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The JAERI Fuel Cleanup System (JFCU) is a major subsystem of the
TSTA simulated fusion fuel leoop. The palladium diffuser, that accepts
simulated plasma exhaust and purifies the hydrogen isotopes mixture for the
feed to the Isotope Separation System, was tested with deuterium to
investigate the characteristics of the components. Permeation flow rate
is a linear function of the difference of the square root of the pressure
across the palladium alloy membrane. However at the low pressure region,
an impediment on the permeation was observed. It was suspected to be
caused by the impurity adsorbed on the surface of the permeated side of

the membrane and was reduced by oxidation treatment.
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1. Introduction

The JAERI Fuel Cleanup System (JFCU) is a complete plasma exhaust processing
subsystem designed and fabricated by JAERI for the test in the TSTA fuel loop. The apparatus
of the JFCU was installed in early 1990 in the TSTA and a number of tests without tritium
were performed since then to verify the function of the components. The palladium diffuser is
a front end component of the process that accepts simulated plasma exhaust. Palladium
Diffuser separates hydrogen -impurity mixture into a pure hydrogen product stream and a
bleed stream where impermeable impurities are concentrated. The permeated side of the
paliadium membrane is evacuated by a Scroll pump to drive permeation and compress the
product to desired pressure for supply to the ISS. Low suction pressure is desired to reduce
hydrogen concentration in the diffuser exhaust "bleed", in which partial pressure of hydrogen
is dominated by this pressure.

In order to verify the basic performance of the component, the permeability of hydrogen
isotopes were measured with the palladium diffuser-scroll pump loop. This report describes
the outline of the procedure and result of this test. The results is expected to provide some
information on the characteristics of the component in a practical use and help the understanding
on the behavior.
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II. Test Plan TTA-TP-118-08

PLAN FOR THE JAERI FUEL CLEANUP SYSTEM
PALLADIUM DIFFUSER TEST

1. Purpose

This test pian describes the outiine of the cold testing of the palladium ditfuser
loop of the JFCU(JAERI Fuel Cleanup System). The palladium diffuser produces pure
hydrogen isotope stream (Qg) for the ISS. Major purpose of this test is to evaluate the
permeability of the diffuser driven by the scroll pump and the additional metal beilows
pump with Hp and Da.  No tritium is used. Throughput of hydrogen will be obtained
as functions of the square root of the pressures at the inlet and outtet of the diffuser.
Another major purpose is training and familiarization in JFCU operation.

2. Configuration

The test will be conducted with a loop consists of PD, SCROL, RT1, RT2 and
the metal beilows pump to be installed in the loop. Ha and D2 will be supplied from an
external source. The vacuum manifold of the JFCU will be used for vacuum service.
An external vacuum pump will be used. The simplified test flow is in Fig.1. A detailed
configuration is highlighted in the attached drawing. .

3. Subsystem required

No TSTA subsystems are required to conduct the test except for MDAC and
UTIL. High pressure nitrogen, chilled water, ventilation and electric power both from
regular and UPS source are needed. Normal operations and maintenance of the
TSTA subsystems during this testing may be conducted. MDAC will monitor and fog
the JFCU data.

4. Personnel
S. Konishi, M. Inoue, T. Watanabe, J. W. Barnes and W. Harbin wiil conduct the

test. TSTA operators will be involved in the operation.

5. Time
"The test will be conducted in the week of Nov. 5 and 12, as a part of the
remainder of the Scroll pump tests. The test will take approximately two weeks.
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6. Possible hazard _
No tritium will be used in the test. Potential hazards are related to tens of liters
of hydrogen gas. All the major hazards are monitored and alarmed and/or interlocked.

7. Outline

The test procedure is almost the same as in the test of the scroil pump except
the flow path involves the PD while it was by-passed in the pump test. Therefore, refer
to detailed procedure TTA-TP-118-02.

7.1 Preparation : _
Install the metal bellows pump as in the design changethat has already been
submitted for QA review. The test may be performed with the pump at the current
location if necessary.

Turn on the Scroll pump oil circulation pump. Supply cocling water.

Evacuate the test loop

Turn on the heater of the PD.

7.2 Test

Fill the part of the loop with Ha.to ¢a.300 torr as shown in the attached figure.

Open all the valves in the loop.

Run the scroll pump, and then metal bellows pump.

Measure following parameters when stabilized.
FR-VACTPU, FR-PDIN, FR-ISSIN, PRA-RT1, PRA-SCROLIN, PRCA-RT2,, PRCA-
ISSIN.

