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Table 1 Processing parameters of samples

MAO High-frequency High
p(Nb20s)/ & g

Sample oL voltage/ voltage/ frequency/
\Y \4 kHz
1 0 520 0 0
2 0 520 100 20
3 0 520 150 20
4 0 520 150 40
5 4 520 150 20
6 4 520 0 0
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FIFEAR A 0.896% . 1.564%, 5 JZ 3% 1 3 FL & & 9k )
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1 ANE SR E SR T3 SEM IR J¢
Fig.1 SEM images of the coatings with different processing parameters: (a) 0 V; (b) 100 V, 20 kHz; (c) 150 V, 20 kHz; (d) 150 V, 40 kHz;
(e) 150V, 20 kHz, 4 g/L; and (f) 0 V, 4 g/L
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Fig.2 SEM cross-sectional morphologies of the coatings with different processing parameters: (a) 0 V; (b) 100 V, 20 kHz; (c) 150 V, 20 kHz;

(d) 150V, 40 kHz; (e) 150 V, 4 g/L; and () 0 V, 4 g/L
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Table 2 EDS element contents of cross sections of coatings with

different processing parameters (at%)

Sample (0] Al Si P Ti Nb

1 43.47 17.00 7.07 2.44 30.02
2 34.19 19.66 16.71 4.61 24.83
3 35.25  20.22 11.56 4.73 28.25

(= = . — =]

4 3595 15.88 16.19 2.72 29.26
5 16.77 14.59 12.74  02.80  42.48 10.62
6 26.58 16.79 9.73 03.09  36.31 7.50
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Fig.3 EDS mappings of cross-section of coatings with different processing parameters: (a) 0 V, (b) 100 V, 20 kHz; (c) 150 V, 20 kHz; (d) 150V,

40 kHz; (e) 150V, 20 kHz, 4 g/L; and (f) 0V, 4 g/L
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Fig.4 XRD patterns of the coatings with different processing
parameters: (a) 0 V; (b)100 V, 20 kHz; (c) 150 V, 20
kHz; (d) 150 V, 40 kHz; (e) 150 V, 20 kHz, 4 g/L; and
(HoV, 4 g/L
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Fig.5
40 kHz, (e¢) 150 V, 20 kHz, 4 g/L, and (f) 0 V, 4 g/L

3D profiles of the coatings with different processing parameters: (a) 0 V, (b) 100 V, 20 kHz, (¢) 150 V, 20 kHz, (d) 150 V,
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Fig.6 Polarization curves of the coatings with different

processing parameters
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Table 3 Corrosion voltage and corrosion current density of the

coatings with different processing parameters

Corrosion

Sample Corr0§ ion current density/ Pol.arization
potential/V %1077 A-cm? resistance/Q

Substrate -0.755 34.20 12 614.5

1 -0.557 7.995 54 892.1

2 -0.521 6.766 66 044.3

3 -0.449 5.593 79 177.6

4 -0.417 4.092 109 145.9

5 -0.365 3.249 135 266.3

6 -0.324 4.683 96 799.9

%53 %
o a
CPE, 1
tsepabee assons
Natural oxide film
b
Substrate

Porous Barrier
layer layer

K7 O AL B T R S5 A R B

Fig.7 Equivalent circuits of the coatings before (a) and after (b)
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Fig.8 EIS of the coatings with different processing parameters

R4 EIS XBHFEMSER
Table 4 Fitting results of the EIS test

R/ RoR, Ry

Sample CPE,-T CPEy-P
Q-cm?  /Q-em?  /Q-em?

Substrate ~ 47.28 426.7 - - -
1 47.28 1696 5656 1.000x102°  5.034
2 47.28 3721 19005  2.000x102°  4.927
3 47.28 8197 11 809 0 5.228
4 47.28 8929 617.2  53479x10° 497
5 4728 25530 7162 2.9984x10° 4.951
6 4728 17979 6601  4.1669x10° 4.886

PGSR AT, 70 3 28 RS, TR B R R
T, FEROBRrRoR I, $R4E “ KA i fER, KT
BB R 2 k7 I, 8 K« 2F
[ 7 R RONBER ARy o I AR A 1 5 R
R RIER A, BER R IEESE BIEGE (&1
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Fig.9 Growth process of the high-low frequency coupled pulse MAO coatings: (a) MAO pulse discharge, (b) high-frequency pulse deposition

and (c) corrosion mechanism of coating
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Effect of High and Low-Frequency Coupled Pulse of Micro-arc Oxidation on
Microstructure and Properties of TiO2 Coatings

Guo Yupeng, Li Xin, Pan Moru, Lu Xiaofeng, Wei Zhenguo, Zhu Xiaolei
(School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract: The innovation in preparation method of micro-arc oxidation coupled with pulse was proposed to improve coating properties.
The TiO2 coatings were prepared by micro-arc oxidation coupled with high and low-frequency pulse. Results show that the low-voltage and
high-frequency pulse promotes the electrodeposition of nano-particles and effectively improves the anticorrosion performance of the
coatings. The number of micropores on the surface of the coatings decreases, the porosity decreases from 2.72% to 0.896%, the thickness
increases to 23.76 pum, and the Ti content increases from 30.02% to 42.48%. The high-frequency pulse was applied to the nanoparticle
suspension, and the content of Nb increases to 10.62%. The coatings are comprised of anatase-TiO:, rutile-TiO2, Al2TiOs, Nb2Os, and
Nb-Ti compounds. The Nb peak value increases significantly under the high-frequency pulse. The corrosion current density decreases from
7.995x107 A/cm? to 3.249x107 A/cm?. The high-frequency pulse accelerates the deposition of nanoparticles into the coatings, and the
low-voltage and high-frequency electromagnetic field accelerates the deposition of particles into the positive electrode electrophoresis,
thus enhancing the performance of the coatings.

Key words: micro-arc oxidation; high-low frequency coupled pulse; electrophoretic deposition; TiO:
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