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ABSTRACT: The work aims to investigate the evolution of temperature field and liquid phase rate during the cast-rolling proc-
ess of copper aluminum layered composites by finite element simulation, determine the optimal billet speed and casting tem-
perature during the cast-rolling process, and prepare copper/aluminum/copper composites with high-strength and high-conduc-

tivity. Based on the Design modeler module in Ansys Workbench software, a two-dimensional model was established. JMatPro
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software was used to simulate the thermal physical parameters of C18150 copper and 1060 aluminum. The model was solved by

meshing with Mesh module and solving with Fluent module. Its effects on the liquid phase rate and temperature field were in-

vestigated by adjusting and optimizing the parameters of walking speed and casting temperature. High-strength and high-con-

ductivity copper/aluminum/copper layered composites were prepared with this cast-rolling process. The microstructures, tensile

strength, conductivity and tensile fracture of the copper/aluminum/copper layered composites interfaces were characterized and

analyzed by a field emission scanning electron microscopy (FESM), an electronic universal testing machine (EUTM), a

hand-held conductivity tester (HECT), and a scanning electron microscopy (SEM). The best cast-rolling results were obtained

when the walking speed and casting temperature were about 1.2 mm/min and 963 K, respectively, and the prepared composites

had flat and well-bonded interfaces, with Al,Cu and Al,Cuy double interfacial layers at the interfaces. The tensile strength and

elongation were 201 MPa and 16%, respectively, and the average electrical conductivity on the copper side was 87% IACS, and

a large number of tough nests appeared at the copper-aluminum fracture, which indicated that it was a toughness fracture. It is

concluded that the copper/aluminum/copper layered composites prepared by optimizing the parameters of the casting and rolling

process have excellent strength and electrical conductivity.
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Fig.1 Macroscopic (a) and local (b) schematic diagrams of cast-rolling geometry model of composites
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Tab.1 Thermophysical parameters of materials

Material Physicstate en/(T kg KTh pl(kg-m ) MW-m K™
Liquidus 1 046 2 638 90.7
1060 Al
Solidus 1138 2719 218
Roll sleeve Solidus 540 7 800 30
C18150 Cu Solidus 386 8 720 389
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Fig.3 Liquid phase ratio and temperature field at different billet speeds at 943 K: a) liquid phase rate (0.8 mm/min); b) liquid
phase rate (1.0 mm/min); c¢) liquid phase rate (1.2 mm/min); d) liquid phase rate (1.4 mm/min); e) temperature field (0.8 mm/min);
f) temperature field (1.0 mm/min); g) temperature field (1.2 mm/min); h) temperature field (1.4 mm/min)



FIsE E1o

AR, 4. C18150 4il/1060 51 ZRE A AR5 AL T 21k M SR REDTSE 71

2.2 FBpEENHELIERNN

MmO A BT, M REIRIE N
923~983 K B, #5LACR R AT 75 E X3 E R 1.2 mm/min
PR A 300 K 5504 T, AEGEHRE (923~
983 K ) T WY AH R AR FE A 45 S WAl 4 iR o
&l da~d FTHT, BEEE GEFE B FHimr, 7R 7 )
P RS XA Ay R, (HAREAR B, miTE
T A RO X R T — 2 R R
HETN, E LRSI S AR, Wi
o T P AR ) FLAR T A R, B A X T
FER Y 58 M de~h AT, 5B B0 P A (0 5
WA L, B DeR5 IR T, R R R AR AN
B, MBEEEIREE N 923 K Ml 943 K BF, 43

Liquid phase rate
1-08 Liquid

030 Solid-liquid zone

a WAE (923 K)

300 e B (923K)

b AR (943 K)

f HEY (943K)

AR B, X Y ARl R, OF B
TR BYELH Sy, fEELH XA L), M5
JEIRF] 983 K I, BARSE M T 4140 T 9P HUR Z
(Ve FERRAG, 223 B BRI ) 2 M RE R A
BT BRI AR SO R R B EE O 963 K
i

3 HAKMERESH

3.1 WMAR

BT DL E i T E 28, il TR
AR ZIRE AR SEALE S AR AL BUR SN 5
Bise ATLAE Y, $e5LHI & R SR 75, H

T — T —————

¢ WAt (963 K) d WA (983 K)

g REEY (963 K) h REY (983 K)

K4 1.2 mm/min A [R] 58 8 U B2 A WO SR AR EE
Fig.4 Liquid phase ratio and temperature field at different casting temperatures at 1.2 mm/min: a) liquid phase rate (923 K); b)
liquid phase rate (943 K); c¢) liquid phase rate (963 K); d) liquid phase rate (983 K); e) temperature field (923 K); f) temperature
field (943 K); g) temperature field (963 K); h) temperature field (983 K)

