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ABSTRACT • More compact equipment allowing easier
placement of equipment in glove boxes for

Palladium and LaNis.xAlx (x=0.30, 0.75, 0.85), secondary containment.
which form reversible hydrides, are used for
tritium proce._sing and storage in the Other publications describe these advantages
Savannah River Site (SRS) tritium facilities, in greater detail, and di',scribe some of the
As ['_art of a program to develop technology production-scale applications of metal hy-
based on the use of reversible metal hydrides drides at SRS 1"3.
for tritium processing and storage, the effects
of aging on the thermodynamic behavior of Metal hydrides used for itritium processing ac-

palladium and LaNi4.25AI0.75 tritides are un- cumulate decay 3He in the metal hydride lat-

der investigation. During aging, the 3He tri- tice. This 3He induces structural changes in
tium decay product remains in the tritide lat- the metal lattice which in turn influence the
tice and changes the thermodynamics of the absorption-desorption characteristics of the
tritium-metal tritide system. Aging effects in metal hydride. It is for this reason that we
755-day-aged palladium and 1423-day-aged have been investigating aging effects in these
LaNi4.25AI0.75 tritides will be reported, materials. Thus far, only slight changes in
Changes in the thermodynamics were deter- the absorption-desorption thermodynamics of
mined by measuring tritium desorption palladium have been observed. In a previous

isotherms on aging samples. In palladium, publication, Waiters and Lee 4 reported de-
aging decreases the desorption isotherm creases in desorption pressures only on the
plateau pressure and changes the ct-phase lower portion of the plateau. In this paper, we
portion of the isotherm. Aging-induced report further changes in the isotherm
changes in desorption isotherms are more plateau (_-13 phase coexistence region), as
drastic in LaNi4.25AI0.75. Among the changes well as changes in the ot phase portion of the
noted are: (1) decreased isotherm plateau pres- isotherm.
sure, (2) increased isotherm plateau slope, and

(:_) appearance of deep-trapped tritium, re- Aging effects in LaNi4.25Ai0.75 tritides were

movable only by exchange with deuterium, recently reported by Nobile et al. 5 and Waiters
Various processes ocearring in the tritide lat-
tice which might be responsible for the ob- et al. 6 for aging times up to 861 days. In these
served aging effects in palladium and publications, changes _in. the desorption
LaNi4.25AI0.75 tritides will be discussed, isotherms were reported, and can be summa-rized as follows:

• Decreased isotherm plateau pressure,
INTRODUCTION which decreases with increased aging.

Metals and intermetallic compounds which re- • Increased isotherm plateau slope, which
act to form reversible hydrides offer several also increases with aging.
advantages for storing and processing tritium.

Some advantages are: t • Appearance of deep-trapped tritium, re-
movable only by isotopic exchange with

• Low pre,_sure, high density storage, deuterium. The amount of deep-trapped
tritium increases with aging.

• Rapid delivery of high purity 3He-free
tritium. The previous publications have also presented

results which indicate that the aging effects
• Reduction in the number of pumps are partially reversible by absorption-des-

needed, orption cycling and brief heating of aged
samples to 350 °C. Data has since been col-
lected for palladium and LaNi4.25AI0.75 for
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, aging times up to 755 and 1423 days, respec-
tively. This paper presents the most recent
data collected, and discusses some of the pro..
cesses which might be responsible for the ob-
served aging effects. _

EXPERIMENTAL

Materials 1Palladium powder (Engelhard, Edison, NJ),
prepared by precipitation from solution, and
having particles in the range 0.3 to 1 1-tm _-4
(determined by scanning electron mi-
croscopy) was used. The particles tend to ag- 1 Om
glomerate into larger clusters. Neutron scat-
tering determined the grain size to be in the
range 0.03 to 0.07 _m. The specific surface
area, measured by the BET method, was 1.15 Fig. 1. Sample Container

m2/g' days. After desorption isotherms were mea-

La-Ni-Al alloy having the nominal composi- sured, samples wer_ reloaded and placed back
tion LaNi4.25AI0.75 (Ergenics, Ringwood, NJ), into dormant storage.
was prepared in 32 kg batches by vacuum
melting of the lanthanum and nickel compo- Desorption pressure-composition (P-C)
nents with subsequent addition of aluminum isotherms
to the melt. After allowing to solidify as an
ingot, the material was annealed in argon for Desorption P-C isotherms at 80 *C were mea-
18 h at 1100 *C. An X-ray diffraction tech- sured on aged palladium, and on unaged and
nique determined the material to be of the aged LaNi4.25AI0.75. The tritium desorption
composition LaNi4.25AI0.75. isotherm for unaged palladium was taken from

data published by L_sser and Klatt 7. Isotherms

Tritium used for sample loading and desorp- were measured on a previously-described tri-
tion isotherm measurements was supplied tium gas manifold 8. The manifold is equipped
from a LaNi4.25AI0.75 storage bed. Mass spec- with calibrated volumes and MKS Instruments

trometry analysis of tritium desorbed from the type HA Baratron 0-1333 kPa capacitance
storage bed indicates that the gas is 97.7% tri- manometers. During isotherm measurements,
tium, 1.5% deuterium, 0.7% protium, 0% 3He, the sample cell was wrapped with heat tape
and 0-0.1%Ar. and a temperature controller maintained it at

the desired temperature to within 0.5 *C.

