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A B S T R A C T   

Polylactic acid (PLA)/Magnesium (Mg)-based composites exhibit great potential for applications in bone 
regeneration and tissue engineering. PLA is a biodegradable and biocompatible polymer, that has the ability to be 
easily shaped into diverse structures like scaffolds, films, and fibers. However, its inherent low biodegradability 
limits its applicability for tissue engineering. On the other hand, magnesium, a biocompatible metal known for its 
good biodegradability and osteoconductivity, is well-suited for bone tissue engineering. In this study, we 
fabricated and characterized a composite material of Mg/PLA with 5, 10, and 15 wt%Mg alloy (AZ61), which 
was subsequently 3D printed. The incorporation of Mg particles into PLA matrix offers a solution to overcome the 
low biodegradation limitations typically associated with the PLA. Moreover, it helps counteract the negative 
consequences related to the rapid degradation of Mg, such as alkalinization and excessive release of H2. Addi
tionally, the change in pH values and changes in mass during in vitro degradation indicated that the addition of 
Mg effectively counteracted the acidic byproducts generated by PLA. Furthermore, X-Ray photoelectron spec
troscopy (XPS) and Fourier transform infrared (FT-IR) spectroscopy were utilized to investigate the degradation 
of the scaffolds, while thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were used 
to compare and contrast the thermal properties of the composites. Our findings demonstrate that the addition of 
Mg significantly influences the thermal properties of PLA and notably accelerates its degradation, in addition to 
its noticeable influence on cell adhesion.   

1. Introduction 

Polylactic acid (PLA) is a widely used biodegradable and biocom
patible polymer in tissue engineering and bone regeneration [1]. It of
fers versatility in shaping, including scaffolds, films, and fibers [2–6]. To 
enhance cell growth and differentiation, PLA can be combined with 
biomaterials like growth factors [7]. PLA scaffolds provide structural 
support for cell attachment and growth in tissue engineering and bone 
regeneration [8]. These scaffolds mimic the extracellular matrix, pro
moting cell growth and organization [9–11]. Over time, PLA scaffolds 
gradually degrade, allowing the replacement of newly formed tissue or 
bone [12]. The biodegradability of PLA makes it suitable for medical 
implants requiring gradual replacement during healing [12–14]. 

Despite the aforementioned favorable properties, PLA has limitations 
due to its brittleness [15], making the fabrication of complex and porous 
scaffolds challenging. It may not be ideal for load-bearing bone 

replacements. The degradation rate of PLA varies, affecting the control 
of scaffold degradation and tissue or bone regeneration [11]. It can 
degrade too quickly, compromising mechanical support, or not quickly 
enough, resulting in scar tissue formation and construct failure. In 
contrast, magnesium metal is a naturally occurring element with bene
ficial effects on bone cells, promoting osteoblast growth and differenti
ation while inhibiting osteoclast activity [16–18]. 

Recent studies have demonstrated the potential of using polylactic 
acid (PLA) and magnesium (Mg) as materials compatible with the 
human body, particularly for bone regeneration and other medical ap
plications [2,19–21]. The combination of these materials into a com
posite has shown promising results in enhancing the biocompatibility 
and biodegradation of PLA, thereby making it more suitable for medical 
implants and tissue engineering [22]. There are two methods for pro
ducing Mg-doped PLA composites: blending Mg with PLA and incorpo
rating Mg into the polymer chain during PLA synthesis [15,18,22,23]. 
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The amount of Mg, particle size, and distribution within the PLA ma
terial, can significantly influence their characteristics [24]. In vitro 
studies have demonstrated that Mg-doped PLA composites facilitate the 
attachment, proliferation, and differentiation of various bone cell types, 
including osteoblasts and osteocytes [25]. The biocompatibility, me
chanical properties, and cell proliferation of the composites are influ
enced by the Mg content [18]. Animal studies have also shown that 
Mg-doped PLA composites have the ability to promote the formation 
of new bone tissues [26]. 

The aim of this research endeavour was to develop a PLA/Mg com
posite printable by the fused deposition modeling (FDM) printing 
technique for biomedical applications. To this end, we have produced 
3D printed PLA/Mg scaffolds with varying amounts of Mg content, and 
the effect of Mg concentration on the degradation and thermal proper
ties were investigated using a variety of characterization techniques 
such as XPS, FT-IR, DSC, and TGA. 

