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THE THERMAL DISSOCTATION OF LITHIUM HYDRIDE

INTRODUCTION

Juch work has been done on the study of the
hydrides of the alkali metals and the alkali earth
metals. Caleium hydride, in particular, has been the
subject of extensive study. The method in general
is to measure the equilibrium pressure of hydrogen
at a definite temperature. In the equilibrium
between metal, metal hydride, and hydrogen, hydrogen
is the only gaseous constituent if the temperature
is not too high, and its equilibrium pressure is a
measure of the reaction constant Kpe

In previous work at the Union College lcbentoryn.
a method was finally developed which overcame the
difficulties of the earlier studies of thés calcium-
hydrogen equilibrium. The results obtained were in
£00d agreement with the best work of other
investigators. In the present work, an attempt was
made to extend this method to a study of the lithium-
hydrogen equilibrium,



{2)

HISTORICAL

In 1874, P. Hautefeuille and L. Troest® found
that lithium, sodium, and potassium absorb hydrogen
without changing their metallic appearance as does
palladium,
| In 1900, C. Matignon” found that if 1ithium,
in an iron boat, is heated to redness in a stream
of hydrogen, the metal burns with ineandescence
forming a hard mass of lithium hydride.

In 1896, A. Cunts® prepared lithium hydride
from lithium nitride in a stream of hydrogen and a
mixture of lithium hydride and carbide by heating
lithium in a stream of acetylene. Lithium hydride so
prepared is a hard white mass which melts at 680° C
at vhieh temperature the dissociation pressure is
27 mm. The empirical composition corresponds with LiH,

Vapor pnuurin of lithium were givem by
A Kroaor‘ in 1913 as follows: |

630° 731° 765° 799° 867° 900° 1000° C

08 .60 1.0 1.7 3.7 5.5 960 mm.
It is to be noted that at temperatures of 500-600°
the vapor pressure of lithium is very small,

In 1920, K. Moers® found the heat of formation of
lithium hydride (Li, ¥,) to be = 21.6 s .250 Cal.

In 1923, A. Guntz and ¥. Benoit® determined tne
heat of formation of lithium hydride as 43.6 Cal,

In 1921, ¥. Fphraim and F. Michel  said that the
reaction of hydrogen and lithium is very violent and
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is completed rapidly. The resulting compound is
very stable. On heating the hydride, the partial
removable of hydrogen causes a large rise in
temperature. FTormation of the hydride begins before
the metal is fused and the smooth remction is
probably due to the great solubility of the metal
in the hydride.

To references were found for work done on the
thermal dissociation of lithium hydride.

The method used im the present work was
developed in a study of calecium hydride.

In 1923, Kraus and Purd® heated the caleium
hydride in a vertieal irom cylinder with the lower
end cloded and the upper end open in a quartz tube
and measured the equilibrium pressures of hydrogen
at various temperatures. The object of the irom
eylinder was to proteet the quartz tube frem
chemical action with the ealeium hydride. Some
caleium did get out, however, and there was some
blackening of the quartsz tube near the mouth of the
iron eylinder.

In 1929, Yassner and Stmo1° used the same
method using an open iron tube and showed by experiment
that the amount of solid lost out of the equilibrium
was negligble in thelr. experiments,

The next improvement to be made in this study
was the use of sealed metal eylinders which were
pornoablc- to hydrogen at the temperature of the

experiment but not to calejum or ealeium hydride,
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11. sealed irom

In work at Union Colnga
cylinders were tried but abandoned beecause consistent
results could not be obtained. '

In 1929, Remy-Cennete'’ published the results of
his work in which he used an iron eylinder with a
sheet of iron welded over one end.

In 1931, Hurd and Walker'  published the results
of their work at Union College in which they used
a nickel eylinder which was sealed with nickel
plugs pounded in the ends. The results of their work
are consistent and in good agreement with the

results of Runy~0¢nnotele.

APPARATUS A¥D PROCEDURE

The apparatus used was the same as that deseribed

by Hurd and walkcrll

« A diagram of the system is
shown in Pigure 1.

A nickel cylinder about 4" long was prepared
with tightly fitting nickel plugs, all turned on a
lathe, One plug was hammered tightly into place.

