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Surfactant-Assisted Ultrasonic Separation Process for Copper Foil and Graphite
in Anode Sheets of Spent Lithium-Ion Batteries
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(1.Anhui University of Science and Technology, Huainan 232001, Anhui, China; 2.Institute of Energy, Hefei
Comprehensive National Science Center ( Anhui Energy Laboratory) , Hefei 230051, Anhui, China; 3. Hefei Technology
College, Hefei 230012, Anhui, China)

Abstract: Anode sheets of spent lithium-ion batteries were taken for research, and an L, (5%) orthogonal test was
employed to investigate the effects of ultrasonic temperature, ultrasonic time, ultrasonic frequency and solid-liquid ratio
on the separation efficiency of graphite and copper foil in a system with an addition of 0.5% surfactant. A system without
surfactant was taken as the control group. The results show that the graphite separation efficiency reaches 95.75% in a
system with an addition of 0.5% surfactant, by ultrasonic separation at 90 °C for 15 min with a frequency of 100 kHz and
solid-liquid ratio of 1:9. The recovered graphite is basically consistent with those of standard graphite in terms of the
XRD diffraction peaks and has a low proportion of disordered structure. The recovered copper foil exhibits favorable
mechanical properties, with a tensile strength of 180190 MPa, and its carrier mobility is 35.68 cm’/(V -« s),
indicating excellent electrical conductivity.
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Fig.1 Schematic illustration of anode sheet structure
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Fig.2 Schematic diagram of surfactant-assisted ultrasonic separation mechanism
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Table 1 Codes and results of orthogonal test
KW MR WA WA R AR %
G C min kHz 54 UG PG
1 50 5 40 1:3 19.81  38.50
2 50 10 60 1:5 24.62 52.12
3 50 15 80 1:7 31.20 66.31
4 50 20 100 1:9 3471  71.81
5 50 25 120 1:11 37.11  75.63
6 60 5 60 1:7 27.30 57.48
7 60 10 80 1:9 32.84 69.51
8 60 15 100 1:11 39.11  79.80
9 60 20 120 1:3 34.21 63.71
10 60 25 40 1:5 38.22  72.42
11 70 5 80 1:11 31.78  65.21
12 70 10 100 1:3 35.50 70.10
13 70 15 120 1:5 42.34  83.13
14 70 20 40 1:7 38.41 77.20
15 70 25 60 1:9 44.80  85.31
16 80 5 100 1:5 33.20 77.61
17 80 10 120 1:7 39.01 81.34
18 80 15 40 1:9 41.82  83.53
19 80 20 60 1:11 44.51  87.25
20 80 25 80 1:3 42.16  77.51
21 90 5 120 1:9 35.41 70.24
22 90 10 40 1:11 38.54 75.12
23 90 15 60 1:3 41.61  78.41
24 90 20 80 1:5 45.24  84.30
25 90 25 100 1:7 49.03  90.21
TN 90 15 100 1:9  52.18 95.75
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Fig.3 Photographs and SEM images of recovered graphite

from UG and PG systems
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Fig.4 XRD patterns of recovered graphite from UG and PG systems
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Fig.5 Raman patterns of recovered graphite from UG and PG systems
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Fig.6  SEM-EDS patterns of recovered copper foil
from UG and PG systems
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Fig.7 Stress-strain curves of recovered copper foil

from UG and PG systems
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