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perature) on tribological properties of MoS,/C composite films, and explore the friction mechanism. MoS,/C composite films
were deposited by direct current magnetron sputtering (DCMS) and high power impulse magnetron sputtering (HiPIMS) on
high-speed steel and silicon substrate. Tribological behavior of the composite films in air, PAO, and different temperature were
tested with a multifunction tribometer, and tribological properties of the composite films in the vacuum and different counter-
parts were evaluated with a vacuum tribometer. The morphologies and chemical composition of films and wear debris were
analyzed by field emission scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS) and confocal laser
Raman spectroscopy. In vacuum, all films were worn out, except ZrO, counterparts. Films with MoS, content more than 50%
could maintain low friction coefficient in the vacuum, about 0.1. In PAO, the friction coefficient was 0.08 in the boundary
lubrication stage, and was 0.1 in hydrodynamic lubrication. The friction coefficient decreased from 0.09 to 0.026 with the
temperature increasing from 25 ‘C to 300 C, but the film failed at 450 s at 700 ‘C. In vacuum, ZrO, and Al,0; can reduce the
adhesion of MoS,/C composite film as counterparts and the composite films with MoS, content more than 50% exhibit better
tribological properties. In PAO lubricating oil, the tribological property mainly depends on the properties of PAO. In

high-temperature, severe graphitization and recrystallization of MoS; in the films can reduce the coefficient of friction of the film.
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Tab.1 Deposition process of MoS,/C films

Parameters Etching Ti interlayer MoS,/C/Ti interlayer MoS,/C
Flow rate of Ar/(mL-min ") 80 50 50 50
Bias/V =350 —200 -200
Target pover V- 750V PF: 10011 V- 750V PE: 10011 DC:1A
Time/min 20 15 5 180
Thickness/nm 150 50 1300
&2 MoS./C EGHEM ST NF1ERE
Tab.2 Composition and mechanical properties of MoS,/C composite films
Sample Chemical composition/at.%s Elastic modulus/GPa Hardness/GPa Adhesion/N
Mo S C 0]
(MoS,) 16Cs4 5.54 9.12 84.33 1.01 90 8.7 57
(MoS,)34Ces 11.63 19.79 65.60 2.98 82 7.9 55
(MoS,)45Css 15.10 26.30 55.27 333 86 7.2 53
(MoS,)s5Cys 20.81 30.23 4473 343 83 7.0 54
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Fig.2 SEM images of the wear scars of different grinding balls
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Fig.4 Friction curves of MoS,/C composite films in vacuum
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Fig.5 SEM images of the wear scars of MoS,/C composite film in vacuum: e) EDS components in different regions of
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Fig.6 Friction curves of films after vacuumized during wear test
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Fig.7 Morphology of wear scar on film after vacuumized during wear test
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Fig.13 Wear track and wear scar morphology of (M0S,);4Cg4 film and Raman spectra of different areas at 25 ‘C:a) SEM image of
wear track; b) Raman spectra of different areas on wear track; c¢) morphology and Raman spectra of wear scar
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Fig.14 Wear track and wear scar morphology of (Mo0S,)6Cs, film and Raman spectra of different areas at 30 ‘C: a) SEM
image of wear track; b) Raman spectra of different area on wear track; c) morphology and Raman spectra of wear scar
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Fig.15 Wear track and wear scar morphology of (M0S2)16C84 film and Raman spectra of different areas at 450 “C:a) SEM
image of wear track; b) Raman spectra of different area on wear track; c¢) morphology and Raman spectra of wear scar
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