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FUEL CLEANUP SYSTEM FOR THE TRITIUM SYSTEMS TEST ASSENBLY:
DESIGH AND EXPERIMENTS

E, C. Kerr, J. R, Bartlit, and R, 1I, Sherman

University of California, Los Alamos Scientific Laboratory

ABSTRACT

A major snhsystem of the Tritinm Systems Test
Assembly 1Is the Fuel Cleannp System (FQl) whose
functinus are to: (1) remove imourities in the
form of arqnn and tritlated methane, water, and
ammenia from the reantor exhanst stream and (2)
recover tr..inm for rense from the tritiated
Imuritins, Ta do this, a hybrid rleanip system
has heen desiqued which ntilizes and will  test
concurrently twn differing techrolnnles - nne

haced on disposanle, hot metal (II and T1) getter -

r.ds and a secomi fiased on reyenerable cryoqenic
adsorption beds folinwed hy catalytir oxidation
of Impuritins tn DTO and stackahie agases and
froeznut  of the  resnitant DTO to  recover
essentially afl tritinm foar roense,

INTRODUGTION
The Tritiom Systems Test Assembly (TSTA) s
under  constroction at  Lns  Alamns  Sclentific

Lahoratory (LASL) ta davelop and demonsiirate the

0-T funl hand i Ing tinchnninngy nentled far
comrrrelal  fusion power reactors, A major
siuhsystom 1= tun Fuel Cloannp System (FCU), The

main functinns nf the FCH arn twofold:

1. to romove acchmilgted dmpurities fynm the
roactnr exhanst qases and the nenlral heam 1ine
gases, and

2. to recover iritium fram thece Inpnritieg
for rmnse in the fuel cyclo ami to koeep tritinm
nitt nf the environment,

All¥omgh  Lhe specles and concentratinns of
impnrities in reactor oxhansh qages are nnt Known
with cortalnty, the hest aenrreont  estimates have
1od to the design imantitios shawn In Tahln 1,

No helinm 15 shnawn In the foed to Lhe FCH
bucmsr  halimn  Is  soparated fenam the  impnreo
reactor  oxhansl nanes hy  nperatinan of  the
componnd eyopmmp at the  roactnr, This  pumn
enllorty, Wmijum o= e adsprbenl snefae Al 4 ¥
and eenlilocls  all ethor  specles on another

wneface.  Faporiments
of hollym Is
maintained  dimedng
s faeny (1),

have shown thi+ sopmating
maslly, almost  nnavnldably,
codqonocal lon af Ty c1yigpmmp

The purity requirements for the effluent fuel
stream from the FCU are determined nnt by the
requirements of fusion fuels, bnt rather hy the

needs of the cryogenic fractional distiilation
system {Isotope Separation Systeml which
processes the cleaned fuel stream from FCU,

Exper lence has shown that impurity levels must he
maintained below 1 ppm to ensure saf=, lona-term
operation of snch eminment without hilockaars or
hazardms accumn®ition of impurities (2),

PROCESS SELECTION

A wide varinty of process
avallahlie fnr meeting the nerds
Hnwever, none has linen proven In a cnntinunns
operating  mnde with tritiom, The rhin¢
alternaclives  qlven rnonsideration  included the
following prncess elements:  freezemit, cryonenic
adsorption, ratalytic  nxidation, electrolysis,
activated metal aetters, and pa*ladium diffasnrs,

The nse nf palladinm diffusars was rliminated

aliernatives are
nut 1ined abnve,

falrly early from further consideration, Thelr
disadvantanes  wore  the  nend  for  elevated
pressuees, reported  brittie  faljares  during
temperaturn  cycling, reporled  pnisoning  hy
ammonia and methann, ard tne fact that, althonah
diffnsers can prodince a hydroqen isntnpe stream
free of Impurities,  thev cannnt  pradoce  an

iImpnritv stroam free of hydrogen Isntones,

Twie  basie  prncess  schemes  ware  niven
Intr 151ve evalunation, The first was A schome
hased on dsorplion of imnuritins on molerniar
slave  heds at 75 K, folloawed hyv  catalytie
oxldation of reraveved Impurities Lo form
tritiated water and  tritihim-frer  comnonnds,
frerzomt  nof  the water, and elnctrnlvsis  tn
recover  tritinm,  The second was hased  on hnt

vraninm qotter heds operated at 1170 K to rim otyn

Impirities  as  nranir oxbing,  earbidos,  anil
nitrines, Both  schemps  have  advantanes and
disadvantanes and, in the ond| balh will he need

at  TSTA, Tahin Il s izes  tln pelat ve
strranths and weaknessos nf Lhe two sehomes,

The cryagenie joaesvig abt this 2 Eae anpoars o
ltn the e wltlmatedly peoforend,  lhwoyer,  the
Tack o g nraven {ITO plarlreodydsr Toeens iha
tntordn nse ot ylbeerp.tlve pimcessos,

Mowl porLarand wndme Lhe pusplces of the ), 8, Dejiartment of Tnergy



torponunt

Q; (=D, + T + T,)
g (= I + IT)
C (= Eﬂﬁ + CO)

