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Abstract

Meeting the rapidly increasing demand for hydrogen requires
significant improvements in production efficiency. Herein, we present a
two-step strategy to enhance the catalytic performance of nickel electrodes
for the alkaline hydrogen evolution reaction (HER). Nickel electrodes with
a pentagonal pyramid structure were first prepared via electrochemical
deposition, followed by surface modification through acid etching. After
60 minutes of etching, the overpotential at 10 mA cm™ decreased from 238
mV to 60 mV, while the electrode exhibited stable operation at 100 mA
cm? for over 360 hours, demonstrating remarkable durability and long-
term stability. Structural and electrochemical analyses reveal that acid
etching increases surface roughness, enlarges the electrochemical active
surface area (ECSA), improves wettability, and facilitates rapid hydrogen
bubble detachment, thereby reducing interfacial resistance and boosting
catalytic efficiency. In addition, the formation of a Ni/NiO composite
structure promotes the VVolmer step of HER and further enhances catalytic
activity through a synergistic effect between the metal and oxide.
Collectively, this work provides an effective approach to significantly
improve nickel electrode performance in alkaline HER and highlights its

potential for large-scale hydrogen production.

Keywords: Electrodeposited nickel electrode, Hydrogen evolution

reaction, Electrocatalysis, Acid etching, Oxide
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