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Action mechanism of solute ions on forming process of
microarc oxidation coatings on aluminium alloy

YANG Wei, JIANG Bai-ling, XIAN Lin-yun, SHI Hui-ying

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

Abstract: LY 12 aluminium alloy was processed by microarc oxidation in Na,COs, Na,SiOz and Na,SnOj; solutions using
AC electrical source. The effects of solute ions on the surface morphologies and phases of aluminium alloy samples were
investigated by SEM and XRD, respectively. The effect rules of arc starting and growing curves were contrastively
studied. The results show that in the above three electrolytes, arc starting can occur easily in Na,SiO; solution, and high
impedance coating can be prepared in short time at low voltage. Arc starting phenomenon cannot happen in Na,SnO3
solution. The phenomenon of arc starting will occur easily when high impedance coating occurs on the surface of
aluminium alloy sample. Growing curves of ceramic coatings have similar rule during forming microarc oxidation
coating in Na,CO; and Na,SiO; solutions. The sample is dissolved by galvano-chemistry in Na,SnOj solution and the
ceramic coating cannot be formed. The necessary condition of occurring microarc oxidation phenomenon is that high
impedance coating must be formed on the surface of aluminium alloy.
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Table 1 Chemical compositions of LY 12 aluminium alloy

(mass fraction, %)

Cu Mg Mn Ti Zn
3.8-4.9 1.2-1.8 0.3-0.9 <0.15 <0.3
Fe Si Ni Purity Al
<0.5 <0.5 <0.1 0.1 Bal.

FEMNST A d 20 mmX 5 mm. %508 7R H 0.1
mol/L ] Nay,CO;. Na,SiO; F1 Na,SnO; 73 51 5 2 B 1
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Table 2 Time and voltage of arc starting on aluminium alloy

in three electrolytes

Electrolyte Treatment condition Time/s  Voltage/V
Microarc oxidation 64 316
Na,COs High impedance coating+ 40 248
microarc oxidation
Microarc oxidation 49 308
Na,Si0; High impedance coating+ 1 154
microarc oxidation
Microarc oxidation — —
NaZSnO3

High impedance coating+
microarc oxidation
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Fig.1 Variation of voltage with time in microarc oxidation
process on aluminium alloy without high impedance coating(a)

and with high impedance coating(b)
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Fig.2 XRD patterns of coatings treated by microarc oxidation
for 8 min in three electrolytes: (a) Nay,COs; (b) Na,SiOs; (c)
Na,SnO;
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Fig.3 Complex impedance plane figures of high impedance coatings formed in three electrolytes on aluminium alloy: (a) Na,COs;

(b) Na,Si0;3; (c) NaySnO,
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Fig.4 Surface morphologies of coatings formed in Na,SnO;
solution on aluminium alloy: (a) Without high impedance

coating; (b) With high impedance coating

FZ IR R LU A
3 #hit

1) 3 P fisih, A e I [ AT E ST



468 PR R AR

2009 43 A

AN, S, RERAREI S TN, BERS LT IN TA] |
R HUE N RS R BLGTE R BrR i h AR Ak
IS FERENS A AL IR K LR, B Rt
AR I AT AVBL A AR A, AR IR IS
(LB B R ™ A A A A

2) LB A AT R A A I P I AU 2 R i
A ALOs M, EB IR P AEFE S R T 3RS SnO,
M, PR I R

3) B R S BT ROl A AL DL 5 A5
PR AR A B4, ES 5T 1 1K) B R P ) R A 24
o MR R I o

REFERENCES

[11  HER, Ak, FKEE LY12 HEaRmA gz m
AR P EA 4R AR, 2001, 11(2): 186-189.
JIANG Bai-ling, BAI Li-jing, JIANG Yong-feng. Growth of
alumina ceramic coatings on the surface of aluminum alloy[J].
The Chinese Journal of Nonferrous Metals, 2001, 11(2):
186—189.