2. Materials and methods 

2.1. Materials 

Polylactic acid (PLA) granules were obtained from Goodfellow 
Cambridge Limited (England), having a size in the range of 3–5 mm. 
These granules have a melting point of approximately 170 ◦C and an 
average molecular weight of about 68,000 g/mol. The Mg alloy powder 
(AZ61, 99.95% purity) was supplied by Nanografi Nanotechnology 
(Turkey) and had an average diameter of 100 μm. To dissolve the PLA, 
we used chloroform provided by VWR Chemicals, Germany. The chlo
roform has a boiling point of 59.5–60.5 ◦C and a density of 1.48 kg/L. 

2.2. Solution preparation and filament formation 

PLA solution was prepared as proposed previously [20], the PLA 
solution was prepared by mixing PLA granules with chloroform, creating 
a solution with a concentration of 20 g/L. The mixture underwent me
chanical stirring at 400 rpm for 4 h to ensure thorough blending. To 
create PLA/Mg composites with varying Mg content (5 wt%, 10 wt%, 
and 15 wt%, as detailed in Table 1), we added the Mg alloy powder to 
the chloroform/PLA solution. The stirring continued for 24 h at room 
temperature, allowing for a uniform dispersion of Mg particles. 

Subsequently, the well-mixed solution was poured onto a metal plate 
and allowed to air-dry for 24 h at room temperature before being peeled 
from the metal plate. For further enhancement, the PLA/Mg sheets were 
dried in an oven overnight at 60 ◦C after the chloroform had evaporated. 
Once the chloroform had evaporated, we collected the PLA/Mg com
posites for characterization. To transform these composites into func
tional filaments, the films underwent shredding and extrusion using the 
advanced Filabot EX2 system (Filabot, Vermont, VT, USA). The 
filament-making process involved melting and blending the extruded 
material at a temperature of 175 ◦C, passing it through a nozzle with a 
diameter of 2.75 mm. The resulting filaments were then uniformly 
shredded into smaller pieces. For consistent distribution of Mg particles 
throughout the filaments, these shredded pieces were reintroduced into 
the extruder for a second pass. This step ensured that each filament 
possessed an even distribution of Mg particles, tailored to different Mg 
concentrations. These innovative modified filaments, containing distinct 

levels of Mg, were ready for subsequent investigations and held 
immense potential for diverse 3D printing applications. 

2.3. Characterization 

The thermal stability of the PLA/Mg composites was evaluated using 
Thermogravimetric Analysis (TGA) conducted on a TA SDT 650 instru
ment. The composites were carefully placed into a ceramic crucible and 
subjected to a controlled heating process from room temperature to 500 
◦C at a rate of 10 ◦C/min, all under a nitrogen atmosphere. From the 
resulting testing curves, key thermal properties such as the cold crys
tallization temperature, melting point, and decomposition temperature 
were determined using Differential Scanning Calorimetry (DSC), 
alongside the remaining mass percentage at 500 ◦C from the TGA 
analysis. To examine the surface morphology of the composites, a Field 
Emission Scanning Electron Microscope (FE-SEM) operating at an 
accelerating voltage of 20 kV and a working distance of 9.0 mm was 
utilized with the imaging conducted on the FEI Quanta650FEG. 

Fourier transform infrared (FT-IR) spectroscopy was used to detect 
the microstructural changes that might occur in the PLA/Mg composites 
before and after degradation in PBS solution. FT-IR analyses were con
ducted using a Thermo Scientific Nicolet iS50 FT-IR spectrometer, which 
was fitted with an attenuated total reflectance (ATR) sampling accessory 
featuring a diamond crystal plate. Spectra were recorded with 32 scans 
per sample/background in the spectral range spanning from 4000 to 
400 cm− 1, with a high spectral resolution of 4 cm-1. Advanced ATR 
correction was performed on the collected spectra using the OMNIC 9.3 
software package. The obtained results were plotted in transmittance 
mode and normalized to the highest peak intensity for comparison. 

