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High-efficiency Electrocatalysis for Hydrogen Evolution Using Cobalt-
Phosphorus Double-Doped Nickel Sulfide Nanosheets
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Abstract: Hydrogen energy, as a clean energy source, has huge development potential. At present, the relatively
mature hydrogen production from fossil fuels is not considered an ideal method due to its high cost and
the emission of carbon impurities. Alkaline electrolysis of water for hydrogen production is one of the
promising green hydrogen production methods at present, but the cost of alkaline electrolysis of water for
hydrogen production is relatively high. Therefore, it is urgent to design and develop efficient and low—cost
catalytic materials for alkaline electrolytic water hydrogen production electrodes. In this paper, the perfor—
mance of transition metal sulfide electrocatalytic hydrogen evolution materials is optimized through one—
step hydrothermal method and high—temperature phosphating. The hydrogen evolution performance of
P-Co-Ni;S,/NF in alkaline electrolytic water was studied through physical characterization, electrochem—
ical tests and theoretical simulation calculations. The optimal reaction conditions of the alkaline electrolytic
water hydrogen evolution material were analyzed by changing the mass of hydrothermal reactants during
material preparation. The research found that the cobalt and phosphorus dual-doped P-Co-Ni;S,/NF
has a spider—web-like nanosheet structure similar to Ni;S,/NF, providing a large number of ion transport
channels and reactive sites for hydrogen evolution in electrolyzed water. The electrochemical perfor—
mance of the prepared electrocatalytic materials was investigated using the standard three—electrode
system. It was found that P-Co-Ni;S,/NF has more excellent electrochemical performance than Ni;S,/
NF and single-metal-doped electrocatalytic materials. Through the combination of theoretical simulation
calculations and electrochemical experiments, the path and mechanism of hydrogen evolution in water
electrolysis using P-Co-Ni,S,/NF co—doped with non—-metals and transition metals were jointly explored,
providing certain theoretical and experimental support for the development of hydrogen evolution materials
and electrolytic cells in alkaline water electrolysis.

Keywords: hydrogen evolution from electrolytic water; nickel foam; density functional theory;
doping strategy; transition metal sulfide
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