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Laser Cladding Co-Based Coatings
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Abstract To solve the problem of wear failure of 42CrMo steel and meet its application requirements, in situ NbC-
particle-reinforced composite coatings were prepared on a 42CrMo steel surface using laser cladding with a mixed
powder (Co-based, Nb,and Cr;C, powder). The effects of NbC content on the microstructure, wear behavior, and
NbC morphology of the composite coatings were analyzed. The results show that when the mass fraction of NbC is
0-15%, the coating bonds well with the substrate and no obvious defects are observed in the coating. When the
mass fraction of NbC reaches 20%, microcracks appear in the coating. The matrix of the composite coating
primarily comprises e-Co and y-Co. The primary strengthening phases are NbC, Cry;Cs, and Cr;C;. NbC particles
are formed by the in-situ reaction of Nb and C atoms that are dissolved in the molten pool. With thc increase of NbC
content, the shape of the NbC particles gradually changes from quadrilateral to petaling. The microhardness and
wear resistance of the composite coatings clearly increase, and the primary wear forms of the composite coatings are
abrasive wear and hard-phase spalling wear. When the mass fraction of NbC is 10%, the microhardness and wear
resistance of the coatings attain their maximal values of 546.4 HV and 0.020 g/min, respectively.
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Table 1 Chemical composition of 42CrMo steel %

Element C Si Mn S

P Cr Ni Cu Mo Fe

Mass fraction /%  0.435 0.201 0.613 <0.035

0.007 0.87

<C0.001  <<0.030 0.142 Bal.

# 2 Co JEky R4 o

Table 2 Chemical composition of Co-based powder %

Element Co Cr w Mo Si
Mass fraction /% Bal. 24.12 5.45 4.95 0.92

ST OE 28 IPG YLS-4000 #5627 30

o R R I &Ny 4000 WL K4 1064 nm, JEHEE
B3 mm, RPMER IR EHARSR &
I M A6 S0 At v Al TS DA B RE e A b
AL, LRI T A S 4
IR .
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Table 3 Mass fraction of each composition of mixed powder %
No. Designed mass fraction of NbC Nb Cr; G, Co-based
1% 0 0 0 Bal.
2% S 4.42 3.8 Bal.
3= 10 8.84 7.6 Bal.
4% 15 13.26 11.4 Bal.
SHE 20 17.68 15.2 Bal.

x4 HOLBE RS
Table 4 Experimental parameters of laser cladding

Shielding gas flow /

Carrier gas flow / Powder feeding Scanning velocity /

Laser power /W
(Lemin ) (mmemin ')

(Lemin ') rate /(gemin ')

1800 35 3.5 17 280
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Fig. 1 Diagram of friction wear test
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Table 5 Experimental parameters of friction wear test

Rubber wheel Rotating speed /

Wear time /min

diameter /mm (memin ')

Sample dimension /
Load /N
(mm X mmX mm)

240 140 10

130 57X 25.5X6
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Fig. 2 XRD patterns of different NbC/Co coatings
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Fig. 3 Gibbs free energy for possible reactions
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Table 6 Chemical compositions of phases in Fig. 4

Percentage of atoms /%

Zone

C 0 Cr Fe Co Nb Mo w
A 46.7 1.2 9.2 5.4 14.6 18.1 1.1 0.6
B 23.3 4.5 18.1 10.5 32.6 5.7 3.6 1.8
C 10.3 1.3 22.8 16.7 45.8 0.9 1.4 0.8
D 24.6 3.9 18.0 8.8 32.1 6.9 3.9 1.8
E 44.9 4.8 10.2 6.0 17.2 15.4 1.1 0.6
32 EEREMHMAEN H NBC J& [l i 3t fh 25 F d 52 2] 7 3. 24 NbC %
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Fig. 5 Macro-morphologies of composite coatings. (a) Single channel morphology; (b) cross-section

morphology of 1 # coating; (c) multiple channel morphology
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Fig. 6 SEM images of different NbC/Co coatings. (a) 0% NbC/Co; (b) 5% NbC/Co;
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Fig. 7 Average hardness of different composite coatings
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Fig. 8 Wear rate of different composite coatings
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Fig. 9 Worn morphologies of different composite coatings. (a)(b) 0% NbC/Co; (¢) 5% NbC/Co; (d) 10%NbC/Co;
(e) 15%NbC/Co; (f) local magnification of 15% NbC/Co
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