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Thermal Stress Analysis of Solid Oxide Fuel Cell with Anode Functional Layer
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Abstract: In order to reduce the thermal stress of solid oxide fuel cell in the process of preparation and working, and
improve the electrochemical performance of the cell, the functionally graded layer is introduced into the cell. Due to
the property of the functionally gradient material changes continuously or stepwise in a certain direction, the layer can
reduce the difference of material parameters and relieve the thermal mismatch stress between layers effectively. On the
basis of the previous research and the idea of hierarchical method, the anode functional layer is introduced into the
solid oxide fuel cell, and the material parameters of the sub-layers are controlled through the anode functional layer num-
ber and the nonlinear gradient component exponent n. Thermal stress of the solid oxide fuel cell is studied at 800°C
within the operating temperature. The results show that the maximum tensile stress of the anode layer and the maxi-
mum compressive stress of the electrolyte layer decreases by introducing the anode functional layer. With the same
anode functional layer number, the maximum tensile stress increases with the exponent », and the maximum compres-
sive stress of the electrolyte layer decreases with the exponent » increase. The thermal stress may lead to cracks and
destroy the solid oxide fuel cell structure. This research provides theoretical basis for design and optimization of the
solid oxide fuel cell.
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Table 1 Material properties of electrodes and
electrolytel!*2!

T NiO-YSZ YSZ LSM NiO

20°C 127.3 215 110 110

E/GPa
00C 105.5 185 118 90
P 20C 0.33 0.308 0.36 0.34
800°C 0.33 0.313 0.36 0.34
20°C 11.77 7.6 9.8 13.0
/S;r(fé 800°C 12.42 10.5 11.8 13.0

1400°C 12.50 10.5 11.8 13.1
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Table 2 Volume fraction of NiO in AFL sublayers

NiO volume fraction

Layer AFL

n=2 n=1 n=0.5

1 AFL1 20% 40% 56%
AFL1 5% 20% 40%

? AFL2 45% 60% 69%
AFL1 2.5% 13% 32%

3 AFL2 20% 40% 56%
AFL3 55% 66% 73%

AFL1 1.3% 10% 27%

AFL2 11.3% 30% 49%

4 AFL3 31.0% 50% 63%
AFL4 61.0% 70% 75%

AFL1 1% 8% 25%

AFL2 7% 24% 43%

5 AFL3 20% 40% 56%
AFL4 39% 56% 66%

AFLS5 65% 72% 76%
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Table 3 Comparison results of the maximum compressive

stresses of YSZ
Presented . Numerical
Experimental .
model analysis
Max. compressive [29] 130]
stresses of YSZ /MPa 633.3 670 608.46
Error — 5.8% 3.9%
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