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Abstract: Multimaterial 3D printing allows for the production of intricate parts with customized mechanical properties, 
enhancing the versatility of material extrusion additive manufacturing. Typically, 3D printing machines are fed with 
commercially available filament feedstock, which limits the 3D printing of multiple materials. Hence, this study introduces 
in-house prepared filaments for creating polymer blend structures with improved properties. In this study, polylactic acid 
and thermoplastic poly ester urethane (PEU) blends with different composition ratios were processed by varying the infill 
densities to evaluate their impacts on their thermal, mechanical and morphological properties. The effects of infill 
percentage on the mechanical, thermal and morphological behaviour were investigated. The results indicate that 
increasing the infill percentage tends to significantly increase the elastic modulus and tensile strength. The maximum 
strain increased as the infill percentage increased. Overall, the mechanical results indicated that, without sacrificing any 
tensile strength, the composite with 25% PEU exhibited better toughness than did the neat PLA and could be printed 
similarly to that of PLA. Furthermore, scanning electron images revealed that the blends had a homogeneous structure 
with a fibrillar morphology. These results indicate that 3D printing is an effective technique for creating next generation 
4D materials. 
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1. INTRODUCTION 

Additive manufacturing (AM), popularly known as 
3D printing, has transformed material processing in a 
greater manner. This fabrication method can produce 
intricate, customized, and lightweight structures with 
greater efficiency and design versatility. Among several 
additive manufacturing techniques, extrusion 
technologies such as fused deposition modeling (FDM) 
have gained prominence because of their unique 
capabilities, such as cost-effectiveness, extensive 
availability, and compatibility with various thermoplastic 
polymers[1-2]. The mechanical, thermal, and 
morphological properties of components generated by 
FDM are significantly influenced by the chosen material 
and manufacturing conditions. This has prompted 
flexibility tailoring material compositions and 
optimizing processing conditions to improve the 
performance of 3D-printed components [3-4]. In this 
context, two promising polymers—poly(ester urethane) 
(PEU) and polylactic acid (PLA)—have garnered 
attention due to their respective strengths and 
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complementary characteristics. PEU is a thermoplastic 
polymer synthesized by combining a diisocyanate, a 
chain extender, and a macrodiol (polyol), forming 
linear, segmented copolymers with alternating soft and 
hard domains [5]. The flexible soft segments, derived 
from polyols, contribute to elasticity, while the rigid hard 
segments impart mechanical strength and stiffness. 
This unique microphase-separated structure gives 
PEUs excellent mechanical tunability and thermal 
responsiveness, making them suitable for flexible 
biomedical devices such as artificial blood vessels, 
catheters, and cartilage replacements [6–8]. 

Conversely, PLA is a semicrystalline polymer 
derived from renewable resources such as corn, 
sugarcane, and beets. Composed of lactic acid 
monomers joined by ester linkages, PLA is widely 
recognized for its biodegradability, biocompatibility, and 
favorable mechanical properties [9-11]. PLA, 
composed of lactic acid monomers linked by ester 
linkages, is esteemed for its biodegradability, 
mechanical strength, biological compatibility, and 
manufacturing simplicity. These features have 
established PLA as a material of choice in biomedical 
fields, including sutures, implants, and drug delivery 
systems. However, unlike PEU, PLA lacks inherent 
flexibility and has limited deformability, restricting its 
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application in scenarios requiring resilience and 
dynamic mechanical performance [12-14]. 

The mechanical performance of 3D-printed 
components is determined by material selection and 
critical processing factors such as infill density, raster 
angle, layer thickness, and printing speed [15]. The infill 
percentage and raster angle are crucial in determining 
mechanical behavior because they influence the 
internal structure and stress distribution [16]. Increased 
infill percentages often increase the tensile strength 
and stiffness, although modifications to the raster 
angle can improve the anisotropic characteristics and 
strain performance [17]. Therefore, a comprehensive 
examination of these characteristics is essential for 
enhancing the mechanical properties of 3D-printed 
polymer blends. Kaiyao Qian et al. [18] revealed that 
the use of 20 wt% carbon fibers (CFs) in PLA–PEU 
blends markedly improved their mechanical 
characteristics. This modification resulted in a 
70.7% increase in tensile strength, a 184% increase 
in the flexural modulus, and a 50.4% improvement in 
the impact strength. Compared with neat PLA, the 
impact strength of the CF-reinforced composites is up 
to 1.92 times greater, making the PLA–PEU–CF 
composites particularly suitable for applications 
requiring a balance of stiffness and toughness. 

