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ABSTRACT
JUnder a collaborative agreement between US and
Japan, 'wo rtr:tium prscessing components, a
palladium d:iffuser and a ceramic electrolysis
cell have Ubeen tested with <tritium for
application t2 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 <n Luese studies, an integrated Dprocess
loop, "JAER! Fuel Cleanup System” equipped with
above ccmponents was installed at the TSTA for
ful) scale demonstracion of the plasma exhaust
reprocessing.

I. INTRODUC" (ON

The Japan Atomic Energy Research Institute
(JAERI) and the Uriited States Department of
Energy (DOE) agreed a collaborative progiam for
the development of the components, the palladium
diffuser and the ceramic electrolysis cell for
the Fue! Cleanup System(FCU), which would be
applicable t> the next qJe 2ration of fusion
experimental Jdevices. Both designed and
manufactured by JAERI and shipped to the Tritium
Systems Test Assembly(TSTA) at the lLoa Alamos
Nat jona. Laboratory fnr the testing with
tratium,

A palla!.um diffuser ssparate® hydrogen
130topns from ais. other :mpurity species and
nroduces a pure hydrogen =tream that will be
handled in the i14otope separation aystem in the
fusion tuel i~op. The ceramic electrnlyain cell
decompoana vt iated water vapo. without
Jenerating 2111 waste or having a large tr:itrum
inventcry: Sance 1984, preliminary tenta on

both « mpenenta with traitium have auccesasfully
Lbeen peorformed ar the TLTA under an carly
agreement 1. i CE-JAFRU o llaborations . Rmath
Compo ety jaoved t be foatible for triitaium
ervice and eemed attractive for application an
the jr-reaced ! the Fuel Cleanup'! Thua
further At ufinn wore auggested for development

o pra e atay MLpeenent .

T, EXIERIMENTS

N ballatiar 1! neg
e gpaiiatiam daffuser containa Y e
pallad.am ali-y *hes that aerlectively pormeara
hydirogen i sr pon Fiquiren 1 ahows *he s hemar (0
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2f the diffuser. A mixture of hydrogen isotopes
and impurity is separated into a pure hydrogen
stream and & bleed stream that contains mostly
impurity and some residual unpermeated hydrogen.
The diffuser is contained in a double jacket in
order tn recover tritium permeated from the
primary containment that is heated up to 450°C
by a heater wire wound on it. The flow diagram
of the experimant is shownh in Flgure 2. One or
two metal bellows pumps are used to &«vacuate the
inside of the palladium tubes and racirculate
the permeated hydrogen into the fead atream.
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 wvere occasicnally
taken from the feed

Feed
e T
Imipurity)

Pure fy

Fig. 1. Schematic of the Palladiom Diffuse:r



:t btleed fcr PRamman or mass sSpectroscopy. Flow

rates and pressures were measured at the feed and storage®., and soms 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,

T B2
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JTLNINET G

Fiq. 2. Flcw Ciagram cf the Falladium Diffuser
EXperiment.

B Ceramic Electrolysis Cell

The electrolysis rcell contains 10
sintered stabilized zirconia tubes that has
~alcined platinum electrodes at the inside and

cutside. Figure 3 shows the structure of the
cell. Water vapor in the feed gas stream is Fig. 3. Sch
lecomposed at the surface of the inner electrode Cclf ematic of the Ceramic Elactrolysis

¢ t°rm hydrogen/tritium while pure oxygen
Jenerataeas at the outer surface o! the ceramic
' ube

The rtest Joop consisted of a traitium
[vurce, A catalytic reactor filled with
“opcalite, a LN» f{reezer, he CEC, a metal
teli.wy pump, and a 2200 tritium sterage bed an
~.own In Figure 4. [Pure or h:igh level tritiared
water wdaa formed by cxidation of tritium gas at
the hnpcalite Led, The water vapor was then
villecterd 1n a fiecezer sc Lhat regeneration of
the freezer \n “he FCU sysitem was simulated, in
fMe t@3lSs, vapuol was cunt.lnuously sent to the
el (o decerpomition followed by reacombinat ion
“1th oxygen from the oxggen side of the cell,

L
hnR

Thert gas g deuterium whs uasd an carrier gas bn ZI’COM Cel
i the loep,  Effects of imputities such as 0 Chﬂnu.'--—“

angd U Were 1nveSstigated, The experiment wan )
porared an oa ) vebex ainoan anxiliary laboeratoay

At the TUTA

T2 /sample N /e
St nium oo bait Red Flask
th Sareemiumedebalr smtermet alige Fid 4 Flow Diagram of the cge Exper iment 8

mpounel e A new material develaped by JARRTD a=
A mabar gturte fop ocraraam o 1ttt pam pecovey



sxth experiments were equipped with Z2rCo heds
!zr recovery, storage and supply of tratium as
snown 1n the figures. Some features of the ZrCo
ceds were tested 1n practical tritium service.

