Carbon Resistant High Entropy Alloy Anode for Internal Reforming of Hydrocarbons in SOFC

Boxun Hu, Seraphim Belko, Ashish Aphale, Na Li, Junsung Hong and Prabhakar Singh
Materials Science & Engineering, University of Connecticut, Storrs, CT 06269 USA

Rabi Bhattacharya and Oleg N. Senkov, UES Inc. Dayton OH
Abstract: Solid oxide fuel cells have been recognized as one of the most energy efficient and environmentally clean power generation devices with fuel flexibility.
State of the art S O F C ars prone to carbon formation and pulverization of traditional Ni-yttrium stabilized zirconia anode when fueled with hydrocarbons. We
present our observations on high entropy alloys (HEA), comprised of multiple low cost non-noble and non-strategic metal alloying constituents that have
demonstrated carbon resistance during exposure to methane and alcohol fuels. Demonstrated controllable reforming rates also have potential to benefit
homogenization of temperature distribution in cells and stacks. The reformation rate of HEA-Ga doped ceria (GDC) has been measured and compared with that of
Ni-Samaria doped ceria (SDC). Carbon resistance has been validated under both external and internal reforming of multiple hydrocarbon fuels. While voluminous
filamentary carbon fibers formed on posttest NiI-SDC, no carbon deposition was observed on posttest HEA-GDC anode (scanning electron microscopy and Raman
spectroscopy). Electrochemical performance and stability of HEA-GD C & Y S Z eYBAwWl be presented.

Background: Due to its high operating temperature (600-1 0 0 0 e C) , SOFC power systems have t he potroomfuel feed
stocks (pipe-line natural gas, biofuels, and liquid hydrocarbons) and electrochemically oxidize reformate constituents (H,, CO) to generate electrical power. For
Internal reforming operation, SOFCs, however, require anode material that has desired dual catalytic (hetero and electro) properties for controlled reforming and
electrochemical oxidation reactions to avoid local cooling or overheating, which can result in mechanical failure due to thermally induced stresses and
microstructural degradation. The anode materials also need to remain resistant to carbon formation and pulverization at the cell operating temperatures.

Objective: Impact:
A Select anode materials for controlled hydrocarbon reforming to avoid local cooling and | A Mitigation of carbon deposits in the cell anode
overheating. A Improved cell and stack temperature distribution
A Validate select anode materials for direct internal reforming (DIR) at button cell level. A Improved cell and stack electrochemical performance and durability.
A Scale up the synthesis process, measure cell performance and transfer technology. A Reduced system cost by using DIR solid oxide fuel cells.
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A Both steam reforming tests and DIR electrochemical tests shows that carbon deposition on

HEA/GDC is not observed on while carbon deposits on Ni-GDC.
A Characterization data supported the mechanisms of carbon resistance on the HEA anode.
A Our ongoing work focuses on the optimization of HEA formulation to control reforming rate,
lower the ASR of the cell, and improve overall electrochemical performance.
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