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Optimization of silicate electrolyte for micro-arc oxidation and
characteristic of coating fabricated on ZK60 magnesium alloy
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Jiangsu University of Science and Technology, Zhenjiang 212003, China;
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Abstract: The micro-arc oxidation process was conducted on ZK60 Mg alloy in an electrolyte composed of NaSiOs,
NaOH, NaB4O,; and C¢HsNa;O,by AC pulse electrical source. The coating thickness and microstructural characteristics
of coating cross-section and surface were investigated by means of OM, SEM coupled with EDS and XRD. The mass
loss and dynamicpotential curves were measured in a 3.5%NacCl solution to evaluate the coating resistance to corrosion.
The results reveal that different elements of the electrolyte demonstrate different effects on process voltage, coating
thickness and corrosion resistance. For an element of the electrolyte, there is usually a suitable concentration to obtain a
thicker coating but which does not guarantee a better corrosion resistance. By means of single variable and orthogonal
tests, an optimized electrolyte with a composition of 60 g/L NaSiO;+20 g/L NaOH+25 g/L NaB,O,+20 g/L C¢HsNa;0,
was developed. The sample prepared with the optimized electrolyte exhibits good corrosion property with only 1.8% of
corrosion rate of blank sample due to its thicker (164.89 um) and denser coating.
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Fig.1 Effects of Na,SiO; concentration on MAO coating of
ZK60: (a) Curves of time vs potential at different Na,SiO;
concentrations; (b) Curve of Na,SiO; concentration vs coating

thickness; (c¢) Curve of Na,SiO; concentration vs corrosion rate
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Fig.2 Effects of NaOH concentration on MAO coating of
ZK60: (a) Curves of time vs potential at different NaOH
concentrations; (b) Curve of NaOH concentration vs coating

thickness; (c) Curve of NaOH concentration vs corrosion rate
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Fig.3 Effects of NaB,O; concentration on MAO coating of
ZK60: (a) Curves of time vs potential at different NaB,O,
concentration; (b) Curve of NaB,O; concentration vs coating

thickness; (c) Curve of NaB,O; concentration vs corrosion rate
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Fig.4 Effects of C4HsNa3O; concentration on MAO coating

of ZK60: (a) Curves of time vs potential at different

CgHsNa3;O; concentrations; (b) Curve of CgHsNaz;O,

concentration vs coating thickness; (¢) Curve of C¢HsNazO,

concentration vs corrosion rate
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Table 1 Design and results of orthogonal experiments
Sample Factor Result
No. A B C D Corrosion rate /(gm >h™") Coating thickness /pm
1 60(1) 10(1) 15(1) 15(1) 0.0354 142.472
2 60(1) 15(2) 20(2) 20(2) 0.046 3 102.284
3 60(1) 20(3) 25(3) 25(3) 0.0362 132.326
4 70(2) 10(1) 20(2) 25(3) 0.246 1 150.948
5 70(2) 15(2) 25(3) 15(1) 0.1727 129.510
6 70(2) 20(3) 15(1) 20(2) 0.0102 75.590
7 80(3) 10(1) 25(3) 20(2) 0.206 7 143.120
8 80(3) 15(2) 15(1) 25(3) 0.1157 103.070
9 80(3) 20(3) 20(2) 15(1) 0.092 8 99.480
Blank / / / / 0.5322 0
Fz2 Wz
Table 2 Variation analysis of orthogonal experiments
Prosperity Factor 1k hy hy R Sequence on importance Optimum composition
A 00393 0.1430 0.1384 0.1037
Corrosion rate/ B 01627 0.1116 0.0464 0.1163
(gm2h™) C 0.0538 0.1284 0.1385 0.0845 BAZC=D AIBICID2
D 01003 0.0877 0.1327 0.0450
A 125.694 118.683 115223 10.471
Coating thickness/ B 145513 111.621 102.465 43.048 BSCoDoA AIBIC3D3
pum C 107.044 117.571 134985 27.941
D 123.821 106.998 128.781 21.783
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Fig.5 Polarization curves of ZK60 blank and optimized
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Table 3 Fitted Electrochemical parameters from polarization

curves
Sample Peor/MV Loon/A

ZK60 blank sample -1512 36.14x10°°

Optimized MAO coating -1200 53.75%x107°
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Fig.6  Cross-section morphologies of MAO coatings of
different samples: (a) Sample 6; (b) Sample 7; (c) Optimized

sample
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Fig.7 Surface morphologies of different MAO coatings: (a) Sample 6; (b) Sample 7; (¢), (d) Optimized sample
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Fig.8 XRD pattern of oxidation coating of optimized MAO

JETE B — LI FERR K mil E R, A
MORIRI A 2B i, A SIS R A LR R
A I TR ] 7 1 22 SLIR BB TTORe 45 T B
WA DIAWTHEGR AL IR Y AR -

3 e

1) 7EfE AR [ S 4, I AR AT
FURERR A 2 P &5 F R A A0 IR FE X ZK60 B 4t
SR 2 e AR . B NaSiO; #1 NaOH ¥ &
Mg hn, OB HLE B EE AR, B NaB,O; WRFE3Y
T, R R R S A AR 5 NaOH Al CqHsNasO;
AT R PUBIE 2 SRt s e, R R 2 AR K A e
P, ARZE ISR B4,

2) 5 HL ARV 2L 3 1A JEE X I A A B )2 JE
T 5 e P B P S M AR S AN AR ], AN TR] ) T
R SRR IR A58 2 5 FE A0 s R i s b vk e, R AR
SIS 2 R TR 5 Tk P AN R T R SR B, a5 22
SER BRI

3) I IR AS S, A A kv DAy e e R
ARSI, F7532E H AR ) FLAFAE J7 < 60 g/L NaSiOy+
20 g/L NaOH+25 g/ NaB4O,+20 g/L C¢HsNazO;, I
AL I 2 Rk 164.89 um, JH 2 &5 8%, 7
3.5%NaCl 11/ JB g Z ARG, 1k ZK60 B 47 1
RFER) 1.8%.



