
� 49� � 6� ��������	             Vol.49, No.6

2020� 6�    RARE METAL MATERIALS AND ENGINEERING June 2020

�����2019-06-26

���	����	
��
����������������17JR5RA112��������� !"#$%&'()*+,-��

�SKLAB02015006�


��
�. /0101982 �203420567 89:;�9! <9=0�� 56 7300500>?@0931-29735630E-mail: 

shengwang@lut.cn

��������	
���
�����

� �

1,2

�� �

1,2

����

1

�	 


1,2

�� �

1,2

(1. 567 890�� 56 730050)

(2. �ABC������� !"#$%&'()*+0�� 56 730050)

� ��DEFGHIJK(MAO)L<MNOP>I->QRSNTU0V$WXYZ[\Y->]^0_`abN

>cd>efghiOP>I->N)j0kliERSmTUnoNpqdrqgstuvwuQxyzRSN{

K0|}~���N���
��0h��>��QOP>I->]^N�����_�p�@�HIJKL<M0

��pq�]��I-�I-��N��L<0�RS�ATUno�p]D�PN>I->]^��AOP>I->n

oNv _¡dpqgsdrqgst¢£ ¤¥!yzHIJKRS�¦8§¨0©RSN¥ª«d¬­«
®¯

«¥mTU0°¬RS¯±N¥²«³´0µ¶·w��N¸g¹º»2¼'N½¾�abN>¿À«°¬>IOP

ÁÂLÃ�ÄÅ��JKÆN��ÁÂ�Ç0�AÈÉÊ�Ë 
ÈÌÍMÎ·wOP>ITUÏÐÑÒ�©TU»

2}ÓÔÕ�0Ö�×ØÙLQ��
���N`7~�0���NÚ7>eÛFGOP>ITU]^N»2�

����Ü`��HIJK�OP>I�TU[Ý�>��

�������TG174.451 ������A �����1002-185X(2020)06-1970-07

���������	
��
	���	��

���	���������� 	3C!"#$%&

'��()*+,-.�/012*�3�%456

+,

[1]

7859
��6��*�3�:�;<+,

=>?@ABC6DEFGH�

[2]

7IABJ8KL

��MFGNOPQ�R�STFGUV%WXYZ

[�\�M�6��*FG�3�]^_`*9


[3,4]

�

a:9
6b�	�c��

[5-7]

7

=>?@ (MAO)Z[*�:def!gh*i

j�klmn
	op	qr!st!u�7qr!

sdeijZ[v���3��wx!sy
�Z[

yv��3�y�

[8]

�zoptmn
deijZ[

{|p}�3�:

[9-11]

7~�!s*�
�=>?@

����� 3 ������?@	=>?@	�>�

!

[12]

�6��=>?@���!>���>	�>	

�>*��

[13]

7/��>�����5Z[*���

t������5Z[�3�

[12]

7������>�

!� �¡�@*J,�/~�qr¢£*¤¥�Z

[��¦§�¨©ª�7«¬�85]^v�t�3

�­�*Z[��9
qr!s*®¢+¯°±²�

>�!��*#³7

´µ¶�·¸¹ºC=>?@!ghDE5�°

*»¼�/½¾¿À!ghCZ[v�	=ÁÂÃt

�:*ijÄÅ�ÆG

[14-17]

�zÇÀ¾È�>CZ[

��*É�J,Ê%Ë�]^ÌÍ�«¬ÎÏ»¼¾

È�>¦*ÐÑÊ%�Ò�Ó^±²¾È�>ÐÑ*

ÔÕÖÇ×e7

85»¼¾È�>CZ[��� #³*U«t

Ê%�Ø��Ù,
ÚÛÜÊtÍÝÞ®ßàá!>

Ðâ	!st!uÝÐ�ãäåæCçxZ[}��

Z[DE=ÁFètéê�Â���� C��Âë

DEåì�íw�îï�®mn
	op�åì!g

hC¾È�>�³¢!sð*ij�ñ¬»¼¾È�

>#³*É�J,Ê%7

���� �

��\, AZ31B ����de@¹ÑålF 1

òÍ7

óô��8 40 mmõ40 mmõ6 mm7��ö,¡

d»�* MAO-300 ÷=>?@ø�!ù�!úûï

Æ8 Na

2

SiO

3

·9H

2

O (15 g/L)	KF (13 g/L)	NaOH (2 

g/L)7\,üýþ�ÎÏ�!úû���%� 20~25 



� 6�                             .  /Þ@Ü`�HIJKOP>IQRSNTU[Ý                           ß1971ß 

 !""AZ31B#$�%�&'(� 

Table 1  Main chemical composition of AZ31B magnesium 

alloy (ω/%) 

Al Si Ca Zn Mn Cu Mg 

2.5~3.5 0.08 0.04 0.6~1.4 0.2~1.0 0.01 Bal. 
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Fig.1  Voltage (a, d) and current (b, e) waveforms and experimental phenomena (c, f) in micro-arc stage (a~c) and local large-arc 

destruction stage (d~f) 
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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 (ω/%) 

Element Normal coating A Destroyed coating B 

Mg 43.31 17.01 

O 27.25 31.62 

Si 21.1 20.79 

F 8.34 10.79 

K - 11.73 

Na - 8.06 

 

A 

10 mm 

 

A 

B 

100 µm 
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à 4  yzRS!TURSrqN SEMgs 

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

destroyed coating (b) 
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Table 3  Chemical composition of normal coating and destroyed 

coating in Fig.4 (ω/%) 

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 

K 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 
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Fig.5  XRD patterns of normal coating and destroyed coating 
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Fig.6  Effect of duty ratio on the destruction voltage (a) and the 

corresponding voltage waveform (b) 
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Fig.7  Effect of frequency on the destruction voltage (a) and the 

corresponding voltage waveform (b) 
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Fig.8  Surface plot of influence of electrical parameters 

on destruction voltage 
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Destruction Mechanism of Sustained Arc on Magnesium Alloy Coated by MAO 
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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. 

Key words: magnesium alloy; micro-arc oxidation; sustained arc; destruction mechanism; electrical parameters 
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