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Interface of copper cladding aluminum composite materials with
rectangle section fabricated by horizontal core-filling continuous casting
and its evolvement in rolling process
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University of Science and Technology Beijing, Beijing 100083, China;
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Abstract: Copper cladding aluminum (CCA) rods with the section dimensions of 50 mmX30 mm and the sheath
thickness of 3 mm were fabricated by horizontal core-filling continuous casting (HCFC) technology, and the bonding
strength, micro-morphology and composition distribution of the casting rod interface were characterized by tensile shear
test, XRD, SEM, EDS and EPMA. The results show that the primary intermetallic compounds in the interface of the
casting composite rod include CuAl, and CueAl, phase. The interface at the side of Cu is composed of the CugAl, planar
layer (zone [ ) and CuAl, cellular crystal (zone II), and that at the Al side is a(Al)+CuAl, eutectic texture (zone III).
At different positions of transverse section of the CCA rod, the interface has the same microstructure, but the total

thickness of the interface is different. The interface at the top position has the largest thickness of 220 um, and coarse
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CuAl, cellular crystal; that at the side position has the total thickness of 110 um, and that at the bottom position is 150 pm.

The total thickness of the interfacial layer, especially, the CuAl, cellular crystal, has serious influence on the bonding

strength. So, the bonding strength of interface at the top position is the lowest, which is 24.7 MPa, and the bonding

strengths at the side and bottom position are approximate, which are 35.6 and 33.4 MPa, respectively. XRD and

fractography analyses indicate that the interface is separated in zones [ and II after the tensile shear test. In the

subsequent rolling process, the interfacial layer is fractured and fragmented. The fragmentation degree increases with the

deformation degree increasing. When the total reduction is greater than 67.7%, a great deal of Cu/Al direct bonding

interface is generated which has no obvious diffusion, and the intermetallic compound which is formed in the casting

process distributes discontinuously as micro-fragments along the interface.

Key words: copper cladding aluminum; rectangle section; interface; horizontal core-filling continuous casting
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Fig. 1 Schematic diagram of HCFC processing principle for fabricating CCA composite materials with rectangle section: 1—

Molten aluminum holding furnace; 2—Liquid aluminum;

3—Thermal couple; 4—Stopper; 5S—Liquid copper; 6—Molten copper

holding furnace; 7—Runner; 8—Crystallizer; 9— Solidification front of liquid aluminum; 10—Secondary cooler; 11—Pinch rolls;

12—Composite casting rod; 13—Mandrel tube; 14—Solidification front of liquid copper; 15—Composite mold; 16—Runner
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Table 1 Rolling schedule of CCA rolling

Rolling Ist pass 2nd pass 3rd pass 4th pass
schedule % Ahy /mm /% Ahy/mm /% Ahs/mm % Ahy/mm
1 20.7 6.2 18.9 4.5 33.0 6.4 24.8 3.2
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Fig. 2 Schematic diagram of shear tensile test specimen of
CCA (unit: mm)
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Fig. 3 Macro-morphologies of transverse (a) and longitudinal (b) sections of CCA

4 SR H € B T 507 B A0 S T2 SEM-BSD
Fig. 4 SEM-BSD images of interfaces in CCA with rectangle section at different positions: (a) Position 4; (b) Cu side of position 4;
(c) Position B; (d) Cu side of position B; (e) Position C; (f) Cu side of position C
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Fig. 5 Section sketch of continuous casting mould of CCA
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Fig. 6 Composition distribution of Cu side interface (EPMA): (a) Position 4, at top of CCA transverse section; (b) Position B, at

side; (c) Position C, at bottom
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Fig. 7 XRD patterns of CCA interface after tensile shear test: (a) Position 4, Cu side; (b) Position 4, Al side; (c) Position B, Cu side;
(d) Position B, Al side; (e) Position C, Cu side; (f) Position C, Al side
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Fig. 8 Fracture surface morphologies of position C after
tensile shear test: (a) Cu side; (b) Al side; (c¢) Enlarged details at

point 1
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Table 2 Results of EDS composition analysis of fracture

surface after tensile shear test

Point No. x(Cw)/% x(AD)/%
1 37.4 62.6
2 39.0 61.0
3 58.6 41.4
4 59.7 40.3
5 36.9 63.1
6 37.8 62.2
7 31.7 68.3
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Fig. 9 Section morphologies of samples after multi-pass
rolling: (a) 1st pass, total reduction of 20.7%; (b) 2nd pass,
total reduction of 35.7%; (c) 3rd pass, total reduction of 57.0%;

(d) 4th pass, total reduction of 67.7%



198 A G A R

2013451 H

P JAR385), AR AR S AR YA R AR PR AT AL AR
g0 %

B B0 5 R T T 2 TS L A R A4
WK 10 Pros. S—IERELHIE T3 20.7%)5, FH
JERAEWRE, WO, R W R,
Kl 10(a)Fl(b) 7. (RS Z I 3Ab, Al A,
WA 107, AL BT AR N A&,
AR 4R i sh N LR kA3 %2, e Ik
JERTY, WA RSN 25 R I5ER . B
HEBLEE T RMHR, SRR N, Hal
B RN SR e Al SR B g 3, ik 10(c)F(d)
Fine MELHISE T RIEE] 67.7%0 (5 4 1@ RELH
J5), BT R R T R A M S R, Al R AR

Pl (%) S 455 1R e BE RS n, - 4an &l 10(e)~(g)iT
o BEANELHNE RS, RS YRR YA T
TR, ARG B iR AE A< B 18] T
JE& R Z IR BT D) IV E R, B NGl A 2l B o i St
W HELHIT 0 2 KA oA, W 10(e) s . X
Je I TAESURIRL R, 1. SRPRh S A P R
ZESt, PEACAEIBE g 2, e SR A B A7 e 5y
VIR Ty, S fEsgv) N R B Tes: . K11
FER R B 3 67. 7% J5 T2 i 1+ S H i 10
pm YU N ) EDS B2 A Bl 10 o] AL, B AR S
BT JL P DRI i e 2 R 38 K T2 s
FHZ M fr o

B FR TR A, FLEDE AR AR S S SR

Intermetallic

compound Fracture

Rolling direction
D

=

Intermetallic
compound

Rolling direction
e ——————

/

Intermetallic
compound .

Rolling direction
_———

: Cu
Fracture

Intermetallic
compound

Intermetallic
compound

10 HURE SRR SR K 5
AR
Fig. 10 Interface evolvement of CCA in

rolling process: (a), (b) Total reduction of
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reduction of 57.0%; (e), (), (g) Total reduction
of 67.7%
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Fig. 11 Line concentration profile measured by EDS around
Cu/Al direct bonding interface after rolling (total reduction of
67.7%)
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Fig. 12 Effect of rolling deformation on interface of CCA:
(a) Total reduction of 20.7%; (b) Total reduction of 35.7%;
(c) Total reduction of 67.7%
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