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Abstract

Lithium cobalt oxide is the first commercialized electrode material with the greatest potential for
recycling. In this paper, the influence of different process parameters (leaching agent concentrations,
solid phase concentrations and temperatures) on the degree of cobalt leaching was investigated. It was
found that the maximum degree of cobalt leaching (about 100%) is achieved at the followingprocess
parameters: sulfuric acid concentration was 3 mol/dm?®, solid phase concentration was 33 g/dm?, volume
flow of sulfur dioxide was 2 dm®/min, temperature was 85°C and leaching process durationwas 60
minutes.

Keywords: LiCoO,, leaching, sulfur dioxide.

1. INTRODUCTION

Sony commercialized the production of lithium-ion batteries in 1991, and their use in many
electronic devices and electric vehicles has grown since then [1]. Improper disposal of waste
batteries enables the release of cobalt into the environment, which presence in water systems can
cause intestinal disorders, hearing loss, ischemia of the heart muscle, etc. [2]. Battery recycling
technology protects the environment, preserves natural metal resources, and achieve significant
economic benefits [1]. The methods that can be applied in the process of battery recycling are:
hydrometallurgical, pyrometallurgical and biometallurgical [3,4]. Although the pyrometallurgical
process is characterized by high efficiency, its application leads to high energy consumption,
material loss and emissions of gaseous pollutants [5]. Compared to the traditional
pyrometallurgical process, the hydrometallurgical process requires less energy consumption,
emits less harmful gases and provides a high degree of metal valorization [6]. In order to reduce
costs and increase process efficiency, biometallurgical processes have been developed in recent
years. However, these processes take a very long time due to the difficulties caused by the
growth of bacteria [7]. For these reasons, most of the research is focused on the
hydrometallurgical process for recycling of valuable metals from lithium-ion batteries.

In this paper, leaching process of cathodic material was optimized in acid sulphate solution with
the use of sulfur dioxide, as a reducing agent.

2. EXPERIMENTAL

Seventeen lithium-ion batteries with cathodes made of LiCoQO, were collected and used in the
experiments.After the application of pretreatment techniques,the cathode material was obtained
and the chemical composition is presented in Table 1. Cobalt and lithium,as basic components of
cathode material, were detected by various analytical methods. The presence of aluminum in the
cathode material is probably a consequence of pretreatment on spent lithium-ion cells [8,9]. The
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total cobalt content was determined using the inductively coupled plasma optical emission
spectroscopy (ICP-OES), while the concentration of Co>'in the initial sample of cathode
leaching material was determined by UV-VIS spectrophotometric method. The values of the
obtained cobalt concentrations, determined with UV-VISmethod, indicated that cobalt in solution
was present in the stable ionic form of Co®", which is confirmed by other authors [10,11].

Table 1 -Chemical composition of the initial cathode material for leaching

Mass content .
Element (WE.%) Analyticmethod
Co 49.81 ICP-OES
Co (Co™” 49.00 UV-VIS
Li 5.98 ICP-OES
Al 0.01 ICP-OES

3. RESULTS
3.1 Optimization of the leaching process

In order to optimize the leaching process of the cathode material in an acid sulphate medium, the
influence on the leaching process of various process parameters (leaching agent concentrations,
solid phase concentrations and temperature) was examined.

3.1.1 Influence of sulfuric acid concentration on the degree of cobalt leaching

In order to determine the optimal concentration of H,SO4 in the process of leaching of the
cathode material, in a sulfur dioxide atmosphere, a series of experiments were performed with
the different concentrations of H;SO4(0.5 mol/dm3- 3 mol/dm3). The experiments were
performed at a temperature of 35°C, with a solid phase concentration 33 g/dm’, and with a
volume flow of 2 dm*/min SO,. Experiment time was 100 min.
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Figure 1 - Influence of H,SO,4 concentration on the degree of cobalt leaching

The results of the research, shown in Figure 1, indicate that with an increase in the
H,SOg4concentration 0.5 mol/dm>- 3 mol/dm3, the degree of cobalt leaching increases from
65.3% to 73.9%. Considering the obtained results, the H,SO4concentration of 3 mol/dm’® can be
taken as optimal value and was used in further experimental studies.