Buys et al. [19] investigated PLA/PEU blends with 
various ratios—100/0, 72/25, 50/50, 25/75, and 
0/100—produced via an internal mixer operated at 
200°C and 50 rpm for 15 minutes. The PLA/PEU 
(50/50 wt%) blend displayed a continuous morphology, 
which notably increased the impact strength. Similarly, 
Jašo et al. [20] examined the effects of blend ratios on 
the biodegradability, mechanical properties, and 
morphology of PLA/PEU blends fabricated through an 
extrusion process. They reported that blends with a low 
PLA content (10–30 wt%) presented a globular PLA 
structure dispersed within the PEU matrix. Blends 
containing 40–50 wt% PLA developed a co continuous 
morphology, whereas those with higher PLA 
concentrations (60–80 wt%) experienced phase 
inversion, resulting in PEU forming globular structures 
dispersed in the PLA phase. Studies on PLA/PEU 
blends with varying ratios revealed that a higher PEU 
content enhances shape recovery and reduces PLA 
crystallinity. Notably, a 30/70 PLA/PEU blend 
demonstrated optimal performance, including 80% 
elongation at break and a 40% shape recovery ratio, 
making it suitable for self-tightening surgical knots [21]. 
The addition of 5 wt.% copolymer (PTC) reduced the 
PEU particle size within the PLA matrix, significantly 

improving the impact strength to 31.1% and 68.5% 
increase compared with blends without PTC and pure 
PLA, respectively. However, excess PTC (>5 wt.%) led 
to decreased mechanical properties due to cluster 
formation, which diminished the effective compatibility. 
DMA analysis further validated the enhanced 
interaction between PLA and PEU in the presence of 
the copolymer PTC [22]. 

However, despite growing interest in PLA–PEU 
blends, most existing studies focus primarily on bulk 
processing methods like internal mixing and extrusion, 
with limited emphasis on their implementation in fused 
deposition modeling (FDM) using customized filaments. 
Furthermore, the combined effects of critical FDM 
processing parameters, such as infill density and raster 
angle, on the mechanical, thermal, and morphological 
performance of these blends remain underexplored. 
This study addresses this gap by systematically 
investigating the role of PLA-to-PEU ratios and key 
FDM settings in shaping the performance 
characteristics of 3D-printed components fabricated 
using in-house-prepared filaments. By addressing the 
limitations of commercially available filaments, the 
effects of varying PLA-to-PEU ratios and critical FDM 
processing parameters, such as infill percentage and 
raster angle, on the thermal, mechanical, and 
morphological properties of the blends were 
investigated. Detailed analysis of the tensile strength, 
elastic modulus, and strain revealed synergistic 
enhancements driven by the material composition and 
processing conditions. 

2. MATERIALS AND METHODOLOGY 

2.1. Materials 

The present investigation utilized the PLA pallets 
(2003D) procured from Naturtech india Pvt. Ltd., 
Chennai. India and polyester urethane (demopan DP 
2795A SMP), a polyester-based thermoplastic 
polyurethane (PEU) was purchased from Bayer 
Material Science AG. The material was dehumidified 
in an 80°C oven for 8 hours to remove absorbed 
moisture. This phase is essential for maintaining 
uniform material characteristics and avoiding flaws or 
inadequate interfacial bonding in later stages of 
processing. 

