mem 3 8ACP)

Second Topical Meeting or Fritium Tecknology in Fission, Fusion, and
Isotopic Applications, Daytem, Ohdo, 30 April - 2 May 1985; also Fusion
Technolegy, Special Supplement, September, 1985

ESOTOFE EFFECTS AND HELITH RETENTION BEEHAVIOR IH VAMADIUH TRITIDE

#. G. Bowman, Jr.,” A. Artalls, and B. D. Grafk
Mongaoto Eegeayedh Corperation

Hound

Milamighurg, Ohio 53342
513-B45-4020

ABSTRACT

The relsgxation times of the H, T, apd 3Ile mcled
heve been measured in venadive hydeide and tric-
ide semples. Subetantisl isotope affects in
both the phase trensition temperatures and dif-
Fyaion parapetars have been foemd.  When com-
pated €a hvdrides, the tricvide zamples bave
lower transicion tegperatures and Easter mobili-
ties, The differstces 1n the occupancies of the
intersritlal slces are largaly rwsponeible for
these igotope ¢fifeqts. Moat of the helium eboms
generated by tritium decay remadn Erappad in
microgeople bubblea Farmod wichin fhe W‘.lf. lat=-
efce. Evidenée is preseoted for the gradusl
grewth of the heliom bubblas over periods of

hupdreds of daye.

INTRCDUCTTION

The weanadipm-hydrogen phases: exhibic unusu-
ally large Izotope effecks wikh respact o phase
compositione, crystal seructures, and Jiffusion
properticez,  Alehough tosr prévioua studies have
beeo oo the wvanadive bydrides ind dsucerides, I-3
gome vesules Fox che frlitdds phases are now

available.ﬁr?

The present paper  sunmarizes
ertenalve rucloar magnetic rasonance (NYE) mea-
eutements on the twe tritcdde compocftions V'I'u 50
and vTﬂ 75 3% well as rthe corresponding hydrides
UHB-SD and VHE.?E' Ieotape effects in che phaze

tranzitions and fiffuxion properties wers

obtained from the Eemperstura dependencas of the
proton aod triton tTelaxation rimes, Further-
more, the relaxation times of the tritiutm decey
produce {i.s,. 3He = the light heliun Isotope)
have beann wonltoted for ssveral years in beteh
wﬂ_ﬁﬂ and 'IFTD__II,E. The *ge dependences of the
3l-le relaxacion times are very similar to the
beltavipr praviously obsarved 1o several other
tatal tritidks.a-lﬂ The takher substantial
gquancikles of helivm that ave retalowd in tha
?TH zamples are believed o ke In the fnr:.?;
very high pressture microkcopic gas bubblaa.
This conclusion 1s comsistent with cecent Erang—
miszion electren microscopy (TEM) ;tudigsll in
‘i’TI. The 3He relazatlon [imes have alag Lndi-
cated that the mesan radius of the helivo bubbiles
in ?Tx haz increaged by & facter of abour fhree

between 100 apd 1&00 daye.

EXPERTHENTAL SECTION

All of the "?{H,T}x spnpies bad been pre-
pared from the iems rod of zone-refined vapnadium
metal chat wad purchamed Erom Materlals Beszaarch
Corperatdon, UOraogebury, Hew TYork. Swthesis
details ax well as summaries of varlous proper=
tisx of the 'E‘Hx and ‘T'I'x sanplea have been pub-
1tshed.” The powders were saaled in 7-mm and
St 0.4, evacuated glass tubes for the BNR
megsurements, The pulzed WHE techniques and
ppeckroneter that were uged o teasure the
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splo-lattice {Tl} ad apin-zpin {Tznj relaxation
times have also been previcusly ﬂucrihed.ﬁ’j’s
Although sema TJ‘. walues wera determined at

443 mast of the

zeveral resondnce  frequencies,
pratom  and  triten relaxarion time Jdata were
obtainad ar 24,3 MAZ.

