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FUEL CLEANUP SYSTEM FOR THE TRITIUM SYSTEMS TEST ASSEMBLY:
DESIGN AND EXPERIMENTS

E., C. Kerr, J. R, Bartlit, and R. l{. Sherman

University of California, Los Alamos Scientific Laboratory

ABSTRACT

A major suhsystem of the Tritium Systems Test
Assembly 1s the Fuel Cleanup System (FAU) whose
functiris are to: (1) remove 1imourities in the
form of arqon and tritiated methane, water, and
ammenia from the reactor exhaust stream and (2)
recover tr.-ium for reiuse from the tritiated
imyurities, Ta do this, a hybrid cleanup system
has heen desiqned which utilizns and wil)l tasgt
concurrently twn d!ffering techroloqies - one '

based on dlsposanle, hot metal (U and Ti) getter

nds and a second hased on reqenerahle cryoqonic
adsorption bnds followed hy catalytic oxidation
of impuritirs to DTO and stackahle nases and
freezout  of the resultant DTO to  recoyer
essentially all Lritium for reuse,

INTRODUGTION

The Tritium Systems Test Assemhly (TSTA) s
under  construction at  Los  Alanos  Scientific
Lahoratory (LASL) :a develop and demonstrate the
0-T funl hand iinqg technnlnay nerderd far
comrraial  fusion  power  reactors. A major
suhsystom i tnn Funl Cleanup System (FCU). The
main functions of the FCU arn twofold:

1. to romove accumplated impurities from the
rractor exhaust qases and the neutral heam line
gases, and

2. to recover iritium from these impurities
far reuse In the fue) eyele and to keep tritium
nitt of the environment,

Altkhough  Lhe species and concentrations of
impurities in reactor oxhaust gases are not known
with enrtainty, the hest rnurrent estimates have
Iad to the desiqn cuantitios shown in Tahle 1,

No helium 5 shown In the fond to the FCU
becauss  helfum s soparated  from  the  {mpure
reactor  exhaust  gases hy  aperatian of  the
comnround  cryopump At the reactor,  This  pymn
enllocty bW ljum o one adsorbent surface at 4 ¥
and  cellocts  atl  other sporing  oan another
wirface . Feporiments hayve shown this separatinn
of  holium fs  eastly,  almost  anavotdahly,
maintained  during reqenoration of  the cryopump
sieface; (1),

The purity requirements for the effluent fuel
stream from the FCU are determined nnt hy the
requirements of fusion fuels, but rather hy the
needs of the cryogenic fractiaonal distillation
system {[sotnpe Separatinn System) which
processes the cleaned fuel stream from FCl,
Exper ience has shown that impurity levels must he
maintained below 1 ppm to ensure safe, lona-term
operation of such equinment without hlockaaes or
hazardous accumu®ition of impurities (2).

PROCESS SELECTINN

A wide variety of process aliernatives are
avallahle for meeting the needs outlined abnve,
However, none has heen proven in a continuous
operating mode  with  tritium, The  chinf
alternacives qiven  consideration  1included the
following prncess alements: freezeout, cryonenie
adsorption, ratalytic nxidation, electralysis,
activated metal antters, and pa'ladium diffusers,

The use nf palladium Jdffusers was aliminated
fairly early from Ffurther consideration. Their

disadvantaaes  wore the nend for  elevated
pressures, reported  brittle  faliures  during
temprraturn  cycling, rennrled  pnisoning by

ammonia and methann, arnd tne fact that, althouan
diffusers can produce a hydroqoen 1isotene stream
free of  impurities,  they  cannnt  praduce  an
impuritv strnam free of hydraogen {isotnnes.

Twn  hasie  process  schemes  ware  alven
Inty 1vsive evaluation, The first was a scheme
bhased on dsorption of imnuriting on molecular
sinve beds at 768 K, folloawnd by catalytie
oxidation of rarcoveral  impuritles Lo form
tritiated  water  and  tritium-fren  rompounds,
frenzonut of thrn water, and elnctrolvsis tn
recover  teitium,  The serond was hased on hot
uranfum qetter beds aperated at 110 K to remoye
Impurities as  nranfum  oxldes,  rarbidos, and
nitrides, Bnth  schemes  have  advanbaaes  amd
disadvantanes and, in the ond, hath will he used
at  TSTA, Tahla Il sumnarizes  the  pelatiye
stronaths and weaknossos of Lhe twn schomog,

The cryoqenic process abt tils Y ine anpoars 1o
he the one altimately peaforrad,  Howoyer, the
Yack afF a praven NT0 ploctrealyrer foress fhn
fntordn use of ylbern.tlye processes,

MWori porfapmed undor the ausplces of the Y, 8 Dopartment of Tnerqy



TABLE I

FCU INLET QUANTITIES (MAXIMUMI)

