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Abstract:

Solid oxide fuel cells, SOFCs, are the environmentally friendly energy source with the highest
efficiency among fuel cells. In order to put SOFSs into practical use as power suply for home and
plants, it is necessary to improve the reliability by investigating the mechanism of the failure and
fracture.

In this research, the internal stresses of anode-supported SOFCs were measured by high energy X-
ray from synchrotron radiation in SPring-8 as well as laboratory X-ray source in order to investigate the
fracture mechanism. The in situ measurement was conducted on each layer of the anode-supported
SOFCs during the thermal cycles and reduction-oxidation cycles. The results show that the internal
stress of the electrolyte thin film was in compression before the thermal cycles. However, during the
reoxidation cycle, the internal stress of the electrolyte changed to tensile stress that causes the
fracture of the cells. The fracture and degradation of the anode-supported SOFCs could be attributed
to the tensile stress introduced in the electrolyte under operation temperature. It was found that high-
strength long-life anode-supported SOFCs could be manufactured by modifying the microstructure of

the cells to suppress the tensile stress in the electrolyte under the operation temperature.
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#2-1 Sintering, reduction and reoxidation conditions for measurements at room temperature

No. Sintering Reduction Reoxidation
1 1623K 120min
2 1623K 120min 773K 60min
3 1623K 120min 773K 60min 673K 60min
4 1623K 120min 773K 60min 773K 60min
5 1623K 120min 773K 60min 873K 60min
6 1623K 120min 773K 60min 973K 60min
7 1623K 120min 773K 60min 1073K 60min

TARDRBHI U T, FEEREXHIZ K > TR TORHFIC e 21T 572, 72, XEREHrRE»
55 MBHIF 1T 2 Nik KUNIODERRZFHML 72, FRRIC I OFHINCIZ 26 - sin” ¢ Bz FIH L 72,

— 132 —



CuK, #AEMHAL, ScSZD531mT (20 =127°) #FEAL TnH#EHHIL 72, I8J1i%26 - sin® ¢ $#
KOfEx & LTUTOR,PHEIH SIS,

c=SM (1)
E
METEn R @)
2(26)
M=
a(sin2 1//) 3)

22T, S3eEk, EGHEEERE, v 3R TV v, B3RO MIE20-sin® ¢ XD E TH 5.

(a) Reaction chamber set on diffractometer (b) Specimen on heater in reaction chamber

[X2-1 Experimental setup for in situ stress measurement by synchrotron radiation at SPring-8

MEBRELIZ f61F 5 2 DGEHINE, SPring-8 D Sl iUt 2 M U Ti7 > 7. SPring-8D & — 4
74 YBLO2BLICE WA T 72, FEBEDO Xy M7 v T&2X2-UIRT., 747727 b A—4— EIIK
oAl A BE L, R ZOWNERT1000 K F THE L TREML - SRR AL Z Uk 2 5 2 05 %
fro7z. PRI TIDZAIE, FESICX > TIRB S 2 AR E —EHEIZKDEHIIL 2. ATET
3, B KUy AEREIHCHIET S Z 212X, HEARS ¢ 2 —EIC L CEHIIELT S .
_cosy sin a)sin(29—a))

4 sinw+sin(20 - ) (4)

ZZT, p IR, o SAEXERO A, 20 30T ATH S, 20- sin® g BT,
TROEZEINDIBEAE IS L TE -V hiEE KD 5.

T

cosy = cos y cos (60— ) (5)

HEARE =BT, ISHARAETH-TE 20-sin” g HXNIEFR L 255, 2/OMEHI BT,
ORI 26 DA S IZLL T TRENS.

_ M= U, hl +COSZ sina)sin(20—a))
o U, sinw+sin(20-w) (6)

22T, p bRV, BTN EN LB LU TRHOSURK TS D | it LBORE Th 5.

T

— 133 —



A 72 keVE U, 0 JIEHAIREO FRNHEAE S 230 pm & U7z, BRFREONERIG IEHENE,
ScSZ?D 115, 3333F% K OSB11 T2 FIFH U TiT - 72, BRBM&RO RIS H1EHINE | NiO 0 420 %6 K O°Ni
D400 AFH L T - 72, BRR{GBFEIZH T 5 iR 2132100 ml/min & L 7=,

. ERERBLUER

RRHR 457 £ )L (ASC) & BEK DB IVE LA L)L (ESC) DR BAE R A XI3-11TR§. TR &I -
72800°CIZH W\ T, BRHESZ M X L D @ WREEIRE R T I e o e 5D BENRE %
KL TEBZTTAL, BERERICBVWTEWEIEERETRETH 5 2 L1 HE- 7.

1.2
4
1
2 08
o
o
gos
S
0.4
—e—ASC
—=—ESC
0.2
0
0 10 20 30 40

Current, [ (A)

3-1 Relation between voltage and current for anode-supported and electrolyte-supported cells at 800°C.
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(a) Before reduction-oxidation cycle (b) After reduction-oxidation cycle

X3-2 Surface of anode-supported cell
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Sample number, N

3-3 NiO/Ni ratio in anode after reduction and reoxidation treatment
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[X13-4 Residual stresses in electrolyte and anode after reduction and oxidation
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3-5 Change of internal stress in anode and electrolyte
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