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Technical progress on power batteries recovery for electric vehicle
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Abstract: Recently, Ni-MH battery and lithium ion battery as high-energy vehicle power batteries have been developed
rapidly for some advantages, such as high energy density, fast process of charge and discharge, long cycle life,
non-pollution. However, the battery capacity decreases after hundreds of charge-discharge cycles, which finally leads to
the battery scrap. From the view of environmental protection, natural resources conservation and lower the cost, the
battery recycling is necessary. The authors summarized the methods of Ni-MH battery and lithium ion battery recycling
in domestic and foreign researches, including the hydrometallurgical processing method, pyrometallurgical processing
method and combined processing method, and each method was evaluated. And then an overview was given about
secondary pollution, security problems and solutions in the existing methods, which lays a foundation for future recycling
of traction battery in China.
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Fig. 1 Cell chemistry in lithium-ion battery"!
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Table 1 Composition of Ni-MH-cell scraps!"¥

Mass fraction/%

Component AB5-cyln.  ABS5-pris. AB2-cyln.
cell cell cell
Ni 3642 38—40 37-39
Fe 22-25 6—9 23-25
Co 34 2-3 1-2
La, Ce, Nd, Pr 8-10 7-8 -
Zr, Ti, V, Cr 0.02-0.1  0.02—-0.1 13-14
Carbon black, graphite <1 <1 -
Organics 34 16—-19 34
Potassium 1-2 34 1-2
Hydrogen and oxygen 15-17 16—-18 15-17
Others 2-3 34 1-2
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Table 2 Material composition of selected Li-ion battery systems for PHEVL™

Battery NAC-graphite LPF-graphite LMO (spinel)-graphite LMO (spinel)-LTO
Cathode LiNig3Coyg 15Al9.0502 LiFePOy4 LiMn,0O,4 LiMn,O,
Anode Graphite Graphite Graphite LisTi504,
Battery mass/kg 75.9 81.6 62.6 106.2
Material composition Mass fraction/%
Cathode active material 24.8 22.2 24.4 28.3
Anode active material 16.5 15.3 16.3 18.9
Electrode element Mass fraction/%
Li 1.9 1.1 1.4 2.8
Ni 12.1 0 0
Co 2.3 0 0
Al 0.3 0 0
(0] 83 9.0 12.4 223
Fe 0 7.8 0 0
P 0 4.4 0 0
Mn 0 0 10.7 12.4
Ti 0 0 0 9.8
C 16.5 15.3 16.3 0
Carbon 2.4 2.1 2.3 4.5
Binder 3.8 3.4 3.7 4.5
Copper part 13.3 13.8 13.5 2.6
Aluminum part 12.7 13.3 12.5 13.7
Aluminum casing 8.9 9.4 9.2 8.8
Electrolyte solvent 11.7 14.2 11.8 13.4
Plastics 4.2 4.6 4.5 3.6
Steel 0.1 0.1 0.1 0.1
Thermal insulation 1.2 1.3 1.2 1.2
Electronic part 0.3 0.3 0.4 0.2
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Fig. 3 Flowchart of generic hydrometallurgical recycling process of Ni-MH batteries!'”
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Fig. 5 Li-ion batteries recycling by mechanical processing, pyrometallurgy and hydrometallurgy'”
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Table 3 Methods for battery recycling used by abroad organizations
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