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Effect of annealing temperature on microstructure and mechanical
properties of Cu/Al clad sheet fabricated by asymmetrical roll bonding
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Abstract: The effects of annealing temperature on the interfacial microstructure and mechanical properties of Cu/Al clad
sheet fabricated by asymmetrical roll bonding were investigated according to the microstructure observation by scanning
electrical microscope (SEM) and the phase constituent measurement by energy dispersive X-ray detector (EDX) as well
as X-ray diffractometer (XRD), in addition with the microhardness of interfacial zone and tensile test of clad sheet. The
results indicate that the interfacial layer of Cu/Al clad sheet fabricated by asymmetrical roll bonding grows heavily at 400
‘C due to the accumulated deform energy. The intermetallic compounds form in the order of CuAl,, CugAl, and CuAl
with increasing the annealing temperature, and peeling occurs between them. The interfacial microhardness is higher than
that of the matrix due to the effect of annealing recovery and brittle intermetallic compound. The ultimate tensile strength
decreases with rising the annealing temperature, while the elongation increases. According to the experiments, the
optimal annealing temperature for Cu/Al clad sheet fabricated by asymmetrical roll bonding is 400 C.
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Table 1 Chemical compositions and properties of materials
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10°K
L1060 99.6Al 83 23.6 23
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Fig. 1 BSE-SEM images at interface of Cu/Al clad sheet ((a), (c), (e), (g)) corresponding Cu, Al and O element distribution by
EDX ((b), (d), (1), (h)) at different annealing temperatures: (a), (b) 350 C; (c), (d) 400 C; (e), (f) 450 °C; (g), (h) 500 ‘C
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Fig. 2 SEM image and EDX local point analysis in interfacial
zone of Cu/Al clad sheet annealed at 400 ‘C for 20 min
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Table 2 Chemical compositions and possible phases in

interfacial zones of Cu/Al clad sheet

Pointin Fig. 2 w(Cu)/% w(AD/% Possible phase
1 97.387 2.613 a-Cu
2 71.046 28.954 a-Cu, CuyAly
3 60.524 39.476 CuyAly, CuAl
4 43.184 56.816 CuAl, CuAl,
5 27.365 72.635 CuAl, a(Al)
6 11.228 88.772 CuAl, a(Al)
7 6.593 93.407 a(Al)
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Fig. 3 XRD patterns of Al side (a) and Cu side (b) at interface

of Cu/Al clad sheet annealed at different temperatures.
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Fig. 4 Vickers microhardness in interfacial zone of Cu/Al
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Fig. 5 Ultimate tensile strength and elongation of Cu/Al clad

sheet according to tension tests at ambient temperature
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Fig. 6 SEM images of tensile fracture at interface of Cu/Al

clad sheet annealed at different temperatures: (a) 350 C;
(b) 400 C;(c)450 C



523 %5 5

AT, A R IR B RL A0 AR AL GV g AR RE I S

1207

R RIS, (AR T R 4
um PIEERAL HERIFESE 1 B A
FEZEN, IR PR ASTE AR S AT K

FER I RE T, A AR PR
PhAASTEAR I, BB R B A . AEARIERIER
KIS, SRS, HAL SRR REZE RARK,
e R A A 8, SBRG AT, 1Bk
ISR, ST, Hos iR ke A
PlosganlE, D, RE A vk pers 21 0eE .

W T A S A =R AT T R B AN
X TR AEBIAMER], BRGNS T
e RN, IR, AR A R i R LS
A, WERAEE ST E A E SR AL .

3 Zig

b=}

1) S ELHIEAR A EE 400, 450 AT 500 CIiR
k20 min J5, E&FMEY BUZIERESNL N 3. 5F
10 pm,

2) XRD Y43 BT, £ 300~500 CiR Kif, 7£
iR ARSI U2 TR O K CuAl. CuyAly Fil
CuAl &g AL A . 400 CIB K INHEE & FLfi I /b
£ CuAl, f1 CugAl, #H.

