FOEMIFSE SR 2023,17(2):310-316
Materials Research and Application

OfE 0]

http: //mra. jjournals. cn 43 q
R ST

Email:clyjyyy@gdinm. com g

DOI:10.20038/j.cnki.mra.2023.000214

CUCIZH/Cu B 4k 5 45 4 b 48 ) 41 48 B M B O 5

MBI BRI Bkt ForE”
(1. "R R¥FM B SREE 2B, ) 4 )70 5100065 2. )7 A4 e k4 8 AR MO e in T TR R WF5E ihts,

J7 4 7 510006)

WME: AAAGLHTHRARN SR, W) ZEATREF R TLHEETARP, EREGLEL S
REEEFEERLSEN TR, RREUH AN BELREATAAR AN EIT T B RNELERE, BT
PEXATSANBCALHNEHEARRBEML RN EAGE., WA TASE R VER, &
WY MR LA AL ENE T ARG REARNERFREMH A FELRERART L

FALHET CuCrir/Cu B R A REMAM B M AT .

HRERZXW .CuCrZr/Cu Bk R R &

MM ETEEATARRGAE T TOBEL, ELHE R 92T Wi 8 E % 532 MPa . w & £ 4
80% IACS #sh ek 2| AH 45 MPa, HSN B A AL F Ev st — P AR TR A X W, BB F
RAYEXTURGFISNBCNAND  KEEARREE D FEAAE L.

KER: BRAREW; ABE ;T HEE I FER; X

FEASES . TG174.4;TG146. 1

M ERARE: A

XEHS:1673-9981(2023)02-0310-07

SI30AE MR R, 2 BEYIL SR AR 45 . CuCrZe/ Cu 2R 53 T 45 F4 B1RE A 1 2 K PEREDFSE LT ], APRHIF 58 5 BT, 2023,17(2)

310-316.

LAT Zhenmin, PENG Kangzhen, JIE Xiaohua, et al. Preparation and Properties of Heterogeneous Laminated Microstructure
CuCrZr/Cu Material[ J ]. Materials Research and Application, 2023,17(2):310-316.

R A A BT O R S b A
R | B0 G 9 P [0 e = = £ W I 4B 3
i TR [ B 4 TR AU L B IR AL S R
W R, AT M R AR A A 1 TR oK 2 B .
AR R HL I T 25 T R R A B AR R TR A BT R R
b, 7 A G A TR I HL A e Y R A e, H
J L4 S A R R A SRR A R R
B, 302 1 AT H R L T D L A AR ke o
HL 1 I S B

X4 T 235 K A A b2 — b B O R g 2 R
FL P BB 04 47 A4 B Al A2 45 Cu-Nb . Cu-Ag.Cu-Ta %
R, Chao %57 FI FH B LS SLE AR 45 4B Al
7 T Cu-Nb 4K £ )2 45 ¥ b1 R}, Ho bt hr o B = 36
1.2 GPa i 5 4 68% IACS. You%5* /@ i+ 2R
Z B AT R kB R & T Cu/Cu-Cr-Zr Z )2

W5 B 87 : 2023-03-02
EEWAB ..M RHE IR B (201904010406)

BEZ AR I B A BB B A S R A X
A AL TR 2% S A Cu Ml Cu-Cr-Zr 2 P8 7228
i 77 A B JLART 0 55 7 5, DA B 2R i T 1 4k 58 1 Y
FETF o AR AR 3 R O R X R 2
B 58 1 bR BR R ST S R A R B TR R
SER I RN VAP I 45 A2 T o S 4G A BT A 5 URE
JEAR BB RE VR RS L2 R g A R R O S ) A R RN
I A A DR VR T S S5 65 R A R R X s 9 AR T
AsF 7= A R JLAAT 00 5 V45 i 2 B i T8 Ak ik g $2 F &
SRS S S, Huang %5 2R B, 5 R 454
A B 5 B v T R R A A T O A BRI 5, ]
A N5 AL o PRI, 8 0 o 438 X Rl 45 40 i s AL
SR R A LA R R 5 R R R B 4

ASCH Y BOE 2 D7 el % T CuCrZr/Cu 2
RS 5 45 R M RE R 4 R S 0B 4 R B E O

EE B A IR R L A9 T )y e 0 R 4 S 4 E-mail : 2268808565@qq. coms,
WS IEE A, W B0, WE 98 05 1) g 45 4 - T e — (R fL R B 52 & B0 RHIY B 58 FRE A, E-mail : maiyj@gdut. edu. cn.



£178H 2w

iR R A CuCrZr/ Cu JZ 4R 57t BT 25 44 4 ) ] 45 1 P REBIT 5 311

T AL LSS Ky 38 a4 ) L ) R A R 0 2 2
6 B TS o e R S S 5 O o A R A
AR IR AE  PEE T AL RS 2R T A R
AP
1 ZWHBEFRZE
1.1 BRRREM CuCrZr/Cu byl &

FHEHE A 200 pm (9 F 4l Cu A (4l 99. 99 %) Al
JE 1 2 600 pum T H] CuCrZr & 4 C18150 il % Cu-
CrZr/CuJZR 5 g b kL, Ll 28 R an il 1R .