1050A1

C18150Cu

B Point 1
Cu 67.2at%
Al 32.8 at.%

¥ Point 2
Cu 34.6 at.%
Al 65.4 at.%

Count

0 1.0 20 3.0
Distance/pm

K5 SR AR 4 SUR SR RE T 14

Fig.5 Microstructure and energy spectrum of copper-aluminum composite



72 LR |7

ZEA R, WEE AR SEM JES AT A, FLimib
A B LR A AR SRR, 9 0™ A RS R AR 8K
REESES, FEPPA T4 0.8 um BYFEZE, HTAS Y
TN, 1R, AR TS T AL
T MR SE B R RS, 2 A AR T RETE AT -
P TS AT A S AT, S SR, TR
FR, AR 2 RN ER 2 Z R AFFE AR AR AR I XA,
HER R Z . RO AR T AR, 1
L 2 AR D AR D 19 i LA 423 4 0 9 A
20 1. EERLHMHE SR, MHRMERZ, HoRs
BT CR 52 M T LB, T
W B4k 2 2, SEEH A )ZE A AlCuy, SEIT
MR A m)Z A AlLCu,
3.2 fHMESHBM4EE

XoF il 5 1) B L AS A 45 B2 A MR C18150 4 Al
1060 FRHEAT R PEREMI, 4550 AE 6 fis. nlLd
F, H/ARAE A MR BIPTRISREE A 201 MPa, 4E
R 16.2%, HAJZ C18150 Hil BT o 5 FILE fif 2
439K 385 MPa Hl 14.9%, 1060 %8 (47047 5 B Fil 4E
HZ00 50 90 MPa 1 31%., b4k, HIEE SRR
JETT Ll i Z A M EHR A2 (ROM) 115, st
(5) FimRs

oy =0V +o,(1-V;) Q)

Xl oy NEAWPPIRIE ; o IIESRMRBTH 58
B Ve REEAR TR o R FEARBTRER S

TEHAR S A AR, IR 20l 34.5%,
BT R N 65.5%, WidiHE M, BigE A
HRLGRE A 194 MPa, K TE SRR, £
R 2 [ A AE S b Rl s AL VR, 320 THI R A4
RIS

B LA R R B A A R v A g S e i ]
7 FiRe T SREA RN, AR sg AR
HL A A48T, FLBRE T SRR 1T, H 2
FIT L BP0 25 A ) 3 T 22, DRI A 0 5 e SR
MEAWFRER, NE T ATLUER, 48R
S RN 87%IACS, X E SR E S
RIK R

C18150Cu

1060A1

a Wi EWIES

T & 2023 4 10 A
400
-= C18150Cu
—o— 1060A1
—— Layered composite
§ 300
2
g
) 200
3
g
&
= 100
0

1 1 1 1 1
0 5 10 15 20 25 30 35
Engineering strain/%

Bl 6 55 A R ) - A 2

Fig.6 Stress and strain curves of copper-aluminum composites

n

) —=— Sample 1

< 100 —e— Sample 2

> —— Sample 3

2 90

o -

g MKYM

2

z Bor

k3|

S

§ 70 -

Q

B

§ 60 1 1 Il Il 1

5] 2 4 6 8 10
Point

K7 HEE AR T PR RE

Fig.7 Electrical conductivity of copper-aluminum composites

3.3 HIOEHSMH

XF il 2 S5 FLAS B A BERHET D3R 74047, W
JESE 8 fin. ME 8a W LIE I, HEoMEESL
BRI, FAK C18150Cu, FIZA 1060Al.
JE 8b FTLAFE ], 78 AVMEG A T K ar, I H#
QU R A YR, MR R 2 R YR
ME 8¢ AILIEBIKEFIE, W6 Ko, H
P AN L), P C18150 Hi ELA 48 5 B 5 B
A, HWr RSO, MK 8d nTLIBH B
), FESMIE O AR IR, H AL H)
B3 ROT B KT, RS 1060 475 HE C18150
HRsR R, fERRE SR, AL AEAE T D
FEMORFEEE L4 & 2 A AR B 1

C18150Cu

>

1060A1

LW RPN oy R Z )



FIsE E1o

AR, 4. C18150 4il/1060 51 ZRE A AR5 AL T 21k M SR REDTSE 73

Dimple Fracture

s A

C18150Cu

c SR A 4R

d ST O 4835

IR L=y =R p Sk R il Y RpI 2
Fig.8 Tensile fracture morphology of copper-aluminum composites: a) macroscopic feature; b) detail
feature near the fracture; c) detail of copper side fracture; d) detail of aluminum side fracture;

4 it

1) MGEIRH AP, S b k) AR TR TR
MG MBI R, LM A, &5
R R R MR, RS E RN
1.2 mm/min,

2) YGEEIRERCARET, A0V 2 7R 5 W Kb
Xof B W 1) 7 Ao s A O e AR L X AR B R ¥ 5] 4
B . MR R SR, AR EERRAL, 1R
KA 2R PR WL, #EmERTERE N
963 K.

