ML EH

MATERIALS FOR MECHANICAL ENGINEERING

2024 F 11 B %48 % % 11 #]  Vol. 48 No. 11 Nov. 2024

DOI: 10. 11973/ jxgccl240272

72 FLANIR A [ E $R) 56 5 SR B 1 0 71 S 1 RE B S0

T, 2 &, FZRFEHAN, X F
(1 75 b 4R F7 A AR PR 8], 33 3% 044000 )

i E: 2150 pm B4R ER A AT A R T #0440, ) 235 pm &, B 180 ‘CTF #4711 hiB K
WP FFR T A ALAeiR KRR B R BBEA RN AR FRRG 0, EREAW. &
AR )G AR Th 6 dh A a3 S B R TR 5.7 pm, LM B iR K R AT A E LU
ZRKAEG, FHHAERTHKEIL pm, BRI AR KA, AILBERABEHOEBRR LN EZ
B3 m £ 543.02 MPa, B2 E 38 e, - 4w 5 398 o5 At K, FAT THLH 2 @(RD) #9 44 Bt &,
W Wi A ¥ F A TD @ (TD A LMAR® ) 09 R ALkt B T, 2B KA MG, MEHRBER RS
e 8% 237.47 MPa, 5 B Ak, TD @ 69 F ks B AS I8 e | 3035 5% B AR A 7 5 10 K R A PR &,

FHREARG F it — Pk,

FEEIR . RILAR LG M B R A ; AUE B K
MEHS: 1000-3738(2024 )11-0082-07

REHES: TG166.2
0 51 &

JESER AR Ry BT S A Joe, ZE Tl
2% P B R H AR L B B L N TR R R A
KAAURAS RN T 7z WL ke A s S 4 97
JEEEE R AN K TF 100 pm, I HAREDEH , ToAFL . 9068
SRR A BRI . R S A T R AL T 200 45, 7
FLH R S AN ] ke St p= AR R AR N T o BRARNY )
(A A7 3 08 A 97 10 B R e | 9 5 08 JE LA B e 5
FEan RS, S BUE SN TR I | AR e
T S5 [ B0, 3 00 L B A e LR
HROE T BT KA IR, LUK R T eAa
FET T X Al R AT A8 B TR (96 % 1Y
AR ) FFAE AR IR IR BE T PR A7 3 AR CFTa], AT
DA L7 A B AR R 2 R 22 ) S R A ) S A
12 pm JBE R FE A 6 7E 20 180 “CAR IR 60 min 1) #Aukb
PRG , W5 S 3 A S f R R A B Rk

35 pum B SO ] 9 HA AT %) 2 7 AR Ry
1) J i 25, E LA SRR ) ri - Sl EL AT B e 5
i, A 5 35 pem B AT i 6 T 5% 19 Sk
B, MEFH 150 pm JEARTETR L2 35 pm JEIFHA T
A, BF5E T FLHI AR SO R B 2 ARy
N 3 DA K 72 RE R AR Ak, 48154 35 pm JB s S 4 9

SERAR SRS A

rim BEA : 2024-06-04; f&1T HHA : 2024-09-26
EE B e sRAET(1996—), . Wvg RJE A, By 3 TR0, 2%+
WISVESE : XE TR

82

il a8 S PR AR 2%
1 AR5 RETZE

el G B B4 e 1LV b R BT A R R B A BR A
PR, L R 150 pm, fb2F B o OB & 050/ %0) h
0.012 730, 0.001 01Ag, 0.000 53Fe, 0.000 62S,
0.001 09P, 4% Cuo 44 76 B £ X-MILL B 7S5 AT
WORGELIL LT A A L, 1581 35 pm JE R EH 917
FLAIE J1 8 40~60 t, FLi1EE B 650 m e min ', 95
BG4k 10 20~30 kN, B EL TS B9 2E 47 5
FHA BTN (C o Hy, ) 1608, KBRS & FhiE 5
JAHAD A , BT 180 “Cryah B xR
o AR T haB ke, e

FEHR FEREAE LA ZE 4 9 | IR KOS e ZE A
1 HURE, 2o . BB OIS, (5 g FeCly+
10 mL HCI+100 mL H,O IR AR S h 20~30 s,
DL A P, SR ISM-TT510 Y4948 i b (s
(SEM) M2 ND T (ND Ay 5Ll i 972 1)) o IE 55,
% Image Pro Plus 6.0 FAFGE AN [m] bk i) B il
RFo R SmartLab 8 X B 2R 71 45 0 AT AU (XRD ),
sin’g YA TR I FR AN SR, SR A0, T AR R
40 KV, TAEH M 35 mA, 5 Bl 0°~100°,
P FE N4 () emin ', K H0.154 nm. F
HMAS-D1000SMZ 71 % &b 24 [C A JE 31 32F 17 A 32 0]
R, 207 0.25 N, PREEHE] 10 s, ZE RO 74 44
TR ZE RN 2 B 5 O34 ME . e



