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ABSTRACT: A gradient coating was prepared on a 45 steel substrate to obtain a coating with better wear resistance than the
substrate. After the connection layer was prepared on the substrate by laser cladding, the wear-resisting layer was prepared by
using iron-based alloy powders without added WC particles and added 3% and 5% WC particles, respectively. The microstruc-
ture of the coating was studied by optical microscope (OM), X-ray diffraction (XRD) and scanning electron microscope (SEM).

The mechanical properties of coating were studied by Vickers microhardness tester and M-2000 wear tester. The coating is dense

B E: 2018-09-19; 1EiTHHA: 2018-11-11

Received: 2018-09-19; Revised: 2018-11-11

HEWH: B aAMAFAS (51875274, 51401105)

Fund: Supported by National Natural Science Foundation of China (51875274, 51401105)

fE&RIAT: R4 (1991—), B, MEHRAAE, TRXARSIGAREILE FHE,

Biography: ZHANG Hua-jian (1991—), Male, Master, Research focus: laser repair and remanufacturing.

BIRESE: % (1981—), B, HE, 305, TE2MREFT QAL BMARLE, 4. fli@njtech.edu.cn

Corresponding author : LI Feng (1981—), Male, Doctor, Lecturer, Research focus: heat treatment of metal materials. E-mail: fli@njtech.edu.cn



128 - EN TR NN

2018 4F 12 A

without defects such as cracks and pores, and the WC particles inside the coating are clearly visible. The connection layer and

the substrate have a good metallurgical bonding. The coating microstructure mainly has equiaxed, columnar and eutectic struc-

ture. The phase of the wear layer is austenite (y-Fe), y(Fe,Ni) solid solution and Fe-Ni-Cr solid solution. The average micro-

hardness of the coating is 559HV, which is more than 3 times higher than substrate (182HV,). As the WC content increases, the

amount of wear of the coating decreases significantly. The substrate and the connecting layer have planar crystals grown along

the surface of the substrate, and the inner structure of the coating is columnar crystal, a dendrite and eutectic structures, and the

top of the coating is mostly a small equiaxed crystals. The addition of WC particles did not significantly improve the micro-

hardness of the coating. The wear mechanism of coating without WC is mainly adhesive wear. The coating wear of 3% WC is

light wear and wear is still mainly adhesive wear. The wear mechanism of 5% WC wears the lightest wear mechanism is abra-

sive wear. The addition of WC can significantly improve the wear resistance of the coating.

KEY WORDS: laser cladding; iron based alloy; microstructure; microhardness; wear resistance; WC content
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Tab.1 Nominal chemical composition of substrate and powders

wt%
Materials C Cr Ni Si B Mo W \Y% Fe
45%# steel 0.42~0.50 <0.25 <0.30 0.50~0.80 0.17~0.80 Bal.
1# powders 1.63 18.00 31.29 0.64 1.14 6.2 Bal.
2# p owders 1.98 4.74 7.79 1.15 2.1 1.5 1.84 0.60 Bal.
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Tab.2 Powdersratio of wear-resisting layer

wt%
Wear-resisting layer 2# powders WC powders
1# sample 100 0
2# sample 97 3
3# sample 95 5
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Tab.3 Laser process parameters

Scan velocity Powder flow rate o Protective gas Beam
Laser power/W / (mm~s’1) / (r~min’1) Overlap rate/% / (L~min’1) point/mm
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Fig.1 Schematic diagram of laser cladding and structure of coating layer:
a) schematic diagram of laser cladding, b) schematic diagram of coating
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Fig.2 Microstructure of the cross section of coating layer: a) cross section of gradient coating,
b) middle zone of wear-resisting layer, c) interface bonding zone
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Fig.3 Microstructure of the different zones: a) remelting zone of wear-resisting layer,
b) middle zone of wear-resisting layer, c) top zone of wear-resisting layer
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Fig.4 X-ray diffraction of the wear-resisting layer
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Fig.5 Microhardness profile along the cross section of coating
and Hardness distribution around WC particles:
a) hardness distribution comparison, b) hardness distribution
around WC particles and enlarge image (c)
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Fig.7 SEM images showing worn surface of wear-resisting layers: a) 1# sample without WC particles,
b) 2# sample with 3wt%WC particles, c) 3# sample with Swt%WC particles
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