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DURR B SZ M AN B 5 ) = o S Jin 390 o — 1 FH B 367 1
BRI EAT T INAS — 1 oL 4 3 S 0 390 & T f
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FIER B N BERE R B ( SPS) %o Hi TR 9 A 3 ]
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RERILE RUFATERE . X IO ST A S LRI B |
FEA AR T 0 A AR AL TR R BR A — AR
Lt AR T T R R E

1 XA g
L1 XF 548

AR BT M R R 1 B 99. 99% 1144 A (]
B ) 5 iR AL B IR B AR (43 B2l ) | K B R 4 (43
Bral) eERER (44T al) Sk I iR R AL AF
4R (HEC) | IS AN ) 43 F o B DR A7 A2 49 (SP -
200,SP-500 F1 SP-600) 1A [A] & & & 1Y & & A Hl
¥ (HF =400 , HF —800 F1 HF -1000) ,
1.2 REFEGE

R B £ A8 A FL b2 TAE S (Autolab
PGSTAT302N) A:ANLI A LT RV (LT

OIL) MR VA R N R A LS T T TR
R R T IR AEUERRAE
1.3 KWMS5RMEFE

A 1 7 2 P RE SR FH 26 B S R B 7 7 RE A
AHAIEHL (Instron 3365 ) PEATINGR, S 4 96 5% 55 R
12.7 mm x 150 mm FREFYAE 57 4% (K] RE kT
BRFEHAL) LSR5 e T ML Je Ho B 4 5 3k
HAEE LA 50 mm/min (90758 B2 5470038, v
e TR T b A i T AR TR R 190 °C B XL
HEFE R TEEINE | h =R, SRS TR Rt
AT, R 9 1) 2R TE ROV SR A il e
e (SEM) 47 008% i ik fL Ak 2% TAE 3 ( Autolab
PGSTAT302N) 2R FH = HL AR A4 28 %50 35 AU S 5] Sp -
500 1 HF =1000 #4715 AR (B -t) FZe AR
A (LSV) A Ay A8 s 26 4 f OB i rp i 4
FH KA A BE S ], R 122 (0. 05 mm x5 em)
’ﬁzﬂﬂxﬂf@j&( ISEH%U ’%EH(?) mm X3 mm) YE b THE
LR (B ) AR ATH SR AR VR R 2 LA
1.4 KA E
141 HLfEH &

Bl M 28 VI EIHLAE U1 E 240 20 em x 40 em [
ZRIH R, SR I5 R B T S OK WG DR )5 T
] R T 5 VA B T T AR LA TV T LA R R T
FEL A AR, A0 P iR YA 20 1ok ek o = RN P % 1) o Pt
PESE ARG, B2 FLAR A 1 m BS80S U8
R 18 A 0 v A VR 20 e A A R R 2 A L S
1T HL A
1.4.2  HaRH %

SR FHV ST A E i A 9 R R G B A 8 um
L )RR PR 7, SE e BB SRR T Bk AR , BRI Ay
SRR (D 2.7 m x 1.3 m) , B SR AT R W L
BIHET 172, 50 AR 3 s R AT b PR A A N
PPV B A B O B 40 ~ 60 m’/h, TR B N 40 ~
60 °C A= PP HL IR E M 40 KA | F7E R 56 1 6] AR 4
ARG A P L, 7E DR AR 76 JE B A 1 T AT

T
1.5 iKBAA
15,1 @ik 56

3 28 LA S 3 1 0t B S i R R HA Uk
FEVERE FBIE e . AR T 8 96 A= 7™ B SEFR T
EHR B AR I E 2 SR L, I H A
BN 70 o/ L, BRI N 60 o/ L, S B UK



116 - T EH & & A MR

4920 mg/L, HRE AN SP-200 ,SP-500 Fil SP - or

600 e FERLE 1M 0. 05 o/L, Hi AU INF HF -400 | gl

HF -800 Fl1 HF —1000 Fi & 7 I8 1: 40 /K&, 3k 02t

LA WA 40 mL, ;\; _03k

1.5.2  dABILAR % B —
Do R o B RS 20 8 pum JEEBE F £ P 03| —Sra00

g, RIS AR T — 2 T S B ROIGS INR X 4R 6 o

S E AR AT, A gk 1 Nk 2 BiR, #uk i/

(a) SP—(200~600)

