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			Abstract

			With the development of electric vehicles, the industry of lithium ion battery has greatly promoted. It is predicted that the market of global lithium ion battery is expected to reach $99.98 billion by 2025, with its absolute dominance in consumer electronics and electric vehicles. The rapid and massive introduction of lithium ion battery in vehicles will produce a large number of spent batteries in 10 years. It is important to recycle spent lithium ion batteries for sustainable production. This paper summarizes the latest development of pyrometallurgical process, hydrometallurgical process and direct recycling process in industry. Currently, none of the technological process are ideal, and there are many challenges should be solved. This paper gives some suggestions for the challenges of recycling of batteries, hoping the efforts of academia, industry and government, the industry of recycling spent lithium ion battery can be further improved.
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			Vehicle power battery requires frequent charging and discharging, which greatly affects the capacity of the battery. However, the capacity decreases below 80% of the initial capacity needs to be replaced. The life of lithium ion batteries in electric car is 3-6 years. The rapid development of new energy vehicles will produce a large number of spent lithium ion batteries. China’s new energy vehicles entered the explosive growth stage in 2014. China will produce about 800,000 tons of spent lithium-ion batteries (134.39GWh) by 2025. Even more, the flammable and toxic waste generated from the disposal of spent batteries can cause severe environmental pollution if not carefully treated. Therefore, it is urgent to develop technologies to recycle and reuse LIBs for the benefit of both recapturing valuable materials and mitigating environmental pollution [1]. Governments and researchers all over the world are looking for an effective solution to the utilization of spent batteries. The energy department of USA has announced laboratory battery recovery and development center. China, Germany, Japan and other major electric vehicle countries have also formulated guidelines on power battery recycling (Figure 1). Thus, it is quite necessary for us to pay close attention to the recycling of the spent Li-ion batteries [2].

			Traditional Process

			Since cathode materials account for about 40% of the material value in typical LIBs, recycling the cathode materials is especially important for optimal economics. Novel approaches are the subject of extensive development in industry and academia. There are three different battery recycling technologies are shown in Figure 2: 

			
					hydrometallurgical processes, 

					pyrometallurgical processes, 

					direct recycling processes. Hydrometallurgical processes and pyrometallurgical processes are starting to operate at industrial scales, and the third is presently at the lab and pilot scale (Figure 2).
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			Hydrometallurgical processes

			At present, Hydrometallurgical processes consist of several chemical procedures, leaching, chemical precipitation, extraction, et al. metal values can be leached with high leaching rate. Typically, nickel, manganese and cobalt can be recovered. Some recycling processes (such as extraction process, chemical precipitation process, electrolysis process and co-precipitation process) have been developed to recycle valuable materials in the form of Li2CO3, LiOH, NiSO4, CoSO4, CoCl2, CoC2O4, NixCoyMn1-x-y(OH)2 and NixCoyAl1-x-y(OH)2 from spent Li-ion batteries. Finally, for the treatment of the leachant, the solvent extraction is always adopted to obtain the Co, Li, Cu, and Al raw materials, which are further applied for fabrication of the renovated cathodes. Inorganic acids are used in this process, such as HCl, H2SO4, HNO3, but the widely used of acids would cause secondary pollution, which will bring acid solution streams, resulting in wastewater pollution [3].

			Pyrometallurgical processes

			Pyrometallurgical processes are common in industry. However, it requires extreme temperatures (above 1400°C), high energy consumption, high costs, and the release of harmful fumes, requiring stringent safety and environmental precautions. Furthermore, this method alone cannot completely recycle all metals [4].

			Direct recycling processes

			Direct recycling processes has also been used in which cathode harvested from spent LIBs is sintered with a pre-determined amount of Li salt. The synthesis approach is relatively easy; however, the Li/TM (transition metal) ratio must be accurately measured before the dosage of Li2CO3 is investigated. The limitation of this approach is that the regeneration conditions are different from each individual battery because the Li/TM ratio changes with the cycling performance [5]. 

			Technology prospect

			Yang Shi demonstrates a simple yet efficient approach combines hydrothermal. Treatment and short annealing to regenerate degraded NCM cathode particles (Figure 3). Finally, nearly ideal stoichiometry, low cation mixing, and high phase purity were achieved in the regenerated NCM particles, which displays high specific capacity stable cycling stability, and high rate capability. The process with obvious advantages over traditional hydrometallurgical methods and builds an important foundation for the sustainable manufacturing of energy materials [6,7].
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			Cao Yuan-Cheng successfully offer an innovative method to regenerate degraded LiNi0.5Co0.2Mn0.3O2 cathode particles to obtain new active particles. The results show that the regeneration materials display the discharge capacities of 162.0mAh/g at 0.1C. 128.6mAh/g can be obtained at 1C after 100 cycles with capacity retention of 91.9%, which is comparable with commercial cathodes [8].
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			Pulickel m. Ajayan and the Ganguli Babu team at Rice university in the United States exhibit a method to recycle LIBs using deep eutectic solvents to extract transition metals, including lithium cobalt, oxide and lithium nickel manganese cobalt oxide. For the metal extraction from lithium cobalt oxide, leaching efficiencies of ≥90% were obtained for both cobalt and lithium (Figure 4). Deep eutectic solvents could provide a green alternative compare with conventional methods of LIB recycling, which remains crucial to meet the demand of the exponentially increasing LIB production [9,10].

