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Graphene—covering is a promising approach for achieving an acid-stable, non-noble-metal-catalyzed
hydrogen evolution reaction (HER). Optimization of the number of graphene—covering layers and the
density of defects generated by chemical doping is crucial for achieving a balance between corrosion
resistance and catalytic activity. First, we investigated the influence of charge transfer and
proton penetration through the graphene layers on the HER mechanisms of the non-noble metals Ni
and Cu in an acidic electrolyte. We found that increasing the number of graphene—covering layers
significantly altered the HER performances of Ni and Cu. The proton penetration explored through
electrochemical experiments and simulations revealed that the HER activity of the graphene-covered
catalysts is governed by the degree of proton penetration, as determined by the number of
graphene—covering layers. Second, we employ the graphene-encapsulated NiMo catalyst as cathodes
in a polymer electrolyte membrane (PEM) electrolyzer. The cathode shows a highly stable performance
in the potential 10000-cycling-test from 0 to 5.0 A cm?2 and 100-h—durability at a 2.2 V constant
cell voltage. Through their applications in a full-cell PEM-type electrolyzer, we verify that
noble-metal catalysts can be replaced by non-noble-metal catalysts. Such cheap acid-stable
non-noble-metal electrodes have promising practical applications in the PEM-type electrolysis.




