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Duplex surface modification combined with micro-arc oxidation and
polymer plating on AZ31 magnesium alloy and their functional properties
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Abstract: A duplex surface modification method combined with micro-arc oxidation (MAO) and developed polymer
plating was applied to AZ31 magnesium alloy. The growth and surface morphology of MAO-modified film,
electrochemical reaction process during polymer plating on MAO-modified film surface, wettability and corrosion
behaviors of MAO-modified film and duplex-modified film were researched. The results show that a superhydrophilic
surface is fabricated after MAO modification and its contact angle (CA) of distilled water is almost 0, because Van der
Waals force and capillary suction effect are relatively strong contacted with the distilled water when MAO-modified
surface formed with micro- and nano-porous rough structures, moreover, MAO-modified film with high surface free
energy and high polar component have very strong intermiscibility to strong-polar water molecules. However, the
alteration from superhydrophilic to hydrophobic surface with contact angle of 113.7° is realized by duplex modification
of polymer plating on MAO-modified film surface due to repelling interaction between the strong-polar water molecules
and duplex-modified surface with low surface free energy. The corrosion resistance has been greatly improved by duplex
modification of polymer plating on the MAO-modified film surface. Compared with bare magnesium alloy, the corrosion
current density of hydrophobic duplex-modified film from potentiodynamic polarization decreases by three orders of
magnitude, while the electrochemical impedance from electrochemical impedance spectroscopy increases by three orders
of magnitude as the duplex-modified film presents similar to pure capacitance behavior in 0.1 mol/L NaCl solution.
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Fig.1 Chemical structure of DHN triazine dithiol monosodium
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Fig.2 Macro and micro morphologies of MAO-modified film: (a) Micro-arc discharge image; (b) Macro morphology; (¢) SEM image
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Table 1
scanning microscopy (LCSM)

Surface roughness detected by laser confocal

Sample Surface roughness, R,/um
Bare 0.131
MAO-modified film 0.417
Duplex-modified film 0.333
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B3 AZ31 BaeRInHOTEAER XRD i
Fig.3 XRD pattern of MAO-modified film formed on AZ31

magnesium alloy surface
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Fig.4
modified film in different solutions: (a) 0.15 mol/L NaOH

Cyclic voltammetry curves on surface of MAO-

aqueous solution; (b) 0.15 mol/L NaOH aqueous solution

containing 5 mmol/L DHN
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Table 2 Potential and current density of feature peaks as

shown in Fig.4

Feature peak o/V J/(nA-cm %)
A —0.216 48.7
B 2.013 66.1
C 3.000 71.1
A —0.177 30.7
B, 2.064 39.9
C, 3.000 45.9
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Fig.5 Contact angle and surface free energy of distilled water
droplets on different magnesium alloy surfaces: (a) Bare;
(b) MAO-modified film; (c) Duplex-modified film
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Fig.6 LCSM morphologies of MAO-modified film and
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Fig.7 Potentiodynamic polarization curves of AZ31
magnesium alloy before and after duplex modification in 0.1

mol/L NaCl aqueous solution
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Table 3 Electrochemical parameters from potentiodynamic
polarization curves in 0.1 mol/L NaCl aqueous solution before

and after duplex modification

¢CO[T/ JCO[T/

Material g
aena Vo (Aam?)

Ba Pe R,

Bare ~-1.479 2.12X107° 0.055 0.133 7.97X10?

MAO-modified

~-1.366 2.64X107 0.097 0.164 1.01X10°
film

Duplex-modified

—-0.334 3.03X107% 0.049 0.073 4.24X10°
film
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Fig.8 Nyquist and equivalent electrical circuit plots of

electrochemical impedance spectroscopy (EIS): (a) Equivalent
electrical circuit for bare; (b) Equivalent electrical circuit for
MAO-modified and duplex-modified films
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Table 4 EIS fitting parameters obtained in 0.1 mol/L NaCl aqueous solution before and after duplex modification

Material Ry/(Q-cm?) Ro/(Q-em?) CA/(Fem?)  Cun)  Ry(Q-cmd) L/(H-cm™?)

Bare 8.29 7.504X 107 1.182X107°  0.960  5.929X10° 5.989x 10°
MAO-modified film 22.08 4223 X 10* 4.862X10°  0.868 - -
Duplex-modified film 74.19 3.171X 10° 3.085X10°  0.819 - -

Y

Dark gray with some
corrosion product

2% 3.5% NaCl %R 120 h )6 il W

Gray with few
corrosion product

Fig.9 Macro morphologies after immersion test in 3.5% NaCl solution for 120 h: (a) Bare; (b) MAO-modified film; (c) Duplex-

modified film
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