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1. Introduction

Polylactic acid (PLA) polymer has disadvantages such as
hydrophobicity, high permeability, sensitivity to
temperature, low thermal stability, and high fragility,
which needs to be improved. Magnesium bio-ceramic is a
suitable candidate to improve the mechanical, biological
performance, and antibacterial properties of PLA. In this
research, the PLA/MgAI,Q, scaffolds were fabricated via
the methods of 3D printing and casting, and their
properties were studied.

2- Materials and Methods

In this research, combustion synthesis was used for
MgAI,O, bio-ceramic processing. Magnesium and
aluminum nitrates were dissolved in distilled water, and
then urea was added to the jelly mixture and the stirring
process was performed. The combustion process was
carried out for 15 minutes at a temperature of 500 °C and
the calcination process was carried out for 2 hours at a
temperature of 800 °C to obtain a completely crystallized
structure.

Also, the PLA/MgAI,O4 scaffold was produced by
printing for this purpose after dissolving PLA in
chloroform solvent, magnesium spinel aluminate (6 wt. %)
was added to it and after stirring, the resulting solution was
heated at 70°C.

PLA/MgAIl,Os composite was also processed by
slurry method with salt washing technique. In this method,
a solution of polylactic acid and chloroform (with salt) was
molded and placed in an oven with a temperature of 60 °C.
Then the obtained composite was placed in distilled water
for 5 days to remove the salt from the samples.

3. Results and Discussion

Figure 1 (a) shows the X-ray diffraction pattern of
magnesium aluminate nanoparticles after the calcination
process at 800°C. The broad existing peaks indicate the
very small size of the spinel particles synthesized by the
combustion synthesis method. Figure 1(b) is the X-ray
diffraction pattern of pure polylactic acid scaffold. There
is a broad peak in the range of 10 to 25 degrees, which
indicates the amorphous structure of the polymer. Figures

1(c) and 1(d) are related to the composite scaffolds
produced by FDM and casting methods, respectively,
which can be seen that in general, with the presence of
spinel, the desired materials have more crystalline
behavior, while using the FDM method, the samples show
more crystalline behavior.
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Figure 1- XRD of a) MgAl204, b) pure PLA produced by
FDM method, c) PLA/MgAI204 produced by FDM method
and d) PLA/MgAIl204 produced by slurry method.

Figure 2- FE-SEM images of a) MgAIl204 b) PLA/ MgAI204
produced by slurry method c) PLA/MgAI204 produced by
FDM method.

Spinel particles synthesized by combustion method in
Figure 2 (a) shows that the size of the particles is between
27 and 40 nm. Also, the results in Figure 2 (b) and 2 (c)
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showed that MgAl,O4 nanoparticles are well trapped in the
polymer matrix.

After immersing the prepared samples in SBF
solution, samples were taken from the mentioned
solution in the second and fourth weeks and ICP
analysis was taken from the samples. The results
showed that the amount of calcium and phosphorus
in scaffolds without nanoparticles decreased in the
fourth week and the highest amount of calcium and
phosphorus was produced in scaffolds containing
spinel. Also, in the samples produced by the slurry
method, a decrease in calcium and phosphorus is
observed in the fourth week. This indicates that
magnesium aluminate spinel nanoparticles caused
faster degradation of composite samples in SBF
solution.

Figure 3 shows the FTIR spectra of MgAl,O4
sample, pure PLA and PLA\MgAI,O4 produced by
slurry and 3D printing methods. The presence of
strong peaks in the regions of 500-700 cm™ confirm
the formation of MgAI.O4 crystals. Also, the
obtained data in this research confirms the existence
of C=0 and C-O-C bonds that exist in polylactic acid
polymer.
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Figure 3- FTIR spectra of a) MgAIl204, b) pure PLA, c)
PLA\MgAI204 produced by slurry method and d)
PLA\MgAI204 produced by FDM method

4- Conclusion

1- MgAl,O4 particles with an average size of about
34 nm was produced via the combustion
synthesis method.

2- PLA/MgAI;O4 polymer matrix composite were
fabricated through 3D printing and casting
approaches.

3- Crystallinity of samples were improved by FDM
method (compared to slurry method).

4- The degradation rate of PLA was increased by
adding MgAl,O4 particles.
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Production and Characterization of PLA/MgAI204 Scaffolds by 3D Printing Method (FDM) and
Their Comparison with Slurry Method

Mehran Ghodrati Seyed Mahdi Rafiaei

Abstract  In the present study, magnesium aluminate bioceramic (MgAI204) with particle size of 27 to 40 nm was
produced by combustion synthesis method. Also, PLA/MgAI204 polymer matrix composites were made using FDM and
slurry welding methods and their properties were studied and compared. X-ray diffraction (XRD), scanning electron
microscope (FE-SEM), infrared spectrometer (FT-IR) and inductively coupled plasma spectroscopy (ICP) were used to
investigate the properties of the produced composites. XRD results showed that in the composite samples synthesized by
FDM method, PLA has more crystallinity than the slurry method, which is due to relatively slow cooling of the polymer
melt. To investigate the bioactive properties of this composite, the simulated body solution (SBF) was used and the results
of the ICP test showed that the amount of calcium and phosphorus in the fourth week in the PLA/MgAI204 printed sample
was the highest and equal to 77 mg/L and respectively were 40 mg/L. These results show that the processing of these
composites by the 3D printing method brings more degradability than the slurry method and has a higher quality for
biological uses.

Keywords Magnesium aluminate spinel, Combustion synthesis, Polymer matrix Scaffold, Molten layer, Slurry.
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