Ni-Doped KOH-Activated Banana Peel-Derived Porous Carbon as a High-Performance Electrode Material for Supercapacitor Applications
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Sustainable biomass-derived carbons have attracted significant attention as low-cost and environmentally friendly electrode materials for electrochemical energy storage. In this work, banana peel waste was utilized as a carbon precursor to synthesize porous activated carbon via KOH chemical activation. To further enhance electrochemical performance, nickel ions (Ni²⁺) were introduced into the carbon matrix, aiming to improve conductivity and induce additional pseudocapacitive behaviour. The synthesis involved carbonization of banana peel followed by KOH activation at elevated temperatures to develop a hierarchical porous structure with high specific surface area. Subsequent incorporation of Ni ions resulted in uniformly distributed nickel species within the porous carbon framework. Structural and morphological characterization confirmed the formation of micro/mesoporous architecture and successful Ni incorporation. Electrochemical measurements revealed that the Ni-doped activated carbon exhibited significantly improved specific capacitance, rate capability, and cycling stability compared to undoped samples. The enhanced performance is attributed to the synergistic effect of electric double-layer capacitance from the high surface area carbon and faradaic redox reactions associated with nickel species. Additionally, the optimized pore structure facilitated efficient ion transport and electrolyte accessibility. This study demonstrates a facile and scalable approach to converting agricultural waste into value-added functional materials. The Ni-doped, KOH-activated banana peel-derived carbon shows strong potential as a high-performance electrode material for next-generation supercapacitors.

