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Boundary lubrication tribological property of
high-aluminium copper alloy coarse powders coating made by
supersonic plasma spraying
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Abstract: The high-aluminium copper alloy coarse powders coating was fabricated on 45# steel substrate by supersonic
plasma spraying. The friction experiment was carried out in the boundary lubrication conditions, and then, the frictional
and wear characteristics and the surface elements mass loss of the coating were analyzed. The results show that the
friction coefficient of the coating has a gradual decline trend with the increase of the loads, although the wear loss
gradually increases with the increase of the loads, the wear rate shows the downward trend, indicating that the
wear-resisting performance of the coating is gradually strengthened with the increase of loads. The main wear mechanism
of the coating is abrasive wear in the conditions of the low and middle loads, and then the mechanism transforms to
fatigue wear when the load reaches 540 N. At the same time, fatigue wear of the coating not only happens in furrows edge,
but also mild adhesion appears. In the boundary lubrication conditions, the wear mass loss of the coating elements mainly
shows the loss of Cu element, and the furrows left by abrasive wear provide the channels for O element into friction
interface, bringing about the tiny oxidation film on surface of the coating.
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Table 1 Composition of Cu-14Al-X alloy (mass fraction, %)
Cu Al Mn Fe Co

70-80 12-16 0.8-2.0 2.0-4.0 0.5-2.5

Ni and else
0.8-2.6
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Fig. 1 Powder morphology of Cu-14Al-X
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Fig. 2 Sketch of pin-disc friction pair: 1—Fixed tray;

2— Rotating pin; 3—Direction of rotation
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Fig. 3 Metallograph of coating made by supersonic plasma
spraying

R2 WERIMIURI TR
Table 2 Mass fraction of surface element of coating (%)
Cu Al Fe Mn Ni Co O
79.14 1241 4.19 1.05 1.38 0.78 1.04
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Fig. 4 XRD pattern of supersonic plasma spraying coating
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Fig. 5 Variation of friction coefficient with load of supersonic

plasma spraying coating
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Fig. 6 Morphologies of worn surface of

supersonic plasma spraying coating under
different loads: (a) 100 N; (b) 200 N; (c) 300
N; (d) 420 N; (e) 540 N
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Fig. 7 Change of wear loss and wear rate with load of

supersonic plasma spraying coating
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Table 3 Surface element contents of coating in smooth region

after friction

Mass fraction/%
Load /N
Fe Cu Al (0]
100 4.07 77.09 11.85 1.05
200 4.12 76.64 13.73 1.38
300 4.26 76.79 13.97 1.99
420 491 76.92 12.27 2.15
540 3.95 75.60 15.79 1.20
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Table 4 Surface element contents of coating in furrows edge

after friction

Mass fraction/%
Load /N
Fe Cu Al (0]
100 4.23 75.17 13.82 2.97
200 3.91 75.81 14.49 2.47
300 4.75 75.38 13.30 2.67
420 4.36 74.90 13.07 2.84
540 6.46 75.00 12.10 2.42
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