Lonponent Ratio to _
D, + DT+ T,) C-ifols/Day

. 2 —2

Q, (=D, + bT + T,) 1.0 156.4
HQ (= 1D + IIT) n.02 7.20
C (= 0, + C0) 0.001 0.36
0 (=0,0 + CO = HO + 1/20,) 0.005 1.80
N f_=_?£{.’ + N0+ 1/2 “2) 0.00l n.le
Ar 0.05 18.00
TOTAL FLOU 384.12

*() = any nmix of D and T atoma

Principal upecles underlined

PROCFSS DESCRIPTION

From

the ahove conslderations, a  hybrid

system has hnen  daveloped, utilizina hoth hat
metal qntters and crvoaenic  adsorotion  with

catalytic
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oxidatinn, as shown in Figurn 1.
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Flaure 1 -
Sehomatie Dlaaram of T Proenss

The Fatalytle Peactar Packane and  the Hnt

Mot a1l Hee
nach  ron

I Pagtane are paratlel proesss freainsgg
taininn elemonts  of  separate  {mpurity

pomnaval  procosang which, whep followsd  hy  the
rommen Crvogqente Packane,  are canahale of

whinying

thn apeeiflod Jayal of  pirification,

Cach  frant  ond packane  alwg eontaing  saparate

nrocossng
recnvery,
Alternate
ach joye

nxpoerione

For  imowe ity teeatment and o bedtjum

Procovs flow will  he awltrhed

Iy hotwenn the twa tront ond packanes tn

contimwin eloanad and  tytl aperat ing
n owith hoth technologios,

Passing stenwisa through the FCU proceeds as
follcas. Regardless of path, the Ffirst element
{s *he variahle vnlume surqe tank, which i{s used
to  reove  Flow  tluctuations  and  nrovide a
constant  feed pressuyre of 1000 torr. If the
Catalytic Reactor Package 1< nn-stream, flaw
proceeds through the catalvytic reactor, CR-1, in
which any free oxyqen is combined with nydroasn
over a 'DENXN' twvpe catalyst ar 150 K, The
removil of all impurttins tates place in the
following wolncular ssave hed, M33-1 or -2, in
whizh a small freezer seccion and GA mnlecular
sinvns (AD-B0 mash) at 76 K utilirns rondoansatioan
and adsorption Lo produce a fual stream directly
suitihle for crvoaenic distillatinn, HWhon the
capacity of MSB-1, for example, {s exhausted,
Mow {5 switched to the reneneratnd hed, MS3.2,
MSB-1 Is heate! te 400 R to drive the contained
ispuritios tn the rcatalytic reantor, CR-?, where
catalytic oxidation at 800 K nroduces tritiated
water, 070, and  tritium-fres compounas, ffa,
Noy, and Ar, DTN is suhseaduently frozen out at
160 K and periodicaily vaporized and routed to a
hot  uraniym bel, HMN=4 or <5, in which DT is
froad For rogse hy the foarmation of stable gyiine
of uranium at 780 K, HMR.1 and -7 nventually will
to reptacad Y oan electeolysis erll when suych
haocomns  available,  The waste aases, fDa, Na,
Mg, and Ar, weenlve Flnal deteitiation {n the
TSIV Tritfumn  Wacte  Traatmant  System - TWT.
{ea alvtir proeranhingr and drying hadg' hnfopra
hninn stackod ta Lhe atmasphern,

When the altoraate feont ond package, the tnt
Motal  Bed Package, 5 on-<irow, the  main
fondutroam Yoavns Phe varlable volume soprqe tanl
amd pntoes Php o apdaery gperanfgn e T 4
S0 At 1N K, In thenn hads, fmpurting ape
romoved by chomical ereactfang thal form gpraniom
werdoy s maehb s, e niteddos, The et waon,
witn  traresg  of  thn ot he {mpur{ting, nansng
through Lo be afelod up In MSR=T op o) ag
hofaore, The  eegqonarated  yqon,  with 3 small



TASLE I{

Process Advantaqes

1. cryogenic

no solid wastes; simple,

non toxic wasta gases gn

to atmosphere

low operating cost

2. hot U
getters

availahle

minimizas handliing tritium

Disadvantages

a proven safe, reliahle
electrolyzer with low
inventory for DTO has
nnt heen devalaped

onerating temperature of
1170 K causes permoatinn
and materials prohlems

in the mare hazardnus oxide

form
amount of tritinum, from this bhed is gont tn 4
titanium hed, HMB-3, at 500 K, which enllects DT

on an arqon stream containina only
tenths nf a ppm of DT tn an tn TWT, The NT
collected in HMR-1 {s prrindically recovered for
reuse hy heating the het to 1170 K,

The only remaining nelaments nf FCI are the
molacular sieve heds MSR-T and -4 shnwn in Flaure
1. Thrse herds eallact small amounts of impuriting
from the neutryl Leam line and on a acherdple of
approximately once  per wee¥  poqenorate their
accumulated fmpurities intn the inlet to I Cl,

and passes

DESCRTPTION OF COMPONINTS

Grneral overall Aeseriptions of the maior
companents are qiven in Tahle [[1. Berause of
the pormeahility ot metal walls tn DT at the

working temperiture, of the hot metal beds (1177
K), these bads roguirr A special  triple-wall
dasign to provent the ditfusion af unaceeptahls
amounts af tritlim intn the qlove hov containing
the TGN,

oneratina consts of
$170,0N0 per vear for
replacement of dispns-
ahla qrtter heds,

