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9 Eguilibrivm wi'h respect to isotopic inter-
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species In the q-5 phase ic attained at all
times, the high-rempe-ature Vimiting valurs of
the isotnpic interchange oquilidrium constants
are applicakle, and mnlacylar dissociation tn
give the atmic species can he mglected,

The stated assuentions 1mply that expeessinng
for the pormnatisn fVyvaq of protium and trilium
through the tritism win’me can ke written in tie
forms:

Im orr
? AV o - P 11?7
J‘?r - ‘97?!‘P1’;! U B A 1 1YY B
D1}
v O N { )
DiProrars | w, TT I Ay
: 1 ?
'I;T) v, Ry
. . IIIT? Tetr''r TV ey 0 I
o
G R ML R
2 M 2 T

l' e'l Skron b e C-.-'.‘Dp_

ser opennentoanl) e

Liam apacies tnoqiva

I disseoirtioe F 4n —aday
ip Vi

the alnric r.pi- -
Iected, then th. .%o 0

006 Dnage rgapat beonane
&' il o mere complox,
but similar.

Row 1ot tha 23] srecqyre an the loweprissra
sirde be roq'igit®. ame cepcibe the aMition ~f
protiun tn a sy.'<= ¢ n*yining rritially anly tvi-
tium. Then *he s 2*in ~f the tri®ium flur to its

inftial valuye '~:

0 n 1/?
Ny = yiip 2 [P )
JT? T? T 'Tota 1 Tota )
whereas the ~:vis a1 the affrtiva gyciom tritium
faventorios un e ¢ same capditiong is:

n

n 1 [ . (4]
CTI(‘.' (DT?‘ a Pys l!? VIfratat  Platal.

-
-

n_ n _ n
CTIFT-DT?’prz.vl nfﬂ!q!’nana‘

respectively, for a gas-pha-e and a2 Yiquid.mptal

phase constituting the principal trettun reservnir.
If the system tritium faventnry ‘o maipta- o

constant, then, resprctively, for the twn cacex<:

) st 172
' Prota1, Protar,t Y1 Torar, Provar}

3 1 ey, 0
2 2 2 2
In the first case, althnugh the cyetrm tritigm
inventnry has nmnt hean oode: oA, the tritinm window
arca will have to ha incer -cod te pomove trisins
from the qyctrm 3t the <oma ta13° rate, [a the
cocan? cane the fentrpie cpwmninn b -t affanted
the rigquired tritiun windoe arra,  Thoe, deopending
on what type of pha<e rpprosents the principy!
tritiur roservair, the tritiim windo: orea rec
quired for a constant t:'a! ratp of fricigm rpc
rovary e adther dpepessrd o ool el T g
constant tvitinm inpentory, byt clpeaety 15 dino
credsrd if the teitig- dnventary is th he re fyred,
1f, instead, Lhe trta- kytragen ic(tinpe prec.

sure It maintyxined conctant, than:

J /\‘ ERVRED |
T, Vr

in both ¢:sng, while rocna-tively:

o €
Thus, in rth -ages, the tris o windew wea o
quired 1o cffnct thy drdirgla! sayont oy ongee .
at a congtant tritiogm varpery vata g dpcraae!
by the factor 1/%, hut th~ *»ifjym freentary we-
duction i< groater in {he warand caae,

It is alen clear that festonic swiovping wild

eithor emhance or nat affart thy pravfos=ynep of
barriers ta tritiur migratire far 3l the caceg
considerad.  Note alco that taes increase in triti-
um window aret requived for remoyal of tritim gt
a constuant rate when no protium s adied is 1/
when the tritium inventary level i rediured by the
factor X in eithor a qas phase or a liguid-motal

phase.”



Jsotopic Swiping £ffacts When Surfice Procegyes
e §n§§ EE}'*”*"iEE

' ﬂicﬁmanrjij—;nﬂ varoni' ) ‘examined snoth-

er case of tritium recnvery through 3 tritiue win.
dow from a fluld stream that had bann fsotapically
swamped with pratiym. This case involved the pas-
tulate that the pormeation rate-limiting step was
# slow surfarp pracess, the racomhination of hy.
drogen isotone atans falloawed hy desnrption from
the Tow tritium partialpressure cide of the mem-
branr. Adsarptinn-dnsarption pracessas, eyen {F
consideration s resi=icted to 2lcorption and de-
sarptinn of hydroann isntnpas anly, can ho complow
and there ic a vact, nften enntradictory Yitora.
tare concerning this tepic, Therafare, we can
If the ad-

sorptinn and dissociarion stop rn the upstream

only briefly tonurh unnn the subiect,
gide of the barrir- {5 permaat ic: rate controlling
then a similar anproach can he used in the analy-
€is.

