Effect of Inlet Fuel Type on the Reforming Reactivity and the Degradation of Ni/YSZ Anode for DIR-SOFC Application

N. Laosiripojana1, and W. Sutthisripok 2*
1The Joint Graduate School of Energy and Environment, King Mongkut’s University of Technology Thonburi, Tungkru Bangkok, 10140, Thailand
2 Department of Mining and Materials Engineering, Faculty of Engineering, Prince of Songkla University, Hat-Yai, Songkhla 90112, Thailand

* Corresponding author (weerawan.s@psu.ac.th)

According to the high operating temperature of Solid Oxide Fuel Cell (SOFC) (700-1100°C), it is known that some hydrocarbon fuels can be directly used as inlet fuel instead of hydrogen by feeding straight to the anode. This operation is called a direct internal reforming SOFC (DIR-SOFC). However, the major difficulty of this operation is the possible degradation of anode by the carbon deposition, as the carbon species are easily formed. In the present work, the effect of inlet fuel (i.e. H2, synthesis gas (H2+CO), CH4, CH4+H2O, CH3OH+H2O, and C2H5OH+H2O) on the reforming reactivity and the degradation of nickel cermet anode (Ni/YSZ) were studied at several feed ratios and operating temperatures.

It was found from the work that synthesis gas (CO+H2) are proper to use as direct inlet fuels for DIR-SOFC with Ni/YSZ anode, since the carbon formation on Ni/YSZ occurred in the small quantity. The mixture of methane and steam (CH4+H2O) can also be used as the inlet feed, but the H2O/CH4 ratio plays an important role. It should also be noted that hydrogen is produced readily from this methane steam reforming condition over Ni/YSZ. In contrast, pure methane (CH4), methanol with steam (CH3OH+H2O) and ethanol with steam (C2H5OH+H2O) are not suitable for using as direct inlet fuel for DIR-SOFC with Ni/YSZ anode even the higher H2O/CH3OH and H2O/C2H5OH ratios were applied, as significant amount of carbon species was detected on the surface of Ni/YSZ. Although the amount of carbon reduced at high temperature (900-1000C) when the feed are CH3OH+H2O and C2H5OH+H2O, it was observed that Ni/YSZ was oxidized over these conditions resulting in the decreases of reforming reactivity and electrical efficiency. From our studies, we can conclude that an indirect internal reforming operation (IIR-SOFC) is more suitable for SOFC fueled by ethanol and methanol.  

