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Fe-Ni-B-Si-Nb amorphous and nanocrystalline composite coating
prepared by laser cladding and remelting
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Abstract: The Fe-Ni-B-Si-Nb amorphous composite coating was fabricated on the CCS-B mild steel by laser cladding
and laser remelting. The phases, microstructure and impacts on glasses forming ability of the amorphous coatings were
studied using X-ray diffractometer, scan electron microscope, EDAX energy spectrometer and transmission electron
microscope. The microhardness, micro mechanical properties and wear resistance were studied by microhardness tester,
nanoindentor and friction wear testing machine. The results show that the microstructure of coating consists of
amorphous composite zone, original cladding zone and base metal. The amorphous composite zone consists of Fe,B,
y-(Fe, Ni) and amorphous phase. The highest hardness of coating is 1 369 HV and the average fraction coefficient is
0.275. Suppressing the crystalline phases with simple structure and promoting the crystalline phases with complex
structure are good for fabricating the amorphous phase.
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Table 1 Parameters of laser cladding and remelting

Laser Laser
Technology power radius/

Scanning  Powder Gas

speed/  feed rate/  flow/

/AW mm (mmin') (gmin') (L'min")
Laser 5 4 5 0.5 20-30 20
caldding
Laser ) 4 8 - 30
remelting
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Fig.1 Morphologies of appearance and cross section of
coating: (a) Appearance of cladded layer; (b) Appearance of

remelted layer; (c) Cross section of coating
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Fig.2 XRD patterns of cladded (a) and remelted (b) layers
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Fig.3 Microstructures of longitudinal section of coating: (a) Interface between base and cladded layer; (b) Microstructure of

cladded layer; (c) Interface between cladded and remelted layer; (d) Microstructure on surface of coating
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Table 2 Nano-indentation results for coating

Maximum press depth/nm  Contact depth/nm  Elastic modulus/GPa ~ Microhardness, HV ~ Displacement after upload/nm
570.97 469.01 288.60 13422 377.81
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Fig.5 Microhardness distribution of coating along cross

section
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Fig.6 Nanoindentor load—unload curves of coating
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Fig.7 Friction coefficient—time curve of coating
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Fig.8 Friction morphology of coating
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