[2] XUE W B, SHI X L, HUA M, LI Y L. Preparation of
anti-corrosion films by microarc oxidation on an Al-Si alloy[J].
Applied Surface Science, 2007, 253: 6118—6124.

[3]  WRITZ G P, BOWN S D, KRIVEN W M. Ceramic coatings by
anodic spark deposition[J]. Materials and Manufacturing
Processes, 1991, 6(1): 87—115.

[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] VERDIER S, BOINET M, MAXIMOVITCH S, DALARD F.
Formation, structure and composition of anodic films on AM60
magnesium alloy obtained by DC plasma anodizing[J].
Corrosion Science, 2005, 47: 1430—1444.

[6] SR, SRS, BN, & O, T 8, eIk, I
R JSENT A B T8 S 8 e it e S el [0, b A
JEZ#4R, 2008, 18(6): 1082—1088.
LUO Hai-he, CAI Qi-zhou, WEI Bo-kang, YU Bo, HE Jian, LI
Ding-jun. Effects of additive concentration on microstructure
and corrosion resistance of ceramic coatings formed by
micro-arc oxidation on AZ91D Mg alloy[J]. The Chinese Journal
of Nonferrous Metals, 2008, 18(6): 1082—1088.

[77 GUO H F, ANM Z, XU S, HUO H B. Formation of oxygen

bubbles and its influence on current efficiency in micro-arc

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

oxidation process of AZ91D magnesium alloy[J]. Thin Solid
Films, 2005, 485: 53—58.

R, REE, RIPGF. ol gz K
LM EE BT S[I]. FERHERAE B 2R, 2002, 23(1): 5-7.
JIANG Bai-ling, WU Guo-jian, ZHANG Shu-fen. The research
on micromechanism and growth procedure of ceramic coating
formed by microarc oxidation on magnesium alloys[J].
Transactions of Materials and Heat Treatment, 2002, 23(1): 5-7.
TR, BT, EeRAE, SR, £ h. IR L SO
B AR RER D], T EA (SRR, 2008, 18(6):
1027-1031.

ZHANG Rong-fa, QU Tie-ping, CHAO Qiang-hua, NIE
Xin-bing, WANG Wei. Effects of environmentally friendly
electrolytes on properties of anodic coatings formed on
magnesium alloys[J]. The Chinese Journal of Nonferrous Metals,
2008, 18(6): 1027-1031.

GUO H F, AN M Z. Effect of surfactants on surface morphology
of ceramic coatings fabricated on magnesium alloys by
micro-arc oxidation[J]. Thin Solid Films, 2006, 500: 186—189.
LIANG J, GUO B, TIAN J, LIU H W, ZHOU J F, LIU W M,
XU T. Effects of NaAlO, on structure and corrosion resistance of
microarc oxidation coatings formed on AM60B magnesium
alloy in phosphate—KOH electrolyte[J]. Surface and Coatings
Technology, 2005, 199: 121-126.

ZHENG H Y, WANG Y K, LI B S, HAN G R. The effects of
Na,WO, concentration on the properties of microarc oxidation
coatings on aluminum alloy[J]. Materials Letters, 2005, 59:
139-142.

XIN S G, SONG L X, ZHAO R G, HU X F. Properties of
aluminium oxide coating on aluminium alloy produced by
micro-arc oxidation[J]. Surface & Coatings Technology, 2005,
199: 184—188.

WANG Y H, WANG J, ZHANG J B, ZHANG Z. Effects of
spark discharge on the anodic coatings on magnesium alloy[J].
Materials Letters, 2006, 60: 474—478.

KA. HEEHRE S R EEARM]. Jbat: T
Ak AL, 2004: 79-81.

ZHUN Zu-fang. Anodic oxidation on aluminium alloy and
surface treatment technology[M]. Beijing: Chemical Industry
Press, 2004: 79-81.

WAEY, . SR WAEM] JEat W6 & ok Rk
2003: 48—50.

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

(wE FEE



