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1 AZ31B 2.1
Table 1 Main chemical composition of AZ31B magnesium 1
alloy (w/%)
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Fig.1 Voltage (a, d) and current (b, ¢) waveforms and experimental phenomena (c, f) in micro-arc stage (a~c) and local large-arc

destruction stage (d~f)



- 1972 -

49

T
le
T
1#~10#
Ton Tosr
Toff
2
A
2.2
3
A
10 mm
2

Fig.2 Macroscopical photograph of local large arc

destroyed coating
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Fig.3 SEM image of surface of normal coating (A) and
destroyed coating (B)
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Table 2 Chemical composition of normal and destroyed
coating in Fig.3 (w/%)
Element Normal coating A Destroyed coating B
Mg 43.31 17.01
(¢} 27.25 31.62
Si 21.1 20.79
F 8.34 10.79
K - 11.73
Na

- 8.06
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4 SEM
Fig.4 SEM images of cross-section of normal coating (a) and

destroyed coating (b)

3 4
Table 3 Chemical composition of normal coating and destroyed
coating in Fig.4 (w/%)

Normal coating Destroyed coating

Element
A B C D
Mg 33.06 41.16 19.47 34.24
O 39.15 31.59 36.25 25.66
Si 12.11 13.89 16.78 13.27
F 11.43 8.16 10.8 18.59
0.51 0.89 9.44 4.7
Na 1.57 1.59 5.99 1.98
Al 2.17 2.72 1.27 1.56
C O Na
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D A B
C D F Na K Si
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Fig.5 XRD patterns of normal coating and destroyed coating
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Fig.8 Surface plot of influence of electrical parameters

1)

Toff

Ton

8

on destruction voltage

Toff

2)

3)

References
[1] Song Guangling, Atrens Andrej. Advanced Engineering Mate-
rials[J], 1999, 1(1): 11
[2] Darband G B, Aliofkhazraei M, Hamghalam P et al. Journal of
Magnesium and Alloys[J], 2017, 5(1): 74
[3] Cheng Yingliang, Peng Zhaomei, Wu Xiangquan et al. Electro-
chimica Acta [J], 2015, 165: 301
[4] Jiang Bailing( ), Zhang Shufen( ), Wu Guojian
( ) et al. The Chinese Journal of Nonferrous Metals(
)[J], 2002, 12(3): 454
[5] Xue Wenbin, Wang Chao, Tian Hua et al. Surface & Coatings
Technology[J], 2007, 201(21): 8695
[6] Zou Bin, Lu Guohua, Zhang Guling et al. Transactions of
Nonferrous Metals Society of China[J], 2015, 25(5): 1500
[7] Zhu Qingzhen( ), Xue Wenbin( ), Wu Xiaoling
( ) et al. Rare Metal Materials & Engineering(
)[J], 2011, 40(5): 911
[8] Cui Wei( ), Hu Dan( ), Gao Guangrui( ) et al.
Electroplating & Finishing( )[J], 2019, 38(1): 23
[9] Wang Rongli( ), Li Wei( ), Luo Jianye( )
et al. Rare Metal Materials & Engineering(
)[J], 2011, 40(6): 1110
[10] Liang Jun, Hu Litian, Hao Jingcheng et al. Applied Surface
Science[J], 2007, 253(16): 6939
[11] Xiong Wenming( ), Ning Chengyun( ), Gu Yan-
hong( ) et al. Rare Metal Materials & Engineering(
)[J], 2011, 40(12): 2236
[12] Chen Ming( ), Ma Yuezhou( ), Ma Ying( )
et al. Rare Metal Materials & Engineering(
)[J], 2010, 39(11): 1943
[13] Che Guangdong( ), Liu Xiangdong( ), Liu Jing-
shun( ) et al. Rare Metal Materials & Engineering(
)[J], 2015, 44(4): 897
[14] Zhang Rongfa( ), Shan Dayong( ), Chen Rong-
shi( ) et al. The Chinese Journal of Nonferrous



- 1976 - 49

Metals( )[J], 2007, 17(10): 1574 )[J], 2014, 43(1): 319
[15] Ma Ying( ), Zhan Hua( ), Ma Yuezhou( ) [18] Fatkullin A R, Parfenov E V, Yerokhin A et al. International
et al. The Chinese Journal of Nonferrous Metals( Journal of Information and Electronics Engineering[J], 2015,
)[J], 2010, 20(8): 1467 5(1): 63
[16] Lv Weiling( ), Ma Ying( ), Chen Tijun( ) [19] Pan Y K, Chen C Z, Wang D G et al. Ceramics Interna-
et al. The Chinese Journal of Nonferrous Metals( tional[J], 2012, 38(7): 5527
)[J1, 2009, 19(8): 1385 [20] Ssankara Narayanan T S N, Lee Min-Ho. Journal of Alloys
[17] Luo Ruixue( ), Mu Weiyi( ), Lei Jiajun( ) and Compounds[J], 2016, 687: 720

et al. Rare Metal Materials & Engineering(

Destruction Mechanism of Sustained Arc on Magnesium Alloy Coated by MAO

Wang Sheng'?, Ma Ying'?, Song Chengdi®, Li Bin'?, Hao Yuan'?
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou 730050, China)
(2. Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to avoid the destruction of the film by sustained arc discharge during micro-arc oxidation (MAO), the essence of
sustained arc discharge was explored through capturing the discharge phenomenon by a high-speed camera combined with the current and
voltage wave form of the load. And then the change of surface and cross-section morphology and the phase composition of the destroyed
area were investigated compared with those of the normal coating. Finally, different matches between duty ratio and frequency were used
to explore the influence of the electrical parameters on the sustained arc discharge phenomenon. The results show that the surface of the
sample exhibits a reciprocating process of arc burning, arc quenching and cooling during micro-arc oxidation. The localized destroyed area
of the coating shows a sustained arc discharge phenomenon. The composition, surface, cross-section morphology and element distribution
of the local sustained arc discharge region are very different from those of the normal micro-arc oxidation film layer. And the uniformity,
compactness and integrity of the film layer is destroyed, which lead to the destruction of the overall uniformity of the film layer, and even
cause serious damage to the external size of the sample. The capacitance characteristic of the load causes the arc duration time to be too
long while the cooling time of the molten metal oxide is insufficient; the local thermal transmission is insufficient and the heat is
concentrated, which is the basic reason of the sustained arc destruction. This destruction cannot be repaired after it occurs; however, it is
possible to avoid the occurrence of sustained arc destruction under different treatment voltages by reasonable matching between frequency
and the duty ratio.
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