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Effect of positive voltage on micro-arc oxidation process and
coating of ZK60 Mg alloy
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Abstract: Micro-arc oxidation (MAO) process was conducted on ZK60 Mg alloy in a self-made aluminate-phosphate
dual electrolyte system containing aluminate and phosphate with positive voltage from 220 to 340 V. A MAO coating was
prepared on the surface of ZK60 Mg alloy. The microstructure characteristics of coatings were investigated by scanning
electron microscope (SEM), super depth of field microscope and energy dispersive spectrometer (DSC). The process
evolution was evaluated through current change and electric discharge phenomena. The corrosion resistance of coatings
was measured in 3.5% NaCl (mass fraction) solution by immersion test and electrochemical impedance spectroscope
(EIS). The results show that the main growth of coating takes place in stable current stage and positive voltage is an
important driving force for better MAO coating. A uniform and compact MAO coating can be obtained under certain
suitable positive voltage. The MAO coating prepared at 280 V exhibits good corrosion resistance with corrosion rate of
0.2054 g/(m*h), and its impedance value is as 3 times as that of coating made at 340 V.
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Table 1 Electrical parameters of micro-arc oxidation
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Fig. 1 Surface ((a), (c), (¢)) and cross-section ((b), (d), (f)) morphologies of coatings at low voltages: (a), (b) 220 V; (c), (d) 240 V;

(e), (260 V
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Fig. 2
fabricated at voltage of 220 V

SEM image and element distribution of coating
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Table 2 EDS results of coating fabricated at voltage of 220 V
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Fig. 3 Current—time curves of ZK60 Mg alloy during MAO
at voltages from 220 to 260 V
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Fig. 4 Current—time curves of ZK60 Mg alloy during MAO
at voltages from 280 to 340 V
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Fig. 6 Spark discharge photos at different stages under
voltage of 280 V: (a) 1st stage; (b) 2nd stage; (c) 3rd stage; (d)
4th stage
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Fig.7 Surface and cross-section morphologies of coatings at high voltages: (a), (b) 280 V; (c), (d) 300 V; (e), (f) 320'V; (g), (h) 340 V



1124 A G EE R

2014 £ 5 H

WORAEAL T B, U AR M3 = B, Mk
BRET, FNRERAT TR SN, el AR
XoF i BN IR B AR A /0N, DT g 8 I B A S80%
FUBRAEG: MR RS, FRBRERAE R, K
IR RO R RO, BRI AR A E S, A
ARSI A, kAR R A, DR
LA, RIMEAR PRl 7 25 U 2, )2
B, RS RRSIURH 5 UL 1) SR8
VSt I P N1 P 455351 X G €= R R A NP | SO R
FEME A, D ORUE SO i, IR RIS MR IE ]
JEo AEARSLIZAE R, 280 V il & M2 BAA T
it
233 JREE b

Kl 8(a)FII(b) T 71~ 43 50l g JELJ2 PR EE o S i 2 o vl
JEMAR AT Bl ) F PR 3G N, 2 3
B, 75 3.5% NaCl ¥ i) JBs g 2 S pg b Al SR
g, IR R vk S T R o 3 T BH A4 A
(1 )5 BEAS A e FE PR R 3%, AR A 3 —
S JEFERTER N, Tl g1 5% ) B0 v Ay

20

(@

Coating thickness/um

280 300 320 340
Voltage/V

e
9

(b)

°© o o o o
[\ w +~ W (@)
T T T T T

Corrosion rate/(g'm™2+h™")

e
T

280 300 320 340
Voltage/V

8  NIFJIE [n] F s AR A 22 5 8 R I i R AR A

ik

Fig. 8 Changing curves of thickness (a) and corrosion rate (b)

of MAO coatings at different positive voltages

APk, B HE N 280 VI, ARG AR Z BRI
W, APCECR By, WASYA]: WilE 6 s,
JETP AL G /D TE L R 320 AT 340 VT
WA, D, i R Rk, 14 0.2054
g/(m*h). AL, BRI, K320 VI, JREJENE
TR I AR N, XS A A P U v
] L AN BE A RS )25 i

