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AESTRAIT

Soce propereies of rhe tritide phazes formed by
the iprermetailic compounds nghri. Fr¥l, aocd
[.aHi.s have bedn studied. Hhérsas I:rilHT_3 will
retain  ite  steichicmerry indefindcely whem
aufficient gaswods Evitfum de avaflable, the
stelchlomerrics of ngﬁﬂﬁ and I‘aNi,ETE.ﬂ da-
¢reesa Uikl tlme.  Although a1l chres loterme—
rallig tricide=z cep yetain large quantitiep of
the belium=3 tTitiue decay daughter product din
the £o0lid phage, irreversible relesse of helium
begiry after saeveral hundred daye far ZrHiT: and

57

helduwm generated in the ealid For at leesst 2400
day3, TFHR meagurenengs for EJ:H:L'I_li and I'I;;:!I'H.'l'=t
imaly rthat helium 13 tetained im miervoscopic

Mg RIT_ . Howaver, Laxi. T recains gll of the

bubbles a3 previcusly cbsarved io geveral bipatry

mecal Tricides.

INTRODICTION

During the pest decade of s0, wany interme—
tellie compounda and thelr =llcva have baeno
found to Teversibly a>sor™ and desarh pasesus
hvrdrogen. Theaz alicys zre halng consldered for
veriows spplicetinns each as chemical sCorage
beds,  gerters,  dsobose Ssparatial,  prEssUTE
pumps, Bnd purificaticr srstems in the suppert
ef kyvdrogan combustlon and muclear fusfon tech-
nologiles, The mos¢ provisipg  intermetallic
allevs for thesa applicatiges heve the genaeral

compositions &ZB, AB. ﬁBz, and ﬁBS whetre netal A
{e.g.. TI, Zv, Mg, La, datc.}) forms wery atable
kydride pheses apd merzl B fa.g.. Wi, Pe, Mn,
ekc.) 1a usually ar endothermic sbsorber of
hydrogen, Alcthowgh the effaccs of critimm decay
and halium (3He] Farmation heve bamn stodied in
swvaral Dbinary tritinies.l-g spparently litels
inforgation is aveilable for sinilar properties
in aoy intermetallds tritide, The presect paper
deacribens the long=term behavior (fi.4., Jata
have been chtained for pericde that exceed aix
yasrs) oo the termary tritides H;EMT‘. Zrlli‘l'a.
and I.ajiij'l‘a_j, which can %2 rtegavrdad as
ropresentative amsmplas of txicides formad by
iptermerallic types Azﬁi, ANL, angd A.His, Mese
attention haa haen om the ebilities of theae
tricides to maintain thelr pioichlometries &g
the ericiym argms radipactively decey and the
retention of the lpert gas 3HE daughter product
in the &elid phese. Theza atudien Thawe
indicaced consldexable variatiomns Zor thess
cricides which z2Zre wost likely Tolared to
differences  in  sfructural, chamical, knd
machanical properties. Some generel trends hava
been ddemtified and are <comparad & pasc
obsewuiunﬂl_g an varfous birary tricides.
ENPERIMENTAL DETALLE

The rternary mefal tritides had been pre-
paxed by direct teactdons of ceritiue (sbontg
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9E-09T '1'2} gaz with incermetalfiis compounds [xrom
Btrausw the Zl.'i'l:l'Ix and
ngNf.TK mrrrrials hoave low diszogigeion pres-

comamtcial  vendeovs.