deleterious effects frogm hellum geperation, all

Io order to mindpize

of the triton data were rcollectad withic & Faw
All of the 3HE BIME
axperiments werse periformed et a vasonance fre-
quency of 457 HHz and 3!-1: daca ware obtained
oply ar room tempergture. After che completion
of the NME studiss, aach "i"l'_l‘c sample was analyzed
for its Final compogiticon. Fortleons of bthe pow-
deps wers chetmally Jecomposed By Induckion
hearfng to a nominal maximue tedpatatuce of
about FJ00'C in & calibrated wvolumeryic syetem

veeks after #swntheais.

besed wpon an all macel TWpler puip. The compe—
sitipcus of the evolved gacer were darermined by

@ags spectrographic anslysis.

RESILTS AND DISCUSSIMTE

Summaries of Ethe phase transitions for
i.r(H.D,T.‘.IU_Sﬂ and ?EH,D,'I‘)U_” ete presented in
Table T where the phase compositicms and transi-
tion temperaturse are bazed upor previous regle-—
civity, thermal apalysig, ¥-vay and neuwtron dif-
fraceion, micyoscnpy, and MME Deaaurements.l-ﬂ
Detafiled degeriptions of the warisws phanes spre
avalilable in kRefz. 1-4. The e-phases arve body-
centered cubie where the hydrogen isaotopes pre-
doninantty oceupy Che Estrahedral inkserseizial
sltezs in a atacistically rendom fash[an.l All
of the othar ?{H.D,T}x phases resulr from ac
least partial ordeving eon  +«ither octahedral
sites (d.2., By B B, 6, and EH} or tetra-
hadral mitea {il.a., e
analogous phages for VI

H
E.D, ‘D’ anrd presumably

o _?5} which genaraca

tettagonal or ortherhewbic distervioms of the

Lod The low-temparsturs phase

vanadivn lagtice.
compositiong of WU.SD and “u.:s have net bedn
defivicely establiched but are based” uwpon the
character of rthe crivon relaxatiom cimes and

expected anelogles to the 'Lﬂ:lx phazes. Further

work 15 needed to complete the "i"T“ phage dlsgram.

Teble 1.° Seemary of phaese transitions for
geveral isotoplc vanadium-hydragen compogitiots.
Transition temperatures corregpond to 4 heacing
séquence. [estriptions of various phages are
given in References 1-4.
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$ince the WHER celaxeclon times for wﬂ.ﬁﬂ
and V‘I‘n 50 bave been previouzly cogpared In agme
detail,s the rempergture depepdant behavior of
tha ralaxation times far wﬂ.?ﬁ and w{p_ﬁ iE
enphagized in the pregent paper. Flgures i apd
Z present che ‘1'1 and 'I.‘z- data for thase samples.
Within experimsntal aceuracy sll the '1‘1 magmeti—
ration reioverie: wWete expimential throughout
the measurad temperabuve ranges Ffor both samples
in cooirest to the reglona of nooexponential T1
behavior previcuslty J:‘c!um:l":"5 for WI:I 5ot The
frequancy depstdeant ‘II minina ihdiEEt.thz that
diffusiom is the primscy spin relaxation process
for both systems. The temperarure behavipr of
the Tzn parameterg 13 alge consiatentlz with
gubatantig]l proton and triton omobilitfas fer
temprratures Abova 150 K. However, the tewpeca—
cures of the ‘I‘1 minima are significantly diffar-
epnt (i,e., 282 K for 'E’Eﬂ.?ﬁ and 217 ¥ for “‘ﬂ.?.’)
8t 34.5 MHz) which impifas isotopi¢ differencaes
in the proten and triten Jdiffusion paracacers.
This vlew is supported by the actlvarion ener-
giew {Ea'} cbeained from comventional apmaly-
3“5,12 of the proten snd tritom relaxation
timeg. The avallsabie Ea valyes for geversl
V{n,T .T}“ compesitions are compared in Table IX
along wicth the expacted phaze and Interztitial
geite occupancy. The resolis for 'F{H,D.T},Lﬂ are



