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A ccr-ic ●lcctrolysio COI1 mnd A pa?ladi~
dlffu~~r me d~WIOped ti Japan ●nd 11 toot-d
m’lttttritim in Tritlm Syotae ?mt Ao~ly
(T8TA) of tba Loo Also@ Bmtiomm?Lmbormtory,in
Order to confim tbo foaelblllty.e pooalblo np-
umdoo for tho fuel CIOMUB 8y#ta (KU). ?no
CWMiC ●laCtI’OIYSIS cO1l W Of ●ttbillsod
aArconie WAE oper@?ed ●t 630” C for AO ●xtotcdmd
Wlod with s mixturo of 3S ?~O in no c-iar
gme in tde circulation eynta withOxldlsltty
cat81yat bad. Tbo pmlladit9 diffuser wma
to-tad with cSrculatod pure tritiw CM ●t
?80”C to wmlfy tha capmtibllity Of tho
alloy with tritim, #inca tho %. produced
in tha ■tal could cauoa ● do#rmdstion. Tbe
isotopic ●ffeccs were sleo Mamred for both

deWICOe.

7YTROOVCTION

TYtie ●tudy wae ~rfomed undm a COllabOrS-

tire pro-mm botweon ttte U.S .DepmrtMnt of Znoryy
mmd tho Jmpan Atrnic Cnaryy ReeomrcYi Institute
(JAERI) fra IlmrclI 1984. The caroic ●lactrolraio
ctli mnd tbe psllmdium diffumr warm dOVel Oped in
JABR1 •~ tritium prucemain~ coapononts fQI ●

fusion fum?. clrculstlon ■ymtn.
Tho corAmlc ●l@ctrolJmi D call ●ade Of omidm

●olld ●lectrolyto docompoeos tritiatad Watar in

ttt8 mvor pbaeel. Tlcia metfwt ●llDlnst@m thm

problams of otbor tcchniquas ●,cb se IUge
trltiw invantory in wt celle, radimt ion dmmwe
rI SM cells2 AIIdganaration of ●Ol!d Wasta in

hot metal bode3. ‘F2moa faaturas ●skc lt ~ttrsctim
for fuoion fuel eyatom and ● pooeible mplacmant
for the hot ●atal Mdm in PCU 01 T6TA ● ehmn i!.
Pignl. Blectrolyoio ch~~ctarletica of Cht call
had ●lrchdy bean studied in JAERI with nomalh

and heavy wotera5 ●nd high col)voralon ratios from

wster to hydrosen wart obtained in the teLparmture

range of 900-900” Cn
The palladium cliff UmOr conclnuoumly O@plrmtes

hydro[cn ieotopcs from all impurities in the

plasms axhsudt. The advantmaem of thlm ❑eth Od

sr~ the purity uf product ●nd the ●bility of

aepnrml ion uf h?lium ash. Fi#urr 1 Ohowm thst it

can be umed in PC(’ in the place of the ●oleculfir

●lo-e bed. ?aaeibility●tudioo without Critim
W-O -n ~f~d M JABU WI tke●ffecteOf
S=9cmitiee ~d t~~ CZCliCLS7Dud tho MPus-
tion cbermcteriotice of tke diffusers.

Tba objoct of tbe●xpussenta nt TSTA wu
to warify tha porfommnce, -liability AM
capmtibiltty of tbeeecaponanto with trlti=.

VERIKBJTS

Cormic Zlactrolyeia Cell

The nD21 ●cala ●lactrolymim CC1l, msdc
of M yttrls-etabilimd Clrconia (7S2) tuba
withplmtittm ●lectrmdao, wme mnt to TSTA after
tm toatnwith nomml w8ter in JA.CR1. ma
●tructtwa of tbe Cell 1s obwii in ?1s. ?. At
WA, t-et-nre conducted in mroo phmsao: cold,
10U level, and bigb lesal triti~ted wmtar u-
poriment. Pi@re 3(s) rob-e tim●chesmtic of the
●speri=entd setup fur the plwo 1. W*tor wwr
fra tbc bubbler la carried by M inart wc
●tre- endit decapoood in tho●lectrolyoifi
cell. m~idlty St the lnlot End the outlmt of
the cell io mmumd Vitb Panmmetrice byyro-
metem. Pmar for ●lectrolyaie 10 euppliod by

● Wt*ntioBcat (Hokuto Oenko YLA-305), Whi Cb ie

●lmo uead for tht ●ahmurmmmnt of current MC

voltage.