The degradation of the 3D printed scaffolds was studied by 
immersing the PLA/Mg scaffolds in PBS solution with an initial pH value 
of 7.6 for four weeks. The weight loss and weight gain of the scaffolds 
were measured after week 2 and week 4, respectively. All the scaffolds’ 
weights were measured before immersion in PBS. The weight gain (so
lution intake) was measured after removing the samples from PBS and 
drying them after 2 and 4 weeks, respectively. The weight loss of the 
scaffolds was measured with subsequent oven drying at 50 ◦C for 8 h. 
The scaffold’s percentage of weight gain and weight loss (ΔW%) was 
determined using the following formulas:  

ΔW% = (Wf− Wi)/Wf × 100%, weight gain                                                 

ΔW% = (Wi− Wf)/Wi × 100%, weight loss                                                 

where Wi and Wf are the initial and final weights of the dried degraded 
scaffolds, respectively. Furthermore, the pH value of the immersion 
medium was measured using a pH meter. 

The X-ray photoelectron spectroscopy (XPS) is performed on the PLA 
and PLA/Mg scaffolds after four weeks of immersion in PBS using a 
Thermo Fisher Escalab250XI platform with an monochromatic Alkα 
source(1486.8eV) and a hemisphere analyzer. The overall resolution is 
estimated to be better than 0.5eV. The Survey spectra are taken with an 
energy step of 1eV and a pass energy of 100ev while the high resolution 
is taken with a step of 0.1ev and a pass energy of 20eV. All measurement 
is conducted in an ultra-high vacuum of 10− 10 mbar at room tempera
ture. The deconvolution is conducted with a Voigt type profile(GL(30)) 
after a proper Shirley background subtraction. 

2.4. 3D printing of PLA/Mg filaments 

The synthesized PLA/Mg composite filaments were successfully 3D 
printed via FDM (SOVOL-SV02 by SHENZHEN Lian Dian Chuang 
Technology LTD, Guangdong, China) based printer. Initially, the desired 
size of the scaffolds was created using SolidWorks software and saved in 
the Stl format. Next, slicer software was used to divide the designed 
model into layers, generating G-code instructions for the 3D printer. The 
printer’s head had the ability to move horizontally in the x and y 

Table 1 
Compositions of synthesized PLA/Mg composites.  

Material Polymer matrix (w%) 

PLA Mg 

PLA 100 00 
PLA/5 Mg 95 05 
PLA/10 Mg 90 10 
PLA/15 Mg 85 15  
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directions. As the filament passed through the heating region, it rapidly 
melted, transforming into a liquid polymer that was then extruded onto 
the printer bed through a nozzle. Once a layer was fully deposited, the 
printer bed moved downward by the height of a single layer, allowing 
the printer head to proceed with printing the subsequent layer. This 
sequential layering process continued until the final layer was 
completed. 

2.5. Cell culturing 

An in vitro cell study was conducted to examine the behavior of 
MCF7s, an epithelial cell line, on PLA/Mg scaffolds. The cells were 
cultured for a period of five days at 37 ◦C supplemented with 10% fetal 
bovine serum, 100 U/mL penicillin, and 100 g/mL streptomycin. To 
prepare the scaffolds for cell seeding, they were first treated with 
ethanol, allowed to air dry, and then subjected to 20 min of UV sterili
zation on each side. Following sterilization, the samples were washed 
with PBS and soaked in culture media overnight before being seeded 
with MCF7 cells at a density of 3 × 104 cells/sample. This seeding 
process was performed to study cell attachment. 

2.5.1. Cell attachment 
To investigate cell attachment on the surfaces of PLA/Mg scaffolds, 

Fig. 1. (a) TGA and (b) DSC results for PLA/Mg composites with varying amounts of Mg, showing the thermal stability and heat flow of PLA as the Mg content.  

Fig. 2. FT-IR spectra of PLA and PLA/Mg composites with various Mg con
centrations (0/5/10/15 wt% Mg). 

Fig. 3. SEM images of PLA and PLA/Mg composite filaments with various Mg amounts (0, 5, 10 and 15 wt%).  
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scanning electron microscopy (SEM) was employed. After a period of 48 
h, the cells were fixed using a 3% glutaraldehyde solution, followed by 
rinsing in distilled water. Subsequently, the cells were dehydrated using 
a series of ethanol solutions with increasing concentrations (ranging 
from 50% to 100% [v/v]). The prepared samples were then coated with 
a layer of carbon using sputter coating and observed using SEM, spe
cifically the Philips XL30 model. 

