From waste to energy future: recycling carbon from spent batteries for application in new electrodes for flexible supercapacitors
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The increasing generation of end-of-life lithium-ion batteries poses a significant environmental challenge, requiring sustainable recycling and valorisation strategies. Although hydrometallurgical processes are widely used to recover valuable metals, the graphite fraction is often underutilised or discarded as a low-value byproduct. Considering that graphite constitutes a substantial portion of battery anodes and contributes to the overall CO₂ footprint [1], its effective reuse is essential for improving the sustainability of battery recycling. This work, therefore, aims to develop a viable strategy for the direct reutilisation of graphite recovered from spent lithium-ion batteries as a functional material.
In this context, graphite was employed to render textile substrates electrically conductive, forming a flexible current-collecting scaffold for energy storage applications [2]. The resulting conductive textile was subsequently functionalised via electrochemical polymerisation of polypyrrole to introduce additional electroactive sites. The electrochemical performance of the resulting electrodes was systematically evaluated, with emphasis on specific capacitance, cycling stability, and operational potential window. The optimised system demonstrates that integrating recycled graphite with polypyrrole yields flexible, electrochemically stable electrodes suitable for supercapacitor applications. These results highlight a scalable and sustainable route for converting battery waste into high-value textile-based energy storage materials.
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