Yha phase 1 w=- tba tarot with normal Watar

vapor to con fin thep~rfomance obtainod in
JABRI . The bahmvior of tha third electrode,

“referenca” locstmd mt tht dovnstreem ●lde of
the cell was toet~d to mature the content of
tbe product red/or to control the cell .
Hydroten cmrriar sam wmm alao wed.

The phame 2 mnd 3 wro conductad in the

IW #lovabox wing thm appmrmtus mhwn in thr
Pig.](b). In phma 2, low-levtl triciated water

( bO Ci/ml) wmm ummd and leo:opic affect of
tritimm use ■eamcrad in once-through flow.

GIYCO1 bubblers ●no a Pachmrd liquid Srintills -

tor were Ueed to ■98mure the conversion ?at$o

of t-itlatcd wmtcr.

The finml tasl (Phase 3) wca carried out
with the circulation syatam with ● ❑etal bellowu

pump. Pure tritium ~au ( 7fl Ci\ wam muppl ied rrou

● bottle and ❑ixed Wilh H@ ●o that a mixturr

of 3S T20 in obtained by oxiclmtlon at ●

-1-
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Mpcallt,Md. Tho trltiotod Wttar 1s docapo-
nd ●t tht ●loctrolyaic call . AM ~eatod o~
ma T~ uc mind md roeabinod by bopcolito
Watn.

2sporknts of tm Polladitm diffuser is
comductod lm a SAO Ci?&lthti* ●yatm aaPOOOd

Of tho pallsdiw diffuto? Mid ● Mtol hollao
-e ~ ohm ml kbo ?18.3(C). Tao ~oouroo
and flow rmtgo of the s00 in thu•~ctn wro
oe-urad with Mmtrom prwotzro tromoduccrg ma
booko uo-rl~ motors. Ptgwo Q aoga tbg
otructuro of tbcCOI1. A Oiffuao? kc 12 polla-
dltzm dlOy tUbCa. XOch tub to 1.* And I.MD
in outorCM hmor diztcr, end 1- long.

PoiWaLlllty Of tbo rnbruzo for Ba And
~ woro Dwoourod wior to tbe tsmt with tritiw
in tha tmpermturo roztga of ]00-OSO”C end the
~ood prcomra rmgo of 200-3300 torr. Tbo
proowro ●t tha ~rnoatod ●ld. of tho mobrarm
ma ●bout ona Wztb of tbc f-cd pro~mtra.

Tbe bot tat woe p9rfO~d with lJOOC1 T2

fra s urmim bed. After tbo mooourmnt of
pO-OhDllltY St TU1OU- t=pOrSttz?@ Md promaum,
tho oyctom W-S opcrmtad for ● lorq pol,lod. TM
oporation toperatu.m woe cat ●t 200° C

In ● rolmtad ■tudy of tho ■ntoriu propcr-
ti~~ Of tlW p~llmdi~ Clloy, -11 #poc*na

wara statically ~aroaa in tritiu ●t omratinc
tomporatura for ?orioua periodm up to ? yaore.
?rogroamlva taotoof tszmils ■trangth cm por-
fommd on o~plos ●fter they wma eoolod and

subsaqumntly withdrawn fra the tritibm stmo-
ophora.

RESULTS AND DISCUSSIONS

Caranlc Eloctrolyais ctil~—.

