.48 0.37 0.20 

23.9 

0.60 

Run Number 4-2, for example, indicates fourth charge of pentaborane, second run 
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Table A-II 
(Continued) 

Time, Minutes 

0 

10 

15 

20 

50 

to 

to 

50 

6o 

70 

8o 

90 

100 

no 

120 

150 

ito 

150 

Run Number 

Temperature, #C 

Extrapolated Vapor Pres¬ 
sure at Zero Time, PSIA 

Rate of Pressure 
Increase, PSI per Hour 

0 0 

29.8 59.5 

52.0 41.8 

52.0 42.5 

52.7 42.9 

52.8 45.1 

35.0 45.2 

33.3 45.3 

33.5 45.5 

33.7 45.8 

53.9 44.2 

54.1 

(34.2) 

(54.2) 44.5 

(54.5) 44.8 

(54.4) 45.0 

8-5 8-6 

85.4 95.5 

51.9 41.9 

1.20 1.24 

Total Pressure 

0 

51.6 

mmm 

54.0 

55.5 

55-9 

•56.2 

56.5 

57.1 

57.4 

57.7 

57.8 

58.2 

58.5 

59.0 

59.3 

9-2 

105.7 

54.7 

1.84 

, PSIA 

0 0 

66.8 82.7 

67.8 84.7 

68.8 85.2 

69.8 86.7 

70.8 88.2 

71.5 90.2 

71.8 91.2 

72.5 92.2 

72.8 95.2 

75.6 94.2 

73-8 95.5 

74.5 

74.8 

75.3 

75-8 

11-2 11-5 

115.8 125.8 

68.5 84.2 

5.00 6.00 
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Tlme, Minutes 

0 0 

10 

15 6.01 

20 

50 6.20 

to 

to 6.2? 

50 

6o 6.58 

70 

80 

90 

100 

no 

120 

130 

ito 

150 

Run Number ?-? 

Temperature, °C 35.0 

Extrapolated Vapor Pres¬ 
sure at Zero Time, PSIA 6.01 

Rate of Pressure 

Increase, PSI per Hour O.37 

TABLE A-II 
(Continued) 

DUPLICATE RUNS 

Observed Total Pressure, PSIA 

0 

8.52 

8.67 

8.72 

8.74 

8.76 

8.80 

8.82 

8.84 

8.98 

9.00 

9.00 

9.08 

9.08 

9.10 

9.14 

4-3 

45.0 

8.60 

0.22 

0 

11.95 

12.55 

12.65 

12.8 

12.8 

12.8 

12.9 

12.9 

12.9 

13.0 

I3.0 

I5.O5 

15.05 

15.15 

13.15 

8-2 

55.1 

12.62 

0.21 

0 

I6.55 

17.65 

17.8 

I7.9 

18.05 

18.05 

I8.05 

18.15 

18.3 

18.3 

18.3 

18.3 

18.45 

18.45 

18.5 

17.7 

O.3O 

0 

59.1 

64.8 

69.5 

71.1 

71.9 

72.4 

73.4 

74.0 

74.7 

0-7 ✓ -/ 

65.2 115.8 

68.2 

4.37 
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TABLE A-III 

THERMAL CONDUCTIVITY OF LIQUID PENTABORANE 

Expt. No. 

L-23 

L-32 

L-a 

L-24 

L-33 

Temperature 
*C °F 

Thermal Conductivity, BTO/ft2-hr (°F/ft) 
Observed Calculated* 

17.52 

22.29 

27.1^ 

37.½ 

39.93 

63.53 

72.12 

80.85 

99.42 

103.88 

o.o84o 

0.0825 

0.0818 

0.0850 (?) 

0.0803 

0.0831 

0.0825 

0.0818 

0.0806 

0.0803 

* Calculated from the equation = 0.0874-6.84 x 10 5 t (in °F) 
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TABLE A-IV 

THERMAL CONDUCTIVITY OF STEEL BARS 

(Based on n-propyl alcohol as reference) 

Film thickness 0.025 inch 

Deviation 
obs.-calc. 