5520 %5 10 # i

%, 5§

ZK60 B 5 il R A RERR & B D6 RO e 1

1875

REFERENCES

(1

(2]

[3]

[4]

(3]

(6]

(71

(8]

[9]

HE S M, PENG L M, ZENG X Q, DING W J, ZHU Y P.
Comparison of the microstructure and mechanical properties of a
ZK60 alloy with and without 1.3 wt% gadolinium addition[J].
Materials Science and Engineering A, 2006, 433 (1/2): 175—-181.
YAMASAKIM A, AYASHIN Y, ZUMI S G, KAWAMURA Y
H. Corrosion behavior of rapidly solidified Mg-Zn-rare earth
element alloys in NaCl solution[J].Corrosion Science, 2007,
49(1): 255-262.

WRE T, WS, Zoibk. wi AR B A < ZK60 HIBSEEL
R[], FERKF M AREHFE, 2004, 27(9): 80-85.

MA Yan-long, PAN Fu-sheng, ZUO Ru-lin. Review on the
research of high-strength wrought magnesium alloy ZK60[J].
Journal of Chongqing University: Natural Science Edition, 2004,
27(9): 80-85.

LI H X, RUDNEV V S, ZHENG X H, YAROVAYA T P,
SONGA R G. Characterization of ALO; ceramic coatings on
6063 aluminum alloy prepared in borate electrolytes by
micro-arc oxidation[J]. Journal of Alloys and Compounds, 2008,
462(1/2): 99-102.

LIMY W, KWON S Y, SUN D H, KIM H E, KIM Y S.
Enhanced cell integration to titanium alloy by surface treatment
with microarc oxidation: A pilot study[J].Clinical Orthopaedics
and Related Research, 2009, 467( 9 ): 2251— 2258.

SHI X L, WANG Q L, WANG F S, GE S R. Effects of
electrolytic concentration on properties of micro-arc film on
Ti6Al4V alloy [J]. Mining Science and Technology, 2009, 19(2):
220-224.

ARRABAL R, MATYKINA E, HASHIMOTO T, SKELDON P,
THOMPSON G E. Characterization of AC PEO coatings on
magnesium alloys [J]. Surface & Coatings Technology, 2009,
203(16): 2207-2220.

BAI A L, CHEN Z J. Effect of electrolyte additives on
anti-corrosion ability of micro-arc oxide coatings formed on
magnesium alloy AZ91D [J]. Surface & Coatings Technology,
2009, 203(14/15): 1956—1963.

BALA S P, LIANG J, BLAWERT C, STORMER M, DIETZEL
W. Effect of current density on the microstructure and corrosion

behavior of plasma electrolytic oxidation treated AMS0

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

magnesium alloy [J]. Applied Surface Science, 2009, 255(7):
4212-4218.
WD, B, 25 R, R, PG SRR IR
[7]. HAEL ¥R, 2008, 27(1): 54-56.
SHI Hai-fang, LU Wen-tao, LI Xiao, LI Zhi-chao. Present status
on the research of ceramic coatings on magnesium alloys[J].
Electroplating & Finishing, 2008, 27(1): 54-56.
R, S5E Y, BRARE. AZ9ID BEA S TES 5
HPEALD]. R it KA i<, 2007, 27(7): 554-557.
LUO Hai-he, CAI Qi-zhou, WEI Bo-kang. Optimization of
processing parameters of micro-arc oxidation for AZ91D
magnesium alloy in silicate solution[J]. Special Casting &
Nonferrous Alloys, 2007, 27(7): 554-557.
SU P B, WU X H, GUO Y, JIANG Z H. Effects of cathode
current density on structure and corrosion resistance of plasma
electrolytic oxidation coatings formed on ZK60 Mg alloy[J].
Journal of Alloys and Compounds, 2009, 475(1/2): 773-777.
SU P B, WU X H, JIANG Z H. Plasma electrolytic oxidation of
a low friction casting on ZK60 magnesium alloy[J]. Materials
Letters, 2008, 62(17/18): 3124-3126.
CAI Q Z, WANG L S, WEI B K, LIU Q X. Electrochemical
performance of micro arc oxidation films formed on AZ91D
magnesium alloy in silicate and phosphate electrolytes[J].
Surface & Coatings Technology 2006, 200(12/13): 3729-3730.
BN, 2 3k, EAE), 02 RN BN B BB Ak
I, APERLE S T2, 2006(1): 28-30.
QIAN Jian-gang, LI Di, WANG Xue-li, GUO Bao-lan. Effects
of concentration of sodium silicate on anodizing for magnesium
alloys[J]. Materials Science and Technology, 2006(1): 28—30.
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(1/2):
186—189.
BRI, RN, XNTSC. B Sl e L2 2 L4
HIRIRALEI]. #EHRS, 200, 42(1): 1-4.
CHEN Xian-ming, LUO Cheng-ping, LIU Jiang-wen.
Mechanisms for the formation of porous micro arc oxidation
coatings on magnesium alloys[J]. Journal of Materials Protection,
2009, 42(1): 1-4

(%3 7 1)