Tamparstura, K

SO0 233 e0 200 167 143 'Ea 111
] L | T T T
gon || o
H
4 | o
300 ' o
o -
I !
o0 e | e
sa 'S & o T,H@345MHz)
2 N e + » T{{€83 MHz)
T . 2 T2 1245 MHZ)
E | o o @
= 1 o a IF
£ L]
Z 1 _"h v v
3 b &t
= Blarh * |
z rﬁ%\- -
g 30-F . # ]
b e R
IS : fpess |
-]
1ol B |
1 s |
&L da |
f ':'IH al
03 A'/ '
il !
1 £ : By
0. I 1 1 [a 1 1 1
2.0 30 40 59 6.0 70 80 80
104, K1
Fig. 1. Proton relaxatian times For that
were obtained during cooling sequences.  The

vertical deshed lipes Indicate the transitlomz
between the hydride phases from BRefareanca: I-3.
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Fig. 2. Triton relavation times For VI

chtpined during heating aod coolinmg ¢ycles. R
phas¢ tranditiom from Ehe high temperaturs L
phase is indicavred at 22545 E; howsvar. no
aignificant changes in tha T, and sz data mra
cheeived =t the o¥pected + 6 fn  phase
ttansitione thar would be :nIlusnEs :nT VP

Q.73
behaviot.

Teble 1T - Comparisom of isotope afferts 1o diffueien aotivabion enscgy I:En}
for vomadium=-hydrogan phases.

Hydrogen
Sample 5ite E Tempetaburd
Componl o FPhase Oecypatiey indv) Range Hethod
VL, H Tecrahedral 4554 L4D R-570 K Gorsky”
VD, ) Tarrghedral 7313 175 =570 K Gorsky?
‘li'Tw aT Tetrabedral LR 132 k=371 K Gursky‘
Hﬁn.su 3} Occahedral 410220 370 E-400 E HHI{Tll
?Thlﬁu BT Dctehedral 310830 2o K-34% K HHHle)
'E'En‘ 16 €A Octshadrel 260t15 280 E=-450 K !ﬂﬂﬁl)
"i‘l-T‘,;I+ 76 4] Octabadral LBo+10 210 ¥-2B0 ¥ IﬂlIHTl]l
VTh+JS aT Tetrehedral L6010 230 K-28D K HHH{TIJ
“TD+?5 dT(?} Tat rahadzal 16515 150 ¥-210 ¥ NHR{Tlﬁ

Leference 6.



]
from Grosky effact meapuresenctd while the E‘
values for ‘M’I-Ii:|+ 56 and "il'Tﬂ+ 5g AT from the

previsws FMA atuedies.

Sewverasl interestimg lsotope efifecta [or the
diffustion actfvation energlae arae apparant in
Table TI. Firsk, En
Izgbopse mags in the low 1limlt ceticentratlons,

Increases rapidly with

whgreas the oppoatie trend 1z obzsrved for x =
0.50F and x & .75, MHwicheér gemi=c¢lessical nor
current qugntin khesries can provide 3 gacisfac—
cocy ard quantirative degeriptlon of the hydro-
gen diffupdon procesees In £he bee metals Y. Wb,
or Ta although polaron modilala do gi‘wlt qualita~
tive undervstanding Coar much of che experimantal
r-‘eﬁ.ull:s;.'l5| Far x = 0,50, the zmaller EII for the
tricdds has keen -nt:r:r.l:u:eds oo dncreassd diser—
der of the triccns among the interstitial sices
of the BT-pI'mse which ix reflected ip more rapid
mobilities and lower effactive diffusion actlva—
tion energles then are obeerved in the wmora
highly otderad BH-'pILEI.EE af VH The smeller
Ea for EH-"i"I"Iﬂ.?E
direct earrelation hetwedn more tarid metion

