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Comparison of Microstructure and Corrosion Resistance of 431 Stainless Steel Coatings
Prepared by Extreme High-Speed Laser Cladding and Conventional Laser Cladding
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Abstract Herein, a tempered 27SiMn hydraulic support substrate with 431 stainless steel corrosion-resistant
coatings is successfully prepared by 50 m/min extreme high-speed laser cladding (EHLA) and 1.5 m/min
conventional laser cladding (CLLA) methods, respectively. The macroscopic features, microstructure, and corrosion
resistance of the coatings prepared by both methods are comparatively investigated. Results show that the coatings
prepared by both methods form good metallurgical bonds without microcracks and blowhole defects. Compared to
the CLA coating, the EHLA coating has a multi-layer structure similar to the “dominoes” and a low dilution of 4% .
Cr achieves a high atomic number fraction of 19% in the EHLA coating. The macroscopic structure of the CLA
coating is relatively large, and the direction of dendrite growth is disordered due to the change of temperature
gradient at the overlapping zone. The macroscopic structure of the EHLA coating has a high degree of uniformity
and compactness, and the microstructure at the bottom/substrate interface is planar crystalline. The dendrites in the
middle overlapping zone and the surface of the EHLA coating are finer and slightly roughened at the overlapping
area. The corrosion resistance of the EHLLA coating is significantly superior.
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Table 1 Chemical composition of 27SiMn steel and 431 stainless steel powder (atomic number fraction, %)

Material C Si Mn Cr Fe Ni

27SiMn 3.37 2.09 1.70 0.47 91.78 0.58

431 powder 0.02 1.76 19.12 75.63 1.96
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Fig. 2 Macroscopic morphologies of single-layer stainless steel coating prepared by two methods. (a) EHLA; (b) CLA
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Fig. 4 Morphologies of single-layer multi-lap coatings by EHLA. (a) Macroscopic morphology of coating; (b) micro-
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Fig. 5 Morphologies of single-layer multi-lap coatings by CLA. (a) Macroscopic morphology of coating; (b) micro-
morphology of surface of coating (zone A); (c¢) micro-morphology of middle part of coating (zone B); (d) micro-

morphology of coating/substrate interface (zone C)
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Fig. 6 Comparison of microstructures of coatings prepared by EHLA and CLA. (a) Top microstructure of coating

prepared by EHLA; (b) cross-sectional microstructure of coating prepared by EHLA; (¢) top microstructure of

coating prepared by CLA; (d) cross-sectional microstructure of coating prepared by CLA
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prepared by EHLA and CLA
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Table 2 Corrosion potentials and current densities of

substrate and coatings prepared by EHLLA and CLA

Corrosion potential Corrosion current

Sample

E.n/V density I/ (pAscm™?)
EHLA —0.232 0.324
CLA —0.5981 9.001
Substrate —0.754 12.235
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Fig. 11 Microstructures of dendrites in coatings. (a) Coating prepared by EHLA;

(b) coating prepared by CLA
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Table 3 Difference in chemical composition inside and

between dendrites for coatings prepared by EHLA and CLA

Atomic number

Coating Position .
fraction of Cr /%
a 19.78
EHLA coating
b 20.17
c 12.78
CLA coating
d 15.19
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