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Improving the recycling efficiency of lithium ion 
batteries 
Title of the doctoral thesis Lithium-ion batteries recycling with froth flotation – A study on characterization and 

liberation strategies 

Content of the doctoral thesis With the constant growth in portable electronic devices and the expected market 
growth for electric vehicles, the demand for lithium-ion batteries (LIBs) is booming. A 
combination of mining and recycling will be the essential and unavoidable solution to 
meet the upcoming (raw) material production demand for LIBs. To their disadvantage, 
majority of the state-of-the-art recycling technologies for LIBs focus on the recovery of 
components that have a high economic value such as Co, Ni, and Cu. The fine fraction 
resulting from the mechanical pre-treatment, containing the lithium metal oxides and 
graphite particles, commonly referred to as "black mass", is generally used as a 
starting point for the recovery of metals by metallurgical means. Indeed, in industry, 
this black mass is usually not further sorted, but directly fed to pyro- and/or 
hydrometallurgical processing routes to extract metals from the lithium metal oxides, 

at the expense of graphite recovery and black mass fraction being underutilized. 

This thesis work aims to increase the overall materials recovery from LIBs by 
improving the black mass beneficiation through froth flotation as means to separate 
the graphite particles from the lithium metal oxides. Ultimately, the findings of this 
research indicate the possibility of recovering and reusing graphite into new batteries. 
With this approach, the LIB recycling processes can verge upon the circular economy 

objective of closing the loop for raw materials. 
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Overview of the PhD research – Graphite recycling from spent lithium ion battery. 
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