gurds At tors Cexparatura, mester batches of
these tritides were smchesized for digtributicn
inta gaveral tcorage concainewrs for pariodic gas
seapling by volumetric-mase spactrometrie peth-
ods and the nuclear maguetic resomancse (NXE)
BEparImenCE. Hoavever, rthe high—-dicsocizrien
pressurex aud é¥pactéd tapid daserption rattslo
tfor Lafi, hydrides Tequised ifo-~sire prepavation
of individual l.a'ﬁ'ij'rx semples on a comon high-—
preespre gas penifold. Mosr of the Mgzﬂi'r“ and
Ir!fl'!: samplas had eo initfsl erifinm gas over-
presgure of absut 3 bars, Howevrar, one gag
sawpling concsiner of wach zarerial, zs well az
41l the WF somples, were initdally sealed under
vacurm. EBoth LE.H:L&TH gemplex had an indcial
Jgtricium prasaure of 5 bars fomedfately afcer
synthesls. The atoichismarsy veteation and
helium relesse from the s9lid phazes ware moni-
tared by periodic spalysis of the gpases removed
from = Zmal) {i.&., lasz rhan 5% of the coral
frece volume) sampling stotiom oo ¢ach container.
At) of the samples vare kept at coon Coopera—
ture. Standard transiepc NMR tenhnf.quua-ﬂ vaTe
uzed to derereine cthe teiton aad aﬂe velaxacion
timea T}. fanip=latcicel}, T2* {limeshapa decay),
and TZn {gpip=-agpin}. Each KME sample was ulii-
wately avslyied wia a theatmal dezevption
methud!'ﬁ where the fime® CempaTatuTe WA
oomirally 1000*C and che composiclons of evolved

fases wera detammined by mass speciromecoy.

KESULTS AND DISCHSSION

The 1nicial scoichiopsezries of the intemme-
tallie teitides were determined to be Irﬂil'z_gj.
"E;"“j_gj* gnd L.Ell!u'iﬁTE._3 vhich are In good
sereapent with the Tepartesd mpaximm compesitizng
for the corresponding byiyddas, The effecte of
tire on the cricide scolr:iometries and helium
release oehavrior ars suncerized In Fige. 1 anmd
?, zesprctively. The tbrae intevowtallis trir-
fdes arec geen Eo exhibfr distinccly Jdifferent

bBehavior, Altbtough e changs wis detected In

cha ngwi'['x seeichkicnecey wpon the addicvion of
gaseous Cricfum; scelchiopacry increazea for

both Zrhli'["x and Faki I:: werd oboerved at the
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Fhila the Increasss wac leme

firer =zampling.
than 2¥ for rhe I.rl'lﬂK saaples, Lt wvaz nearly
0% for the LaN':I'.ST: sawple ghesm dn Fig. 1 ard
ovar 4% Fer the otherv L-uHijT: stople,. EBetauae
bath thlis'r: sanmples had already experianced o
pricr tritium absorptiem—desorption oyela, ehay
ware azsuedd Eo be ressomably well-activatad.
Hence, the further Ineresse dm LaH:I,!ITx gtolchi~
onatry teflaccs gicher the formdtion of more
Erdride phaes frowm a portion of the alloy rhat
had fiof been opigivally activated or slow addi-
tinzal akasrprion ke higher concankbrations
during che 1§ days bafore the fFirst rampliogs,
Becausze most previcus ptipuntiﬂna“-u of the
LaHiSEx phaeea are usually copeiderad eo he
cemplete within a Fev hours, the oors gradweal
abgorption as zwen for I.aliis'rx probably waz not

Tecaghlzed fn the eariier work.

When the rritides wire kipt wirhoul excess
tpieiem  pgag, thelr grtoichiomatries decredse
quice closely to the predicred logs from critium
decav. The scarter in the thermal deserprion
data showm in Fig. I Eor approximately 900—day
old Ngzuﬂx iy belisaved o veflact expeiriomncsl
difficulcles rather chan Inkomcpencaus varia-
ticos 1a stolchfomerry. TIn the presence of
sufflefent eritivm pas, Iﬂlﬂx w3z Found £o
waintain 1rs stolchlometry throughout the course
of the pres#nt Ftudy whils tha scoichiomarries
of the othar ducermetallic tritides decyezced.
HEowever, an Tavarsal wF the
ptolchlome{ry decrease in HEEHiTx waa bpbeerveld
aftexr about 1000 days, elithough cthis tritide had
returned toc only 90X eof its original
scolchiometry &frer 1800 days. From Fig. 2, ik
i <igar that zigrificanr helium relesss alae
sterted for the nguﬂ! dzmplez afrer 800 days.