-0.05 

-0.07 

0.17 

-O.09 

0.01 

0.01 

* Calculated from equation ks = 29.^3 + O.0558 t (in °F) 

Standard deviation = + °*09 BTj/hr-ft2 (°F/ft) 

C 

II.38 

14.19 

20.79 

33.18 

33.3O 

41.86 

Temperature Thermal Conductivityf BTU/hr-ft2 f°F/ftl 
_F 

52.49 

57.54 

69.43 

91.72 

91.94 

mv z)i 

Observed 

32.33 

32.57 

33.47 

34.46 

34.57 

35.^3 

Calculated* 

32.36 

32.64 

33.30 

34.55 

34.56 

35.42 
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Appendix B 

Experimental Procedure 

Section 1: Vapor Pressure 

Section 2: Thermal Conductivity 
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Experimental Procedure 

Determining Vapor Pressure of Pentaborane from 25 to 125°C 

The constant temperature bath, a 7-gallon Pyrex jar containing mineral 

oil, vas brought to the desired temperature. Temperature vas maintained constant 

vithin Í 0.1°C vith a Brovn Pyro-vane controller. Temperatures vere determined 

vith mercury thermometers graduated in tenths of a degree and compared vith a 

thermometer certified by the National Bureau of Standards. Stem corrections were 

made vhen applicable. 

Two ml. of pentaborane vas introduced into the glass tube of the modified 

Reid vapor pressure apparatus, directly from the storage container through a long 

hypodermic needle. The tube vas first flushed out vith dry nitrogen gas, and a 

nitrogen blanket maintained during the transfer. The tubing was quickly inserted 

into the body of the apparatus and tightened in place. 

The sample vas frozen at -8o°C, and the apparatus vas thoroughly evacuated 

through the side-arm. The Hoke valve vas closed and the entire apparatus immersed 

in the constant temperature bath at zero time. During the early runs, pressure 

readings were taken every 15 minutes for an hour. During the later runs, readings 

were taken every 10 minutes for 150 minutes. Before each reading, the gauge was 

tapped to be sure the needle was free. 

After the run, the apparatus was removed from the bath and cooled. The 

sample was immersed in a dry ice-acetone bath and degassed with a vacuum pump. 

It vas stored at -8o°C until the next run. 
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At the end of a series of runs, the pentaborane vas frozen at -8o°C and 

the tube removed from the apparatus. The tube vas placed open side dovn in a 

beaker located in a safe place outside the laboratory. After the pentaborane had 

melted, propanol vas added to the beaker from a distance. Later, methanol vas 

added to hasten the alcoholysis of the sample. During all handling and disposal 

operations, the operator vore leather gloves and safety glasses. 
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Section 2 

Experimental Procedure 

Determining Thermal Conductivity of Liquid Pentaborane from 63°F to 104°F 

The hot and cold constant temperature baths were fixed to the desired 

temperatures. The hot bath consisted of a 9-1/2 gallon glass jar, and the cold 

bath vas a tall polyethylene bucket holding about 8 gallons. Both containers 

were set in wooden boxes and insulated with vermiculite. Each bath was stirred 

with a Fisher "Jumbo" electric stirrer, and maintained at constant temperature 

within Í 0.05°C by an Aminco bimetallic thermoregulator. A small refrigerating 

unit supplied a slight excess of cooling to the cold bath. Eastern Industries 

Model D-ll centrifugal pumps circulated the water to the hot and cold steel bars. 

The sample chamber was thoroughly flushed with argon through two l8 gauge stainless 

steel tubes. About 50 ml of liquid pentaborane was loaded directly from a storage 

container under nitrogen pressure into the sample chamber through a hypodermic 

needle and a rubber serum bottle cap cemented to the top of the Plexiglas box. 

Any air or gas bubbles present were removed by tilting the apparatus or moving the 

hot bar. The hot and cold bars were brought into direct contact and the apparatus 

allowed to come to temperature equilibrium. The current in the heating jacket 

around the apparatus was adjusted to compensate for radial heat loss. 

The emf readings of all the thermocouples were read by means of a Leeds 

and Northrup Type K potentiometer and reflecting galvanometer. The temperatures 

were determined in series several times until three successive readings indicated 
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that the apparatus had reached equilibrium. The film thickness vas then adjusted 

to 0.025 inches and the apparatus asain allowed to come to equilibrium. Tempera¬ 

ture readings were taken the same as at zero thickness. 