BT 2 BO0 e 1 14 82 W) e o 42 ) AR A AT

F1 TZESHOERGAE R FE KT
Table 1 Orthogonal test factor level of process
parameters
A B Cc D
K Cu®*/ H,50,/  HifiiiREE/ HRRT L/
(g-]f') (g~L’l) C (m‘ h- l)
1 60 ~ 80 60 ~ 80 40 £5 40 £5 68 | ‘ ‘ | ‘ . |
205 -04 03 02 -0.1 0 0.1 02
2 80 ~ 100 80 ~ 100 50 5 50 +5 B /Y
3 100 ~120 100 ~ 120 60 +5 60 +5 (b) HF-(400~1 000)
-0.121 . | |
£2 UL 2k opfosma i
Table 2 Orthogonal test factor level of additives ) 0.7 mg/L, | i
-0.14 i SP-500 1.0 me/L '
A B G Dy Z 5-500 |
KT HEC/ [T % SP-500/  HF-1000/ "ﬁ—l -0.15 : '
| i 1.5 mg/L,
(mL'min™'") (mL'min~') (mL-min~') (mL-min~") -0.161 E | SP-S(g)/O
1 60 0 20 20 ok
2 80 10 40 40 08 i i E |
% 500 1 000 1 500 2 000
3 100 30 70 60 Wl )/
4 120 50 100 80 (<) BP-500
-0.06 ! J ] 1 0.25 m/L
: ; | i HF-1000
~Darr : : )
2 R 51HE ~0.08f i i :
2.1 RIS R R B M I O )
TR [R5k BV 0 300 56 0 L TR M S 70100 05 i -1 000 ;
-0.11 - 1 !
Ii] , 76 JL Al L A 9 ( Cu®* 70 ¢/, H, S0, 60 g/L,Cl~ o1 ' : ;
20 mg/L) H BN ] — R B2 AN [R] 731 A B JDRATT - : : : .
Az N e /— N N N _0'130 500 1 000 1500 2000 2500
AR BESSAT HL TS 0], BEAT 2 AR 2 43 4 ) I fil/s )
i, Ao, ﬂ??ﬁ%ﬂiﬁ%ﬂﬁﬂ%?ﬁ% T 7 RE Al () HI=1 000
R HH BRI ACAS ] 9 B2 /Y SP—500 Al HF - 1000 B1 ARZTREAAE LSV #hLk KA R
PSINGR) 308 5 e P A7 o 0 A — 2D S T A S AR SR A i e 5 30003
FRGT A B - FLTTCAR A S e 4 P () Fsg 58 4% o 510 /g 4 Fig.1 LSV curves of additives with different
FHWR FEE R BEA TR AL S5 R A 1 R, molecular weights and chronopotential tests
M 1 (a) el LUA AR 43 F 12 A At Ik of additives with different concentrations

R B 2 T R AR DU R A W A2 1
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e At
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1(d) H el DUE H Rl TR A 38 i, HF 1000 1
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ARG A T 2 A R R2 ), 25 R 3k 3 For,
MR A LUIE B RSB A 5 No. 9, (HiK
95 No. 8 L JIT A5 (1) ] 5 40 PR 46 A 5 HOAH 22 800,
H IR RN G B AE R BUAS 5 No. 8 B4 5K
BrAzr= 0, BROEAR T2 2800 4 25+ e B 100 ~
120 g/L BRBR A 80 ~ 100 /L F fif Wi UL B 40 =5
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Table 3 Process parameters affect test results

M EAE S
(R e A

A B C D (T/Sg)/MPa Eu/%
No. 1 1 1 1 1 300. 09 6.33
No. 2 1 2 2 2 331. 11 7.45
No. 3 1 3 3 3 306. 47 6.81
No. 4 2 12 1 321. 86 7.05
No. 5 2 2 3 2 300. 43 6. 61
No. 6 2 3 1 3 350. 12 8.06
No.7 3 13 1 275.11 6.39
No. 8 302 1 2 382.43 8.91
No.9 3 3 2 3 390. 71 9.28

2.3 RMFMIERRRE

HLff T 2S8R R — AR E AR S S
PEFERR, T7E R AP T2 S B8 i 138 2 m A
TR INFRIAT LA 4 96 00 P 1 4 A e 31 R4 A el AR
FH 332 PAT A 0 m] A sk e B e R AR B 30 T %
FLE R s B A AR S AU AER T
o AR R AT R R R Ay R i R T
LRSI, FEAS ) 2 B8 84 4 o ) T A A
Ko™ ARBHER T H R RN SP-500 A
HF - 1000 X =5 47T 55 2 9 ) 271 R 0 VR AR, IF
XPPEBEF A ARG M T 2R 0L S0k A il ik, 45 SR
4 K2 FR,

AT IE 35 No. 16,3456 No. 20 Flig
5 No. 24 BIUS NG A e e 4d:, J1 22 e de b g
I o I 2(b) ~ (d) AT &, J12f Pk ey i 4
TR ML T T S0P 4 I, T A A T 551
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Table 4 Additive conditions affect test results

S 4
e R

A, B, € D, (T/Sy)/MPa Ey/%
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

B T ZE 250 90 f A 10 i 977 3 i S22 B o 1) S vy AL
it AN T AR 1™ 7B , 32 158 A A LS9 90 PO S A

VAT AT LA AR 0 125 1 AL OB UR A DA T BB 4 7 1Y

JizEPERE A1 R WL S, O B A 7 A, 11 5
No. 16 JEfHAER A R EL I, B HEC F 2 80 mL/
min A A& 30 ml/min .SP-500 JH& 20 mL/min
HF -1000 & 40 mL/min,
2.4 FAALIE ST HRER R

