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state, isnthermal canditiong, ,



9 Eaguilibrium with respect to isotopic inter-
change batwosn distomic molecular wydrppenic
species In the -5 phase lc attained at all
times, the high-vempe-ature 1imiting valucs of
the isotnpic interchange oquilibrium constante
are applicatle, and mnlacylr Adtsenciation tn
give the atmic spacies can he mglected.

The stated assuentions lxnly that expeessinng
for the permnati~n fVyveq of protium and trilium
throuch the tritism wirZme can be writtea in Ue
forms:

1) wIm
2 A ¥ T ¥
JT?r ThT ‘D?y!'p? S S SLE WIS
po(1
T
2 L I
~Iyy "rom‘?”f Ok N N
' 1 ?
r (T
T H 7

? e

°m
o (1 M or e
2 M 2 T
If 211 theon 0 de e
i digsesintiee

the atnric M

festaper ten preasent andtae
S = tar e zpacien Yo qivn
in tia nag nice £ogpn® RBooneno
ected, then th = .* i &0 i) b mrere complex,
but similar.

Kow Int tlas V-1 3) sepegee om the loweprossire

girdes he r,-.f.l.':f":!.- vt ocapnihee the altitinon ¢
protium th a sy."<= s n'aiaing 1eiVeally nnly tvi-
tium.  Than the = 2t ~f tha tritium flur ta ils

initial valye -

0 n 1/7?
: L ) \
JT?,JT? yT{an!a"/'TntA']'
wheress the =:1is Ve affrt1yn gyginm tritinm

Inventorios un'vv ' e same cpeditiansg i

1 .n 0
C /0 pe ¢ o op T vin, L i .
771 T? 2N Y 1" Tty ) ln[n]]

n_ o _ 2 10
cT""r"‘r?"‘r2 Pt Prarn

respectively, for a gas-pha-e and a liguid-metal

phase constituting the principal trettun reservnir.
If the system tritium Inveitnry 7o maipta- oo

constant, then, respectively, for the twn cacex:

‘ ml oufm® 1/2
5 Protat, Protar,t Y1 Totar, Provar}

JT IJ? =yi"z - 1, JT ,J? =1,
2 2 2 2
In the first case, althnugh the cyetom tritips
fnventary has nnt heen o de o4, thee 1 itium window
arca will have to be incrr ond to pomoep trledim
from the Cyclam 3t thn «omo 1513° al.- 1n tue
vecan? cane the ieatrpic cowmainn he ot 3 acted
the required tritéim, windox area,  Thoe, depending
on what type of pha<e reprasents the principay!
tritiue roservair, the tritim windn: uvea re-
quired fnr a ronstapt t:%a) rovp of Jritiym ro.
eovary de adthee dpppesged s oncd e el T
constant tritium inpuatiey, hyt clpgeTy ag in-
credsrd if the tritin= inventary g ta he re ool
I, instead, the tala- kytrngen icotmpe pros.

sure 15 mainttined casnctant, thon:

J /\. LATMED |
T? T? T
in both r:oec, while racn--tive'y:

T TRy
CT/C]-V‘, Loy -

Thus, in leth rases, the trjr i wind-w

quired te 1-ftect the irdicaie® -ageat -

at a constant tritiym veproiery maln o
by the factor /%, hut ties vwi)jym ir.
duction i< guraler in (e warand Cane

It Is 2Yen clear Yhat festapiv sw,maing wili
eithor enhance vr nat affert ‘e prefic-anep of
barri¢rs ta tritin- Aigratiw Car 3% Vhe caceg
consideionl, Note alen thet Yas dncrease in tridi-
um window arey roguived for remoyal of teitiom ot
3 constant rate when no prot fym {s added is 1/
whrn the trilium invantary level is rediycad by the
factor X in either a nas phase or a Yiguid-mot
phasP.'



lsotopic Swyyping €ffacts When Surface Processey
are Rake Brtemining

“Wickmon' 7 and varoni' %) examined anoth-
er case of tritium recnvery through a tritium win-
dow from a fluid stream that had baen isotapically
swamped with pratiym, This case involved the pos-
tulate that the pormeation rate-limiting step wis
a slow surfare pracess, the veacorhination of hy.
drogen isotone atams fallawed hy desnrpiion from
the low tritium partiat_pregsure cide of the mem-
branr. Adsarptinn.dngsarption proacecsas, even I
consideration !s reat-lcted to rlsprption and de-
sorplinn of hydroarn isntnpes anly, can he compler
and tharn ic a vast, nftrn cantradictory litora.
vare concerning Lhis tepic, Tweraiore, wn can

If the ad-

sorptinn and dissnciarion stop on the wpstream

only beiefly tourh unon the spbiect,
sido of the harrip- ig permeatice rate controlling
then a similar anproach can e used in the analy-
<fs.

