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Formation and growth mechanism of
microarc oxidation coating on LY 12 aluminium alloy

YANG Wei, JIANG Bai-ling, SHI Hui-ying

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: LY12 aluminium alloy was surface treated by microarc oxidation in the Na,SiO; solution using AC pulse
electrical source. The microstructure difference of the coatings formed at different stages of microarc oxidation was
researched, and the growth mechanism of ceramic coating on aluminium alloy was discussed. The results show that
electrochemical deposition reaction happens during forming incipient coating, and the oxide containing the element of the
electrolyte forms. So, this oxide coating increases the impedance value of aluminium alloy. The combination of Al from
the substrate and active O generated by the discharge of OH ion forms Al,O; coating, and in this process, the element of
the electrolyte is consumed little. Since the prefab coating is participated in the process of forming ceramic coating, the
prefab coating is prepared on the aluminum alloy surface, it is helpful to shortening arc starting time, reducing the voltage
and increasing the steady value of broken down voltage.
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Fig.1 Surface morphology of incipient coating on aluminium

alloy at arc starting time
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Fig.2 EIS spectra of incipient coating on aluminium alloy at

arc starting time
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Fig.3 XPS spectrum (a) of surface of arc starting coating

formed by microarc oxidation and high-resolution spectra (b)

of Si2p region
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Fig.4 Surface morphology of ceramic coating formed by
MAO for 15 min
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Fig.5 XPS spectra (a) from surface of growing coating

formed by microarc oxidation and high-resolution spectra (b)

of Si2p region
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Fig.6 Surface morphologies of coatings formed by different
technologies on aluminium alloy: (a) Chemical translation; (b)

Anodize oxidation

Pl 7 7 D9 A fek IR R AR S A TS B AR SR A i
BE G TSR] 15 min T3R8 2210 XRD
Weo e 7 WL, AR S ) ALOs AW
B PR AEM R G, ai AR KL
WA BRI B 2 5 SR PR A I,

T PHEEM AR, 2 XRD RIS YA R IAT 7T
JCHIERIIAT, Bl FOC R MR 2 5 AU

W= A1203
4 — Al

20 30 40 50 60 70 80
20/(°)

B 7 AFACET 22 XRD i

Fig.7 XRD patterns of coatings formed by different
technologies: (a) Anodize oxidation 10 min+tMAO 15 min; (b)
MAO 15 min; (c) Anodize oxidation 10 min
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Fig.8 Variation of voltage with oxidation time of coatings on

aluminium alloy at different surface states treated by MAO
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Fig.9 Cross-section morphology of ceramic coating formed

by MAO on aluminium alloy with prefab coating

3 g

DS AL FE 53 2 471391 AN Je 3914 K A it
P, WU B R 1 BTS2 A0 B R
L, JE A K R S IR e 2 P 2

2) I M I R RS LAV i o T L R R A
N ERHERZ, KT HRa R MyTE; EHE
KO R SEAAS 5 OH TR ™ A (M PEAE™ A
BN, FERCEL ALOs i EMIMFI R, WG HE )
([DERIEEE

3Pl BT 2 SR R R A, ARl
FELICINT ) W) S A A ARSI P s St 2 BRI, D B i 2
HURIASEE, Pr SRR 2808 o= (AR
Tl SR AL UL G A v T — IS [A] it 2 458 M /)



1954 v A 4 2 AR 2010 4 10 H

JIANG Bai-ling, ZHAO Ren-bing , LIANG Ge, LI Jun-ming,
REFERENCES YUAN Fang. Effect of Na,WO4 on properties of micro-arc
oxidation (MAO) ceramic coatings and wear resistance of
aluminum alloy[J]. Materials Review, 2006, 20(9): 155—157.
[91  BEICWR. SiC WUk HY S (AR R IE L5 A RIS AL IR A K R 5%
WAT]. <2)@2E3i, 2006, 42(4): 350-354.
XUE Wen-bin. Effect of SiCp reinforcement on growth of

[1]  WANG Yan-hua, WANG Jia, ZHANG Ji-biao, ZHANG Zhan.
Effects of spark discharge on the anodic coatings on magnesium
alloy[J]. Materials Letters, 2006, 60: 474—478.

