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Mechanical separation and recovery process of
anode materials from spent lithium-ion batteries

ZHOU Xu, ZHU Shu-guang, CIXI La-mu, HE Wen-zhi, LI Guang-ming, HUANG Ju-wen

(College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: Based on the analysis of the structure and properties of anodes, the pulverization, vibratory screening and
pneumatic separation were utilized to separate and recover the copper and carbon powder in the anodes from spent
lithium-ion batteries. The metal grade in the samples and separation products were determined by ICP-AES. The results
indicate that anode materials are pulverized first and then sieved, the grades of copper (>0.250 mm) and carbon powder
(<<0.125 mm) in the crushed particles reach 92.4% and 96.6%, respectively, which can be recycled directly. As for the
specific particles (0.125—0.250 mm) with low copper grade, the pneumatic separation was applied to achieve an effective
separation of copper and carbon particle. When the flow velocity is 1.00 m/s, the recovery rate and grade of copper reach
92.3% and 84.4%, respectively.
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Fig.1  Illustration of pneumatic separation devices: 1—
Blower; 2—Valve; 3—Rotameter; 4—Fluidized bed; 5—
Cyclone; 6—Bag filter; 7—Pressure drop manometer
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Table 1 Sieving results of anode materials

. Yield Mass fraction/%
Particle
size/ Mass fraction Cumulative
. Carbon
mm of anode mass fraction Copper material
material/% of oversize/%
>0.590 20.6 20.6 95.0 4.5
0.250-0.590 12.4 33.0 88.0 11.5
0.177-0.250 2.2 35.2 53.3 45.6
0.125-0.177 5.7 40.9 20.3 78.1
0.097-0.125 6.0 46.9 5.9 92.3
0.074-0.097 12.6 59.5 2.0 96.2
<0.074 40.4 100 1.1 97.4
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Fig.2 Size distribution of anode production and contents of

copper, carbon purities in each size range
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Table 2 Grades of pneumatic separation according to material density

C >2.5 1.75-2.5

1.5-1.75 1.25-1.5 <1.25

Grade of pneumatic

. Vi E
separation ety easy sy

Normal Difficult Very difficult
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Table 3 Pneumatic separation results of anode materials

Floxzv IT:/_??)CHY/ Material Mass/g Grade A(/;/fo Zopper, Re:(;;;e;z ;cjzz of Separatizz/e;foﬁciency,
Anode material 50.89 51.2
0.71 Heavy particle 33.64 74.3 97.3 65.0
Light particle 15.21 2.2
Anode material 50.30 51.2
0.86 Heavy particle 31.84 76.2 95.5 67.1
Light particle 16.39 1.8
Anode material 50.39 51.2
1.00 Heavy particle 27.83 84.4 92.3 77.2
Light particle 20.57 2.4
Anode material 50.13 51.2
1.14 Heavy particle 26.74 84.6 89.4 75.0
Light particle 21.92 2.3
Anode material 50.20 51.2
1.28 Heavy particle 23.75 88.2 82.6 73.4
Light particle 25.95 5.5
100 100 Wz, RIS RS2, B R,
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Grade of Cu, M/%

80

Recovery rate of Cu, # /%
[oe]
wh

75 75

70 : ' ' ' : 70
07 08 09 10 11 12 13

Flow velocity/(m-s™")
3 U it B (M) 5 [EIECR () O 52
Fig.3 Effect of flow velocity on recovery rate (M) and grade
of Cu (1)
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Fig.4 Effect of flow velocity on separation efficiency of
copper (Ey)
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