In phsse 1, feed-back control of the crll

and the usc of hydro~en so ● ccrrier, both of
●hich -c advanta~eoua in ●ctual opermtionm ,
ware temLed, ●m well ●n the tarot of the bagic
ptrformmnce obtained in JAr.Fll, The ●lcctrolyeis

characlwrlstics of the call are ■tudiad in pre -
vioum works4 .5. The convermlon ratio z from
winter vapor to hydrogen la ●xpremead,

where, E, I , r ●re th? voI cage, ~urr~~t .r)~

rcnlnlal)re of the cell , R ic the gaa constant,
T la the temper~ture 8nd F ie the Fmraday con-

#tanl. St~ndard vcltcge for wat!jr de~ompo,itj~n

L. 18 almo a functiot of ttmper~ture ●nd ite

value al 60L” C 10 l.o II IV, Little overpotentla]
ie obrerved in the reaction.

The value E-lr ia the open circuit voltbie
thmt cmn be ●mnnurad at the reference ●lectrode .

where the elect ro-mot iwe force (Qmf) ie obtained

correepondin~ to the contenl of the product Rme

●t lhr CC1l. There fur, c , thr rat. o or hyda. o#~tl

md votercmemntrotia. i.6, aomorsim ratio

U1 tbo Cell ie Cooti-sly * Ssttml-cls
mltti. Ttlccoil wl~ w- * ~
MA the catw cm m -d ~tieallp
m ● Dotalt*ootat m ‘MM t& role- 8t e-
Mfawnco IS *kmllod to M m muud ml-.
●i@lro s Ohaa ● typ$coa Cbmrutoribtsas or
tbcCoil Obtm- m * ~ 1 ●porstc
TM comoroim ratimoW ootor to by~ -
@.ottod u-* w ~ c-cult voltw ~d
00 the FCfOFOMO POtatial . ~ -O well
withtbc thocmticol T02w0 obowm u ● oolid lino
in tbo flSUCIO. me moolt O1oo md Shot ●

rood-bock control or tM 0011 to 09tsim●toblo
open circuit rolcogo ,i.o. cowortiom rwso. la
●fractlem. It la Mmntogoous im the oporation
Llf tbo Coil b w m, m tritimtw Wntu
~ 10 m~liod ~ W rogonor~ttq troocor

omd * r- comantrotiom in tto comlor goo
9111 not be ●tmblc.

In—tbo .W-onrmtlom of tbo trootsr in PCU.
usc of dcutarirn comiar la ploamod bccouoo kturo
bYd?mgon iootoPo ●tature con be obtotrnd u ●

mutt fm the hot mto.1 hod. Pi,’uro 6 ia
thorelation botwen tboopen circuit -oltaga
end the cocworlsm ratio obtalmod in tM ●xpo?l -

nnt with E~ corrior Soe. Tba eolld limo obaa
tha thoorotical lS~US. Ttn result i- quits

difforottt fra tbct with ioort corrior. Mc-

pmitlon of wstor bagirm ●t ●bout 1. ?V M6 tba

conv9rnion ratio roachm 99.9S ●t 1.47V. Tbio
raeult wuuoato thattbo UC- of by Arogan emrriar
1s fomoihlo with ● littlo Bi#bar voltapo on tba

call .
In tbo test of pb~a ?, low-lgml tritiatod

water MU dacapoood end tba conroroion rniic, o
for tritlntad water one no-al wmtmr Wara
■oaourad am s function of thoopen ci,-cuit
volta~e. Tba conwerslm ratio of tritiatod

water wmm●ettnotod fr~ tbe rooldusl trltiatod
watar wmpor in tbo ●troea from th c-11 , trsmod
in A Rlycol Bubbler. The imotopic ●ffact of
●lcctrolrait raoctlon ●ppcero only in tha con-
Otant tcm E. in tna ●quation notod bef’or~.
The diffargljca botwacn H70 mnd HTO woo O. 04V

in the erporimon+. ●t 600 C.
In tlm toot of phmo 3, tha elOCtrOIYSi B

chvmcteriotico for T20 wcs ●eaeurod ●t first .

