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Influence of Atomic Oxygen on the Vacuum Tribological
Performance of MoS,-Ti Composite Films Deposited by
Unbalanced Magnetron Sputtering

HU Hanjun, ZHANG Kaifeng, ZHOU Hui', LIU Xingguang , ZHENG Yugang

(National Key Laboratory of Science and Technology on Vacuum Technology and Physics, Lanzhou
Institute of Physics, CAST, Gansu Lanzhou 730000, China)
Abstract: MoS,-Ti composite film with columnar microstructure was fabricated by unbalanced magnetron sputtering,
and was irradiated by an atomic oxygen (AO) beam with 5¢V kinetic energy and total fluence of 6.0x10” atoms/cm’.
The MoS,-Ti composite film exhibited a “blanket-like” surface morphology after AO irradiation. The MoS, phase on
the film surface (within the depth of ~30 nm) and titanium suboxides (e.g. TiO,_,, where 0<x<2) inside the film were
oxidized by AO into MoQOj; and TiO,, respectively, leaving the MoS, beneath the top 30 nm oxidation layer uninfluenced
were oxidized to MoO; and TiO,, leaving unchanged chemical state of element Mo in the film. After AO irradiation,
initial friction coefficient and wear rate increased from 0.018 to 0.03 and 4.49 x 10" m*/(N-m) to 5.5 x 10" m*/(N'm),

respectively, and its friction mechanism was transformed from adhesion to abrasion.
Key words: MoS,-Ti film; AO irradiation; vacuum; chemical components; tribological mechanism
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Table 1 Friction testing parameters

Testing machine Friction couples

Testing conditions

Ball on disk in ~ Ball: @ 8 mm stainless steel ball, R,: 0.02. Vacuum: < 5x 10~ Pa, room temperature; Sliding speed: 0.73 m/s of uni-direction; Normal load

vacuum, made  Setl: MoS,-Ti film before AO irradiation;  and track radius: 5 N and 7 mm; Revolving speed: 1 000 r/min; Stopping criterion: terminated

by CSM in Swiss  Set2: MoS,-Ti film after AO irradiation

once reaching a total revolutions of 4.5 x 10° r (r represents revolution)
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Fig. 1 Cross-section morphology of MoS,-Ti film deposited
on silicon wafer
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Fig. 2 Micro topography of surface: (a) before AO irradiation; (b) after AO irradiation
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Table 2 Surface roughness of the samples before and after
AO irradiation

Specimen R,/nm Ry/nm Ag/(°)
Before AO irradiation 514 68.6 2.95
After AO irradiation 50.2 64.3 2.58
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Fig. 3 Curve-fitting of (a) Cls, (b) Nls, (c) Ti2p, (d) Mo3d, (e) S2p and (f) Ols spectra of the surface before AO irradiation
(without pre-etching by Ar' ion)
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Fig. 4 Curve-fitting of (a) Cls, (b) Nls, (c) Ti2p, (d) Mo3d, (e) S2p and (f) Ols spectra of the surface after AO irradiation( without
pre-etching by Ar' ion)
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Table 3 Chemical compositions on the surface before and
after AO irradiation

Atoms fraction/%

Compositions . FETIOP
Before AO irradiation After AO irradiation
Mo" as in MoS, 533 1.32
Mo*" as in MoO; 2.66 2.85
Mo"" as in MoO, 3.14 0.00
S asin MoS, 11.38 2.61
S as in SO, 0.43 3.23
Ti*" as in TiO, 2.26 1.56
Ti"" as in Ti,04 0.33 0.00
0" as in TiO,, Ti,03, SO, 14 2816
MoO; MoO, ’ '

0" as in —C-0, H,0 52.34 60.26
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Fig. 5 Depth profile of the atomic concentrations of Mo, S, O, Ti and Fe: (a) before AO irradiation ; (b) after AO irradiation
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Fig. 6 Profile spectra of Mo3d after AO irradiation (equal time intervals of 5 min and 10 min for
left and right spectrum, respectively)
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Fig. 7 Profile spectra of Ti2p after AO irradiation (equal time intervals of Smin and 10 min for left and right spectrum, respectively)
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Fig. 9 Micro morphology of the wear track after sliding 4.2x10°1: (a, b) before AO irradiation; (c, d) after AO irradiation
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Fig. 10 Optical micrographs of the corresponding wear scar after sliding 4.2x10°r: (a) before AO irradiation; (b) after AO irradiation
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