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Mechanical Properties and Fracture Mode of Anode Supported Solid Oxide Fuel Cell
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Abstract: The relationship between the Weibull modulus of bending strength and its thickness of single cell before and after reduction
was investigated by a coaxial ring force method. The Weibull modulus of NiO-YSZ anode supported cell is 4.56, 4.78 and 6.16 for the
thickness of 1.1 mm, 0.9 mm and 0.7 mm, respectively. The Weibull modulus increases gradually with the decrease of sample
thickness due to the reduced internal defect number of anode. The Weibull modulus of Ni-YSZ anode supported cell increases to 8.66,
12.49 and 9.37, respectively, since a plastic Ni phase inhibits the crack propagation. The single cell with a thickness of 0.9 mm shows
a greater performance with the corresponding bending strength of 122.9 MPa. The crack sources of the sample mainly come from the
internal defects of the anode and the agglomeration of Ni particles. Based on the experimental results, the influence of single cell
thickness on its mechanical properties can be demonstrated at different crack source types and fracture modes.
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(a) Before reduction
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(c) After reduction
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(d) After reduction

Fig. 2 SEM images of typical crack sources in a single cell
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Table 1 Crack source states corresponding to the bending strength of a single cell

Sample No. Bending strength/MPa Types of crack source Location Size/pm
UR-1.1 68.37 Compositional inhomogeneity Volume 45.50
95.71 Compositional inhomogeneity Near surface 35.70

111.43 Inclusion Surface 23.20

UR-0.9 93.94 Compositional inhomogeneity Volume 54.30
111.45 Machining damage Surface 134.21

131.27 Compositional inhomogeneity Near surface 37.30

UR-0.7 93.07 Compositional inhomogeneity Surface 32.10
134.67 Compositional inhomogeneity Surface 23.30

R-1.1 104.49 Inclusion Near surface 68.50
128.59 Porous region Near surface 100.12

99.63 Porous region Volume 92.10

101.91 Ni agglomerate Volume 11.60

R-0.9 117.56 Inclusion Surface 50.00
119.56 Compositional inhomogeneity Near surface 57.90

120.85 Porous region Near surface 65.90

138.58 Machining damage Surface 197.00

R-0.7 99.43 Inclusion Near surface 50.00
100.84 Porous region Near surface 58.50

111.16 Machining damage Surface 150.00

125.99 Porous region Near surface 62.20
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(a) Cross section micrographs of the cell
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Fig. 3  Cross section micrographs of single cell and the change
diagram of Ni, YSZ and pore for reduced cell
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Sample No. Weibull Characteristic Sample' .
modulus strength/MPa quantities
UR-1.1 4.56 114.00 20
UR-0.9 4.78 109.00 20
UR-0.7 6.16 81.30 18
R-1.1 8.66 115.20 26
R-0.9 12.49 122.90 30
R-0.7 9.37 113.40 20
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