The eylinder was then filled with pure lithium

metal. The lithiuvm was seraped clean and placed in
the eylinder, all being done in an atmosphere of
hydrogen. This was done in a hydrogen bottle at the
Ceneral Tlectrie Co. Research Laboratory. The other
nickel plug was them put in place and hammered tight.
The nickel cylinder and plugs were weighed before and
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after filling so that the amount of lithium used
was knowne

The c¢ylinder was placed near the elosgd end of
a long quartz tube and the tube was supported
horigzontally in the electrie furnace. The quarts
tube was sealed to the vacuum systemwith a de
Fhotinski cement joint, The system was evacuated
and the cylinder was heated to 200-300°C. te drive
out the absorbed gases. |

Hydrogen could then have been let into the
system, and it would penetrate the nickel cylinder
and react with the lithiug forming lithium hydride,
because nickel is porous to hydrogen if the
temperature is high enough. All pressure measurements
were shown by & mercury manometer messured with
a cathetometer which was accurate within .01 cm,.

An Alumel-Chremel thermocouple was ealibrated at
the Lead, Aluminum, and Copper points to be used for
temperature measurements. The calibration agreed as
accurately as could be determined with the menufacturer's
calibration curve, the measured potentials at each of
these temperatures agreeing within .0001 volts. The
manufacturer's curve was therefore redrawn on a
larger scale and used as & calibration curve.

The electric furnace was run on a 220 volt
cireuit. The temperature could be kept quite
c#astsnt by keeping the current through the furnace
constant. The current was kept constant in spite
of line voltage variations of as much as 40 volts
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by using one, two, or three UV-876 ballast tubes

in parallel connected in series with the eircuit.

Fach combination of tubes passed a constant current

of i definite amount. A variable resistance shunted
agross the furnace allowed any fraction of this constant
current to pass through the furnace. The circuit

used is shown in Pigure 2.
RESULTS

This work never progressed much beyond the

stage of heating the nickel éyiindor to drive out
absorbed gases, because it was found to be impossible
to keep the lithium in the nickel eylinder at
temperatures of 500°C. Tour eylinders were tried.
Two of these eylinders had been prepared, filled
with lithium, and sealed a year and a half before
this work was started and two others were prepared
after the others had failed. '

The first two eylinders were heated to 300%C,
and after two or three such heatings, the temperature
was raised to 500°C. preparatory to introducing
hydrogen into the system., The lithium came through
the eylinders around the edges of the plugs and
also through what appeared to be small eracks in
the nickel eylinder where the plugs had been hammered
in. (Pigure 3), In one of the other eylinders lithium
came through as it had with the first two. In the

fourth eylinder, no cracks were found after three
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heatinge te 400°C., but the lithium still came
through around the edges of the plugs. The plugs
in this ecylinder were pounded in harder, and the
eyiiador was reheated but the result wes the same
as Lefore.

It was suspected that the lithium metal attacks
the nickel eylinder at the temperature used, and
that the trouble was not with the plug joints
which were used. A eylinder was therefore fitted
with plugs with flared edges which fitted flush
with the end of the nickel eylinder (See Figure 4a).
These plugs were not hammered in place as was
previously done. They were firmly fappod into placé
and then arc-welded elosed in an atmesphere of
hydrogen. This made a very tight seal (See Figure 4b).
AfSer twe heatings to 500°C, however, 1ithium
came through the nickel eylinder where thc"old
had been made. The walls of the tube were thinnest
at the weld. The vapor pressure of lithium at a
temperature of 500°C, is less than .05 mmd and is
not tharefore‘exceisivoly high. This would seem to
show definitely that lithium attacks the nickel and
that no seal can be made stromg enough for a nickel

eylinder to hold lithium metal at a temperature of 500°,
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CONCLUSIONS

It would seem that the method used in studying
the thermal dissociation of calecium hydride is

impossible of application %o a study of the dissociation

of lithium hydride. Lithium is so active chemically
at the temperatures used that nickel .yllndort‘will
net contain it. The lithium works its way through
the nickel eylinder and condenses on the cooler
parta-cf the quartz tube.

It is possible that cobalt ejlindaro gould be
used in place of nickel cylinders in the study of
lithium hydride. It is also quite pessible that the
nickel eylinders ecould be used in a study of varium
or ctfuntium hydrides..

This résult illustrates the faect that the metal
eylinder must not only be permeable to hydrogen and
not to the other constituents but must also be not

attacked by the metal contained.

s mma e e T el
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