Sample Tritium Loading

Palladium and LaNi4.25AI0.75 samples (5.0:1:.0.2
g) were placed in the stainless steel cell shown
in Fig. 1. The samples were evacuated, acti- Palladium
rated with deuterium, and the'rmaHy cycled
between 30 and 150 *C at least five times to Fig. 2 shows 80 °C desorption isotherms for

complete the particle decrepitation process, palladium aged up to 755 days. Aging de-
Samples were evacuated overnight to a pres- creases the desorption pressure and shifts the
sure less than 5 Pa. Tritium was then quanti- a-phase portion of the isotherm toward higher
tativel_ loaded from a calibrated volume onto T/M values. The lower portion of the plateau
the sample, which was initially at room tem- is affected to a greater extent than the upper
perature. Loadings of 0.60 T/M (tritium to plateau. Fig. 3 shows the plateau pressures at
metal ratio) for palladium, and 0.60-0.65 T/M 0.15 and 0.45 T/M vs. time. Initially there is a
for LaNi4.25AI0.75 were achieved. The loaded large drop in desorption pressure of the lower
samples were placed into dormant storage at plateau after aging for just 10 days. After thi;
room temperature. Desorption isotherms were initial pressure decrease, the pressure de-
measured at intervals ranging from 10 to 1100 creased at a slower rate up to 393 days, and
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Fig. 2. Dcsorpt".cn Isotherms at 80 °C for Aged Fig. 4. Desorption Isotherms in the o.-Phase
and Unaged Palladium. Region for Palladium at 80 and 150 °C.

then slightly increased between 393 and 616 eratur¢ (150 °C) at the completion of the 80 °C
days. A pressure decrease then occurred after isotherm. The 150 °C isotherms are also shown
616 days. After an initial slight decrease be- in Fig. 4. At this temperature, ali of the deep-

tween 0 and 10 days, the desorption pressure trapped tritium desorbed from the material.
of the upper plateau remained fairly constant
up to 393 days, and then decreased between 393 LaNi4.25Alo.75
and 616 days. Between 616 and 755 days, the
pressure of the upper plateau increased. Isotherms were collected for LaNi4.25AI0.75

for aging times as long as 1432 day,,;. Fig. 5
There are also significant changes in the a- shows 80 °C desorption isotherms for
phase portion of the isotherm. There is a shift LaNi4.25AI0.75 for aging times up to 1273 days.
in the a-phase solubility curve toward higher The additional data collected at 1432 days will
T/M values. Fig. 4 shows an enlarged view of be discus_ed below. The trends mentioned in

the _.'_-phase region for 3 isotherms. For the the introduction, which were reported previ-
616- and 755-day-aged samples there is some ously, are continuing. Fig. 6 shows the unaged
deep-trapped tritium which does not com- isotherm, the 861-, 1273-, and 1423-day-aged
pletely desorb from the material, as it does on isotherms. Also shown are isotherms at 150 °C,
the isotherm after 10 days aging. The deep- which are continuations of the 80 °C
trapped tritium consists of about 0.02 T/M. For isotherms. Somewhat unexpectedly, the des-
the 616- and 755-day-aged samples, the orption pressures for the-sample aged for 1423
isotherm was continued at a higher tempera- days are higher than those of the sample aged
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The changes observed in the palladium des-(/') I00
,,,w _ ,o"*__ _= orption isotherms as a function of time are

a. _i_l_o_ DAYS evidently, due to lattice structural changes in-z ,o --o --E'('a0"c) duced by 3He deposition. Previous 3He release
0 f- f a__A 861 (80 °C)_" 910
(xta" / "--• 861(150"C) measurements, have indicated that the
o , / n--,o 1273(S0.C) majority of 3He is retained in the lattice.
,,,_ / =--= ;27a (;50 "el
o o--. ++2a(s0"e) Thomas and Mintz l 1, who attempted to charac-

• .¢.-777...¢, .1.42,_1_l_ .=Q)0., ................... terize the effects of 3He from tritium decay in
0.0t 0,I0 0.20 0.30 0.40 0.50 O.QO 0,70 0.80

palladium foils, observed a uniform distribu-
STOICHIOMETRY(T/M) tion of small defects exhibiting strain contrast

Fig. 6. LaNi4.25AI0.75 Desorption Isotherms after 20 days while fully loaded with tritium.
for Aged Times up to 1423 days. This indicates that damage to tile lattice from

