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ABSTRACT

The heat of formation of a material, LiaAIHG, (synthe-

sized at Reaction Motors) has been determined in this laboratory

by measuring the heats of reaction of aluminum, lithium, and

LigAlHg in 4 N HC1 at 25°C in a closed bomb.

The heats of solution were found to be:

[kﬂagao kcal/mole

Aluminum -128.14 + 0.39
Lithium - 87.05 + 0.83
L13A1H6 -249.90 + 1.47

From this data, the heat of formation of LisAIH6 was

calculated to be:

£§H1298°L13A1H6 = -79.4 + 3.4 kcal/mole
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INTRODUCTION

Recently, Reaction Motors Division of Thiokol Chemical
Corporation hgs successfully synthesized a compound which, upon
analysis, appears to be L13A1H6. A sample of this material was
received from Reaction Motors for thermochemical study in an

attempt to determine its heat of formation.

The method employed was that of measﬁring the heats of
solution of aluminum, lithium,and LisAIH6 in 4 N HCl1l, from which

the heat of formation of the compound was calculated.

Although the aluminum and lithium data, and a descrip-
tion of the apparatus were reported in an earlier report} they

are repeated here for the convenience of the reader.

APPARATUS

The calorimeter is described in detail in Appendix I.
It consists essentially of an adiabatically-operated Parr combus-
tion calorimeter, modified to increase its sensitivit&. The tem-
perature sensing element is a thermistor in a Wheatstone bridge
network with a sensitivity of 6.8 x 10'5°C cer 0,17 calories. Under
adiabatic conditions the thermal leak rate is 7 x 10™° deg. minsl,

The reaction was carried out in a bomb in which the liberated

hydrogen was confined,

lgpecial Report, "Heat of Formation of LiA1H," National Research
Cerporation, April 1963, Nonr - 3608 (00)

CONFIDENTIAL




CONFIDENTIAL

-2 -
MATERIALS

The following materials were used in this work:

Material Source Puritz

Aluminum Mallinkro® Chemicals 99.9%

Lithium Lithium Corporation of 99.9%
America

L13A1H6 Reaction Motors Division, ©2.87%
Thiokol Chemical '

The analyses of these materials are éhown in Appendix II.

EXPERIMENTAL

One-hundred fifty ml of 4 N HCl was added to the bomb.
To this was added 4 drops (0.17 gm) of 10% platinum chloride solu-

tion as a catalyst to hasten the reaction rates.

The samples were sealed under argon in glass ampoules.
A dry box was used for preparation of the lithium and the LisAIHe
samples. The sample-containing ampoule was placed in the bomb,
the 1id put in place, and the air exhausted from the bomb. Argon
was allowed to replace the air. This procedure preveﬁted the
possible ignition of the.hydrogen-oxygen mixture which would be
present during and after a run. The omission of this step

resulted in a hydrogen-oxygen combustion in an early run.
The bomb was placed in the calorimeter bucket and 2000

ml of distilled water added. The bucket and jacket temperatures
were adjusted to 24.85°C to 25.00°C. Upon reaching equilibrium
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conditions the reaction was initiated by turning down the central
shaft which lowered the haffle plates and crushed the glass am-
poule, All runs were performed adiabatically, The evolved hydro=-

gen wam confined within the bomb during each of the runs.

RESULTS

From the amounts of materials used, the following equa-
tions represent the reactions studied: '

Al + GO(HCl'l4H20) ————>
(AlCl3 + 57H01)-840H20 + 3/2H2

Li + 60(H01‘14HBO) ————b
(LiCl + 59HCI)‘840H20 + 1/21-12

LigAlHg + 60(HCL'14H;0) ---->
(3LiC1 + AlCly + BAHC1)-840H 0 + 6H,

Heats of reaction at constant volume, Z;E, were converted

to their corresponding constant pressure values by the equation!

