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ABSTRACT o2f the diffuser. A mixture of hydrogen isotopes
Under a coliaborative agreement between US and and impurity is separated into a pure hydrogen
Japan, lwo t-itium prscessing components, a stream and a bleed stream that contains mostly

palladium d:ffuser and a ceramic electrolysis
cell have bLeen tested with tritium for
cpplication t> a Fuel Cleanup System(FCU) for
plasma exhaust processing at the Los Alamos
Naticnal Laboratory. The fundamental
cl.aracteristics, compatibility with tritium,
impurities effects with tritium, and long-term
behavior of the components, were studied over a
three year period.

Based <cr L'iese studies, an integrated brocess
loop, "JAER! Fuel Cleanup System™ equipped with
above c:imponents was installed at the TSTA for
full)l scale demonstration of the plasma exhaust
reproces’sing.

I. INTRODUC. LON

The Japan Atomic Energy Research Institute
(JAERI) and the Uriited States Department of
Energy (DOE) agreed a collaborative program for
the development of the components, the palladium
diffuser and the ceramic electrolysis cell for
the Fue! C.lvanup System(FCUl, which would be
applicabi.e 1> the next qJe 2ration of fusion
experimental Jdevices. Both designed and
manutactu:ed by JAERI and shipped to the Tritium
Systemy Test Aasembly(TSTA) at the loa Alamos

Nat 1onda, Laboratory for the testing with
tritium,

A palla:.um diffuser ssparaten hydrosgen
130tpes from ai. other :mpurity specien and

wroduces a pure hydrogen =tream that will bhe
haridled in the 170tape Separation system 1n the
fusio: fuel i~cp. The ceramic electrnlysis cell
decempoans rr)l181ed Wvarter vapo. without
Jqenerating v li1l waste or having a large tr:itum
invetitc 1y Saneer 1IB4, pnieliminary teats on

borh = mpenenmta with tratium have succeastaliy
hean pertermel a1 the THTA under an rarly
Agrecment 1. ¢ CE-JAFERT sllaboration' . PBath
coampreentn jroved 1 e twasible foa trit rum
nervtre atdd veemed] attiactive Jur applicaten an
the jroreasea 1he Fuel Cleapap'! Thus
further nvaglien wete anggeated foq ddeve s mend

Pl X ENIMENTS

A Pallaliar !l aae
e paiatiam dhitfaser ciemaane Ut e
pallast.om ati y *ea 1hal anlect ively preipmate
Lyrhiengnn v pon Fovquin | nhows b a0 liemas 10

impurity and some residual unpermeated hydrogen.
The diffuser is contained in a double jacket in
order tn recover tritium permeated from the
primary containmant that is heated up to 450°C
by a heater wire wound on it. The flow diagram
of the experimant is showh in Figure 2, One or
two metal bellows pumps are used to «vacuate the
inside of the palladium tubes and recirculate
the permeated hydrogen into the feed stream.
Impurities such as methane and carbon monoxide
were added in order to investigate the chemical
effect as well as measure the separation
characteristics, Gas samples were occasicnally
taken from the feed
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:r tleed fcr Raman or mass Spectroscopy. Fiow

rates and pressures were measured at the feed and storage®., and some beds for tritium i
and permeated sides of the diffuser. Tritium are developed*, service
wes supplied to the experiment from the ZrCo

ced. Approximately 2500Ci were used. The

exper:ment was independent of the TSTA mair loop
An2 was placed in a separate glovebox,
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2. Flcw Ciagram cf the Falladium Diffuser
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B Ceramic Electrolysis Cell

The electrolysis cell contains 10
sintered stabilized zirconia tubes that has
calcined platinum electrodes at the inside and

cutsaide. Figure 3 shows the structure of the
cell. wWater vapor in the feed gas stream is Fig. 3. Schema
lecomposed at the surface of the inner electrode Cell tic of the Ceramic Electrolysis

¢ 2 rm hydrogen/tritium while pure woxygen
Jenerates at the outer surface of the ceramic
‘.ube

The test luoop consisted of a tritium
avurce, a catalytic reactor filled with MG.'
Lepcalite, a LN freezer, '‘Le CEC, a metal
toll.wy pump, and a ee tritium sterage besl an
<Lownn 1n Frgure 4. l'ure or high level traitiat el - R
water wdas formed by cxidation af tritium gas at Uiz N
the hnpcalite Led, The water vapor was then
w1llecter 11n a freezer So that regeneratinnh of
the freezer 1n the FCU sysitem was simulated, n
Arme taests, vapar was cantainucusly sent to the
eil o decompmaitivn followed by 1ecomhinat 1nn

e

“ith oxygen fi1om the oHygen side of the eell,

Ttert cgaa il deutertum wes naml AS CALTIer gan bn ZI’COM Cel
v the Lo, Effecta f impurities saech oas 00 Chﬂnu.'--—“

atnl T e Wi tnve st igated, The expegimetn wan [
Veratetl an oA ) velexn tthoan anxiliary laberatoay
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2z2th experiments were equipped with IrCo heds
‘cr recovery, storage and supply of tritium as
snown 1n the figures. Some features of the ZrCo
teds were tested 1in practical tritium servace.