AppaTedt

The following Zcknaric 1s proposed for the
Mg HiT_  behevicr: A surfaca barriar (e.g.. a
z ®

Layar of variows oxides) wxistzx oo cha
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Fig. I - Lifects of time ou etoichicmetrias of
eecal tricides with excess coritium gas (opan
symbele)  and  inifially stered under VeECuws
{zlused syebole), EResulrs have Lasn nocmalized
to ifricfal compisitien ag date of symehesis.
Full line depates stojchiomerry change cawvsed by
teitium dacey alons.

ag=prepated Mg WiT  and atevepts the sbaorptiom
Fi k3

of faseous tritism o elthar potentdially

Inereaze ics indcis)l skoichiomekry or replenish

critivm dn  che  Ericsde JTatpice thac  had
radipactively decaved . Conreguently, the
.'-'g,,::i'l‘x etolchiomotry *ceadfly decreasss until

l:h; cniwt of substantial helium reiease from Che

solid  which presemably occurs  throwgh  the
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Fig. 2 - Cumulative helinm {“He} released from
Che metal tritidea. The open symbols correspond
te smatples waintained wirh exceas tritium gas
while elosed symbole represent samples fnirially
ynder vagyum, The astecisk {*) denoces results
from thevmal desorprion enmalyses on HME samplea.

3‘!111:

htlium teleage proceases caused fractures in the
iopermaable  oxides filme which subsequently

{ereversible repture of belivn bubbles.

erpesen githey reaceive gurfaces or chanmels for
rhe sbsorption of rritium to give the stoichil-
Becatis¢ the Mg WIT stolchi-
opwcry had nor returned ite indkisl compoaiticon

opefry incréssa.

kv at lesst 1800 daye. helium relaase hap elther




not oceurted uniformly chroughoer the particles
or reylons remafoed bilocked to che criclum gas.
More dnformation on tha surface and defect
propercits of the h‘g:ztli hydride gphases 4is
regquired to clarify rchis Lehavior, Apparently,
tha ZrWiT, surfaces wra sufficisncly actlve to
permit critive absorptiom pricr te sary signifi-
cant helium releass.

Beceuge the sbsorptlica—desorprion resctlors
of Law I.iH {13'}“ ATk quita rapid, 14 the
sipichiowetsy decresse Lfor I.a.‘?is'rx cETNAE bE
abtTibuted to zurface barriers wven though no
helive relwase kas oceorred before at lezsc JGOQ
days., The high equilibriom pressnras for [.allis
h}'dridea“'n teply ceontdinuel grelchiometry
decreases a3 the critium partial powssuts fmille.
The toom tampersture lsotherms for L:HI5HI avy

ghosm in Fig. 3 alerg wich pressure~composicien
data fer the twe LaH:I.ST“ sanples. The LaHiSHz
degarption  curve of Busten from IFCD  was
getrecated from che mastsr batch of eslloy thar
wag uged €0 prepare  these tricide samplex,
Several significant differences ara imeediataly
apparent, Firset, the tiifium prassure over tha
high I.lilit‘l.sl'l':,= compositiops 1= far below the
prejected hvdride isothaerma. Thie !z not Jikely
te b strictly an isotope effect gloce Birls ot
:.1.“ found I1fitrle diffsrencs bLetuean Ehe
hycdrida and deuteride isocherms. UOnfortunacely,
thera dnas not sppear to be any awvsllable pub-
lighed laotherms for LaWNi_ T that were cbhtained
by <enventional mthnds.jf"fs Second, the paz—
tial Ecitium platean pressures over the L““‘:.Tx
samples alzo axceadsed both the absorptlon aed
lzocharns of cthe well-accivated
When wost of the tritivo

deworpeicn
Lan{ R systess,
overgas was remaved f[rom gme T_.a?ii_,.'l'x agmple
(i.2., Ko, 129) by 2 rapid expAnzsion iance an
¢xcornal Yolume te produce a reduced JI‘2 pressurs
of 0.6 atn, a2 samplicg performed the next day
shewed that the pressure bad only returned to
1.5 atr, which was abeour a fourth of the value
priar co Tenowval of the overgas. This tririum
gax PFad besn evolved from the tricide phaaze,

