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high temperature, and prepare MoS,-Ti self-lubricating composite film with good friction properties at high temperature. The
MoS,-Ti composite films with different Ti contents were deposited by radio frequency and direct-current dual-target
co-sputtering techniques. The effects of Ti content on the microstructures, mechanical properties and tribological behaviors at
high temperature of the MoS,-Ti composite films were investigated. The composition, crystal phase structure and microstructure
of the films were analyzed by energy dispersive spectroscopy (EDS), X-ray diffraction (XRD) and scanning electron microscopy
(SEM). A microhardness tester was applied to evaluate the mechanical properties of the MoS,-Ti composite films.
UMT-TriboLab tribotest was employed to evaluate the tribological properties of MoS,-Ti composite films. Raman spectroscopy
and X-ray photoelectron spectroscopy (XPS) were used to further analyze the wear surface of the films and the composition of
the transfer films on the counterparts. The results showed that Ti doping promoted the growth of the MoS,-Ti composite films in
the preferred orientation of (002) crystal plane, and improved the density of the film. The hardness of the film increased from
70HV to 350HV as Ti doping into MoS,. The tribological properties of the MoS,-Ti composite films at high temperature
increased firstly and then decreased with the increase of Ti content, and the MoS,-Ti composite films with Ti content of
6.81at.% possessed the best tribological properties. By analyzing the composition of the transfer film, it was found that the wear
resistance of the MoS,-Ti composite films with Ti content of 13.51at.% began to decline at 300 C due to more oxides
generated during the sliding process. The tribological properties of the MoS,-Ti composite films at high temperature were
greatly affected by the Ti content, and appropriate Ti doping could significantly improve the tribological properties of the MoS,
films at high temperature in atmospheric environment.

KEY WORDS: magnetron sputtering; MoS,-Ti composite films; high temperature; tribological properties; wear mechanism
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Tab.1 Deposition parameters of the MoS,-Ti
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Sample MoS, power/W Ti current/A
MoS, 200 0
MoS,-Til 200 0.4
MoS,-Ti2 200 0.8
MoS,-Ti3 200 1.2
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Atomic percentage/at.% Thickness/
Sample ]
Mo S Ti pm
MoS, 39.57 60.43 — 3.12
MoS,-Til 34.07 59.12 6.81 1.63
MosS,-Ti2 30.36 56.13 13.51 1.81
MosS,-Ti3 26.88 50.91 22.21 2.04
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Fig.1 XRD pattern of the MoS,-Ti composite films
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Fig.3 SEM micrographs of the cross-section of (a) MoS,, (b) MoS,-Til, (¢) MoS,-Ti2, (d) MoS,-Ti3
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Fig.4 Microhardness of the MoS,-Ti composite films
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Fig.5 COFs and wear rate of the MoS,-Ti composite films after sliding at different temperature
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Fig.6 SEM images of wear tracks of (a) MoS,, (b) MoS,-Til, (¢) MoS,-Ti2, (d) MoS,-Ti3 after sliding at 300 ‘C
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Fig.7 Raman spectra of the transfer films on the counterparts of (a) MoS,-Til, (b) MoS,-Ti2 after sliding at 300 C
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