3He occurs almost immediately, and is consis-
An explanation for this apparent anomaly is tent with our observation of significant
provided later. Some deep-trapped tritium was changes in the plateau at early times (10
desorbed at 150 °C; however, at completion of days). The initial large desorption pressure
the 150 °C isotherm, some deep-trapped tri- change is likely due to the early dislocation-
tium remained in the sample. The amount of induced strain in the lattice observed by
deep-trapped tritium in the 1273-day-aged Thomas and Mintz. A strained lattice such as
sample is greater than that of the 861-day- this is likely to have vacancies, dislocations,
aged material. However, unexpectedly, the and self-interstitials, such as described by
deep-trapped tritium in the 1423-day-aged Lasser et al. 12. The lattice with these defects

sample is less than that of the 1273-day-aged probably contains a range of tritium sites of
sample. Fig. 7 shows desorption pressure, configuration different than in the undam-

isotherm slope, and deep-trapped tritium vs. aged lattice. Thomas and Mintz 11 observed 1.5-
time for LaNi4.25AI0.75. With tim exception of

2.0 nm 3He bubbles in their samples after 66
_he data at 1423 days, the trends previously re- days. This result suggests that formation of

ported are continuing, dislocations and strain gives way to 3He bub-
ble formation, as a way of accommodating lat
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tice 3He. This picture is consistent with the Similar to palladium, LaNi4.25AI0.75 experi-
formation of vacancies and eventually bub- ences lattice damage from 3He buildup in the
bles, which is the basis of the self trapping lattice. Transmission electron microscopy ex-

mechanism described by Wilson et al. 13. amination of aged LaNi4.25AI0.75 samples by
Helium in bubbles is probably less effective in other investigators in our laboratory have
causing local dislocations and lattice damage, shown the existence of lattice damage, dislo-
and thus this expla!ns the slower pressure de- cations and 3He bubbles, lt is believed that
crease at longer times (10 to 133 days) with our 3He causes the formation of self-interstitials
samples. The mechanisms responsible for the and vacancies, similar to those described by
desorption isotherms changes at greater than Lasser et al. 12 for tantalum tritide. The forma-
400 days are not known, but appear to bc more tion of vacancies and self-interstitials can be

erratic in nature, suggesting more chaotic represented by the following reaction"
processes are operative, such as bubble coa-

lescence, loop punching, etc. The reasons for LaNi4 25A10.75 _ Lal-xNi4.25.yAI0.75.z +
the observed greater changes in the lower
part of the plateau are unclear, but it is possi-
ble that the lower plateau represents sites xLaSIA + yNisIA + zAIsIA
which are closer to defects or high strain ar-
eas, whereas tritium far from defects would where LaSIA, NiSIA, and AIsI A represent La, Ni,
not experience large changes in site energies, and Ai self interstitial atoms. The damaged
The upper plateau possibly is comprised of lattice now consists of a substoichiometric
tritium sites which are far from defects and structure having the formula Lal.xNi4.25-

high strain _areas. yA10.75-z. This substoichiometric structure
now may have open La coordination sites,

LaNi4.25Alo.75 which can possibly more strongly bind to tri-
tium, hence making a more stable tritide

Results reported above indicate that aging ef- (elemental La forms a very stable hydride),
fects are more pronounced with which would explain the lower desorption
LaNi4.25AI0.75 than with palladium. In addi- pressure. In such a lattice, one would realisti-
tion to the decrease in desorption pressure tally expect formation of a distribution of sites
being more drastic in LaNi4.25AI0.75, the des- (i. e., variations of localized values of y and z)
orption isotherm plateau becomes sloped with of different energies, which would explain the
aging, and deep-trapped tritium is formed isotherm slope. Large localized values of y and
which cannot be removed by heating under z would probably form very stable sites, which
vacuum, but can only be removed by isotopic are those in which the deep-trapped tritium
exchange with deuterium, presumably resides. Deep-trapped tritium

could also result from reaction of tritium with

There are differences between the nature of LaSIA.
these materials which we believe are partially

responsible for the observed differences in An apparent anomaly in-the aging results was
aging effects. LaNi4.25AI0.75 is an inter- mentioned above. Desorption pressures of
metallic compound, whereas palladium is a 1423-day-aged LaNi4.25AI0.75 were higher
pure metal. Intermetallic compounds have a than those of u" 1273-day-aged sample. Some
unit cell comprised of a specific ordering of additional infor ation on the history of the
elements in the compound. LaNi4.25AI0.75 has sample provides some insight into the reason

a hexagonal close packed structure, the same for this apparent anomaly. The desorption
as LaNis. Aluminum atoms added to the mate- isotherm for the 1273-day-aged s_mple was
rial substitute with nickel atoms and afford measured after the sample was held in dor-

tailoring of the equilibrium hydrogen pres- mant storage for about 1100 days. After the
sure by changing lattice parameters, isotherm measurement at 1273 days, the sam-
Nevertheless; any damage or disordering of pie was placed back into storage for about 150
the u_it cell will significantly modify or de- days, after which the isotherm at 1423 days
stroy the compound's ability to react with hy- was measured. We have previously reported
drogen. Since palladium is a pure metal, rear- that absorption-desorption cycling partially
rangement of atoms in its lattice should not al- reverses aging effects in LaNi4.25AI0.75. Fig.
fect hydrogen absorbing sites as significantly 8 shows the effect of absorption-desorption
as with LaNi4 25AI0 75. cycling or] the desorption isotherm. After 20

' ' cycles, the desorption pressure of the aged
isotherm has substantially increased. We be-
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