Thie pa=tirulys lop in e parpaatinn pracess
is carefully px-min harau s thern i< svidence
that . imader proiozted thoeemengc bear redptor condi-
tions, the rerom’ inaticn and doc~vntinn of tritium

atams may indead e pate. Vigiting, Tar oxamp's,

17\
Gond 11, ot at,"

oxplainnd the recults of
theiv cynrariments congoens! with parmeating of
hydr.m=n isatnnog feom Viquid Titnine throngh nin-
bium pi =liranag o the hasis of <uch 2 rate-limit-
ing <lep,

The madrl “ov hvedeeen iqgntope parmeation

I following

which wee vhatl cansidar involves,

asspmptiong, an?!' apiecrsistinne:

o All rosistanceg ta permeatinn olher tasn those
duc to the decarniinn pracess are negligible.

® The parlial precsuris af tritiwn and protium
on the low partiz! p-esare <ide of the barri-
er arc so sall thav the adsorption rate on
that side nf the harrier is neqliqible in com-
parlsor, tn *hp taqorption rate.

o The simp'v Lanmmiv adsorptinn theory with a
single class of active sites adequatlely des-
cribec the adsorption process.

e Dissnciation in the gas phase to form the
alomic hydrogen isntope species firom the dia-
tomic molucular ~przies can he neglected,

o The msorptive characteristics of the Wi and
low partial-pressure barrier surfaces do 'mot
differ sigaiticantly,

e The permeation occurs under steady-state, is0-
thermal conditions,

The essence of the elementary Langmulr theory
of adsorption may be stated as follows, -Adsorp-
tion of molezules froam the gas phase ontn snli4g
surface.. can occur only at certain active “"sitecg®
on the surface which have an affinity for the spe-
cies belng absorbed, are uniformly digyributed,
and have equal affinitles for the adsnrbed spe-
rles. Fach such site is assumed to be capahle of
adsorbinn anly a <inale atom or moleculer of the
adsorbui! cpecier and, because the forees that are
1esponsilbile for the adsorplion are shert range,
th: ads.-ption at any slte is assumed to be inde-
prndent uf whether or nnt an adjacent site 15 oc-
cupied, If the adsurpt!on Invnlyes a dissncia-
tion, say of a dialvwmiv wnlecule, such as tritinm
mo'lecules, to form the atomic species, then the
adsorption process is assumed to involve a renc-
tion brtweern. the diatomic molecule and two ardja-
cent sites on the solid surfacn. The number of
pairs of -4iazent sites, bascd on the abovo linted
characteristics of the active sites, is propor-
tional to Lhe square of the number of unoccupied
sites, which can be represanted in term~ of a
tractional occupancy of active sites by the ad-
sorbed sprcies, often called the surface coverage
ky the adsorlied <pecies. In terms of the sinface
coveragn by thn adsorbed species and the partial
pressure of the gas phase mnlecular farm, a kinei-
ically third-order expressinn for the rate of ad-

sorption is postulatad:

2
r =k (Mr-0:)py .
T2Ads TZAdS T T2

Simitarly, the desorption reaction is assumed to
involye the kinetically second order reaction of
two adsorbed aioms on adjacent active <ites whose
number is taken as proportional to the sguare of
tie fractional coverage and, in terms of surface
coverage by the adsorbed species, a rate ewpres-
sion 1; written as:



T1,00™1, nu‘ "”t .

Under conditions of adsorption equilibrium, the.
two rate expressions for adsorption and desorption
can be equited and solved for 0y to obtain:

‘T"Ads‘r’
—('ﬂ
O, =
T ‘ "T Ms”) l'n
‘ p’
I:T;‘DQ‘TTT

Although other,
cribe the adsarption hehavior in 3 particular sys-

more complex theorles may des-

tem more accnrately, the results obtained with the
simpie Langmair theory should be representative
and may be the most accurate in some caies, e.q.,
Sag Smi!h.(aa) Examples of other types of mo-
dels for hydrogen icotope adsorption on, and de-
sorption from metals are these of Bucur, et

l,(39) and Bucur(dn) for adsorption of proti-
um on palladium films. They ccensidered multiple
types of active sites and surface reantions and
there are many ather such trealment.. The general
approach to analyzing of ansorption or desorptinn.
step-limited nermeation procrsses hy using more
complex adsorptinn and desorption models is simi-
tar.

