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Table 1 Chemical compositions of 45 steel

Element C Si Mn Cr Ni Cu Fe
Mass fraction /% 0.42-0. 50 0.17-0. 37 0. 50-0. 80 <0. 25 <0.3 <0. 25 Bal.
%2 Ni6OA Ktk R 4r
Table 2 Chemical compositions of Ni60A
Element Cr Fe C B Si (@] Ni
Mass fraction /% 16.75 4.43 0. 60 3.18 4. 30 <C0. 08 Bal.

£33 HEWEMHARR LB 70
Table 3 Powder ratio of composite cladding

(mass fraction, %)

Sample No. Ni60A wC CNTs
S1 Bal. 60 0
S2 Bal. 60 0.25
S3 Bal. 60 0.5
S4 Bal. 60 0.75
S5 Bal. 60 1
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Fig. 1 Tllustration of experimental apparatus
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Fig. 3 Cross-sectional morphologies of cladding layer. (a) S1; (b) S2; (¢) S3; (d) S4; (e) S5
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Fig. 4 XRD patterns of cladding layers of different
samples
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Fig. 5 Microstructures of circular regions in cladding

layers of different samples. (a) S1; (b) S3
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Fig. 6 EDS elemental maps of S3 circular region
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Fig. 7 Microstructures of upper parts of cladding layers of different samples. (a) S1; (b) S2; (c¢) S3; (d) S4; (e) S5
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Table 4 Chemical compositions for marked areas in Fig. 7

Mass fraction /%

Point No.
Cr Fe Ni w
P1 5.517 8.351 47.550 38.582
P2 3.441 0. 000 6.992 89.567
P3 7.137 8.374 46. 784 37.705
P4 2.445 2.045 8. 805 86. 705
P5 6.063 11.190 34. 269 48. 478
P6 2.685 1.292 6.861 89.161
P7 5.311 14.592 40,170 39.927
P8 2.055 2.088 4. 445 91.412
P9 13.059 27.097 16.508 43.336
P10 2.852 3.784 1. 560 91. 804
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Fig. 9 Wear resistance performances of cladding layer.
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Fig.10 SEM images of worn surfaces in cladding layers

of different samples. (a) S1; (b) S3; (c¢) S5
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Effect of Carbon Nanotubes Content on Microstructure and Properties of
Laser Cladded Ni-Based Composite Coating

Zhang Jiacheng, Jiang Jibin, Huang Xu , Lian Guofu, Chen Changrong,
Feng Meiyan, Zhou Mengning

School of Mechanical & Automotive Engineering, Fujian University of Technology, Fuzhow, Fujian 350118, China

Abstract

Objective The 45 steel is widely used in the manufacture of gears, connecting rods, pistons, and other mechanical
parts due to its good cold/hot workability, high strength, good toughness, and low price. However, the 45 steel
cannot meet the requirements in the fields of mining machinery, petroleum exploration, and marine engineering
because of the harsh working environment. Thus, the surface modification technologies are usually adopted to
strengthen the surface of the 45 steel. Among them, laser cladding is a promising technology. The cermet coating
prepared by laser cladding can significantly improve the properties of the surface. Among many cladded materials,
the Ni60A/WC composite coating has been widely used because of its high hardness and good wear resistance.
However, it also has some problems such as the uneven distribution of hard phase and insufficient lubrication
property. Therefore, in this study, based on the characteristics of high melting points and the excellent self-
lubricating property of carbon nanotubes (CNTs), the Ni-based wear-resistant coatings with different contents of
CNTs are prepared on the surfaces of 45 steel by laser cladding, and the results show that the hardness and wear
resistance of the Ni60A/WC composite coating are significantly improved. This work provides a reference for the
preparation of Ni-based composite coatings with excellent properties.

Methods The 45 steel with dimension of 40 mm X 20 mm X 10 mm is used as the substrate on which Ni60A, WC,
and CNTs are used as cladding powders. As for the Ni60A and WC powders, their particle sizes are 48-106 pm and
100 pm, respectively. Before laser cladding, CNTs are first dispersed by ultrasonic wave. Then the Ni60A and WC
powders are added into CNTs dispersions with different contents according to the designed ratio and subsequently
stirred by magnetic force at the speed of 500 r/min for 30 min. After magnetic stirring, the ball milling is carried out
with planetary ball mill at a milling speed of 275 r/min, a mass ratio of grinding ball to material of 3:1, and milling
time of 1 h. After ball milling, the mixed powder is dried, and the 5% mass fraction polyvinyl alcohol (PVA) binder
is added and preplaced on the surface of the substrate. The thickness of the preplaced coatings is approximately
1 mm. Finally, the laser cladding experiment is carried out under the process parameters of 1500 W laser power,
5 mm/s scanning speed, and 10 mm defocusing distance, in which the microstructure of the cladding layer is
observed by scanning electron microscope, the composition of the cladding layer is analyzed by energy dispersive
spectrometry, the phase of the cladding layer is analyzed by X-ray diffraction, the microhardness from the top of the
cladding layer to the substrate is measured by a microhardness tester, and the wear resistance of the coating layer is
tested by tribometer under dry friction conditions.

Results and Discussions The cladding layer has good metallurgical bonding with the substrate. The results show
that the addition of CNTs improves the laser absorption characteristics of the powder, increases the dilution ratio,
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enhances the convection in the molten pool, and forms Marangoni flow from the center to the periphery of the molten
pool under the effect of surface tension, which promotes the uniform distribution of hard phase in the cladding layer
(Fig. 3). As the content of CNTs increases, the microhardness of the cladding layer first increases and then
decreases. When an appropriate amount of CNTs is added, the CNTs possessing a high melting point, play the role of
heterogeneous nucleation and improve the nucleation probability. Thus, the coarse dendrite structure in the cladding
layer is obviously refined, the spacing between adjacent dendrites becomes smaller, and the dendrites are closer to
each other (Fig. 7). The refinement of grains hinders the movement of dislocations and improves the microhardness
of the cladding layer. When the mass fraction of CNTs is 0.5%, the microhardness of the cladding layer reaches
1100 HV, which is 10% higher than that of the cladding layer without CNTs (Fig. 8). With the increase of CNTs
content, the friction coefficient and wear volume of the cladding layer first decrease and then increase. Due to the
improvement of the hardness of the cladding layer and the excellent self-lubricating property of CNTs, the friction
coefficient is 0.3 and the wear volume is 1.24 X 10 * mm® when the mass fraction of CNTs is 0.5% . Compared with
that of the coating layer without CNTs, the wear volume here is reduced by 35% (Fig. 9).

Conclusions In this study, the Ni6OA/WC composite coatings with different contents of CNTs are successfully
prepared on the surface of 45 steel by laser cladding. The results show that the five coatings are composed of Ni-Cr-
Fe solid solution and hard phases such as WC, W,C, Cr;C,, Cr;C;, Cr,;C;, and B,C. Adding an appropriate amount
of CNTs promotes the uniform distribution of hard phase, refines the microstructure of cladding layer, and greatly
improves the microhardness of cladding layer. When 0. 5% mass fraction CNTs are added, the microhardness
reaches 1100 HV, the friction coefficient decreases to 0.3, and the wear volume decreases to 1.24 x 10 * mm®,
indicating CNTs have excellent self-lubricating properties and Ni-based composite coatings with excellent properties

can be prepared by adding an appropriate amount of CNTs.

Key words laser technique; laser cladding; carbon nanotubes; Ni-based coating; wear resistance
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