G.50"
i alsc consistent with =

{i.8., smaller Ea. valeeg) and inereased digoprder
singe fhe pratons In the EH-phase are randemly
distributed over all the D2 gebahedral cibas but
the Brogoms are arderEdl on a syukast of ootahe-
dral sires {l.e., Clzl} in EH-WI].SD' From the
phaee bounderies given in Figukas 1, it is elear
that E. values for the wﬂ.?ﬁ gample corresppnd
to the diffusion behavior in the EH-phasu. The
differenc Ea valuas cbtalnad sbove and below the

T, mwimima for e,~VH are believed to reflect

:éo:p.licatiu-ns :gat t;:r?;& from the rimultansouz
presence of short-range and long-ranpgs jumsp pro-—
cegsaes with differing activarion energie;.lﬁ
Rosrayar, the Ea values for ?Tﬂ.ﬁ torrRepond o
difFfugieon in the dipardeved c-phase above 225 K
and ope or mope of the avdecsad phases for tem—
perartures balow 210 K. The relatively small EEII
valuge and rapid tricenm ofbilitles cbssrved Forx
the TT(}_?j phaess sra probebly consequences of
rreforvped triton accupancies om catrahedral

sites, Similar diffusion paramatars have bsaen

repnrtedﬁ* 15

Tal where
]

for hydrogen lgotopes in I!'il'l:llzlI and

tetrehedral tnteratitial gike
accupsney 1a alaa dacmina.nt+1 Fram the Ea valcep
in Takle JI, we conclude that discrder amcnyg the
tetrphedpal  zlres in "u"l‘ﬂ.?5
influence oo diffusion activation energiea in

hazs only minoc

contTeat ta the Iarpe effeceg foumd for
diffusicen among the octahedrsl ioterstirizl
sitar of Ethae E and Ex phases. The effect of

hydrogen concentratlon can b

agcertained only for o-phaze “T'.It where E&

1satope

increases by a fector of 1.7 between x = O and
x# @.75, Similar comparisenz of the published
s13 for @—I{hﬂx and u—TaHx yield incrcases
These larger

data
of §.6 and 1.3, respectively.
waluea pf 'E:a are probably rtelated ko the
contributions of hydvogen-hydrogen repulsive
interactions to the diffuaion

Consegoently, rthe systematie reduction of this

PIDCESE.

effect with the increased wass of the bost metal
it partieularly Iintriguing and warrancs further
detailed study for all the hydrogen lsotopes in

these three metals.

Ths Toom tenperature 3He relazation tiwes
Tl and Tzn
aummAaTlzed in  Figure 13.
inerease wWith age (1.4., haliuw

for the (wo vT-x gampleg  are
d1thougzh bath
PATSEALETE
conkent} . sz increazes roughly cwica as fast ar
T1 while hath patamebars are eggentially
constant  afcer  about 1800 dave. Simllar
behavior for the 3H= Ielaxatlen cimes hasg been
peeviously nb;ewa&s’m in the tritides of Ti,
Li, end T and has been relatedﬁ cx the formacion
and growth of microgeopic {i.e., mean diameters
=10 nm} bubbles of wery high pressurs helium
gas. The pressnt S'He relazation rtimes Im \'Tx
are complerely conalstent with chig mede)l, In
face, recenc high-rvesolurion TEM uealurmmtau
on ié»—"i"l‘:'c have Adetecred large concentraclons of
1-2 pm diameter helium bubbles after omly OGO
daye of tritium deesy. Fiom the incresses ino
the EHE relaxaciom times, It is esrimated thet
the wmean bubhle diameters In bach T-'Tx samd]es
incrwase by spproximacely a Facter of chree
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Fig. 3. Eoom Eempersture 3“& relaxation times

