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The main goal is to provide the battery
industry with a cathode regeneration
methodology based on direct recycling with
feseability for being up-scaled
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Critical Raw Materials (CRMs)Introduction

Reuter, M.A.; van Schaik, A.; Ballester, M.  (2018): Limits of the circular economy: fairphone modular design pushing the limits. World of Metallurgy, 71(2), 68-79. 
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Critical Raw Materials (CRMs)Introduction

Generic composition of Li-ion cells

Source: Suny Group
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Degradation modes and aging mechanismsIntroduction

Source: Lin et al. , 2021
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European Battery RegulationIntroduction

2025
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Recycling technologiesIntroduction

2025
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Recycling technologiesIntroduction

Direct recycling
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Source: Shi et al. , 2018
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Recycling technologiesIntroduction

Direct recycling has the lowest cost and impacts on the environment in all categories

Source: WRI India
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Previous workExperimental

Properties of the regenerated cathode
- Recovery of the crystalline structure
- Initial capacity: 147 mAh·g-1

- SOH (after 100 cycles): 90%

GAZULLA, M.F.; RODRIGO, M.; VENTURA, M.J.; MALLOL, J.G.; GÓMEZ, M.P.; GILABERT, J. Direct Recycling of Lithium-Ion Cathode: A Green Solution (Applied To Laptop Batteries). Journal of the Electrochemical Society, 170 (8), 080528, 2023
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Previous workExperimental

Method for the recovery of the active cathode material from rechargeable spent lithium-ion batteries
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Characterisation of the EoL batteryExperimental

Co (%) Ni (%) Mn (%) Li (%)

20.5 20.1 19.0 4.8

Chemical composition Phase identification

Li-ion battery
degraded in real 

conditions
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Characterisation of the EoL batteryExperimental

Chemical composition

Co (%) Ni (%) Mn (%) Li (%)

20.5 20.1 19.0 4.8

Phase identification
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Experimental

Solid sintering
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- Shi, Y.; Chen, G.; Liu, F.; Yue, X.; Chen, Z. Resolving the compositional and structural defects of degraded LiNixCoyMnzO2 particles to directly regenerate high-performance lithium-ion battery cathodes. ACS Energy Lett. 2018,3, 1683
- Zhao, Y.; Yuan, X.; Jiang, L.; Wen, J.; Wang, H.; Guan, R.; Zhang,J.; Zeng, G. Regeneration and reutilization of cathode materials from spent lithium-ion batteries. Chem. Eng. J. 2020, 383, 123089
- Wang, T.; Luo, H.; Fam, J.; Thaaliya, B.P.; Bai, Y.; Belharouak, I.; Dai, S. Flux upcycling of spent NMC 111 to nickel-rich NMC cathodes in reciprocal ternary molten salts. iScience 2022, 25, 103801
- Qin, Z.; Zhnag, Y.; Luo, W.; Zhang, T.; Wang, T.; Ni, L.; Wang, H.; Zhang, N.; Liu, X.; Zhou, J.; Chen, G. A universal molten salt method for direct upcycling of spent Ni-rich cathode towards single-crystalline Li-rich cathode. Angew. Chem. Int. De. 2023, 62, e202218672
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ValidationExperimental
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Results

Phase identification
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Results

Phase identification
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Conclusions

• ITC has a patented method for the separation of the valuable metals that form part of LIBs:

• Active cathode material

• By-product riched in Ni

• By-product riched in Cu

• Chemical analysis and phase identification are crucial for the determination of the cathode chemistry and

selection of the most suitable regeneration process

• Various solid-sintering and hydrothermal procedures were tested in order to design the proper regeneration

method for NMC 111 cathodes

• The regeneration processes were assessed by the determination of Li content, phase identification,and

determination of the electrochemical behaviour

• A degraded cathode after being used in real conditions was regenerated using a hydrothermal method and

coin cells manufactured with this regenerated active material showed appropiate capacity and state of health

after 100 cycles of charge/discharge
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