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Freezing Phenomena in Polymer Electrolyte Fuel Cells under Cold Starting

A )11 44w HRE L E T O
Yuji ISHIKAWA Masahiro SHIOZAWA Masanori UEHARA Hitoshi HAMADA

This study investigated the phenomenon of water freezing below the freezing point in polymer electrolyte fuel
cells (PEFCs). To understand the details of the water freezing phenomena inside a PEFC, a system capable of
cross-sectional imaging inside the fuel cell with visible and infrared images was developed. The super-cooled water
freezing phenomena were observed under different gas purge conditions. The present test confirmed that super-
cooled water was generated on the gas diffusion layer (GDL) surface and that water freezing occurs at the interface
between the GDL and MEA (membrane electrode assembly) at the moment cell performance deteriorates when the
remaining water becomes sufficiently dry inside the fuel cell before cold starting. Moreover, using infrared radiation
imaging, it was clarified that heat due to of solidification spreads at the GDL/MEA interface at the moment cell
performance drops. Compared with a no-initial purge condition, liquid water generation was not confirmed to
cause ice growth at the GDL/MEA interface after cell performance deterioration. Each condition indicated that
ice formation at the GDL/MEA interface causes cell performance deterioration. Therefore, it is believed that ice
formation between the GDL/MEA interface causes an air-gas stoppage and that this blockage leads to a drop in cell
performance.
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Fig. 1 lllustration showing polymer electrolyte fuel cell
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Fig. 2 Schematic image of system for visualizing
inside PEFC cross-section
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Fig. 3 (a) Temperature error measurement model,
(b) Measurement error of the IR temperature
from the thermocouple temperature
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Fig. 4 Visible image inside PEFC cross-section
with no purge: (a) Before power generation,
(b) After performance deterioration
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Fig. 5 Current profile at =10 °C cold start with
no purge, with image of ice formation at
GDL/MEA interface
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Fig. 6 Super-cooled water behavior inside PEFC cross-section with purge: (a) Before
power generation, (b) Liquid water generated on GDL surface, (c) Water
freezing at GDL/MEA interface, (d) Water droplet on GDL surface freezes
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Fig. 7 Current profile at —10 °C after purging, with
image of ice formation at GDL/MEA interface
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Fig. 8 Water freezing phenomena and cell
performance deterioration with and
without purge
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Fig. 9 Visible and infrared simultaneous observation
images inside PEFC cross-section
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Fig. 10 Infrared images inside PEFC cross-section:
(a) Before freezing
(b) At moment of freezing
(c) 1/30 s after freezing
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