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Abstract: In order to investigate the effects of process parameters on the content of serpentine in the micro-arc oxidation
(MAO) coatings on aluminum alloy, the ceramic coatings on the ZL 109 aluminium alloy surface were prepared by the MAO
process in the electrolyte adding serpentine micro-nano particles under bidirectional constant voltage, unidirectional constant
voltage and unidirectional constant current mode, respectively. The MAO coatings obtained were analyzed by SEM, EDS and
XRD. The results show that the content of serpentine in the MAO coatings prepared by unidirectional constant voltage and
unidirectional constant current mode increases by 92% and 113%, compared with the coatings that prepared by the
bidirectional constant voltage mode. The content of serpentine in the MAO coatings increases with the increase of the current,
decreases with the increase of the frequency, and increases with the increase of the concentration of the serpentine micro-nano
particles in the electrolyte. The electronegative serpentine micro-nano particles in the electrolyte move to the surface of the
sample due to the electrophoretic effect produced by the electric field between the sample and the electrolytic tank during the
test, and its surface is melted and conglutinated to the surface of the sample when exposed to high temperature oxide on the
surface of the sample, then it is cooled by the electrolyte and incorporate into the MAO coatings.
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Table 1 Element components of aluminum alloy substrate

(W/%)

Element Al Cu Mg

Fe Si Zu Mu Other

Content 99.4 0.023 0.003 4

0.249 0.213 0.027 0.004 <0.08
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Fig.1 SEM image and EDS spectrum of serpentine powder
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Table 2 Electrical parameters of MAO tests under different modes

Unidirectional constant voltage Unidirectional constant current

Modes Bidirectional constant voltage
Positive voltage / V 420
Positive current / A
Negative voltage / V 120
Negative current / A
Frequency / Hz 500
Positive duty cycle / % 20
Negative duty cycle / % 20
Pulse ratio 1:1

500
8
0
0
500 500
20 20
20 20
1:0 1:0
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Table 3  Factors and levels of orthogonal experiment under
unidirectional constant current mode

Current/  Frequency / Serpentine concentration /
Factors A Hy (@L")
4 500 25
8 1000 5.0
Levels
12 1500 7.5
16 2 000 10.0
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(a) Bidirectional constant voltage mode (b) Unidirectional constant voltage mode (c) Unidirectional constant current mode
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Fig.2 Surface morphologies of MAO coatings prepared with 10 g/L serpentine micro-nano particles under different modes
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Fig.4 Analysis areas of local EDS of MAO coatings prepared with 10 g/L serpentine micro-nano particles under unidirectional constant
current mode
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Fig.5 Local EDS of MAO coating prepared with 10 g/L serpentine micro-nano particles under unidirectional constant current mode
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Table 4 Design of the orthogonal experiment and analysis of the
results under unidirectional constant current mode

Serpentine Mass fraction
Test Cur;i:nt / Frquezncy / concentration / of Mg/
(gL %

1 4 500 25 3.32
2 4 1000 5 4.19
3 4 1500 7.5 5.25
4 4 2000 10 6.45
5 8 1000 10 9.05
6 8 500 7.5 7.94
7 8 2 000 5 4.36
8 8 1500 25 2.49
9 12 1500 5 5.14
10 12 2000 25 2.94
11 12 500 10 10.30
12 12 1000 7.5 7.77
13 16 2000 7.5 8.44
14 16 1500 10 11.21
15 16 1 000 25 3.31
16 16 500 5 6.22
K1 19.21 27.78 12.06

K2 2384 24.32 19.91

K3  26.15 24.09 29.40

K4 2918 22.19 37.01

kl 4.803 6.945 3.015

k2 5.960 6.080 4.978

k3 6.538 6.022 7.350

kK 7.295 5.547 9.253

R 2.492 1.398 6.238

F 5.684 1.744 38.2051

P <0.05 >0.10 <0.01

Foa0(3, 3)=3.290, Fo.0s(3, 3)=4.760, Fo.01(3,3)=9.780
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Fig.8 Surface morphologies of serpentine powder and MAO coatings under unidirectional constant current mode
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