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Efficient and affordable electrocatalysts are essential for advancing alkaline water electrolysis 

as a foundation of green hydrogen production. Nickel-based electrocatalysts represent the 

state-of-the-art, offering a promising platform due to their tunable surface properties and 

industrial scalability [1]. 

We demonstrate that sequential nitridation and anodic oxidation of Inconel 625, a commercial 

Ni-based alloy, induces the formation of NiFe-rich, Cr-depleted regions at grain boundaries 

and microcracks that enhance the electrochemical surface area and boost OER performance. 

The resulting nanostructured surface, with an optimized Ni/Fe ratio (~8:1), outperforms both 

the untreated alloy and benchmark IrO₂ electrodes. Morphological and compositional changes 

were tracked using advanced electrochemical techniques, namely identical-location SEM/EDS 

[2], EBSD, and also supported by XPS and ToF-SIMS. Cr segregation and δ-phase precipitation 

were found to drive intergranular corrosion during activation, while fine-grained regions 

exhibited greater porosity and catalytic activity. 

These findings highlight the potential of commercial nickel-based alloys as scalable, cost-

effective electrocatalysts for alkaline water electrolysis. This work demonstrates how targeted 

microstructural engineering and electrochemical treatments can repurpose industrial alloys 

for sustainable hydrogen technologies. 
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