T, (tloged symbols) and T, f(open symbols) for
tl[m '|i'Tx gamples. -

berween 1M} and 1500 days but remain easencially
conatant st about 5-f nm after LBU0 days fer
Wﬁ_fm' This lattar behavicr probably reflecks
the frreversible rupture of the largsst bubhiss
to Telease the helivm Ervem cha solid am wvas
originally pmpus-edE for helim retention in
UT3+

Tha 3I-len contents In ¥T_, obtained from won-
destruetive HME ppin ccunts &5 well 88 chermel
deporption experimenta, are copparted In Figure 4
tg the predicted »mounc of 3He generatad by
tricivm decay. Boet  eechiviquesr wielded E'Iit
eonktents bhelow the predictions althowgh che
untertainty of the spin councs is sboul 10 ro
20%. Because the 3'I-]E relexarion iiwes had keen
tonstant for the previocus several hundred dave
[i.e., cortesponding to the continual rupture of

the Jlargest heliom bubbles), the substantial
1
rolesge af TEe vz observed aftar I000 dayz et

room temp'arature is mot particularly surpriging.
Rowever, the sbasnes of signdfisant Ella contents
it the gases evolved from EWi-2ay old “0.5-{]’
and tha very low muaokity of 3&& obtained from
the Wu.;rﬁ after 1320 derz 18 inconaiztent with
the «¢asentially nermal FMR gignai gmplitoden
cbearved during the 3He relaxsation Itj.pE
exparipente performed over thisd Ll period.
Conewquantly, It 13 stryongly sospacted thec not
ail of rthe helttm 1f balrg releaged ar che
highest temperatures (l.,e., approscimately
1003°C} of the thermsl desorption experiments on
the younger samples, Becsose heliym showld be
much emore deeply Erapped in iIzolaked defecks
{e.g., vaconcles) or vary small clusters (i.e..
bubble precurgors}. the proesence of larger
bubbles would facilitate halium release ar lower
temperzturas for tha oldsr saonples. Thia
explanation qualitatively rveconciles the HHE
gplo count and thermal desorption results 1o
Figure 4, aod it is consistent with the
increseing bubbkle Eize implied by the 3'Ile
velaxabtion times in Figure 3. However, 1t is
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sauples frem “He NWR spin—counts (open symbols
and rherpal desorprion meAsurements  (clneed
gyrbolel. The eolld cvrve rtepresents helium
gatarated in 'Iﬂ‘: from tricive vedicaccive decay.



presently Impossible to estimate quentitacively
the helium mot detwctwd by cthe
thermal desorpbion eupeTiments
deeply trapped. From comparisong of the spin
ecunk and thermal deaerpelon dake in Figure &,

hew msuehk of
WaE accoually

it appears that the ﬁ.I'T';| 75 gample had releeged
10 to 15%) of ite heliom

1600 days &t Toom Lemperatura,

sume (L1.&., abuur
coptant sftir
and subeequently telapged sepencially all of ics
helium when heatcd to 1040°C., Om the othat
hand, 210H-dey old vTDiEO
valeased sbowt 25F of fvs helium &f toom tem—

perature, but it had alge retalned more helium

has  zpparently

(1.e., roughly I0%) during the LOGC daserp-
tion. Bacauza "?TUJS generatas hellum at & raté
ahout }.3 tlmes faster than wﬂ..’rl‘l (whare the
small dilfertnusﬁ ip  Iattice volumes are

fgnared), momlnally  ddentleal gquantitles of
belium had heen formed and tha above differencesg
cannat be Teadily attributed to amy pajor varla-
tien in total hellum concentration. Farther=
moye, the jFl»e relaxatfon times from Figure 3
indlcate the wean hubkle vadll are alsa compara-
which currently

Influsnce the
Hore

gtoichimetiy,

ble. Feoce, other factors,

temain wunidaptifisd, ¢ar alse
gpecifirz eechanisms for helivm ralensa.
information orn the affecte af
rhaga comperition, #eé,, on che discyibution of
hellum bubbles and other defeets will be rTe-

quited evo resolve this Issus.
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