Thic partirnlar <tap in e porpsation process
is carefully px-minad harau s thern is avidence
that, unner profezted theemernac lear reactor condi-
tions, the recon’inatien and docorntinn of tritium
atoms may indeod ho rato-lisiting,  Tar oxamp’s,
Gondi1l, et a!,’?7\ oxplainad the resu'ts of

their eynaimants conceepsd with perme2tion of

hytrogan dsotanag feom Tiquid Vithiv through nia-
bium mi =hranag o the hasis af <uch 2 rate-limit-
ing stnp,

The made) “or hvirogen isnlape pormeition

the fallnwing

which we shall cansidar involves

asqumptinne, ant apipeasimatinna:

® All registanceq to aormeation othor thsn those
duc to the dr<orptinn process are negligible.

e The parlial precsures of tritinom and protium
on the low parii:! presaure side of the barri-
er arc so srall that the adsorption rate on
that side nf the harrier is neqliqible in com-
parison tn *he facorplion rate,

e The simp'a Lanmuir adsorptinn thenry with a
single class of active sites adequately des-
cribre the adsorption process.

e Dissnciation in the gas phase to form the
atomic hydrogen isntope species from the dia-
tomic molecular sprsies can he neglected,

o The msorptive characteristics of the W/ and
Tow partial-pressure barrier surfaces do 'mot
differ s'qnlfifantlv.

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

The essence of the elementary Langeuir theory
of adsarption may be stated as follows. -Adsorp-
tion of molezules from the gas phase ontn snli4g
syrface.. can occur only at certair active “"sitec®
on the surface which have an affinity for the spe-
cies being absorbnd, are unifarmly dicyiributed,
and have equal affinities for the adsnrbed spe-
cies. Fach such site 1s assumed to be capahle of
adsorbina naly a cinale atom or moleculr of the
adsorbed cpecies and, hecause the forces that e
responsible for the adsorplion are short range,
th: ads.rption at any site is assumed to be inde-
prndent uf whether or nnt an adjacent site 15 oc-
cupied, If the adsorption invnlves a dissncia-
tion, say of a dialomii vnlecule, such as tritium
molecules, to form the atomic species, then the
aflsorption process is assumed to involve a reac-
tion brtweer. the diatomic molecule and two adja-
cenl sites on the solid surface. The number of
pairs of - “iazent sites, bascd on the abtove listed
characteristics of the active sites, is propor-
tional to the square of the number of unoccupied
sites, which can be represented in term~ of a
fractional occupancy of active sites by Lhe ad-
sorhed species, often called the surface coverage
by the adsorhed <pecies. In terms of the surface
coverage by the adsorbed species and the partial
pressure of the gas phasc mnlecular form, a kinel-
ically third-order exoressinn for the rate of ad-

sorption is postulatad:

2
r =k (M- pr .
T2Ads TZAdS T T2

Similarly, the desorption reaction is assumed to
involve the kinctically second order reaction of
two adsorbed aioms on adjacent active sites whose
number is taken as proportional to the sguare of
toe fractional coverage and, in terms of surface
coverage by the adsorbed species, a rate expres-
sion 1; written as:



A nu‘ "”t .

-Under cond1t1ons of adsorptloﬂ rquiltbrium. the
two rate expressions for adsorption and desorption
can be equites and solved for 0y to obtain:

0, =
T kT Adsfr) l

Although other, more coamplex theories may des-
cribe the adsarption behavieor in a particular sys-
tem more accurately, the results obtained with the
simpie Langmuir theory should be representative
and may be the most accurate in some cases, e.q.,
sap Smith.(38)
dels for hydrogen isntope adsorption on, and da-

Examples of other types of mo-

sorption from metals are those of Bucur, et

l.(39) and Bucur(dn) for adsorption of proti-
um on palladium films. They ccnsidered multiple
types of active sites and surface roanctions and
there are many other such treatment.. The general
approach to analyzing of ar.orption or desorptinn-
step-limited normeation processes hy using more
complex adsorntion and desorption models is simi-

lar.

