Electrochemical Etching of Nickel Foam via Controlled Acid Cycling for Enhanced HER Performance
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Nickel foam (NF) is widely employed as a three-dimensional electrode substrate for alkaline water electrolysis due to its high conductivity, porous architecture, and intrinsic electrocatalytic activity. However, conventional acid activation methods are often based on highly concentrated acidic media and uncontrolled corrosion processes, resulting in heterogeneous surface modification and limited reproducibility. In this work, a controlled electrochemical etching strategy based on acid cycling in hydrochloric acid media was developed to tailor the surface morphology and electrochemical behavior of NF toward the hydrogen evolution reaction (HER) [1-3]. Electrochemical etching was performed in 0.5 and 2.5 mol L-1 HCl under controlled cathodic cycling conditions. Structural and compositional modifications were investigated by scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), and X-ray diffraction (XRD), while electrochemical performance was evaluated in 1 mol L-1 KOH using cyclic voltammetry (CV) and linear sweep voltammetry (LSV). The results reveal a cathodically assisted corrosion mechanism, in which hydrogen evolution promotes localized nickel dissolution and controlled surface restructuring while preserving the three-dimensional porous framework. Electrochemical treatment in 0.5 mol L-1 HCl produced a more homogeneous surface morphology with improved electrochemical reproducibility, whereas 2.5 mol L-1 HCl induced a more aggressive and heterogeneous restructuring process. The optimized sample (NFee0.5N100V100) exhibited an improved HER kinetics and more homogeneous Ni(OH)2/NiOOH redox behavior in alkaline media. These findings demonstrate that controlled electrochemical acid cycling provides an effective and reproducible strategy for nickel foam cleaning and surface activation, enabling homogeneous restructuring while preserving the integrity of the porous metallic framework. The proposed method offers a simple and scalable route for preparing nickel foam substrates for subsequent electrochemical applications.
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