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The rapid expansion of electric vehicles and portable electronics is driving a sharp increase in lithium-ion battery production, intensifying pressure on critical raw materials (CRMs) and resulting in a growing volume of end-of-life batteries that still contain significant amounts of valuable metals [1]. Developing sustainable recycling strategies capable of closing the materials loop is therefore a key challenge for the battery value chain.
Direct recycling has gained increasing attention as it aims to recover cathode materials while preserving their original crystalline structure and functionality. By avoiding complete elemental breakdown, this strategy has the potential to reduce energy consumption, chemical usage, and environmental impact compared to conventional pyrometallurgical and hydrometallurgical routes.
In this work, we investigate the recovery and regeneration of layered oxide cathode materials from spent lithium-ion pouch cells. Different routes were explored to separate the active material from the aluminum current collector, including mechanical and solvent-based delamination methods. All approaches enabled effective recovery of the cathode powder, demonstrating the robustness and flexibility of the separation step, although typical degradation and processing related impurities were observed in the recovered material. Regeneration of the spent cathode was carried out through a solid-state relithiation treatment designed to restore lithium stoichiometry and structural order. Structural and morphological characterization confirmed the re-establishment of the layered crystal structure and the mitigation of secondary phases formed during battery operation and recovery. Electrochemical evaluation demonstrated that the regenerated material recovered a substantial fraction of its original performance, with clear improvements compared to the degraded cathode, indicating successful functional restoration of the active material.
Overall, this study demonstrates the effectiveness of direct recycling for regenerating cathode materials from end-of-life LIBs [2]. The results highlight the potential of this approach to support a more circular battery economy by reducing waste, lowering environmental impact, and decreasing dependence on critical raw material supply.
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