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Fig.1 Surface morphologies((a), (c), (e), (g)), and pore distributions((b), (d), (f), (h)) of MAO coated AZ31B Mg alloy: (a), (b), (c),

(d) 260 V; (e), (), (g), () 290 V
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Table 1 Distribution and porosity of surface pore of MAO coated Mg alloy

Pore number at different surface Feret’s diameters

Sample <7 07-14 14-2.1 2.1-2.8 2.8-3.5 3.5-42 42-49 >49

. . 1 .
Maximum Minimum Mean Porosity/

size/um  size/um  size/pm %
pum pum pm pm pm um um pm number
260M" 1037 1490 626 134 21 4 1 0 4.424 0.41 1.053 3232 10.14
290M" 1156 1340 631 197 63 22 3 4 5.825 0.41 1.104 3416 1148
260M? 94 67 20 5 1 0 0 0 3.369 0.082  0.761 187 10.38
290M? 156 73 18 8 1 0 0 0 2.815 0.082  0.659 256 11.01

1) At low magnification; 2) At high magnification.
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Mg alloys in 3.5% NaCl solution
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Table 2  Fitting parameters of Tafel curves of bare and MAO coated Mg alloys and porosity

Sample Tafel (traditional) Linear polarization Porosity/%

No. by/ b/  ~Eeond  Joon! . Ry i —El/ R,/ RR, Ru/Ry P P
mV mV mV  (pA-cm ) (Q-cmd) mV (Q-em?)
Bare AZ31B  200.2 2392 1372.6 101.3 467.2 1369.7 345.8

260M 2194  143.6 12952 2.8 13459.6 1289.7 9841.9 3.47 3.51 1.43 1.40

290M 211.7 1259 12546 5.6 6121.6 12443 4886.3 7.63 7.08 1.96 1.67
(R)), W% 2 Bk, MAO MJEREM I R, KT 12 IS AT
PR, H 260M Ff i BA BORHIFIE, Ml —biE R, Ry
5K 260M A i EL AT e T P PE RE - RIS R Ry L
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PR RIS T4 R, O AL X I 45 SR
NI ETA G
222 ZBHATEE

Kl 4 Fis NS 4 K MAO 62 RETE 3.5%NaCl
BRI Nyquist . 228, Nyquist B2 H & 500E
BPUIAMESRE ST B, R 5 B ifSSR0a
PEAIR . RNV, O N MAO R ESE A
JEHAE, RONRZHEM, LONHEK, R N5 HLEAGT
NFIBHAE . SUA ER LR 4 shscgkpR, BLA BRI
K3 PR, MEESMHEEPIEN, FPUEERE K,
WIEHIHIE R, W hpi e, X5
LM ER 8. —RIM 5, RERMILBE R,
FIAURAE, AT X2 At K & 3 T
W, 260M FEEL K O FEAST 290M £ 5L, kTR B
290 V HLEFTfE MAO 2 B A B m i fLE % .

0 Uncoated AZ31
1 | —Fitting results 300
© 290 V MAO coating Ng 200
10 —Fitting results &
[ & 260 VMAO coating = 100
—Fitting results N

100 200 300
Z'[(Q+-cm?)

-Z"/(kQ-cm?)
N

Z'/(kQ+cm?)
BEENL MAO IRZFEMAE 3.5% NaCl il
Nyquist
Fig. 4 Nyquist diagram of bare and MAO coated Mg alloys in
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Table 3  Fitting results of Nyquist plots from Fig. 4
Sample R (0] n
No. Fitting value/(Q-cm?)  Error/% Fitting value/(S™Q -em™?)  Error/% Fitting value Error/%
Bare AZ31 33.49 1.9 5.74X10°° 29 0.81 1.80
260M 31.63 5.7 1.34X1077 1.8 0.80 0.20
290M 33.72 6.5 6.31x1077 1.9 0.83 0.91
Sample R, L Ry
No. Fitting value/(Q-cm®)  Error/% Fitting value/H Error/% Fitting value/(Q-cm®)  Error/%
Bare AZ31 209.5 6.5 1674 19.7 89 5.3
260M 11320 4.7 21470 62.3 1311 16.9
290M 7419 52 42260 49.0 1298 10.6

F 4 EISHE R, T3 MAO iR EREMILER %
Table 4 Porosity of MAO coated Mg alloys from EIS Fitting

parameters
Tafel (traditional) R, from Porosity/%
Sample b,/ —E.of EIS/
mV mV (Q‘cmz) Rys/Rpe P
Bare 9002 13726 33128
AZ31B
260M - 12952 12611.63  2.63 1.08
290M - 1254.6  8749.72 3.79 0.97
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Porosity evaluation of micro-arc oxidation coating through
Image-J and electrochemical methods

CUI Xue-jun" % NING Chuang-ming', SONG Shi-jie', WANG Lin', YANG Ruo-hao'

(1. School of Materials Science and Engineering, Sichuan University of Science and Engineering, Zigong 643000, China;
2. Key Laboratory of Marine Materials and Related Technologies, Ningbo Institute of Materials Technology and
Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: To accurately determine and evaluate the porosity of micro-arc oxidation (MAO) coating, an MAO coating
was fabricated on AZ31B Mg alloy via a constant voltage mode in a Na,SiO; base aqueous solution. The polarization
resistance and anti-corrosion property of the coatings were investigated by linear polarization resistance, electrochemical
impedance spectroscopy(EIS) and Tafel polarization curve measurements, respectively. The focus was on the calculation
and evaluation of the porosity by Image-J and two optimized polarization resistance ratio methods, and presenting an
assessment method for the porosity of MAO coatings. The corrosion current density (J..;) of the MAO coated Mg alloy
increases from 2.8 pA/cm? to 5.6 pA/cm’ with the oxidation voltage increasing from 260 V to 290 V. Combined with the
results of linear polarization resistance and EIS fitting, the corrosion protection performance of the coating decreases with
increasing the oxidation voltage. Additionally, the surface porosity calculated by Image-J method increases from 10.14%
to 11.48%, and the through-hole porosity calculated by linear polarization resistance method increases from 3.51% to
7.08%, implying that the anti-corrosion of the coating is negatively correlated with its porosity, i.e. it decreases with the
increase of porosity. Among several methods for polarization resistance and porosity assessment methods, the linear
polarization resistance measurement is more suitable for determining the through-hole porosity of the MAO coating,
while the Image-J method can be used to quantify surface porosity, the distribution of pore size by the SEM image of an
MAQO coating.

Key words: magnesium alloy; micro-arc oxidation; porosity; polarization resistance; Image-J
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