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Li-ion Batteries (LIBs): cell composition

LIB cathode chemistries



Li-ion Batteries (LIBs): why recycling and recovering

• Demand for batteries is intended to grow exponentially
• Global production of about 500 GWh by 2025
• LIB is embedded of different raw materials (RMs) of high  

economic importance and supply risks due to global shortages



Li-ion Batteries (LIBs): projection of US Li demand out 2050

L. Gaynes, MRS Energy and Sustainability: A review Journal (2018)



LIBs recycling and recovery: innovative example of circular economy

Chemical and physical methods

• Pyrometallurgy: Energy consuming (High temperature).
• Hydrometallurgy: Harsh conditions (Strong leaching acids)
• Direct recycling: use of spent cathode and Lithiation up to  

battery grade

Biotechnology

• Biometallurgy: bacteria and fungi, secreting  
organic acids

• Functional parameters and scale-up



LIBs recycling and recovery: where we are now



LIBs recycling and recovery: where  
to go

Chen, Chem. Soc. Rev. (2018)

New methods to overcome some technical  
constraints:

• Additional processing to separate metals (PY, HY)
• Low reduction of GHG emission (PY/HY)
• Capital intensive (PY)
• Scale-up and performance determination (BIO)
• Economic barriers, logistic issues, and regulatory gaps

Recycling can become standard practice.



LIBs recycling and recovery @UNIPV: 1) soft and green chemistry

New leaching agents: Deep Eutectic Solvents

• Deep eutectic solvents (DESs) are a new generation of solvents that can offset the major drawbacks of common ionic  
liquids

• DESs are obtained by simply mixing together two safe components (cheap, renewable, and biodegradable), which are  
capable of forming a eutectic mixture.

• Large depression of several hundred degrees in the freezing point of the eutectic mixture
• Charge delocalization in the case of DES is caused by hydrogen bonding



LIBs recycling and recovery @UNIPV: 1) soft and green chemistry

New leaching agents: Deep Eutectic Solvents

Hydrogen-bond donors (HBD) utilized in deep eutectic solvents (DESs). 



LIBs recycling and recovery @UNIPV: 2) Biometallurgy via microorganisms

• To exploit previous knowledge and the methods developed for bioaccumulating and biorecovering metals from  
exhausted lithium batteries.

• Fungi and the fungus-bacterium consortia isolated from specific sites (e.g. Li an Ni- rich mines, such as Euboea  
Larymna Nickel Mine, Greece, or Savannah Resources, Portugal).

• Autochthonous strains of this site more suitable for the accumulation and recovery of metals.

FILMED project. Collaboration: UNIGE; UNISARAGOZZA



Conclusion and Future Prospective
 Deep Eutectic Solvents

• Capable of dissolving metal oxides but this activity has never been fully explored with materials of interest to the LIB 
industry

• DESs  extract metals attaining leaching efficiencies nearly of 100% (LMO). A similar result is also expected for the 
Lithium Nickel Cobalt Oxide at higher temperature

• Time and temperature played an important role in dictating the effectivity of the metal extraction.

• Possibility to recover the metals as synthetically useful products, by precipitating dissolved ions and calcining the 
obtained compounds. 

Expected Impact:
• Environmentally friendly DESs present a possibility to change the way we bring new life back into waste products 

but also inspire the search of new paradigms for sustainably recycling LIBs

 FILMED project
• Based on the selection of new fungal strains in metal-rich environments 

• Technologically impact: gather fungal specimens with excellent metal-selective and tolerance, biodegradative and 
bio-absorbing properties

Expected Impact:

• Contribute to overcome some significant issues which is still limiting the scale-up of state-of-the-art bio-metallurgy: 
low efficiency and scarce tolerance to metals toxicity




