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Microscopic Observation of Frozen State of Water in a Porous Electrode of PEFC during Cold Startup
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Shohji Tsushima and Shuichiro Hirai, Tokyo Institute of Technology, 2-12-1 Ohokayama, Meguro-ku, Tokyo

During cold startup of polymer electrolyte fuel cell (PEFC), water freezing in a cathode porous electrode is a
critical barrier to achieve high power density, because ice particles in the catalyst layer (CL) and gas
diffusion layer (GDL) block oxygen transport to the active reaction sites. In this study, we investigate water
behavior inside a cathode electrode of PEFC at low temperature operations using an optical diagnostic, and
show the effect of the mechanism of water freezing on the characteristic of cell voltage. The results showed
that ice formation in cathode electrode during cold startup is largely affected by GDL structure.
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Fig.1 Transparent fuel cell for visualization measurement.
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Fig.2 MEA with inclined surface.
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Fig.3 Characteristic of cell voltage durmg cold startup (Temp.:
-10°C, Current density: 0.06A/cm”, GDL: Carbon paper).
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Fig.4 Images of water freezing at the cathode during cold start
(Temp.:—10°C, Current density:0.06A/cm?, GDL:Carbon paper).
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Fig.5 Characteristic of cell voltage during cold startup (Temp.:
-10°C, Current density: 0.06A/cm?, GDL: Carbon cloth).
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Fig.6 Images of water freezing at the cathode during cold start
(Temp.:—10°C, Current density:0.06A/cm* GDL: Carbon cloth).
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