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Abstract: The microstructure of the catalyst layer (CL) in proton exchange membrane fuel cells (PEMFCs) directly
determines the efficiency of charge and mass transport. As a core microstructural parameter, the packing method of
single carbon particles lacks a clear theoretical basis for optimal design. This study systematically investigates the
effects of packing porosity, sphericity, and accumulation compactness on mass/charge transport resistance and
output voltage in CL under different carbon particle packing configurations. By establishing single—particle and

particle—packing models, combined with equivalent circuit modeling and multi—physics field simulations, this study
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systematically investigates the effects of different compactness factor (CF), porosity, and sphericity on mass transfer

resistance and output voltage in the catalyst layer. The results indicate that a packing structure with a sphericity of

0.96 and packing porosity of 0.15 effectively reduces activation polarization, proton transport polarization, and

oxygen mass transfer polarization. As a result, the theoretical output voltage of CL can be increased to 0.81 V at a

current density of 1 A em™. Furthermore, the study reveals that porosity and sphericity must be synergistically

optimized to balance mass transport and charge conduction, while the accumulation compactness influences

performance by regulating current distribution per particle. This research provides a theoretical foundation for

understanding the intrinsic relationship between packing structure and CL performance, and offers guidance for the

design and optimization of high—performance PEMFC catalyst layers.
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