3) FETHRILER, RAHEL T 20 & 8/
WERE S MBI R A R, BB ALCu
AlCuo YRR Z o

4) il & 2 A PRHEAT 0 5 BT 5 3 RN A fif
R, HAM AR 201 MPa f1 16%, IFEA BIFHS

PERE, #I0A SRR 87%IACS, BEALH EHi
FRA A MR i e S I 2R o

5) HFERTERL S R A R AR T R,

W A A R T’fmﬂ%ﬁumf%TEkB’J
B, VAIIER PR TR, SRR R E AR
Pk T EEER.

Sk
(1] F7F, B, Fed, 5 A B &5 TRtk
B Jm S 2 A b A I H AU RE P A T 5[], A

I T, 2022, 14(5): 68-74.
WANG Yu, WANG Yan-kun, LI Jin-long, et al. Prepara-
tion of High Conductivity Cu/Al Bimetallic Composite by
Thermal Diffusion and Regulation of Interfacial Micro-
structure and Properties[J]. Journal of Netshape Forming
Engineering, 2022, 14(5): 68-74.

[2] BIAN X Q, WANG A Q, XIE J P, et al. Atomic-scale
Deformation Mechanisms of Nano-polycrystalline Cu/Al
Layered Composites: A Molecular Dynamics Simula-

tion[J]. Journal of Materials Research and Technology,
2023, 24: 1177-1189.

[3] JIANG WM, GUAN F, LI G Y, et al. Processing of Al/Cu
Bimetal via a Novel Compound Casting Method[J]. Ma-
terials and Manufacturing Processes, 2019, 34(9):
1016-1025.

[4] FUY, ZHANG Y B, JIE J C, et al. Interfacial Phase For-
mation of Al-Cu Bimetal by Solid-liquid Casting
Method[J]. China Foundry, 2017, 14: 194-198.

(5] okAr. BrRE IR b & S 5T A B AL RS

HEF[I]. PEAL, 2023, 32(6): 2-9.
ZHANG Nan. Analysis of Supply and Demand Status and
Trend of Copper Resources in China under Development
Back Ground of New Energy Industry[J]. China Mining
Magazine, 2023, 32(6): 2-9.

[6] LIUG P, WANG Q D, ZHANG L, et al. Effect of Cooling
Rate on the Microstructure and Mechanical Properties of
Cu/Al Bimetal Fabricated by Compound Casting[J]. Met-
allurgical and Materials Transactions, 2018, 49(2):
661-672.

[71 HANIF M W, WASIM A M, SAJIA, et al. Evaluation of
Microstructure and Mechanical Properties of Squeeze
Overcast A17075-Cu Composite Joints[J]. China Foundry,
2023, 20: 29-39.

(8] HHLAL, MR, &5, % WBEaRuT it
[0]. HERhegiE AT (64, 2017, 37(8): 844-849
LYU Shi-jing, XIE Jing-pei, WANG Ai-qin, et al. Re-
search Progress of Copper/aluminum Composites[J].
Special Casting & Nonferrous Alloys, 2017, 37(8):
844-849.

[9] CHANG Q H, ZHANGJ Y, GAO P K, et al. Study on the
Phase Structure of the Interface Zone of Cu-Al Composite
Plate in Cast-rolling State and Different Heat Treatment
Temperatures Based on EBSDI[J]. Journal of Materials
Research and Technology, 2023, 24: 1056-1069.

[10] WANG J, ZHAO F, XIE G L, et al. Rolling Deformation
Behaviour and Interface Evaluation of Cu-Al Bimetallic
Composite Plates Fabricated by Horizontal Continuous
Composite Casting[J]. Journal of Materials Processing



74

Ui B

Y
v

T

b 2023 4 10 H

[11]

[13]

[14]

[16]

[17]

Tech, 2021, 298: 117296.