AN AT 7] H T il I A AL R AR 3.5%NaCl
W HIBAPTE K 9 Fis. HIE 9@ T LLEH, &
1E ) WP o618 PR A I A 5 P BELTE #1825t
9%, BEAE IE W R T, RBP4
BRI, RO A IS B0 2 v B Rt Fo R (1
BT R ET AR, o, 280 'V IE [ HLUE RIS A
SR AR B0 2 R BELAE B Sl i T A2 1 RIS,
B IE 1) FEUF R BE I0, e SRUBE A B AR 0o 28 7 1) 285 DY
GRS, FLaR BN TN B, R
JE AN S R R AT, X P 7 PR 1 LR

(@)
20
| |
]5_ [ ]
N 10}
" |
- =280V
St . *—300V
" gapa s 4 A—320V
ot v—340 V
| =¥ | | 1 1
0 5 10 15 20 25 30
Z'kQ
S e
10 F(b) =280V
*—300V
L A—320V
M TTITT TS v—340V
5 f Teeiliyy
a "=EZ'v
3 103 ety
g 10 gl
< ..1'
B "ae?
Q. l"v
v
g 102¢ .",'v
E l;;‘
10

1070 10° 10! 10? 103 10* 10°
Frenquency/Hz

9 ZK60 B A e IEEUREAE 3.5%NaCLIF R ) HE
B BT

Fig. 9 Electrochemical impedance spectroscopy of MAO
coated ZK60 Mg alloy specimens in 3.5% NaCl solution: (a)
Nyquist curves; (b) Bode plot



F24 %S FLARFS, 45

AE [ FLE 0 ZK60 B A il A R 22 LR 152 1)

1125

N RIS A IS 1 R T SR AR 5

] 9(b) 7~ Ay 45 1E ] HL s il 26 B A AR A L
Bode &l 51 9(a)gh A —2L, BHIEN HRM BT
TR A B PR BELTUASTAE S8 T B A1, 2 B L ol P i
Bef%. JLrr, 340 V A I AR A IS B A E A
i, 1M1 280 V (K, 0.1 Hz FHFAFE X 2.4911
X 10* Q-cm®, ZINHATEI 3 5. BRI YT 4%
S 1 85 A s AR E], AR TLERUE T 1E ) HUE
280 Vil % (14 % 2 i ol e A — =8I

3 Zig

b=}

1) BT, ZK60 B4 S oM E sk it fe b i1
HLU T AR X L R Z A A KB B, 1% B RF SR )
A, B I T R

2) 1 ) H IR P LK S 0, o FUR K
INAFIT R S E IR BRI, R ORR
W) 5 T B e 3 Jey e bl o, M P v e T
YERF IR P B2 2 AN AR 2 ST 10 R il X i 2
M ARAG ) S B A AR

3) 1E H BRI E A g, 75 280 V IE R H
JE Rl 1 ZK60 B e A b ge e, L fog ik
PEREAR S, 75 3.5%NaCl ¥ (15 i 2240 8 0.2054
g/(m>h), HLLEPAFURAE N 340 V R 3 fif.

REFERENCES

(1] BESOW, BB, KoKF, BRINEE, JKRER. A @68 R i

AN ARTEIRT]. 4B AL B, 2000(1): 1-3.
XUE Wen-bin, DENG Zhi-wei, LAI Yong-chun, CHEN Ru-yi,
ZHANG Tong-he. Review of microarc oxidation technique on
surface of non-ferrous metals[J]. Heat Treatment of Metals,
2000(1): 1-3.

[2] DELPHINE V R, EMMANUEL R, GERARD H. Micro-arc
oxidation of AZ91 Mg alloy: An in-situ electrochemical study[J].
Electrochemistry Communications, 2013, 31: 42—45.

[3] TSUTSUMI Y, NIINOMI M, NAKAI M, TSUTSUMIB H, DOI
H, NOMURA N, HANAWA T. Micro-arc oxidation treatment to
improve the hard-tissue compatibility of Ti-29Nb-13Ta-4.6Zr
alloy[J]. Applied Surface Science, 2012, 262: 34-38.

[4] ZHANG R F, SHAN D Y, CHEN R S, HAN E H. Effects of
electric parameters on properties of anodic coatings formed on
magnesium alloys[J]. Materials Chemistry and Physics, 2008,
107: 356-363.