The 1isted assurptions imply that the permea-
tion flux, when only tritium is present, is given
by the Langmuir cxpression for the rate of desorp-
tion of tritium from the downstream barrier sur-
face. The surfact coverage in the ahsence of siu-
nificant upstream surface alsorption and bulk bar-
rier metal diffusive resistances is that corres-

ponding to equilibrium with the upstream molacular

tritium partial pressure. The rate expression is
therefore:
T adf” )pT 1
I, kr Ads ] 7z)?
1+
Des T?1

——-
!
|

Z”can be ¢ mmar §zed aﬁ'?blTows.:

‘A sisilar analysis based .n thé same as§ump-
£ions when bol™

teitium and’ proti«n aﬁe prosent;n? '

Tﬁé ratn @Xpres-
stons are of tha form:

‘T "1 es m‘v 3 HTDes(T)E‘lZoH? .

and the absbrption equilibrium expressions are of
the form*

2 1

k {(TYO,4 % k 7(T) 0,0
ToAds ™ 7 HTpes 12 H2

ky o, (T)(1-0,-6,,)7p
ToAds 1272 1,

1 ?
+ 5 Ky (TY(1-8445-040 1P .
H HTMs T2°"H2" PHTY

The precrding adsorption eguilibrium expres-
sfon and the gas-phase isotopic inferchange egui-
1ibrium expressior can be solved for the diatomic
protium and tritium and HT partial pressures in
terms of the protium and tritium atom fractions in
the yas phase and of the total hydroaen isotope
partial pressure, although the solution may have
to be obtained by numerical techniques, and the
results inserted into the rata exnressions. The
presence of the third hydrogen fsotope, deuterium,
and significant dissociation of the mnlecular spe-
cies to form the atomic species in tha gas phase
further complicate the problem, ".ut the samo prin-
ciples are applicable.

1¥ the tritium is isotapically swarped with

p=ntium, we have:

0

Py == Pyp == Py 2 O =00,
H, HT T, H T

and the rate and adsorption cauilibrium expres-
sions become, resoectively:

1 ‘ v
I, 2 kiroes' 12t iz ki, pes (T 057
and:

1 1 ?

2 *1,0es M12%2 " Krpes! T (1-Up ) Py
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8 If tritiym racoynry systom performanece g rn.
terainrd primar 'y Ky tranzpart rqtes | then
isatap'r swynping probabhly Y5 nnt cnot.effec-
Ltive and may be completely ysalage,

e If tritium rocnvery Syutem porformance ig de-
termined primarily hy rguitihrigm rangidera-
tinne, then jontatir wwamping may Yo cngt of.
fective, but there ic nn quarantes thyt thisg
will b Lhe caoe,

[ Isatapic swamping will flvher et '_.ilqni"—:anl.
ly affect or widl enhanea *hee roefarmane. .(nf
barrelere bt teil i vrane inta ten hingnkor.
far 4 fpectbicd te s renceat eyt an Yol
Thee Juedipaent af cout etfer tivensos myget o nf

cr ey Invnlye concideratinp of chonges ing e,

reguired vocoyeey syctem capacily, requiremonts

for jeatopic weparatinn, hapnfits aiging feen

I

redur tinne in beitigm anyentaeion an! in rotag nf

€ 0afee ot trotgn inla Yhe hinephovn s s o by nn
other Cugeen peg Yo onynters onntential ges of
Yeers, vxpensive come dpepe bin mterialg nr Ypypr
ener gy consuaptinn, anet ¢ nf a unit of rocnviry
ey tog mapa ity
(et

Levares of Limitat i speed on the dength
of papecry Wi were b ta dinensg e nfforte
of the yogvoidhle pregence of ol hey hydvagin ian.
tupee and ot dsatonic swampring on alhor fusion
rescbory Yeitium recovery cystoms and britiom mi-
qrelion mochanivyme within spd Crom fyion poyor
planty,  EPxamples of tritiim rocoyery pracoeases
and miqeation mechani g fap which interost ing
analywes nsing similar metbady can he performed
inc ludo:
o the qgas kinetic-limited prprmealian process
discussed by Levin and Slicknrv,!n“‘

[ the nonoquilibrium pormeat ion progcoss dee
fa1)

"~

cribed by Shupe and Stickney,
e high-temperatura Tithiue distillation for tri-
tium recavery sugansted by Dile and W, (3"
o the molten-sall extraction process for tritimm
recovery from liquid lithium deseribed hy Ma-
roni, ot a"(ﬁ?)
o permation through polential nonmntaltlic mato-

rials of conctruc!ion for fusion reactars,

e.q., organic pntyworric materials yoet for,

r.0., qaskrte and sralg o gnd caramten ] ok oA

LY 41
those disruse=d hy Fromlar at 4t '° wnr
axide ar anther corrscconn lagars thal yee An.

tentially utafyl a4 tritiwe ha rrers, g% fie-
21

cusserd hy Strehlow and ﬁavjqn_{ L)

[ ] thermal Aiffosian proronsaes Ayseyrse ! Ly Por.
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