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Development of Proton-Conducting Solid Oxide Fuel Cell
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Abstract

There has been growing interest in solid oxide fuel cells (SOFC) because they are expected to be next-generation devices with
high power generation efficiency. However, it is still a great challenge to fabricate SOFC systems cost effectively because of their high
operation temperature from 700 °C to 900 °C. In our work, proton-conductors have been examined to lower the operating temperature
because they have higher ionic conductivity than conventional oxide-ion conductors such as yttria stabilized zirconia (YSZ). In this
paper, BaZr,3Ing,0;.5 and BaZr,5Y,035 were investigated and it was confirmed that they were stable against CO, for more than
10000 hours under a simulated reforming gas atmosphere. It was found that a maximum power density of 0.14 W/cm?® was achieved
using BaZr sIng,0; 5 as the electrolyte of the fuel cell. The test results of impedance analysis indicated that the main resistance was the

electrolyte ohmic resistance, and increasing proton conductivity would increase the maximum power density.
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Fig. 1 Change in Gibbs free energy of BaCO; formation reaction
in BaZrO; (solid line) and BaCeO; (dashed line)
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Fig. 2 Proton conductivity of BaZrogY(,0s.5 () and
BaZrogIng20s.5 (O) under H, 100 %, D.P. 19C atmosphere
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Table 1 Summary of properties of synthesized proton conductors

BaZrosY020s.5 |BaZroslno 2035 |BaZro.4Ceo.4INo203-5
Synthesis Sol-gel method | Sol-gel method . )

. o Solid state reaction

methods (Pechini method)|(Pechini method)
Conductivity > 5 5

1.0X 107 S/em | 1.0X 10~ S/cm 1.0 X 10™ S/cm
under Hz
Stability No detected No detected BaCOj; was detected
against CO2 <7500h < 13000h at 3000h
Sintering . . .

1750 C 1650 C 1650 C

temperature
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