1Y RESULTS

A. Palladium Ciffuser Exycriment
. Fermeati.:ty Measurement

The permeation flow rates Of pure H2, DD
nd Tr were measured as the functaions cf
Lse9sure at various temperatures. Exampies at
;2% are aummarized in Figure 5. Flow rates
1;e expressed in ¢m’ per minutes at 0°C, (T3kPa.
..near relations are otserved between flow rates
ind differential square root cf presasures across
-he membrane although some deviation at both
nigh and low pressures appeared. Permeability
>f tritium was approximately one half cf that
for hydrogen.

g g

Permeation Flow Rate / cM min

0 5 0 15
Differentlal Square Root Pressure / B¢

Figq. *. I'srmeability of Puie Hydrogen Isotupes
thiough the Inffuser .

SoNepatartan Chaacterinties

A m.xtime of hyhegen anl 10V mathane was
introrh esl antee thr system 1 measiie 1 he
sepatat e chazacstepiataeas of the affane,
Joerd atl permeat o tlow 1aten were meanaied as
Wt ey oot 0 peentrat s of hyheste o an
che ) et s peam Thee teemale twelicatens a 1w
Ao et pal et ! hyrttegen L v he Llest fom g
‘et nMrATHNIN] wma e et 4 heyrlvegen,
Cowever The fepmeat s on tlow o tate s omeeth oama e
nan i the caae o b porpe hyyheogen teed Thia s
anaed) ty a4 bisglhe pattial pressgee of papnsat sy an

he tewd o omgede ot thin Dy ttgnen Mamiry | Al

ralculavizir suggests that an increasea dittuser
iengt!, was desirable for achieving lcw hydrogen
concentration in the output impurity stream.
The system was left in a continuous operaticn
mode for months and little change in the
separation characteristics was cbserved.

1 Carbon Monoxide lesting

A high ccncentration of CO in the stream
may be encountered 1n some applicat.ons ot the
d:ftuser :n tr.tium processing .cops. The
Ji1ffuser was operated for an extended period
with a To-CO mixture. Approximately a )0\ loss
-f permeability occurred in a € month operataion.
2xidation treatment of the membrane followed by
hydrogen reduction regenerited the permeability
as in Fig.é6. This result suggests that the
reduction of “he permeability might huve been
caused by surface contamination of the palladium
alloy mem»hrane. A possible deposit of carbon
caussd by the radiolysis of CO was suspected.
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2 CJevamul frectrolysis Jell Experament
Lo lesomposition Characteristioa

CeooTposLtaon Zraracteriatics v trhe
electrolysis ce!l was measured with HpO-N>, T 0~
Np, T2O0-C» systems wunder the <ccnditicns
simulating application for a plasma exhaust
srocess. v the Fuel Zleanup Systems in TSTA or
TPL, DTZ captured at tre DTC freezers should be

;egenerated and dezomposed ts recover tritaum,
Jaryier gases suoznoas N2, He or [ mav ke used
$Zr reéegeneratilin o7
rate was 427 -~ 1D

ne freezers. Carr:er flow
min, where no erfect of
'ne Tlow vate s crserved N +rhe
-haractesistics It othe cell. Figure 7 shows the
scnvers:cn etticiency of water vapor tc hydrogen
:btasned wiih +«he cell operated a: §600°C.
lonversion ratic was determ:ned frcocm trhe ratao
cf the inlet and the cut.et humidities. The Ir-
tree voltage :3 measured lretween the two
viectrcdes or the cell that composes an open
ci1rcuit where no current 1s applied. This value
.ndicates the electrochemical potential across
«he ce.l generated by tue difference cf oxygen
potential at the O side and the T;/T20 side.
T observed conversion efficiency was around
4sh, These values are lower than expected,
crobably due to the errcr caused by the residual
r.amidity at the outlet of the ce.l.A small
\soteoplc ditference was observed between T:O and
HoC. The thecretical conversion etficiencies
for each system are also shown on the figure.
The results show s;mila:r trends a.ithough marked
Jdeviaticns are observed.
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Zeytefium was tested as carrier gas f-r
*he trivt:.ated water. vse of the D) ftor
regenerat:ng the freezer 1s advantageous because
cnly gaseous hydrogen 13otopes (DT)2 12 expected
to be obtained as product stream from the cell.
The experiment proves that T20 can be decomposed
at high efficiency a: [.4Vv, that is higher than
“he case w.'h inert carrier as predicted by the
rallulaticon.

