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FUEL CLEAINJP SYSTEM FOR THE TRITIUM SYSTE~4S TEST ASSEIIBLY:

DESIGN AND EXPERI14ENTS

E. C. Kerr, J. R, Oartllt, and R. 11, Sherman

University of Californi~, Lot Alamos Scfcntific Laboratory

ARSTRACT

A ma.jnr subsvstpm of the Tritium Svst~ms Test
Assembly is the FUF1 Cleanup Sy$tcm (FCII) whose
functim,s are to: (1) r~move lmrmrities In t!w
form of arqnn ,Ind trltlatwl methane, wat?r, and
an’rc~rl1+ from th~ re,lctor Pxt,aust stronm and (7)
recover tr ,”ium for r~llse from tbp trltjated
im]uritit?s, To Ilo this, a hyhrfrf rl~arlllp~YttPm
ha; been desltlnwl which utilizes and will t~st,
concurrently two rf!ffr?rinq t~chrcil,lqics - nnc
~a~rd on dlsposa~le, hot metal (11 am-l Tl) getter
I,i.dsand a t~cnnd I]asml cm rcqoncrahl~ crynqtm Ic
adsorpt.iw hwl% follnwwi h.y catalytic oxldntlon
of lmpuri Llr’s tn DTO and stwknhle mIsos am-l
frceznut of th[~ rcqlilt,,lnt nTrl to rpcovmr
~sscnti(l:ly fill LritilJm fnr rcuso.

1NTRODUCT ION

The purity requirements for the effluent fuel
StrQam from the FCU are determined not hy ths
requirements of fusion fllels, hit rather by the
needs of the cryogenic fractional ctlstillation
s,ystem iIsotope %f)aration Systefl\ which
processes the cleanvl fuel stream from FCI.1,
Experimcc has shwn that impurity levels must h?
maintained below 1 ppm to ensure safe, lcmn-term
nneratlcm of such r?q!llnment.without hlockams nr
hazarrfnllsaccumu’ ]tlon of impurities (2).

PROCESS SELECT19N
A w!de varictv of procp$s al:ernat ivt?s are

ava Ilable for meet inq tfie nwls nut lined above,
}lnwck’~r, none has I]wn prov~n in a cnn Llnunus
opcratinq mod,+ with tritillm. Thc chip:
altwnaclves qtven cnnsllf-ratirm includd the
follow ln!l prnc~rs olwmnts: frw7cnut, cryoqenlc
adsorption, catt~lytir nxidiltlon, ~l~ct,rolys is,
activated m?tal ortt~rs, and palladium lllfflls~rs,

The IISI?nf pa!larflllmdlff!ls~rs was ~llmlnntcrl
fairly ~,lrly from fllrthcr cnnsideraklon. Tht?lr
di$wlvant..lms wrp t hr npmi rnr I?lr?vltnrl
pr~~surcs, rcportnrl hrlftl? fflii,lros dl~rInn
tempcrotllv cycllnil, rcnnr Ld pol?onlnq hv
mmnonln and methan~, and th,’ f,lct that., althollrp,
f-tlfrurm-s can prmtlme a hvdroqcn isntnnn $t,rnarn
fruc of lmpuritl~!f, thev crlnnnt prndllce an
Imp!lrItv $t,r~!amfrtw O( hvrirnqm Isutoocs,

TWII h,lslc prncrss schumr?! w.?rt! nivrn
Int, l:jlv~ eva lurltion, Thc first Wrl!i fi ~CbP~P
based on wlsnrptlnn of imnurltivs nn mr)l,~clll,lr
SICVI? I)eds at 75 K, follnwd by c,it,tlytlc
nxldntlnn of rerovwml Imnllrltles 10 fmm
trlll:lterf wnl,cr ,10,1trltillm-frcn cnmpmlndj,
fr~~lflnllt nf thr wfitm, and ?Iwtrnlvsls tn

recover trlt,llvn, ThI) $erIJIIIlW,I$ h.l IiIId OH $nt,

urllnIllmqvt t.w Ilodr Oplirrltmrl,lt IIIn K t.n rlml IV-

lmpllrltlt+s as !Irllnllm OXIIIII%, crlrhltlp$, ,lnfl
nltrldr~, nOth ;~h[,mp$ hwc fiflv,lnt,.lllr~s And
dls,lflvlnta(ll,rmd, In t,h M, I!nl,h WI I I he IIIWI
at TSTA, Tahlfi [1 flmsnarl~l~~ t.hII rol,ltivo
st.r(jno!.hs.mflWI,lkfIIIStI~Sof 1,4?twn r,rllmmic,

ThII l,ryll!l,$lll,.l,,hl-’I~!7,IL t.~1I.. !In,! ,lIIIII1,\,hI; I n

ho I ho nno III~Im.lt,llIv nw,forrol!, lh~wmv or,hlw
].I~k .~r ,1 IJr,}v,,tll~tn ,,I,,r.Irl~1y,9,$r f,Ir,.,10,tIlfi
Intw t’nIIVI or ,11LorIIt IVI?Inwcr5\IIz,



TABLE I

FCU INLET QUANTITIES (!WYI.Mlll[)
.— ——

Conlnncnt— .--— Ratio to

(D2+OT+T)

1.0 -

n.02

n.nol

0.r)n5

O.qnl

C-:I01911)W--—-.

