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Study on optimization of copper foil process parameters by response
surface method
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(Henan High Pecision Copper Foil Industrial Technology Research Institute Co. , Ltd. ,
Lingbao 472500, China)

Abstract: The effects of copper foil production process parameters on tensile strength and elongation of
copper foil were optimized by single factor and response surface test. The results show that the optimal
process conditions for the optimization of the response surface are temperature of 60 °C, current density
of 65 A/dm’, liquid flow of 55 m’/h, and the influence of each factor on tensile strength is current densi-
ty> temperature > liquid flow, and the influence on elongation is temperature> current density > liquid
flow, in which the interaction between temperature and current density on the tensile strength of copper
foil is significant. In addition, the crystal face of copper foil (111) prepared under optimal process con-
ditions has the largest diffraction intensity and a texture coefficient of 46.9%, which has an obvious
preference orientation.

Keywords: copper foil; tensile strength; elongation; process parameters; response surface method

Wi 5G R B RERDE "l pO R W SRR RE BB, A9 A 7 T 2 R R AT HILES R0 AR S P R

AT\ B TE R R, SR N BB S TR OC SR O — RWFFE PR (R Z AR vh 7E K
SERDRL HPERE B R B A A SEHITE A e 4 BRSOk BN R FAE N RS T LR IR R
Vo PR 8 RO PR RE 2 2 HROL S g e A
LS AR BB R MRS SE X I DU 53 09 9 [l A B A8 A 280 B I 4 9 RRR E
HAE 0, B B A A oW as . 3 Kondo 55 & BL7E AR HL U 25 B2 N 1 9 A 4 Sl I

Wi BAH: 2023-09-17 fEE BHE: 2023-10-12
EER: TR (1987—), %, TREI, email : wanggf@londianwason.com
SEISES : R (1995—), %, Wi+, email : Imc201885@163.com

AR 96 77 PR BE R IR, 45 2R e B 2 L A



« 82+ Apr. 2024

Plating and Finishing

Vol. 46 No. 4 Serial No. 373

AR LI R G AR, AR AE N HE
PRy =Ry i I T R I/ QN v 1 e o .
FATTRRZ o SR, 7ESEPR AR = B P A AR R AN
B SIS P AU A ZE R E R RS Bt T 2280
Xof B P R A0 R I G O

M IO TR 43 B 5 SR FH 22 0 iR m1 U 5 R R AU A
PR 22 5 i 7 1 =2 (1) 79 R RO 2R 3 % ] 5 7 R 1Y
TR TR AL T A AL, iR 2278 5t [R) R ) — R
Geit gy, M TR R KOE g, A 5L
B UR B/ R RS R SRS R — A R
DAL RS2 50 25 B 7

A SCH gk B PR 2R K e 1 T SR B T4 S EO0
B SEHCRL R B R R s AR BRI T2 S
$0, I FIFH SEM K XRD 4381 1 il 78 114 2 181 55 I
UL

1 SEIRERSy

1.1 EIAFIAnLES

SRS« FOKBRER A (AR R BRI , i FH T ik
25 3-F AL - 1- PR A R 0 (MPS) L 3R TN 475 Tk e
(PAM) R & LIkt 2 ik (EO) , TRYIN S B BT b4k
AR E] A H4iK s LRG3 R 4 bt

SERGANER T BE R EE AL, H AR s AR
F B, H AL s X BT 814X, Thermo Fisher-VG
Scientific,
1.2 XWAHZE
121 BREREXLH

1 HLf# W A MPS . PAM X EO, fifi £ MPS
W B2 h 6 mg/L . PAM ¥k £ 25 2 mg/L.EO ¥k Ji£
8 mg/L , -4 ] L A VR 4] 25 IR B2 R 90 /L B R
WeBE R 120 /L, GBS TV BE R 30 mg/L, 38 4 AR
JE bR I e B VR U A B R A T B DR R S e A T
LSRR AR

WD Joz T % S5 38
e PR R S0 58 U L AR B PR R e 4 R it
A0 57 1T S5, W 1B SR 3 IR 3 7KF B W)
JO7 TG AT 7 ik AT S5, AR | At i S
J& 4 3 [ %, F ] Box-Behnken 43 31 5 11 AT 7 5
JE A A 3R g o AR AT U6 (17 21, 3 i T e
IS 5] S A TP UL B AT AR 2 1, Ry
ESE B4 SR AT S, o sk 4 S 50 I A5 40 1 i)
3K IFBCPFIME it 2 o0 IR AT R A
o TR | b WU M D R AR R SR
ZIH) A RRABSOG 2 fRE e A T 2555

%1 Box-Behnken EIigitER5KF
Tab.1 Factors and levels of Box-Behnken test design

1.2.2

H%
KE L | R [ R
(A-dm?) (mh")
—1 50 55 45
0 55 60 50
1 60 65 55

123 £FIZRE
e A T 1 R .

L5t
I X 55 26437 5HY (XRD) XoF 4§ 248 13- 47 1
5%, TG 40~80 ©, 493 M 0.1 /s, 210 REGT
A1)

1.24

1 (hk) 1, OChkl)
Z"([(hk/)/ 1 O(hkl)) (1>
A TC b 1] UK ZR B85 1, M AR TR W A A7 555
SR 5L, DR TSR B . Y TCIEH KR T 1n
(k002 P A S5 8 e ) I, R X S U L B4
By, H TC AR, BRI ) B B

TC=

IR
il k AR L — e :>‘ it |
) ﬂ
Wi (= REBR ((—— gmp < — gtk
{4k 3
B1 HEEEEHIEIERE

Fig.1 Preparation process of electrolytic copper foil
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Fig.2 Effect of temperature on mechanical properties of copper foil
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SEM images of copper foil obtained at different temperatures
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Fig.4 Effect of current density on mechanical properties of copper foil
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Fig.5 SEM images of copper foil obtained at different current densities
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Fig.6 Effect of flow rate on mechanical properties of copper foil
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Fig.7 SEM images of copper foil obtained at different flow rate
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Tab.2 Experimental design and results of response surface

) A C BRI C- R Y, HeHi 4 FE MPa Y, ER/%
(A-dm?) (m*h?")
1 50 60 60 382.75 13.73
2 55 60 55 426.25 16.34
3 55 60 55 485.00 16.65
4 55 55 50 322.75 9.75
5 55 60 55 495.00 16.46
6 55 65 60 496.89 11.66
7 55 55 60 323.00 10.05
8 60 65 55 487.34 14.37
9 60 60 50 425.00 12.04
10 60 55 55 315.00 10.23
11 55 60 55 498.00 16.27
12 50 65 55 344.00 8.41
13 55 65 50 455.75 13.02
14 55 60 55 496.00 13.68
15 50 60 50 309.75 8.90
16 60 60 60 386.25 14.54
17 50 55 55 309.00 7.13
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Fig.8 Response surface diagrams and contour plots of the effect of interaction of various factors on the tensile strength
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Fig.9 Response surface diagrams and contour plots of the effect of interaction of various factors on the elongation



ey

2024 44 J1 B g 5 15 i 5546 % 4 4 WICRAE 373 ) - 89 -
(b)
(a) 46.9
(i
= 30.8
3 =
(200) .
(220)
A A
0 as s w e 75w (a1 (200) (220)
201° rpe
(a) HATELH (b)  HHTEE AL 2R 3R 5L
E10 SEEFERXSEITHER
Fig. 10 X-ray diffraction results of copper foil sample
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