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Abstract

The rapid development of society has brought about problems such as energy scarcity and environmental
pollution. Hydrogen energy, as a clean and promising energy carrier, offers solutions to the current energy
crisis and environmental problems. Hydrogen production by electrolysis of water driven by solar energy or
electricity has become one of the research key points for researchers. The water electrolysis reaction consists
of hydrogen evolution reaction (HER) and oxygen evolution reaction (OER), however, the slow reaction
kinetics and high overpotential affect the practical application of water electrolysis. Therefore, the
development of inexpensive and efficient HER/OER electrocatalysts is of practical significance to reduce the
cost and improve the reaction efficiency.

Nickel-based materials not only have the advantages of being widely available and inexpensive, but also
have high electrical conductivity, high density and corrosion resistance. Among them, nickel-molybdenum
(NiMo) alloys have gained wide attention in the field of electrocatalytic hydrogen precipitation due to their
excellent hydrogen precipitation properties. However, at the same time, NiMo alloy also faces the problems
of poor oxygen precipitation activity and molybdenum dissolution. To address the above problems, this thesis
adopts non-precious metal doping, material composite and surface sulphuration strategies to modify NiMo
alloys, and the obtained electrocatalysts are used for the study of alkaline electrolytic water performance, as
follows:

(1) NiMo alloys with different Fe contents were prepared by a simple one-step electrodeposition method.
Characterization results such as XRD and TEM proved the successful doping of Fe. The doping of Fe affected
the electronic structure of NiMo, accelerated the electron transfer, and increased the number of active sites.
Feo2-NiMo showed the best catalytic performance, with HER/OER overpotentials of 85 mV and 269 mV,
respectively, at 10 mA cm™. Feo2-NiMo was also achieving applications at high currents, with HER/OER
overpotentials of only 319 mV and 316 mV at current densities of 500 mA cm™; the composed electrolytic
cell requires only 1.9 V to achieve a current density of 500 mA cm™.

(2) Crystalline Fe-MOF was prepared by solvothermal method using ferric chloride and 1,3,5-
benzenetricarboxylic acid as metal source and organic ligand, respectively, and then amorphous NiMo was
loaded on the surface of MOF by electrodeposition method, and the Fe-MOF/NiMo electrocatalysts with
crystalline-amorphous heterostructures were successfully prepared. The electrochemical results showed that
Fe-MOF/NiMo exhibited excellent bifunctional catalytic performance at an electrodeposition time of 110 s.
The HER/OER overpotentials of Fe-MOF/NiMo at 10 mA cm? were 91 mV and 233 mV, and the overall
water splitting voltage at a current density of 10 mA cm™ was 1.6 V. Meanwhile, the Fe-MOF/NiMo was

assembled into a symmetric electrode was tested for overall water splitting stability, and the voltage only



increased by 35 mV after 50 h.

(3) NiMo alloy was prepared firstly, and then the surface of NiMo alloy was vulcanized with the support
of chemical vapor deposition to finally obtain NiS/NiMo heterostructure catalysts. The material
characterization results confirmed the existence of the heterostructure. Electrochemical results showed that
the surface sulfidation strategy significantly increases the number of active sites of NiMo alloys while
improving the stability. The HER and OER overpotentials of NiS/NiMo were only 77 mV and 245 mV at 10
mA cm, and the composed two-electrode system only required a test voltage of 1.547 V at 10 mA cm™,
while maintaining the stability for 30 h.

Key words: nickel-molybdenum alloy; bifunctional catalysts; hydrogen evolution reaction; overall

water splitting
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Figure 1-6 Schematic diagram for the prepared NiMoO4-nH20@Fe-NiOOH/NF electrocatalyst
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