I RESULTS

A. Palladium Ciffuser Earcriment
. Fermeari.l:ty Measurement

Tre permeation flow rates of pure H», T
ind T; were measured as the functions ¢
tze9sure at various temperatures. Exampies at
;2% are asummarized in Figure 5. Flow rates
1re expressed in c¢m’ per minutes at 0°C, lZ3kPa.
_L:near relations are observed between flow rates
ind differential square root of pressures across
-he membrane although some deviation at kcth
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¢

Fig, *. Iermeability of Pure Hydrogen Isotopos
through the Diffuser.

S Nepararion Characreristics

A m.xture of hydrogen and 10V mothane was
intrada. et anto the system t meaAaure the
~oparat jon chazacsteriatics of the diffuner,
bond andd permeat pon flow rates were moanurnd as
A funergen of the o neentratyon of hydroge s an
Phea Y Lo st peam The 1e=ailr sndicates a4 | w
meentrat von of hydrogen r the bloed trom a
fend mrtaitning o majer o aregnt o hydrengon,
Cowewesg the permeat s on flow o pte dsomaelh amal ler
*han o in the came ot puare hydrogen teed, Thin 1.
Aumed by a high partial prexaare o f ampargty in
‘he fteed agde ot e il fyner Humep § ol

‘alculat:icn suggests 'hat an 1ncreasea dittuser
iengt!, was desirable for achieving lcw hydrogen
concentration in the cutput impurity stream.
The system was left in a conrinuous operaticn
mode for months and little change in the
separation characteristics was cbserved.

1 Carbon Monoxide Testing

A high ccncentration of CO in the stream
may be encountered in some applicat.ons ot the
di1ftuser :n tr.tium processing lcops. The
Jiffusar was operated for an extended period
with a T2-CO mixture. Approximately a 10V loss
-f permeability occurred in a 6 month operation.
xidat:on treatment of the membrane followed by
hydrogen reduction regenerited the permeability
as in Fig.6. This result suggests that the
reduction of “he permeability might huve been
caused by surface contamination of the palladium
alloy mem»rane. A possible deposit of carbon
caussd by the radiolysis of CO was suspected.

-1

Perineation Flow Rates / cm min

1000 | ® initial )
© Contaminated
[ 0 Regenarated
o A -y
v 5 10 1]

Ditisrent'al Square Root Pressure / °*

Fig. 6 HRegeneta. ion of the diffuaer attny long-
term oxpoaute to To-r0,

4 Long verm Heliability
The dilfuaer wan aparated a' orelatively
Tow tomperrarure (150" 1007C) to cudeatagate
"he offect ot he forme f An the palladium met a]
ittae degqradatioen o f the permeabl ity wan
hmervaed an more than 1 year of peraticon



¢t tne
electrolysis was measured with H»oO-Np, TO0-
Np, TpO0-CD2 systems under the <ccnditions
simulating application for a plasma exhaust
crocess. In the Fuel Tleanup Systems in TSTA or
TPL, DTC captured at tre DTO freezers should be
regenerated and decompeosed tc recover tritiu

Tarr:er gases suznh oas N2, He or [ may te used
r regeneratiin of the freezers. CZarr:er flow
. s 100cc min, where no erfect <of

lcw rate was crserved °n he
tharacteristics ot the cell. Figure 7 shows the
zsnvers:icn etfiziency of water vapor tc hydrogen

:btarned with +the cell operated at 600°C.
lonversicn ratil was determined frc the ratio
cf the i1nlet and the cutlet humidities. The Ir-
tree wvoltage :s measured Letween +he two
viectrodes on the cell that composes an open
circuit where no current 13 applied. This value
.ndicates the electrochemical potential across
the cell generated by tue difference of oxygen
potential at the Oy side and the T»/T20 side.
T!. observed conversion efficiency was around
9%, These values are lower than expected,
rrobably due to the errcr caused by the residual
*oumidity at the outlet of the ce.l.A small
Laotopic dufference was Observed between Tr0 and
HoC. The thecretical conversion etficiencies
for each =ystem are also shown on the figure.
The results show s:milar trends aithough marked
Jdeviaticns are observed.
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leuterium was tested as carriler gas f-r
tne trit:ated water. Use of the D tor
regenerating the freezer 1s advantageous because
only gaseous hydrogen i3ctopes (DT)2 12 expected
to be obtained as product stream from the cell.
The experiment proves that T»0 can be decomposed
at high efficiency at 1.4V, that is higher than
~he case w.'h inert carrier as predicted by the
ralculaticon.