. impur:ty Testing

Systems of CCp-Np and CO2-D20-Np were
‘ested t:- :nvestigate the etfect of CO2 that
might be electrolyzed by the cell while water 1s
decomposed. A thermochemical calculation was
made tor the electrochemical equilibria of the
0P, CO, Kp0, Hp2, C and 02 systems in the cell.

Figure 8 shows the relationship between
"onversion ratios for the reactions discussed
above and Ir-free potential at 600°C. For the

1
reactions CC & <02 + C, and C0O2 & C + 02 ,

1init:al concentrations of CO or CO2 are assumed
to be 0.1. Each line shows how the reaction can
proceed at the given Ir-free voltage in the
cell. As seen in the figure, the decomposition
f water 19 the easiest to occur in the cell,
but all the reactions are possible at the
potential of 1.3V to 1.4V where the cell 1is
usually operated. Fither CO2 or CC can be
ijecompoved to form carbon as the result of the
reaction.
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+ne Converwlsh Y4atll was iens uhan v, PR
,~derstocad that the pcrous platinum eleltrdae
1;es nol have catalyt:is astavaty frrootnhe
{ecompesiiicn ot SO, while it dees to:r e
decomposition Cf water. Electrolysis of [0 -
222 -~ N3 mixture shown in the figure indicates
no effect on the electrolysis pezformance ot
water. These results suggest that CO2 impuraty
in the ce.. J-es not have any undesirable effext

:n the deccmposation o2 water.
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Fig. 9. E.ectrclysis of CC,-N; and D;0-CO,-N;.

3 Batch Operation ’
One c°f the major rractical applications of
the CEC 1s the batch processing of a tritiated
water gas mixture. In the test, a miuture.of
tritisted wate: and carrier was processed with
the cold trap, electrolysis cell and a ZzC9 ped
to convest t:itiated water and recover tritium
in a closed !l:zop. More than 99%9.99% of the water
was decomposed and tritium was trappeq at the
hed . ‘t was proved that the TEC ia auitable to
pracess i1vlat:vely smali amounts of high level
‘ritisted ~ater i1n a batch operation.

4 Lonrg-term Reliabiliry

The r.ectrolysis experiment was operated
in a closed [osop mode 1n which oxygen generated
At the anvde 13 recycled to the catslytic
reactor in.et fr recombining with electrolyzed
tritivue, A test with T20-COo-He was pertarmed
as long as +ne year to evaluate the lgnq term
reii1abtiity ! the «ecll with tritium and
impuraty. The eell haa succesnfullx worked For
‘he teat purg f, however marke!] embriti lement
the satabpl:z2el sir-onia material was clseroed
ahien thyr *eal was completed,

CLan omam-Celalt Bed
Fogrnaabirium Presance of Tritamn
Pim=agpe-cmpesit o 1sastheima oof the T,
2rCe Ayl em wan omeatntad wath o the Gade et
st allod t the  CEC wxperiment . Peelamanany
ieanlta qulr el that the eprilibtinm peeanatre

S vs o, e gt s higher than v ha

Sy3dzoqza Ly a factor r less than . ‘toas
suggeated that the 1svotopic difference was
negiigibie 15 the pracr:ical use of 2rCc for
trit:um service, [Ceralled meAsurement was done
Dy the program and apparatus under the Annex IV
agreement .
2 Practical Application

Both palladium diffuser and electroiysis
cell experiments were eg-ipped with 2rCo beds of
S liter of hydrogen in capacity. The beds were
4sed for storage and supply cf pure and mixed
tritium. The recovery of tritium was performed
toth by absorption of rpure isotopes and
trecycling of the mixture with inert through the
bed. These practical experiences of the beds
verified that a 2rCo bed is a suitable
aubstitute for uranium beds.

IV, CONCLUSICN

The experimentsl program on the “process
ready components” under Annex III was completed
and 211 of the objectives were achieved
experimentally in the tesats performad in these
three years. Through the tests, it is concluded
that the palladium diffuser is applicable to the
Prccessing of plasma exhaust to produce pure
hydrogen isotopes for as long as 3 years without
any msintenance. Use with carbon monoxide was
not a problem. The ceramic electrolysis cell
was verified as an attractive component for the
decorposition of tritiated water in various
processes. Carbon diornide affected it little.
Thus, both process-ready components, the
palladium diffuser and the ceramic electrolysis
Cell, were proved to be suitable for fusion fuel
pProcessing. Long term reliability and
Compatibility of the components with tritium and
impurity was verifieg.

Based on the results, an integrated
frocess icop, "JAERI Fuel Clearup System® that
utilizes both components was developed and
designed by JAERI for full scale demonstration
¢f the plasma exhaust reprucessing. The system
will e tested with simulited fusion fuyel in the
TSTA main loop in the near future.
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