3. Results and discussion 

3.1. Thermogravimetric analysis (TGA) 

In order to track the weight change variation of the PLAL/Mg scaf
fold as a function of temperature or time in a controlled atmosphere, 
thermogravimetric analysis (TGA) was used. TGA is common technique 
for determining the thermal properties of a material, such as thermal 

Fig. 4. (a) PLA/Mg scaffolds weight gain and weight loss, (b) pH values of PLA/Mg after immersion in PBS for four weeks, and FTIR results showing the degradation 
of PLA and PLA/Mg composites in PBS solution dissolved for (c) 2 weeks and (d) 4 weeks. 

Table 2 
pH values and weight gain and loss of PLA and PLA/Mg scaffolds after 
immersing in PBS for four weeks.  

Materials pH 
Values 

Week_2 Week_4 

PBS 7.6 Wt Gain 
(%) 

Wt Loss 
(%) 

Wt Gain 
(%) 

Wt Loss 
(%) 

PLA 7.9 1.7 0.05 1.9 0.1 
PLA/5%Mg 8.4 1.7 0.5 2.0 1.5 
PLA/10% 

Mg 
8.6 4.2 1.3 5.0 2.3 

PLA/15% 
Mg 

8.55 6.0 1.37 6.5 2.5  

Fig. 5. The XPS survey spectra of the PLA and PLA/Mg scaffolds with 5, 10 and 
15% Mg. 

Table 3 
The atomic ratio (%) of all elements for PLA and PLA/Mg scaffolds.   

Mg1s P2p Cl2p C1s N1s O1s Na1s 

PLA 0 0.21 0.36 65.29 1.16 32.13 0.84 
5%Mg 0.69 0.38 0.46 65.09 1.23 30.95 1.2 
10%Mg 1.76 1.67 0.41 65.40 2.10 27.36 1.06 
15%Mg 0.99 1.03 0.15 59.20 0.82 37.13 0.69  
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stability, decomposition temperature and the extent of weight loss due 
to thermal decomposition. When examining polylactic acid (PLA), TGA 
can help identify the temperature at which degradation initiates and 
quantify the extent of degradation at different temperatures. In the study 
mentioned, TGA was used to evaluate how different concentrations of 
Mg affected the thermal stability of PLA/Mg scaffolds. As shown in 
Fig. 1a, all samples experienced an initial mass loss after reaching 70 ◦C, 
which can be attributed to the evaporation of the solvent. Comparing the 
pristine PLA with the PLA/Mg composites, it was observed that the 
thermal degradation behavior differed significantly. The unmodified 
PLA started to degrade thermally at temperatures between 300 ◦C and 
350 ◦C, while the PLA/Mg composites exhibited an earlier onset of 
degradation, occurring between 250 ◦C and 300 ◦C. The addition of Mg 
to the PLA accelerated the breakdown of heat in the composite material, 
signifying its catalytic effect on the depolymerization reaction of PLA 
when exposed to elevated temperatures [27,28]. The amount of residual 
Mg detected at 500 ◦C aligned with the actual quantity used during the 
experimental process. Any minor deviations in the values can be 
attributed to the handling of such small quantities of materials. 

3.2. Differential scanning calorimetry (DSC) 

The thermal properties of PLA and PLA-Mg composites were evalu
ated using DSC, and the results are reported in Fig. 1b. The 

