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TRIT:W EXPERIMENTS ON COMPONENTS FoR FuS1ON FUEL PROCESSING

AT THE TRIT1’JtqSYSTEMS TEST AS SEMB!Y

;, K>n is hi, li, Y:shida, and Y. Na ruse, .7dpan

Atoml= Ecergy Research Institute

Taka:, :karakl, 319-11 Japan, Oli-Bl-29282-639C

Am&c?

~nder a c31Laboratl’Je agreement between US and

Japan, Lwo zr::lum prccessinq components, a
palla~lum d~ffuser and a CeraM~C eleCtrOlyslS

cell have been rested with tritium for
Gpplicntion t~ a Fuel cleanup SyJteM(FCU) for

plasma ●xhaust processing at the Los Alamos

Naclcnal Laboratory. The fundamental

cliaracter~stics, compatibility with trlt~um,
impurities ●ffects with tritium, and long-term

behavior of the components, were studied over a
three year period.
Based CR L:lese studies, an integrated process

loop, “.7AERI F’~el CLeanup System” equipped with
dbOVe components was lnSLalled at the TSTA for
full scale demonstration of the plasma exhaust

reprocesslnq.

1.INTRODUC”AfON

The Japan Atumlc Energy Research Institute

(JAERI) and the Ufilced States Department of
Enerqy (DOE) agreed a collaborativ~ proqzam for

:he development of Che components, the palladium

diffuser and the ceramic ●lectrolysis cell for
the Fue! ;~ean,~p System(FCW), wt,ich would be

dppllrat$:e f. : the next qe ?ration of fusion

experimental devlcex. Both designed and

manufactured t]y .!AERI and shipped to Lhe Tritium

Systems Test A~sernhly(TSTA) at the 1.05 Alamos

Ndt 10li~; Laboratory f-,r t he testirlq with

!rlt:urn.

A pall~ !.um diffuser swparates IIydrmqen

lsut,~[-s fr>m .\ii or.ller :mpurlty species and

!,~roducas a pure hydrogen ~!ream that w1ll he
harldl.?d in the IloLope separ~l Ion system in thn

fu~l,ll: fuel i.,(lp, The ceramic ●lectrolysis cell

lar.t.mpns~q ~.!lr.lat.e,d dater vapo. without

,;erl~r~tinn ~-11 1 w.i~rd or havinq a large tr:tlum
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af the diffusar. A mixture of hydrogen isotopes

and impurity is separated into a pure hydroqen

scream ●nd ● bleed stream chat contains mostly

impurity and some residual unpermeated hydrogen.
The diffuser is cor.cained in a doublo jacket in

order to recover tritium permeated from the
primary containment that ia heated up to 450”C
by a heater wire wound on it. The flow diagram
of the exparinmnc is shown 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 fead stream.

Impurities such as methane and carbon monoxide
were ●dded in order to investigate the chemical
effect as well as moaaure the separation

characteristics . Gas samples were occasionally
taken from the feed

.
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CE k:eod fcr Paman cr mass spectroscopy. F:ow

:aces and pressures were measured at the feed

and penneaced sidas of the diffuser. Tritium

WGS supplied to the ●xpermant from the ZrCo

red . Appzoirlmataly 2500Ci were used. The

●rrper~mnc was independent of the TSTA maLR loop
.arz W,+S Fiaced in ● separate glovebox,
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Fiqm 3, Scharnatlc of the Ceramic Electrolysis
Cell.
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+:ch experlmen~s were equipped with 2rCo beds

icr recovery, storaqe and supply of trltium as

●nown IC the figures. Some features of the ZrCfi

:ecis were tested In practical triciurn service.

..*..* RESULTS

A. Palladlum Ciffuser E~~firunenc

: Fermeabllity f4easurement
TF.e permeatlan flaw rates of pure H:, DZ

,:.,~ - . were... meas<red as che fznctlons ct

::essure a! various temperac,~res. Exampies at
. ..-

,..”- dre q,wrunarlzed in Flqure 5. Flow rates

l:e expressed in um~ per minutes at O°C, l?3kPa .

;:r.ear reiaLiona are observed between f~ow rates

lnd differential square root cf pressures across
:he memorane although some devi4clon at kcch

~.lgh and law pressures appeared. Perrneabillty

)f tritlum was approximately one half c1 that

for hydrogen.