Partial pressure of rydrogen isotopes, etm

o L T T T T T T
L —— LaNigH, {Biris, et 3l - 1976} i
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i
)
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Fig. 1 = Porcion of rhe room cemperature {298K}
pressure-composition lsotherms for L.-.leﬂx from
the stodies of Biris, ef al. 1 &nd Ehe gnpub-
liched daca of ¢ha wendor (IHCO) wha thad
provided cthe alloy wzed to prepare ‘LaH:I]Tx.
Symbole For Laki.T camples Tepresent TesulCs
cbtained oaver a &.5 yesr pariod. Sar text for
details.

Subpeguent mesguremsntz over the oext Fifrwen
monthg fedicated that the peeelal tritium pre=-
gore for sample Mo, 129 remgloed belew the
published hydridae desorption isocherm. However,
the Eribiua partlal pressure of the other
MiSTx sample {i.e., HNo. L3} had decraagad
enly slightly over <his period and  gedill
exceaded thae hydride absocption dsotherm as

e It Fig. 3.



(2-13 have recencly

Tlagagan and co-worksrs
described wery iotereating effects of anmealing
ang hydrogen aliquet sire om ths pliteay pres-
suras and hysteresix bahavior iz the Lal\l'lsﬂx
They found rhar anneal-ng sceivatad

system.
Lat'!is sltoy or decrsaeing the hydrogen aliguok
glze 3aigoificantly increased che shsarphlon—
degorprios hystecesls Tatice by  aising che
absorpeion 1lszothera and dapressiong the desarp~
tion i=atherm. Although this bebavinr 15 net
completely wunderstocd, it hiax been  aesoei~
al:edlz’u with the abllity of the metal lattice
te dizzipate the nechanical streszan Involved
during the absorptien or desovpbion of hydrogea.
The temoval of dislocatiopa and other lactica
defacta by snneanls as well as the raduced heat
sxchanges fa snall aliguer eize lead ka3 much
larger h}rs:crtsicm‘n. Since the normal
aksorpticn-deserpilon reactions for the LeRi T
sawples sra govermed by 12,53 yr half-Iifo of
tritium, thair fsoctharas will sorcaspond ko an
axcremely zgall zllquot slze, Hence, from the
previogus hFiSHx nhaewatir::n-au'u it 1a be-
Iileved that cthe LaNij'l': deta in Fig. 1 repremsent
the wpper bound of the absferption izotherm and
the lowar limie fov deserption afcer the evibium
pressure had been dropped below che tquilibieiom
fsotherm. Contribuclons from the dafecrs
genstated by Che helium vecentich in "'“"51":: way
alap be important but caomot be azsepsed from
the availahle data, Systanatle rricium isotherm
mEASUTEICHES on well-characcerized Lah‘ij alloys
are needed to decermine whether halfum efferta

are aslgnificaak.

The mzaner lo which metal tritides retain
helium sz well 2a the nears of subsequent heliow
release have been of ‘orerest for & Towg
:im:l-g. From NMR ::ud:eu}6 ot 3Ha relaxation
timea in geweral binaTy Seicides 1t was proposed
that poat helium is confazrmec 1o small gas bub=-
blex (1.e., diazcters of aboes I8 om or sealler)
and thak relesas acewrz Chrough rupture of Ehe
larpest btubbles whan cheit pressyres exceed the
necharical atrerpths of the damaged critide