characteristics of semi-crystalline PLA, i.e., the glass transition temper
ature (Tg), crystallization temperature (Tc), and melting temperature 
(Tm), can be.seen and compared in all the specimens. It can be observed 
that the Tg of PLA increases with the addition of Mg particles from 53 ◦C 
to 57.7 ◦C with 15 wt% Mg. Tg is dependent on various factors, including 
intermolecular interaction, chain mobility, and molecular weight. Since 
the molecular weight of PLA remains constant across all samples, the 
observed increase in Tg (glass transition temperature) can be attributed 
to the interaction between the polymer chains and Mg particles. This 
interaction leads to reduced mobility and lubrication of the PLA mo
lecular chains [29]. Additionally, the presence of Mg in the composites 
suggests that the Mg particles serve as nucleation agents, promoting 
crystallization. As a result, the crystallization time decreases due to the 
heterogeneous nucleation effect of these particles [29,30]. The melting 
temperature for all specimens was approximately 167 ◦C, with a slight 
increase to 169.8 ◦C for the PLA/Mg scaffold containing 15 wt% Mg. 
Compared to pure PLA, the PLA/Mg composites exhibited higher 
melting temperatures. However, when the Mg content increased from 
0 to 5%, there was a slight decrease in melting temperature. This implies 
that the incorporation of Mg particles into the PLA matrix has a limited 
impact on the crystalline structure of PLA. 

Fig. 6. The deconvolution of Mg1s(left column) and P2p (right column) for the PLA/Mg scaffolds with 5, 10 and 15% Mg. A Voigt type profile is chosen after a 
proper Shirley background subtraction. 
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3.3. Fourier transform infrared spectroscopy (FT-IR) 

To analyze a PLA/Mg composite using Fourier transform infrared 
(FT-IR) spectroscopy, the PLA/Mg scaffold is placed in contact with the 
crystal of the ATR module of an FT-IR spectrometer, and the absorption 
of IR radiation by the sample is measured over a range of wavelengths. 
FT-IR spectroscopy is ideally suited for the identification and charac
terization of polymer materials. As shown in Fig. 2, the FT-IR spectrum 
of a PLA/Mg composite shows the vibrational bands of the chemical 
functional groups present in the PLA matrix and the Mg reinforcing 
particles. The intensity and frequency/position of these bands can be 
used to quantify the relative amount of each component in the com
posite and to determine the degree of interaction between the two ma
terials. Slight shifts in the frequency/position of the observed bands 
and/or variations in relative peak intensities indicate changes in the 
molecular structure and/or changes in the local environment sur
rounding the compound under study. The FT-IR spectrum is capable of 
detecting additional components in the composite, such as additives or 
impurities. However, in this case, only minor discrepancies between PLA 
and PLA/Mg composites were observed, indicating that the chemical 
linkages were comparable and consistent with existing literature [31]. 
While there is a slight shift in the C–H stretch, overall, there are no 
significant differences in peak positions, although the peak intensities 
showed a slight reduction after the incorporation of Mg particles. The 
intensity of peaks at 2947 cm− 1, associated with CH2 stretching, 
decreased as the concentration of Mg in the composite increased. This 
observation supports the idea that there is an interaction between the 
ester group (R–COOR’) in PLA and the chemical groups of the disper
sants (–NH–, -NH2, N+). Furthermore, the peak at 1747 cm-1, which is 
characteristic of PLA and corresponds to the carbonyl bond of the ester 
group, exhibited reduced intensity as the amount of Mg in the composite 
increased. This suggests that the composites may be undergoing 
degradation or interaction with another component. 

3.3.1. Scanning electron microscopy (SEM) 
A cross-sectional scanning electron microscopy (SEM) study was 

conducted to investigate the distribution of Mg particles within PLA 
matrix in PLA/Mg filaments with 5, 10 and 15% of Mg concentration, as 
shown in Fig. 3. The study aimed to understand how the concentration 

of Mg affected the spatial arrangement and dispersion of Mg particles in 
the composite material. As shown in Fig. 3 that Mg is evenly distributed 
in the filaments. The cross-sectional images show that there is no defects 
and air gap in the filaments and the Mg incorporation has not introduced 
any cracks as well. The Mg particles were completely encapsulated 
within the polymer matrix, ensuring that they were consistently sur
rounded by a layer of PLA. This distribution of polymer around the 
particles indicates that the Mg particles serve as nuclei during solvent 
evaporation in the PLA. The quality of 3D printed scaffolds is signifi
cantly influenced by the presence of a uniform Mg distribution and the 
absence of air gaps and cracks in PLA/Mg filaments. Moreover, the 
absence of defects contributes to improved printability and process 
stability during 3D printing, resulting in the accurate reproduction of the 
scaffold’s desired geometry. 