Slightly close HV523 or 524 to add differential pressure across the PD.

Measure the parameters, and close the valve, and repeat until the valve is
completely closed.

Add H2 and repeat above procedure until the pressure in RT2 reaches 850 torr.

Change PD temperature to 450°C stepwise and repeat the measurement.

Replace Hz with D2 andrepeat the test. Deuterium will be accounted.
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7.3 Shut down

Turn off the pumps and open the bypass valve.
Recover D2 with the ZCB1.

Evacuate the loop.

Turn off the heater of the PD.

8. Data

Permeation flow rate through the diffuser is measured as a function of
differential pressuré across the membrane and the temperature. Report wili be written
by S. Konishi. All the data and operation log will be recorded in the JFCU computers
well as at MDAC archive.
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Fig. 1 Simplified test flow in the JFCU.
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II. | Test Results

Tl.watanauew

JFCU PD TEST REPORT
1. Summary

THIS REPORT DESCRIBES  THE RESULTS OF THE JFCU PO (PALLADIUM
DIFFUSER) TEST. '

TYIS TEST HAS BEEN CONTINUED FOR FIVE WEEKS (NOV.1&4~-
5EC.14.1990) . ( THIS TERM CVERLAPPED WITH THAT OF INSTALLATIGN OF
NEW CEC (CERAMIC ELECTROLYSIS CELL). IN THE CASE OF THE INTERVEN-
TION, WE YIELDED THE TIME AND PLACE. SO THE TEST’S TERM WERE
ABOUT 2 OR 3 WEEKS SUBSTANTIALLY.)

THE DIFFUSER WAS TESTED AT 573K AND 723K WITH H2 AND DZ. oB-
SERVED PERMEABILITY SATISFIES THE DESIGNED THROUGHPUT. A NORMETEX
SCROLL PUMP AND A METAL SELLOWS PUMP WERE USED FOR CIRCULATION.

RELATIONSHIP BETWEEN THE PERMEATION FLOW RATE THROUGH PD AND
THE DIFFERENCE OF SQUARE ROOT OF PRESSURES AT THE INLET AND
QUTLET QF THE PD WAS OBTAINED. THE DEPENDENCE OF THE OBTAINED
"I INEAR FUNCTIONS ON THE PRESSURE AT THE PRODUCT SIDE WERE FOUND.

2. Purposs For Your Information

TUE MAJOR PURPOSE OF THIS T=ST IS TO EVALUATE THE-PERMEABILITY
OF THE DIFFUSER DRIVEN BY THE SCROLL PUMP AND THE ADDITIONAL
METAL BELLOWS PUMP WITH H2 AND D2. ANOTHER PURPOSE 15 TRAINING
AND FAMILIARIZATICN IN JFCU CPERATION,

3. Test outline

THE FLOW PATH WE USED IS SHOWN IN FIG.1.

THE TEST LOOP WAS EVACUATED BY OPENING HVS50 AND HV551 70 THE
ALCATEL PUMP. WE SUPPLIED 42 (Or DZ2) TO THE TEST LCOP BY QPENING
AV4L01. AFTER FILLING GOF GAS, WE STARTED NEW METAL BELLOWS PUMP
AND SCROLL PUMP, HCVST4 WAS USED FOR THE CONTROL OF PRESSURE AT
THE OUTLET OF PD.

THE FOLLOWING PARAMETERS WERE MAINLY MEASURED.
PRA-RT1 ( PRESSURE AT THE INLET OF PD )
PRA-SCROLIN ( PRESSURE AT THE QUTLET OF PD )
FR-PDIN ( FLOW RATE AT THE PD )

TLRCA-PD ( TEMPERATURE OF THE PD )

THE TEST'S PROCESS IS FOLLOWING.

(1} NOV.13:14 PREPARATION
BEFORE STARTING TEST, WE PREPARED AND CHECKED THE FOLLOWINGS.
% INSTALLATION OF THE NEW METAL BELLOWS PUMP AT DOWNSTREAM
OF SCROLL PUMP
% TURNING ON THE SCROLL PUMP QIL CIRCULATION PUMP
SUPPLY OF COQLING WATER FOR SCROLL PUMP
« EVACUATION OF THE LOODP AND ZERO ADJUSTMENT OF THE
PRESSURE GAGES AND THE FLOW METERS
» TURNING ON TUS WEATER OF THE PD

b 3



JAERI-M 93--088

(2) NOV.15 PRETEST (H2:573K)
THE PURPOSE OF THYIS TEST WAS CHECK OF OPERATICNS AND GETTING
2ASE DATA. ( WE USED Y42 AND TEMRERATURE OF PD WAS 573K.)

