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1- Introduction

Bio-compatible metal materials such as stainless steel have
played a fundamental role in the repair of damaged bones,
but they have had problems such as not enough biological
response and stabilization. In comparison to these
materials, there are magnesium-based alloys that have
better biological properties. However, a limitation for
these alloys was their high reactivity and corrosion speed.
On the other hand, the high reactivity of magnesium alloys
in the corrosive environment was considered as an
advantage in medical applications. In this research, the aim
was to use nanocomposite membrane (polycaprolactone-
chitosan-1% Baghdadite) to modify the surface of
magnesium alloy AZ31 with low production cost.

2-Experimental

In this research, polycaprolactone and chitosan polymer
were used in order to apply a polymer membrane for the
electrochemical modification of AZ31 magnesium alloy.
Formic acid was used to dissolve chitosan and
polycaprolactone. After complete dissolution, Baghdadite
reinforcing nanoparticles were added to the solution.
(Mechanical alloying method was used to prepare
Baghdadite nano powder.). For this purpose, the raw
materials of calcium carbonate (CaCOs), zirconium oxide
(ZrO2) and silicon oxide (SiO2) were ground for 10 hours
in a planetary mill.

3- Results and discussion

As can be seen in (Figure 1a), the surface layer created as
a result of the micro-spark oxidation process was full of
porosity and cracks. The amount of defects can be reduced
by applying polymer-ceramic composite membranes.
According to (Figure 1c), the electrochemical current
density and corrosion potential related to the AZ31
magnesium sample without any membrane was 2 x 10
(-3) amperes per square centimeter, and with the
membrane, the electrochemical current density was
3.4x10" (-6)) which has found a decrease in amperes per
square centimeter. Also, the electrochemical potential for
the AZ31 magnesium sample is reported to be 1.62 V,
while an increasing trend in the electrochemical potential

can be seen with the application of the composite
membrane (polymer-Baghdadite). It can be concluded that
the addition of 1 percent by weight of Baghdadite
nanoparticles in the membrane leads to an improvement in
the corrosion resistance.
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Figure 1 - Scanning electron microscope images of a)
anodized AZ31 sample and b) sample with membrane - 1%
Baghdadite. c) Polarization test results for sample with and

without AZ31 coating
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As can be seen in the image of the AZ31 magnesium
sample, the amount of sediments formed on the surface
was very low, while the application of the polymer
membrane with Baghdadite reinforcing particles led to the
formation of more sediments on the surface. The rosy layer
on the samples is expected to be the bone-like apatite
(Figure 2A Web). In order to confirm the chemical
composition of the sediment layer formed on the sample,
infrared spectroscopy was performed with FTIR. As can
be seen in (Figure 2c), the stretching peaks related to the
functional group O = C of the polyester group in
polycaprolactone at 1724 cm, and chitosan at 1654 cm™
and 1582 cm™ have been observed. The presence of the
characteristic peak at 506 cm™* is related to the absorption
peak of the O-M bond, which proves the application of the
polymer membrane on the magnesium substrate. Also, the
peaks observed at 1621 cm™ and 474 cm* belong to the
hydroxyl group (O-H) in the structure of apatite.

(b)

(c)

Figure 2 - Scanning electron microscope images a) AZ31
alloy b) Sample with membrane after 21 days of immersion.
¢) The pattern obtained from infrared spectroscopy of the
sample with coating after 7 and 28 days of immersion.

4 -Conclusion

In this research, the polarization test results showed that
the application of polymer-ceramic membrane improves
the corrosion resistance and reduces the corrosion rate of
AZ31 substrate by 1000 times in the physiological
environment. At the end of the test, the corrosion rate of
the magnesium sample with and without membrane is 0.14

and 0.24 mg/h/cm?, respectively. Also, the application of
polymer-ceramic membrane leads to an increase in the
surface roughness from + 0.34 3.546 (magnesium sample
AZ31) has become 6.652 pm * 0.34.
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Evaluation of Biodegradability and Electrochemical Behavior of Magnesium-Aluminum Alloy
AZ31 with Bio-Nanocomposite Membrane

Farzad Soleymani

Abstract Magnesium and its alloys are a suitable option for the production of orthopedic implants due to their
mechanical properties close to bone tissue, but the high rate of corrosion of these materials is the main obstacle to their
use as orthopedic implants. One of the best methods to reduce the corrosion rate of magnesium and its alloys in
physiological environments is to create polymer-ceramic membranes. The main purpose of the present research is to
apply polycaprolactone-chitosan-1% Baghdadite polymer membrane by immersion method on anodized AZ31
magnesium alloy in order to improve the corrosion resistance of this alloy. The results of the polarization test showed
that the application of polymer-ceramic membrane improves the corrosion resistance and reduces the corrosion rate of
the AZ31 sublayer by a thousand times in the physiological environment. Also, the application of polymer-ceramic
membrane has led to an increase in the surface roughness from 3.546 + 0.34, AZ31 magnesium sample to 6.652 + 0.34
micrometers for the sample with polymer-ceramic membrane. In order to evaluate the ability of apatite formation on the
samples, the body simulating liquid test (phosphate buffer) was used. The results show that the formation of apatite layer
on the surface of the sample can be considered as a measure of biodegradability.

Key Words chitosan, polycaprolactone, membrane, magnesium alloy, biodegradability, phosphate buffer.
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