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ABSTRACT Graphite-like carbon (GLC) film is a kind of antifriction coating. Cr/Cr—C/GLC and
Al/Al-Cr—-C/GLC composite coatings were prepared by using an unbalanced magnetron sputtering
system on Al-based alloy, where Al and Cr layer are the sublayers, Cr—C and Al-Cr—C are the transition
layers. As a comparation, the GLC coating without sublayer was also deposited on the substrate. The
microstructure, binding force and tribological properties of as—deposited coatings were studied. The
results show that the Cr sublayer shows a columnar growth structure, while the columnar grain is
not found in the Cr—C transition layer which has a gradient composition distribution. There is a
good combining interface between Al sublayer and Al-based alloy substrate. Al-Cr—C transition layer
has a gradient composition distribution also. GLC layers based on different sublayers and transition
layers have amorphous structures. Compared with GLC coating without sublayer, the binding forces
of Cr/Cr—C/GLC and Al/Al-Cr-C/GLC composite coatings are obviously higher, and the Al/Al-
Cr—C/GLC composite coating has the maximum critical load. Under different loading conditions,
the friction coefficients of both Cr/Cr—C/GLC and Al/Al-Cr-C/GLC composite coatings are low and
similar to each other.
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Table 1 Process parameters for preparing different layers in composite coatings

Layer Target current, A Bias voltage, V Time, min
Cr C Cr Al C
Cr sublayer 2.5 0 2.5 0 120 5
Al sublayer 0 0 2.5 0 120 5
Cr—C interlayer 2.5—0 0—1.5 2.5—0 0—1.5 65 15
Al-Cr—C interlayer 0.1 0—1.5 2.5—0 0—1.5 65 15
GLC layer 0.1 1.5 1.5 65 210
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Fig.1 Cross—section TEM image of the Cr/Cr-C/GLC
composite coating and SAEDP of Al-based alloy (a)
and magnified image of the range denoted by the
frame in Fig.1a and SAEDP of interface between Cr
sublayer and Al-based alloy (b) (Insets in Fig.1la and
b are the SAEDP for Al-based alloy and, respec-
tively)
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Fig.2 Cross—section TEM image of Cr sublayer and its
SAEDP
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Fig.3 Cross—section HRTEM images of C-Cr transition
layer (a), GLC layer and its SAEDP (b) in Cr/Cr-
C/GLC composite coating
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Fig.4 Cross-section TEM image of Al/Al-Cr-C/GLC
composite coating and SAEDP of Al-based alloy
substrate, Al sublayer and Al-Cr—C transition layer
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Fig.5 HRTEM images of Al-Cr—C transition layer (a) and
GLC layer with Al sublayer and its SAEDP (b) in
Al/Al-Cr—C/GLC composite coating
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Fig.6 photos of scratch tracks on GLC coating with no
sublayer (a), Cr/Cr—C/GLC composite coating (b)
and Al/Al-Cr—C/GLC composite coating (c) on Al-
based alloy
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Fig.7 Changes of acoustic signal intensitis with load during
scratch tests for GLC coating with no sublayer (a),
Cr/Cr—C/GLC composite coating (b) and Al/Al-
Cr—C/GLC composite coating (c¢) on Al-based alloy
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