3.4. Degradation of PLA/Mg composites 

To investigate the influence of Mg content on the degradation of PLA 
composites, in vitro degradation tests were performed using a phosphate- 
buffered saline solution (PBS). The PLA samples and PLA/Mg compos
ites were immersed in PBS for durations of two and four weeks, after 
which they were subjected to characterization using FT-IR analysis. 
After immersing PLA/Mg scaffolds in phosphate buffer saline (PBS) for a 
duration of 4 weeks, the weight gain and weight loss of the scaffolds 
were carefully evaluated to understand their degradation behavior and 
stability in a physiological environment. The interaction between the 
scaffolds and the PBS solution during the immersion period resulted in 
changes in their weights and the values are presented in Fig. 4a. As 
shown in Fig. 4a, the weight of the scaffolds increased with the 
increasing percentage of Mg alloy in the PLA for both the week 2 and 
week 4 samples. The scaffolds with 15% Mg retained the highest amount 
of weight (i-e, 6 and 6.5%, for week 2 and week 4, respectively). Simi
larly, the weight loss followed a similar trend with the increasing 
amount of Mg in the PLA. As shown in Fig. 4a, the amount of weight loss 
is not that significant as compared to the literature [32]. This little 
decrement in weight indicates the accumulation of additional material 
on the surface of the scaffolds, possibly due to the adsorption of ions or 
proteins from the PBS solution (the corrossion product deposition on the 
sacffold’s surface). Weight loss was observed in all of the samples, with 

Fig. 7. MCF7 cells attachment to PLA and PLA/Mg scaffolds.  
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noticeable differences among them. Notably, the PLA scaffolds exhibited 
the lowest weight loss at every time point and demonstrated minimal 
changes after 4 weeks. In contrast, the PLA/Mg scaffolds experienced 
significantly higher weight loss compared to the PLA scaffolds, and this 
weight loss increased proportionally with the addition of Mg; a similar 
trend has also been reported in the literature [33]. These results strongly 
suggest that the presence of Mg accelerates the degradation process of 
the scaffolds. The weight loss reflected the degradation or dissolution of 
the PLA/Mg scaffolds, indicating their ability to break down and 
potentially be replaced by new tissues during the tissue regeneration 
process. The pH values of the solution was measured after four weeks of 
scaffold’s immersion and are presented in Fig. 4b. The obtained results 
indicated that as the concentration of Mg increased in the scaffolds, the 
pH values of the immersion medium exhibited a trend towards higher 
alkalinity. The pH values increased from 7.9 for pure PLA to 8.55 for the 
PLA/Mg scaffold containing 15% Mg. This suggests that the degradation 
of PLA/Mg scaffolds led to an increase in the pH of the surrounding 
environment. The release of Mg ions during the degradation process and 
the production of Mg(OH)2 might have contributed to this alkalizing 
effect [33,34]. Table 2 summarises the pH values and weight gain/loss 
data of the PLA and PLA/Mg scaffolds in PBS for four weeks. 

In order to better understand the microstructural changes that might 
occur in the samples upon immersion in PBS solution, FT-IR measure
ments were also conducted on the samples to compare and examine 
degradation caused by immersion in PBS. Fig. 4 (c,d) shows the FT-IR 
spectra of films with 5, 10, and 15 wt% of Mg particles in PLA. The 
wide band with considerable width that appears in the degraded films at 
3400 cm− 1 in composites with Mg composition of 10 wt% and beyond is 
attributed to the carboxylic acid group, indicating the significant 
degradation of the polymer chain during the composite immersion, 
which is significantly higher with a higher percentage of Mg in the PLA 
[20]. The peak at 3000 cm− 1, related to the stretching of the OH group 
caused by PLA hydrolysis, shows a similar trend and completely dis
appeared for the sample with 10 and 15 wt% Mg after four weeks of 
immersion in PBS as shown in Fig. 4 (c, d). The most characteristic band 
of PLA at 1747 cm− 1, associated with the carbonyl band and of the ester 
group, has significantly less intensity for the degraded scaffolds. The 
PLAband at 1747 cm− 1 exhibits high sensitivity to changes resulting 
from polymer degradation or interaction with another component, 
leading to a reduction in intensity or a downward shift in wavelength. As 
can be seen for both week 2 and week 4, the peak intensity is signifi
cantly reduced for the samples with the increasing concentration of Mg 
(10 and 15 wt% Mg) [35,36]. Also, the band at 1454 cm− 1 attributed to 
the CH3 group has reduced intensity for the composite having 10 and 15 
wt% Mg after four weeks of immersion in PBS. Additionally, the peaks at 
2950 and 3000 cm− 1 disappeared after four weeks of immersion in PBS 
for the scaffolds with 10 and 15% Mg. This is a clear indication of the 
interaction between the ester group (R–COOR’) from PLA with Mg 
particles. In conclusion, the Mg addition to PLA has demonstrated a 
faster degradation of PLA with 10 and 15 wt%, while 5 wt% Mg did not 
have noticeable effect on the degradation rate of PLA. 

