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Table 1 Experimental scheme and responses obtained based on simplex-centroid design
No. Space Point Type Code values _ Responses . .
X1 X2 X3 X4 Formability Jeor/ <10 A €m
1# Vertex 45 0 0 0 1 7.597
2# Vertex 0 15 0 0 0 93.8
3# Vertex 0 45 0 0 93.8
44 Vertex 0 0 12 0.8 30.27
5# Cent Edge 225 7.5 0 0 1 1.336
6# Cent Edge 225 225 0 0.8 2.958
T# Cent Edge 22.5 0 6 0.5 93.8
8# Cent Edge 0 7.5 225 0 93.8
o# Cent Edge 0 7.5 0 6 3.069
10# Cent Edge 0 0 225 6 0.8 2.072
11# Trip Blend 15 5 15 0 1 0.708
12# Trip Blend 15 5 0 4 0.5 93.8
13# Trip Blend 15 0 15 4 0 93.8
14# Trip Blend 0 5 15 4 1 0.544
15# Center 11.25 3.75 11.25 3 0.5 93.8
*k2 FAESWE
Table 2 Correlation indices of ANOVA
Source Sum of square df Mean square F value P-value Prob > F
Model 2785.07 13 214.236 201.16 0.005
x1-NazSiO3 196.42 1 196.419 184.43 0.005
x2-NaOH 164.12 1 164.116 154.1 0.006
x3-KF 164.12 1 164.116 154.1 0.006
X4-NaAlO; 161.47 1 161.467 151.61 0.007
X1X2 9.68 1 9.681 9.09 0.095
X1X3 5.85 1 5.849 5.49 0.144
X1Xa 2.05 1 2.053 1.93 0.299
XoXa4 5.41 1 5.415 5.08 0.153
X3X4q 7.04 1 7.041 6.61 0.124
X1X2Xa 6.60 1 6.605 6.2 0.13
X1X3X4 5.90 1 5.905 5.54 0.143
X2X3X4 2.93 1 2.925 2.75 0.239
X1X2X3X4 1.95 1 1.954 1.84 0.308
Error 2.13 2 1.065
Cor total 2787.20 15

Note: f-degree of freedom, F-mean square of the model and regression coefficients divided by mean square of error
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Fig.4 Response surface plots (a, c, €) and contour maps (b, d, f) of corrosion current density
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Fig.5 Voltage-time and current-time responses for the coatings: (a) No Na;SiO3-NaAIO; system, (b) Na,SiO3 system, (c) NaAlO; system,

and (d) Na;SiO3-NaAlO, system
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(b) 3#, (c) 8#; Na,SiO; system: (d) 1#, (e) 5#, (f) 6#, (g) 11#; NaAlO,system: (h) 4#, (i) 9%, (j) 10#, (k) 14#; Na,SiOs-NaAlO,
system: (1) 7#, (m) 12#, (n) 13#, (o) 15#
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Fig.8 SEI (a) and EDS element mappings of Mg (b), O (c), Al (d), Si (e), and F (f) for sample 11# surface
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Fig.10 Potentiodynamic polarization curves of substrate and MAO coatings prepared in Na,SiO3 system (a) and NaAlO, system (b)

Table 3 Derived

%3
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results of polarization curves in Fig.10

Electrolyte system No. Econ/V Jeord X107 A ¢m™? Ry/>10* Q cm?
Substrate -1.482 93.78 0.404
1# —1.545 7.597 5.945
. 5# -1.471 1.336 23.841
Na;S10s ot 1.320 2.958 9.127
11# -1.441 0.7079 59.738
4# —1.557 30.27 0.552
o# -1.374 3.069 9.618
NaAlO
a 2 10# -1.56 2.072 19.551
14# -1.502 0.544 80.593
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Fig.11 Experimental and fitting plots of AZ91D magnesium alloy and sample 4# after different immersion duration: (a, b) Bode
plots and (c) Nyquist plots
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Fig.12 Experimental and fitting plots of sample 11# after different immersion duration: (a, b) Bode plots and (c) Nyquist plots
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Fig.13 Equivalent circuit of samples 4# and 11#: (a) samples 4# and 11# for immersion from 60 h to 72 h; (b) sample 11# for immersion
from0.5hto48 h
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Table 4 Fitting data of EIS plots of sample 4# during the whole deterioration process