TABLFE 1

FCU INLET QUANTITIES (MAXIMUMI)

0 (=0,0 + €O = N + 1/20,)

N (=30, + HO + 1/2 §,)
Ar

TOTAL. FLW

Ratio to )
D, + DT + T,) G-ols/Dav
10 156. 4
0.02 7.20
0,001 0.36
0,005 1.80
0.001 0 18
0.05 18.00
384,12

*() = any mix of D antl T atoma

Prineipal specles under) ned

PROCFSS DESCRIPTION
the ahnve consideratinns, a  hybrl
system has been develnped, utliliztna hath hnt
molal  qetters and  crvenenic  adsorotinn  wit
catalytic oxldatinn, a5 shnwn In Figure 1,
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Passing stenw!se throngh the FCU proceeds as
follcas, Regardless of path, the first element
Is *he varlahle vailime surqe tank, which is used
to  cemave  flow  tlnctnations  and  provide a
constant  feed pressure of 1000 torr, If the
Catalytic Rractor Package ic nn-stream, flow
procreds throngh the catalyrin reactor, CR-1, In
which any fren oxygen is combined with nydroaen
over a 'DENXN' twvpe catalyst ar 150 K, The
removal of all Impuriting taves place in the
followina molrcniar s:ieve hed, M3i-1 or -2, In
which a small fieezer secelon and GA molecular
slnvns (RO-R0 mosh) at 76 K utllireg eoqrioansation
amd adsorptinn 1o pendnee a forl stream directly
snitihly for crvanenic distiflatinn, HWhen the
capacity of MSB-1, for exampla, Is exhausted,
flew Is switchiml to the reaenerated hed, MS8-7,
MSHi-1 1s heatel te 400 Kty driye the contained
imiriting to the catalytic reictnr, CR-2?, where
vatalytie oxldatlon at 800 K npeoaces tritiated
watm, DT),  and b ltium-fren  componnns, s,
Na, and Ar,  DTO is snhsequently frozen oot at
160 ¥ and periadivyily vapardzed and ronted to a
ht neaninm bed, IMRB-A4 or -5, In which DT s
froamd far rongn ky the formatton of stahle pyldng
of neaniam at 780 K, 1IMR-1 and -7 oyentnally will
1o ecoplaced hy oo eirctenlysis endl whien syry
hacomes  avallahde,  The wastp aqiasng, 0a, Na,
Ny, and Aey eoendye fipal deteitiation in the
TSTA  Tritinm  Woctn  Treatmnnt  System  -TWT-
{ea alvtile vacamime and deylng hadg' bhnfiwn
hodan slhacked ta the atmaspheen,

Whon the aliavaata feant eod joack.n, the Mng
Motal  And  Pack wyn, Is  mi-<irow,  the  myln
foodateraim dnayns the v bgbhdo yohme sagrge Tant
And antpea the o lasey greandom el HC G
ERcRE 1 I I I 1 T O £ T RITLEA T TTAN CSM 11T A S I O T
romovent Ly ehemlcal e b loang Ulal Form neanion
rcdiei, caehlbdes, md o nlte bios, The Ineet aenmn
wiln  Dhapog of the athm deporities, nausng
thieramh Lo b adelbwd gp o In MSB<Y o &0, ag
hefnrn, The  eeoqeamatod  y»ann,  with g <yl



TASLFE

Advantanes and Disadvantages of Alte=native ! Prozesses

Process Advantaqes

1. cryogenic

no solld wastes; simple,

non toxlc wasta gases gn

tn atmnsohere

low operating cnst

2, hnt U

getters

availahle

minimizes handiing tritium

Disadvantages

a proven safe, rellanle
alectrolyzer with low
Invaentory for NTO has
nnt heen develaped

onerat.ing temperature of
1170 K canses permeatinn
and matrrials prnhirms

In the more hazardnus oxlide

fnrm
amount of tritinm, from this hed i sent tn a
titaninm hed, !MB-3, at 600 K, which calincts DT

steopm cnntainina only
tenths nf a pom nf DT to an 1n TWT, The NT
collected In MR- is perindically recnvered for
reuse hy heating the hod tn 1170 K,

Thit only remaining nelements aof FCI
molncniar sinve hnds MSB-3 and -4 shnwn
1. Thnse hevls endiae? small amoanls nf
from the neatril Leam iine and on a
approximately uynee  per  wen¥  poqenerale
accumpiated fmpurities irto the Inlet to (0,

and passes on an arann

arp  thn
In Flqurn
Impnriline
sehodnde of
their

DESCRIPTION OF COMPOMENTS

General nverall  Aesceiptions of  the malor
components  are qivon in Tahle 11,  Beranse nf
the permeabiiity of mal walls tn DT At the
working tompecitnroy, of Uy hat mntal beds (117
K), these herds reqoire 2 cpecial  triplo-wall
design to prevent the dilifusion nf nnaceoptabis
amonnts Af tritiom intn the qlave hov cnntaininm
the TCH,

oneratina cnsts of
£100,000 per vear fnr
replacement of dispns-
ahila grtter beds,