3.4.1. XPS study of PLA/Mg scaffolds 
To further analyze the degradation of PLA and PLA/Mg scaffolds in 

PBS, XPS was conducted so analyze the corrosion products deposited on 
the scaffold surface, and the comparison of the Survey spectra of the 
samples is shown in Fig. 5. While the signal of Na1s, O1s, C1s, Cl2p, and 
P2p can be clearly observed in all samples, the Mg1s only exist on the 
surface of the samples with 0, 5, 10 and 15% Mg defined as S1, S2, S3 
and S4, respectively. Their atomic ratio is given in Table 3. The com
parison of core levels are given in the supporting information Fig. S1, 
where the Mg1s present a strong energy shift and variation in profile is 
also be observed in C1s and O1s for the corresponding samples. 

To understand the binding energy shift of Mg1s, we perform the 
deconvolution of the Mg1s and P2p given in Fig. 6, as shown, the Mg1s 
can be fitted with 3 components in each sample. The PLA/Mg scaafolds 

give position of 1303.4eV, 1304.2eV and 1305.2eV, which can be 
assigned to Mg–O, Mg–OH and Mg-PO3, respectively. The first compo
nent disappear in the samples with 10 and 15%Mg, and instead another 
component at high BE side of 1305.6eV(PLA10%Mg) or 1306.2eV 
(PLA15%Mg) is observed, which is a signature of Mg-PO4 bond. This is 
also proven by the variation of P2p signal in the right column in Fig. 6. 
While the samples with 5 and 10%Mg give only one component at 
around 133eV(P2p3/2) relating to (PO3)n− signal, a new component at 
134eV appears for the sample with 15% Mg, which may be assigned to 
the (PO4)n− structure. 

3.5. Cell attachment 

Cell attachment is a critical aspect to consider in tissue engineering 
and regenerative applications. To investigate the cell adheshion to PLA 
and PLA/Mg composites with 5, 10, and 15%Mg, SEM investigation was 
conducted and the results are reported in Fig. 7. 

Fig. 7 shows that more and more cells are attached to the PLA/Mg 
scaffolds surface with the increasing Mg concentration in the scaffold. 
This indicates that these particles were beneficial for the adherence of 
cells to the scaffold surface. Various factors contribute to the cell’s 
adhesion on the scaffold surface, including surface roughness and hy
drophilicity [37]. In line with the published reports that Mg incorpo
ration into PLA enhances the surface hydrophilicity [38], the large 
number of cell attachments to the scaffolds with 10 and 15% Mg as 
compared to pure PLA might be attributed to the increased 
hydrophilicity. 

4. Conclusions 

In this study, we successfully 3D-printed PLA/Mg scaffolds using 
FDM technique. The effect of Mg incorporation on the PLA/Mg scaffolds 
thermal behavior, degradation, and cell attachment was studied. The 
incorporation of Mg particles played an essential role in enhancing the 
degradation rate, and changing the thermal behavior of PLA/Mg com
posite scaffolds. Mg incorporation also had a positive impact on the cell 
attachment to the PLA/Mg scaffolds. The FTIR results showed that there 
was a significant increase in the degradation of PLA with 10 and 15 wt% 
Mg particles as the peek intensities for these scaffolds significantly 
reduced after immersing in PBS for four weeks. These results were 
further confirmed by XPS. Mg incorporation also changed the glass 
transition temperature and melting point of the PLA. Overall, the in
clusion of Mg is crucial for addressing various challenges encountered in 
PLA, including hydrophilicity, degradation rate, and thermal properties. 
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