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Abstract: 

Due to the high dependance of the European Union on imports for Rare Earth 

Elements (REE) used in permanent magnets (PMs), the Horizon Europe-funded 

project MagNEO (https://magneoproject.eu/) investigates the production of robust 

and sustainable REE-free PMs for energy and mobility applications, which are 

based on AlNiCo alloys and possessed by additive manufacturing technology. To 

enhance the sustainability of PMs, the use of recycled nickel (Ni), cobalt (Co) and 

copper (Cu) from secondary sources, in their production, is being investigated.  

In this research, the recovery of Ni, Co and Cu from end-of-life Li-ion batteries 

(LiBs) to be used in the production of PMs was investigated, using a spent 

automotive NMC battery. After discharging and dismantling of battery using a 

shredder, the bulk material was thermally treated at 550 C in an inert gas 

atmosphere (Ar) to remove the organic substances used for binding cathodic and 

anodic material on the metal foil current collectors. The resulting material was 

underwent further crushing, grinding, and sieving to separate the battery's metal 

casing and metal foils (copper and aluminum) from the “black mass”. The leaching 

of Ni, Co and Cu from the black mass was conducted with a mild sulfuric acid 

solution with the addition of hydrogen peroxide, at atmospheric pressure and a 

temperature of 60oC, for 2 hours. The extraction rates for Ni, and Co, as well as 

for Cu, were high, however small quantities of other metals were introduced in the 

leach liquor posing as impurities that had to be eliminated. Copper was recovered 

quantitatively from the pregnant leaching solution by cementation, using metallic 

Fe, whereas Al originally dissolved and Fe from the leaching and cementation 

stages, both were precipitated as hydroxides by pH control, using NaOH as 

neutralizing agent. The residual Mn, Ni, Co ang Li bearing solution was subjected 

to solvent extraction, initially with D2EHPA to remove residual Al and Fe as well as 

Mn. The produced raffinate solution containing Ni, Co and Li, was further treated 

with Cyanex 272 to selectively separate Ni and Co and enrich the pure metal 



solutions for electrowinning. Ni and Co were produced as separate electrolytic 

grade metals to be evaluated as raw materials in the production of the new PMs.   
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