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Preparation of super-hydrophobic duplex-treated film on surface of
Mg-Mn-Ce magnesium alloy and its corrosion resistance
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Abstract: The super-hydrophobic duplex-treated film on the surface of Mg-Mn-Ce magnesium alloy was achieved by
duplex treatment combined with techniques of micro-arc oxidation (MAQO) and developed polymer plating, and its
surface was modified. The surface characteristics of MAO film, electrochemical reaction process of polymer plating,
wettability and corrosion behavior of duplex-treated film were investigated. The results show that the film treated by
MAO on magnesium alloy surface becomes super-hydrophilic due to its micro and nano porous structure, and its static
contact angle (CA) of distilled water is nearly 0°. After polymer plating on surface of MAO film with polymeric film, the
character of super-hydrophobic is realized and behaves well with CA of 173.3°. The good property of corrosion
resistance is obtained by MAO treatment, and the corrosion resistance is further improved after super-hydrophobic duplex
treatment through polymer plating on the surface of MAO film. Compared to the corrosion resistance of bare magnesium
alloy, the corrosion current density from potentiodynamic polarization measurement decreases by three orders of
magnitude, and the electrochemical impedance from electrochemical impedance spectroscopy (EIS) increases by three
orders of magnitude in 3.5% NaCl aqueous solution of duplex-treated film. Therefore, the duplex treatments by MAO and
polymer plating on surface of the magnesium alloy are considered to realize functional transfer from super-hydrophilic to
super-hydrophobic and improve its corrosion resistance greatly.
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Fig.2 XRD pattern of MAO film formed on surface of
Mg-Mn-Ce magnesium alloy
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Fig.1 Morphologies of MAO film obtained on Mg-Mn-Ce
magnesium alloy: (a) SEM image; (b) 3D image of laser

confocal scanning microscope
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Fig.3 Relationship between potential and polymer-plated time
during galvanostatic polymer plating on MAO films in: (a) 0.15
mol/L NaOH aqueous solution; (b) 0.15 mol/L NaOH aqueous
solution containing 1 mmol/L ATP
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Fig.4 Distilled water droplets and contact angle on different
surfaces: (a) On bare magnesium alloy surface; (b) On
MAO-treated surface; (c) On duplex-treated surface by
polymer plating on MAO film
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Fig.5 Potentiodynamic polarization curves of different treated
films on Mg-Mn-Ce magnesium alloy in 3.5% NaCl solution
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Table 1 Potentiodynamic polarization parameters of Mg-Mn-Ce alloy before and after duplex-treated in 3.5% NaCl solution
Sample Peor/V Jeor/ (Arcm ™) BV BV R/Q
Bare -1.562 4.09><107° 0.042 0.149 3.48>10°
MAO film —1.534 4131077 0.059 0.140 4.37>=<10*
Duplex-treated film —-1.511 6421078 0.067 0.111 2.83<10°
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Fig.6 Bode plots of different treated Mg-Mn-Ce alloys in
3.5% NaCl solution
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Fig.7 Average corrosion mass increase rate of different
treated Mg-Mn-Ce magnesium alloys after neutral salt spray

test for 96 h

3
1) Mg-Mn-Ce
(R, 0.151 pm)
R, 0.448 pm MgO Mg
00
2)
Mg ATP
Mg2+
Mg2+
173.3°
3)
3.5% NaCl
3
3 Mg-Mn-Ce



21

2 Mg-Mn-Ce

289

REFERENCES

(1

(2]

[3]

(4]

(3]

(6]

(7]

(8]

[9]

YOSHIMITSU Z, NAKAJIMA A, WATANABE T,

HASHIMOTO K. Effects of surface structure on the
hydrophobicity and sliding behavior of water droplets[J].
Langmuir, 2002, 18(15): 5818—5822.

JISR R M, RMAILE H H, SCHLENOFF J B. Hydrophobic and
ultrahydrophobic multilayer thin films from per fluorinated
polyelectrolytes[J]. Angewandte Chemie-International Edition,
2005, 44(5): 782-785.

