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Formation mechanism of interface in copper cladding aluminum
composites fabricated by core-filling continuous casting
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Abstract: Copper cladding aluminum (CCA) composites with the section dimensions of 60 mmX14 mmX7 mm
(length X width X round angle radius) and the sheath thickness of 2 mm were fabricated by vertical core-filling continuous
casting (VCFC) technology, and the micro-morphology and composition at the interface of CCA composites were
characterized by scanning electron microscopy (SEM), energy dispersive X-ray spectrometry (EDS), X-ray
diffractometry (XRD) and transmission electron microscopy (TEM). The results show that the interface at the side of Cu
is composed of the CuyAl, planar layer (zone I) and CuAl, cellular layer (zone II), and that at the Al side is a(Al)+CuAl,
pseudo eutectic structure (zone III) , in addition, the high temperature phase Cu;Al,., is remained between CugAl, and
CuAl,. Thus, the formation mechanism of interface in CCA composites fabricated by core-filling continuous casting was
proposed.
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Fig. 1 Schematic diagram of vertical core-filling continuous
casting for CCA composites : 1— Graphite crucible for
aluminum; 2—Liquid aluminum; 3—Runner; 4— Graphite
crucible for copper; 5—Liquid copper; 6—Heat insulating
material; 7—Crystallizer; 8—Secondary cooler; 9—Pinch rolls;

10—CCA composites
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Fig. 2 Macro-morphologies of CCA composites (longitudinal

section on left side)
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Table 1 Results of EDS composition analysis of interface in

CCA composites
Position x(Cw)/% x(AD)/% Predicted phase
A 99.21 0.79 a(Cu)
B 61.00 39.00 CuoAly, CuzAlyy,
C 36.91 63.09 CuAl,
D 20.03 79.97 a(Al)+CuAl,
E 0.60 99.40 a(Al)
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Fig. 3 Backscattered electron images ((a), (b)) and EDS line profiles ((c), (d)) of interface in CCA composites: (a), (c) Whole

interface; (b), (d) Interface at Cu side; (e), (f) BSE images showing lines where element scanning through corresponding to (c) and

(d), respectively
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Fig. 4 XRD patterns of interface in CCA composites after shear test: (a) Cu side; (b) Al side
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Fig. 5 TEM bright field images and corresponding selected area electron diffraction patterns of interface in CCA composites: (a), (b)

CuyAly; (c), (d) CuzAly,
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Fig. 6 Relationship between temperature and distance from

orifice to measurement points

IR A R, R S
P th S A R, T AR AR T S
VAR, AR AR IR (R TR A (BRI X, 40k 3
—EWREERS, HER R R S X AR
MBS —J0 e AN AT UG A8 TR R e
N, SN B AR ey AT B A T
LESLIRBEVEIE Py, B AR R R R, 1 70 i
A C B PR i S N I TR, AXAN S 1S e ATy Ao 57
b, Ty AHEATE A SN B AER, BBk
&y W OCAEMBEIR A%, AR AR I 1o i KA

LMK 7(a)).

BEAEREPRAC, 4 e TGRSR G, WY ey 2
() 2 5 A [ AH SN U E A S0 y1 RIS 9 B e 4
BPICLTE BTV, B4 R 44
[ ) FEARTT M # B AL BB A S )z RIS, 4 J 1]
B LS R, S A ARy 82 ST )
WEEARTT B, PHE R 2 R S B B R S )
RSy NS AT | A )R d o2 R RV RS S EE
JRVEE . H T AR AR TP B R O KT A R
EBARRE TP Y HORE,  BRItk, BOAHYHZ 0 R R
KT @ RSP RO E 7(0)).

(a) ]

Cu(S) B DL(L) Al(L)
(b) :fﬁﬂﬁf

Cu(S) y182f¥btdjff Al(L)
© o

cuS) |[7[&Y - DLEL)--| ALS)

(d) &&&%&&%

cu®) |n[Ey- D) Als)
(e)

Cu(S) | 7 g 2AD+e Al(S)

7 FEEER IR SRR L BN

Fig. 7 Schematic diagrams showing formation mechanism of

interface in CCA composites fabricated by core-filling
continuous casting (DL: Diffusion layer, S: Solid phase, L:
Liquid phase): (a) Liquid diffusion layer formed and e,
intermetallic compound nucleated; (b) 7y, intermetallic
compound nucleated and interface migrated during interfacial
reaction; (c¢) Liquid Al solidified and interface migrated
continuously; (d) € intermetallic compound formed by
peritectic reaction(residual &, and/or #, being omitted); (e) 6
intermetallic compound grown and a(Al)+6 formed by eutectic

reaction
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