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Effects of Film Fragments on Wear Properties for W-DLC Films Under Boundary
Lubrication Conditions
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Abstract: In order to study the influence of film fragments on the friction and wear properties of tungsten doped diamond-like
carbon films (W-DLC films) under boundary lubrication conditions, the W-DLC films were fabricated on the surface of M50
high temperature bearing steel and (100) crystal Si, respectively. The pure W-DLC film, obtained by etching the substrate Si,
was mashed into its fragments. Raman spectroscopy and SEM were used to study the structure of the films and its fragments.
Friction and wear properties of the film were tested by friction and wear tester and 3D white light interferometer. The results
show that the average friction coefficient of the friction system increases by 2%, 4% and 10%, when the load is 2, 5 and 10 N,
respectively. The average friction coefficient of the friction system decreases from 0.1277 to 0.1131, and then to 0.1031, when
the load is increased from 2 N to 5 N and 10 N. Additionally, the wear width, depth and volume of the film increase by the
coupling of the load and the film fragments. The wear morphology suggest that the friction contact surface has the typical
plow. The wear of the W-DLC film follows the abrasive wear mechanism under the boundary lubrication conditions.
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Table 1 Performance parameters of M50 bearing steel

Parameter Hardness/ HRC  Yield strength / MPa  Size / mm’

Value 60 2345 @ 30%6
FIVERER BYFERE o

Hil A IR, MSO R A 28 MBS | A
WesE Ty, HFR MRS ¥ H7E Ra 40 nm, B
G5 Si i —R& T NEIRE P B R, JoK ORGSR
FREVE. BT TR R AE TR N
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Fig.1 Schematic diagram of thin film composite deposition system
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Table 2 Deposition process and parameters of the W-DLC films

Coating process Total gas pressure / Pa Gas Current / A Bias/V Time / min
Plasma cleaning 1.0 Ar 800 60
CrN layer 0.3 Ar+Na 15 120 60
CrCN layer 0.4 CH4+N2 15 120 90
W-DLC layer 0.4 CH4 10 80 150

1.1.3 AR R 145
5F2MAEBRES T L2850, 1€ (100) FH
(9 Si Fr F 43I g 4 pm Y W-DLC 3, %

FHZ0 i i 07 2 B Si R (2] 28 250 g
NaOH, 250 mL HE, 500 mL /KIR4, 7E 80 C
X EAT 2, fbsE N A . Si+2NaOH+
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Fig.2 Surface morphology of film fragments after etching Si
substrate
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Fig.3 Raman spectrum of film fragments after etching Si substrate
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Fig.4 Raman spectrum of W-DLC films on M50 bearing steel
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Fig.5 XRD patterns of W-DLC films on M50 bearing steel
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Fig.6 Morphology of W-DLC films on M50 bearing steel
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Table 3 Mechanical properties of W-DLC films

Parameter Binding force/  Hardness / Elastic modulus /
N GPa GPa
Value 62 19 210
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Fig.7 Friction coefficient of the samples under boundary
lubrication conditions
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Fig.8 Three-dimensional surface profiles of wear tracks on W-DLC films
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