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The unprecedented demand for lithium-ion batteries, which inevitably reach the end of their life 

cycle, is driving the rapid expansion of the battery recycling industry1. Recycling these batteries 

is crucial not only for environmental sustainability but also for its significant economic potential: 

spent lithium-ion batteries (LIBs) contain critical raw materials such as Co, Ni, Mn, Li, and Al in 

concentrations that are often higher than those found in natural sources2. 

Hydrometallurgical recycling of LIBs typically generates pregnant leach solutions (PLS) 

containing all the critical raw metals. While extensive research has focused on the recovery of 

high-value elements (e.g., Co, Ni, and Li)3, manganese recovery from PLS has received 

comparatively limited attention. Mn recycling is essential to ensure resource security, reduce 

environmental impact, improve the economic efficiency of battery recycling processes, and 

support the sustainable growth of the lithium-ion battery industry 

In this work, Mn recovery was investigated through a multi-step process involving solvent 

extraction, followed by secondary processes. The results show that over 90% of Mn can be 

recovered as high-purity MnO₂, with negligible losses of Co, Ni, and Li. Furthermore, the 

behavior of other metallic species present in the PLS was systematically evaluated.  

This work was developed within the scope of the project “NGS – New Generation Storage” 

[C644936001-00000045], financed by PRR – Plano de Recuperação e Resiliência under the Next 

Generation EU from the European Union. 
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