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Effects of electrical parameters on
microstructure and corrosion resistance of
micro-arc oxidation coatings on AZ91D magnesium alloys
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Abstract: The effects of electrical parameters, such as voltage, frequency and duty ratio on the thickness, surface
morphology, phase composition and corrosion resistance of the micro-arc oxidation (MAO) coatings treated with silicate
aqueous solution on the AZ91D magnesium alloys were studied. The surface porosity and surface pore size of the MAO
coatings were measured. The results show that the voltage demonstrates a main influence on the microstructure and
corrosion resistance of coatings, and the following is the frequency while the duty ratio plays a weak role. The thickness,
surface porosity and corrosion resistance of coatings increase accordingly with enhancing voltage, but the frequency and
duty ratio have certain influence on the surface porosity and corrosion resistance of coatings while it is not the case for
the coating thickness. The coatings present the best corrosion resistance when the frequency is 800Hz and duty ratio is
15%, their surface porosity are about 8% and 10%, respectively, and the percentage of pore size ranging in 1-3 um
reaches more than 60%. Combining the quantitative analysis of the surface porosity and pore size with the observation of
surface morphology of coatings provide useful basis for the research of the corrosion resistance of coatings.
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Fig.2 Surface morphologies of coatings under different electrical parameters: (a) 300 V; (b) 350 V; (c) 400 V; (d) 600 Hz; (e) 800
Hz; (f) 1 000 Hz; (g) Duty ratio of 15%; (h) Duty ratio of 25%; (i) Duty ratio of 35%
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Fig.3 Relationship between surface porosity of coatings and
4(a) (b) 1~2 electrical parameters: (a) Curve of surface porosity vs voltage;
pm 60% 43% (b) Curve of surface porosity vs frequency; (c) Curve of surface
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Fig.5 XRD patterns of coatings under different electrical
parameters: (a) Voltage of 400 V; (b) Frequency of 800 Hz; (c)
Duty rate of 15%

6
6(a)
250 V
400 V
300 V 10
(60 () 800Hz
15%
800 Hz
15%
6(b)  6(c)

400 @

el

=

=
T

200

100

Corrosion resistance/s

0 1 1 1
200 250 300 350 400 450
Voltage/V

400 ()

300

Corrosion resistance/s
(=]
=
(=]
T

o]

0 1 1 1 1
500 600 700 800 900 1000

Frequency/Hz
400
(c)

£ 300
2
g
B
vy
2200
c
2
w
o /—‘———-—___‘__‘__,_‘
5
o 100

0 | 1 | 1

ST 10 15 20 25 30 35 40
Duty ratio/%

6
Fig.6 Relationship between corrosion resistance of coatings

and electrical parameters

1)

800 Hz



20 8 AZ91D

1473

8%

15%
10% 1~3 um 60%
800Hz 15% 10 pm
2% 9%
2)
800Hz 15%
MgF, Mg;Fy(SiO4); Mg,SiOy
MgO
3)
4)
REFERENCES

(1]

(2]

(3]

[4]

(3]

(6]

(7]

(8]

YEROKHIN A L, NIE X, LEYLAND A, MATTHEWS A,
DOWEY S J. Plasma electrolysis for surface engineering[J].
Surface and Technology, 1999, 122: 73-93.

MORDIKE B L, EBERT T. Magnesium properties-applications-
potential[J]. Materials Science and Engineering A, 2001, 302(1):
37-45.

GRAY J E, LUAN B. Protective coatings on magnesium and its
alloys-A critical review[J]. Journal of Alloys and Compounds,
2002, 336(1/2): 88—113.

XUE W B, WANG C, TIAN H. Corrosion behaviors and
galvanic studies of microarc oxidation films on Al-Zn-Mg-Cu
alloy[J]. Surface and Coatings Technology, 2007, 201:
8695-8701.

CURRAN J A, CLYNE T W. Thermo-physical properties of
plasma electrolytic oxide coatings on aluminium[J].Surface &

Coatings Technology, 2005, 199: 168—176.

s > >

B , 2002, 12(3):

454-457.

JIANG Bai-ling, ZHANG Shu-fen, WU Guo-jian, LEI
Ting-quan. Micro-flaw and phases constitution of ceramic
coating formed by micro-arc oxidation on magnesium alloys and
their influence on corrosion resistance[J]. The Chinese Journal of
Nonferrous Metals, 2002, 12(3): 454-457.

[J]. , 2003, 13(4): 988-991.

HAO lJian-min, CHEN Hong, ZHANG Rong-jun, JIANG
Bai-ling. Corrosion resistance of magnesium alloys micro-arc
oxidation ceramic coating[J]. The Chinese Journal of Nonferrous

Metals, 2003, 13(4): 988—991.

> >

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[J]. , 2005, 36(6): 7-10.
YAO Mei-yi, ZHOU Bang-xin, WANG Jun-an. Effect of
working voltage on microstructure and corrosion resistance of
micro-Arc oxidization coating on MBS magnesium alloy[J].
Materials Protection, 2005, 36(6): 7—10.

> , . MB8

[J]. ,2007, 36(4): 4-6.
ZHAO Qing, ZHANG Zhi-you, CHEN Ning. Effect of final
voltage on corrosion resistance of MB8 Mg alloys by micro-arc
oxidation[J]. Surface technology, 2007, 36(4): 4—6.

[J]. ,2005, 17(3): 141-143.
ZHANG Xian-feng, JIANG Bai-ling. Effect of energy
parameters on corrosion resistance of micro-arc oxidation
coatings on magnesium alloys[J]. Corrosion Science and
Protection Technology, 2005, 17(3): 141-143.

AZ91D [J].
,2009, 19(8): 1385—-1391.

LU Wei-ling, MA Ying, CHEN Ti-jun, XU Wei-jun, YANG Jian,
HAO Yuan. Effects of oxidation time on microstructures and
properties of micro-arc oxidation coatings on AZ91D
magnesium alloy[J]. The Chinese Journal of Nonferrous
Metals, 2009, 19(8): 1385—1391.

> , > , s . AZ91D

1 ,
2008, 18(9): 1590—-1595.
LU Wei-ling, CHEN Ti-jun, MA Ying, XU Wei-jun, WANG Wei,
HAO Yuan. Invariable small current density process of micro-arc
oxidation of magnesium alloy AZ91D[J]. The Chinese Journal of
Nonferrous Metals, 2008, 18(9): 1590—1595.
[J]. ,2007, 40(8): 6-9.
ZHAO Qing, DU Nan, YANG Li-na. Effects of electrolytic
parameters on the micro-arc oxidation of die-cast magnesium
alloy AZ91D[J]. Materials Protection, 2007, 40(8): 6—9.
LIANG J, HU L T, HAO J C. Improvement of corrosion
properties of microarc oxidation coating on magnesium alloy by
optimizing current density parameters[J]. Applied Surface
Science, 2007, 253: 6939-6945.
[J1. ,2004, 33(3): 17-18.
CHEN Hong, HAO Jian-min, WANG Li-jie. Influences of Mg
alloy micro-arc oxidization voltage on ceramic layer[J]. Surface
Technology, 2004, 33(3): 17-18.
[D].

,2004: 57.

LIANG Yong-zheng. Study on micro-arc of magnesium alloy
surfaces[D]. Lanzhou: Lanzhou University of Technology, 2004:
57.



