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ABSTRACT. It has developed a method that can recover efficiently the reproducible resources from the vehicle waste lith-
ium second battery module. Module cell consists of copper thin film, aluminum thin film and diaphragm made with polymer
between these thin films. Cell was disassembled completely without any damage in glove box and through several steps. Pref-
erentially, cathode active material was separated from aluminum thin film at heat treatment of 400 °C. The retrieved cathode
active material was then obtained as high purity after calcining at 800 °C to remove residual carbon. Based on this study, it was
found that rare metals such as Co, Ni, Mn and Li made up of cathode active material could recover above 80% from aluminum thin film.
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Figure 1. (a) module and (b) module cell with the rolled-up sev-
eral thin films.
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Figure 2. (a) polymer, (b) aluminum, and (c) copper thin film.
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Figure 3. Thermal analysis of aluminum thin film including cathode
active material (T-Al).
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Figure 4. Thermal analysis of cathode active material (B-Al).
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Figure 5. Thermal analysis of aluminum not including cathode
active material (Al).
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Figure 6. Photography of SEM; (a) Cross-section of aluminum
thin film including cathode active material (T-Al), (b) Surface of
aluminum thin film including cathode active material (T-Al), (c)
Surface of cathode active material (B-Al), and (d) Thickness of
aluminum not including cathode active material (Al).
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Table 1. ICP analysis of cathode active material (B-Al)
Sample Mn(%) Co(%) Ni(%) Li(%)
B-Al 15.8 16.0 17.8 52
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Figure 7. XRD analysis of aluminum thin film including cathode active material (T-Al), cathode active material (B-Al) and aluminum

not including cathode active material (Al).
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Table 2. Separation velocity (min) of coating substance from alu- L9 IS ER S F451 9 )
minum thin film with alkali concentration (%)

Concentration (%) Kol Reoft YISO EHEOIN Y= B F2LE2 548
\ . Y @Al g3 Yol weon vy FYRAL
6 o 6 2J8Hs 3 % Li, Co, Mn, Nie] £41 of -2 Z45tsict.
8 7 4 5| AL 17 gl 235 o] 9= Li, Co, Mn,
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Table 3. Recovery efficiency (%) of rare metals in cathode active material
Rare metal 1 2 3 4 5 Average
Before (%/module) 6.8 6.2 6.7 6.6 6.9 6.54
Li After (%/module) 5.1 54 5.6 52 5.8 54
Recovery (%) 75.0 87.1 83.6 78.8 84.1 82.9
Before (%/module) 194 19.5 19.7 18.9 18.7 19.2
Co After (%/module) 17.1 17.6 17.5 17.2 17.8 17.4
Recovery (%) 88.1 90.3 88.8 91.0 95.2 90.6
Before (%/module) 232 234 23.5 23.0 234 233
Mn After (%o/module) 23.1 23.3 232 229 23.1 23.1
Recovery (%) 99.6 99.6 98.7 99.6 98.7 99.2
Before (%/module) 21.8 21.9 21.5 214 22.1 21.6
Ni After (%/module) 17.1 17.9 17.4 17.7 17.2 17.5
Recovery (%) 78.4 81.7 80.9 82.7 77.8 81.0
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