2.2. Preparation of PLA/PEU Filaments 

PLA‒PEU mixtures with different content 
percentages were produced by processing the 
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granules in a twin-screw extruder at a screw speed of 
60 rpm. The temperature throughout the zones, from 
the hopper to the die, was maintained between 190°C 
and 210°C to guarantee adequate mixing and melting 
of the ingredients. The extruded melt-blended 
substance was cooled in a water medium and 
subsequently pelletized. The pellets were dried 
overnight at 80°C to eliminate residual surface 
moisture and were then utilized for filament 
manufacturing. The desiccated pellets were 
subsequently utilized to manufacture filaments. The 
materials u s e d  were processed via a filament 
extrusion machine (Filabot EX2, Filabot, Barre, 
VT) at an extrusion temperature of 180°C to obtain 
filaments with a uniform diameter of 1.75 mm. The 
extruded filaments were gathered via a filament winder 
device (Filabot Spooler, Filabot, Barre, VT) prepared 
for subsequent application in additive manufacturing 
procedures.  

2.3. 3D printing of Composite Filaments 

The printing process was carried out via a Tvasta 
FDM printer (India) equipped with a nozzle diameter of 
0.4 mm and operated at a nozzle temperature of 
220°C. The printing speed was set at 30 mm/s for all 
test samples, with a layer thickness of 200 µm. To 
optimize the mechanical performance, the raster 
direction was aligned parallel to the stretching direction 
during printing. 

2.4. Differential Scanning Calorimetry (DSC) 

The thermal properties of the PLA/PEU blends, with 
sample weights ranging from 5 to 8 mg, were analyzed 
via differential scanning calorimetry (DSC1, Mettler, 
Switzerland). The samples were initially heated to 
200°C at a rate of 10°C/min and held at this 
temperature for 5 minutes. Next, they were cooled to 
25°C at the same rate and then reheated from 5°C to 
200°Cunder identical conditions. The secondary 
melting curves were used to determine the 
characteristic temperatures and enthalpy values of 
the samples. Key parameters, including the glass 
transition temperature (Tg), cold crystallization 
temperature (Tcc), and melting temperature (Tm), 
were recorded. The crystallinity (Xc) of the PLA 
phase was calculated via Equation (1). 

XC =
!Hm +!HCC

(1"#p )!Hm
o           (1) 

Here, ΔHm represents the enthalpy of melting, 
a n d  ΔHcc represents the enthalpy of cold 
crystallization. 

ΔHοm is the theoretical enthalpy of melting for 
fully crystalline PLA (93.7 J/g), and ωP denotes the 
mass fraction of PLA in the composites. 

2.5. Dynamic Mechanical Analysis (DMA) 

The dynamic mechanical properties of the PLA/PEU 
blends were evaluated via a MetraVib DMA system 
(France). Rectangular samples with dimensions of 35 × 
5 × 2 mm³ were tested in single cantilever mode. The 
temperature was varied from 30°C to 100°Cat a 
heating rate of 5°C/min, with a constant testing 
frequency of 10 Hz. 

2.6. Mechanical Tests 

Tensile tests were performed via a universal testing 
machine at a strain rate of 1 mm/min, following the 
ISO 527–2 standard. Dumbbell-shaped samples with 
dimensions of 75 × 1 0  ×  2 mm³ were prepared 
through 3D printing for these tests. Impact tests were 
conducted in accordance with ISO 180, using 
rectangular samples with dimension of 80 ×1 0  ×  
2 mm³. 

2.7. Scanning Electron Microscopy (SEM) 

The cross-sectional morphologies of the 3D-printed 
PLA/PEU blend structures were examined via SEM 
(Carl Zeiss Microscopy) at an accelerating voltage of 
15 kV. The cross-sectional surfaces were prepared by 
inducing brittle fracture in liquid nitrogen. Prior to 
imaging, the samples were sputter-coated with a thin 
layer of gold to enhance conductivity. 

2.8. Wound Healing Assay 

The wound healing assay, also known as the 
scratch assay, is commonly used to assess the 
migratory ability of cells following treatment. In this 
study, 3T3 cells—a fibroblast cell line derived from 
mouse Swiss embryo tissue—were cultured for the 
assay. A wound (scratch) was created using a sterile 
micropipette tip, after which the cells were treated with 
PLA/PEU (75/25) at concentrations ranging from 30 mg 
to 50 mg. Untreated cells served as the control. All 
samples were incubated in a CO2 incubator, and 
images were captured at 0 hours and 24 hours post-
treatment. 
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3. RESULTS AND DISCUSSION 