AH = AZ + AnRT

Tables 1I and III present the experimental data. Run
Li-9 shows no measurable effect by doubling the sample weight.
Runs Al-=10 and Al=11 were made in 4 N HCl containing lithium ions
At a concentration equal to that following a lithium run. No
significant difference is noted when compared with aluminum runs
made in the absence of the lithium ions. The possibility of inter=-
action at these dilutions is shown to be negligible,
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From the measurements of the heats of solution, the heat
of formation of L13A1H6 was calculated:
AHreac .kcal/mole

/\H; :1x[Al + 3HC1(aq) ---> -128.14 + .39
AlCla(soln) + 3/2H2]

Z&szax[Li + HCl(aq)===> (3x) - 67.05 + 0.53 =
LiCl(soln) + 1/2H2] . =201.18 * 1.6

AHg:1%[LigAlHg + 6HCL(aq) -=-> -249.89 + 1.47

(AlCla + LiCl)(solq) + 6H2]

3L1 + Al + 3H2 _——> L13A1H6

AH2ggee LigAlHg = AH). + AHy - AH

= -79.39 + 3.458 kcal/mole

All uncertainties listed in this work are twice the

standard deviation, or 2 o~ , according to Rossini?

DISCUSSION

Upon receiving the L13AIH6 ffom Reaction Motors, four
samples were prepared in our vacuum dry box for preliminary calo-
rimetric runs. No samples were taken at this time for concurrent
chemical analysis. The heatas of reaction of these four runs as
shown in Table IV were higher than the second batch of samples
used in runs 8 to 11. During the preparation of this second

batch of samples, material was also prepared for the analytical

2F.D.Rossini, Chemical Reviews 18, 233 (1936)
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work, the results of which were utilized in this work. It
appears that the material was in a higher purity state at the
first sampling, but that either with time, or accidental sampling

contamination, the purity of the second sampling was lessened.
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APPARATUS

The heats of solution were measured in a modified Parr
combustion calorimeter operated adiabatically (see Figure 1).
The bomb (see Figure 2) consisted of a nickel alloy body, the
inner wall of which was gold-plated. A special lid was constructed
through which passed a centered, gas-tight, moveable shaft. Two
baffle plates were attached to the bottom section of the shaft
which allowed the sample (contained in a glass vial) to be crushed
while submerged in the acid. The plates further prevented splat-
tering resulting from violent reactions. A thin tantalum sheet
was placed on the bottom of the bomb, The bottom plate was con-
structed of tantalum, also. The 1lid bottom, shaft, and upper
batffle were also gold-plated for protection against attack by the
acid. A relief valve was also built into the 1lid to exhaust the

bomb prior to a run and to release hydrogen following the run.

The 1lid to the calorimeter jacket was modified to allow
the crushing shaft, thermistor tube, and heater tube to pass
through to the calorimeter bucket contained within. Beckmann
thermometers were used to monitor the bucket and jacket water
temperatures. Improvements in water circulation were made by
increasing the rate of stirring (small pulley used) and by

placing a tube around the stirrer blades,

I'l ol
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FIGURE 1I
REACTION BOMB
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MATERIALS

Lithium --

The lithium metal was obtained from Lithium Corporation of

America as 99.9% lithium,

IT-1.1

Spectrographic Analysis of Lithium

Fe
Ni
Cr
Al
Ti
Cu

FEg3=fF8

Co

Aluminum --

The aluminum wire was obtained from Mallinkrodt Chemicals.

Ni
Ti
Fe

Cr
Mg
Mn
81
B
Vv

Cu

1
<1
<1
<10

NDL1
<B

10

10

NDL1
ND<B
ND<1
<1
NDL10

0<10
0<10
10
<10
<10
ND<5
10
ND<10
ND<10
<10
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The sample was obtained from Reaction Motors Division

of Thiokol Chemical Corporation. The material was analysed as

follows:
aluminum - EDTA
lithium - flame photometer
hydrogen -~ evolution by reaction with HC1l
chlorine - volumetric
Results
% Al % Li %LiC1 % H
485.70 37.39 -- -
45.60 37.72 - -
43,569 37.51 - -
435 .45 37.84 - . -
45.77 38.01 - " 9,82
45.717 37.87 1,79 9.84
(0.29% Li)
45.85 37.68 1,79 9.83 Averages
(0.29% Li)

The % Li as LiCl, when subtracted from total lithium
yields 37.39% lithium in the Li-Al-H compound.
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The purity of the compound Li-Al-H equals 92.87%. The
stoichiometry was determined as follows:

Molar ratio based on

% Moles Li Al H, Average
L1 37.39 5.39 3,00 3.19 3.31 3.17
Al 45.65 1.89 0.94 1,00 1.03 0.99
H 9.83 9.75 5.45 5,77 6.00 5.74

The material was, therefore, assigned the formula:

LisAIHG.
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