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Process analysis on resistance thermal diffusion welding Al/steel dissimilar
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Abstract: Based on the cold spray technology, the Cu coating was prepared on the surface of the stainless steel substrate as an
interlayer in advance, then connected to the Al alloy by resistance thermal diffusion welding. The influence of the thickness of the
Cu coating on the interface structure and mechanical properties of the final joint was discussed utilizing relevant analysis methods.
The results indicated that a good metallurgical bond was formed between the pre-prepared Cu coating and the stainless steel
substrate by cold spray technology. In the subsequent resistance thermal diffusion welding process, the Cu coating acted as an
interlayer to effectively prevent the interdiffusion of Al and Fe elements, which was attributed to the interlayer converting the
original Al-steel connection into Al-Cu connection. When the Cu coating thickness was 100 pm, a defect-free reaction layer was

generated between the Al alloy and the Cu coating. The main component was Al(s. s) and a small amount of Al,Cu in the reaction
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layer. The tensile shear load of the joint reached 755.39 N, and the fracture position was located at the reaction layer. However, the
tensile shear load of the joint gradually decreased due to the increase of the Cu coating thickness because the increased Cu coating
thickness increased the joint resistance, forming a higher temperature field in the welding process, which led to welding defects such

as cracks in the reaction layer due to the formation of more Al-Cu intermetallic compounds.

Highlights: (1) A composite method of cold spraying and resistance thermal diffusion welding is proposed to obtain the Al/steel

hybrid structure.

(2) The pre-prepared Cu coating via cold spraying technology transforms the original Al-Fe connection into an Al-Cu

connection in the subsequent resistance thermal diffusion welding process.

(3) The Joule heat formed by high-resistivity graphite promotes the interdiffusion and metallurgical reaction of Al-Cu

atoms at the final interface.
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Fig. 2 Microstructure of Cu powder in cold spray pro-

cess. (a) whole morphology; (b) enlarged image
of A area
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Fig. 3 Schematic diagram of Al/ steel joint by resistance
thermal diffusion welding
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Table 1 Actual welding process parameters
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Cross-sectional morphology of the joint after cold
spray. (a) whole morphology; (b) enlarged image
of A area
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Fig. 5 Macroscopic morphology of Al/steel welded joints with different Cu coating thickness. (a) 100 uym; (b) 200 um;

(c) 300 pm; (d) 400 pm; (e) 500 um



40 B

Al
1}2 304

(a) 100 pm (b) 200 pm () 300 um

(d) 400 pm (e) 500 pm

6 A[E Cu Rk EEE TR/NEEELMUER

Fig. 6 Microstructure of Al/steel welded joint with diffe-
rent Cu coating thickness. (a) 100 um; (b) 200

pm; (c) 300 pym; (d) 400 ym; (e) 500 pm
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Fig. 7 Effect of Cu coating thickness on the micro-
structure of joint. (a) 100 ym; (b) 200 um; (c) 300
um; (d) 400 pm; (e) 500 pm
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Table 2 EDS results at relevant positions in Fig. 7

g Al Cr Fe Ni Cu Al figAH
1 0.42 0.35 0.39 0.32 98.52 Cu(s.s)
2 78.56 0.32 4.24 0.2 16.68 Al(s. s)
3 64.48 0.36 1.01 0.48 33.67 ALCu
4 76.04 0.54 5.28 0.48 17.66 Al(s. s)
5 99.02 0.16 0.25 0.19 0.38 Al(s.s)
6 79.23 0.24 0.26 0.15 20.11 Al(s. s)
7 82.57 0.17 0.24 0.21 16.81 Al(s.s)
8 86.9 0.3 0.3 0.39 12.11 Al(s. s)
9 68.98 0.25 0.42 0.25 30.1 ALCu
10 69.29 0.09 0.24 0.19 30.19 AlL,Cu
11 81.63 0.29 0.39 0.35 17.34 Al(s.s)
12 86.02 0.2 0.41 0.29 13.08 Al(s. s)
13 84.68 0.22 0.48 0.21 14.41 Als.s)
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Fig. 8 Tensile-shear load of Al/steel welded joints with
different Cu coating thickness
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Fracture morphology of joint with 100 pm Cu
coating. (a) OM morphology with Al side; (b) 3d
morphology with Al side; (c) OM morphology with
steel side; (d) 3d morphology with steel side
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Fig. 10 SEM morphology of the fracture surface of the joint. (a) enlarged image of A area in Fig.9; (b) enlarged image
of B area in Fig.9; (c) enlarged image of C area in Fig.9; (d) enlarged image of D area; (e) enlarged image of E
area; (f) enlarged image of F area
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Table 3 EDS results at relevant positions in Fig. 10

o Al Cr Fe Ni Cu Al REAH
1 98.44 0.3 0.6 0.26 0.4 Al(s.s)
2 76.02 0.44 6.04 0.69 16.81 Al(s. s)
3 78.52 0.27 5 0.39 15.81 Al(s.s)
4 77.9 0.23 0.62 0.33 20.92 Als.s)
5 74.69 0.43 3.05 0.6 21.23 Al(s.s)
6 77.94 0.28 3.41 0.32 18.05 Als.s)
7 76.73 3.25 9.19 0.69 10.14 Al(s. s)
8 77.99 0.27 0.36 0.35 21.02 Als.s)
9 0.07 0.44 0.49 0.44 98.55 Cu(s.s)
10 21.95 0.43 6.94 0.63 70.05 Cu(s.s)
(2) 2 CuIRJZIEE A 100 um B, 345 B4R /80
3 i F, B B 5% 4 Sk P BT oy fe K, 1A 21 755.39
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