
HAL Id: hal-04722178
https://hal.science/hal-04722178v1

Submitted on 4 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Direct recycling of Li-ion battery positive electrodes
assisted by supercritical CO2

Neil Hayagan, François Rabuel, Laurence Croguennec, Cyril Aymonier,
Mathieu Morcrette, Rémi Dedryvère, Jacob Olchowka, Gilles Philippot

To cite this version:
Neil Hayagan, François Rabuel, Laurence Croguennec, Cyril Aymonier, Mathieu Morcrette, et al..
Direct recycling of Li-ion battery positive electrodes assisted by supercritical CO2. 19th European
Meeting on Supercritical Fluids - EMSF 2023, International Society for the Advancement of Super-
critical Fluids, May 2023, Budapest, Hungary. �hal-04722178�

https://hal.science/hal-04722178v1
https://hal.archives-ouvertes.fr


 
 

19th European Meeting on Supercritical Fluids 

Budapest, Hungary, 21–24 May 2023 

Direct recycling of Li-ion battery positive electrodes assisted by supercritical 

CO2 

N. Hayaganac, F. Rabuelb, L. Croguennecac, C. Aymonierac, M. Morcrettebc, R. Dedryvèredc,  

J. Olchowkaac, and G. Philippotac* 

aUniversité de Bordeaux, CNRS, Bordeaux INP, ICMCB, UMR 5026, F-33600 Pessac, France 
bLaboratoire de Réactivité et Chimie des Solides, Université de Picardie Jules Verne, Hub de l’énergie, Amiens, France 

cRéseau sur le Stockage Electrochimique de l'Energie (RS2E) Hub de l'Energie, Amiens, France 
dIPREM, CNRS, Univ. Pau & Pays Adour, E2S UPPA, 64000, Pau, France 

*Corresponding author: gilles.philippot@icmcb.cnrs.fr 
 

The ecological transition is at the center of our daily life and the issue of energy production and its storage are 

now the focus of many research projects. With the increasing electrification of our everyday life devices, in 

particular with the rise of electric vehicles, the question of the batteries’ end-of-life, particularly the lithium-

ion batteries (LIBs), becomes a real challenge. Indeed, the building elements of this type of batteries, such as 

copper, aluminum but especially cobalt or nickel are not only expensive, but also present in very localized 

areas and in limited quantities on earth. It is therefore essential to implement recycling processes for these 

batteries to reclaim these metals and meet the growing demand of the market. Recycling techniques such as 

pyro- and hydrometallurgy are already employed to recover elements of economic interest. However, these 

destructive processes have limitations: i) the purity of the recovered elements is not high enough to reuse them 

to make new batteries, and also, ii) they require either high-energy inputs or massive use of acids. On the other 

hand, the direct recycling strategy, which aims to separate the different parts of a battery and recycle them 

independently, therefore, becomes the most credible alternative to achieve this goal. 

In this communication, we will focus on the use of 

supercritical carbon dioxide (scCO2) process for the 

direct recycling of LIBs positive electrodes production 

scraps [1]. Indeed, scraps can represent from 5 up to 30 

wt.% of the electrode production [2,3]. With the 

increased LIBs production rate, their recovery becomes 

a priority. As shown in Figure 1, the objective aims to 

separate all the electrode components while preserving 

their properties and integrity. For this, we use a 

technology based on supercritical CO2. We will first 

highlight the influence of several optimized parameters 

including the temperature, time, co-solvent ratio and 

dosages to successfully delaminate 100% of the active 

material. Multiple characterization techniques will then 

be combined to qualify the structure, chemical 

composition and physical properties of the recycled 

active material LiNi0.6Mn0.2Co0.2O2 (NMC622) and current collector (Al foil). Lastly, the performance of the 

recycled NMC622 electrode material in new batteries will be highlighted. 
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Figure 1. Separation of components in LIB positive 

electrode before and after scCO2 treatment. 
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