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Abstract

As traditional fossil energy sources are unable to meet the growing demand for consumption and the
challenge of addressing climate change, the search for clean and renewable alternative energy sources is an
important way to achieve sustainable development. Renewable energy can effectively mitigate carbon
emissions, but this type of clean, sustainable energy is often limited by intermittent time or geographical
distribution, and cannot be developed to meet the needs of practical applications. To overcome these
limitations, researchers have proposed that renewable energy can be converted to chemical fuels. For example,
solar or wind energy can be converted from renewable energy to hydrogen by electrolyzing water, storing
the energy in energy-dense hydrogen. However, the slow kinetics of the anodic oxygen evolution reaction
(OER) of the hydrogen production process from electrolyzed water constrains the efficiency of hydrogen
production from electrolyzed water. Therefore, it is imperative to design and develop low-cost, highly active
and durable electrocatalysts to promote OER kinetics. Nickel/cobalt-based materials are good materials for
constructing OER electrocatalysts because of their low cost, structural tunability and significant synergistic
effect; however, their catalytic activity and stability still need to be further improved. This research focuses
on nickel/cobalt-based electrocatalysts and optimizes their structure and performance through interface
engineering strategies to develop high-performance alkaline OER electrocatalysts, which provide theoretical
basis and technical support for the efficient conversion and storage of renewable energy. The main research
contents are as follows:

(1) In order to solve the problem of low catalytic activity of cobalt vanadium phosphide (CoVP), -
FeOOH was encapsulated on the surface of CoVP-B by KBH. etching and SILAR method to obtain 8-
FeOOH/CoVP-B catalysts. The -FeOOH/CoVP-B required only an overpotential of 242 mV to reach the
current density of 10 mA cm with a Tafel slope of 34.3 mV dec™. 95.8% stability was maintained after 72
h of operation at a current density of 100 mA cm. In addition, it was found that the intrinsic activity of the
catalyst was enhanced by KBH4 etching on the CoVP surface as well as 8-FeOOH capping, which facilitated
the OER process. In addition, its phase change to metal hydroxyl oxides during the OER process was
demonstrated by in situ Raman tests.

(2) Nickel-based sulfides exhibit poor stability during the OER process, and in order to improve their
stability, NiMn,Ss was obtained by sulfurizing NiMn,04 by hydrothermal method. Then 3-FeOOH was
loaded onto the surface of NiMny;Ss by a simple SILAR method, and &-FeOOH/NiMn,Ss with
heterostructures was constructed. 6-FeOOH/NiMn.S, required only 210 mV overpotential to reach 10
mA-cm? in 1 M KOH. In addition, the performance showed only a slight decay after 72 h stability test,
indicating good stability. Electrochemical tests and in situ electrochemical Raman tests showed that the

introduction of 6-FeOOH can slow down the deactivation caused by the excessive accumulation of high-



valent nickel and stabilize the Ni-S bond to prevent its auto-oxidation, as well as promote the formation of
the active phase.

(3) In order to improve the catalytic activity of transition metal selenides (Ni, Co)SeOx, Fe-PA/(NI,
Co)SeOx was constructed by ligand-driven self-assembly of ferric phytate (Fe-PA) complexes encapsulated
on the surface of (Ni, Co)SeOx nanosheets. Fe-PA/(Ni, Co)SeOy reaches an overpotential of only 230 mV at
10 mA cm and a Tafel slope of only 27.1 mV dec™; it remains 94.5% stable after 96 h of testing at 100 mA
cm2 current density. It was shown that partial Se-ization of the NiCo precursor surface as well as Fe-PA
complex coating could enhance the intrinsic activity as well as the active area of the catalysts and ensure the
structural stability during the OER process. In addition, the phase change of Fe-PA/(Ni, Co)SeOy into
hydroxyl oxides during the OER process was revealed by in situ Raman and in situ infrared tests.

Key words: Electrocatalysis; Oxygen evolution reaction; Interface control; Ni/Co based catalyst; Surface

reconstruction
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Figure 1-1. (a) Schematic of the AEM mechanism, (b) Schematic of the LOM mechanismr(tl
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Figure 1-2. (a) The optimized model of 0.5Fe-NiC0,04@CC, (b) Gibbs free energy diagram of the
OER process, (c) Differential charge density distribution of NiC02,04@CC as well as Fe-NiCo0.0,@CC
for RDS, (d) Projected density of states (PDOS)[24



BAFAFMEFMILT

B e even charge states
WY

';: /f\f\ T —B-Co3d

S WV

(2} A —Ni-3d

Q

Q 1 Ce-4f

) :

0 8 6 4 2 0 2 4 6
Energy (eV)

105 -084 d &
+1.55

b A1
+1.46 A—W 22
N
-1.03

1.04 -0.81

PDOS (a.u.)

108 6 4 2 0 2 4 6 8
Energy (eV)

h

E E E

A D

+ T

{charge transfer .G

T £f: -
A X \ /\‘/‘\r i

[} \ - =
T2 3 4 5 s %@7
surface oxygen site

Kl 1-3 (a) Ce-NiCo04 7 BHEMY, (b) Hifi % 7% 5 Bader I, (c-d) (a) &I E 1
] PDOS, (e-f) NiC0204 Fil Ce-NiC0204 1) VBM, (g) &M M 7 & B *H ¥ 1 B AE AR 1k 722,
(h) OER JY1IH] Ce i 3 ) i A% S S 34 5 FL 3 1) 38 1 AL ] (25
Figurel-3. (a) Schematic model of Ce—NiCo0204, (b) Charge density difference with Bader charge

1

U 3, A9
lattice O™ 7~ ~adsorbate 2p

population, (c—d) PDOS of surface atoms from (a), (e—f) VBM of NiC0204 and Ce—NiCo0204, (g)
Differential free energy change of *H for gradual surface coverage, (h) Proposed mechanism for Ce-
induced electronic modulation for lattice oxygen redox during OER[?°]
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