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Abstract

The increasing depletion of fossil energy sources and the growing environmental problems have made
the world face the dual challenge of accelerating energy transition and solving environmental problems.
Especially in the context of the global efforts to actively and steadily promote the "dual-carbon" goal,
effective solutions to energy shortages and environmental problems have become even more urgent and
serious. Therefore, the search for clean and non-polluting renewable energy sources has become urgent.
Hydrogen (H»), as an energy carrier, has become a pillar of future energy transition due to its advantages of
high energy density, environmental friendliness and easy long-term storage. Among the many methods of
hydrogen production, coupling electrolysis of water with renewable energy sources such as solar energy to
prepare hydrogen is considered to be an efficient and environmentally friendly technology for hydrogen
acquisition. However, the slow kinetics of the oxygen evolution reaction (OER) at the anode and the
hydrogen evolution reaction (HER) at the cathode of the hydrogen production process from water splitting,
especially the slow four-electron-transfer process of the OER, leads to the overall low efficiency of hydrogen
production from water splitting. Therefore, the development of catalysts for hydrogen production from water
splitting with low cost, high catalytic activity and long-term stability is the key to improve the efficiency of
hydrogen production from electrolytic water. In this thesis, a third metal element M (M: Cu, Er, Ce) was
introduced into CoFe alloy by a facile one-step electrodeposition method using nickel foam (NF) as a
substrate, respectively, to prepare highly efficient electrocatalysts for application in OER/HER. The
modulation effect of the metal element on the CoFe alloy was further revealed by material characterisation
and electrochemical performance tests. The main research content and conclusions are as follows:

(1) CoFeCu ternary alloy (CoFeCu/NF) was designed and synthesised on NF by electrodeposition and
used in the OER process. XPS and EPR results showed that the introduction of Cu affected the electronic
structure of CoFe alloy, enhanced the electronic interactions between Co, Fe and Cu, and induced the
generation of a large number of Fe*" cation defects. Fe*" cation vacancy defects can promote the surface
reconstruction of Fe species during OER. The electrochemical test results showed that the introduction of Cu
enhanced the intrinsic activity of CoFe alloy. The combined effect of these factors enabled CoFeCu/NF to
exhibit excellent OER catalytic performance in 1 M KOH, reaching a current density of 10 mA ¢cm with
only 257 mV overpotential, which was superior to that of CoFe alloy (278 mV).

(2) CoFeEr ternary alloy (CoFeEr/NF) was designed and synthesised as an efficient OER catalyst by
introducing Er element into CoFe alloy. The material characterisation results showed that the introduction of
Er greatly affected the crystal structure of CoFe alloy and made the material amorphous, which also led to
more accessible active sites, thus significantly enhancing the OER catalytic performance of CoFe alloy.
CoFeEr/NF can achieve a current density of 50 mA cm™ in 1 M KOH with a low overpotential of only 258

mV, which is significantly superior to CoFe alloy (309 mV). In addition, CoFeEr/NF was able to maintain a



good stability for 24 h at initial current densities of 50/100/300 mA cm™.

(3) Ce element was introduced into CoFe alloy and two oxygen vacancy-rich Cex-CoFe/(Co,Fe)(OH),
(x=2%/24%) composites with different Ce additions were designed and synthesised. The results showed that
the introduction of Ce affected the surface morphology, physical phase composition, electrocatalytic
properties, and electronic structure of CoFe alloy. Differences in morphology, electronic structure and
electrocatalytic properties also existed between composites with different Ce contents. Different additions of
Ce affected the oxygen vacancy content by influencing the distribution of Ce*" and Ce*" on the composite
surface. In addition, the different additions of Ce had different inhibition abilities on metal oxidation, leading
to 2% Ce and 24% Ce having the best promotion of the HER and OER processes of CoFe alloy, respectively.
Specifically, compared to CoFe alloy, 2% Ce retained Co® and Fe® and generated more Co® during the HER
process, whereas 24% Ce inhibited the oxidation of Co?* to Co*" prior to the OER test and facilitated the
surface reconstruction of Co species during the OER process.

Key words: Electrocatalytic water decomposition; CoFe alloy; oxygen evolution reaction; hydrogen

evolution reaction
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