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ABSTRACT: This paper aims to achieve the medical degradation controllability by optimizing the corrosion resistance of pure
zinc through controlling the technological parameters of micro-arc oxidation. By setting different technological parameters such
as positive voltage, reaction time, duty cycle, negative voltage and subsection treatment, a micro-arc oxidation (MAO) film was
formed on the surface of pure zinc. The surface morphology and section thickness of the MAO film were observed by scanning

electron microscopy (SEM). Elements and phase structure of the MAO film were analyzed by energy disperse spectroscopy
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(EDS) and X-ray diffraction (XRD). The wettability and corrosion resistance were analyzed by surface tension meter and

electrochemical polarization curve. The results show that the porosity and corrosion rate of the film could be effectively reduced

by increasing the positive voltage, reducing the duty cycle and controlling the treatment time and negative voltage, the micro-arc

oxidation treatment can increase the hydrophilicity of the sample surface, and the segmented treatment has a significant effect on

wettability and corrosion resistance. When the positive voltage is 300 V, the duty cycle is 10%, the reaction time is 5 min, and

the negative voltage is —100 V, the MAO films with strong hydrophilicity and good corrosion resistance can be formed. The film

has a porosity of 10.95%, a film thickness of 5.29 um and a corrosion current density of 5.74x107% A/cm?. Therefore, it is

concluded that the micro-arc oxidation treatment can obviously enhance the hydrophilicity of pure zinc surface, and the film

structure can be changed by adjusting different technological parameters of the micro-arc oxidation, so as to optimize its

wettability and corrosion resistance.
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Tab.1 Technological parameters of micro-arc oxidation

Number Positive Negative Duty Reactiqn
voltage/V ~ voltage/V ~ cycle/%  time/min
1 200 0 10 5
2 300 0 10 5
3 400 0 10 5
4 300 0 10 3
5 300 0 10 10
6 300 0 20 5
7 300 0 30 5
8 300 -50 10 5
9 300 -100 10 5
10 300 —-150 10 5
11 200+300 0 10 5(1+4)
12 300+200 0 10 5(1+4)
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Tab.2 Surface porosity and thickness of film after image
pro plustreatment under different parameter groups

Surface Film

Different parameter groups porosity/% thickness/um

200V — —
Positive 300 V 12.78 5.22
voltage group
400 V 13.95 17.40
3 min 6.21 6.71
Reaction 5 min 12.78 5.22
time group
10 min 16.45 7.62
10% 12.78 5.22
Duty 20% 15.06 7.46
cycle group
30% 35.68 12.82
50V 10.54 5.15
Negative ~100V 10.95 5.29
voltage group
~150 V 13.49 8.20
300V 12.78 5.22
Subsection 200 V4300V 13.43 12.71
treatment group
300 V4200 V 7.60 6.77
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Fig.1 Surface morphology of micro-arc oxidation film under different parameters: different positive voltage groups (a, b, c);
different reaction time groups (d, b, e); different duty cycle groups (b, f, g); different negative voltage groups (b, h, I, j);

subsection treatment groups (k, 1)
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Fig.2 Cross-sectional morphology of MAO films under different parameters: different positive voltage groups (a, b, c); different
reaction time groups (d, b, e); different duty cycle groups (b, f, g); different negative voltage groups (b, h, I, j); subsection

treatment groups (k, 1)
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Fig.3 Cross-sectional morphology and line scan of micro-arc oxidation sample
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Fig.5 Wetting angle tests under different micro-arc oxidation parameters: different positive voltage groups (a, b, c); different
reaction time groups (d, b, e), different duty cycle groups (b, f, g); different negative voltage groups (b, h, i, j); subsection
treatment groups (k, 1)

% ARSI RN, BRI AT R s, IR
| 22 EITR B, IR RREIE Jeor SETHIRIE | B R
~ol JCAR R IE IR o IR PR A 2 b B DB | T ARG
S o 300 V+200 AL o P 6 . W2 SRR T , 2
2l ST, SO HERL G , BT HE LA B B R B
2.l PEBE A BUIZ R ST AP (R, B 5 U 5
2 0l SEEVRAOME ST, T 0, 5
1o} R 5 SRR o0 1 2
ol 7c%mo%%£ HET, PR 2k i 2547 T 7
0 2 4 6 § 10 12 g, IR E Joon 5 ETHES, TR &

