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Effects of electric parameters on anodic coating thickness of
micro arc oxidation on magnesium alloys
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(1. Environmental Corrosion Center, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. Jiangxi Key Laboratory of Surface Engineering,
Jiangxi Science and Technology Normal University, Nanchang 330013, China)

Abstract: The effects of four factors (frequency, duty cycle, current density and final voltage) with three levels on
coating thickness formed on AZ91HP magnesium alloys were systematically studied by the orthogonal experiment in a
process developed by the authors. The result of intuitionistic analysis showed that the order of affecting coating thickness
was ranked as final voltage >current density>duty cycle >frequency. Variance analysis indicated that final voltage and
current density separately affected the coating thickness significantly and to a less remarkable extent, but duty cycle and
frequency had no obvious effects on it, respectively. The corrosion resistance of anodic coatings was not just determined
by their thickness but by the integrated effect resulted from several factors.
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Fig.1 Sketch diagram of unipolar pulse current
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Table 1 Factors and levels of orthogonal experiment

Frequency/ Duty Current Final
Level qHz 4 Cycle/ Density/ Voltage/
% (mA-cm ) A%
1 200 15 20 400
2 400 25 30 440
3 600 35 40 480
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Table 2 Results of orthogonal experiment for coating thickness

Ly Frequency/Hz Duty cycle/ % Cug;:ztj;rg)ity/ voii;ga: /V Thi(cjlgzgsns%um Rate
1 1 1 1 1 10 6
2 1 2 2 2 13 7
3 1 3 3 3 21 7
4 2 1 2 3 18 8
5 2 2 3 1 9 6
6 2 3 1 2 17 9
7 3 1 3 2 13 9
8 3 2 1 3 22 8
9 3 3 2 1 10 7
K, 44 41 49 29
K, 44 44 41 43
Ks 45 48 43 61
Ki 14.7 13.7 16.3 9.7
K, 14.7 14.7 13.7 14.3
Ks 15 16 14.3 20.3
R 0.3 2.3 2.6 10.6
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Fig.2 Effects of factors on thickness of anodic coatings: 13
(a) Frequency; (b) Duty cycle; (c) Current density; (d) Voltage Sc=Qc-CT= EJZ; K32 i~ CT =
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Table 3  Analysis of experiment results

B(current Coating
Afinal density/ C(duzy Error thickness/
voltage/V) (mA-cm ™) cycle/%) um
1 1(400) 1(20) 1(15) 1 11
2 1 2 2 2 11
3 1 3 3 3 10
4 2(440) 1 2(25) 3 16
5 2 2(30) 3 1 15
6 2 3 1 2 13
7 3(480) 1 3(35) 2 24
8 3 2 1 3 21
9 3 3(40) 2 1 18
Kij 32 51 45 44 T=139
Koj 44 47 45 48 CT=T/9
Kj; 63 41 49 47  =2147
Sj 162.7 16.7 33 33 Qp=2333
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Table 4 Results of variance analysis
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Source Sum of square, S Freedom, f Mean of square, (S/f) F value Importance
A 162.7 2 81.4 50.90 *
B 16.7 2 8.4 5.25 [*]
C 3.3 2 1.6 1.00

Error 33 2 1.6

Total 186.0 8

variation
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Fa: Fo2s(2, 2)=3, Fo.10(2, 2)=9, Fo.0s(2, 2)=19, Fo01(2, 2)=99
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Dependence of corrosion resistance on coating
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