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Microstructure and Properties of WC-Cr,C; Composite Reinforced
Iron-Based Laser Cladding Layer

WANG Haomin', WANG Guoqing' . XIONG Yangkai' , JIANG Hao', ZHAO Yuantao®,
FANG Zhiqiang' . LI Wenge’
(1. School of Materials Science and Engineering, Hainan University, Haikou 570228, China;
2. School of Merchant Marine, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Taking chromium powder, tungsten powder, graphite powder and iron powder as cladding layer
raw materials, and Ni60 alloy powder as bonding layer raw material, WC-Cr;C; composite reinforced iron-based
cladding layer was prepared on the surface of 45 steel substrate by laser cladding technique. The macroscopic
morphology of the cladding layer under different laser power (2 500—3 500 W) and scanning speed (2—5 mmes ')
was studied to determine the optimal process parameters, and the microstructure and properties of the cladding layer
under the optimal process were analyzed. The results show that the optimal laser cladding process parameters were
the laser power of 3 500 W and the scanning speed of 2 mm+s~'. The WC-Cr,C, composite carbides with network
structure were in situ spontaneously generated in the cladding layer. From the surface to the interior of the cladding
layer, the microstructure gradually changed from equiaxed and dendrite to columnar and plane crystal. The average
hardness of the cladding layer was 507.6 HV, which was about 63.8% higher than that of the matrix. The average
stable friction coefficient was 0.128, which was only one forth of the matrix, and the wear rate was 4.9 X 10° em?® »
N~"em™', which was only one ninth of the matrix; the wear form was slight abrasive wear and slight adhesive wear.

Key words: WC-Cr, C, composite reinforced iron-based laser cladding layer; in situ reaction; microstructure;

friction and wear property
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Table 1 Raw material formula of laser cladding layer
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Fig.1 Surface macromorphology of cladding layer prepared with different laser powers (scanning speed of 5 mm-s~ ')
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Fig.2 Surface macromorphology of cladding layer prepared with different scanning speeds (laser power of 3 500 W)
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Fig.3 Section SEM morphology of cladding layer sample of non-overlapping area (laser power of 3 500 W and scanning speed of 2 mm-.s™'):

(a) overall morphology at low magnification; (b) morphology of area A at high magnification; (¢c) morphology of area B at high

magnification; (d) morphology of area C at high magnification and (e) morphology of area D at high magnification
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(D) XBGCHERHR (e) XiHH SERIR

B4 #EEREBEEKHENSE SEM MR GHEIHIE 3 500 W, 3 EE 2 mm-s™')
Fig.4 Section SEM morphology of cladding layer sample of overlapping area (laser power of 3 500 W and scanning speed of 2 mm.s~'): (a)
overall morphology at low magnification; (b) morphology of area E at high magnification; (¢) morphology of area F at high

magnification; (d) morphology of area G at high magnification and (e) morphology of area H at high magnification
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Fig.5 EDS analysis points (a, d) and EDS spectra (b—c, e—f) of cladding layer of non-overlapping area (a—c) and overlapping area

(d—f) (laser power of 3 500 W and scanning speed of 2 mm-s™'): (b) position A; (c) position B; (e) position C and (f) position D
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Fig.6 XRD patterns of cladding layer of non-overlapping area and
overlapping area (laser power of 3 500 W and scanning

speed of 2 mm.s™ ')
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Fig.7 Section morphology of cladding layer prepared with laser

1

power of 3 500 W and scanning speed of 2 mm.s~  after

thermal shock
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Fig.8 Section hardness distribution curve of cladding layer sample
prepared with laser power of 3 500 W and scanning speed

of 2 mm.s™'
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Fig.9 Wear profile of substrate (a) and cladding layer prepared with laser power of 3 500 W and scanning speed of

2 mm-s~ ' (b) after wear test

103



ML EHH

MATERIALS FOR MECHANICAL ENGINEERING

EMRR.F. WCCr,C, EA4Wma i b B Emy b ika

02 i

0 10 20 B30 40 50 60
15} 7] /min

B 10 EEFMEHRINEIS0W. ABEE 2 mm-s ' THE
BIABRBEERNEZRNHMEMEATL ML

Fig.10 Friction coefficient vs time curves of substrate and

cladding layer prepared with laser power of 3 500 W and

scanning speed of 2 mm.s~ '
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Fig.11 SEM images of wear surface of substrate (a) and cladding
layer prepared with laser power of 3 500 W and scanning

speed of 2 mm-s~' (b)
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