Sample number

K6 ARIOTE A S EON B2 180 A 2
Fig.6 Wetting angle values of films under different micro-arc
oxidation parameters

23 PEHE I, IR A S AL TR S, R B AR TS E R
{ELJE: R R AN BT ol 20 2 2 T, 5 B30I PR 0 AT L 25
B, BEJR BN B | TCiE X SR FEA T B R

AN TR) 1) L 2 B B e A A AL 2k an P 7d B

WRAESE 3 P AREE , Bl IE ) RS, ok R O
&R et g . MY IE U 200 VIR, PO L
AR, REGREZ A e R, MBS R &, B2 ik
URE IR Ty, R et L U 2 P IR T Al B O R R (R
G ROl e U, TR S R R AR A AR
HOR LRI, G ik R A LR, iR RN, Tk
HAREEL, B2 BA 2 RIPE], S5 TR Y
i b

TRt 1] A 3l i 2 B AR T 2 P 7 s o Bl

N, BEE ORI, ihER e mE e EREE, IR
Hh s, RIER 3 B, BEE MU,
TR, FERAYT B e T, TER— ST 20
IR JZA BAFIRAAET, JE AR L Joor 1217
AN, PR A T R e, BT
JIZ, SRR SRR A S AN R, kg B, Tirf
AR 22

s b BT S, HEh AR AL i Ze ant&l 7e By
N WRAEFR 3 FREEE, 5 300V IEKRALEE 5 min /Yy



. 46 - *om

oA 2021 42 H

IEEAH L, 200 V4300 V 43 B A B RE il 17 2 4 il 2%
W& TR, J6 b H R R v, PR AR 22 T
300 V & 1EJEANHE 1 min, T 200 V K 1E R4 HE 4 min

ARE AR AR B A%, R S, Rk L i T A
VAN UE: 8 G e N S 85 S £ty w7 i

By e
E’;H@l@.ﬁ‘o

-02 -02 -02
—=-200V —=—10%
04 . 300v ~04r —04F o 20%
06 —+400V 0.6 -0.6F —*30%
> > >
é 0.8} 5 0.8 5 0.8
Q-1.0} Q-1.0 Q-1.0}f
g-12} g-12 g-12f
R_1at R_14 1.4t
-16} -1.6}F -1.6F
_1. 1 1 1 1 1 -1. 1 1 1 1 1 _18 1 1 1 1 1
S =% 5 4 = 2 5 o 5 5 4 3 =2 % 7 € 5 4 3 =2
1g[J/(A - cm™)] 1g[J/(A - cm™)] 1g[J/(A - cm™)]
a AFIERESA b ARFHAIZH N i fgads )
-02 x -0.2
—-— =300V
~04r 50V ~04r o 200 V4300V
—06L +-100V ~0.6F —+—300 V+200 V
> —-150V %
2-08F S-0.8f
A-1.0f 10k
£-12}1 £-12F
N_1at S_1af
-16} -1.6F
e 5 4 3 2 g 6 5 4 3 2
1g[J/(A - cm™?)] 1g[J/(A - cm™?)]
d R EH e TBAbEA
K7 ARESECFBHMONERE AR Hank’s Y898 A9 3 B A7 A T i 28

Fig.7 Potentiodynamic polarization curves of micro-arc oxidation samples in Hank's solution under different parameters: a)
different positive voltage groups; b) different time groups; c) different duty cycle groups; d) different negative voltage groups; ¢)

subsection treatment groups
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Tab.3 Corrosion potential and corrosion current density of
micro-arc oxidation samples in Hank's solution under
different parameters

Different parameter groups Ecorr/V Jcorr/(A'Cmiz)
200 V -1.30 1.79x10°°
Positive 300 V ~1.28 1.67x10°°
voltage group
400 V ~1.11 3.16x10°°
3 min ~1.18 1.03x10°°
Reaction time S min _1.28 1.67x107°
group
10 min ~1.11 5.30x10°
10% ~1.28 1.67x10°°
Duty cycle 20% ~1.29 2.72x107
group
30% ~1.32 2.66x10°°
50V -1.25 7.88x10°°
Negative _100 V ~1.06 5.74x10°°
voltage group
~150 V -1.31 1.63x10°°
300 V -1.28 1.67x107
Subsection 200 V4300V —1.26 2.34x107°
treatment group
300 V+200V  —1.22 5.91x10°°
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