The lister! assurptions Imply that the permea-
tion flux, when only tritium is present, is given
by the Langmuir cxpression for the rate of desnrp-
tion of tritium from the downstream barrier sur-
face. The surfacr coverage in the ahsence of sin-
nificant upstream surface alsorption and hulk bar.
rier metal diffusive resistances is that corres-
ponding to equilihrium with the upstream mnlacular
tritium partial pressure. The rate expression is

therefore:

M=

ky Adg )pT 1

T I\ds ]—17?—'_?
T21

Des

~ &lons when bol™
“'can be ¢ smmar ized ar.Tole.__'

‘A simlilar analysis hised .n'the came asiuimp-
bbb et B ek sovorip D

Tﬁé ratn ‘@xprés-
sions are of th2 form:

‘T “T,ne m‘v 3 HTDes")E‘lZoH? .

and the absbrption equilibrium expressions are of
the form*

2

k (TYo_,+ 5 k 1(T) 04,0
ToAds T 7 HTpeg | 12°H2

ky oo (T)(1-05,-0,,)7p
ToAds 272" P10

1 2
+ % k,p{TVH{1-879-0n ' P .
H HTAds T2 "H2" PHT1

The precrding adsorption equilibrium expres-
sion and the gas-phase isotopic interchange eani-
Hbrium expressior can be solved for the diatomic
protium and tritium and HT pariial pressures in
terms of the prot!lum and tritium atom fractions in
the yas phase and of the total hydroaen isotope
partial pressure, although the solutinon may have
to hie ohtained by numerical techniques, ard the
The

deunterium,

results inserted into the ri'es exnressions.

presence of the third hydrogen isolape,
and significant dissociation of the mnlezular spe-
cies to form the atomic species in the gas phase
further complicate the problem, "ut the same prin.
ciples are appliceble.

1 the tritium is isotopically swarped with

p=ntium, we have:

Py rie Pyp - =Py O =80,
H, HT T, °H T

and the rate and adsorption canililrimm expres-

sions become, respectively:

) 2
~ . Ya &
JT2 7 *uToest T2 %20 iz kH?Des(T U

and:

1

1 ?
3 szoes(T’“12 2" 5 Rutpes (T T-4p ) Pyy

¢
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8 If tritiym racaynry syvtom performance g rn.
terainrd primar 'y Ky Lranzpar) eqtec then
isataplr swynping protwly 15 nnt cnst-effec.
tive and may (e completely ysatlags,

e If vritiim rocnvery Syutom porformance is di.
termined primarily hy ngyiliheigm fangidnra-
tiane, then jontondr wwamping may Yo cnet ef.
fective, byt thera i an guarantes thal this
will o the caoe,

e Isotapic awamping witl elthae v '_.ilr;n-f"-'—:_aul-
ly affect nr will ephanee *hre porfarmanr. .(-f
haveilore 1n teit i crane snla the i nhnes.
far 4 *necafic-) Peibaps eoncenteyt an eyl
Do prebipment af vaw® etfer tivenaoe mgyt o nf

(o aey dnynlye comideration of chonges ing eogl

riqpuired vocnyeey wylbem copacily, regiirasnnts

fro jenrnpic wepasatinn, hovef il wigieg fear

Fooslopr *

o in trat g spyenlarioe agt in potan nf
€tape e intee Yhe biiepte vn o el o Ve oon
atlees Gy vege Yo sy beee, vt e b sen of
Iyewy, woxquenniyee covv byt i mteriate ar lgynr
encvigy contamptiong ot o af a it of rocavery
sy Yo Tapae ity
(e

[HENSITENTINT S RTT TN R cpreant o tiee teanth
of pPageert, Wie W wnady!e 1o .nli-.rnr.r. o o fnrte
ol 1he mnvoidb:hhe peveience nf oathey bydragen i
L, it ol inntonic amgeing nnoather fusinn
v bow il g vevovery systoms and el dmn i .
aral sim wechaniwmes wilkin sl Srten 1 om pagnr
ptants.  Examplys of breifinm recayerey rmceanes
and mineatinn mechans gy Fae wliierh intereot ing
Aty st simi) e et hody can he peov-Cnemed!
inc huthe:
® the qas kinetic-limited popmraling process
discirsed hy Lovin aml Stickney, ™0
° the nonnqui lilteinm permat ion pepeesg (e
cribe:d by Snuper and Stirknﬂv.(ﬁ')
e high-Lemprratura Lithiwe distillation for tri-
tiun recovery sippentoeld hy Ihile ad Nu.(]|)
o Uhy mollen-salt extraction procwss for {rilimm
recovery from Liguisd Tithium begeribod hy Ma.

roni, ot al,(ﬁ?\
0 prrmeition theenah polential annmelallic mata-

rials of concteuction for fusion reactars,

e.q., nrgan’c pntyervic materials gosd far,

0., qaske's and spals gnd raearrg, gk oA
thote disrusssd hy Fromler ot "\"‘.‘3'- yor

oride or ather corric:nn layars thal yem Ba.
tentially utafyl 44 trit e ha ryere, g7 dre.

cussed hy Strehlow and ﬁ.-‘wv]n_:"?"' gt

[ ] thermal Aiffusian prorecqas Avnngone ! Ly Por.
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