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Solid oxide fuel cells (SOFCs) are expected to be a high efficiency power generator in extensive
applications. In addition, the direct use of dry or low-humidified hydrocarbons as fuel in SOFCs is
attractive because such use leads to an improvement in overall efficiency and in simplicity of a system.
The electrode performance of SOFCs is mainly determined by the chemical activity of materials and the
electrode micro-/nano-structure. In this thesis, the mechanism to improve electrode performance in
methane (CH,;) fuel operation by these factors was discussed in detail. A perovskite-type proton
conducting ceramic of yttrium-doped barium zirconate (BZY) was used as a catalytic material for anodes.
Also, the anode micro-/nano-structure and the distribution of BZY were controlled by spray pyrolysis
and ink-jet infiltration methods. In conclusion, this thesis showed the following results. (i) Two
micro-/nano-structure control techniques, namely, spray pyrolysis and ink-jet infiltration, were
successfully developed. (ii) The addition of the optimum amount of BZY in these micro-/nano-structure
control techniques significantly improved anode performance in operation using both H, and CH, fuels.
Improvement in performance by adding BZY was particularly apparent in operation with dry CH, fuel.
The optimum amount of infiltrated BZY varied in accordance with the increasing gradient of BZY
concentration from the electrolyte side towards the anode surface side. Also, in a proton-conducting
SOFC using low humidified CH, fuel, BZY contributed to achieve a stable operation and to improve
anode performance. (iii) The main role of BZY is to enhance the electrochemical reactions in Ni/YSZ
cermet anodes. Also, the anode performance significantly depended on the distribution of BZY. The
optimum amount of added BZY was related to oxygen chemical potential in anodes, suggesting that

proton conducting ceramics might have characteristics to increase adsorbed oxygen at catalyst surface.




