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Abstract 

The increase in Electric vehicle (EV) consumption has raised the demand for 

Lithium-based batteries. Recycling and repurposing spent Li-ion batteries are critical 

for sustainability, as they consist of valuable elements including Co, Mn, and Fe 

other than Li. Current recycling methods including pyrometallurgical and 

hydrometallurgical processes are energy-intensive and hazardous, respectively. 

Therefore, a more environmental friendly approach to extract Lithium from spent 

Lithium-ion batteries is warranted. We have custom-designed a green, ternary Deep 

Eutectic Solvent (DES) with unique properties including lower freezing points, 

higher thermal stability, lower volatility, and tunability. This solvent comprises 

Hydrogen bond acceptors (HBA) and Hydrogen bond donors (HBD) in a specified 

molar ratio. Spent or waste batteries from mobile phones were dismantled under 

water and active cathode material (ACM) was separated. EDX and ICP-MS analysis 

of the calcined ACM revealed the absence of Aluminium and the presence of Li, Co, 

Mn, and Ni. Next, using our custom-made ternary DES, we demonstrated rapid 

leaching of cathode material in 30 min at a significantly lower temperature (90 °C) 

compared to pyrometallurgical processes, where the required temperature would be 

more than 700°C. The synthesized ternary DES showed very high efficiency to 

coordinate with Li+ and Co2+ ions and hence, resulted in an extraction efficiency of 

about 99% for Li+ and Co2+. Further, stage-wise separation and conversion of 

cathode material into high purity metal oxides were achieved through precipitation 

post-leaching. We also aim to enhance the reusability of this DES, which helps 

reduce costs by allowing recycling of the ternary DES. In summary, our custom-

made ternary DES represents a promising new solvent for sustainable extraction of 



Lithium from spent LiBs, and hence the development of a sustainable process for 

LiB extraction is warranted.  
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