ANALYTICAL CONTROLS

Gas  chromatnqgraphy  will bhe used as  the
princinal analytical methnd 1in tha TSTA fuel
cleanun  systom,  Samples  taken  with  arnhes
inserted within the mnlacylar sieve beds will

Allrw a sufficient marqin of safety to switch tn
the alternate  path  without  total impu-~ity
hrea¥throuqh,  Typiral analyses can he parformed
ustng a helium carrior gis and colunns paciknd
with  carhon  aramiles, Such  analysns  ehog !t
require only a few minytes for data cnllectinn,
redurtinn, and transmissinn for autamatad
compiter contral,

A microprocrssor-contrn | led Infrarnd

speetromotor with a4 ?0amntrr-nath gas eoli s
available for averall monitnrana o’ the adit -
stroam with dntoction limits af lrgs than 1 ppn

for Imparitiey surh as Ol and NH4.

TABLE 111

Comprnent Niamntor,

em {.d

Tat, Roadt, Paek,

l.enath,
m

Mator {als

cr-1- working val, s fow undeat omd Cus nreec o matal catalyet

CR-? workina val, = Cow hundeed em? Cuy preeiony ontal ecatalyst
0Ta Frerper working vol, + foy handeed em Cug plate ar Luhe-fin
HMR-A ¢ .0 1.1 1.” Cooand b, et 2 ke )
{ryn, Pack,
MSit-1,-7,-3,-4 5 1.1 fuy 1.6 Lg mote, ainyes,
Hnt Motal Pack,
-1 1A 1.0 fuoand at,st.: 4 kn )
HMA -1 9.8 n, 6 Cu amed =b ot 0 )y T
surge yaol, viol, = W0 (mad) - ahsl, heylows

1.2 (min)



SUPPORTING EXPTRIMENTAL RESEARCH

An  experimental flow svstem has heen
constriycted in order to test the feasibility of
some of the varinus operational mathois and to
ohtain quantitative performance data for the more
promising unit nperations. This system contains
four parts, a) a aas mixing and storage systanm
in which appropriate concentrations of impurities

can be mixed with the carrier gas - hydronen
ieotopes and heljum - and stored for suhsequent
experimental tasts, b) a flow metering and
temperature contrnl system, c¢) a modularly|
interchanqeable unit operations systam in which
various adsorption tuhes, catalytic converters,
or matal qetter wunits can he Installad for
testing, and d) an analytical syc<tam using a
microprocessor-cont-olled infrared spectrometer
and a quadrupule mass sprctrometer for
determining concentratin s of inlat and outlet
gas. The onverall flnow system was usually

operated at flows approrimately one tenth tha. of
the full scale TSTA system.

Usina inlet concentratinns similar to those
shown in Tahle [, erperimonts hayn heen periormnd
on thr adsnrptinn of ammonia and carhan dloviis
on mlerular sloves of varinus mosh sizes  at
amhient temporatures, nd on the adsorptlion of
mathane  on charicnal and  moloacular siave
materials At 25 K. In all  czases,  sharp
"breab-thronmh™ curvas  aore obtained which qgave
the  amount  of  awsorbate  por  unit  adsorhent,
Thase data torgather with the dimangiony nf tho
exporiinental  adsarntion tuheg parmit scaling fo
the required dimencions for the fyll scale TSTA
svstom adenrption units, A tvnial -~ ,oriment ]
"armabetheaggh™ curve is shown in Fiqure 2,

Togty  have heen made  on the  simulated
reqenerat inn of adsarntion  hadg with the
sihsoquant  catilvtic harmina nf tha contained
methane non a Hopealite catalyst At ARD £, 1L wag
shown that hy recycling 1 enalalizely small amonnt
of haliun nas as a carrier qas, the ~onrentraton
af  the dosarhid mothana conld he peducerd  from
aboat “N.00) pom o to less than T nom In abogt Five
hours, neavided that additionsl oryaen wan added
to the clorglating helium,  Tnis Jatter gton e
necossary  heeauss Lthe  cirenlating oyn lacks
sufficint regilonce time on the Hopealite tn
utildze all the rentained nxynen originally in
the Hapyoalitne,
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Flaure 2-
Methane Adsorption on Charcnal

A numher of experiments ware dnne to measure
the amount of coadsorbed hydrogen isntapns which
woul! remain on mnlecular sieves after a pralim-
fnary controlled pumpont norind before warmup of
the molecular sieve bed »inq the renarneration

process. Under typlral proposed operating con-
ditions for the TSTA system, this amount of
hyd=n::an isotope would beoa maximum of ahout 175
standard em3 par aram ot mnlecular sisve,  This
qas would bLe burned  to water alona with the
methans tvpe compounds during reqeneratinn  and
oxidation a7 the effluyent from the mnlecular
sievn hen,,
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