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Semiconductor-ionic materials for low temperature solid oxide fuel cells and electrolyte-layer free fuel cells

In this work, demonstration of new advanced materials for advanced solid oxide fuel cells (ASOFCs) is reported to lower the 
operating temperature of solid oxide fuel cells (SOFCs). Nanocomposite semiconductor-ionic ceramic materials are prepared 

by solid state route through ball milling process and investigated as the catalytic electrode for low temperature solid oxide fuel 
cells (LTSOFCs) as type I device and core material for electrolyte-layer free fuel cell technology as type II device illustrated in 
Fig. 1. Synthesized perovskite oxides have exhibited great electrical conductivities, especially the Ba0.5Sr0.5Co0.8Fe0.2O3-δ  prepared 
by co-precipitation method has shown a maximum conductivity up to 313 S/cm in air at 550°C measured by DC 4 probe 
technique. Similarly, Ni0.8Co0.15Al0.05Li (NCAL) oxide has shown balance electrical and ionic conductivity which is very useful 
for fuel cell performance. Additional advantages of BSCF and NCAL with both ionic and electronic conductivities are their 
cost effectiveness and low working temperature below 600°C. XRD analysis on the powdered form of BSCF sample exhibited 
the phase structure as perovskite oxide. Microstructure studies of the samples have revealed homogeneous structure and 
morphology of the nanoparticles using scanning electron microscopy (SEM). The prepared materials including semiconductor-
ionic and perovskite materials have shown very good mechanical strength and stability proving their importance in advanced 
fuel cell technology using spark plasma sintering technique. Power densities for new energy conversion technology using our 
synthesized materials are measured between 600-1000 mWcm-2.

Figure 1: Schematic for SOFC (Type I) and EFFC (Type II).
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