In order to remove the pentaborane safely, it was diluted with petroleum 

naptha and drawn out with a hypodermic syringe. 
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Calculation of Thermal Conductivity 

Notation 

XL 

X8 

X8 

Rrp 

*0 

A 

E( At) 

E( A t0) 

<3o 

thermal conductivity of liquid, BTU/hr-ft2 (#F/ft) 

thermal conductivity of the steel bars, at the average temperatures 

of layers C and D, BTU/hr-ft2 (°F/ft) 

thickness of liquid layer, feet 

thickness of steel between thermocouple layers C and D 

3.7432 inches or 0.31193 feet 

total resistance to heat flow at film thickness XL, including 

resistance of liquid layer and steel bars, #F-ft/BTU 

resistance to heat flow at zero apparent liquid film thickness, 

"F-ft/BTU 

arbitrary area of steel bars and liquid layer normal to direction 

of heat flow, ft2 

over-all temperature drop due to liquid layer and a known 

thickness of steel bars, #F 

over-all temperature drop due to a known thickness of steel bars 

for zero apparent liquid film thickness, °F 

heat flow through the liquid layer and through the known thickness 

of steel bars, BTU/hr 

heat flow through the known thickness of steel bars at zero 

apparent liquid film thickness, BTU/hr 
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0 

B, C, arid D = average temperatures of B, C, and D layers respectively in the 

steel bars, °F 

Bo, C0, and D0 = average temperatures of B, C, and D layers respectively at zero 

apparent liquid film thickness, °F 

From page IJ 

JL = 
A(RT - R0) 

and by definition 

Rip = E(A t) 

where £(A t) = B - D 

. = ksA(C - D) 

Also Ro = Í ( A 

qo 

where £(At0) = B0 - Dc 

<lo = *sA(C0 - D0) 

Substituting equations (l), (6), (7), and (Ö) in equation (5), 

kL = XL 
Xs (B - D) Xs (Bp - Dp) 

ksA (C - D) kgA (C0 - D0) 

(5) 

(1) 

(6) 

(7) 

(8) 

A 
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= Xl k8_ 

Xs _ Bo * Do J 

C-D C0 - D0/ (10) 

Calcvilation of Average Temperature of Liquid Film, #F 

The temperature of the liquid film is taken as the arithmetical average 

of the temperatures of the two liquid-metal interfaces, which are determined by 

extrapolation from the C and D layers. 

0.395^ inches 

O.7290 inches 

3.7^32 inches 

ti 

t2 

distance of B layer from hot bar - liquid interface 

distance of C layer from cold bar - liquid interface 

distance between C and D layers 

extrapolated temperature of hot liquid surface, °F 

extrapolated temperature of cold liquid surface, #F 

ti = B - O.3934 (C - D) 

3.7432 
(11) 

t2 = C + 
O.729O 

3.7432 
(c - D) (12) 

and the average temperature of the liquid film 

tl = ti + t2 

2 (13) 
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Sample Calculation (Expt. No. L- 32) 

Run Conditions 

Hot vater bath, 77-0°F 

Cold water bath, ^9.1 #F 

Experimental Data 

Average thermocouple readings and temperatures 

when Xl = 0.0000 in. 

Layer 

B0 

Cn 

Millivolts 

0.91*00 

0.9121+ 

0.81+61+ 

°1 

75.1^ 

73*58 

70.66 

when Xj, = 0.0252 in. 

Layer 

B 

C 

D 

Millivolts 

0*9555 

0.7999 

0.7524 

Calculations 

Average temperature, layers C and D at .0252 in. = 67.505°F 

• • *s = 29.45 0.0558 (67.505) 

= 33.20 BTU/hr-ft2 (#F/ft) 

and CL = 

3.7452 

(53.20) (0.0252) 

r75-48 - 66.44 

68.57 - 66.44, 

75-14 - 70.66 

I73.58 - 70.66 

I- _ r\ rsO syr- t /v „ r* 1 2 f O** t r» < \ BTu/xir-rt { 

75.48 

68.57 

66.44 
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0 
n 
u 

d 

tx = 75.1*6 - 0.1056 (68.57 - 66.44) 

ti » 75.26 #F 

t2 = 68.57 + 0.1946 (68.57 - 66.44) 

tg = 68.98 °F 

lí 

T 
L 

and tL = 75.26 + 68.98 = 72,12 °F 

2 

r 

ii 

li 

\ r ii 

I 



■ 'n 

-CALLBRY CHEMICAL COMPANY 

LPIA DISTRIBUTION LIST 

ß 

IÎ 

I 
* 

r 
Am 

if 

n 

Copies 

U. S. Department of the Interior 
Bureau of Mines 
4800 Forbes Avenue 
Pittsburgh 13, Pa. 
Attn: M. P. Benoy, Reports Lib. 