ANALYTICAL COMTROLLS

Gns  chromatnqraohy  will
princinal  analytical method In
cieanun  systom, Samples  taken  with  naenhes
Inserted within tae molncniar slieve bods will
Allrw 2 safficient marnin of safety to switrh tn
the  alternate path  withant  tntali Impa=ity
hreavtheapgh,  Typlea) analysns can Yie parformed
usina a Wnllom careior gis antl colunns packed
with  rarben  qraommles, Snch  analysen  ahop!l!
requir« nnly a few minates fnr datp enlin~tinn,
redactinn, ant teansmiasinn for amtamatad
cnnpater canlrend,

A miceoprnreasnr-contralled

he the

fnal

nsed as
tha TSTA

Infraend

specirametne with 3 20-metrr-nath gqas coeli s
avallahie f'ar nverall manidtneann o’ the acit e
stream with cdolnection {imits nf lergs than | ppm

for Ampacii oy sieh as Glig ond M,

TABLE 11

Componont Niamoter,

em d.d

ﬁif{ Ruart, Pack, ™~

l.ennth,
m

Matorials

CR-1 workina val, + few mndent en? Che neocings metal catalynt
CR-? win'kina val, « fow bandeed em? tny preclon, wotal catalyst
NTA reepor working val, » foy hanleod em Cao: platn ar tyhe-1in

liMg-1 1, .5 1.1

{ryn, Park,

1.7

MEN.1,.2,-3,-4 5 1.1

it Matal Park,

fa-1 & 1A 2

1iMR. ) U n.6

sime ynl, val, = S0 (mae) -
1.2 (min)

fooaned et et 0 4 ke

fny 1. g mada, slngeg

tnoand st sl 0 4 kn )
ot ad el o Iy
alosl, hoyiows



SUPPORTING EXPTRIMENTAL RESEARCH

An  experimental flow svystem has haen
constructed in order to test the feasibility of
some of the various operational methods and to
ohtair gnantitative performance data for the more
promising wnit nperations, This syslem contains
four parts, a) a aas mixing and storage systanm
in which appropriate concentrations of impurities

can be mixed with the carrier gas - hydronen
leotopes and heljum - and storad for suhsequent
experimental fests, b) a flow metering and
temperature control system, «c) a modularly
Interchanqeable nnit operations systam In which
various adsorption tinhes, catalytic convertars,
or mertal qgetter units can be Installed for
testing, and d) an analytical syc<tem using a

microprocassor-cont-olled Infrared
and a gnadrnpule  mass
determining concentratin.s of inlet und ontint
gas. The onverall flnw system was nsnallv
operated at flows approrimately one tenth tha: of
the fnil scale TSTA system,

Usinn Inint roncentratinns similar tn those
shown in Tahle [, axperinents haye bonn periormnd
on thn adenrntian of ammoania and carhan dioyide
on mlacular alowvns of varians mosh gizes  at
amhient temgieraturas, nd on the adsprptinn of
mathann  on  charicnal and  mnlrcnlar  glavp
matnedals gt 75 K, In all  zases,  sharp

spec trometer
spnactrnmeter for

"hreat-theangh” cacvag aere pibadmst which qave
the  anwmint  of  wlsorhate  por  pnit  adsnrhent,
Thasie ata tnyethae with Lhe dimangiongs af tha
oxper iinnnty)l  adgarntion tohng permit sialing o
the ecofquicod dimensions far the full scale TSTA
systom adsoeptinn nnits, A tvnilal -~ soriment o

"aroab -t heanl enrye i shawee In Fiqure 2,

Tocty,  havn  hinen madn nn the  simniated
reqeneeatinan of asnentinon helds  wilh the
sihaenoent  catadvtie harndne nf  tha enntalnnd
meithane nn A linpeylile catalyst at 4RO £, IL wis
shown that by vacyelinn oy endalizely small amount
of holinn qus a5 4 carrler qan, the =onenntratnn
nf  the hesachedd molhane conld ha eadoced  from
abaat N 0T pom tn dees a7 onpem Lo alioat filge
nnrs, neavided thal additinnsl nrvaen waa  ardided
to the eieiating holinm,  Tnis fatter stna g
necossary  hocanga e cirenlating  mn Iackg
wfrichant eogidooce time oo e tnpeylide  in
ntiddze 2l the ety iond pxyaon oeldgioally in
the Bapyallte,
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Filaure 2-
Mothane Adsorption on Charcnal

A nnimber of experiments ware done 10 measurs .
the amnnnt of cnadsorhed hydrngen Igntapes which
wonld! remain on mnircnlar sieves after a orelim-
Inary contrnlled pumpnnt noeclind befnre warmnp nof
the muircalar sieve bhpd »inn the rennneratinn

process. linder typlral poopnsed opergting cnn-
ditinns for the TSTA system, this Aammnt of
hyd=ncan Isotope wandd be o maxinum of ahnut I8
standard em3 par nram or mnlecnlar sieve,  This
qas wonid e bneaed  to water alnna with  the
methaue  tvne componnds dnring reqenecatinn and
oxidation ni the effinent from the mniecnlar
sloyn hon
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