Jarcice. "Recenc high resolurion rrasswmission
electryn microEcopy llzr;lllﬂ.'im.rall:u:El-]l_9 hewve wetdfied
that =2 no bubbies o &xfst in [00=400 day ald
tricidex. Souwe T and zi-le relavarion time data
for ngﬂi'rx. zﬂlirx, #nd Eeveral represantativa
binary metal trlcides aze sunparized In Teble |,
The T relaxation cimes far all che naceriala
excapk wﬂ.ﬁﬂ corvmipond to lomoblle eping g=
expeicted for the kuewn diffuzion behavior aof the
hydreide phases. The Telskively rapid critium
mhi.lit}fﬁ :;l 'U‘Iﬂ‘s haz baen previously de—
geribad,. " AlL tha 3&: relaxation time data
in Table | gre szen to obhey

%
T, Ty, <T, 163

that was attﬂhte&a'q ta helim ratenciom 2n

small Bubblen whaera colliglona twich the bobble
wzlls dominate the EEP.- relaxarion times. The
increases io the fzm snd Tl ralaxaticn Cimes, aa
wall as the '1"‘.21:‘1.-".7:'I retia with sample mge, is
evident in Tabla @ and corraspocds ta bubble
grawth mes the Etrappad helivm cootenkt bacomes
larger, Fig, 4 shous aystenacic Increases dip
che J'Ih Tiw amd Y:I. reluxarion cioes for Ilszliﬂ“
that are wery #dmiiar to tha age depandenceg
previously E-.'uu.utml.:.’'5""’I Eox jﬂl telaxation tiwas
in UT“, 'Ii.'l‘x. and n‘x. Congequently, it 18 coo—
cludad Ebat helium recantion occurs in growiog
bubblea for wosc (If mof all) oetal tritides. A
comparisen of the time for signifizant helfun
relepse from HEIIHT:‘ ax shown In Fig. 2 with che
essentially conseant “'Ha relaxation timms maE-
sured after 1000 days provides further support
for the relvase of haliuve throuvgh cthe Tupture of
gae bobbler vhen thay appraach 3 <riticsl dimen—
sion as was previcusly proposed in other apa-

tems. 3.6

The triton 1.'1 ralaxarticn times iIn ngurrx
were found to decrease as the sample became
alder, Gimiler hefavicr hac ook besn noted dn
the other critides ldizted in Table 1. A
pogsible exploration fa  the productign of

paramegnetic welaxartinn centers in ngtt‘i'l‘x




Table . Representarive jHe aud trikon (T} relazacion times
*

I, (lineshaps gpiv-spin), T, (CPMG spin-spin), and T, (spin-

lektica) for geveral matal tricldes. The resonanca fraguency

for bakh #pint 1s 45.7 MHz end ell dats ware cbizined st room

tf’ﬂpt rafutsk,
-

Initfal Age T T T
fomposition {Bayg) Spin [‘L'} {%‘&j {-a} TZm‘JTl
HpMIT, oo T 9.022 - 1.208 -
MENAT, oo 1285 T 0.014 - 483 -
Mg AT, 403 e  D.175 13.8 3,800 0.005
Mg NiT, o 1281 “He  0.330 615 14,600  0.042
2T, o 1517 0,019 - 260 -
ZeHIT, o, 1330 He  0.153 127 B,920  0.014
LT, 4 1274 T 0,011 - 211 -
T, 18T %we  0.049 0.9 500 ©.002
U 1356 He 0,093 115 2,260 0,060
o1, 150 He  0.020 i1 35 0.031
T, 1158 e  0.024 12,3 91 0.5
L 1534 T 0.065 0.127 21 9,006

3

YTy s 140 He  D.OKL 2.9 530 ©0.005
VI, oo 1825 e o076 56 2,240 0.0%

bacausa of eritium vadiolysiz. Thara was.
however, oo indiegbtlos Erem  fthe Etritium
lineshapes or spin—spin relexatlen times Ffor
the formation of trapped molecular eritivm In
ngl'l'il‘x a2 p;l?IEBSIJ' faund in the radiolyric
decemposicion” of LiT, It s possible thac
free Dagnetle KL gpecles are generated In
M HiT,, because Mg Wi, is koo 1 to be o
semfcondustor rather thaa a tradicional

metallicr hydrids.
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