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Tribological Properties of MoS,-Al Composite Films at High Temperature
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ABSTRACT: The work aims to enhance lubrication properties of MoS, films in high temperature environment. Co-sputtering
MoS; and Al targets were used to deposit MoS,-Al composite films by adopting unbalanced magnetron sputtering. Surface, sec-
tional morphology, microstructure, mechanical property and tribological property in high temperature environment of the
MoS,-Al composite films was evaluated with field emission scanning electron microscope (SEM), X-ray diffractometer (XRD),
X-ray photoelectron spectroscopy (XPS), nano indenter and CSM high temperature friction and wear tester, respectively. Mor-

phology of grinding cracks and spots was observed with Olympus microscope. When the temperature exceeded 400 ‘C, the
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MoS,-Al composite films with Al content of 18.3 at.% exhibited excellent lubrication property at high temperature, friction

coefficient maintained at nearly 0.07, and average friction coefficient was 0.172, which decreased by 64% compared with that of

pure MoS, films. Friction curve of the composite films was steady. The optimum amount of Al in the film is 18.3%, the addition

of Al has the effect of preferential oxidation while preserving the MoS, structure, thus protecting the MoS; structure from being

destroyed, and significantly enhancing lubrication capacity of MoS,-Al composite films in high temperature environment.

KEY WORDS: MoS,-Al composite films; high temperature; friction and wear; lubrication
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Tab.1 Deposition parameters of MoS,-Al
composite films

Parameter Value
Working pressure/Pa 0.5~0.6
Bias voltage/V -200
MoS, target current/A 1.5
Al target current/A 0.2/0.4/0.6/0.8/1.0
Substrate temperature/C 150
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Fig.1 Surface and sectional morphology of M0S,-Al composite films: a) surface morphology of MoS,-Al, b) sectional mor-

phology of MoS,-Al films, c) sectional morphology of MoS,-Al films with 18.3 at.%,
d) sectional morphology of MoS;-Al films with 41.7 at.%
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Fig.2 Sectional elemental distribution of M0S;-Al composite films
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Fig.3 XPS spectrum of M0S,-Al composite films: a) full spectrul of M0S,-Al composite films, b) Al,p spectrul of MoS,-Al

composite films with 1.0 at.%, ¢) Alyp spectrul of M0S,-Al composite films with 18.3 at.%, d) Al,p spectrul of MoS,-Al com-
posite films with 41.7 at.%
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Fig.4 XRD spectrum of MoS,-Al composite films
with different Al contents
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Tab.2 Mechanical properties of MoS,-Al composite films
with different Al contents

Al contents/at.% 0 1.0 18.3 41.7
H/GPa 0.23 0.52 0.49 6.26
E/GPa 9.05 13.74 9.19 66.79

HIE 0.025 0.038 0.053  0.094
HIE? 0.0001 0.0007  0.0014  0.0550

2.3 MoS,-Al ESERHERFERED T
22T AR Al B MoS,-Al & 4 i 7E 3 0 &%
150, 250, 350, 450 CZAF FREEESIMERE, HEE
BERBUNEE 3 R R, MoS,-Al & A Ry
AL ) R 2R B0 W55 . =il 450 CF,
*®3 A[E A &2 MoS.-Al E&HEAE
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Tab.3 Friction coefficient of MoS,-Al composite films with
different Al contents at various temperature

Al C;ﬁ;‘:"“/ tenﬁ)‘;‘;:tlure 150°C 250 °C 350°C 450 C
0 0.121 0039 0062 0275 0477
1.0 0.123 0036 0069 0117 0493
183 0.067 0044 0061 0086 0.172
417 0061 0606 0350 0453 0.676
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Fig.6 Friction curves of MoS,-Al composite films with Al content 18.3 at.% at different temperature
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Fig.7 Morphology of grinding cracks and spots of MoS,-Al composite films with Al content of 18.3 at.% in friction test: a) room
temperature, grinding crack, b) 150 ‘C, grinding crack, ¢) 250 C, grinding crack, d) 350 C, grinding crack, e) 450 ‘C, grinding
crack, f) room temperature, spot, g) 150 C, spot, h) 250 ‘C, spot, i) 350 ‘C, spot, j) 450 ‘C, spot
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