A 6 AR H TR B 45 T & A
JEE A SR A A I R IR ) I 5 T AN (] Y
TRGUR | 3k B LUKy 23 52 WA 4§ 45300 F) 2 R g
T L ITRE B A AR LR b T AR RS IR, X
FL TR AR () B 70 W B R AT ifE— 20 PR 3 R PR sk
Al A PRI AR A A A 0 T B R () S5 R Al
R ETE R ER 7, 4 SR T R4S AR, A
M AFRE B RS AIERE , AIRFE R AR A
AEBRZEA AR IS I 3055 No. 16 I BHIHATA
[ TS8R FNR R 45 3R 36 5 s,

MFEFRTT LA 1, 15 60 °C $ab B B 4140 T,
il 25 AR () P AN T B K ) 9 7 TR T e B A
o T AT S5 5 T B S R AR Ak 5 FE 70 °C AR Ah R
BEFAET B NPT B G4 28 24 h B R 9 R
TEPTHL5E FE TC A AR T g YR AR B T B
FOARE T, Y Bt [a] SE 4 28 36 h B, 4§ B9 TR BT
P75 B E 2R 35 BB A B AR, A BB AR T
49.33 MPa Fl1 2. 56% ; £ 80 °C FAb BRI & 4144 T,
Bt 25 AR ) P AN T B K A 7 7 TR T e B

50 pm

...........

- SU3500 20.0kV 19 3mm 1,00k SE 50:0pm

SU350020.0kY 19:3mm x1.00k SE

(c) HfeNo.20

"SU3500-20:0KV-19 2mim x1.00KSE = <

(b) 1 4iNo.16

50 pm

.............

(d) IRNo.24

B2 AFEREHAHETE M 1 SEM K]

Fig.2 SEM images of copper foil M-surface from different experimental groups
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T A e} 23R 357 22 R AN DR AR U 1 A e hr o B A
428. 24 MPa [FAILF] 361. 73 MPa, $Eff1 3 M 13. 01%
REARE 10. 03% ; 7E Rl — I ARES (B 25 44, #A kb 2
JEFE 80 CC T, 97 19 11 i IR i 5 5 R B i e 2
M RAE . Z5E 45 R T, AL FER 2 60 °C, i
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24 h ISR AR o fe 552 70 °C/24 b,
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Table 5 Heat treatment conditions affect test results

SRR/ 2R
522) = i ]/h

C (T/Sy)/MPa  Ep/%
1* 60 16 444.33 13.42
2# 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

2.5 ZUEREENEENE

7 P F A P A TE PR A e P A e S5k
BRAzF= 10 A AR IS fE A P — B4R T
IR A AR TR AR S T 2 R R Y R R
B A T AR R A 7 (B AR 60 d, I ARG 4%
SR A0 TR BT A R R g R e R R e
EERNE 3 iR,

L3 (a) AT LA Y IR O o B bl il
FisF 1] 49 B S AT AN [) 8 B A A, Herf 60 C /16 h
F14) ) 7 0 D R B2 e K, A 456. 58 MPa A1 3] 389. 35
MPa, 3% — & 2 B 1 idd B k2 45 I B 6 9 ek & 4k
AR, 4 S AR A A A T RS AR 7E 70 C/
16 h Z5AF S B 9 IR R B e D e E e N, R
3(b)Haf LA 1,60 °C/24 h F170 C/16 h &4 F
V1% ] T I 5 A7 ST ] 1) JEE 4 v i 2 i 3 A | 5
PREE AN FaFY (H 70 °C/16 h AR SETICE 60 d )5 4E
iR IE B e R K 13.91% ~ 14. 39% , 1 Hofh 4%
PET 0 i TR e Sy I — i R B A 0, 2R
IREE 04,70 CC/16 h AL B F R (0 76 B
PERAT

—=—60C/16h
480+ —8—60°C/24h
—A—60 C/36 h
460 —¥—70 C/16 h

——70 C/24 h

Z2 420
puis
400
1 1 1 1 1 1
380 10 20 30 40 50 60
s a]/d
(a) HIRBTHAI5R I
—=—60C/16 h
. —e—60 C/24h
—A—60 C/36 h
15l —¥—70C/16 h
——70°C/24h
8 4f
53]
I
g 13
12+
1 1 1 ]

11

0 10 20 30 40 50 60
I iA)/d
(b) g M AE e A<

B3 BERAE AR A 0 B HE bR el B
Fig. 3

Index attenuation of copper foil under

better heat treatment conditions
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190 °C/1 h [ ERAAF T AERIAE] 14. 23% , HH
TRBTPIGE 15 5] 443. 89 MPa,

4)70 °C/16 h By AL P 4510 0 e AR, vl (4
A0 H IR T 5 EE N g U A A R AE 60 d PN R DRI
FE /N, o WU FRAE 434. 21 MPa F113.91% VA |,

[ &% 3R ]
(1] NI, RUESES 258t , 5 VRMIAI A eh e 4 6 AL IS K AR ]
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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 wm 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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