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ABSTRACT

One of the main issues of Solid Oxide Fuel Cells (SOFCs) is to reduce the operating temperature to 750°C or less. Tt has advantages
of improving the life of component parts and the long-term stability of a system, so the production cost could be decreased. In order
to achieve that, the ohmic and polarization loss of a single cell should be minimized first. This paper presents to fabricate anode-
supported single cells with controlling microstructure as a function of particle size and volume of graphite and NiO-YSZ weight ratio.
By means of optimizing the manufactural condition through microstructure analysis and performance evaluation, the single cell which
had NiO-YSZ=6:4, graghlte volume of 24% and gr%phlte size of 75 pm as the anode composition showed a distinguished power
density of 510 mW/em" at 650°C and 810 mW/cm” at 700°C, respectively.
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Table 1. Porosities and Diameters of the Pores by Image Analysis
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Fig. 1. Schematic diagram of the single cell preparation
process.
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NiO-YSZ ratio Graphite volume (%) Graphite size (um) Porosity (%) Diameter (um)

5:5 24 44 24.8 39

Graphite 5:5 24 75 2538 4.1
size

5:5 24 150 36.1 52

5:5 18 75 224 3.7
Graphite 55 24 75 258 41
volume

5:5 30 75 40.7 6.2
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Fig. 2. Microstructures of the anodes as a function of the average particle size of graphlte (a) 44 um, (b) 75 um, and (c) 150 pum.

Table 2. Maximum Power Density and IR of the Test Single Cells (650°C)

NiO-YSZ ratio Graphite volume (%) Graphite size (um) Pmax (mW/cm®) IR (Qcmz)
_ 555 2% 4 470 0.39
Gr;‘;g‘te 5:5 24 75 420 0.49
5:5 24 150 400 0.44
. 555 18 75 380 045
%ﬁﬁﬁf 5:5 24 75 420 0.49
5:5 30 75 260 0.5
6:4 2 75 510 0.34
NiO-YSZ 55:4.5 2% 75 450 037
ratio 5:5 2% 75 420 0.49
4555 24 75 400 0.44
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Fig. 3. Microstructures of the anodes as a function of the volume fraction of graphite: (a) 18 vol%, (b) 24 vol%, and (c) 30 vol%.
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Fig. 4. Microstructures of the anodes as a function of the NiO-
YSZ composition ratio: (a) NiO-YSZ=6:4, (b) NiO-
YSZ=5.5:4.5, (¢) NiO-YSZ=5:5, and (d) NiO-YSZ
=4.5:5.5.
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Table 3. Area Fraction and Diameter of Ni, YSZ and Pore
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NiO-YSZ

Fraction (%)/ Fraction (%) Fraction (%)

. Ni-YSZ Diameter (um) Diameter (um) Diameter (um)
ratio ' of Ni of YSZ of pore
6:4 1.13 39.7/5.1 35.2/42 23.7/4.1
NiO-YSZ 5.5:4.5 0.94 37.2/47 39.6/4.8 23.2/3.9
ratio 5:5 0.72 31.8/4.5 44.0/4.8 25.8/4.1
4.5:5.5 0.65 27.3/4.3 41.8/5.1 25.7/4.4
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Fig. 5. The I-V and I-P characteristics of the single cells as a function of the NiO-YSZ composition ratio.
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