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Summary

An all metal apparatus has been constructed and
installed in the main cell of the Tritium Systes
Assembly (TSTA) at Los Alamos National Laboratory,
as a separate experiment, to handle about 2600 Ci
of tritium for study of aetal tritides of potential
application for storing tritium 1n fusion fuel
processing. The apparatus is similar to that used
for protium/deuterium gas' but some modifications
were made to assure safe handling of tritiua.

The pressure-composition 1sotherms for the
LaNi,Hn,-protium (H), deuter.um (D) and tritiwum (T)
system were measured to study 1sotopic effects in
the temperature range of 60 Y to 250 %, the
pressure range below 120 kPa.

Introduction

Therez 1s an increasing i1nterest in materials
able to store and supply ti-itium gas safely. Metal
hydride technoloygy is suited for the handling and
processing of tritium gas. Uranium 1s famous and
common as & tritlum storage material. Hranium
however has certain disadvantages 1n handlling
becawse of Its high chemical reacivity and legal
restrictions due to nuclear material. The
Ynowledge of the pressure-ccmposition i1sotherm data
1S vl importance for 1ts possible application 1n
lusion fuel prossesing and for the sife storage ol
large tritium amounts as metal tritides.

An all metal apparatus has been constructed and
initilled tn the maln cell ol the Tritium Nystem
Assembly (THTA) at Lus Alamos National laboratory,
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colusn packed with LaNi,Hn, alloy.

“ritium source using LaNi,Mn, alloy. 2600 Ci
source of our design, 1s snown 1n Fig. 3. All
welded structure was aaopted in primary vessel. The
equilibrium pressure over the LaNiHn,-T system 1n
the two phase region 1s several Pa at roonm
teaperature. The tritiv - zan be released from the
LaNi,Hn, pouder to the aesired pressure by heating
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the heater :n 30 minutes. The T equilibriunm
pressure at 270°C 1s about 100 kPa. Helium-J owing
to tritium decay was removed from the cource gas
periodically. A sample cell for measurements ¢l
LaNi,Hn,-H, D and T systems 1s shown 1n Fig. +.
The structure of the sample cell 15 almost the same
as the tritium cource except number of nozzles.

LoNiNn Bed T2 Cy!inder

) Cleculstion Pump

A Schematic diagram of metal tritlde study.
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Haterials 800
< CALIBRATION OF PREYSURE GUAGE E
The LaNi,Mn, alloy was prepared by i1nduction 2 jite
melting of the elemental metals 1n an argon - o
atmosphere. All the elemental metals used were & 600 L P
comsercially pure, with purities 99.7% for La. 99.93 E e
for Ni and 99.92 for HMn. After two meltings the a 7
alloy wis annealed at 750 °C under argon atmosphere b R
for ten hours. The bulk composition of the alloy o ,//
corresponds to the formula La, 4 iNiy, oiMn, ,s. The 2 400 - -
main 1mpurity ic 100-ppa carbon as detected by X-ray = ////
fluorescence analysis. The alloy ingot was crushed E : Ly a: Pure Iritiue
into granules under argon atmosphere. ¢?2-gram was a //f
prepared for the measurements of the pressure- Y 00 b /,/
coaposition isotherss. < o
For the isotopic study, the purity of the H gas o - e
was 99.999 vol.%Z. The D gus vas about 99.7% pure n
with must of the residual 0.3% being H, and HD. 2 - o o ‘ .
The purity of the T gas used was 97.5 at.%4 and 2.5 0, 200 200 500 300
at.%2 D. Purity of the 7 gas was analysed by a mass Aourdon tube gQuage pressure (Torr)

spectrometer 1n the TSTA.
Fig.% Calibration result of capacitaiice manometer.

Experimental Procedure

for the determination ol the eguilibriunm
pressure of the T gas. vapacitance manometers with

1000 and 10 Torr full scale sensors were employed. !

To check the correct pressure measurement ot 1 421 IMn2 LI Y]
capacitance manumeter, calibration was carried ont

us1i1ng a4 Bourdon-tube guage (Wallace & Tiernan, .

nodel FALU4S, U-1500 Torr). Fig. % shows a é 0 .'r,.-—owﬂ et el e

comparisvon of pressures ol the Bourdon-tube guage
and MKS 122AA capacitance manometer. Readings o
both pressure guages agree within +0.5% differences
1n the pressure range of 10-760 Torr. No effects
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of trilium on pressure measurements using MKS Ve e .
capacitance manoaeter were confirmed. n L e ’
1 e P .

A th-mesh LaNiiMn, alloy sample was activated b e T . " :::::3
by exposure to atmospheric hydrogen at roonm o - e o1 220C 4mS
temperature “ollowed Ly cvacuatior over 3 hours at o . —— e N 200C 1l
100 T Absorption reaction started rapidly at room oo e

temperature. When absorption was cospleted, the 4« 100C any

sample was drhydrided under vacuum at 300 T. After
several dbsorption-desnrption cycles. the pressure- ot bea s —a el .
compositiuon tsotherms al desired temperature were 0 1 ¢ t 4 h I
measured. Atamic Hatio ih/allugt
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Fig. 3 shows a comparison of the plateau
rressures tor H, D anda T st t70 and 220 . ihe
comparison ol the pressures ol the hydrogen
:sotopes shows pr >pp >p. at the same temperatue
and the same concentration. As an example. the ,,
/Ps /pr ratio at 220°C is about 1/1.8/2.4 in %the
plateau region. These plateau pressures, obtained
at about the middle of each slopi.ig plateau (y= 2),
are plotted for all the isotherms as a function of
reci1procal temperature in Fig. '0. The
logarithmic pressure and the reciprocal temperature
have a linear relationship represented by eqn. (1),
(2) and (3) for H, D and T respectively.

tn p, (Pa) = 24.19 - T027/T (k) (1)
n p, (Pa) = 24,79 - T7025/T (X) (2)
.n py (Pa) = 24.98 - ©65989/T (K! (3)

Desorption isotherms, generall!y vced for
calculating thermodynamic properti:: of metal-
hydrogen system, vere also measured and wjll be
reported elsewhe.e. There was a little hysteresis
effect between absorption and desorption 1sothernms
similar to that observed in the previous LaNis. Mn,
-4 systems’'.
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The pressure-coaposition 150therns for | he
l.aNi Hn,-protium. deuterium and tritium with the
same sample and the same cxperimental condition:
were obtained. In the measurrd temperature,
concentration and pressure ranges the rquilibriun
preisures of cack hydrogen 1sotope show p, dpy 'p.
At the same temperature and concentration. laNiMn
alloy would be a useful matergal for tritiun
storage,

Further i1nformatians on praoctical use sieh osn
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