3.1. Mechanical Properties 

3.1.1. Tensile Strength and Elongation 

The tensile moduli of the PLA/PEU (75/25) and 
PLA/PEU (50/50) blends are depicted in Figure 1a for 
50, 75 and 100% infill densities. The figure clearly 
shows that the tensile modulus of PLA/PEU (75/25) is 
40% greater than that of PLA/PEU (50/50) at 100% 
infill density. This substantial difference is attributed to 
the significant role of PLA, which has higher stiffness 
and strength than PEU does. The higher PLA content 
in the PLA/PEU (75/25) blend results in a stiffer matrix 
that can withstand more load under tension. On the 
other hand, in PLA/PEU (50/50), the increased PEU 
content softens the matrix, reducing its capacity to 
resist deformation and thereby reducing the tensile 
modulus. 

An increase in the tensile modulus of 30% is 
observed for PLA/PEU (75/25) and 25% for PLA/PEU 
(50/50) when the infill density is increased from 50% to 
100%. This is due to the reduction in the void fraction 
at higher infill densities. As the infill density increases, 
the material structure becomes more compact, 
improving stress transfer and thus minimizing the 
number of weak points in the matrix. However, the 
effect is stronger for PLA/PEU (75/25) because the 
material is naturally stiffer and benefits more from 
added continuity and material density. Thus, it is clear 
from the results that the tensile properties are mostly 
controlled by how much PLA is present in the blend 
and how well higher infill densities allow load to be 
transferred. 

Figure 1b shows the percentage elongation of the 
PLA/PEU (75/25) and PLA/PEU (50/50) blends for 50, 
75 and 100% infill densities, indicating the influence of 
the material composition and infill density on the 
elongation properties. Greater elongation was 
observed in the PLA/PEU (50/50) blend. This is 
because it has more polyether urethane (PEU), which 
is known for being flexible and able to stretch when 
stressed by increasing the PEU content, the blend 
becomes more ductile, allowing it to deform more 
before failure, resulting in greater elongation. On the 
other hand, the PLA/PEU (75/25) blend has more 
polylactic acid (PLA), which is a more fragile material 
that cannot stretch as much. This means that it cannot 
be stretched under the same conditions. 

3.2. Impact Strength 

The impact strength of the tested composite 
filaments is illustrated in Figure 2. In contrast to the 
tensile strength, the impact strength greater for 
PLA/PEU (50/50) than for PLA/PEU (75/25) at all infill 
densities, indicating the cooperation between stiffness 
and toughness in the composites. The impact strength 
of PLA/PEU (50/50) is 20% greater than that of 
PLA/PEU (75/25) at 100% infill density due to the 
elastomeric properties of PEU, increasing the 
toughness of the material, thus facilitating energy 
dissipation upon impact. The increased PEU 
concentration in PLA/PEU (50/50) results in a more 
ductile matrix, which can withstand more impact energy 
before breaking and experiencing plastic deformation. 
A higher PLA concentration stiffens PLA/PEU (75/25) 
and limits energy dissipation, reducing the impact 
strength. 

 
    a       b 
Figure 1: a) Tensile strength and b) elongation of the tested composite filaments. 
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The impact strength markedly improved with infill 
density for both materials, with PLA/PEU (50/50) 
exhibiting a 50% enhancement and PLA/PEU (75/25) 
demonstrating a 40% enhancement as the infill density 
increased from 50% to 100%. Increased infill densities 
result in a more compact material structure, enhancing 
resistance to fracture initiation and propagation during 
impact. In PLA/PEU (50/50), the toughening 
effect of PEU is increased at elevated densities, 
allowing the material to dissipate more energy. 
Nonetheless, the enhancement is less evident in 
PLA/PEU (75/25) because of its more rigid matrix, 
which constrains plastic deformation. 

The higher infill density of the impact strength for 
both tested blends resulted in 50% increases for 
PLA/PEU (50/50) and 40% for PLA/PEU (75/25). A 
higher infill density increases the compactness of the 
material increasing its resistance to impact fracture. 
This strengthening effect of PEU increases as the 
density of PLA/PEU (50/50) increases, resulting in 
more energy loss. This phenomenon is less apparent in 
PLA/PEU (75/25) because of its stiffness, which limits 
plastic deformation. 