Explosives Research Lab. 

Central Intelligence Agency 
2430 E. St. , N. W. 
Washington 25, D. C. 
Attn: OCD, Standard Dist. 

National Aeronautics and Space Admin. 
1512 H St. , N. W. 
Washington 25, D. C. 
Attn: Chief Div. of Res. Info. 

National Aeronautics and Space Admin. 
Langley Research Center 
Langley Field, Virginia 
Attn: E. R. Gilman, Librarian 

National Aeronautics and Space Admin. 
Lewis Research Center 
21000 Brookpark Road 
Cleveland 35, Ohio 
Attn: Library 

Office of the Director of Defense 
Research and Engineering 
Washington 25, D. C. 
Attn: D. B. Brooks 

Office of Fuels and Lubricants 

Department of the Air Force 
Headquarters USAF, DCS/D 
Washington 25, D. C. 
Attn: AFDRT/AS 

Space Systems Division 
Rocket Test Annex 
Edwards, California 
Attn: DGR 

Space Systems Division 
Rocket Test Annex 
Edwards, California 
Attn: DGPL 

Commander 
Aeronautical Research Laboratory 
Wright-Patterson AFB, Ohio 
Attn: ARC, Mr. Karl Scheller 

1 Aeronautical Systems Div, 
Wright-Patterson AFB, Ohio 
Attn: ASRCEE-1 

Space Systems Div. 
Air Force Systems Command 
P. O. Box 262 AF Unit Post Office 

1 Los Angeles 45, Calif. 
Attn: TDC 

Air Force Missile Dev. Center 
Holloman AFB, New Mixico 

5 Attn: MDGRT 

Air Force Missile Test Center 
Patrick Air Force Base, Florida 
Attn: Technical Information & 

1 Intelligence Br. (MTGRY) 

AF Office of Scientific Res. ARDC 
Washington 25, D. C. 
Attn: SRHP, Dr. J. F. Masi 

1 
Air Force Systems Command 
Andrews AFB 
Washington 25, D. C. 
Attn: SCR-2 

1 Commander 
AFSC 
Foreign Technology Div. 
Wright-Patterson AFB, Ohio 
Attn: FTD(TD-E3b) 

1 Armed Service Tech. Information 
Agency 
Arlington Hall Station 
Arlington 12, Virginia 
Attn: TIPCR 

1 
Arnold Eng. Dev. Center 
Air Force Systems Command 
Tullahoma, Tennessee 
Attn: AEOIM 

1 
Aeronautical Systems Division 
Wright-Patterson AFB, Ohio 
Attn: ASNRPP 

1 Air Force Flight Test Center 
Edwards AFB, California 
Attn: FTOT1 

Copies 

1 

1 

1 

1 

1 

1 

1 

10 

1 

1 

1 



2 
GALLERY CHEMICAL COMPANY. 

LPIA DISTRIBUTION LIST 

Copies 

Commanding General 
Aberdeen Proving Ground 
Maryland 
Attn: Ballistics Res. Lab. 

