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Abstract: To investigate the stability and mass transfer performance of the three-phase interface
in the cathode catalytic layer of proton exchange membrane fuel cells (PEMFCs) using non-
precious metal Fe-N-C catalysts, a series of Fe-N-C catalysts are synthesized via pyrolysis at
temperatures ranging from 800—1 200 C, using zeolitic imidazolate framework (ZIF-8) as a
precursor with the introduction of graphene oxide. The optimal catalyst for oxygen reduction

reaction activity is selected through electrochemical testing and morphological characterization, and its
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representative active site, Fes;N, is analyzed. Molecular dynamics simulations are employed to
explore the mass transfer processes within the three-phase interface of the cathode catalytic layer
containing Fe;N, as well as the wettability of the active site surface, which determine the
structural stability, and its adhesion to the ionomer. The results show that the Fe-N-C-1 000
catalyst obtained at 1 000 ‘C exhibits the best catalytic activity, with a limiting current density of
5.18 mA/cm?, a half-wave potential of 0. 86 V, and a 4-electron reaction pathway. Fe-N-C-1 000
inherits the dodecahedral structure of ZIF-8 and contains a large number of mesopores with an
average pore size of approximately 3.9 nm, with Fe;N as the representative active site. At 298 K
and 358 K, the Fe; N active site surface demonstrates excellent hydrophilicity, and its adhesion to
Nafion ionomer is stronger than that of Pt, regardless of whether the surface is flat or nanoparticle-
structured. Within the three-phase interface containing Fe;N, the diffusion coefficients of H;O™
and O, are significantly higher than those in the Pt/C three-phase interface. Additionally, Fe;N
nanoparticles exhibit stronger adsorption capabilities for H;O" and O,. This study provides

valuable insights for the screening and molecular-scale performance evaluation of Fe-N-C catalyst

active sites.
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