A Scalable Magnetoelectrodeposition Strategy for High-Performance Ni–Co Based Magnetoelectrocatalyst for alkaline Water Oxidation 
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 Advancing efficient, durable, and low-cost oxygen evolution reaction (OER) catalysts are essential for scalable green hydrogen production. We present a practical magnetoelectrocatalyst fabrication approach, where a magnetic field is applied solely during electrodeposition to boost Ni active site activity through the inclusion of magnetically saturated Co. Coupled with Fe-modified nickel foam (NF), this Ni–Co–Fe synergy eliminates the need for a magnetic field during OER operation while delivering superior performance to conventional catalysts in alkaline media. Three catalysts—NF/Fe–Ni, NF/Fe–Co, and NF/Fe–NiCo—were synthesized under a 0.6 T magnetic field and benchmarked against non-magnetoelectrodeposited analogues. Structural, magnetic, and electrochemical studies confirmed that field-assisted synthesis significantly enhances activity. NF/Fe–NiCo achieved the best results, producing 83.51 mA cm⁻² at 1.5 V vs. RHE, with 91% higher electrochemically active surface area, greater capacitance, and a reduced overpotential of 273.26 mV at 100 mA cm⁻². Improvements are linked to refined electronic structure, increased conductivity, and reduced charge-transfer resistance enabled by spin-polarized electron transport. The catalyst demonstrated 72 h stability in 1 M KOH, outperforming many non-precious LDH-based OER catalysts. This work establishes magnetic-domain engineering as a scalable, energy-efficient route toward high-performance, cost-effective electrocatalysts for commercial alkaline water electrolyzers and sustainable hydrogen generation
