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Abstract

This study addresses the resource recovery requirements of spent lithium-ion batteries from the new energy
vehicle and energy storage sectors by developing a novel carbothermal reduction calcination technology. This
technology enables an efficient and selective recovery process for nickel and cobalt from cathode materials.
Through the integration of thermodynamic calculations and experimental validation, this research system-
atically elucidates the regulatory mechanisms of calcination temperature, carbon content, and duration on
the selective reduction behavior of nickel and cobalt. An innovative high-temperature in-situ XRD technique
was utilized to dynamically analyze the formation and decomposition processes of the (NiO)x:(MnO)y inter-
mediate phase during reduction, thereby clarifying its phase evolution pathway. Experimental data show that
under optimized conditions of 800 °C, 12.99 wt.% carbon content, and 60 min, the recovery rates of nickel and
cobalt reached 99.70% and 99.43%, respectively, while the migration rate of manganese to the alloy phase was
only 0.49%. This study not only deepens the understanding of selective metal recovery mechanisms but also
provides a scalable and environmentally friendly solution for the resource recovery of strategic metals from
spent batteries, thereby promoting resource recycling and green manufacturing in the battery industry.
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