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Research on preparation technology and mechanical properties
of the copper foil for lithium battery

Ruan Ying', Zhao Zhao*", Bao Nengyuan?, Sun Li?, Yao Yue?
(1. Jinchuan Group Co., Ltd., Jinchang 737100, China; 2. Jinchuan Group Copper
and Precious Metals Co., Ltd., Jinchang 737100, China)

Abstract: In the production process of electrolytic copper foil, the process parameters and additive
concentration have a great influence on the formation and performance of copper foil crystal nucleus. In
this paper, the effects of air volume, copper replenishment pump flow rate and temperature on copper
dissolving efficiency and the effects of solution composition and additives on copper foil properties in the
copper dissolving tank were studied by using metallographic microscope, universal tensile testing
machine, X-ray diffractometer and other equipment. The results show that under the condition of constant
amount of copper precipitated from the green foil, the balance of copper ion concentration in the system
under the current intensity of 28 kA can be satisfied and the closed-loop control of copper ions can be
realized, when the air volume is 600 N m®h™, the copper dissolution temperature is controlled at
(80+1) <T, and the copper supplement pump is controlled at 8 m®/h. When the concentrations of copper
ions, acid ions and chloride ions are 100, 110 and 0.038 g/L, respectively, the appearance quality and
physical properties of the precipitated coating are the best. When the dosage of additive A, B and C are
controlled at 7, 15 and 3 g/kAh, the overall performance of copper foil is the best.
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Fig.1 Diagram of the process system
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Tab.1 Orthogonal experimental factors of air volume,
copper discharge valve and temperature in the

electrolyte of copper dissolving tank

K A K&/ B 7R 177 2 .
C g/, C
K& (N-m*-h™1) /(m3-h™1)
1 300 5 65
2 400 6 70
3 500 7 75
4 600 8 80

®2 BERENE. BUER. EEERRBHERZALER
Tab.2 Orthogonal test table of the composition of
electrolyte air volume, copper discharge

valve and temperature

- ANXE | BAMAZLR |CIREZ | M 7iE A
/(N-m3-h™") | E/(m>h") | /°C g’ L7"h)
3 A B FERNIE ) 300 5 65 1.52
Fig.3 Action mechanism of the additive B 5 300 6 70 1.56
3 300 7 75 1.65
4 300 8 80 2.44
5 400 5 70 2.67
6 400 6 65 2.44
4 FMF C FUERHE 7 400 7 80 334
Fig.4 Action mechanism of the additive C ] 400 8 75 415
2 %%Eiq-ie 9 500 5 75 431
10 500 6 80 4.72
21 REENE. HIERRE. REXNBENE
- 11 500 7 65 4.15
12 500 8 70 4.27
TES IR A FE 95 o/LAIA: TEHL BT 28 KA = 00 5 20 <19
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Tab.3 Mean response table for the electrolyte

air volume, copper discharge valve, and

temperature components
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REA A 2 BRI . IR NIRFUI I TR . TR

x| A K/ BAMAAR | — WREE . S IR FESE R 2O A E BT b e | S i3
(N'm*h™) (m>-h) MR R, I BELZESE, EABNER
1 1.792 3.423 3.427 PEHIE28 KARIZRAT N, SR IEAS B BT Ik AT
2 3.150 3.510 3.532 ARG T, HIKFHF SRR 4R .
3 4.362 3.692 3.857 F4 BEBERATHRE. B SETHRSEZTREER
4 5.435 4.115 3.923 Tab.4 Orthogonal experimental factors of copper, acid and
Delta 3.643 0.692 0.495 chloride ion components in electrolyte
Hik 1 2 3 KF | ABIETIRE | BERERIKE | CEBETK
ISES (gL (gL /(g L™
RIS BR T DA the SRR RS 747 ! 85 100 0.020
RN Z, U ASB>C: S, T2 2 % 105 0.026
ZHHEN: ABaCsr MBI ELE00 N-m®, ¥ 3 95 110 0.032
i B2 P 480 °C, AMIZIEHIFES md/h, ] LA 4 100 115 0.038

AEFRISREE28 KA, K R B 1R LA -, S
S ) P A

IEAZ IR R AR AR BRSPS

o AMETIRE | BERIMRIKE | CHRBETIRKE | ShosfE | i | KRz

/(gL /(g'L™h) /g’ L™ /Pa 1% /pm
1 85 100 0.02 306.96 4.75 2.375
2 85 100 0.026 314.14 6.38 2.237
3 85 100 0.032 314.93 6.5 2.116
4 85 100 0.038 319.49 9.84 2.015
5 90 105 0.026 319.04 9.08 2.003
6 90 105 0.032 319.49 9.84 2.015
7 90 105 0.038 312.78 9.31 1.849
8 90 105 0.02 315.705 8.13 1.918
9 95 110 0.032 325.038 8.38 1.804
10 95 110 0.038 324.149 8.94 1.73
11 95 110 0.02 329.901 10.38 1.504
12 95 110 0.026 324.251 8.44 1.799
13 100 115 0.038 325.890 9.5 1.759
14 100 115 0.02 324.342 9.44 1.785
15 100 115 0.026 325.471 7.69 1.673
16 100 115 0.032 325411 7.54 1.842
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Tab.5 Orthogonal experimental design of copper, acid and chloride ion components in electrolyte
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Fig.5 Micro-morphology of copper foil surface
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Tab.6 Mean response table of copper, acid and chloride ion

components in electrolyte

K AMETRE | BEREKE | CEETRE
g'L™) g'L™) Ng'L™)

1 107.6 109.7 110.2

2 109.3 110.4 110.2

3 112.2 110.3 110.0

4 111.9 110.5 110.6
Delta 4.5 0.8 0.6
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Fig.6  Stress and strain curve under optimal parameter

combination
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Fig.9 XRD diagram of copper foil prepared with different

concentrations of C agent
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Tab.8 Additive orthogonal experiment table

¥ AVREE Bk CkE U | e | OHURERE R, | DGR | il

T | /lgr(kAh)™] | /[g-(kAh)] | /[g'(kAh)™] /Pa 1% /um /GU /mm

1 3 10 1 311.73 8.44 2.046 124 3

2 3 15 3 313.71 10.13 1.924 127 8

3 3 20 5 314.72 7.59 1.731 129 15

4 5 10 3 313.71 8.18 1.724 145 8

5 5 15 5 325.04 10.22 1.691 147 6

6 5 20 1 320.21 7.56 1.845 141 6

7 7 10 5 318.28 4.13 1.659 130 7

8 7 15 1 32291 9.38 1.634 185 10

9 7 20 3 319.25 10.75 1.714 190 13
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Fig.10 Micro-morphology of copper foil surface
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Tab.9 Mean response table of three additives

K AWRSE B ik CkfZ
/g (kAh)™] /g (kAh)™] /g (kAh)™]
1 91.87 92.46 96.98
2 96.21 98.64 98.14
3 101.65 98.62 94.60
Delta 9.78 6.18 3.54
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Fig.11 Stress and strain curve under optimal

parameter combination
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