Time/h RJ/Q €m? Qi/F cm? N Ri/Q €m? CalF ¢m™ Ra/Q €m? RL/Q cm? L/H
0.5 39.05 4778107 0.8192 8912 5.099%10° 3657 131.4 506.2
1 37.22 6.759107 0.8161 7719 9.726x10° 3162 1000 371.6
3 29.16 2.099%10° 0.8363 3813 3.683%10° 1013 1715 202
6 30.24 3.708%10° 0.8172 2067 4.29%10° 557.4 1672 99.4
12 26.07 8.801x10° 0.7368 111.3 2655107 2135 7744 2230
24 23.98 1.34x10° 0.7115 66.26 6.815%10° 1988 4580 1032
36 22.93 1.877%10° 0.6703 46.49 1.095%10° 1930 3606 625.9
48 23.73 1.744x107 0.6744 47.62 1.328%10° 2414 4438 1402
60 31.87 2.957x107 0.617 39.67 1.797x10°® 1508 2860 481.5
72 21.53 3.17610° 0.6174 32.83 2.109%10° 1533 2307 4475

£ 5 1HKHEERN 0.5~48 h BRI I B EIS IS ER
Table 5 Fitting data of EIS plots of sample 11# for immersion from 0.5 h to 48 h

Time/h RJ/Q €¢m® Q,/F €m™ np R,/Q €m’ Qu/F ¢m™ Ny Ry/Q €m’
0.5 67.06 5.85610® 0.9094 2.075%10° 4.902%107° 0.8989 413710’

1 90.53 3.66710® 0.9566 5.565%10° 7.037%107 0.9767 1.199>107

3 61.81 7.043x10°8 0.8929 2.572x10* 1.843%10° 0.7558 8.489x10°

6 54.44 1.22x107 0.8494 2.284%10* 1.146%10° 0.7957 5.915x10°
12 47.99 2055107 0.8102 8511 2.57910° 0.7781 9.845x10°
24 9.175 2.448>107 0.7742 9381 1.341x107 0.7599 4.233%10°
36 9.545 2551107 0.7714 9565 1.299x107 0.76 4.03610°
48 35.57 5.135%107 0.8217 4408 4.269>107 0.8 2.921x10°

*6 L#AMAERBEHNER EISHEER
Table 6 Fitting data of EIS plots of sample 11# for immersion from 60 h to 72 h

Time/h Ry/Q €m? Qi/F ¢m™ N R/ Q cm? Can/F €m™? Ra/Q ¢m? RU/Q <¢m? L/H
60 35.08 7.612>107 0.8209 77370 9.895x%1077 39270 23950 15180
72 38.28 6.495x10"7 0.8196 14180 1.139%10°° 11170 20010 528.5

Note: np, ny, ns are the indices of dispersion effects
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Effect of Electrolytes on the Formability and Corrosion Resistance of Micro-arc
Oxidation Coating of AZ91D Magnesium Alloy

Wang Zhanying, Ma Ying, An Shoujing , Wang Sheng, An Lingyun
(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)

Abstract: Micro-arc oxidation coatings were prepared on AZ91D magnesium alloy by changing the collocation of Na,SiOs;, NaOH, KF
and NaAlO; based on simplex-centroid mixture design. The effects of electrolyte components on the formability and corrosion resistance
of the coating were investigated. The results show that the obtained regression equation is very significant and has high prediction
accuracy. Pareto analysis shows that the four electrolytes have significant effects on the corrosion resistance of the coating. Response
surface analysis shows that increasing the concentration of Na,SiOs; or NaAlO, can significantly improve the corrosion resistance of the
coating. But the combination of the two is detrimental to the improvement of the corrosion resistance. The main salt is very important for
increasing the coating formability and corrosion resistance. When the electrolyte does not contain the main salt, the coating formability
and corrosion resistance are very poor. The appropriate increase of NaOH and KF concentration in the electrolyte containing the main salt
is also beneficial to improve the corrosion resistance. According to Pearson correlation analysis, the corrosion resistance primarily depends
on the coating density and porosity, and is also affected by other characteristic parameters such as thickness and composition. The
components of the electrolyte affect the properties of the coating through influencing the above microstructure parameters.

Key words: AZ91D magnesium alloy; micro-arc oxidation; electrolyte; formability; regression analysis
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