356.4

7,20

n.36

1.80

n.~~

18.00

Q; (-D, + I)T +

IIQ (- ;! + IIT)

c (- gl,, + co)

c1 (.f),~+ co =

N f=~l + IUl+

Ar

TOTAL FLOII

T2)

!U?+ 1/?02)

1/? H,).
omns

3134.12

..—

Passinq stwsw!s~ throuqh the rr[! nroceeris as
follr4!/$. Regardl~’is of pat-h, the first element
is ‘h? v,riahl? vfrlllnesurq~ tank, which Is used
to rv,,mue fIrlw tltlctuations ,tnd nroviric a
conqtlnt. feet-l pressllrc of 1000 torr. [f the
Cat,llytic R~~actor Packarp is on-stream, fIn’fl
procv’ds throllqh tfic cfitalttic r?ilctor, ~R-1, in
which any frw oxvrjcn is comhincd with nydron?n
ovnr a ‘DEflNO’ tvp~ catalvst at ~sfl K, The
rcmovll of all immlrit.ilts t.l~~s P1,ICP in tho
followinq molficlll.~rS:CVI? hd, MSil-1 or -?, in

whicil a wall frnezer serc~on and F4 molecular
si~vns (60-80 IW54) at 75 K utlli~ns cnvlf’~nsati.in
afI,ladsorption I.o prf)dlhx J flwl strfi.am dirfxtlv

Slli!lhll! fr)r crvnqenic riistill,ll inn, klh,~n the
capacity of MSII-1, for ~x,lmnl~, Is Oxllnl!stef-i,
ri~w is switchlyl t.o the rcqmmrat.f?d hd, !4S’1-?,
MSII-I iS hr,lt.fii tc ~0~ h to d:”ive the ContJiflc(l
i.’nllritln<to th c,~t?lyti!. rolctnr, rR-?, whr~e
I !f.llytic nxiliation at W)!) K nrolillcus t.r!tiat.?,i
h’.lto.r,llT!), land t.rikium-fret! tnmpnlmr;t, Ctla,
N7, ,lnd Ar, nTO i% ~uh$~nuont ly frnzrn OII? at

cA1alvl,c l1141.l,, mllal.vf 1,,,, ,.”,, ,,,,”w,
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TA9LE ![

Adv,]ntaq% and IlfsadvantaqPs of Altc-lative U Processes.——.——— ________ —— ---- —.

Process Advantaries I)isadvantaqes

1. cryogenic no srJlirlwastes; sirnpl~, a proven safe, reliable
non toxic waste gases qo pl~ctrolyzer wt!h low
tn at.rnosDhere inventory for IITO has

nnt been c!evel?ped
low op~*atinq cost

.?. hot U available omrat. inq tmnwature of
q?ttors 1170 K causes pwmc~tiqn

minimizss handlinq trltillm anrlmaterials rrrnhl,~ms
in t.ho more hazardous ox{rtp

fnrm nrwratinn costs of

S19f),fYt0 per War fnr
replacement of disnrJs-
ahls qctter heris,

the rct]m

TAI]I.F11[

Ill!scr,int.ioll,r}~‘411Jor[q,]lpmnnL ?,,,,,n,wb~,.t,~...

Cnmpnn,,ll
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.Cn.-,. .

CI’W, ~llrk,
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III)!.Mvtal P,lrk,
IIfln.1!? ““
llMll-1
SIJI’ 110 VOI.

l’)i.lmolt~r, I.onf-ith.
cm 1,(1 m

. . . . . . . . . . . . ... . . . .

wnrklnrl vnl, * rfi,w %Jll,l?’1~’ rm 1

worklnn vnl, * f,)w )!llr,,lro,l rml

Worklllq vol. ~ fl~,,q }1, ]l)l!l’ 0,! rm7
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fi 1,1

“I,r! l,?
,),$ (),6
VIII. - ‘1,’u’ (milt) -

l,l’dm (ml!i)

M,~t,oria15

-..