[2] WRITZ G P, BOWN S D, KRIVEN W M. Ceramic coatings by
microarc oxidation film on aluminium matrix composite[J]. Acta

Metallurgica Sinica, 2006, 42(4): 350-354.

[10] BESOW, 4 %, Mg, B 4. S E SRl £
KByt K ph ML Re[]. TR ER 244, 2007, 35(6): 731-735.
XUE Wen-bin, HUA Ming, SHI Xiu-ling, TIAN Hua. Growth

anodic spark deposition[J]. Materials and Manufacturing
Processes, 1991, 6(1): 87—115.
(31 W2, W, RN, RGO A 200 Bk A A
], AR, 2006, 20: 373-375.
HU Zong-chun, XIE Fa-qin, WU Xiang-qing. The effects of
clectrolyte and electrical parameters on microarc oxidation of kinetics of microarc oxidation films on cast aluminium alloy and
titanium alloy[J]. Materials Review, 2006, 20: 373-375.
[4] VERDIER S, BOINET M, MAXIMOVITCH S, DALARD F.

Formation, structure and composition of anodic films on AM60

their corrosion resistance[J]. Journal Chinese Ceramic Society,
2007, 35(6): 731-735.

[11] RAT7. BEE s SR A B EOR M. Jba: e T
AL, 2004: 79-81.

ZHU Zu-fang. Anodic oxidation on aluminium alloy and surface

magnesium alloy obtained by DC plasma anodizing[J].
Corrosion Science, 2005, 47: 1430-1444.

[5] WU K, WANGY Q, ZHENG M Y. Effects of microarc oxidation treatment technology[M]. Beijing: Chemical Industry Press,

surface treatment on the mechanical properties of Mg alloy and 2004:79-81.
fh A Y B s 5 bl 2 Br. YA o
Mg matrix composites[J]. Materials Science and Engineering A, (12 WAty s b SR HE M. 0t 10 & DAL,
2003: 48-50.

2007, 447: 227-232.

[6] ik, 2 B, M. SiC/AZI1 BEHEE AMRHHITAR
AT N SR IZ TR R[], 42 2#4H, 2007, 43(6): 631-636.
WANG Yan-qiu, WU Kun, ZHENG Ming-yi. Microarc oxidation

YANG De-jun, SHEN Zhuo-shen. Metal corrosion science[M].
Beijing: Metallurgical Industry Press, 2003: 48—50.

[13] XUE W B, DENG Z W, CHEN R Y, ZHANGT H. Growth
regularity of ceramic coatings formed by microarc oxidation on
Al-Cu-Mg alloy[J]. Thin Solid Films, 2000, 372: 114-117.

[14] YEROKHIN A L, NIE X, LEYLAND A, MATTHEWS A,

behaviors of SiCw/AZ91 Mg alloy matrix composite and
corrosion resistance of the coatings[J]. Acta Metallurgica Sinica,
2007, 43(6): 631-636.

[7] LIANG J, HU L T, HAO J C. Improvement of corrosion DOWEY S J. Plasma electrolysis for surface engineering[J]. Surf

Coat Technol, 1999, 122: 73-93.
[15] XUE W B, WANG C, LI Y L, DENG Z W, CHEN R Y,

properties of microarc oxidation coating on magnesium alloy by
optimizing current density parameters[J]. Applied Surface
Science, 2007, 253: 6939-6945.

(8]  SETTR. BT, Bk AW, B 5 NaaWOL A 4 the tensile properties of Al-Cu-Mg alloy[J]. Materials Letters,
U M 202 T P FR T 85 P R0, PP 4R, 2006, 2002, 36: 737-743.
20(9): 155-157.

ZHANG T H. Effect of microarc discharge surface treatment on

(%38 RIRH)



