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Tribological Properties of MAO Coating with Nano —graphite
on ZM5 Magnesium Alloy

YANG Zhi-cheng, WU Xiang-qing, XIE Fa-qin, YAO Xiao—{ei
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072)

Abstract: Micro-arc oxidation(MAQ) ceramic coating of ZM5 alloy was prepared in the silicate electrolyte
system with nano—graphite particle. The micro morphology, chemical and phase composition were investigated
by SEM, EDS and XRD. At room temperature, the tribological properties of coatings were evaluated by a ball
—on-disc wear test machine. The results show that the MAO ceramic coating with nano—graphite is composed
by Mg, SiO, , MgO, Mg, and C. Graphite disperses in the coating through mechanical effect and shows anti-
friction effect. The volume friction rate of the MAQO ceramic coating with nano— graphite is 9. 19 X 10™> mm®/Nm
under the load of 4.9 N. It is one—fourteenth of that of ZM5 substrate and one—third of that of MAQO ceramic
coating without graphite. The volume friction rate of the MAQO ceramic coating with nano—graphite is 1. 44X
107" mm®/Nm under the load of 9. 8 N. It is one—eighth of that of ZM5 substrate and two—{ifth of that of the
MAO ceramic coating without graphite. The wear resistance of ZM5 substrate increases dramatically because
of the MAO ceramic coating with nano—graphite. The wear mechanism of the MAO ceramic coating with nano

—graphite is fatigue wear from the fatigue spalling morphology.
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(a) ZMS5 alloy substrate (b) Coating deposited in basic system (c) Coating deposited in system with graphite
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Fig. 1 Surface morphologies of ZM5 alloy substrate and different coatings
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Fig. 2 SEM morphologies of MAQO ceramic coating
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Fig. 3 Cross section morphologies of MAQO ceramic coating
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Table 1 Element contents in different areas of MAO ce-

ramic coating by EDS(a/ %)

Aera C O Na Mg Al Si
1 51.24 0.73 27.73 3.44 16.86
2 55.90 25.95 3.07 15.07

3 64.32 23.74 0.42 6.68 0.77 4.07

4 8.14 45.44  0.47 27.40 4.26 14.30
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Fig. 4 XRD patterns of MAQO ceramic coatings
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Fig. 5 Delaminating XRD patterns of MAO ceramic coat-

ings with graphite
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Fig. 6 Friction coefficient of ZM5 alloy substrate and

MAQO ceramic coatings
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Table 2 Volume loss rate of ZM5 alloy substrate and

MAO ceramic coatings

Volume loss rate/(m* « N"'m™ ")

Sample
Load 4.9 N Load 9.8 N
ZM5 1.28X 1077 1.21X107°
Without graphite 4,48 X107 4,81X10™"
With graphite 9.19X107 1.44X107"
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(a) ZM5 alloy substrate under 4.9 N (b) Coating with graphite under 4. 9 N (¢) Coating without graphite under

4.9 N (d)ZM5 alloy substrate under 9.8 N (e) Coating with graphite under 9. 8 N (f) Coating without graphite
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Fig. 7 Wear trace morphologies of ZM5 alloy substrate and MAQ ceramic coatings under the load of 4.9 N and 9.8 N
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Table 3 Element contents of ZMS5 alloy substrate and

MAOQO ceramic coatings on wear trace by EDS(a/ %)

Aera 0 Na Mg Al Si
1 21. 60 69.99  8.41
2 55. 90 25.95  3.07  15.07
3 52.75 26.54  3.55  17.16
4 47.89  0.81  28.48  2.99  19.83
5 51.81 26.45  2.90  18.85
6 45.98 1.10  28.72  3.16  21.03
7 23.87 66.60  9.53
8 2.53 84.45 13.02
9 47.14 30.85  4.67  17.34
10 41.55 32.56  4.79  21.11
11 50. 97 27.19  4.48  17.35
12 32.98 37.83  7.99  21.20
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