The open ciucuit volta~e for decomposition of
T20 Waa 0.08V hither thar thtt for H20 ●nd 1. 38V
wst necemmmry ror the cortvermlor, ralio fo 99.9%

●o ehown in the Fig.;.

Continuous oparatlon or the cell for ur.
eltenfled period ham been performed from Lulv ,
19e~ Th? proceos Jng rste of &he tritium ]r
the ●yotam le 20,000 CI/claY for dcrornposit:on
mnd recombination O: T2,(T:CI. The experimental
condition or the test 10 mimmarized 10 Table 1.

Pmlladium Oifrutar

The bcaic parmostion char bcteristicm or the

pallmdigm alloy waro studied in JAERI with Hz

and D? . The permeation flow rmte throu~h tht
cell proved to be expreemed by the oqunre-root
lsw Bround the operation prtmmure or 1 to 10atm.
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Ptgmro 6 •~isoa tb4mlatlmno botwon
the peswathm raw -o endthe uffer-cc of
SbO OQMAFO-tWt Of ~aOtWOO St the flrd And
tbe Pomestod ●la of * *l#l- Mbrono.
Lhoor rolatimobipo ero non An tbo fl~
oecopt for tbo d%ta for 1- floe rat9s of HZ.
~ tbo ti?jatloo cmd to be emu-d by

~B- droD Am tbo tubimc. % l$neti do noc
-t at tbe mrlgAoIn tbofs . It●Uuamtm
Rbot tba ~uro-reot rolaelmmbip is not MM
in tbo -OM ~lom 1- thn ?Dotom.

TBe blood rat.. the ratio of bl~,d floe
roto to faod, - chow- f- 0.01 to 0.5 -d
~eod to mffoct llttlo m pmoebility of tbe

Aifrtmor . In tbia ●Bm?Agemt, bla.d r~t8 wea
Bopt to S*C 0.1. Operation proaou.re ond tho
proooure rntio of tbo food emd ~otod ore

. limit-d M tho caPmCltY Of tbo -M bellom
m=p.

Tbo ta~ratur. ~ulmtiom of tho POmo-
Obillty Of E, D AM ? tbrott@ tbo oI1OJ ore

●boom in tbo M-.9. Pomootim fl~ rat. cltonco
llttlo Ln tbo taperntum rmmsc. m. rota for

w isotopoo iO. E:D~T ■ 1:1/1.0:1/2.3. Th10
100topic ●ffset im ● llttlo lmgmr them the
rmpmtd ?UU99 .

Tbo ●yoca bme bson continu#uely Oporatod
frm Atty. 19s4 with purg ?2 of 1300 Ci, In ordor
to reduco tritlc- pomoatlon tbrougB the ●tain-
100S ●tml outor ●boll into tLo glowobox, tbc
operation toworoturo was sot ●t ZOO-C. Am ●mm
in tlto Pig, 10, that 10 MMUrQd mitb U? in JASRI ,
tha pommbillt7 choctgoo at tbo tmporsture
100or thm 200” C St thm WOOBWO orountl 1 ●tm.
Thisrooult ●uwa. t that tD~ Polladium diffus-r
CM bo oper~tad at SO 10w 00 about 200” C without

lar~o raduction of thr capsclty. The condltiona
of tho tom 1S a~i~ad in ?ablo 2. Tn. ~O#t

tiporcmnt problom on tiio COMDStibilltY of tht
A11OY with tritium is theproduction of bcllum-
3 by dieinto~ration of tritiue in tbe met{ 1.

Tm “Seroion-tenoile test” will g~we informa-
tlono on thio problem. If thare would bc s
cbm~e on tba nsture of the eJloY, the pemem-
Bility of the diffumr in tlm circulation oyotam

would Ckan#e i.1 the cource of the test .

