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Table 1 Factors and levels of orthogonal test

Factor
Level Pulse Duty Processing
Voltage/V ) .
frequency/Hz  cycle/% time/min
1 420 800 12 20
2 460 1000 16 16
3 500 1200 20 12
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Table 2 Design of orthogonal table header

No. 1 2 3 4

Factor A B C D
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Table 3 Experimental schemes and results

Noo. A B C D E /N J /Aecm’ R/Qcm’
1# 1 1 1 1 —1.432 8.63x10°  5.58x10°
2# 1 2 3 2 —1.585 3.24x10*  1.59x10°
3% 1 3 2 3 —-1.533 2.05x10*  2.44x10
44 2 1 3 3 —1.588 3.25x107%  1.54x10°
S#2 2 2 1 -1.532 236x10°*  2.10x10°
6# 2 3 1 2 -1.173 1.04x10°  4.25x10°
T3 1 2 2 —-1.571 2.97x107*  1.67x10°
& 3 2 1 3 —1.549 2.48x10™*  2.05%10°
9% 3 3 3 1 -1.578 2.89x10*  1.69x10°
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Table 4 Experimental results and analyses
Indicator A B C D
k, -1.517 -1.530 —-1.385 —1.557
k, —-1.431 —1.555 —1.545 —1.443
k, -1.566 —1.428 —-1.584 -1.514
ECOI"/V
0.135 0.127 0.199 0.114
Sequence C>A>B>D
Optimized scheme AB,CD,
k, 2.05%10°* 2.36x10™* 1.15x10°* 2.59%10°*
k, 1.90x10°* 2.69x10°* 2.46x10°* 2.10x10°*
ky 2.78%10°* 1.68x10°* 3.13x10°* 2.04x10°*
J./Acm” ‘
R 8.76x10° 1.01x10°* 1.98x10°* 5.54x10°
Sequence C>B>A>D
Optimized scheme AB,CD,
k, 3.20%10 2.93x10° 1.67x10° 2.01x10
k, 1.54x10° 1.91x10° 2.07x10° 1.52x10°
k, 1.80x10° 1.55%x10° 1.61x10° 3.12x10
R /Q-cm’ )
R 1.36x10° 1.36x10° 1.51x10° 1.32x10°
Sequence C>B>A>D
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Fig.1 Trend of different corrosion resistance indicators
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Table 5 Supplementary scheme for corrosion resistance test
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Table 7 Thickness of coatings with different corrosion resistance

No. Voltage/V Pulse Duty Pr.OCeSSiTlg
frequency/Hz  cycle/% time/min
I 460 1200 10 16
II 460 1400 10 16
1l 460 1600 10 16
v 460 1400 12 6
v 460 1600 12 16
VI 460 1800 12 16
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Fig.2 Kinetic potential polarization curves of the supplementary

scheme
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Table 6 Experimental results of the supplementary scheme

No. E_JV J,JAem? R /Q cm’
O -1.173 1.04x107° 4.25x10°
1 -1.021 1.59x10°° 2.97x10*
1T —1.355 2.78x107° 1.55x10°
v -0.791 427x10°" 8.46x10°
\'% —0.993 8.51x107 5.72x10*
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No. v \Y 2# 4#

Coating thickness/pm 4.64 3.64 7.16 11.40
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Fig.3 Surface (a—d) and cross-sectional (a’'—d’) morphologies of coating specimens with different corrosion resistance: (a, a’') No. IV;

(b, b") No. V; (c, c¢') No. 2#; (d, d') No. 4#
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Fig.4 Relationship between corrosion resistance indicators and

coating thickness
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Table 8 Surface element content of coating layers with different

corrosion resistance (at%)

No. Ti Al O F K \%

v 34.12 24.80 39.87 0.21 0.06 0.94

4# 25.27 3391 39.70 0.28 0.11 0.74
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Fig.5 Cross-sectional element content of coating layers with different corrosion resistance: (a) No. IV specimen; (b) No. 4# specimen
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Fig.6 XRD patterns of coatings with different corrosion resistance
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Fig.7 Variation curves of current under different voltage conditions
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Fig.8 Schematic diagram of different pulse frequencies with the same

t

duty cycle
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Fig.9 Schematic diagram of different duty cycles at the same pulse

frequency
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Electrical Parameters to Regulate Corrosion Resistance of Micro-arc Oxidation Coating
on TC4 Titanium Alloy

Wang Sheng'?, Zhang Yali', Liu Haoming', Liu Yuchang', Wang Haoxu', Ma Ying'?, Li Yuandong'*
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The combined effects of voltage, pulse frequency, duty cycle and processing time on the corrosion resistance of micro-arc oxidation
coatings on TC4 titanium alloy were investigated using range analysis, with a subsequent objective of exploring the significance relationship of
electrical parameters and their optimal combination. The influence mechanism of electrical parameters on the corrosion resistance of the coatings
was explored by combining coating morphology and phase composition. A regression equation was established to facilitate regulation of the
corrosion resistance of micro-arc oxidation coatings through manipulation of electrical parameters. The results show that the duty cycle exhibits
the most significant influence on the electrochemical corrosion resistance of the coating, followed by pulse frequency and voltage, while the
processing time shows a comparatively lesser effect. The duty cycle and pulse frequency influence both structure and performance characteristics
of the coating by modulating arc ignition discharge duration and arc quenching cooling time. Increasing voltage, duty cycle and processing time,
or decreasing pulse frequency can elevate the power supply output, which leads to an increase in coating thickness and pore size in microporous
structures while reducing coating densification. Furthermore, this process promotes more efficient generation of AL, TiO; in the coating; however,
it ultimately results in diminished electrochemical corrosion resistance. The results of correlation coefficient testing indicate a strong relationship
between the dependent and independent variables within the established regression equation. This finding provides theoretical support and
predicting methods to regulate performance characteristics of titanium alloy micro-arc oxidation coatings.

Key words: TC4 titanium alloy; micro-arc oxidation; electrical parameter; corrosion resistance; regression analysis
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