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Lithium-ion batteries (LIBs) play a crucial role in urbanization and human life, providing essential energy
storage capabilities distinguished by their high energy density, long cycle life, and low weight [1,2]. The
hydrometallurgical method for recycling of spent LIBs is of great importance due to its remarkable features,
including highmetal recovery rates, their capacity for Li+ and Al3+ recycling, extraction of high-puritymetals,
operation at relatively low temperatures, and reduced energy consumption and emissions [3,4]. The conven-
tional hydrometallurgical processes generate a sodium-enriched wastewater, requiring treatment prior to safe
discharge. This study concentrates on a closed-loop recycling process for spent Lithium Nickel Manganese
Cobalt Oxide (NMC) cathode material, depicted in Fig. 1. This innovative approach also aims to eliminate
sodium ions through the deviation from conventional hydrometallurgical methods, concurrently repurposing
dissolved ions within the disposal slurry, resulting in amore eco-friendly and cost-effective approach. Lithium
hydroxide (LiOH) is utilized as the precipitating reagent in this process, while lithium recovery is conducted
employing electrodialysis (ED) to regenerate LiOH and sulfuric acid (H2SO4) from the lithium sulfate solution.
A portion of the LiOH and H2SO4 reagents is subsequently employed in the leaching and precipitation steps,
establishing a closed-loop recycling system. To validate this approach, an experimental setup was established
to study leaching, impurity removal, and metal extraction processes. The closed-loop recycling process was
further investigated by the simulation of this process using Aspen Plus. Therefore, the Aspen CustomModeler
was employed to create the ED module in both continuous and batch configurations. Subsequently, this ED
module was incorporated into Aspen Plus to integrate with the recycling process under experimental oper-
ational conditions. The minimal deviations of 3.34% and 2.38% within the precipitation and co-precipitation
processes indicated the accuracy and validity of this work. Continuous and batch-mode EDs were integrated
with the recycling LIBs process to extract LiOH and H2SO4 from the Li2SO4 solution resulting from the metal
extraction procedure. Based on the results, a 40% greater recovery of LiOH solution from the Li2SO4 solution
using batch-mode ED indicates the better performance of this mode compared to continuous configuration.
The effect of time and temperature on the leaching efficiency is also investigated. As illustrated in Fig. 2, it
was found that the enhancement of reaction time from 5 to 30 min resulted in the 33, 39, 45, and 73% increment
on Li+, Ni2+, Co2+, and Mn2+ leaching efficiency, receptively. Also, the 53% increment of Li+ was observed
by raising the temperature from 10 to 70℃.

Acceptance of the Terms & Conditions
Click here to agree

Student Awards
I would like to submit this presentation into the InterPore Journal Student Paper Award.

Country



China

Porous Media & Biology Focused Abstracts

References
[1] Y. Guo, Y. Li, X. Lou, J. Guan, Y. Li, X. Mai, H. Liu, C.X. Zhao, N. Wang, C. Yan, G. Gao, H. Yuan, J. Dai, R.
Su, Z. Guo, Improved extraction of cobalt and lithium by reductive acid from spent lithium-ion batteries via
mechanical activation process, J Mater Sci 53 (2018) 13790–13800. https://doi.org/10.1007/s10853-018-2229-0.
[2] J. Li, G. Wang, Z. Xu, Environmentally-friendly oxygen-free roasting/wet magnetic separation technology
for in situ recycling cobalt, lithium carbonate and graphite from spent LiCoO2/graphite lithium batteries,
J Hazard Mater 302 (2016) 97–104. https://doi.org/10.1016/j.jhazmat.2015.09.050. [3] X. Zheng, Z. Zhu, X.
Lin, Y. Zhang, Y. He, H. Cao, Z. Sun, A Mini-Review on Metal Recycling from Spent Lithium Ion Batteries,
Engineering 4 (2018) 361–370. https://doi.org/https://doi.org/10.1016/j.eng.2018.05.018. [4] X. Zeng, J. Li, N.
Singh, Recycling of Spent Lithium-Ion Battery: A Critical Review, Crit Rev Environ Sci Technol 44 (2014)
1129–1165. https://doi.org/10.1080/10643389.2013.763578.

Conference Proceedings
I am interested in having my paper published in the proceedings.

Author: Ms ASADI, Anahita (School of Automative Engineering, Wuhan University of Technology, China)

Co-authors: MrKANG, Dongxin (Center for Electrochemical EnergyMaterials and Devices, Energy Internet Re-
search Institute, Tsinghua University, Chengdu, People’s Republic of China); Dr JUNG, Joey Chung-Yen (Center for
Electrochemical Energy Materials and Devices, Energy Internet Research Institute, Tsinghua University, Chengdu,
People’s Republic of China); Prof. SUI, Pang-Chieh (School of Automative Engineering, Wuhan University of
Technology, China)

Presenter: Ms ASADI, Anahita (School of Automative Engineering, Wuhan University of Technology, China)

Session Classification: MS22

Track Classification: (MS22) Manufactured Porous Materials for Industrial Applications