CONCLUSION

Th8 new component- for tri CiuM PTOCeSOing,
tha ceremic ●lactrolylis cell ●nd thr palladium
diffuser , were teetcd with tritium ●t TSTA.
They worked correctly with tritium and itotoDic
effecce were meaaured with the~.

The Conti IIu Ou# operhtionn cf the component

from the m~er in lQ8h will be completed in

]08~ ●nd their reaaibjlity●nd reliability till]
be dimcuneed bmoerl On the MeUlt8.

The full aca’. e compontnt@ of the cell and
the diffu~er, thmt could De Umed ●t au bmtitutem

in PC.! ●re planned.

co] lsbmrmtlso prom. my ~,o t-k ,t.ffe

of TSTA for tbolr beleo M tbe ●z~rlnnt-.
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TABLE 1 CONDITION OF LONG-TERM OPERATION OF THE ELECTROLYSIS CELL

LOCATION

DATE OF START

INVENTORY

TEMPERATURE

GAS

FL(3HRATE

CONVERSION RATIO
FROM T2 to T2

PROCESSING RATE

: INV BOX IN TSTA

: JULY 30, 1984

: 38 Ci, FORM: T20 Vapor and T2, MIXED UITH HELIUM

: 6300C CONTROLLED HITH VARIAC

: MIXTURE OF 15 TORR T /T O (3%) AND 485 TORR HE
fiINSIDE OF CELL; 500 OR PURE D2 OUTSIDE OF THE CELL

: 150 STD.CC/MIN TO THE INSIDE OF THE CELL

: 99.9%

: ELECTROLYZEO VAPOR - 20,000 Ci/DAY
...l/100F FCU IS TSTA



TABLE “_ EXPERIMENTAL CONDITION OF LONG-TERN PALLADIwOIFFUSER WERATION

LOCATION : SOLID UASTE 01SPOS4L BOX IN ~STA

MTE [“ START : AUGUST 15, 1984

INVENTORY : 1400Ci, FORq:
‘“RE ‘2’ 400 STD. CC

TEWERATURE : 280°C, ON-OFF CONTROLLED

PRESSURE : FEED SIDE-;500 TORR, PERWATED S1OE-15L TURR

FLOE RATE : FEED-21O SCCM, PERMEATION-19O SCCM, BLEED, 2C SCCP!

(SCCH ■ STD.CC/MIN)

PROCESSING RATE : PERMEATION FLOU RATE-6&0,D00 Ci/DAY

...1/30 OF FCU IN TSTA



FIGURE CAPTIONS

Fig.1. The diagram of tho Fuel Clomup Syota (FCU) of TSTA.

Tho ~ramic ●loctrolysis CO1l ●nd tho pallmdi- diffuaor

can be used aa tho roplacamonts of tha Hot Matal Bad. and

tha Molocular SieVe Beds rospectivaly ma ●nom by tha

break lines.

Fig.2. The schamtic of the mramic electrolysis call.

Fig.3. Exp.arhmntal eetups for the cxporiment of,

(a) the phaae 1 of the eloctr~lysio with normal water,

(b) the phase 2(braak line) and 3(oolid line) of the

electrolysis with tritiated weter, ●nd..
(c) the palladium diffuser.

Fig,4 The schematic of the palladium diffuser.

Fig.5. Relation between the open circuit voltage and the

conversion ratio from water to hydrogen in the ceramic

electrolysis cell at 600”C. The solid line 6how6 the

theoretical v~lue.

Fig.6. The relation between the open circuit voltage and the

conversion ratio in the electrolysis cell with inert ant!

hydrogen carrier gas. The lines show the theoretical

values.

Fig.7. The isotopic defferencc between H20 and T20 in the

electrolysis at 600”C.

Fig,8 Permeation characteristics of the palladium diffuser for

Hz, D2 and T2.

Fig.9. Temperature variation of permeation coefficients for H,

D and T in the palladium diffuser.

Fig. lO.Temperature variation of the permeation coefficient of

the palladium diffuser for Hz.
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