Metals recovery from end-of-life Li-ion batteries by physical processing and
hydrometallurgical treatment

D. Mogo!, F. Morais!, J. Almeida’, M.J. Neiva Correia', F. Margarido?, F. Pedrosa®, M.J. Plancha?,
A M. Gongalves®, C.A. Nogueira®

!Centro de Recursos Naturais ¢ Ambiente and Departamento de Engenharia Quimica, Instituto Superior Técnico,
Universidade de Lisboa, 1049-001 Lisboa, Portugal
2Center for Innovation, Technology and Policy Research — IN+, Instituto Superior Técnico, Universidade de
Lisboa, 1049-001 Lisboa, Portugal
3Laboratorio Nacional de Energia e Geologia, 1649-038 Lisboa, Portugal
Keywords: Li-ion batteries, recycling, physical processing, hydrometallurgy.
Presenting author email: joana.almeida@lneg.pt

Introduction

The growing demand for lithium-ion batteries (LIB) for electric mobility and energy storage applications has
created enormous pressure on the metals market, not only for lithium (Li) but also for other critical metals such as
nickel (Ni), cobalt (Co) and manganese (Mn). Beyond the need for primary extraction of mineral resources, which
is essential for an initial phase of significant growth in demand, recycling will quickly play a fundamental role in
the availability of these raw materials. Recycling also allows a valuable contribution to the management of end-
of-life batteries (Dobo ef al., 2023). Recycling of LIB is predominantly conducted through hydrometallurgical
methods, involving both physical/mechanical processes (such as electrode fraction concentration) and chemical
processes (including leaching, separation and recovery).

The physical operations include safe discharge and dismantling, followed by shredding and separation of
fractions (Sommerville et al., 2020). In hydrometallurgical processing, metals are leached and recovered from
aqueous solutions using different methods (Bae and Kim, 2021). This work presents findings from research on the
physical and chemical treatment of end-of-life LIB (Ni-Co-Mn or NCM type), with an emphasis on the obtained
recoveries and yields.

Materials and Methods

In the physical processing experiments, LIB-NCM pouch cells were ground in a laboratorial shredder and were
sieved for particle size characterization. Samples were collected for chemical analysis to evaluate metal contents
and recoveries. In this work, hydrometallurgical tests were carried out in stirred laboratory reactors, under
controlled conditions, including black mass leaching, followed by contaminants removal and metal recovery
operations. Chemical analysis of solutions and solids were conducted by atomic absorption spectrometry (Perkin-
Elmer PinAAcle 500®) to assess metal yields.

Results and Discussion
In the physical processing studies, the main objective was to evaluate the recovery of the black mass (mixture of
anode and cathode powders) in the fine fractions of the shredded material. The analysis of the fractions revealed
that the separation and recovery of the black mass was better achieved when the discharge grid aperture of the
shredder was smaller. After applying a sieving operation after the shredding, it was possible to assess the optimal
separation sieve to be applied to recover part of the electrode fine fractions with minimum contamination with
aluminium (Al) and copper (Cu) (Figure 1). Optimal NCM cathode recovery and selectivity were achieved with a
4 mm grid, due to longer residence time that aided efficient particle liberation. With this grid and using a | mm
sieve size in the subsequent sieving operation, it yielded over 60% NCM recovery and low Al/Cu contamination.
Hydrometallurgical processing follows physical separation and entails the leaching of the black mass
concentrate, followed by additional separation and recovery steps such as precipitation, solvent extraction and
crystallization. Leaching, as the first step of hydrometallurgy, can be performed by different reagents, namely
acids and other additives, aiming at solubilizing the target metals in aqueous media. Using sulfuric acid solutions,
the cathode phase Li(Ni,Co,Mn)O; reacts forming soluble sulfates, (Ni,C0,Mn)SOu(q) and Li2SO4(q). Organic acid
leachants, though costlier and not industrially proven, are widely regarded as more environmentally friendly
alternatives (Yu et al., 2024). Figure 2 presents a comparison of leaching yields obtained with sulfuric and oxalic
acid leachants. The data indicates that oxalic acid demonstrates selectivity for Li, whereas sulfuric acid achieves
high recovery yields across all metals. When considering sulfuric acid leaching, the following operations will
involve the purification of the leaching solution (removal of co-extracted Al and Cu), followed by the separation
and recovery of the cathode metals. Ni, Co and Mn can be precipitated as a mixed hydroxide, leaving soluble Li
for further recovery. Alternatively, individual metal streams can be produced by applying selective separation
techniques, with solvent extraction being the most adequate.
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Figure 1. Recovery of cathode black mass (NCM) and contaminants (Al,Cu), Figure 2. Metal leaching yields using
as a function of separation sieving sizes, for three different shredder discharge sulfuric and oxalic acids (1 M, 60°C, 1h).
grids.
Conclusions

Physical and chemical processing stages are both crucial in the recycling of spent LIB. The physical stage enables
the concentration of cathode metals within the fine fractions (of the black mass), resulting in minimal
contamination with scrap materials such as Al and Cu. During the subsequent chemical stage, leaching and
purification/separation processes allow the extraction of these metals for reuse in new cathodes production, thereby
supporting a circular economy.

Acknowledgements

This paper is a result of the Innovation Pact “NGS — New Generation Storage” (C644936001-00000045) by the
“NGS” consortium, cofinanced by NextGeneration EU, through the Incentive System — “Agendas for Business
Innovation”, within the Recovery and Resilience Plan (PRR).

#9 REPUBLICA Financiado pela
0 PORTUGUESA “ Unido Europeia
w Ig

References

Bae, H., Kim, Y., 2021. Technologies of lithium recycling from waste lithium ion batteries: a review. Mater Adv
2, 3234-3250. https://doi.org/10.1039/d1ma00216c¢.

Dobo, Z., Dinh, T., Kulcsar, T., 2023. A review on recycling of spent lithium-ion batteries. Energy Rep 9, 6362-
6395. https://doi.org/10.1016/j.egyr.2023.05.264.

Sommerville, R., Shaw-Stewart, J., Goodship, V., Rowson, N., Kendrick, E., 2020. A review of physical processes
used in the safe recycling of lithium ion batteries. Sustainable Mater Technol 25, e00197.
https://doi.org/10.1016/j.susmat.2020.e00197.

Yu, H., Wang, D., Rao, S., Duan, L., Shao, C., Tu, X., Ma, Z., Cao, H., Liu, Z., 2024. Selective leaching of lithium
from spent lithium-ion batteries using sulfuric acid and oxalic acid. Int J Miner Metall Mater 31, 688-696.
https://doi.org/10.1007/s12613-023-2741-3.




