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Effect of welding temperature on microstructure and properties of

Cu/ Al vacuum diffusion welded joints
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(1. School of Mechanical Engineering and Automation, University of Science and Technology Liaoning,
Anshan 114051, China; 2. Liaoning Key Laboratory of Special Machining for Complex
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Abstract: Vacuum diffusion welding technology was used to weld copper/aluminum dissimilar materials. Microstructure, phase
composition and physical properties of the welded joint interface were studied by means of scanning electron microscopy (SEM), energy
dispersive spectroscopy (EDS) , universal mechanical testing machine and resistivity tester. The results show that the type and thickness
of intermetallic compounds at the Cu/Al welding joint interface are related to the welding temperature, and the phases generated at the
interface include 0-Al,Cu, m-AlCu, 8-Al,Cu; and y-Al,Cu,. The shear strength of the joints shows a trend of first increasing and then
decreasing with the increase of welding temperature, and when the welding temperature is 530 °C, the shear strength is the maximum,
which is 16. 5 MPa. The fracture of the welded joints mainly occurs near the 0 phase, with some occurring in the y and m phases. The
resistivity of the joint is closely related to the phase, thickness and uniformity of the intermetallic compound layer at the interface, and
decreases with the increase of welding temperature. When the welding temperature is 550 °C , the resistivity of the joint is the lowest,
which is 2. 4x107° Q-cm.
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Table 1 Chemical composition of T2 copper and 1060 aluminum alloy ( mass fraction, %)

Cu Al Zn S Mg Mn (0] Fe As Pb Si Zn Ni
T2 Cu Bal. - 0. 005 0. 005 - - 0. 060 0. 005 0. 002 0. 005 - 0. 005 -
A11060 - Bal. 0. 002 - 0. 050 0. 100 0. 060 - - - 0.012 0.250  0.002
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Table 2 EDS analysis results of various points in the
Cu/Al diffusion layer in Fig. 3

Point Al Cu Possible phase

A 68. 00 32.00 Al,Cu
B 50. 10 49.90 AlCu

C 31. 65 68. 35 Al,Cuq
D 63. 80 36.20 Al,Cu
E 46.02 53.98 AlCu

F 37.87 62.13 Al, Cuy
G 33.61 66. 39 Al,Cuq
H 64. 96 35.04 Al,Cu
| 90. 86 9.14 a-Al
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Fig. 4 Schematic diagram of the evolution process of the joint reaction layer

(a) before the diffusion reaction begins; (b) 510 CXx60 min; (¢) 530 Cx60 min; (d) 550 °C x60 min
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Table 3 EDS elemental composition analysis results

for each point in Fig.7 (at%)

Point Al Cu Possible phase
A 51.30 48.70 AlCu
B 64. 30 35.70 Al,Cu
C 72. 80 27.20 Al,Cu
D 95.70 4.30 a-Al
E 37.30 62.70 Al,Cug
F 48.70 51.30 AlCu
G 73.30 26.70 Al,Cu
H 95. 60 4.40 a-Al
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Table 4 Resistivity of Cu and Al matrix and related intermetallic compounds

[30]

Material/Compounds T2 Al1060

Al,Cu AlCu

AL Cu, Al,Cu,

Resistivity/ (+cm) 1.72x107° 2.82x107°

8x107°

1.14x107° 1.34x107° 1.43x107°

3 £t
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