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ABSTRACT

A ceramic electrolysie cell and a palladium
diffuser are developed in Jspan end 13 teested
with tritium in Tritium Bystems Test Assembly
(TSTA) of the Loe Alamos Mational) Ladoratory, in
order to confire ths fessidbility ss possidble up-
gredes for the fuel cleanup system (PCU). The
ceramic electrolysies cell made of stebiliged
tirconia was operetsd st 630°C for an extended
period with a mizture of 3% T30 in Ne carrier
gas in tae circulstion syetes with oxidising
cotalyet bad. The palladium diffuser wan

tested with circulsted pure tritiums gas ot

200°C to verify the compatidility of the

2lloy with tritium, since the e produced

in the metel could ceuse @ degradstion. The
ieotopic effecte ware aleo measpured for both
devices.

THTRODUCTION

Thie etudy wes parforsed under @ colledbore-
tive program hetween the U.5.Dspartment of Energy
and the Jepen Atomic Bnergy Ressarch Inetitute
(JAERI) from Jdarch 1984, The coramic electrolyeies
cel. and the pelledius diffuser were developed in
JAERI ae tritius prucecesing couponente for e
fueion fue) cisculetion eyetem.

The coramic electrolyeis cell mede of oxide
e0l11d electrolyte decomposss tritieted weter in
the vepor phl.ll. Thie methuvd eliminetee the
problese of other techniques evch ae largs
tritiur inventory in wet celle, redietion damage
¢ 5PE cells? and gensretion of ecl!d waste in
hot wetel bede?. Thees festures make it ettractive
for fueion fuel eyetemse and @ poeesible repleceasent
for the hot metel beds in PCU of TSETA e# shown i1,
Pig.l. Electrolyeie charecterietics of the cell
hed slreedy been etudied in JAERI with normel®
and heevy vetere® end high convereion retios fros
wveter to hyrrogen were obteined in the teiLpereture
renge of %00-900°C.

The pelledium diffuser continuocusly separetes
hydrogen ieotopse froe ell impurities in the
pleeme exheudt. The edventegees of this method
ere the purity of product end the ebility of
seperetion of helium eeh. Figure ] snows thet it
cen be ueed in FCU' in the plece of the moleculer

sisve bedeS. Passibility etudies witbout tritium
have been parforeed in JABRI on the effscte of
impurities and thersal ennu".m the separa-
tion characterietics of the diffuser®.

The object of the exparisenta ot TSTA was
to verify the performance, reliedbility and
campatibility of these components with tritium.

BIPRRINENTS

Cormmic Electrolysis Cell

The emall ecele electrolyeie cell, made
of an yttria-stabiliged szirconie (YS8Z) tube
with platinus electrodce, was sent to TSTA after
the teste with normal water in JARRI. The
structurs of the cell ie ehow. in Pig.2. At
TSTA, teete vers conducted in three phesss: cold,
low level, and high level tritiated water ex-
perizent. pigure 3(s) showvs the schemstic of the
sxperimental setup for the phees 1. V¥Water vepor
fros the hubbler ie carried by an inert gee
etream and ie decomposed in the electrolyeie
cell. HNumidity at the inlet and the outlst of
the cell ie messured with Panametrice hygro-
metere. Power for electrolyeies ie supplied bdy
e potentiocetet (Hokuto Denko HA-305), which ie
0le0 ueed for the msessuresent of current anc
voltege.

The phase ) vae the teet with normal weter
vepor to confirs the performance obteined in
JABRI. The bebhevior of the third electrode,
“reference® loceted et the downetreams wide of
the cell vee tested to messure the content of
the product and/or to control the cell.

Hydrogen carrier gas vee eleo ueed.

The phase 2 and 3 were conducted in the
INV glovebox ueing the epparetues ehown in the
Pig.3(d). In phese 2, lov-level tritieted weter
(40 Ci/ml) wee ueed end ieolopic effect of
tritius vee meseured in once-through flov.
Glycol bubblere eno e Peckerd iiquid Scintille-
tor were veed to meesure the conversion retio
of tritieted weter.

