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Micro-arc Oxidized Magnesium Alloys
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ABSTRACT: The work aims to improve the strength and corrosion resistance of micro-arc oxidized biomedical magnesium al-
loys. Silane coupling treatment and poly-L-lactic acid (PLLA) sealing treatment were used to modify the surfaces of micro-arc
oxidized (MAO) AZ31B magnesium alloy wires. Effects of silane coupling and PLLA sealing treatment on overall performance
and degradation behaviors of MAO-wires were investigated by using scanning electronic microscopy (SEM), energy dispersive
spectrometer (EDS), tensile tests and in vitro immersion tests with simulated gastric fluid (SGF). Silane coupling treatment to
MAO-wires might improve the PLLA sealing effects. The corrosion resistance of the treated wires increased first and then de-
creased as the coupling time increased. The treated wires showed best corrosion resistance when the treatment lasted for 90 min.
Corrosion resistance of the treated wires increased firstly and then decreased, and the strength increased as the PLLA concentra-

tion increased. Both the corrosion resistance and strength increased gradually as the pulling speed increased. Both the corrosion
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resistance and strength decreased gradually as the dipping times increased. The PLLA sealing treatment had no effects on the

elongation of the treated wires. The treated wires showed the best overall performance when the PLLA concentration was 0.14

g/mL, the pulling speed was 0.9 cm/s, the dipping time was only one time. Corrosion resistance of the micro-arc oxidized

(MAO) AZ31B magnesium alloy can be improved by poly-L-lactic acid (PLLA) sealing treatment effectively, and the effects

relate to the concentration of PLLA, pulling speed and dipping times. The PLLA sealing effects can be improved by silane

coupling treatment to MAO-wires.

KEY WORDS: magnesium alloy wires; micro-arc oxidation; silane coupling; PLLA sealing; in vitro immersion test; degrada-

tion property
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Tab.1 Remaining mass ratio of magnesium alloy with dif-
ferent durations after immersion for 8 days

Silane Remaining Standard

coupling time/min mass ratio/% deviation/%
30 95.4 0.7
60 96.2 0.8
90 97.2 1.1
120 90.8 1.5
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Fig.1 Surface morphologies of magnesium alloy with different durations after immersion for 8 days
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Tab.2 Remaining mass ratio of silane coupling
magnesium alloy treated by PLLA sealing with different
PLLA concentrations after immersion for 8 days

PLLA Remaining Standard
concentrations/(g-mL™")  mass ratio/% deviation/%
0.12 89.2 0.8
0.13 95.4 0.9
0.14 97.4 0.03
0.15 94.5 1.3
0.16 93.0 1.5
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Tab.3 Remaining mass ratio of MAO magnesium alloy
without silane coupling treated by PLLA sealing with dif-
ferent PLLA concentrations after immersion for 8 days

PLLA Remaining Standard
concentrations/(g-mL™")  mass ratio/% deviation/%
0.12 80.6 255
0.13 87.9 0.6
0.14 92.4 0.8
0.15 94.6 1.1
0.16 91.9 0.7
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Fig.2 Surface morphologies of silane coupling magnesium alloy treated by PLLA sealing with
different PLLA concentrations after immersion for 8 days
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Tab.4 Tensile strength of silane coupling magnesium alloy
treated by PLLA sealing with different PLLA

concentrations
PLLA Tensile strength ~ Standard deviation
concentrations/(g-mL ™) R./MPa of R,/MPa
0.12 288 5
0.13 300 4
0.14 308 5
0.15 315 3
0.16 323
x5 ARRERIBRHFLAEEREE
RSN EE S LM RTEME

Tab.5 Elongation percentage of silane coupling
magnesium alloy treated by PLLA sealing with
different PLLA concentrations

PLLA Elongation Standard
concentrations/(g'mL'l) percentage /%  deviation of 6/%
0.12 9.4 0.3
0.13 8.5 0.4
0.14 9.3 0.3
0.15 7.8 0.2
0.16 8.3 0.3
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Tab.6 Remaining mass ratio of silane coupling
magnesium alloy treated by PLLA sealing with
different pulling speeds after immersion for 8 days

Pulling Remaining Standard
speeds/(cm-s™") mass ratio/% deviation/%
0.3 90.8 1.5
0.5 94.6 0.2
0.7 97.4 0.9
0.9 98.1 0.7
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Fig.3 Surface morphologies of silane coupling magnesium alloy treated by PLLA sealing
with different pulling speeds after immersion for 8 days
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Tab.7 Tensile strength of silane coupling magnesium alloy
treated by PLLA sealing with different pulling speeds

Pulling Tensile Standard
speeds/(cm-s™')  strength R,/MPa deviation of R,,/MPa
0.3 298 2
0.5 306 2
0.7 317 1
0.9 327 5

EAb, SR AT A [ 42 47 3 B SR FLAR S AL AR B
AT b A TR TR AL A B 1 4 22 B R RE AR 56 Bt i 7 T
JEE B R R S T AR, (B AR B AR /N, AU
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Tab.8 Remaining mass ratio of silane coupling
magnesium alloy treated by PLLA sealing with
different dipping times after immersion for 8 days

Dipping times Remaining Standard
mass ratio/% deviation/%

1 98.7 0.1

2 95.7 0.9

3 93.1 0.5
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Fig.4 Surface morphologies of silane coupling magnesium alloy treated by PLLA sealing
with different dipping times after immersion for 8 days
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Tab.9 Tensile strength of silane coupling magnesium alloy
treated by PLLA sealing with different dipping times

Dipping times Tensile Standard deviation
strength R,,/MPa of R,,/MPa
328 5
2 322 3
3 318 4
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