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Effect of annealing temperature on texture and properties of
copper cladding aluminum flat bar fabricated by continuous
casting and subsequent rolling technology
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Abstract: The copper cladding aluminum (CCA) flat bar was fabricated by continuous casting—rolling technology, and
then, the effects of annealing temperature on the texture, interface structure and bonding strength, mechanical and
electrical properties of CCA flat bar were investigated. The results show that the recrystallization of the copper sheath
starts at 300 C, and completes at 400 ‘C. The aluminum along the copper sheath is in the severe deformation zone, and
the recrystallization almost completes at 200 ‘C. However, the recrystallization of aluminum core in the coarse grain
zone starts at 250 ‘C, and completes at 400 ‘C. The variations of tensile strength and elongation are small when the
annealing temperature is below 300 “C, but becomes large above 300 “C. The interface bonding strength ascends, and
then descends as the annealing temperature rising. When the annealing temperature is not higher than 250 ‘C, there is
no intermetallic phase generates at the interface, because of which the bonding strength ascends at this temperature
range. However, when the annealing temperature is 300—400 C, the intermetallic phase forms at the interface, the
interface layer thickness increases from about 1 um to 4 pum, the bonding strength descends from 54.0 MPa to
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25.8 MPa. The electrical resistivity is influenced mainly by the microstructures of the component metals. The electrical

resistivity of the CCA flat bar descends as the annealing temperature rising. Under the experimental conditions, the

interface layer at the interface is less than 4 pm, which has little influence on the electrical resistivity of the CCA flat

bar.
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Fig. 1 Macromorphology of copper cladding aluminum flat

bar
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Table 1

fraction, %)

Chemical compositions of copper sheath (mass

Fe Pb S Al Cu

0.027 <0.01 0.001 6 <0.01 Bal.

=2 ESHAk

Table 2 Chemical compositions of Al core (mass fraction, %)

Fe Si Cu Zn Al

0.20 0.026 <0.01 <0.01 Bal.
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Fig. 2 Shear tensile test specimen of CCA flat bar (Unit: mm)
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Rolling direction
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Fig. 3 Effect of annealing temperature on microstructures of copper sheath: (a) Without annealing; (b) 200 C; (c) 250 ‘C; (d) 300
C; (e) 350 °C; (f) 400 C
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Fig. 4 Microstructures of aluminum core of CCA flat bar along rolling direction after cold working
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Fig. 5 Effect of annealing temperature on microstructure of aluminum core of CCA flat bar: (a) Without annealing; (b) 200 C; (c)

250 °C; (d) 300 °C; () 350 °C; (f) 400 C
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Fig. 6 Effect of annealing temperature on microhardness of

copper sheath and aluminum core of CCA flat bar
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Fig. 7 Effect of annealing temperature on tensile strength and

elongation of CCA flat bar

(@)

B8 R UL B 2 e HE S T S R TR

B3 T IR KR 400 CHE, HibrsiE R RS
128.4 MPa, KR TFFE 4 22.5%, HIATIIE KX}
AR M 3 TRl A, {E 350 “CIB K, HifiE
JERUEH R P45 S R S, PR R P A 234N
AY, 1K FEUE LIRS B KIS By o B e 1T
(LRSI R s NI E st I PSR

HH 1] 3 R 5 R4, BRI 60 78 2R E R R 300 C
BIO TP FRas fh, H T2 A I LLEIR N, Xihs
5 JEE A R e/ o PRIDE, 7 300 C LA IRk
I, B FREh AU LE BB ,  HEAR E
eI P bz o B RS, P2 T & 2B KR IR 3] 400
CHE, W65 2R R A e AT 4 i, aEs
B TR R B PG, KR B .

2.3 RAGBE X RmEEHIR RN
T KL BEXT S S5 R 2 ma il 8 Fra » e 1] 8(b)
F(c)ATLAE Y, £F 200~250 CIREIEEMIEX 1 h,

Fig. 8 Effect of annealing temperature on interfacial structure of CCA flat bar: (a) Without annealing; (b) 200 C; (c) 250 C;

(d) 300 C; (e) 350 C; () 400 C
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Table 3 EDS composition analysis results of interface layer
in Fig. 8(f)

Mole fraction/%
Point Phase
Cu Al
A 98.97 1.03 o(Cu)
B 62.30 37.70 CuyAly
C 33.71 66.29 CuAl,
D 0.63 99.37 o(Al)

B /65 T A A B P S TR AR, PR 4 e TR
P PEREAE . B KRB 300 CHY, S Ab rT
KPP FA L, ARIFBA T BIELL 2R,
FHHZEREL) 1 um, WK 8(d)FTn; il KR IAF]
350 CHF, PRIESHHAR CIESOE SR 2R, Rk
S FATW BTG, BT EAR AR, Sz
JEREIE 2] 2 pm; IR KIREE A 400 ‘CHF, FIAHJE R
K, JEBEIEE] 4 pm, 815 3 Py EDS 54T,
I& -ty Cu-AlAHE USRI FE 0, 0] Jal W o 25
A2 514 CusAly Al CuAl, AH o
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WKl 9 fior. AFLASHIEE S ARG B S
BRI, JA%) 49.3 MPa. X2 KA HT A58 4
FLHEIREER HZKFIERS HIEE G B, SR S
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AT R HS REZE TR N, T4 @ R A Py R A hlffe
PERY, 52 i R 5 S A G SR AL B )2 R AR N 4R
TR ST P AL, A L A R B
ko BIYE 300~400 CiR K, FtiHi4:)E ik S AN
A BRI R A T 285 25 o P 11 2 B i R 35

FA, 5 RSHENOE A RN, A A
<o R A 1t V5 PR 2R 1 R P T 6 S TR A A5 P S v A
GG RGN ) 2E 1k B S AR /N

70
Annealing time: 1 h

60
50F \
m As rolled

301

Bond strength/MPa

201

101

2(|)0 25|0 3(|)0 35|0 4(|)0
Annealing temperature/C

9 B R A LA B HE S A5 5 SR L (BT DT

5

Fig. 9 Effect of annealing temperature on interfacial shear

bonding strength of CCA flat bar
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S R RS TR [ R P2 (K T L RS 1D N g g o
AL GPZRI T — A RS, &8 G421
ST HEAS B I BE, AT AR R, R
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Fig. 10 Effect of annealing temperature on longitudinal
electrical resistivity and relative electrical conductivity of CCA
flat bar
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VIARAE R, ST 25 -G o P B AR FE R i sy, 250
CIB-K 1 h SIS G i ALk 21 62.8 MPas; 5171 300 C
1Bk, G TF AR A BCa JE AL S A, S 25 G
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S5 B PR 25.8 MPa.
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