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Scientific Project : To combat global warming and reduce the greenhouse gas emissions generated by the transport 
sector, the European Union has imposed a ban on the sale of cars with a thermal engine from 2035. In a very near 
future, this measure will lead to an exponential increase in the production of electric vehicles and therefore the 
batteries that make them up. Thus, to avoid a shortage of critical elements such as lithium, cobalt or nickel that 
compose the majority of the positive electrodes of current batteries and to anticipate the treatment of many end-of-
life batteries, recycling processes are currently under development. These pyrometallurgy and/or hydrometallurgy 
processes presently make it possible to recover these critical elements in the form of salt (e.g. cobalt sulphate) most 
of the time, however, they contain traces of impurities such as aluminum or copper that come from the current 
collectors used in Li-ion batteries. The aim of this internship is therefore to characterize a series of transition metal 
salts from the recycling of positive electrode materials and to evaluate whether they can be reused to manufacture 
new electrode materials for equally powerful and performant batteries.  

 

Techniques used and objectives: 1) Characterize precursors coming from the recycling of positive electrode 
materials. A product sheet of the various recycled precursors will be provided but it will nevertheless be 
necessary to verify their composition and the level / nature of the impurities by chemical analyses.  
2) Synthesize LiNi1-x-yMnxCoyO2 (NMC) positive electrode materials from the various recycled precursors. The 
control of the morphology of primary and secondary particles by scanning electron microscopy and 
granulometry during the various stages of synthesis will be a key parameter.  
3) Characterize the structure of the synthesized materials by X-ray diffraction and their chemical composition by 
inductively coupled plasma spectrometry (ICP-OES).  
4) Make electrochemical cells from synthesized positive electrode materials to test their electrochemical 
performance at different charge/discharge speeds and in extended cycling (galvanostatic charge/discharge; 
cyclic voltammetry). These parameters will be studied in depth and compared to commercial materials. 
 5) Correlate the “quality” of the recycled precursors (rate and nature of impurities) to the final performance of the 
NMC material as a positive Li-ion battery electrode. 

 

Recent publications related to the topic :    Neumann et al.Adv. Energy Mater.2022, 12, 2102917 
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