The finel tee! (Phese J)) wee carried out
with the circulstion syetsm with s meta. bellowe
pump. Pure tritium gee (36Ci) wes supplied from
s botile 8nd mixed wilh He @0 thet s mixture
of 3% T,0 is obteined by oxidstion et s
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hopcilite bad. The tritisted watsr is decompo-
0ed at the slsctrolysie cell, and genersted O,
Hld’77 are sixed and recombined by bopcalits
agsin.

Palladi

Lxperimente of thcs pallediup diffuser ie
conductsd in A gas circulation system camposed
of the palladium diffuser and s metal bellows
puBp as shown in the Pig.3(c). The pressures
and flow retes of the gas in the syctem were
Be88ured vith Barstron pressure transducers And
Brooks masss-flow setere. Pigure A ¢hows ths
structure of the cell. A diffuser has 12 palla-
dium alloy tubees. EKach tube is 1.60mm and 1.¥\mm
in outer and inner disseter. and 100wm long.

Peimestility of the measbrane for Ny and
D; were messured prior to the test with tritium
in the tempersture range of 300-2850°C and the
fead pressure range of 200-3300 torr. The
prossure et the permestsd side of the wmembrane
ves ebout one tenth of the feed pressurs,

The hot teet was perforsed with 1300C4 T2
from ¢ urenium bed. After the measurement of
permesbility at various tempersturs and pressurs.
the syetem vae opareted for & long period. The
operetion tempersture was esst et 280°'C

In e related etudy of the saterial propcr-
tiee of the palledium alloy, small epecimens
were etoticelly immereed in tritium et opereting
tempereture for various periods up tOo 2 yaare.
Progreseive teets of tenszile etrength are per-
formed on eamples efter they were cooled and
subeeguently withdrewn from the tritium etmo-
sphere.

RESULTS AND DISCUSSIONS

Cerenic Flectrolyeie Cell

In pheee 1, feed-beck control of the cell
end the uee of bhydrogen ee @ carrier, both of
which are edvantegeous in ectuel opereiiohs,
vere tegied. 00 well g0 the teast of the beeic
performence obteined in JALRI. The electrolyeis
cherecturietice of the cell ere etudied in pre-
vious vork.“-s. The convereion retio x fros
veter vepor to hydrogen ie expreeasad,

RT . 1
E-Ir « E. ¢ oF An:_l

4here, F, 1. r are the voltege. current end
resiptg@iice of the cell, R is the gea conatant,

T ia the tempereture end F is the Fereday con-
stent. Standerd vcltege for water decompodition
L. in olso @ functior of temperature end its
velue ot 60L°C 1m 1.041V., Little overpotential
is  obrerved in the reection.

The velue E-Ir i1e the oOpen circuit voltege
thet ceh be messured et the reference slectrode.
where the electrc-motive force (emf) i1e¢ obteined
corresponding to the contant of the product gee
ot the cell. Therefore, the rst.c¢ of hydiofen

and vater concentratiams, i.s. conversion retio
in the cell is costiououily and sismltanicusly
sonitored. The cell voltage hetween the anede
and the costhode cam D¢ chamged autesstically

by ¢ potentiocstat so bt the veltage st the
reference is controlled Lo e s desired value.
Pigure 3 showe 8 typical characteristics of

the call obteined in the phase 1 sxperiment.

The conversien ratios fros wvatsr to hynrogen are
plotted against the open circuit voltage seasured
28 the refarencs petemtial. They agreed well
with the thenretical valwes chown a8 & 80114 1ine
in the figurs. The result also proved that
fsed-back control of the csll io obtsin atabdbls
opan circuit volcags.i.e. converaion retio, is
sffective. It is sdvantageous in the operstion
of the cell in the PCU, whers tritisted weter
DTO is supplied rrom tie regensreting fresesr
and the vapor comcentretion in the carrier gse
will not be stsbdle.