,,,,,,
= @ -
i

R Besh

= Lgﬁz =

A 3 5L 7L 5
M1 CuCrzrCuBRRREMERNHEREREE
Figure 1

Preparation process of CuCrZr/Cu lami-
nated heterogeneous samples
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Figure 2 Microstructure of the CuCrZr/Cu92 sample
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Figure 3 SEM images of the CuCrZr/Cu92 sample
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Table1 Layer thicknesses and volume fractions of the
Cu layer in the heterogeneous laminated micro-
structure samples with different rolling thickness
reductions
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" /% BE/umo E/um SEU%
CuCrZr/Cu85 85 84.23 28. 36 23.82
CuCrZr/Cu90 90 50.02 20. 00 25.89
CuCrZr/Cu92 92 43.09 17.35 26.57
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CuCrZr/Cu96 96 23.11 8.81 26.15
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Figure 4 Microhardness  distribution of the

CuCrZr/Cu92 sample
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Figure 5 Mechanical properties of the CuCrZr/Cu laminated heterogeneous samples
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Table2 The theoretical calculated values and actual measured values of the strength and electrical conductivity

o R B LA B

i BORLH /M Pa 5%/ % TACS SoR# I /MPa %/ % TACS
CuCrZr/Cu85 489.1 77.7 498. 2 80.1
CuCrZr/Cu90 494.9 77.4 522.3 80.0
CuCrZr/Cu92 483. 4 78.5 532.1 80. 2
CuCrZr/Cu%4 518.6 77.8 536. 4 80. 1
CuCrZr/Cu96 507.1 77.9 539.4 79.6
CuCrZr85 — — 578.9 74.0
CuCrZr90 — — 597.2 73.4
CuCrZr92 — — 592.0 74. 4
CuCrZr94 — — 621.7 74.0
CuCrZr96 — — 619.0 73.7
Cu — — 254.3 100. 2

& 6 AR EL i T CuCrZe/Cu ke il 124 il
HEBE. MBI 6 AT LLE th EAFELE &= T, PRt
o B SR A AT D PR A — =
BRI S B L R SR A AR B A R A —

25 CuCrZe/Cu kb (14551 51 5ik A Bl 25 L A 48 38 K 0E
BEOR L FEEL I 9206 WA B F RAE 45. 1 MPa, B J5
Bt L A 1 DT )

Huang 5517 % B« 2R 5 J57 225 44 B4 kA 72 I I



314

BORE BF 5

2023

FEHE— 22 30 A8 JLAAT b 75 457 At 28 FEUAG X33, 9% IX dk
B X 538 i AR V=N-d/hxX100% 7] L&
R TR BL ) AT S e X R B g, U v
Sy BT RS WA X RE S R R B R B B N R
S X B0 (N=26) .d R B i 5% 0 X 58 1
(Cu-Zn/Cu JZ 4R 5 B 2549 ¥4 B d=5—6 pm #1 Cu 5
G d=6pm"") hOHFES RS
MNP 6 38 1] L, « i L o] g R A T 5 ) X (A

600 160
550 140
_ 500 5/’/’??: 120
By (&}
= 4501 F100 =
2a00] » 80 S
= ol | ®
350 s [ %
300- —o M R fao0
] — SR R i
250 o g [
200 r r r r r r 0
84 86 88 90 92 94 96
54 /%
(a) HLRIME b SR

SRR I, AT TLART 0 55 7 i 28 BR X Iy B AR
4 LE E G O, LA a5 A3 i 2 AR A B0 o TR AL g
PALEE = B S A7 A S AV RN i) | R T S i
CuCrZr/Cu il B R A 135 A Bl L i 19 RT3 K 5 T
2 1 i — 2B KB 9450 F196 %6 B, Cu )2 R
JE AT HE /N T 247 00 B R e X 5 R B i
SR X A B A, DTS A LA a5 57 8 14 ZE AR
J S N TR AL AR T B S SR FE A7 5 D 1 7 A

80 100
—— SR AL
A S
60 _._ﬁs*/\ﬁﬂ g0 &
o 45.1 z%
= 401 60 F"g
=
o I
= 201 0 &
01 244 20 g
o, 188
10
-20 v v r r r 0
84 86 88 92 94 96 98

90
L £k/%
(b)) AN IR AN ST i DX AR %

E6 AEE#ET CuCrZr/CutfmZEf S 44

Figure 6 Mechanical properties and electrical conductivity in the CuCrZr/Cu samples with

different rolling thickness reductions
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Figure 7 Strain—hardening rate versus true strain

curves of different samples
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Preparation and Properties of Heterogeneous Laminated Microstructure
CuCrZr/Cu Material
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(1. School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China; 2. Advanced

Metal Materials and Forming Engineering Technology Research Center of Guangdong Province, Guangzhou 510006,

China)

Abstract: Copper and copper alloys are widely used in electronics, electrical and industrial manufacturing due to their excellent

electrical conductivity, but the increase in strength of copper alloys is often accompanied by a decrease in electrical

conductivity. The strength of heterostructured materials is usually greater than the theoretical strength calculated using the rule
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of mixtures, and it is expected that copper alloys with excellent strength and conductivity can be prepared by modulating this
extra strengthening. Heterogeneous laminated microstructure materials composed of Cu-Cr-Zr layers and copper coarse grain
layers were prepared by diffusion bonding, rolling and heat treatment using pure copper sheets and Cu-Cr-Zr alloy sheets as raw
materials. The mechanical properties and electrical conductivity of the heterogeneous laminated microstructure CuCrZr/Cu
material with different rolling thickness reductions were systematically investigated. The results show that the real strength of
heterogeneous laminated microstructure CuCrZr/Cu material is higher than that calculated using the rule of mixtures. An
ultimate tensile strength of 532 MPa and an electrical conductivity of 80% IACS were achieved with the rolling thickness
reduction of 92%. The extra strengthening reaches a maximum value of 45 MPa with the rolling thickness reduction of 92%,
and the extra strengthening decreases with further increase in rolling thickness reduction. This indicates that the magnitude of
extra strengthening can be increased by adjusting the interface-affected zone to obtain copper alloys with excellent strength and
electrical conductivity.

Keywords: heterogeneous laminated microstructure; Cu-Cr-Zr alloy; diffusion bonding; mechanical properties; electrical

conductivity
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