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Research progress on recycling of cathode materials from spent lithium iron
phosphate batteries
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Abstract: This paper reviews recent advances in recycling technologies for LiFePO, cathode materials. The

advantages and limitations of hydrometallurgical , pyrometallurgical , deep eutectic solvent ( DES) , direct regeneration,

electrochemical , and mechanochemical methods are systematically summarized. The results indicate that although

hydrometallurgical processes are technologically mature and offer high recovery efficiencies, they suffer from high

wastewater treatment costs and environmental burdens.In contrast, DES-based approaches and direct regeneration methods

enhance economic feasibility owing to their green and efficient processes.Mechanochemical methods can achieve efficient

extraction under mild conditions; however, their large-scale application is limited by long reaction cycles and

contamination associated with the grinding process. Finally, economic analysis suggests that green leaching processes,

highly efficient hybrid technologies,and automated human-machine collaborative modes enabled by artificial intelligence

represent promising directions for the sustainable development of lithium-ion battery recycling.
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