In the ™sgemeration of ths freeser in PCU,
use of deuterium carrier is planned because pure
hydrogen isotope aixture can be obtained as s
product fraam the hot metal bed. Pigure 6 1»
the relation between the open circuit voltage
and the converigon ratio obteined in the sxperi-
ment with Hy carrier gaa. The folid line showe
the theoretical value. The result is quite
differsent from that with ipsrt carrisr. Decom-
position of weter begine at ebout 1.2V anéd the
convereion ratio reaches 99.9% at 1.47V. Thia
result suggests tast the use of hydrogsen carrier
i3 femaible vith @ 1ittle higher voltage on the
cell.

In the teet of phass 2, low-level tritisted
weter was decompoeed and the convereion rilice
for tritisted wster and norsel wveter wers
seesured ae¢ ¢ function of the open circuit

voltage. The convereicnr retio of tritiated
weter wee eotimated fram the reeidual tritieted
weter vepor in the etressa fros thse cell, trapped
in e Klycol ©Dbubbler. The isotopic effect of
electrolyeies reaction eppeare only in the con-
otent term E. in tne equetion noted before.

The difference betwgen n‘-fo and HTO wee O.0U4V

in the erperisaen* et 600 C.

In the test of pheese 3, the slectrolyeis

chiracterietics for T,0 ves seasured et firet.
The open ciucuit voltege for decompoeition of
T,0 wee 0.08V higher ther thet for H,0 end 1.306vV
wer necessery for the <onvereior. retio fo 99.9%
ee shown in the Fig.°.

Cont inuoue operatior of the cell for ar
extended period hes been per{ormed from Lul)y.
1984 . Tha procese)ng rete of ihe tritium ir
the eystem is 20.000 Ci/dsy for decompoeit:i:on
nnd recombinstion of T?/T:O. The experimental
condition of %the teet is summerized in Table 1.

Palledium Diffuaser

The besic nerseetion charecterietice of the
pelladium elloy were etndied in JAER] with H,
ena D, 6. The permestion flow rete through the
cell proved to be expresged by tre square-root
law sround the operetion preeeure of | Lo 1Cetm.



Pigure 0 susparizes the relstions betwean
the permeation flow rete and the ¢ifference of
the square-root of pressures st the fird and
the persgatsd siéa of the palladiwm Ewsbrane.
Linear relationshipe ars seen in the figure
except for the ¢ats for large flow retes of Hy.
where the deviation sesmed to be caused by
preseure 4rop in the tubing. The 1ines ¢o not
meet st the origin in the figure . It suggests
Ehat the square-root relationebip is not beld
in the pressure region lower than 200torr.

The bleed rats. the rstio of bleed flow
rate to fasd. ware changed frem 0,01 to 0.5 and
proved to affect 1ittle on permesbility of the
diffuser. 1In thie experiment, blesd rete wae
Kspt to about 0.1. Operation pressure and the
pressure rstio of the feed and perwaated are
1isited by the cspacity of the metal bellowe
pamp .

The tempersture variation of the perse-
ability of H, D and T tharough the alloy are
shown in the Pig.9. Persestion flow rete change
1ittle in the tempsraturs range. The rete for
the imotopes is, H:DrT » 1:1/1,8:1/2.3. Thie
isotopic effect ie o l1ittls larger than the
reported value?.

