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Fig.1  Power voltages corresponding to different treatment time 
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Table 1  Solution conductivity and breakdown voltage of  

samples in different electrolytes 

Electrolyte 

Conductivity 

/mS·cm

-1

 

Breakdown 

voltage/V 

FN 22.5 340 

FY 32.5 240 

 

 2  !"#$%�/012)34567( 

Table 2  Thickness and average growth rate of MAO coatings  

fabricated in different electrolytes 

Electrolyte Thickness/µm Average growth rate/µm·min

-1

 

FN 5.7 1.1 

FY 19.0 2.4 
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Fig.2  Spark appearance on surface of specimens treated at earlier (a, d), middle (b, e) and later (c, f) stages of micro arc oxidation in 

different electrolytes: (a~c) FN electrolyte; (d~f) FY electrolyte 
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Fig.3  Surface (a, c) and cross-section (b, d) morphologies of micro arc oxidation coatings obtained in FN (a, b) and FY electrolytes (c, d) 
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Table 3  Amount and average size of micro-pores and surface  

porosity of MAO coatings  

Electrolyte 

Amount of 

micro-pore 

Average diameter of 

micro-pores/µm 

Surface 

porosity/% 

FN 200 1.1 4.59 

FY 124 1.7 6.99 

�����������

� 4 �LM\fl������" XRD ��)

G���H8�¶ KF �����¿< MgO�

Mg

2

SiO

4

�MgAl

2

O

4

��+��µ KF Ý�����

+�¥�| MgF

2

)Mg�Al

12

Mg

17

� AZ91D ��³

��"�+)  

a b 

c 

d 

a 

b c 

d 

e 

f 



252                                         ®-/0!"$�%                                             � 47� 

��«E-���¾G"¿Y%E+�� 4�� 5

E��\ê¬,E-V6"LM\fl���"¾G

¿Y%¿ KF ��¾G	�����"E+)G� 4

���H8�¶ KF�����¿< O�Si�Mg�Al�

Zn�¾G��� O�Si�Mg 3¾G"¿Y9:��?

��� MgO�Mg

2

SiO

4

"Y9:ý�µ KF Ý��8

¢| F¾G�Mg¾G¿Y¥:�O�Siü¾G¿YP

I�M� Al¾G¿Y�<¥:)~�? KF"�µ<

�K MgF

2

�MgAl

2

O

4

"��) 

G� 5���H8�ó� 5¾G	�����"

E+��R	STý���
\fl" Si�O�F 3

¾G"E+��?�LM�Si ¾G	��x}"E+

?�:Kw}�O ¾G	��x}E+�:�2 F¾

G	��w}E+?�9:ý�
³�" Mg�Al 2

¾G"E+�LM�Mg	��w}%x}R�E+�

�	�³�3E+?�:K����Al ¾G��¢

�G��w}6x}E+�Sqy"©ª)��\f

l�E�lm����" Si ¾G�
 Na

2

SiO

3

�O¾

G�(�
 NaOH ± H

2

O�2 F ¾G��
 KF)*

Si�O 2 ¾G+,�F ¾G	��w}E+9:Z1

��* SiO

3

2-

% OH

-

�ùê+,�F

-

-N.u³��

" Mg �vw�M���N.��;���{|6�

�"w}) 
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Fig.4  XRD patterns of MAO coatings fabricated in FN (a) and 

FY (b) electrolytes 
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Table 4  Element content of MAO coatings fabricated in different electrolytes 

FN Electrolyte  FY Electrolyte 

Element Mass fraction/% Mole fraction/%  Element Mass fraction/% Mole fraction/% 

O 43.622 56.048  Mg 36.195 30.684 

Si 27.744 20.306  O 32.295 41.593 

Mg 26.556 22.461  Si 15.335 11.250 

Al 1.191 0.907  F 12.840 13.926 

Zn 0.886 0.278  Al 3.335 2.547 
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Fig.5  Distribution of elements on cross-section of the coating 

fabricated in FY electrolyte 
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Fig.6  Potentiodynamic polarization curves measured on coated  

samples treated in different electrolytes  
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Table 5  Fitted values of potentiodynamic polarization curves  

shown in Fig.6 

Electrolyte E
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/V I
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/A·cm

-2

 

R

p

/Ω·cm

-2

 

FN -1.55 9.54×10

-7

 4.32Á10

4

 

FY -1.48 2.81×10
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Effect of Potassium Fluoride on Growth and Microstructure of MAO Coatings on 

AZ91D Magnesium Alloys  

 

Dong Hairong, Ma Ying, Wang Sheng, An Lingyun, Hao Yuan  

(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,  

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: AZ91D magnesium alloys were processed in the base electrolytes composed with sodium hydroxide and sodium silicate, not 

containing or containing potassium fluoride, by micro arc oxidation (MAO). Influence of potassium fluoride on growth, microstructure 

and corrosion resistance of the coatings was investigated. The results show that after potassium fluoride is added to the base electrolyte, 

the breakdown voltage of the specimen decreases but the breakdown process is more vigorous to form larger sparks on the specimen 

surface during micro arc oxidation. As a result, the growth rate of the coating significantly increases and the obtained coating has a 

remarkable improvement in terms of coating thickness. Meanwhile, the surface porosity of the coating somewhat increases but the 

amount of the micro-pores on the coating surface decreases. The addition of potassium fluoride into the electrolyte is helpful for the 

formation of MgF

2 

and MgAl

2

O

4

 phases of the coating. Compared with silicate and oxygen elements from the electrolyte, F

-

 ion is more 

likely to be absorbed by magnesium in the substrate and also easily overcomes the obstacle of the generated coating to migrate into the 

inner of the coating. The corrosion resistance of the coating treated in the electrolyte with potassium fluoride is increased under the 

influence of significant increasing in coating thickness and the existence of favorable phases such as newly formed MgF

2

 and more 

MgAl

2

O

4

.  

Key words: AZ91D magnesium alloy; micro arc oxidation; potassium fluoride; growth; microstructure  
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