1 5 10 15
Dlfferentld Square Root Pressure/ l%?

l’~rnmabllity of PuII? Hydtnqen lsotopns
!tliLIUCfh thp [)1ffU5Ctl

‘aiculati:r~. auqqests !t.ac an lncreasea dltt,]ser

lenqt!, was desirable for achieving lGW hydrogen

zoncentracion in the output lMpUrLty stream,

The system wa9 left in a continuous operatiGc
mode for months and little chanqo ~n the

~eparation characteristics was obse~ed.

j Carbon f40noxide restinq
A high concentration of CO in the stream

may be encountered in sorrm applications ot c~.e
.I>ffuser ~n tr-tium processing :Caps. The
~lffusnr was operated for an extended period
with a T:-CO ,nixture. Approximately a 10i loss

r permeability occurred in a 6 month operation.4.
:xidat:on treattint of che membra!le followed by
hydrogen reduction reqeflerLted the permeability
a~ in Flg.6. This result suqgosts that the
reduction of the permeability might huve been
caused by surface contamination of the palladium
alloy membrane. A possible deposit of carbon
caus~d by the radiolysis of CO was suspected.
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:euterl,urn wa.9 tested as carrier gas f-r

“ ,ne criti ated water. :;gt? of the DZ f:r

:egenerat.:nq Che freezer LS advantaqeou~ because

only gaseou~ hydrogen ~sotopes (DT)2 lS expected

to be obtained as product stream from the cell.

The exper~ment proves that TzO can be decomposed

at high efficiency a: L .4V, th.st IS higher than
:he case w.:h inert carrier as predicted by the
.ai:ulticlcn.

a impur~zy Test~ng.

Systems of C2~-N~ and C3Z-DZO-NZ were

:e~ced tn Investlqate the effect of co~ that

!nLght be eiectrolyzed by the cell while water 15

decomposed. A :hermochem~cal calculation WaS
made for tbe electrochemical equilibria of the
,:o~ , cc), }:~o, H:, C and 02 systems in the cell.

Figure 8 ~how5 the relationship between

‘onverslon ratios for the reactions discussed
above and Ir-free potential at 600”c. For the

reactions CG +++2 + c , and C02 4-) c + 02 ,

lnir.~al concent:atlons of CO or C02 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
Cf water 13 the easiest to occur ~n the cell,
but all the reactions are poss~ble a: the
patent,lal of 1.3V to 1.4V where che cell is

usually operated. Either C02 or CO can be

decomposed to form carbon as the result of the
reactxon.
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s C02-N2

Flq. 9. ELectrcLyais of CC)-N? bnd D20-C02-NZ.

1 Batch Operation

One 0: the ma]or practical applications of
the CEC LS the batch proceseinq of a tritiated
water gas mixture. In the test, a mixture of

tritiated watet and carrier was processed with

the cold trap, electrolysis cell and a ZrCo bed
co convert t:i:icrted water ●nd recover tritium
ill a cloSwfJ i:.~p. More than g~.ggt of the wateI

was decor.rcsej and tritlum was trapped at the

t)erf :t was proved that the cRC is Suitable to

procvsn :iI:,zr:veIy ~rnali amounts of high ]cvel

rlciatvd dater in ● Latch operation.

2 Practical Application

Both palladium diffuser and ●leccroiysis
cell experiments Were eri.tippedwith zrco b~d~ of

5 liter of hydrogen in capacity. The beds were
~aed for scoraqe and supply of pure and mixed
critiu.m. The recovery of Crltiujn was perfotmed
both by absorption of pure isotopes and
:ecycling of the KrriMturewith inert through the
bed. These practical e@erlences of the beds
verified chat a ZrCo bed is a suitable
substitute for uranium beds.

IV, CC)NCL.tJsIC?J

The experimental pcogram on the ‘process
ready components* under Annex III waa completed
and L1l.1 of the objectives were achieved
exparimntally in the te~ts performed in chose
three years. Through the tests, it la concluded
that the palladium diffuser is applicable to the

processing of plasma exhauat to produce pure
hydroqen isocopas for as lonq as 3 years without

an) mfiintenance, Uae with carbon monoxide was
not a problem. The ceramic electrolysis Cell
was verified ●s ●n ●ttractive component for the
decomposition of tritiated water in various
processes. Carbon dioxide affected it little.
Thus, both proces$-ready components, the
Palladium diffuser and the ceramic electrolysis
CUIJ, uere proved to h suitable for fusion fuel
Processing. Lonq term reliability and
compatibility of the components with tritium ●nd
impurity was verified.

Ba$ed on the results, ● n integrated
procass loop, “JAERI Fuel Cleanup System= that
lltilizeg both components was dav.~vped and
designed by JAERI for full scale demonstration

(If th? plasma ●xhaust reprocess~nq. The system
-’ill l~e tested with simulltetd fusion fuel in the
‘TST& m.rin loop in the near future.
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