ORDBG-BLI 

Commander 
Army Ballistics Missile Agency 
Redstone Arsenal, Alabama 
Attn: Tech. Documents Library 

ORDAB-HT 

U. S. Army Chemical 
Research and Dev. Labs 
Army Chemical Center, Maryland 
Attn: K. H. Jacobson, Medical 

Research Directorate 

Commanding Officer 
Diamond Ord. Fuza Lab. 
Washington 25, D. C. 
Attn: ORDTL (012) 

Commanding Officer 
Army Research Office (Durham) 
Box CM, Duke Station 
Durham, North Carolina 

Commanding Officer 
Picatinny Arsenal 
Dover, New Jersey 
Attn: Librarian 

Commander 
Army Rocket and Guided Missile 
Agency 
Redstone Arsenal, Alabama 
Attn: Technical Library 

Commanding General 
White Sands Missile Range 
New Mexico 
Attn: Library 

Commanding Officer 
Picatinny Arsenal 
Liquid Rocket Propulsion Laboratory 
Dover, New Jersey 
Attn: Technical Library 

1 Bureau of Naval Weapons 
Department of the Navy 
Washington 25, D. C. 
Attn: RMMP-24 

Bureau of Naval Weapons 
3 Department of the Navy 

Washington 25, D. C. 
Attn: RMMP-4 

Commander 
Pacific Missile Range 

1 Point Mugu, California 
Attn: Tech. Library, Code 212 

Commander 
Naval Ordnance Laboratory 
White Oak 

1 Silver Spring, Maryland 
Attn: E. C. Noonan 

Commander (Code 753) 
U. S. Naval Ordnance Test Sta. 

1 China Lake, California 

Director (Colde 6180) 
U. S. Naval Research Lab. 
Washington 25, D. C. 

1 Attn: H. W. Carhart 

Department of the Navy 
Chief of Naval Research 
Washington 25, D. C. 

2 Attn: Propulsion Chemistry 
Branch - Code 426 

Commanding Officer 
ONR Branch Office 
1030 East Green St. 

1 Pasadena, California 

Superintendent 
U. S. Naval Postgraduate School 
Naval Academy 

2 Monterey, California 

Commanding Officer 
U. S. Naval Underwater 
Ordnance Station 
Newport, Rhode Island 
Attn: W. W. Bartlett 

Copies 

3 

1 

2 

1 

2 

1 

1 

1 

1 

1 



3 

CALLE R Y CHEMICAL COMPANY_ 

LP IA DISTRIBUTION LIST 

Copies 

Aerojet-General Corp. 1 
P. O. Box 296 
Azvja, California 
Attn: M. Grenier, Librarian 

Aerojet-General Corp. 1 
Sacramento Plants, P. O. Box 1947 
Sacramento 9, California 
Attn: R. G. Weitz 

Head, Tech. Info. Office 

Aeronutronic 1 
Div. of Ford Motor Co. 
Ford Road 
Newport Beach, California 
Attn: Library 

Aeroprojects, Inc. 1 
West Chester, Pennsylvania 
Attn: W. Tarpley 

Air Reduction Co., Inc. 1 
Murray Hill, New Jersey 
Attn: Dr. Fred Balear 

American Cyanamid Co. 1 
1937 W. Main Street 
Stamford, Connecticut 
Attn: Dr. A. L. Peiker 

Armour Research Foundation 1 
Illinois Inst, of Technology 
Chicago, Illinois 
Attn: M. Klein 

Atlantic Research Corp. 2 
Edsall Road & Shirley Highway 
Alexandria, Virginia 

Bell Aircraft Corp. 1 
Box 1 
Buffalo 5, New York 
Attn: T. Reinhardt 

The Dow Chemical Co. 1 
Midland Michigan 
Chemicals Department 
Abbott Rd. Bldg. 
Attn: I. G. Morrison 

Copies 

Esso Research and Engineering Co. 1 
P. O. Box 51 
Linden, New Jersey 
Attn: Dr. J. P. Longwell 

Special Projects Unit 

Texaco Experiment Inc. 1 
P. O. Box 1-T 
Richmond 2, Virginia 
Attn: Librarian 

Chem. Research & Dev. Center 1 
Food Machinery & Chem. Corp. 
P. O. Box 8 
Princeton, New Jersey 
Attn: Security Officer 

The Fulton-Irgon Corp. 1 
P. O. Box 59I 
Dover, New Jersey 
Attn: David Lippmann 

General Electric Co. 2 
Rocket Propulsion Units 
Building 300 
Cincinnati 15, Ohio 
Attn: S. F. Sarner 

Hughes Tool Co. 1 
Aircraft Division 
Culver City, California 
Attn: Dr. I. Shapiro 

Jet Propulsion Laboratory 1 
4800 Oak Grove Drive 
Pasadena 3, California 
Attn: I. E. Newlan, Chief 

