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Abstract

The effects of coating materials on Cr-containing alloy separators were examined for preventing the degradation of solid oxide fuel
cell (SOFC) performance. Various oxide materials (YSZ0Q¥, LapOs, LaAlO3 and (La,Sr)Co@, LSCO) were coated on the alloys,
and investigated for the degree of Cr-poisoning using a half-cell measurement method. In these oxides, (Lacsg@upwas found
to be effective for preventing the degradation. The LSCO-coated alloy was analyzed by X-ray diffractometry (XRD), scanning electron
microscope (SEM) and energy dispersion X-ray (EDX) analysis. The interface between the cathode and the electrolyte was examined
by electron probe micro analysis. Consequently, it was proved that a LSCO coating controls the growth gDghexi@ie layer on the
Cr-containing alloy surface. And the effects of LSCO coating were further confirmed by a single-cell stack test.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Table 2were spin-coated on the surface of ZMG232 plates,
and then dried at 373K for 2h. After repeating this pro-
The development of medium-temperature operable solid cess three times, the coated ZMG232 plates were annealed
oxide fuel cells (SOFCs) is promising to reduce manufac- at 1173 K. In addition, the LSCO coating on the ZMG232
turing costs by using alloy interconnegis2]. Considering and SUS430 was prepared also by an electron beam physi-
the electrical resistivity of the oxide layer on the alloy, a cal vapor deposition (EBPVLKig. 1) technique. The sub-
Cr-containing alloy is used for the SOFC separators. How- strate temperature, accelerating voltage and evaporation rate
ever, Cr-containing alloys cause degradation of the SOFC of EBPVD were 573K, 6kV and 10 A/s, respectively. The
performance due to Cr-poisoning during long-term opera- as-deposited samples were annealed at 1073 K for 2 h in air.
tion[3]. Aiming at the prevention of cathode poisoning from Both as-deposited and annealed samples were analyzed by
Cr-containing vapor, alloy materials coated by several kinds X-ray diffractometry (XRD, Bruker Axs Inc. M12X).
of oxide materials were examined in half-cell and single-cell

stack tests. 2.2. Half-cell tests
_ The degrees of Cr-poisoning were investigated by us-
2. Experimental ing a LayeSrp3CrOs (LSC) ceramic separator, and the
_ _ spin-coated and EBPVD alloy separators. The schematic
2.1. Preparation method for oxide-coated alloy illustration of a half-cell measurement method is shown in

Fig. 2 We used cylindrical pellets of electrolyte of 2cm in
As Cr-containing alloys, ZMG232 (Hitachi Metals Co., diameter and 2 mm in thickness. For the reference electrode,
Ltd., Japan) and SUS430 (Nisshin Steel Co., Ltd., Japan)a platinum paste of 0.3 mm in size was printed at the perime-
were used. The chemical compositions of the alloys are ter of the pellet. For the cathode, d&51h4MnOz (LSM),
listed in Table 1 Various reagents (LSCO: Toshima Man- which was reported to easily lose activity by Cr-poisoning
ufacturing Co., Ltd., the others: Symetrix Corp.) listed in [4], was screen-printed on the center of the electrolyte
surface, and sintered at 1423 K for 2 h. For the counter elec-
* Corresponding author. trode, a platinum paste was screen-printed on the other side
E-mail address: f-fujita@tokyo-gas.co.jp (K. Fujita). of cathode, and sintered at 1273 K for 10 h. Pt-mesh was set
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Table 1
Chemical compositions of the Cr-containing alloys used in this study

Chemical composition (wt.%) of the chromium-containing alloy

Cr Fe Ni Mn Si C P S Al La Zr Cu
SUS430 Nisshin Steel Co., Ltd. 16.03 82.27 0.29 0.91 0.42 0.06 0.018 0.04 - - -
ZMG232 Hitachi Metals Co., Ltd. 22.00 76.48 0.26 0.48 0.36 0.02 - - 0.14 0.04 0.22 -
Pushrod

Working Electrode
Screen printed LSM

Pt mesh
for current collection

Airin AlLOj; plate

Air out -
r | __— Sample
Reference - .
Electrode i Al,O, plate
(Pt) C manifold
YSZ pellet 7 - /AIZOR plate
Air out / Aiin
Counter Electrode Pt mesh
Screen printed Pt for current collection

Fig. 1. Schematic representation of an apparatus used for electron beam physical vapor deposition.

between the cathode and the alloy separator. The flow rateafter the half-cell tests. The surface and cross-section of the

of air was set at 21/min, in order to supply sufficient dry alloy were analyzed by scanning electron microscope and

air into the half-cell. An overvoltage and ohmic resistance energy dispersion X-ray analysis (SEM/EDX, JEOL Ltd.,

were measured under a current density of 0.3 A/ah EX-23000BU).

1073K.

