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Abstract The TiC+ TiB, reinforced Ni-based self-lubricant composite coatings are prepared on the TC4 matrix
surface by the laser cladding technique, and the effect of CeO, content on the phase compositions, microstructures,
microhardness and friction and wear performances of these coatings is investigated. The results show that the phase
compositions of these coatings with different CeO, contents are mainly composed of matrix ¥-Ni, ceramic-reinforced
phases of TiC and TiB,, intermetallic compound of Ti, Ni, and lubricant phase of Ti;SiC,. The addition of suitable
content of CeQ, can make the reinforced phase size decreased and grains refined. When the CeO, content is 1.5%,
the microhardness is around 1400 HV, the lowest friction coefficient is between 0.22 and 0.24, and the lowest wear
mass loss is 1.7 mg, which indicate that these coatings possess nice self-lubricant and wear-resistant performances.
Key words laser technique; laser cladding; CeQ;; Ti;SiC,; self-lubricant coatings; microstructure; wear
performance
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Table 1 Chemical compositions and physical parameters of original materials

Linear expansion

Material Mass fraction /% Melting point /°C Size /pm
coefficient /(10 ° K)
TC4 6.01(AD,3.8(V),0.1(C),0.3(Fe),Bal.(T1) 1660 - 9.6
Ni60 16(Cr),3.5(B) ,4.5(Si1),0.8(C) ,<<15(Fe) , Bal. (Ni) 960-1040 50-100 13.4
Ti,; SiC, 3000 2-4 9.2
CeO, 2397 20-40 -
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Fig. 1 Surface morphologies of coatings with different CeO, contents. (a) Single-pass laser cladding;

(b) multi-track laser lap cladding
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Fig. 2 XRD patterns of coatings with

different CeQ, contents
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Fig. 3 SEM images in middle parts of coatings with different CeQO, contents.
(a) 05 (b) 0.5%; (&) 1.0%; () 1.5%; (e) 2.0%
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Fig. 4 EDS analysis of phases for coatings. (a) Al; (b) A2; (c) A3; (d) A4; (e) A5
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Fig. 5 Structural morphologies in middle-upper part of coatings
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* 2 WEM EDS g
Table 2 EDS analysis results of coatings
Phase Content B C Al Si Ti A% Cr Fe Ni
Al Mass fraction /% - 15.18 - 81.73 - 0.93 0.46 1.70
Atom fraction /% 41.78 - 56.40 0.59 0.27 0.96
A2 Mass fraction /%  29.48 6.64 0.34 0.85 54.48 1.51 2.50 1.26 2.93
Atom fraction /% 59.15 11.99 0.28 0.66 24.67 0.64 1.04 0.49 1.08
Mass fraction /% 2.81 2.24 6.59 39.45 2.57 11.11 9.21 26.02
A3 Atom fraction /% 10.42 3.70 10.44 36.64 2.24 9.51 7.34 19.72
Ad Mass fraction /% 2.77 4.22 1.81 36.93 0.94 5.13 6.48 41.82
Atom fraction /% - 10.64 7.22 2.98 35.50 0.85 4.56 5.36 32.89
AS Mass fraction /% 6.81 2.40 6.62 38.24 2.77 10.44 7.67 25.06
Atomfraction /% 22.59 3.54 9.40 31.81 2.16 8.00 5.48 17.01
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Fig. 6 Cross-sectional micro-hardness distribution of

coatings with different CeQ, contents
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Fig. 7 Wear surface morphologies of coatings with different CeO; contents.
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