Reports Group 

Liquid Propellant Information Agency 3 
Applied Physics Laboratory 
The Johns Hopkins University 
8621 Georgia Avenue 
Silver Spring, Maryland 

Marquardt Corp. 1 
16555 Saticoy Street 
Box 2013 - South Annex 
Van Nuys, California 



4 
CALLERY CHEMICAL COMPANY. 

LPIA DISTRIBUTION LIST 

Copies 

Minnesota Mining & Mfg. Co. 2 
900 Bush Avenue 
St. Paul 6, Minnesota 
Attn: R. W. McElroy 

Security Administrator 
For: J. W. Millin 

New York University 1 
Dept, of Chem. Engineering 
New York 53, New York 
Attn: P. F. Winternitz 

Olin Mathieson Chemical Corp. 3 
New Haven, Conn, 
Mail Control Room 
Attn: Mrs. Laura M. Kajuti 

Peninsular ChemResearch, Inc. 1 
P. O. Box 3597 
1207 N. W. 5th Avenue 
Gainesville, Florida 
Attn: Paul Tarrant 

Pennsalt Chemicals Corp. 1 
P. O. Box 4388 
Philadelphia 18, Pennsylvania 
Attn: Dr. G. Barth-Wehrenalp 

Princeton University 1 
Project Squid 
Forrestal Research Ctr. 
Princeton, New Jersey 
Attn: Librarian 

Purdue University 1 
Lafayette, Indiana 
Attn: M. J. Zucrow 

Reaction Motors Division 1 
Thiokol Chemical Corp. 
Denville, New Jersey 
Attn: Library 

Rocketdyne 2 
North American Aviation, Inc. 
6633 Canoga Avenue 
Canoga Park, California 
Attn: J. Silverman 

Rohm and Haas Co. 
Redstone Arsenal 
Huntsville, Alabama 
Attn: Librarian 

Shell Development Co. 
Emeryville, California 
Attn: R. R. Ward 

Space Technology Labs. 
P. O. Box 95001 
Airport Station 
Los Angeles 45, California 
Attn: James R. Dunn 

Stauffer Chemical Co. 
Chauncey, New York 
Attn: J. R. Gould 

Thiokol Chemical Corp. 
Redstone Division 
Huntsville, Alabama 
Attn: Technical Director 

Wyandotte Chemicals Corp. 
Wyandotte, Michigan 
Attn: R. A. Graham 

Dept, of Contract Res. 

Air Products, Inc. 
P. O. Box 538 
Allentown, Pennsylvania 
Attn: Dr. Clyde McKinley 

Monsanto Chemical Co. 
Research and Engineering Div. 
Spec. Proj. Dept. - IChemical Lane 
Everett Sta. - Boston 49, Mass. 
Attn: K. Warren Easley 

Union Carbide Chemicals Co. 
Development Department, 
P. C. Box 8356 
South Charleston, West Virginia 
Attn: Dr. H. W. Schulz 

Allied Chemical Corp. 
General Chemical Division 
Research Laboratory, P. O. Box 405 
Morristown, New Jersey 
Attn: H. R. Neumark 

Copies 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



__CALLEfWY CHEMICAL COMPANY. 

5 

LPIA DISTRIBUTION LIST 

Qjpies 

TT 
MM 

T-f 

I* exaco, Inc. 
T* exaco Research Center 
Ä eacon, N. Y. 
^.ttn: Technical Library 

Clonvair, Div. of General Dynamics 
ft oxl950 
SaanDiego 12, California 

X. IHpH Chemical Corp. 
O»evelopment Center 
I_—aPrade Avenue 
Hlopewell, Virginia 

^-erospace Corp. 
F* . 0. Box 95085 
1—08 Angeles 45, California 
Awttn: Dr. D. H. Loughridge 

Dir. Applied Res. Management 

A^erojet-General Corp. 
11 711 South W oodruff Avenue 
E3iowney, California 
A*.ttn: Technical Library 

United Technology Corp. 
í=». 0. Box 358 
S'unnyvale, California 
/Wttn: Dr. R. 0. Mac Laren 

1 

1 

1 

2 

1 

1 

: 

Copies 



UNCLASSIFIED 

UNCLASSIFIED 