(3} NOV.146 - NOV.32 H2: 723K

IN THIS TEST WE CHANGED TEMPERATURE OF PD TO 723K. THE
RESULT OQBTAINED FROM NOV.16 THURQUGH NOV.20 SUGGESTS POSSIBLE
CONTAMINATION 0QF THE MEMBRANE SURFACE THAT RESULTS IN POOR
PERMEABILITY. WE BAKED PALLADIUM MEMBRANE IN OXYGEN AT 723K ON
NOV.21,26-29. AFTER BAKING OF PO, BETTER AND REPRODUCIBLE
PERMEABILITY WAS OBTAINED,

(4) DEC.& H2,573K
WE DECREASED TEMPERATURE TO 573K ON DEC.3. AND WE CONTINUED
TEST.

(5) DEC.5 D2.,573K :
AFTER EVACUATION ON THE LOOP, WE CHANGED GAS TO D2. AND WE
CONTINUED TEST.

(6} DEC.6:7 D2,723K

WE INCREASED TEMPERATURE TO 723K ON DEC.6s AND WE CONTINUED
TEST. THE USED D2 WAS RECOVERED TO ZCB1. ( APPROXIMATELY 59
NORMAL LITER ) AFTER TURNING OFF HEATER AND PUMPS, WE SHUT
DCWN COMPUTER APPLICATION SOFTWARE!

4. Test result

THE OBTAINED DATA WERE PLOTTED IN FIG.2-1 - FI1G.2-5. IN THESE
GRAPHS, THE AXIS OF ABSCISSA INDICATES THE DIFFERENCE OF SQUARE
RODT OF THE PRESSURE AT THE FEED SIDE AND PERMEATED SIDE OF PD
MEMBRANE [TORR'/23, AND THE AXIS OF ORDINATE INDICATES THE FLOW
RATE OF PD [CNL/MIJ.

THE PERMEATION FLOW RATE FR-PDIN IS PLOTTED AGAINST THFE DIF-
FERENTIAL SQUARE ROOT QOF PRESSURE ACROSS THE MEMBRANE: AS A FUNC-
TION OF THE PRESSURE AT THE PERMEATED SIDE. PRA-SCROLIN.

T4 COMPARISON BETWEEN FIG.2-1 AND FIG.2-2 { DOr FIG.2-3 AND
FIZ.2-4 } SHOWS THAT THE PERMEABILITY AT 723K IS APPROXIMATELY
.2 TIMES AS HIGH AS THAT AT 573K UNDER THE SAME GAS CONDITION.

THE COMPARISCN BETWEEN FIG.2-1 AND FIG6.2-3 ( Or FIG.2-2 AND
FIG.2-4 ) SHOWS THAT THE PERMEABILITY IN H2 IS APPROXIMATELY 1.5
TIMES AS HIGH AS THAT IN D2 UNDER THE SAME TEMPERATURE.

©IG.2-5 IS ONE OF THE RESULT BEFCRE THE BAKING IN OXYGEN,AT
T23K,ABOUT 120 HOURS |, (H2,723K) THE COMPARISON BETWEEN FIG.2-5
AND FI1G6.2-2 SHOWS THAT BETTER PERMEABILITY WAS OBSERVED AFTER
BAKING OF PD THAN BEFOQRE,

TYE DIFFSRENCE OF SQUARE ROOT OF THE PRESSURE AT THE FEED SIDE
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AND PERMEATED SIDE OF MEMBRANE WHEN THE PEIRMEATION FLOW RATE 1S
7ERO (DPQ) ARE PLOTTED AGAINST THE SRESSURE AT THE PERMEATION
SIDE IN FIG.3-1 AND FIG,3-2 . (THE AXIS OF ORDINATE IS LOGARITH-
MIC SCALE.) THESE ARE CSSTIMATED FROM THE LINER FUNCTION IN
F1G.2-1 - FIG.2-5. THESE GRAPYS SHOW TUAT THERE IS THE LINER
CUNCTION BETWEEN TWO FACTORS. SO IT IS P0SSIBLE TO EXPECT DPO
(SEE ABOVE) AT ANY PRESSURE AT TuS PERMEATED SIDE. AND FURTHER,
IT IS POSSIBLE TO EXPECT THE LINER FUNCTION OF OTHER PRESSURE AT
THE PERMEATION SIDE, IF IT IS SUPPOSED THAT THESE LINES OF FUNC-

