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Study on y-NiCrAlTi/TiC+ TiWC,/CrS + Ti,CS High-Temperature
Self-Lubricating Wear Resistant Composite Coating on
Ti-6Al1-4V by Laser Cladding
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Abstract To enhance the tribological behaviors of Ti-6Al-4V alloy, high-temperature self-lubricating wear resistant
composite coatings reinforced with hard TiC and TiWC, carbides, self-lubricating Ti,CS and CrS sulfides are
fabricated by laser cladding. The phase compositions and microstructures are investigated by X-ray diffractometer
(XRD), scanning electron microscope (SEM) and energy dispersive spectrometer (EDS), respectively. Sliding wear
tests of the composite coating and substrate are conducted at ambient temperature, 300 C and 600 C, with the
Si; N, ceramic ball as the counter-body, and the corresponding wear mechanisms are discussed. Results indicate that
the mean microhardness of the composite coating (1005 HV,,) is about 2 times higher than that of substrate
(360 HV, ,). From ambient temperature to 600 C , due to the combined effects of hard TiC and TiWC, carbides and
self-lubricating Ti, CS and CrS sulfides, both the friction coefficient and wear rate of the composite coating decrease in
comparison with the substrate. The composite coating has excellent high temperature self-lubricating and wear
resistant properties.
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Table 1 Composition of the mixed preplaced

coating materials (mass fraction, %)

Element Ni Cr Cr; C, WS,
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Fig. 1 XRD pattern of the y-NiCrAlTi/TiC+
TiWC, /CrS+Ti, CS composite coating
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Fig. 2 SEM micrographs of y-NiCrAlTi/TiC+ TiWC, /CrS—+ Ti; CS composite coating. (a) Overview; (b) bonding zone;

(¢) typical microstructure in the middle
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Table 2 EDS analysis of y-NiCrAlITi/TiC+TiWC, /CrS—+Ti, CS composite coating at different areas (mass fraction, %)

Area Ni Cr C S Ti Al \%
A 1. 46 1. 97 18.63 2. 88 — 74.50 0. 56 —
B 2.58 3. 30 13. 84 60. 30 0.71 19. 27 — —
C 7.38 27.67 3. 60 2.96 — 51.71 4.09 2.58
D 5. 20 32.91 15.47 3.65 25.48 17. 29 —
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Fig. 3 Microhardness profile of y-NiCrAlTi/TiC+
TiWC, /CrS+ Ti, CS composite coating
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Fig. 5 Wear rates of the Ti-6Al-4V substrate and vy-
NiCrAlTi/TiC + TiWC, /CrS + Ti; CS composite
coating versus temperatures
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Fig. 6 Wear morphologies of Ti-6 Al-4V substrate at (a) 20 C, (¢) 300 C, (e) 600 C and composite coating
at (b) 20 C, (d) 300 C, (f) 600 C, respectively
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Table 3 EDS analysis results of the worn surface of Ti-6Al-4V alloy and laser clad coating after the

dry sliding wear test at 600 C (mass fraction, %)

Sample Ti Ni Al Cr C w S O
Ti-6Al-4V 72.9 — 4.06 — — — — 23.04
Laser clad coating 21.11 8.61 — 20. 64 4,22 15.48 2.75 27.19
4zt 7 TiWC, \TiC s A A Ti, CS.CrS A ARG 25 &
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