The differing responses of tensile and impact 
properties highlight the need to balance stiffness and 
toughness in polymer composites. Parameters such as 
the material composition infill density and interfacial 
bonding are vital. Tensile strength is primarily 
contributed by PLA, whereas toughness strength and 
impact resistance are contributed by PEU. The 
continuity in material and energy absorption is 
promoted by a higher infill density whereas the stiffness 
is improved by strong interfacial bonding. 

3.3. Dynamic mechanical properties 

Figure 3 presents the dynamic mechanical analysis 
(DMA) findings for a PLA/PEU (50/50) mixture, 
demonstrating the variation in the material's 
mechanical and thermal characteristics with 
temperature across various infill densities (IDs). The 
infill density values—100%, 75%, and 50%—are used 
to assess the influence of different amounts of 
structural reinforcement on the performance of the 
mixture. The study encompasses three principal 
parameters, namely, the storage modulus (E'), loss 
modulus (E''), and tan delta (δ), as illustrated in three 
distinct graphs. 

Figure 3a) shows the storage modulus (E'), which 
quantifies the elastic properties of a material and its 
capacity to retain energy during deformation. This 
parameter is plotted versus temperature (°C), with 
findings presented in MPa. At reduced temperatures, 
the storage modulus is elevated throughout all the infill 
densities, indicating that the material is rigid and 
resistant to deformation. As the temperature increases, 
the modulus markedly decreases, indicating a shift 
from rigid to more ductile conditions. The black curve, 
denoting 100% infill density, consistently demonstrates 
the largest storage modulus, whereas the red curve 
(50% infill density) displays the lowest values. This 
improved structural stiffness in the material is due to 
the increased infill density. The loss modulus (E''), 
which reflects the material's viscous behavior and 
capacity to dissipate energy as heat, is depicted in 
Figure 3b. The peak in the curve corresponds to the 
loss modulus to the glass transition temperature (tg) of 
the PLA/PEU.  

Compared with the green (75% ID) and red (50% 
ID) curves, the black curve (100% ID) shows the 
highest peak, indicating superior energy dissipation. 
This trend suggests that a higher infill density may lead 
to greater viscous responses due to increased internal 
friction and molecular motion within the material. Figure 
3c displays tan delta (δ) which represents the ratio of 
the loss modulus to the storage modulus and provides 
information on the damping behavior of materials. The 
tan delta (δ) curves also reveal the glass transition 
temperature through prominent peaks. The black curve 
(100% ID) exhibited the most distinct and sharp peak 
indicating efficient dissipation and reduced damping 
over a narrow temperature range. In contrast, the 
broader peaks observed in the 75% and 50% infill 
density curves indicate increased damping and a more 
gradual transition from a stiff to a rubbery state. 

 
Figure 2: Impact strength of the tested composite filaments. 
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Figure 3(a-c) collectively highlights how infill density 
affects the mechanical and thermal behavior of 
PLA/PEU composites. Materials with higher infill 
density (100% ID) demonstrate enhanced structural 
stiffness, energy dissipation and damping efficiency, 
making them suitable for applications requiring higher 
mechanical strength and stability. Conversely, a low 
infill density (50% and 75%) results in materials with 
reduced stiffness but improved energy damping 
characteristics, which are advantageous for 
applications requiring flexibility and shock absorption. 

The dynamic mechanical analysis (DMA) curves for 
a PLA/PEU (75/25) blend are shown in Figure 4. This 
figure shows how the material behaves thermally and 
mechanically at infill densities of 50, 75 and 100%, 

demonstrating how the structural and thermal 
characteristics of the material are influenced by the infill 
density. 

The storage modulus (E') of the tested blend is 
shown in Figure 4a. For all the tested infill densities, 
the storage modulus decreases with increasing 
temperature, indicating a transition from a rigid and 
glassy state to a flexible and rubbery state. The red 
line shows the highest storage modulus, indicating that 
the material is stiffer and more stable because of its 
denser structure. The 75% (black line) and 50% (green 
line) infill density curves, on the other hand, illustrate a 
decreasing storage modulus, indicating that the 
material is less stiff and stronger with decreasing infill 
density. This trend clearly demonstrates the importance 

 
    a       b 

 
c 

Figure 3: DMA curves for PLA/PEU (50/50). 

a) Storage modulus (E') b) Loss modulus (E'') c) Tan delta (δ). 
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of higher infill densities for maintaining structural 
integrity. 

