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Effect of different electrolyte systems on the micro-arc oxidation
coatings of magnesium alloy

YUE Xuezheng, LIU Hengyan, LU Shiyi, MA Xun
(School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Three electrolyte systems were used to get micro-arc oxidation (MAO) of the AZ91
magnesium alloy. Scanning electron microscopy with an energy dispersive spectroscopy was used to
observe the surface morphology and analyze the chemical compositions of the MAO samples. The phase
structure of the coatings was characterized by the X-ray diffraction. The characteristics of the coatings
by different electrolyte systems treated were compared by using the roughness, wetting angle and
binding force. The corrosion resistance of coatings was investigated by the potentiodynamic polarization
curves. Besides, the biodegradability of coatings was evaluated by the simulated body fluid (SBF)
immersion experiment. The results showed that the micro-arc oxidation coatings had relatively strong
binding force. The coatings obtained by different electrolyte systems had different surface morphologies
and physical phases. The phosphate and silicate systems had a higher roughness, while the aluminate
system had a lower roughness. The phosphate system had the smallest wetting angle and the aluminate
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system had the largest wetting angle. These differences resulted in phosphate system coatings being the

most corrosion-resistant, silicate system coatings being the second most corrosion-resistant, and

aluminate system coatings being the least corrosion-resistant. The surface of the coatings cracked after

21 days of SBF immersion, but the corrosion resistance were improved. This is due to the covering

effect of corrosion products and calcium and phosphate deposits on the coating during the immersion

process.
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Fig.1 SEM surface morphology images of MAO coatings under different electrolyte systems
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Fig.2 Cross-sectional morphology of MAO coatings under different electrolyte systems for 30 min
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Fig.3 Cross-section and EDS spectra of MAO coatings under different electrolyte systems
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AZ91-Al ~1.451 2.13x10° 2.12x10°
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Fig.6 Variation of wetting contact angle of MAO coatings with treatment time for different electrolyte systems
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Fig.7 Variation of roughness of MAO coatings with treatment time for different electrolyte systems
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Fig.9 Surface morphology of MAO coatings under different electrolyte systems after immersion in SBF for 21 days



(a) P-30

(b) Si-30

(c) A1-30

10 FERMFERER MAO RETE SBF FiRil 21 d FHRE
TESTH

Fig.10 Surface element distribution of MAO coatings under

different electrolyte systems immersion in SBF for 21

days
ek g — .
)
/
d
JE b

Wz

E 11 MAO &/E% SBF iR i RER
Fig.11 Model of MAO coating degradation by immersion in
SBF

PR B, W RMERA . X AT RERH T
Mg,SiO,4 BE # #i A1 1 53 fif v B B% 1 Rk B i 4]
(Si-OH), il X Fhr sk, ™ LLFES Ca’ fl PO, 9
FUHORPY O, N SRR, RERRERIRE
Al DL R R 1R v )2 B A WA nY B K A0 B B

g, 55 HARUIA R TS SN ELIRE RN 187
LS p30-SBF
o Si-30-SBF
O AL-30-SBF
0.5
Z 9
53]
-0.5
-10}
-15}
10" —-10°  —-107  —10°  —10°  —10"

I/(A-cm™)

B 12 AERERERT MAO RZE7E SBF Hiifl
21 d [RHIARAL B 2%
Fig.12 Potentiodynamic polarization curves of MAO coatings
under different electrolyte systems after immersion in
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