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Abstract : Methanol synthesized from renewable hydrogen and captured CO, has recently attracted great interest as a sustainable
energy carrier for large-scale renewable energy storage. In this study, molten carbonate fuel cell’s performance was investigated
with the direct conversion of methanol into syngas inside the anode chamber of the cell. The internal reforming of methanol may
significantly improve system efficiency since the heat generated from the electrochemical reaction can be used directly for the
endothermic reforming reaction. The porous Ni-10 wt%Cr anode was sufficient for the methanol steam reforming reaction under
the fuel cell operating condition. The direct supply of methanol into the anode chamber resulted in somewhat lower cell
performance, especially at high current density. Recycling of the product gas into the anode gas inlet significantly improved the
cell performance. The analysis based on material balance revealed that, with increasing current density and gas recycling ratio,
the methanol steam reforming reaction rate likewise increased. A methanol conversion more significant than 90% was achieved
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with gas recycling. The results showed the feasibility of electricity and syngas co-production using the molten carbonate fuel cell.
Further research is needed to optimize the fuel cell operating conditions for simultaneous production of electricity and syngas,

considering both material and energy balances in the fuel cell.
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Figure 1. Configuration of the reactor and the MCFC used in the
experiments: (a) the radial-flow reactor; (b) the MCFC
single cell.
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Figure 2. Activity of the porous Ni-10 wt%Cr anode toward
methanol steam reforming reaction: (a) effect of
catalyst temperature on methanol conversion and rate
of syngas production; (b) effect of reactant feed rate on
methanol conversion and catalyst temperature.
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Figure 3. Comparison of the MCFC performance under external
and internal reforming conditions (methanol aqueous
solution with methanol/water molar ratio of 1/1.5 was
supplied at a rate of 0.545 g min™ to either a reformer or

a fuel cell).
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Figure 5. Effect of gas recycling on MCFC performance.
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Feed rate of methanol solution: 0.545 g/min
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Figure 7. Rate of reaction occurred in MCFC anode chamber (feed
rate of methanol solution was 0.545 g min™).
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Figure 8. Effect of gas recycling on rate of reaction occurred in
MCFC anode chamber at a current density of 150 mA
cm’ (feed rate of methanol solution was 0.272 g min™).
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