			Conclusion

			Need for development of efficient and suitable technology for valuable metal recovery from spent lithium ion batteries is important. The urgency for the alternative recycling technologies/processes to recover the lithium in particular from LIB also needs an attention to avert the projected crisis in the near future. Direct recycling processes through recycling from LIB can be an alternative feasible option to meet future demand, sustainability of energy, environment, and circular economy.

			References

			
					Fan E, Li L, Wang Z, Lin J, Huang Y, et al. (2020) Sustainable Recycling Technology for Li-Ion Batteries and Beyond: Challenges and Future Prospects. Chem Rev. 

					Hanisch C, Loellhoeffel T, Diekmann J, Jo Markley K, Haselrieder W, et al. (2015) Recycling of lithium-ion batteries: a novel method to separate coating and foil of electrodes. Journal of Cleaner Production 108: 301-311.

					Yang Y, Xu S, He Y (2017) Lithium recycling and cathode material regeneration from acid leach liquor of spent lithium-ion battery via facile co-extraction and coprecipitation processes. Waste Management 64: 219-227.

					Jung SK, Gwon H, Hong J, Park KY, Seo DH, et al. (2017) Understanding the Degradation Mechanisms of LiNi0.5Co0.2Mn0.3O2 Cathode Material in Lithium Ion Batteries. Adv Energy Mater 4: 1300787.

					Chen S, He T, Lu Y, Su Y, Tian J, et al. (2016) Renovation of LiCoO2 with outstanding cycling stability by thermal treatment with Li2CO3 from spent Li-ion batteries. Journal of Energy Storage 8: 262-273.

					Shi Y, Chen G, Chen Z (2018) Effective regeneration of LiCoO2 from spent lithium-ion batteries: a direct approach towards high-performance active particles. Green Chem 20: 851.

					Shi Y, Chen G, Liu F, Yue X, Chen Z (2018) Resolving the Compositional and Structural Defects of Degraded LiNixCoyMnzO2 Particles to Directly Regenerate High-Performance Lithium-Ion Battery Cathodes. ACS Energy Lett 3(7): 1683-1692.

					Yue LP, Lou P, Xu GH, Xu H, Jin G, et al. (2020) Regeneration of degraded LiNi0.5Co0.2Mn0.3O2 from spent lithium ion batteries. Ionics.

					Tran MK, Rodrigues MTF, Kato K, Babu G, Ajayan PM (2019) Deep eutectic solvents for cathode recycling of Li-ion batteries. Nature Energy 4: 339-345.

					Chen M, Ma X, Chen B, Arsenault R, Karlson P, et al. (2020) Recycling End-of-Life Electric Vehicle Lithium-Ion Batteries. Joule 3(11): 2622-2646.

			

		

		
			Mini Review

			Volume 23 Issue 5 - March 2020

			DOI: 10.19080/IJESNR.2020.23.556125

		

		
			Int J Environ Sci Nat Res

			Copyright © All rights are reserved by Qi Cheng

		

		
			
				[image: ]
			

		

	OEBPS/image/IJESNR.jpg





OEBPS/image/359681.png
e canain

s

Figure 2: Global distribution of lithium ion battery recyclers.
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Figure 4: Battery recycling schematic.
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Figure 3: lllustration of the hydrothermal lithiation process.
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Company Battery types Prucess Location
Toxco o, L based Cyronmiling (U}, Tral, B, Canada
pyrometaliurgy (M) Baltimore, OH USA

Salesco Systems All type battery  Pyrometaliurzy Phoenix. AZ USA

OnTo Technology Lirbused Liquid-Squid extraction Bend, OR USA

ARC Alltype bottery  Pyromeealiursy Alleneowrn, FA. USA
Hayward CA USA
West Mesbourne, 1L, USA

Dowa Alltype battery  Pyromecaliirgy Jpan

Japan Kecyele Alltype battery  Pyromecaliurgy Osaka pagan

Sany Corp. & Sumiteeno Metals and Mining Co. All iype batiery  Fyrometaliurgy n

Xrata Alltype battery  Pyromealiucgy o clectrowinsig Horme Que, Nikkelverk Nor, Sudbury On, Canada

Accure Alltype battery  Pyrometaliurzy Mulliem Grenada

oK Alltype battery  Pyrometalioizy Dussberg Greece

ALA Techaology based Suthertasd, Scotland

Bairec AG Li-bused, Wi Pyrometaliursy Wiaumis, CH, Switaertand

ATE Group (V3] Alltype battery  Pyromesaliigy Zurich CH, Switzeviand
Rogerville, France

ciron Alltype battery  Pyromcealrgy Zurich CH. Switzerland
Rogerville, France

Euro Diruze /SARP Alltype battery  Hydrometallurgy Lorraine, France

SNAM € Ni, ML L Pyrometaliurgy Saint Quentin Fallavier, France

TPFGNA Bat. (Recupyt] Alltype battery  Hydrometallurgy Grenoble. France

Umicore. Al type battery  Pyrometaliurgy + electrowinoing  Hooboken, Beigium

jgure 1: Summary of battery recycling process by various company all over the world.






