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Study on Crack Initiation and Propagation Rule in PEMFC Catalyst
Layer under Humidity Cycling
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Abstract. Proton exchange membrane fuel cell (PEMFC) has the properties of high efficiency, high power
density, fast start-up and zero-emissions, making it a promising power source for road vehicles. Cost and
lifetime are key influencing factors confining vast commercialization of fuel cell technology in vehicles.
Humidity changes caused by frequent startup/shutdown and dynamic load variations of fuel cell can lead to
mechanical damages of the catalyst layer and the proton exchange membrane due to moisture expansion and it
will significantly reduce the lifetime of PEMFC. The microstructure of the catalytic layer are simulated
through the Static Structure module of ANSYS Workbench software as well as the CZM model and PEIRCE
model , and the influences of different relative humidity (RH) variation ranges (60% , 50% , 40% and 30% )
on the formation and propagation of cracks in the catalytic layer under dynamic conditions are studied. The
result shows that (1) Higher variation amplitude of RH leads to earlier crack initiation at the interface of the

ionomer and Pt/C. The crack initiation times for the RH variation amplitudes of 60% , 50% and 40% are
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348, 380, 789 s respectively, while no crack appears at the interface of the ionomer and Pt/C for the RH

variation amplitude of 30%. (2) Higher RH amplitude also leads to severer crack propagation. (3) The

accumulation of plastic strain inside the ionomer induced by the high magnitude and long-term RH cycles can

exceed the material’s strength limit, hence mechanically damaging the ionomer.

Key words: automobile engineering; crack propagation mechanism; simulation; fuel cell catalyst layer;

humidity cycling; ionomer
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Fig.3 Principle diagram of cohesive zone
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Tab.1 Physical properties of ionomer in catalyst layer
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Fig. 4 Humidity cycle calculation conditions
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