MAO Z P, XIE J P, WANG A Q, et al. Effects of Anneal-
ing Temperature on the Interfacial Microstructure and
Bonding Strength of Cu/Al Clad Sheets Produced by
Twin-roll Casting and Rolling[J]. Journal of Materials
Processing Tech, 2020, 285: 116804.

XUHHE, SRR, 4R, 55, Cu-Al EEMEHER B
P BE I 52 )], &8 %K, 2018, 54(3):
470-484.

LIU Xin-hua, FU Hua-dong, HE Xing-qun, et al. Nu-
merical Simulation Analysis of Continuous Casting Clad-
ding Forming for Cu-Al Composites[J]. Acta Metallica
Sinica, 2018, 54(3): 470-484.

ZHANG J H, WANG A Q, LIANG T T, et al. The Predic-
tion of Al,Cu/Cu Interfacial Structure and Properties: A
First-Principles Study[J]. Physica B: Condensed Matter,
2023, 661: 414931.

WCT, w, EE3R, . mmEHLE e mE G
FREUE R AL SE[T]. FeRh 5 iE MoA 65 4, 2019,
39(12): 1294-1297.

XIE Wen-fang, XIE Jing-pei, WANG Ai-qin, et al. Nu-
merical Simulation and Mechanism of the Casting-rolling
Copper-aluminum Clad Plate[J]. Special Casting & Non-
ferrous Alloys, 2019, 39(12): 1294-1297.

MEEZY. Cu/Al AR AL #5152 4 S 2 N AR
LS IHAFFE[D]. £ R MLk, 2015: 12-17.

YE Li-fen. Multi-scale Simulation and Experimental
Study of Cu/Al Composite Plate Single-Machine Dou-
ble-flow Cast-rolling Composite Interface[D]. Qin-
huangdao: Yanshan University, 2015: 12-17.

CHANG Q H, GAO P K, ZHANG ] Y, et al. Numerical
Simulation of Copper-Aluminum Composite Plate Cast-
ing and Rolling Process and Composite Mechanism[J].
Materials, 2022: 15: 8139.

CHEN Y, WANG A Q, TIAN H W, et al. Study on Opti-
mization of Nozzle for Copper-aluminium Clad Plate
Twin-roll Cast-Rolling[J]. Journal of Materials Research
and Technology, 2021, 10: 1075-1085.

JEIE SRS ORI S5 N (D). A

[19]

[20]

[21]

[22]

[23]

[24]

J&, 2022(6): 171-173.

YAN Hao. Research and Application Progress of Cop-
per/Aluminum Composites[J]. World Nonferrous Metals,
2022(6): 171-173.

REZR, BURCR, LR, 55 mukm i a i
PLBR S R 0], ARHRAL B2 4, 2021, 42(10):
18-26.

DAI Xue-qin, JIA Shu-guo, FAN Jun-ling,
Strengthening Mechanism and Research Hotspot of High

et al.

Strength and High Conductivity Copper Alloys[J]. Jour-
nal of Materials Heat Treatment, 2021, 42(10): 18-26.
KIM W N, HONG S 1. Interactive Deformation and En-
hanced Ductility of Tri-layered Cu/Al/Cu Clad Compos-
ite[J]. Materials Science & Engineering: A, 2016, 651:
976-986.

BT WA EL A S W T T AL AR K S S P REBTT
FE[D]. HM: KBHKAE, 2019: 35-39.

MAO Zhi-ping. Study on Interfacial Structure Evolution
and Bonding Property of Copper/Aluminum Clad Sheet
Produced by Twin-Roll Casting[D]. Zhengzhou: Zheng-
zhou University, 2019: 35-39.

LI J, GAO H T, KONG C, et al. Insight into the Bonding
Mechanism in Cu/Al/Cu Clad Sheets via Introduction of
Thin SUS304 Interlayer[J]. Journal of Materials Research
and Technology, 2022, 21: 4619-4635.

HR T, E25F, W, 5. W2 S T2
LRSS [I]. BPRFTE, 2019, 33(10): 1706-1711.
TIAN Han-wei, WANG Ai-qin, XIE Jing-pei, et al. Opti-
mization of Cast-Rolling Process of Copper Aluminum
Composite Plate and Experimental Analysis[J]. Materials
Reports, 2019, 33(10): 1706-1711.

TR AR E S LR B A S R S R AL
HI[D]. % B WTEIRHL R, 2022: 33-38,

CHANG Qing-hua.
Strengthening and Toughening Mechanism of Cu-Al

Microstructure  Evolution and

Semi-molten Cast-rolled Composite Plate[D]. Luoyang:
Henan University of Science and Technology, 2022:
33-38.

R

SRS HLR