NMLEHH

MATERIALS FOR MECHANICAL ENGINEERING

RAET, 3. AR K EIEAAM A B N Ao ) F AR B R

A T A R BRI T AT A AR AR g, R B A
FEREF 43R 150, 12.5 mm, 3725 38RE 4 K 3 7 7]
SFELHI 7 AT, PR 1K Ty AT L
T, K HT-8636 A B 4 P B UL xS 1k 1 A7
AT a9 55 3 ik, e alee PP a4, B R R
SLIEEM A, fin4.9 N T, raskig
k25 mm, 25 AN 135°, BRlRE K A % 57 A
N A9 PR R BT Ry i 25 4T 9 55 F5 4, T 5 AP AT
FEBCEE . R EZ-LX1KN BT BRI AL T %
TR, B A oM 0.2 mm e min ', 1 54N F
FARBEBCE A . SR ] ST-210 71 3% T MUK Fi8 0 21
M RD 1 (RD %L 77100 ) F1TD 1 (TD S FLAR

If] ) ) TR R , 1) b B2 R PRI R ThT A9 33/

Y A7

(a) B

(b) 5LEIZ

B, AT EHACHRE R , I 5 4, 3B 228K HY 2
B BOF 3 {E

2 ABRERSE

2.1 BRHAR

A PR LRI AR A 1 R R A K HL o A
BT, ANRGE R b ki T BERL, JCRH R
M 5 Y FL I AT 97 1 o RO S 2 s, R
LA e hi A, KT8 Aok 2, foRL Y 5 B
BRAI7E 1~15 pm, KEEA B ATk 30~40 pm; Bk
S S0 1 A L 2L )2 o RS SOF e ks in, T34 A
B ST oL, AR B T R TS 1) M RORE

AFRL o

(e) BAZS

B 1 $ESEEAAE N TR EZ RS ND EE) SEM 51
Fig. 1 SEM morphology of copper foil base metal (a) and rolled copper foil on ND surface in different processing

states (b—c): (b) cold-rolled state and (c) annealed state
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Fig. 2 Grain size distribution of copper foil base metal (a) and rolled copper foil in different processing
states (b—c): (b) cold-rolled state and (c) annealed state
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Fig. 3 Orientation distribution function plot of copper foil base metal (a) and rolled copper foil in different processing

states (b—c): (b) rolled state and (c) annealed state
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Fig. 4 Proportion of different textures of copper foil base metal and

rolled copper foil in different processing states
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Fig. 5 Tensile properties of copper foil base metal and rolled copper

foil in different processing states along rolling direction
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Fig. 6 Surface roughness of copper foil base metal and rolled copper
foil in different processing states on RD surface and TD surface
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Influence of Cold Rolling and Annealing on Residual Stress and
Mechanical Properties of Rolled Copper Foil

ZHANG Jianyu, WU Ting, LI Rongping, CHAI Shengli, LIU Wei
(Shanxi North Copper New Material Technology Co., Ltd., Yuncheng 044000, China)

Abstract: A 150 pm-thick copper foil base metal was rolled by reversible cold rolling for four passes. The rolled

copper foil with thickness of 35 pm was obtained, and was annealed at 180 °C for 1 h. The effects of cold rolling and

annealing on the microstructure, surface residual stress, and mechanical properties of the rolled copper foil was studied.

The results show that after cold rolling, the grain size of the copper foil was significantly refined, the average grain size was

reduced to 5.7 pm, and the texture changed from annealing texture to deformation texture. After annealing, the average

grain size increased to 9.4 pm and the texture was reverted to the annealing texture. After cold rolling, the surface residual

stress of the copper foil increased sharply to 543.02 MPa, the hardness increased, the average flexural fatigue life was

extended, the tensile strength along rolling direction (RD) was improved, and the elongation after fracture and the surface

roughness of TD (transverse direction) face decreased. After annealing, the surface residual stress of the copper foil was

recovered to 237.47 MPa, the hardness was reduced, the TD surface roughness slightly increased, the tensile strength

decreased and elongation after fracture were slighthy improved, and the average flexural fatigue life was further extended.

Key words: rolled copper foil; texture; residual stress; rolling; annealing
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