——r— et
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IV. Conclusion

Pure hydrogen isotopes are circulated through the palladium diffuser and the permeated
side was evacuated with the scroll pump. The permeation flux showed linear relation with the
differential square-root of pressure across the membrane. Poor permeability was observed
especiafly when the pressure at the permeated side of the membrane is low. It was suspected
that a contamination of the surface of the membrane slows down the desorption of hydrogen
from the surface and slows reduces permeability. Baking of the membrane at 450°C in oxygen
followed by hydrogen reduction improved the permeability. Observed permeability indicates
that satisfactory processing rate with tritium can be expected, according to the isotopic ratio of
permeability obtained in the previous studies. The linear relationships in the figure showed
offsets as a function of the pressure at the permeated side. It is suggested that the reduction of
concentration of hydrogen in bleed, that is controlled by the permeation in Jow {partial) pressure
region, may not proceed as expected in high pressure region. Further experiments in conjunction
with the performance of the scroll pump and with pure tritium are planned.
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Appendix Consideration on the PD test result

(Appendix to the Watanabe's PD test result report)
S. Konishi
Followings are the discussions and conclusions derived from the test resuit of
the palladium diffuser.

The diffuser showed much more purification capacity than designed for pure Hy and
Dy. Although permeability of DT in the mixture is yet to be known, the result
‘suggests that the diffuser seems to have capacity as expected.

Permeabiiity of hydrogen isotopes through the membrane increases with
temperature, however the change is small. This is well understood that the
diffusivity increases with temperature while solubility decreases, thus the
permeability as product of these two variables does not change largely with
temperature. It will be useful to increase operation temperature when more
purification capacity is needed, but will not be very effective.

Linear functions between the permeation flux and the differential square root
pressure across the membrane were obtained for each data set with fixed
pressure at the permeated side in the pressure region applied in the experiment,
that is, under the operation condition of the diffuser. This is mostly exptained by
the "Sievert's Law", where permeation flux is proportionai to the ditferential square
root pressure. This theory is applicable when the diffusion of hydrogen in the
metal is the rate controlling process and adsorption/desorption on the metal
surface is relatively fast.

Some deviation from the Sievert's Law was observed as the off-set on the
extrapolated linear relations crossing zero-flow rate (X-axis). This off-set is nearly
zero when the pressure at the permeated side is 100 torr (or higher), and
increases as the pressure at the permeated side decreases. It suggests that
some mechanisms that disturb desorption of hydrogen from the permeated side of
the membrane work {or become the rate controlling step) when hydrogen pressure
on it is low.

One of the possible explanation for this effect is an existence of hydrogen "Barrier"
on the surface of the permeated side of the membrane. This is a layer of adsorbed
hydrogen trapped on the surface and does not ditfuses into the bulk or recombine
to desorb. This mechanism is explained qualitatively in the attached figure.
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Baking of the membrane with oxygen at 450°C was found to have an etfect to
reduce this offset, while hydrogen permeation did not. Some published studies
suggest that adsorbed carbon on the permeated surface works as permeation
barrier and cannot be removed by hydrogen permeation. The "barrier”, probably
due to carbon impurity on the membrane, was partially removed by oxygen baking
followed by hydrogen reduction, but was still observed in this test after the
cleaning. :

This result indicates that the permeation does not proceed as fast as in the high
pressure region if the hydrogen partial pressures in the teed side and permeated
side is lower. In the operation of the diffuser, it means that hydrogen partial
pressure in the bleed does not approach zero as expected regardiess how low the
pressure at the permeated side is. Fortunately, the results of the GC analysis of
the bleed gas in the previous coid testings showed a few percent cf hydrogen.

Further implication of the result obtained above is for those who are interested in the
use of the diffuser for the "final” tritium recovery. German design of the FCU that
utilizes the ditffuser combined with catalytic shift reactor expecﬁs to extract tritium
through the membrane completely before discharging the residues as exhausts. It
may take longer to reduce this tritium concentration if it is operated in a batch
mode, and certainly it is not suitable for continuous processing.
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Schematic of the hydrogne permeation through paliadium

and the effect of surface trapping.

Hydrogen molecules dissociate on the surface of the palladium and
then diffuse according to the concentration gradient. Gaseous
hydrogen is equilibrated with the hydrogen infon the metal at the both
side of the membrane. Solution of hydrogen into metal usually obeys
Henry's Law (dissociation should be accounted), but surface
contamination may make hydrogen desorption at the lower pressure
side more difficult and/or slower.