At first, the half-cell test using lgsSry3CrOs ceram- 2.3. Single-cell stack test

ics as a separator, which was reporfgd7] to be innocu-

ous for the cathode because of high chemical stability, was The stability of single-cell stack performances with

performed. After that, three kinds of alloy materials were | SCO-coated ZMG232 and SUS430 separators were exam-

used instead of the LSC separator. The interface between théned. The schematic illustration of the measurement method

cathode and the electrolyte was evaluated by electron probefor a cell stack module is shown iRig. 3. The cell was

micro analyzer (EPMA, Shimadzu Co. Ltd., EPMA-870) manufactured by co-sintering of electrolyte—anode bilayer at
1773 K, followed by firing an interlayer of GgSny 2019
(SDC) and a composite of kgSry4Cop2FeygO3/SDC

as a cathode. The single-cell was an anode-supported
¢ o bl 2

Heater - .
Coating materials and methods

thickness monitor

Substrate Substrate Coating material Thicknesgar() Coating method
ZMG232 Y>03 ~2 Spin coating
Shutter

ZMG232 La0s3 ~2 Spin coating
Electron ZMG232 Zn0O ~2 Spin coating
Beam Ceramic ZMG232 LaAIO; ~2 Spin coating
Ewcumi:g ZMG232 (La,Sr)Ce0q4 ~2 Spin coating
system ZMG232 (La,Sr)Ce0q4 ~0.3 EBPVD
\ m ZMG232  (La,Sr)CeOq ~0.6 EBPVD
| SUS430 (La,SnCO, ~0.3 EBPVD

Fig. 2. Schematic illustration of measurement method for Cr-poisoning iy (La,S)CH0, ~0.6 EBPVD

using a half-cell. EBPVD: electron beam physical vapor deposition.
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Fig. 3. Schematic illustration of measurement method for a cell stack 20l _
module.
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type having a thin electrolyte, which can be operated at 0
reduced-temperatures. The details of preparing process have 30 40 50 60 70 80
been reported in elsewhef@]. The stack was operated at a 26 (deg.) / Cu-Ko
C“”e'?t density of 0.2 Alcthat 1023K using dry hydrogen Fig. 5. XRD patterns of non- and LSCO-coated ZMG232.
and air.
3. Results and discussion effect.” This effect is considered to be caused by a change

in the microstructure of the electrod&0], but the details
3.1. Various oxide coating on the ZMG232 alloy for the mechanism have not been clarified. In the case of the

ZMG232 alloy, the |OV| increased rapidly at 7 h. It is con-
To investigate the degradation of cathode by Cr-poisoning, sidered that the polarization of the cathode increased due to
the half-cell test was conducted with a LSC ceramic sepa- Cr-poisoning. The cathode overvoltage with the YSZ-coated
rator and alloy separator. Matsuzaki and Yas[4]§,9] re- ZMG232 separator was almost equal to that with the LSC
ported that LSC has high chemical stability and does not ceramic separator. This result indicates that the coating of
deteriorate cathode activitizig. 4 shows that the absolute the alloy is effective to reduce Cr-poisoning. The resistivity
values of the overvoltage (JOV|) decreased gradually with of YSZ, however, is too high to be used as a SOFC separa-
operating time. The decrease could be due to a “currenttor. In the case of the XO3-coated ZMG232, |OV| increased

ZMG232 %

s 2 i it S IR L R ;

Overvoltage (V)

Time (h)

Fig. 4. The effect of coating materials on the degree of Cr-poisoning.
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100 T T T T concluded that the LSCO coating is effective to reduce the
e |
nnealed a % in Air for
O (La,Sr)Co0
. :M:Cr:)of : . 3.2. LSCO-coated alloy prepared by EBPVD
-"é‘ & Cry04
=] (L Slr)CoO — 3.2.1. XRD patterns of the LSCO coated on alloy substrate
g 6or ' * 1 LSCO-coated ZMG232 and SUS430 were annealed in
< o - 5 air at 1073 K for 2hFigs. 5 and 6show XRD patterns of
2 ol o o the LSCO-coated alloys. The XRD peaks were assigned to
@ 40 LSC and MnCs04, while the peaks of non-coated alloy
g showed CsO3 and MnCpO4. These results show that the
= — LSCO coating inhibited the growth of &3 on the surface
201 q of Cr-containing alloy.
A
ANk
AR akoHs # %, 322. Half-call test
030 a0 os a0 0 @80 The effect of the thickness of the LSCO coating on degra-
26 (deg.) / Cu-Ko, dation of the cathode by Cr-poisoning was evaluafégks. 7
and 8show the results for ZMG232 and SUS430, respec-
Fig. 6. XRD patterns of non- and LSCO-coated SUS430. tively. The |OV| of the cathode with coated ZMG232 was