The tan delta (δ), the ratio of the loss modulus to 
the storage modulus, is shown in Figure 4b. It 
indicates the material's glass transition temperature 
(Tg) and offers awareness of how it manages energy 
dissipation. The peaks in the tan delta curves, which 
represent the maximum molecular mobility of the 
material, are indicative of the Tg. Curve with 100% 
infill density 

(red line) has the sharpest and most noticeable 
peak, indicating efficient absorption and dissipation 
of energy. The curves for the 50% (green line) and 
75% (black line) infill densities, however, have wider, 

less pronounced peaks. This indicates that they have a 
less transparent glass transition phase and are not 
effective at releasing energy. 

The loss modulus (E''), which represents the 
viscosity and ability of a material to release energy as 
heat during deformation, is shown in Figure 4c. The 
loss modulus decreases as the infill density decreases, 
as observed with tan delta and the storage modulus. 
The 100% infill density (red line) with a maximum peak 
indicates increased energy dissipation and more 
noticeable viscous behavior. On the other hand, the 
curves for the 50% (green line) and 75% (black line) 
infill densities exhibit gradually decreasing peaks. The 
condition with the least amount of energy loss is 50% 
infill density. These results indicate that the ability of a 

 
    a       b 

 
c 

Figure 4: DMA curves for PLA/PEU (75/25). 

a) Storage modulus (E') b) Tan delta (δ) c) Loss modulus (E''). 
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material to absorb energy and withstand mechanical 
strain during the glass transition phase is hampered by 
lower infill densities. 

3.4. Differential Scanning Calorimeter Analysis 

Figure 5 shows the thermal properties of the 
PLA/PEU blends examined via differential scanning 
calorimetry (DSC). The DSC results provide 
significant insights into the glass transition 
temperature (Tg), cold crystallization behavior, and 
melting properties (Tm) of various polymer blends. 
Understanding these transitions is vital for modifying 
their mechanical and thermal properties to meet the 
needs of certain applications. Figure 5a clearly shows 
that the glass transition temperature (Tg) is 
represented by the initial increase in the heat flow 
curve. A clear exothermic peak after the Tg indicates 
the occurrence of cold crystallization. In this phase, the 
application of heat causes the polymer's amorphous 
components to restructure into a more ordered 
crystalline structure. The endothermic peak at high 
temperatures denotes the melting point (Tm) of these 
crystalline regions, representing the thermal stability 
and crystalline structure of the material. The 
sharpness and intensity of the melting peak suggests 
that the PLA/PEU 75/25 mixture has high 
crystallinity, which changes the mechanical strength 
and thermal properties of the mixture. 

Figure 5b shows similar temperature shifts, 
including glass transition, cold crystallization, and 
melting. However, these peak positions and sizes differ 

from those of the 75/25 mixture, indicating the effect of 
the higher PEU concentration. Because of the higher 
PEU ratio, the Tg appears at a somewhat lower 
temperature, indicating greater chain mobility. The 
50/50 mix appears to have healthier molecular 
mobility and a greater tendency for crystallization 
This is because it has a wider temperature range and 
a stronger cold crystallization peak. Although the 
melting peak is not as strong as it is in the 75/25 blend, 
indicating a less stable or more dispersed crystalline 
structure. The PLA-to-PEU ratio has an extensive 
effect on the blends' thermal properties, as shown by 
the comparison of the two compositions. There is a 
clear melting point in the PLA/PEU (75/25) mixture, 
indicating that the crystallinity is better. Conversely, the 
PLA/PEU (50/50) mixture results in improved 
crystallization at lower temperatures, indicating that the 
molecular structure can rearrange more effectively and 
that the polymer chains gain greater flexibility when 
subjected to heat. 

