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Abstract: Fuel cells, or specifically on solid oxide fuel cells (SOFCs) are complex electrochemical energy conversion
devices, compared to conventional thermal power system with the advantages of high conversion efficiency, low
emissions and zero noise. Throughout the 100 years of history of SOFCs development, a number of challenges still
hamper their commercialization, such as high cost and low durability; these challenges are mainly attributed to the high
temperature operating condition required by ionic conductivity and catalytic activity. Traditional SOFC with structure of
cathode, electrolyte and anode three parts today focuses mainly on reducing the electrolyte thickness and enhancing
electrode catalytic activity, the development of key technologies and scientific breakthroughs are still not enough.
Therefore, we have to reflect that of SOFCs 100 years, the direction and focus of research. 2010, single-component
electrolyte-free fuel cell was invented in the Swedish Royal Institute of Technology (Adv. Funct Mater. (2011) 2465), it
means that the bottleneck of a revolution and commercialization of fuel cell breakthrough, the results were selected as a
2011 research highlights by Nature Nanotechnology titled as: “The FUEL CELL: Three in one”.

Keywords: Solid Oxide Fuel Cell; Electrolyte-Free Fuel Cell; Nanocomposites; Composite Ion and Electron Ion
Conductors
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Figure 1. Comparison between SOFCs and traditional thermal
power generation
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Table 1. Pollutant comparison between SOFCs and coal thermal
power generation'®!

& 1. SOFCs RESHE NN R BISHE~=YHIEL?

HAT g/kWh SO, NO, Cco CH,4 PM
SOFCs 0.013 0.06 0.012 0.43 0
JHEK 1R H 0.33 1.02 0.43 0.57 0.01
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Table 2. Compatibility requirements of components for SOFCs
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Figure 2. A schematic illustration of an electrolyte-free solid
oxide fuel cell. Current collectors were not shown which should
be mounted on both sides of the component
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Figure 3. Under OCY, electrochemical impedance spectra for
LiNiCuZn oxide-NSDC EFFC in air and H, at 500°C
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Figure 5. The reaction depth of anodic and cathodic processes
with H, and O, under different current density. The porosity and
thickness are 0.5 and 0.5 mm, respectively
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