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Fig.2 Powder morphology of IN625 alloy
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Table 1 Chemical composition of EA4T substrate and IN625 alloy powder (w/%)

Materials Ni Cr Mo Nb Mn Si © Ti Al
EA4AT 0.29 1.04 0.26 / 0.69 0.16 0.27 / /
IN625 Bal. 21.62 9.24 4.02 0.01 0.10 0.005 0.14 0.23
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Materials P S Cu Fe
EA4AT <0.001 0.001 0.14 Bal.
IN625 0.009 0.002 0.02 2.18
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/ 0.08 0.012 0.007
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Fig.3 Morphology of laser cladding IN625 alloy sample(a),Macro-organization(b), Top microstructure(c),Middle microstructure(d),Bottom
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Fig.4 IPF diagrams (a-c), recrystallization distribution diagrams (a:-c1), local strain distribution (az-c2), inverse polar diagram (as-cs) and grain size
(as-c4) of laser cladding IN625 alloy sample top (a), middle (b) and bottom (c)
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Fig.5 X-ray diffraction patterns of laser cladding IN625 alloy samples
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Table 2 Scanning value of elements in fusion interface region

Point Cc Si Cr Mn Fe Ni Mo
1 9.96 / 20.70 / 5.12 57.59 6.63
2 9.53 / 20.82 / 3.72 59.09 6.85
3 9.11 / 17.54 / 14.52 50.47 6.70
4 6.98 / 143 0.50 91.10 / /
5 6.71 0.35 0.89 0.78 91.27 / /
6 7.35 0.30 1.16 0.75 90.43 / /
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Fig.8 Microhardness of laser cladding IN625 alloy sample(a) and microstructure of substrate(b) and HAZ (c)
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Table 3 Tensile properties of EA4T and IN625 laser cladding

specimens
Tensile Yield A
Sample Elongation/%
strength/MPa  strength/MPa
IN625-X 905 636 355
IN625-Y 871 598 40.0
EAAT 711 550 20.0
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Fig.9 Stress-strain curve of IN625-X and IN625-Y
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Fig.10 Fracture morphology of IN625-X(a) (b) (c) and IN625-Y (d) (e) (f)
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Microstructure and mechanical properties of EA4T steel repaired by laser

cladding IN625 alloy
Fang Xifeng?, Wang Rui*, Huo Huibin 2, Yang Qian?, Sun Xiaoguang?*
(1. CRRC Qingdao Sifang Co., Ltd., Qingdao 266111, China)
(2. National Institute Corporation of Additive Manufacturing, Xi’an, Xi’an 710117, China)
Abstract: IN625 superalloy was used to repair the surface of EA4AT axle steel by laser. The phase composition, microstructure, grain size and
mechanical properties of different areas of IN625 laser cladding samples were analyzed by X-ray diffractometer, scanning electron microscope,
Vickers hardness tester and universal experimental machine. The results show that the bottom of the IN625 laser cladding layer is the columnar
crystal structure with multiple growth directions, the middle is the columnar crystal structure with single growth direction and the grain size is the
largest, and the top is the mixed crystal region dominated by equiaxial crystal; The interdiffusion of Ni, Cr and Fe occurs between the cladding
layer and the substrate, and the diffusion region is about 9 um. The microhardness is 295HVo., the tensile strength is 888 MPa and the elongation
is 38.0% .
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