CII; rwrln, J.; rent,Il cll!.rllvr.t

CIJ; prorln,l~. IIlntalratllvr,f
rll: pla?f, or I,llhn-lln
~tI ,ln.1~t, r,t,: ,1h..II



SUPPOPTItlG EXPZRIMENTAL RESEAQCH
An experimental flow ‘sVstwll has been

constructed in order to test the feasibility of
some of the v3rtcMIs operational fnPtholg anrl to

obtain qllantitative rwrformancg data for tbc more
promisinq unit Operations. This system cont~ins
four prlrtj, a) a nas fnixinq and storarlp sys*.m

in which a~propr~ate concentrations of ilnplJr”ities
can be mixed with the carrier qas - hyr!rurm
i?otop~s ~ml h~liu!n - and storsd for suhseqllent
exoerimcnt.al t?sts , h) a flow mpterlnq and
temp?r.sture control system, c) a modular!,v
interchangeable Imit oowaticms syst~m in which
various .sdsorotion tllbes, c3talytic converters,
or metal getter units can he installwi for
tef?inq, anti d) an analytical system usinq ~
microDroc?ssor-cnnf-oll d infrared spectrometer
and a qllnrirupule mass spcctrnm~ter for
determining concentratinls uf inlet ,mrl mlt.l(~t
qJs. T4e nvera I1 fl~~ Syst.ml was usuallv

oporat?ri at flows .approYimatcly onc tcntb that of
ths fuil scalp TSTA systcm.

U5inq inlet concentrations similar tn t.60.iP
shown in Table 1, crperimcn!$ h.~tc hoen per~nrnn,l
on the a,lz,lrpt,inn nf amnnnil ani car~~on (il,]Yiln
on mnl~~ruiJr \lp!/1.\of viminus rnosh $iz~c at
amhi~nt tmnp,?rltor?s, ]nd on t.% arisnrntlnn of
mcthl]no IJn Chllrlcnal and mol~clllar siqvt~
mat. ~ri.11:, a t 75 K. In ,)11 c,l;~l<, shlrn
“hro,lk.t}lro,l~lll”cllrv.~~ p,~r,lo:lf.,lln,?:fWhich q,lvp
th~ .lmtjlln~f)f wlsnrh It.,! m’r un it afisnrl~(mt,
Th,,\,, 4 It,l !,n,ll>thl,r Wit+ f ~,m II imnq,; i,)n.; ,)f t hn

Pynori:n,mt.11 .l,l\orr)t,ion t.,ihac pwmit, st.allv !,)
the wllli”.od 11111.-nslnn: for thp f!lil SC,IIC TCTfi

>vstw ,ad~ll~rptinnlmi~.s, A tvnill - )orimnnt,!I
*’i]rv,,lL.1ll,-,VI(II1’$curv~ is \4nwII in riqut-t=~.

To.,t,,, hllvf, h,,rn m,lri~lon tllp zimul.lt~,i
r~qe”n(,r<~’.lm of ,+ltorptinn bllri< with tlli!

slh~wlmnt, rlltllvtlc hllr~lino nf 1% cnnl.alfv~d
mr.!.1~.lnpm a Ihlprllil.1,ralalytt .at4W r. It hls
<hewn tht ~V Jwcyclluq 1 rmllll.ij~lv ;mall wnmint
of 11,11inn ~~,1(,1$,1 carrier .1,1s,thl, -nnr,,n~rat. lo~
nf tl,p ,Ifl,,;nrlj,,,l mf,l. h?lrl~, coIil Il hfi rrIIIIr IIIl ft-f)fn

,11}1)111 ‘0,0(1”1 pnl t.n 1~,,:!,11,1,17 :I;rnIrl,lhmlt fl,;,!
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Fluure 7-
Mpt!l,ln~Arlsrrptlon on Charcnal

A nllmhw nf @xp~rlfn~nts h--e done t.omeasure
th,~ amn,lnt.of cnndsor!lwi hyrlrnqrn itfitlD,lswhich
WOUII! remain on mnlocular sifwes aft?r .s Drplim-
inary cnntrnllc,.i pumpn!lt mIriod hcfore warmuD of
the molwlllar sicvf’ M ,.intlth= rpncn?rat ion
proco%s. Ilnrh=r typir.11 p,opnsml onor,{~.inq cnn-
ditlonc for th~ TSTA syst~m. this ammlnt of
hyd-n,:.n lc,~topd WOII1!Iho d rrlx{mum of afmt 7F
slandnrd cm3 pnr qram or mnll~clllllrSiPV@, This

qas would I,I? hllrnr’(ito watw hlnnq wlt~ t+p
mpthaw tvn~ rnmcmlmds fillrinq Wfiwpl,ltinn and
nyidnticm ~: t,ho efrlll~nt from the fnnlr!clllar
Sirvl! h,!fl,.

?, R. F, nminf’. “ Romnval of Imn’lritim from
G,I<I,zto hfi Prnrorcmi ,lt Lnw T#~lnpltlm.~Lllrfis”,,Viv,

17 17-~~ (l~)o).Cryn, Tnur. _-.,


