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Table 1 Orthogonal test factor level of process

parameters
A B C D
K Cu®*/ H,5007  WMRRIRLEE/ HLARRLI I/
(g-L°1) (g-L7D) < (m’-h~")
1 60 ~80 60 ~80 40 +5 40 +5
2 80 ~ 100 80 ~ 100 50 5 50 5
3 100 ~ 120 100 ~120 60 £5 60 £5

R2 UG IE A5 P B K

Table 2  Orthogonal test factor level of additives

A, B, C, D,
K HEC/ W fie/ SP-500/  HF-1000/
(mL'min™!) (mL-min™!) (mL-min~!) (mL-min~!)
1 60 0 20 20
2 80 10 40 40
3 100 30 70 60
4 120 50 100 80
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Fig.1 LSV curves of additives with different

molecular weights and chronopotential tests

of additives with different concentrations
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Table 3 Process parameters affect test results

ESES £

RS

A B C D (I/Sg)/MPa Ey/%
No. 1 I T 300. 09 6.33
No.2 12 2 2 331. 11 7.45
No. 3 13 3 3 306. 47 6. 81
Nod 2 1 2 1 321.86 7.05
No. 5 2 2 3 2 300. 43 6.61
N6 2 3 1 3 350. 12 8.06
No.7 31 31 275. 11 6.39
No. 8 32 1 2 382.43 8.91
N9 3 3 2 3 390. 71 9.28
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Table 4 Additive conditions affect test results

ES £
KI5

A B, € D, (T/Sg)/MPa En/%
No. 10 1 1 2 3 415.26 11.96
No. 11 1 2 3 4 405. 13 10. 83
No. 12 1 3 4 1 358.62 8.89
No. 13 1 4 1 2 386.70 9.72
No. 14 2 1 3 4 402. 42 10. 59
No. 15 2 2 4 1 350. 41 8.50
No. 16 2 3 1 2 450.25 13.95
No. 17 2 4 2 3 408.20 11.29
No. 18 3 1 4 1 334.70 7.39
No. 19 3 2 1 2 418.23 12.34
No. 20 3 3 2 3 443.89 14.23
No. 21 3 4 3 4 400. 12 10. 06
No. 22 4 1 1 2 404. 67 11.01
No. 23 4 2 2 3 420.6 12.56
No. 24 4 3 3 4 439.18 13.01
No. 25 4 4 4 1 370.39 8.45

i T 250 0 e A 14 i 77 3 i 52 B o ] pp AL
it AN AU (™ 12 , 32 158 W A LR 90O 2 A
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Fig.2 SEM images of copper foil M-surface from different experimental groups
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Table 5 Heat treatment conditions affect test results

JnE s/ EES
iz . i i,/ h

30 (T/Sy)/MPa  Ey/%
1* 60 16 444,33 13. 42
Al 60 24 442. 46 13.45
3# 60 36 450. 85 13. 67
4# 70 16 447. 83 13.91
5* 70 24 458. 69 14.99
6" 70 36 409. 36 12.43
7* 80 16 428.24 13.01
8* 80 24 395. 67 11.57
9* 80 36 361.73 10. 03
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Preparation of high strength and high elongation copper

foil by adding SP and HF
WANG Lina, WANG Qingfu, FAN Binfeng, WANG Jiangfan, WANG Xuyang
(Henan Gaojing Copper Foil Industrial Technology Research Institute Co. , Lid. , Lingbao 472500, China)

Abstract; Copper foil is a key material for the negative current collector of lithium-ion batteries. During the

electrochemical cycling process, it is subjected to alternating stress, so its tensile strength and elongation have a

significant impact on the safety performance and lifespan of lithium-ion batteries. Lithium ion copper foil with both

high tensile strength and high elongation has not yet appeared on the market, The 8 um high elongation lithium

copper foil with E% =14% has a tensile strength below 350 MPa at room temperature. This study prepared 8 pm
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thick double-sided lithium battery copper foil with high tensile strength and elongation by introducing two new types
of additives, namely thiourea derivative SP and nitrogen-containing organic compound HF, and the process
parameters were optimized, the copper foil performance was tested. The main conclusions are as follows. SP-500
has an inhibitory effect on copper ion electrodeposition process, while HF —=1000 has a promoting effect on copper
ion electrodeposition. Under the conditions of copper ion concentration of 100 — 120 g/L, sulfuric acid
concentration of 80 — 100 g/L, electrolyte temperature of 40 5 °C , and electrolyte flow rate of 50 £5 m’/h in the
electrolysis process, the dosage ratio of HEC 80 mL/min, gelatin 30 mL/min, SP-500 20 mL/min, and HF-1000
40 mL/min can achieve the elongation (E% ) of copper foil to 13. 95% at high temperature of 190 C/1 h, and the
tensile strength ( 7/S) at room temperature to 450.25 MPa, with a surface gloss of =40. The optimal aging
treatment conditions are 70 C/16 h, which can minimize the attenuation of the tensile strength at room temperature
and elongation at high temperature of copper foil within 60 days, maintaining above 434.21 MPa and 13.91%
respectively. This study provides new ideas for the development of high tensile strength and high elongation copper
foils, which can further improve the stability of lithium batteries to a certain extent.

Key words: lithium copper foil ; room temperature tensile strength; elongation in high temperature ; new additives ;
thiourea derivative SP; nitrogen-containing organic compound HF'; stability
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