smaller than that with non-coated ZMG232. The 3000 A
thick coating of LSCO on SUS430 was effective to reduce
after 20h, and then remained constant. Thus, th©sY |OV|, and the effect increased with the thickness of the LSCO
coating did not promote the degradation of the cathode, angcoating. These results indicate that Cr-containing vapor gen-
gave lower |OV] than that of the bare alloy. In the case of the €ratéd from the alloy surface was successfully prevented by
La,Os-coated ZMG232, |OV| decreased rapidly. Although the LSCO coating.
the reason was not clarified, it was considered thaQOza
could be one of degradation factors. Therefore, it would 3-2-3: Interface between the cathode and the electrolyte
be important to eliminate unreacted G in the cathode.  &fter the polarization o _
The ZMG232 separator coated by the LaAlgave a lower The mgchanlsm of the Cr-poisoning can be described by
degradation than the alloy separator coated byQsa In the reactions as followf 1]:
the case of LSCO coating, the electrochemical performance )
of the cathode improved for 20 h, and the performance got Alloy surface : CpOa(s) + 302(9) +2H20(9)
closer to that with the LSC ceramic separator. It should be — 2CrOx(OH)2(9)

0.0+ T T T T T T 4 2.0
i -— i
0.v. ZMG232 LSCO 3000A
T B |
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Fig. 7. The effect of LSCO coating on ZMG232 alloy on the degree of Cr-poisoning.
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Fig. 8. The effect of LSCO coating on SUS430 alloy on the degree of Cr-poisoning.

NO.1& 28.8KY

Fig. 9. Cross-sectional SEM/EPMA images of the interface between cathode and electrolyte after the half-cell test using (a) non- and (b) LSCO-coated
ZMG232 alloys.
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Fig. 10. Cross-sectional SEM/EPMA images of the interface between cathode and electrolyte after the half-cell test using (a) non- and (b) HSCO-coate
SUS430 alloys.

Fig. 11. Cross-sectional SEM/EDX images of oxide layer formed on ZMG232 surface after a polarization for 90 h.
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Fig. 12. Cross-sectional SEM/EDX images of oxide layer formed on ZMG232 surface with LSCO coating after a polarization for 140 h.

Cathodéelectrolyte interface : 2Crd0H)»(g) + 6~ These results support the speculation that the Cr-containing
—» Crp03(s) + 2H,0(g) + 30> \Igré)(r)gceor;eﬂr:;?d from the alloy surface was prevented by the

According to these reactions the O3 should deposit at

the cathode/electrolyte interface. SEM/EDX photographs of 3.2.4. Oxide layer of the Cr-containing alloys after

the interfaces of half-cells with non- and LSCO-coated alloy polarization

after the polarization measurement are showfigs. 9 and The non- and LSCO-coated alloy separators were an-

10. In the case of LSCO-coated ZMG232 and SUS430, Cr alyzed by SEM/EDX. The cross-sectional EDX composi-

was not detected at the interface. On the other hand, Cr wagdion maps of non-coated ZMG232 are shownFig. 11

detected clearly at the interface with non-coated ZMG232. The surface was found to be covered with Cr and Mn. On

Fig. 13. Cross-sectional SEM/EDX images of oxide layer formed on ZMG232 surface with LSCO coating after a polarization for 120 h.
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Fig. 14. Cross-sectional SEM/EDX images of oxide layer formed on SUS430 surface after a polarization for 150 h.

Table 3
Chemical compositions of Cr-containing alloy surface layers with or without LSCO coating after half-cell tests
Substrate Thickness of LSCO Time for half-cell Chemical composition (mol%)
coat layer (A) testing (h) -
Mn Cr Fe Si Al La Co
ZMG232 - 90 15.46 17.21 2.69 0.03 0.24 0.27 0.07
ZMG232 3000 140 18.00 11.09 5.66 0.31 0.12 0.21 3.33
ZMG232 6000 120 12.47 5.66 5.53 0.45 0.16 2.61 8.34
SUS430 - 150 14.22 20.07 3.71 0.11 - 0.29 0.06
SUS430 3000 144 17.64 7.80 3.62 0.24 - 2.84 3.15
SUS430 6000 117 16.18 5.43 3.07 0.12 - 2.86 5.31
; ; | ZMG232 coated by LSCO

Stack voltage (V)

0 50 100 150
Time (h)

Fig. 15. Cross-sectional SEM/EDX images of oxide layer formed on SUS430 surface with LSCO coating after a polarization for 144 h.
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the other hand, Cr was not observed in the EDX image 2. The LSCO-coated Cr-containing alloy reduced the Cr-

of LSCO-coated ZMG232 as shown kig. 12 The same poisoning of the cathode.
tendency was observed in non- and LSCO-coated SUS4303. The LSCO coating of the alloy improved the rate of
(Figs. 13—14. The chemical compositions of these alloy sur- degradation of the stack voltage.

face analyzed by the EDX are listedTable 3 The amount
of Cr on the alloy surfaces was found to decrease by the
LSCO coating. Acknowledgements
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