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1. Introduction

In the 19th century, at the same time as the industrial
revolution, the use of metals as implant materials in the
body was developed. The high degradation rate of
magnesium and magnesium alloys in the physiological
environment of the body leads to a decrease in the
mechanical strength of the implant before the complete
healing of the bone tissue. Therefore, the purpose of this
research is to improve the bioactivity behavior of AZ31
alloy by applying micro spark coating.

2- Materials and methods
In this research, commercial magnesium alloy AZ31, with
dimensions of 2 x 2 cm and thickness of 5 mm, was
prepared from AZ31 sheet.

Table 1. Chemical composition of magnesium alloy
AZ31
Mg | Al Zn Mn Si Cu

AZ31

Bal | 3.05 | 082 |04 | 0.02 0.003 | WP

In order to carry out the process of micro-spark
oxidation, an electrolyte with a silicate composition with a
fluorine precursor has been used. For this purpose, a
solution containing 50 grams per liter of sodium hydroxide
(NaOH), 50 grams per liter of sodium silicate (Na2SiO3)
in double distilled water was prepared. ..The microspark
oxidation process was carried out under voltages of 45 and
30 volts and for a period of 45 and 60 minutes..In order to
investigate the corrosion behavior of all the samples, the
electrochemical impedance spectroscopy (EIS) test was
used in simulated body solution (SBF, pH=7.4). . In order
to check the surface of the sample before and after the
corrosion test, X-ray diffraction tests, elemental analysis
and microscopy becomes bone tissue. Therefore, the
purpose of this research is to improve the bioactive
behavior of AZ31 alloy by applying micro spark coating.
Scanning electron microscopy was used. In order to check
the bioactivity properties of the prepared samples and
detect the presence of apatite layer in the coating, infrared

spectroscopy methods with Fourier transform were
performed. In order to investigate the effect of adding
Baghdadite nanoparticles on the hydrophilic or
hydrophobic behavior of the polymer coating applied on
AZ31 magnesium, the wettability test was used.

3-Results and discussion

The results of EDS from the anodized sample surface in
Figure 1 confirm the presence of Si, O and Mg elements,
which indicates the presence of MgO and forsterite on the
sample surface. The presence of this porous and uneven
layer on the surface, in addition to increasing the corrosion
resistance of the AZ31 substrate due to the created oxide
layer, leads to the improvement of the adhesion of the
polymer coating to the substrate.

Based on the electrochemical impedance results for the

coated sample (Figure 2), the MAO sample shows better
corrosion resistance than the AZ31 sample (larger
capacitance ring diameter). As can be seen, the impedance
for the uncoated and coated sample MAO in the low
frequency area has increased from 1980 to 4650
respectively. According to the sources, it is said that the
higher the impedance in the low frequency range.
The results of elemental analysis on the MAO sample at
different immersion times prove that a small amount of
calcium-phosphate compounds was formed on the surface
of the sample.

The formation of calcium-phosphate compounds on
the magnesium implantable surface has been able to
reduce its degradability to a large extent. Because these
compounds are very resistant and stable in the
environment containing chlorine ions and are not easily
destroyed like the magnesium hydroxide layer. Therefore,
it can control the degree of degradability, reduce the
corrosion rate to a great extent, and also lead to the
improvement of the connection of the implant to the body
tissue and its stabilization in the body.

Applying MAO coating on AZ31 leads to decrease of
wetting angle from 79 degrees to 28 degrees. Considering
that if the angle changes in the range of 0 to 90 degrees,
the desired surface will be hydrophilic, the results of
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applying the micro spark oxidation coating have increased
the amount of water absorption, and this means that the
surface has moved towards hydrophilicity, as a result of
water absorption to The level will be higher. Figure 3. The
results of the X-ray diffraction test for the MAO sample
are in complete agreement with the results of the elemental
analysis and scanning electron microscope images
showing the reduction of corrosion products.

Figure 4 shows the result of the infrared spectrometry
test with Fourier transform for the sample sample at two
times of 7 and 28 days of immersion. As can be seen in the
picture, the peaks observed at 1621 and 501 cm-1 belong
to the hydroxyl group (H-O) in the structure of apatite.
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Figure 1. A) Scanning electron microscope image of MAO
sample surface. b) Elemental analysis of the MAO sample
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Figure 2. The results of the electrochemical
impedance test a) Phase b) Nyquist c) Bad.
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Figure 4. The pattern obtained from infrared

4-Conclusion

In this research, the results of the electrochemical
impedance test after one hour showed a decrease in
corrosion tendency. With the application of anodizing
coating, the percentage of water absorption increased from
1.7% to 3.5%, and it leads to a decrease in the wetting
angle from 79 degrees to 28 degrees, and by creating a
porous and uneven layer on the surface, it leads to the
creation of a suitable substrate for applying the secondary
coating. The results. From the simulating body fluid (SBF)
test, it has been shown to increase the amount of apatite
and increase bioactivity. According to these results, it can
be concluded that the application of anodizing on AZ31
alloy can lead to the improvement of the behavior of this
alloy as medical implants.
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Improvement the Surface of AZ31 Alloy for Using in Tissue Engineering Application

Farzad Soleimani

Abstract The main purpose of this research is to apply micro spark oxidation coating on AZ31 alloy in order to
improve the corrosion resistance, bioactivity and biocompatibility of this alloy. After modifying the surface of AZ31
alloy using micro spark oxidation method at 60-45V voltage and 30-60 minutes in SBF solution, the samples was tested.
Applying different voltages and times led to the creation of a suitable layer on the magnesium surface. The results of the
electrochemical impedance test show the improvement of the corrosion resistance of the anodized AZ31 alloy. In order
to examine the samples, X-ray diffraction (XRD), infrared spectroscopy (FTIR), scanning electron microscopy (SEM)
and elemental analysis with X-ray energy dispersive analysis (EDS) were used. The application of anodizing coating
(MAO) led to the hydrophilicity of the surface of the AZ31 alloy, and as a result, the amount of water absorption on the
surface increased compared to the AZ31 alloy (the percentage of water absorption increased from 1.7% to 3.5%)
according to the results of applying the anodizing coating of AZ31 It leads to a decrease in the wetting angle from 79
degrees to 28 degrees. Considering that the wetting angle was between 0 and 90 degrees, all the surfaces are
hydrophilic, applying the micro spark oxidation treatment on the surface of the AZ31 sample leads to the creation of a
porous and uneven layer on the surface and in The result leads to the creation of a suitable substrate for the application
of secondary coating. In order to evaluate the ability of apatite formation on the samples, simulating body fluid (SBF)
test was used. The results show that the formation of apatite layer on the surface of the samples can be considered as a
measure of bioactivity. The application of the coating showed the highest ability to form apatite, the controlled release
of ions and the lowest corrosion rate, so that it can It is a good choice for bone implants.

Keywords Anodizing, Coating, Magnesium Alloy, Bone, Electrochemical Impedance.
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