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Abstract Laser cladding of nickel-based composite layer is much helpful to improve surface properties of H13
steel. WC/Ni60A composite powder with WC mass fractions of 20%, 33% and 50% is respectively cladded on the H13
steel surface. Based on optimized parameters of laser cladding process, the microstructure of the cladding layer
is studied. The results show that the phase composition of the laser cladded WC/Ni60A composite layer is complex.
WC content has a significant effect on the formation and morphology of the cladding layer structure. When the mass
fraction of WC is 20%, the cladding layer is composed of much y—(Fe, Ni) branch crystal and a small amount of W-
rich carbide; when the mass fraction of WC is 33%, the cladding layer, with a special structure, is composed of a
large amount of flocculent eutectic structures which are concentrated by M.;Cs blocks and surrounded by eutectic
structure composed of M,;,Cs and y— (Fe, Ni); when the mass fraction of WC is 50%, much block—shaped M;C,
snowflake—shaped M.;C; and needle-like Cr,Ni;;W structure is generated in the cladding layer. The hardness of the
laser cladding layer increase remarkably compared with that of the substrate and is up to 730, 760, 810 HV, when
the mass fraction of WC is 20%, 33% and 50%, respectively.
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Table 1 Chemical composition of H13 steel substrate

Element C Si Mn Cr Mo v S P Fe
Mass fraction /% 0.32~0.45 0.80~1.20 0.20~0.50 4.75~5.50 1.10~1.75 0.80~1.20 <0.30 <0.30 Bal.
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Fig.1 Morphology of Ni60A powder Fig.2 Morphology of WC powder
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Table 2 Optimized parameters for laser cladding

Process parameter Value

Laser power /W 1300

Laser scanning speed /(m/s) 0.003
Powder feed rate /(g/min) 24
Spot diameter /mm 2
Carrier gas flow /(L/min) 15
Shielding gas flow /(L/min) 10
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Fig.3 Cross—section morphologies of cladding layers with different WC mass fractions. (a) Sample 1; (b) sample 2; (c) sample 3
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Fig.4 X-ray diffraction patterns of cladding layers for different WC mass fractions. (a) Sample 1; (b) sample 2; (c) sample 3
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Fig.5 Cladding layer microstructure of sample 1 at different positions. (a) Upper part (low magnification); (b) middle part

(low magnification); (¢) upper part (high magnification); (d) middle part (high magnification); (¢) melting of WC
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Table 3 Chemical composition of the cladding layer of sample 1 at different positions (atom fraction, %)

Position B C Si \ Cr Fe Ni
A 4.19 30.48 5.51 21.41 22.07 5.54 8.52
B 7.46 17.66 4.19 17.99 26.76 14.74 9.27
C — 17.02 7.34 2.73 9.88 19.33 42.66
D — 15.63 9.04 6.20 11.32 15.64 40.73
E 7.36 17.36 2.84 14.42 31.51 15.84 9.38
F — 23.65 — 29.12 39.91 5.40 6.59

Kl 6 A1 2 19 B2 oW 4 41
Fig.6 Cladding layer microstructure of sample 2
e ARPE 2B R AN 5 L BUR S (5T 20 5 %)

Table 4 Chemical composition of the cladding layer of sample 2 at different positions (atom fraction, %)

Position B C Si Y Cr Fe Ni
G — 25.81 — 23.53 34.18 10.15 5.14
H — 9.34 — 6.27 11.11 36.18 36.72
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Pl 7 Pk 3 0 B2 A HE AL OWALE . (a) 12346 (b) e
Fig.7 Cladding layer microstructure of sample 3 at different positions. (a) Upper part; (b) middle part
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Fig.8 Variation of cladding layer microhardness for different WC mass fractions
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