3.5. Morphology of the Blends 

The SEM images of the PLA/PEU (75/25) 
composites in Figure 6(a-c) provide important insights 
into the structural and morphological characteristics 
resulting from the incorporation of a higher PEU 
content. Figures 6a and 6b illustrate the fractured 
surfaces of the composite. These images reveal a 
rough and irregular morphology, indicative of significant 
phase separation between the PLA and PEU phases. 
This observation suggests weak interfacial adhesion, 
likely due to the inherent immiscibility of the two 

 
    a       b 
Figure 5: Crystalline and melting behavior of the PLA/PEU blended composite filaments. 

(DSC curves): a) PLA/PEU (75/25) b) PLA/PEU (50/50). 
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polymers at higher PEU concentrations. The distinct 
phase boundaries and the presence of micro voids may 
act as stress concentrators, reducing the overall 
mechanical strength and integrity of the composite. 
Distinct phase boundaries and the presence of 
microvoids averaging approximately 4–8 µm in 
diameter are apparent, which may act as stress 
concentrators and diminish the mechanical strength 
and integrity of the composite. 

Figure 6c focuses on the longitudinal surface of the 
composite. The observed elongated cracks and 
heterogeneous regions highlight the challenges in 
achieving a uniform dispersion of PEU within the PLA 
matrix. These imperfections could result in nonuniform 
stress distribution under mechanical loading potentially 
compromised the structural performance of the 
composite. Additionally, the rough surface features 
observed across all the images are consistent with a 
brittle fracture mechanism, with possible localized 
ductile deformation due to the presence of PEU. 

The higher PEU content in the composite may 
contribute to enhanced ductility and impact resistance, 
as PEU is known for its elastomeric properties. 
However, the observed microstructural heterogeneity 
underscores the need for improved processing 
strategies. For example, incorporating compatibilizers 
or employing advanced mixing techniques such as 
twin-screw extrusion or reactive blending could 
enhance the dispersion and interfacial bonding 
between the two phases. 

The SEM images (Figure 7) of the PLA/PEU (50/50) 
composites provide valuable insights into their 
microstructural characteristics and material behavior. 
Figure 7a) reveals the fractured surface, revealing the 
surface morphology and distribution of PEU within the 
PLA matrix. Voids ranging from 3–10 µm in size, 
depending on the region are noticeable and may 
originate from inadequate interfacial adhesion or 
entrapped air during processing. Figure 7b) highlights 
the longitudinal section of the composite, offering a 

 
    a      b 

 
c 

Figure 6: SEM images of PLA/PEU (75/25): a) 100%, b) 75%, and c) 50% infill density. 
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clear view of the fiber or polymer matrix orientation. 
Figure 7c) focuses on finer details, such as the 
presence of voids or imperfections within the matrix. 
These images indicate critical microstructural features, 
including porosity, phase separation, and cracks, which 
can provide clues about the material processing 
conditions and interfacial adhesion. The dispersion of 
PEU within the PLA matrix appears uneven, with 
possible signs of agglomeration that could influence 
the overall performance of the composite. Evidence of 
fracture mechanisms, such as the appearance of voids 
or smooth and rough surfaces, suggest a combination 
of brittle and ductile failure modes. 

Quantitative microstructural assessments such as 
void size and crack morphology provide a clearer 
understanding of structure-property relationships. 
Future studies could benefit from correlating these 
SEM findings with mechanical performance data and 
comparing them against pure PLA or other PLA/PEU 
blend ratios. 

The reduction in tensile strength or impact 
resistance may be due to the presence of voids and 
cracks. PEU incorporation may enhance toughness 
and elasticity, which is evident from the SEM images 
provided. Additionally, processing methods such as 
extrusion or injection melding likely play a significant 
role in shaping the composite microstructure. 
Variations in the cooling rate, shear force and mixing 
conditions may explain visible features such as voids 
or phase changes. These findings could be analyzed 
alongside SEM images of pure PLA or composts with 
different PLA/PEU ratios to better understand the 
influence of composition. 

