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Effect of Load, Friction Pair and Medium Environment on the Tribological
Behavior of Multilayer Ti-doped Graphite-like Carbon Films
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Abstract: In order to solve the problem of high internal stress and low adhesion strength of amorphous carbon films, multilayer doped
graphite-like carbon (GLC) films are prepared on 316L stainless steel substrate by closed field unbalanced magnetron sputtering
system. The effect of load, friction pair and medium environment on the tribological behavior of GLC film are investigated by
ball-on-disc rotary friction tester. The results show that the multilayer GLC film has compact and uniform structure without obvious
defects between the film and substrate, and shows excellent mechanical properties. The friction factor curves of the film under dry
friction condition show obvious three-stage characteristics, corresponding to slight abrasive wear, film peeling and the formation of

carbon transfer film on the mating balls. The average friction factor of the film increases significantly with the increase of normal load,
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while the wear rate decreases first and then increases. Compared with ZrO, ceramic ball, SisN,/ GLC friction pair has higher

friction factor and wear rate due to its higher adhesion tendency and larger Hertz contact radius. Due to its low hardness, GCrl5

metal ball causes the carbon transfer film to fall off with the stripping of metal grinding, resulting in relatively high friction factor

and wear rate. Compared with the ambient air environment, GLC film is washed by aqueous solution and eroded by corrosive

medium CI in NaCl solution, resulting in rapid stripping of the film from the substrate, resulting in higher friction factor and wear

rate. The results provide a theoretical guidance for improving the service life and working efficiency of amorphous carbon films in

different environments.

Keywords: graphite-like carbon films; normal load; friction pair; medium environment; wear mechanism
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Table 1 Deposition parameters of multilayer
doping-GLC film"*

Ti Ti-C

Parameters Substrate Target adhesive  gradient Ti-GLC
clean clean layer
layer layer
Time / min 30 5 15 15 60
Substrate bias / V -500 -120  -60 -60 -60
Ti target current / A 0.5 2 3 3-0.8 0.8
C target current / A 0 0 0.3 0.3-3 3
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(c) AFM image of surface morphology (d) Raman spectrum for GLC film
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Fig. 1 Microstructure and morphology characterization of GLC films
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Fig. 2 Load-displacement curves of GLC film and

316L stainless steel substrate
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Fig. 3 Friction factor and wear rate of GLC films under different loads with ZrO, friction pair
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Fig. 4 SEM images of GLC wear scars under different normal load and OM image of ZrO, mating ball under 5 N load
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(b) Corresponding average friction factor and wear rate
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Fig. 5 Friction factor curves and wear rate of GLC film under different friction pairs at normal load of 5 N
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Fig. 6 SEM image of wear morphology and the corresponding optical image of mating ball for GLC film
with different mating balls under 5 N load
(a) (b) Si3N4 / GLC friction pair, (c) (d) GCr15 / GLC friction pai
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Table 2 Mechanical properties and maximum Hertz

contact stress of different mating balls

Mating balls Zr0, Si3Ny GCrl5
Hardness HV 1300 1700 772
Elastic modulus / GPa 210 300 208
Poisson ratio 0.30 0.26 0.30
Maximum contact pressure / GPa 1.01 1.08 1.01
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(b) Corresponding average friction factor and wear rate
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Fig. 7 Comparison of friction factor curves and the corresponding average friction factor and wear rate
of ZrO, / GLC friction pair in ambient air and NaCl solution under 5 N load
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(b) Corresponding EDX surface scanning spectrum
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Fig. 8 Wear morphology and the corresponding EDX surface scanning spectrum of wear scar of

ZrO, / GLC friction pair in NaCl solution under 5 N load
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