The eyetam bas heen cOntipuously opereted

from Aug. 1984 with pure T3 of 1300 Ci. In order

to reduce tritium permestion through the stein-
leee steel outer 6hell into the glovabox, the
operetion tempersturs wee eet et 209°C. Am seen

in the Pig.10, thst is messured with H; in JAERI,

the peramesbility changees st the tempereture
lower than 200°C et the preesure around 1 ste.
Thie reeult suggest thet the palladium diffueer
can be opsrated at ee lov as ebout 200'C without
largs reduction of the cepacity. The conditione
of the teet ie eummariged in Tadble 2. The sost
important problem on ths competibility of the
ulloy with tritius ie the production of helium-
3 by dieintegretion of tritius in the setil.
The "immereion-teneile teet” will give informe-
tione on thie problem. If there would be o
change on the neture of the alloy, the permes-
bility of the diffueer in the circuletion eyetem
wvould chenge 1. the cource of the teeot.

CONCLUSION

The new copponente for tritium proceeeing,
the ceramic electrolyeie cell end the pelledium
diffus¢r, were teotsd with tritium et TSTA.
They vorked correctly with tritium end ieotoupic
effecte were megeured with thew.

The continuous operetions cf the components
from the summer in 1084 will be completed in
108% end thedir feesib)lity end relisbility will
be discumeed beeedl on the results.

The full ecs’e componenta of the cell and
the diffueer. thet could be used o0 substitutes
in PCJ ere plenned.
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TABLE 2 CONDITION OF LONG-TERM OPERATION OF THE ELECTROLYSIS CELL

LOCATION

DATE OF START
INVENTORY
TEMPERATURE
GAS

FLOW RATE

CONVERSION RATIO
FROM T, to T

PROCESSING RATE

INV BOX IN TSTA
JULY 30, 1984

38 Ci, FORM: T20 Vapor and Tp, MIXED WITH HELIUM
6300C CONTROLLED WITH VARIAC

MIXTURE OF 15 TORR T /TgO (3%) AND 485 TORR HE
INSIDE OF CELL; 500 TORR PURE D2 OUTSIDE OF THE CELL

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

99.9%

ELECTROLYZED VAPOR - 20,000 Ci/DAY
...1/10 OF FCU IS TSTA



TABLE " EXPERIMENTAL CONDITION OF LONG-TERM PALLADIUM-DIFFUSER OPERATION

—

LOCATION : SOLID WASTE DISPOSAL BOX IN STA

DATE ( = START . AUGUST 15, 1984

INVENTORY : 1400Ci, FORM: PURE T,, 400 STD. CC

TEMPERATURE . 280°C, ON-OFF CONTROLLED

PRE SSURE . FEED SIDE-1500 TORR, PERMEATED SIDE-150 TURR

FLOW RATE . FEED-210 SCCM, PERMEATION-190 SCCM, BLEED, 20 SCCM
(SCCM = STD.CC/MIN)

PROCESSING RATE  : PERMEATION FLOW RATE-680,000 Ci/DAY

...1/30 OF FCU IN TSTA
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CAPTIONS

The diagram of the Fuel Cleanup System (FCU) of TETA.

The ceramic electrolysis cell and the palladium diffuser
can be used as the replacements of the Hot Metal Beds and
the Molecular Sieve Beds respectively as snown by the
break lines.

The schematic of the caramic electrolysis cell.

Experimental setups for the experiment of,

(a) the phase 1 cf the electrnlysis with normal water,

(b) the phase 2(break line) and 3(solid line) of the
electrolysis with tritiatgp weter, and

(c) the palladium diffuser.

The schematic of the palladium diffuser.

Relation between the open circuit voltage and the
conversion ratio from water to hydrogen in the ceramic
electrolysis cell at 600°C. The s0lid linea shows the

theoretical vnlue.

The relation between the open circuit voltage and the
conversion ratio in the electrolysis cell with inert and
hydrogen carrier gas. The lines show the thecoretical

values,

The isotopic defference between H30 and T,0 in the
electrolysis at 600°C.

Permeation characteristics of the palladium diffuser for

Hr, Dy ard T>.

Temperature variation of permeation coefficients for H,

D and T in the palladium diffuser.

.Temperature variation of the permeation covefficient of

the palladium diffuser for Hj.
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