3.6. Scratch assay for PLA/PEU blends in 3T3I 
adipocyte cells 

The scratch assay results were used to assess the 
cell proliferative activity of the blends, and it was 
observed that the PLA/PEU(75/25) blends led to an 
increase in fibroblast proliferation. Figures illustrate the 

 
    a      b 

 
c 

Figure 7: SEM images of PLA/PEU (50/50): a) 100%, b) 75%, and c) 50% infill density. 
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impact of the blends on 3T3L adipocytes. The images 
of the cells revealed that after treatment with the 
blends, the adipocytes remained viable, and no 
damage was caused to the cells, indicating their 
cytocompatibility. 

4. CONCLUSION 

This study's results offer substantial insights into the 
mechanical, thermal, and morphological characteristics 
of PLA/PEU composite filaments with different 
compositions and infill densities. The following 
conclusions may be drawn: 

The percentage elongation was increased 
predominantly by 40% by increasing the ratio of PEU in 
the mixture of PLA/PEU (50/50). The tensile 
characteristics are predominantly influenced by the 
ratio of PLA in the mixture with the PLA/PEU (75/25) 
composite which has a 40% greater tensile modulus 
than does PLA/PEU (50/50) at 100% infill density. An 
increased PLA concentration yields a more rigid matrix 
that can endure higher loads. The impact strength 
increases with increasing PEU content. The impact 
strength of the PLA/PEU (50/50) composite was 20% 
greater than that of PLA/PEU (75/25) at 100% infill 
density because the elastomeric properties of PEU 
enhance energy dissipation during impact. 

DMA revealed that increased infill density improved 
the structural rigidity, energy dissipation and damping 
capabilities of the composites. The 100% infill density 
resulted in an enhanced storage modulus, loss 
modulus and tan delta value which significantly 

improved the mechanical stability and energy 
absorption. The glass transition temperature (Tg) and 
damping characteristics varies with the modification in 
composition and infill density . The PLA/PEU (50/0) has 
shown the enhanced flexibility and damping efficiency 
for increased elastromeric content. 

The DSC study revealed the specific thermal 
transition which include cold crystallization and melting 
temperature (Tm) for the composites. The PLA/PEU 
(75/25) combination demonstrated enhanced 
crystalline and thermal stability which is more 
appropriate for requiring higher rigidity and thermal 
stability. Whereas PLA/PEU (50/50) shown the 
increased molecular mobility and cold crystallizations 
indicating increased flexibility and adaptability.  

SEM revealed the difficulties in attaining uniform 
dispersion and robust interfacial bonding between PLA 
and PEU. The PLA/PEU (75/25) composites had 
notable phase separation, micro voids and 
characteristics’ of brittle fracture, whereas the 
PLA/PEU 950/50) composites revealed indications of 
agglomeration and void that affected the materials 
mechanical properties. 

This finding highlights the necessity for enhanced 
processing strategies such as the use of sophisticated 
mixing process to augment the homogenizations and 
interfacial adhesion of PLA/PEU composites. The 
research has indicated that the mechanical, thermal 
and morphological characteristics of PLA/PEU 
composites are significantly influenced by the blend 
content and practical applications. The results offer 

 
Figure 8: Scratch assay test for PLA/PEU blends in 3T3I adipocyte cells. 
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significant insight for enhancing the composition, 
manufacturing and structural design of PLA/PEU 
composited for various industrial and technical 
applications. More research on compatabilization 
procedure and innovative production process to 
improve the overall performance of these composites is 
recommended. 

PLA/PEU composites show strong potential for 
targeted applications, depending on blend composition. 
The PLA/PEU (50/50) blend offers enhanced flexibility, 
damping, and porosity, making it suitable for 
biomedical scaffolds. Its elastomeric nature also makes 
it ideal for flexible wearable devices. In contrast, the 
PLA-rich PLA/PEU (75/25) blend provides higher 
rigidity and thermal stability, better suited for structural 
applications requiring mechanical strength. Future work 
should focus on developing hybrid composites with 
nanoclays, carbon nanotubes, or bioceramics could 
expand functionality. Scaling up via industrial methods 
such as twin-screw extrusion is key for commercial 
use. Further research into biodegradable 
compatibilizers, additive manufacturing optimization, 
and post-processing can help tailor properties for 
specific end uses. 
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