Efficient Hydrazine Oxidation on Manganese–Iron-Supported Biomass-Derived Carbon Catalyst
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The development of cost-effective and sustainable electrocatalysts is critical for advancing green energy technologies. This study presents a straightforward strategy for synthesizing novel, efficient, and inexpensive functional carbon-based materials supported with non-noble metals, derived from abundant natural biomass. The proposed materials provide a viable alternative to conventional noble metal catalysts for the hydrazine oxidation reaction (HzOR), offering significant potential for the widespread implementation of energy-efficient hydrazine-based systems.
Nitrogen-doped carbon (N–C) materials were synthesized from birch wood chips via hydrothermal carbonisation (HTC), followed by activation and nitrogen doping of the resulting hydrochar. Subsequently, highly active iron (Fe) and manganese–iron (Mn–Fe)-supported N–C catalysts were fabricated using a hydrothermal synthesis approach. The morphology, structural characteristics, and elemental composition of Mn–Fe, Fe/N–C, and Mn–Fe/N–C catalysts were systematically characterized using scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy-dispersive X-ray spectroscopy (EDX).
The electrocatalytic performance toward HzOR in alkaline media was evaluated by cyclic voltammetry (CV). Among the investigated materials, the Mn–Fe/N–C catalyst exhibited superior performance, demonstrating a significantly lower onset potential and higher current density compared to both Fe/N–C and unsupported Mn–Fe catalysts. This enhanced activity is attributed to the synergistic interaction between Mn–Fe species and the highly porous, nitrogen-doped carbon matrix, which provides an enlarged active surface area and facilitates efficient charge transfer.
The findings highlight that Mn–Fe/N–C materials, derived from low-cost and sustainable biomass resources, represent a promising class of anode catalysts for application in direct hydrazine fuel cells (DHFCs). This work underscores the potential of integrating biomass-derived carbon supports with non-noble metals to develop scalable and environmentally benign electrocatalysts for future energy systems.
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