3.1.2 Influence of solid phase concentration on the degree of cobalt leaching

The influence of solid phase concentration (in the range of 10 g/dm’ to 67 g/dm’) on the degree
of cobalt leaching was examined under the following conditions: H,SO4 concentration was 3
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mol/dm® , volume flow sulfur dioxide was 2 dm3/min, temperature was 35°C,and time of leaching
was 100 min. The obtained results, shown in Figure 2, indicate that with the increase of the solid
phase concentration, the degree of cobalt leaching decreases. The highest degree of cobalt
leaching was recorded at a solid phase concentration of 10 g/dm’. From the industrial point of
view, in the process of material leaching, it is desirable to use a higher solid-liquid phase ratio,
regardless of the achieved lower degree of metal leaching [12,13]. For this reason, a solid phase

concentration of 33 g/dm’ was taken as the optimal concentration and used in further
experimental studies.
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Figure 2 -Influence of solid phase concentration on the degree of cobalt leaching

3.1.3 Influence of temperature on the degree of cobalt leaching

In order to examine the kinetic laws of the process, the influence of the temperature of the
cathode material on the degree of cobalt leaching was examined under the following conditions:
acid concentration was 3 mol/dm3, volume flow SO,was 2 dm’/min and solid phase
concentration was 33 g/dm3. The results of the research, shown in Figure 3, indicate that
temperature has a positive effect on the degree of cobalt leaching. It was concluded that with an
increase of the leaching temperature 35°C to 85°C, the degree of cobalt leaching increases from
74.8% to 99.4%.
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Figure 3 -Influence of temperature on the degree of cobalt leaching

4. CONCLUSION

Based on the results of leaching of the cathode material in a sulfur dioxide atmosphere, it can be
concluded that the temperature and duration of the process have the greatest influence on the
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leaching process. Also, the shape of the kinetic curves of leachingindicated that the concentration
of sulfuric acid and the concentration of the solid phase, slightly influence the leaching of cobalt
from the cathode material of spent lithium-ion batteries. The maximum degree of cobalt leaching
(about 100%) was achieved at a sulfuric acid concentration of 3 mol/dm’, a solid phase
concentration of 33 g/dm’, a volume flow of sulfur dioxide of 2 dm*/min, temperature of 85°C
and leaching process duration of 60 minutes.

ACKNOWLEDGEMENTS

The research presented in this paper was done with the financial support of the Ministry of
Education, Science and Technological Development of the Republic of Serbia, within the funding
of the scientific research work at the University of Belgrade, Technical Faculty in Bor,
according to the contract number 451-03-9/2021-14/ 200131, and within the funding of the
scientific research work at the Mining and Metallurgy Institute Bor, according to the contract
number 451-03-9/2021-14/ 200052.

REFERENCES

[1] Y. Wang, N. An, L. Wen, L. Wang, X. Jiang, F. Hou, Y. Yin, J. Liang, J. Energy Chem.,
55(2021) 391-419.
[2] T.Huang, L. Liu, S. Zhang, Hydrometallurgy, 188 (2019) 101-111.
[3] Y. Guo, Y.L. Zhao, X. Lou, T. Zhou, Z. Wang, C. Fang, J. Guan, S. Chen, X. Xu, R.Q.
Zhang, J. Hazard. Mater., 399 (2020) 123090.
] X. Chen, H. Ma, C. Luo, T. Zhou, J. Hazard. Mater., 326 (2017) 77-86.
] D. Wang, X. Zhang, H. Chen, J. Sun, Miner. Eng., 126 (2018) 28-35.
[6] Q.Meng, Y. Zhang, P. Dong, Waste Manage., 71 (2018) 372-380.
] J. Guan, Y. Li, Y. Guo, R. Su, G. Gao, H. Song, H. Yuan, B. Liang, Z. Guo, ACS
Sustainable Chemistry & Engineering, 5 (2017) 1026-1032.
[8] J.Ren,R.Li, Y. Liu, Y. Cheng, D. Mu, R. Zheng, J. Liu, C. Dai, New J. Chem., 41 (2017)
10959-10965.
[9] C. PengK. Lahtinen, E. Medina, P. Kauranen, M. Karppinen, T. Kallio, B.P. Wilson, M.
Lundstrom, J. Power Sources, 450 (2020) 227630.
[10] D.A. Ferreira, L.M.Z. Prados, D. Majuste, M.B. Mansur, J. Power Source, 187 (2009) 238-
246.
[11] M.K. Jha, A. Kumari, A.K. Jha, V. Kumar, J. Hait, B.D. Pandey, Waste Manage., 33
(2013) 1890-1897.
[12] W. Gao, X. Zhang, X. Zheng, X. Lin, H. Cao, Y. Zhang, Z.H.I. Sun, Environmental
Science & Technology, 51 (2017) 1662-1669.
[13] L.P.He, S.Y. Sun, X.F. Song, J.G. Yu, Waste Manage., 64 (2017) 171-181.

140



ISBN 978-86-6305-119-5