3) SR AN R R S 45 AR, iR K
AT E AR S, ISR R S
Yo Pl OAHLR SR, GIE)EER S Y BUZ e
S5 T R

4) BIAMER S EMAR G R R, FoD L/
R A BRIEREAE 400 “CiR /K 20 min BESRAT I fE 1 S IHI
PR # Mg

REFERENCES

[1] TSENG H C, HUNG C H, HUANG C C. An analysis of the
formability of aluminum/copper clad metals with different
thicknesses by the finite element method and experiment[J].
International Journal of Advanced Manufacturing Technology,
2010, 49(9/12): 1029—-1036.

[2] SASAKI T T, MORRIS R A, THOMPSON G B, SYARIF Y,
FOX D. Formation of ultra-fine copper grains in copper-clad
aluminum wire[J]. Scripta Materialia, 2010, 63(5): 488—491.

(3] JiSCAE. S I A AL ST i ST AL ] b A G e o
i, 1996, 6(1): 79-83.

GU Wen-gui. Diffusion layer morphology of solid state rolled

Journal of

copper-aluminum Chinese

Nonferrous Metals, 1996, 6(1): 79—83.

composite[J]. The

[4]

[10]

[11]

[12]

[13]

[14]

CHEN C Y, CHEN H L, HWANG W S. Influence of interfacial
structure development on the fracture mechanism and bond
strength of aluminum/copper bimetal Materials
Transactions, 2006, 47(4): 1232—1239.

SHENGLY, YANGF, XITF, LAIC, YEH Q. Influence of

plate[J].

heat treatment on interface of Cu/Al bimetal composite
fabricated by cold rolling[J]. Composites B: Engineering, 2011,
42(6): 1468—1473.

GUO Y J, QIAO G J, JIAN W Z, ZHI X H. Microstructure and
tensile behavior of Cu-Al multi-layered composites prepared by
plasma activated sintering[J]. Materials Science and Engineering
A, 2010, 527: 5234-5240.

JAMAATI R, TOROGHINEJAD M R. Cold roll bonding bond
strengths: review[J]. Materials Science and Technology, 2011,
27(7): 1101-1108.

LI X B,ZU G Y, DING M M, MU Y L, WANG P. Interfacial
microstructure and mechanical properties of Cu/Al clad sheet
fabricated by asymmetrical roll bonding and annealing[J].
Materials Science and Engineering A, 2011, 529: 485-491.

PAN D, GAO K, YU J. Cold roll bonding of bimetallic sheets
and strips[J]. Materials Science and Technology, 1989, 5(9):
934-939.

ABBASI M, KARIMI T A, SALEHI M T. Growth rate of
intermetallic compounds in Al/Cu bimetal produced by cold roll
welding process[J]. Journal of Alloys and Compounds, 2001,
319(1/2): 233-241.

ZUO F Q, JIANG J H, SHAN A D, FANG J M, ZHANG X Y.
Shear deformation and grain refinement in pure Al by
asymmetric rolling[J]. Transactions of Nonferrous Metals
Society of China, 2008, 18(4): 774-777.

HENESS G, WUHRER R, YEUNG W Y. Interfacial strength
roll-bonded metal

development  of aluminium/copper

laminates[J]. Materials Science and Engineering A, 2008,
483/484(s1): s740—s742.

EIZADJOU M, KAZEMI TALACHI A, DANESH MANESH H,
SHAKUR SHAHABI H, JANGHORBAN K. Investigation of
structure and mechanical properties of multi-layered Al/Cu
composite produced by accumulative roll bonding (ARB)
process[J]. Composites Science and Technology, 2008, 68(9):
2003-2009.

GUO Y J,LIUG W,JINHY, SHI Z Q, QIAO G J. Intermetallic
phase formation in diffusion-bonded Cu/Al laminates[J]. Journal
of Materials Science, 2011, 46(8): 2467—2473.

SMALLMAN R E, NGAN A. Physical metallurgy and advanced
materials[M]. Oxford: Butterworth-Heinemann, 2007.
MPEA, B k. B SR ARE A IR B WE TS, AR R
514, 2010, 18(4): 560-563.

LIU Hong-wei, GUO Cheng. Forming limit diagram of Cu-Al
clad[J]. 2010, 18(4):
560-563.

Materials Science and Technology,

(RiE FRITE)