[5]1 IR, R, JelbT. 2 DhREMAITE AL IR, X

[10]

[11]

[12]

R G 2%, 2004(9): 32-33.

FENG Xin-rong, WU Han-hua, LONG Bei-yu. Research of
multifunction microarc-oxidation power supply[J]. Instrument
Technique and Sensor, 2004(9): 32—33.

ZOZULIN A J, BARTAK D E. Anodized coatings for
magnesium alloys[J]. Metal Finishing, 1994, 92(3): 39—44.
B4, T, WL, gk a IR R BEE BT AR
HRZ A S5 s T]. W G JE A RS TR, 2011, 40(12):
2236-2240.

XIONG Wen-ming, NING Cheng-yun, GU Yan-hong, ZHANG
jing. Effect of positive voltage on phase structure of microarc
oxidation films of magnesium alloy[J]. Rare Metal Materials and
Engineering, 2011, 40(12): 2236—2240.

MR, ERMN, B B R . ISR B SR
LR JEPERE R RE A [T]. WA 4 @ A kLS T, 2010, 39(11):
1943-1947.

CHEN Ming, MA Yue-zhou, MA Ying, HAO Yuan. Effects of
voltage increment on performances of micro-arc oxidation
coatings of magnesium alloys[J]. Rare Metal Materials and
Engineering, 2010, 39(11): 1943—1947.

ABBASI S, BAYATI M R, GOLESTANI-FARD F, REZAEI HR,
ZARGAR H R, SAMANIPOUR F, SHOAEI-RAD V. Microarc
oxidized hap-TiO, nanostructured hybrid layers—part I: Effect
of voltage and growth time[J]. Applied Surface Science, 2011,
257: 5944-5949.

LU S, WANG Z X, CHEN J, ZHOU X S. Optimization of dual
electrolyte and characteristic of micro-arc oxidation coating
fabricated on ZK60 Mg alloy[J]. Transactions of Nonferrous
Metals Society of China, 2011, 21(4): 929-935.

KA, PR, HE—, T, WA Mg KA G
B AR A BORBE (7], B iR 2% 5 B R, 2001, 13(4):
214-217.

ZHANG Yong-jun, YAN Chuan-wei, LOU Han-yi, WANG
Fu-hui, CAO Chu-nan. Progress on anodizing technology for
magnesium and its alloys[J]. Corrosion Science and Protection
Technology, 2001, 13(4): 214-217.

sk, TR, Je/uE, TR, RORD, BERUS. B2
X < AR A AR B I B S e (RO E Sk JE [0, op AT
23], 2006, 16(11): 1829-1837.

ZHANG Rong-fa, LI Ming-shen, LONG Xiao-li, HE Xiang-min,
SHAN Da-yon, HAN En-hou. Research progress in effects of
electric parameters on properties of anodic coatings on
magnesium alloys[J]. Transactions of Nonferrous Metals Society
of China, 2006, 16(11): 1829-1837.

YEROKHIN A L, LYUBIMOV V V, ASHITKOV R V. Phase
formation in ceramic coatings during plasma electrolytic

oxidation of aluminium alloys[J]. Ceramics International, 1998,



1126

A G EE R

2014 £ 5 H

[14]

[15]

24(1): 1-6.

EEM, REA. MO IR R R B 2 R[], A
EINTHEAR, 2001, 29(10): 34-35.

WANG Yu-lin, SHEN De-jiu. Electric insulation of micro-arc
oxidation ceramic coating on aluminium[J]. Light Alloy
Fabrication Technology, 2001, 29(10): 34-35.

MR, BRME, WL, 223005, BEa il e oy 22 /0
N1 AT, R ERERLE 5 TR, 2006, 29(3): 17-20.
CHEN Xian-ming, LUO Cheng-ping, LIU Jiang-wen, LI

Wen-fang. Thermodynamic and kinetic analysis of micro-arc
oxidation on magnesium alloy[J]. Ordnance Material Science
and Engineering, 2006, 29(3): 17-20.

TREET . RS EEOR MY, dEat: Ao Tk AL, 2010:
264-268.

ZHANG Jiang-qing. Electrochemical measurement
technology[M]. Beijing: Chemical Industry Press, 2010:
264-268.

(%wiE  EITH)