FURSTNER R, BARTHLOTT W, NEINHUIS C. Wetting and
self-cleaning artificial
surfaces[J]. Langmuir, 2005, 21(3): 956-961.

KANG Z X, YE Q, SANG J, LI Y Y. Fabrication of

properties  of superhydrophobic

super-hydrophobic surface on copper surface by polymer
plating[J]. Journal of Materials Processing Technology, 2009,
209(9): 4543—-4547.

[J]. ,2009, 40(2): 262—264.
SANG lJing, KANG Zhi-xin, LI Yuan-yuan. Preparation of
polymeric function film with different wettability[J]. Journal of
Functional Materials, 2009, 40(2): 262—264.
NAKAJIMA A, HASHIMOTO K, WATANABE T. Recent
studies on super-hydrophobic films[J]. Monatshefte Fiir Chemie,
2001, 132(1): 31-41.
WANG J D, YU Y, CHEN D R. Research progress on the ultra
hydrophobic surface topography effect[J]. Chinese Science
Bulletin, 2006, 51(19): 2297-2300.
SUN T, FENG L, GAO X F, JIANG L. Bioinspired surfaces
with special wettability[J]. Accounts of Chemical Research,
2005, 38(8): 644—652.
LI X M, REINHOUDT D, CREGO-CALAMA M. What do we
deed for a superhydrophobic surface? A review on recent
progress in the preparation of superhydrophobic surface[J].
Chemical Society Reviews, 2007, 36(8): 1350—1368.
DUAN H P, YAN C W, WANG F H. Effect of electrolyte
additives on performance of plasma electrolytic oxidation films

formed on magnesium alloy AZ91D[J]. Electrochimica Acta,

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2007, 52(11): 3785-3793.
ZHANG R F, SHAN D Y, CHEN R S, HAN E H. Effects of
electric parameters on properties of anodic coatings formed on
magnesium alloys[J]. Materials Chemistry and Physics, 2008,
107(2/3): 356—-363.
BARCHICHE C E, ROCCA E, HAZAN J. Corrosion behaviour
of Sn-containing oxide layer on AZ91D alloy formed by plasma
electrolytic oxidation[J]. Surface & Coatings Technology, 2008,
202(17): 4145-4152.
ARRABAL R, MATYKINA E, VIEJO F, SKELDON P,
THOMPSON G E. Corrosion resistance of WE43 and AZ91D
magnesium alloys with phosphate PEO coatings[J]. Corrosion
Science, 2008, 50(6): 1744—1752.

, , , X

[J]. — ,2002, 38(11): 478—481.

JIANG Chuan-hai, CHEN Shi-pu, XU Zu-yao. Phase
identification and internal stress determination in thin films by
X-ray diffraction[J]. Physical Testing and Chemical Analysis
Part A: Physical Testing, 2002, 38(11): 478—481.
MORI K, SASAK Y, HIRAHARA H, OISHI Y. Accelerating
effect of NaNO, on the polymer plating of 6-substituted-
1,3,5-triazine-2,4-dithiol mono Journal of
Applied Polymer Science, 2001, 82(9): 2300—-2309.
. AZ91D

sodium salts[J].

Ni-P-ZrO, [J1.
625-630.
SONG Ying-wei, SHAN Da-yong, CHEN Rong-shi, HAN

, 2006, 16(4):

En-hou. Processes and properties of electroless Ni-P-ZrO,
composite coating on AZ91D magnesium alloy[J]. The Chinese
Journal of Nonferrous Metals, 2006, 16(4): 625—630.

KANG Z X, MORI K, OISHI Y. Surface modification of
magnesium alloys using triazine dithiols[J]. Surface & Coatings
Technology, 2005, 195(2/3): 162—167.

SANG J, KANG Z X, LI Y Y. Corrosion resistance of
Mg-Mn-Ce magnesium alloy modified by polymer plating[J].
Transactions of Nonferrous Metals Society of China, 2008,

18(S1): s374—s379.