2 impur:ty Testing

Systems of Cp-N2 and CQO2-D20-N) were
rested t> investigate the effect of CO2 that
might be electrolyzed by the cell while water 1is
decomposed. A thermochemical calculation was
made tor the electrochemical equilibria of the
I0p, CO, H20, Hp2, C and 02 systems in the cell.

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

1
reactions CC & <02 + C, and CO2 & C + 02 ,

1nit: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 fiqure, the decomposition
«f water 18 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 is
usually operated. Either CO2 or CC can be
decompoved to form carbon as the result of the
reaction.

10 S
CR=C+Q
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Fig. 8 Theoret1cal equilibrium conversion ot H,o

and 0, at the electrolysia cell at

KO OUC Feed concentration was assumed to

be 000 o CO and 0,

Figqute 4 ahowa the tesnlt of the testa
with o The olectpolysais of CO) atarts a
Aabont . 0y, that o 1A cloaes to the calenlaten

1
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nme Tonver"llI, YJatllo was 3euns than v, - %
.~derstocd that the pcrous platinum elesrrdoiae
1-es ot have gsatalyt:ic activity forootnhe
{ecompesiticn t CO7 , whaile it dees tor e
decoméo:x:;on ctf water. Electrolys:is 01.5:0 -
IZ2 - N mixture shown in the figure indicates
no effect on the electrolysis performance ot
water. These results suggest that CO2 impuraty
in the ce.. J:es not have any undesirable etfest

:n the deccmposirion oI water.
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F1g. 9. Electrclysis of CCy~N» and D;0-CO,-N->.

3 Batch Operation

One of the major practical applications of
the CEC 1s the batch processing of a tritiated
water gas mixture. In the test, a minture.of
tritiated wate:r and carrier was processed with
the cold trap, electrolysis cell and a ZzC9 ped
to convert tritiated water and recover tritium
in a closed lzop. More than 99.99% ot the water
was decomposed and tritium was trappeq at the
hed. 't was proved that the TEC ia auitable to
proacess irelar:ively smali amounts of high level
-ritisted water in & batch operation.

4 Lonag-term ReliabilitLy

The r.ectrolysis experiment was operated
:n a closed oop mode in which oxygen generated
At the anode 13 recycled to the catslytic
reactor i1nlet for recombining with electrolyzed
tritivue, A test with T20-COo-He was pertarmed
as long a= rne ymar to evaluate the lgnq term
reliabii:ty ¢ the «ell with tritium and
impuraty. 7The cell has auccessfully worked FPor
"he test perycl, howeyer matked embrittlement f
vhe atabhil:z2ed zir-onia material was chaerved

“hen the *eoat was completed,
.o o ainm-Cobalt Bed
U Fquiiabrium Pressuce of Tritiium
Pres=gpre-= mpesition 1sotherma of the T,
SrCe Ayartem wan meatutad wath o the Sade e
inatalled i the  CRC oxperiment Preedaminary

imanlta and caref that the equalibrium preasare
s YAy vy Yot 1w highetr than thar

-~

myJdroqza Ly a factor of less than Q. It a3
suggeated that the 1lavtopic difference was
“egiigibie 311 the pracr:ical use of 2rCoc for
trit:um service, Cerailed meAsurement was done
Dy the program and apparatus under the Annex 1V
agreement .

2 Practical Application

Both palladium diffuser and electroiysis
cell experiments were eGipped with 2ZrCo beds of
S liter of hydrogen in capacity. The beds were
4sed for storage and 3upply cf pure and mixed
tritium. The recovery of tritium was performed
toth by absorption of rpure isotopes and
recycling of the mixture with inert through the
bed. These practical experiences of the beds
verified that a 2rCo bed is a suitable
substitute for uranium beds.

IV, CONCLUSICN

The experimental program on the “procCeas
ready components” under Annex III was completed
and 211 of the objectives were achiaved
experimentally in the tesats performad in these
three years. Through the tests, it is concluded
thart the palladium diffuser is applicable to the
Prccessing of plasma exhaust to produce pure
hydrogen isotopes for as long as 3 years without
any maintenance., Use with carbon monoxide wvas
nNot a problem. The ceramic electrolysis cell
was verified as an artractive component for the
decorposition of tritjiated water in various
processes. Carbon dionxide affected it little.
Thus, boch processa-ready components, the
palladium diffuser and the ceramic electrolysis
Cell, were proved to be suitable for fusion fuel
Processing. Long term reliability and
compatibility of the components with tritium and
impurity was verified.

Based on the results, an integrated
process loop, "JAERI Fuel Clearup System® that
utilizes both components was developed and
cdesigned by JAERI for full scale demonstration
¢f the plasma exhaust reprocessing. The syatem
«ill te tested with simulated fusion fuel in the
TSTA main loop in the near future.
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