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Abstract. 3D printing has rapidly evolved due to its significant advantages in rapid prototyping.
3D-printed products for industrial applications require stable mechanical properties, which are
influenced by various factors. The lack of a comprehensive discussion addressing the factors
affecting mechanical properties is the main reason for this review. This article aims to provide
an overview of Fused Deposition Modeling (FDM) 3D printing concerning the factors that
influence the mechanical performance of FDM 3D products using polylactic acid (PLA)
material. The article covers the impact of material factors, process parameters (such as layer
thickness, infill patterns, print orientation, infill patterns, infill density, infill width, temperature,
and printing speed), as well as post-processing treatments as key considerations. The
contribution of this article is to explain to researchers and industry practitioners the factors that
affect the mechanical performance of FDM 3D printed products.
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1. Introduction
3D printers are manufacturing devices designed to produce prototypes swiftly, cost-effectively, and with
minimal waste [1,2]. These machines are increasingly utilized for manufacturing products that require
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mechanical resistance in engineering applications. In operation, this machine creates products layer by
layer, with the most widely used technology being FDM. The operating principle of FDM is to extrude
melted material filament through a heated nozzle controlled by regulated movement. The hot extruded
filament then solidifies to form deposits that conform to the 3D model [1]. When used for prototyping
or engineering applications, the mechanical behavior of products produced by 3D printing become a
crucial consideration [2-4]. Therefore, various printing process parameters that can influence these
mechanical performance must be carefully considered.

The conversion of 3D designs for the printing process is performed using slicing software, which
transforms STL files into G-code. This software allows users to set process parameter values such as
infill, build angle and orientation, layer thickness, printing temperature, layer thickness, and printing
speed. Infill parameters include infill pattern and infill density, while printing temperature encompasses
nozzle temperature and build plate temperature [7]. By considering these process parameters, the quality
and mechanical behavior of the resulting 3D printed products can be better controlled [8—10]. The
mechanical characteristics of FDM 3D printing products are influenced not only by the type of filament
material but also by the type of 3D printer, design, slicing software, process parameters, and post-
processing treatments (see Figure 1).

Figure 1. Factors influencing the mechanical properties of 3D printed products [5]

Polylactic Acid (PLA) is widely used in 3D printing due to its high tensile strength, low density, and
higher strength-to-weight ratio compared to metallic materials. PLA is easy to print because it has a low
melting point and requires minimal energy [6]. Additionally, PLA is a biodegradable polymer that does
not emit harmful odors or vapors. Therefore, PLA was chosen in this study due to its low production
cost and beneficial properties, including its advantages in medical applications because it is non-toxic
metabolically [7-9].

The mechanical characteristics of PLA-based products from FDM 3D printing are influenced by
process parameters, which have been the focus of intensive research in recent years [10]. In the studies
conducted so far, analysis of variance has been used to determine the effect of printing parameters on
mechanical behavior. ANOVA has been employed to optimize process parameters with the fastest
printing time while minimizing loss of final strength [11,12]. Additionally, mechanical properties are
optimized to identify suitable printing process parameters through regression equations and
mathematical modeling using the Taguchi method [13-15]. Despite numerous studies, a comprehensive
discussion regarding all factors influencing the mechanical properties of FDM 3D printed products is
still lacking.

In the development of filament materials for 3D printing, PLA has significant potential, necessitating
adequate literature to maximize its mechanical properties in printed products. This review aims to
provide a comprehensive overview of the critical factors influencing the mechanical properties of
products based on tensile, flexural, compressive, and other mechanical tests from various previous
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studies. The focus of the printing technology discussed is FDM, along with various printing parameters
such as printing speed, layer thickness, printing temperature, orientation, and raster angle. Additionally,
other aspects such as the type of filament material, object design, and printer brand are also discussed.
The data obtained is expected to serve as a reference for researchers and the FDM 3D printing industry
in designing and producing objects for applications in engineering and biomedical fields using PLA.
2. Filament

2.1 Filament Color

Filament materials are the raw materials used in 3D printing and are available in several color options.
Each filament color has distinct characteristics. As shown in Figure 2, the differences in PLA filament
colors under the same processing conditions result in different glass transition temperatures (Tg). Based
on Dynamic Mechanical Analysis (DMA) testing, the glass transition temperature of black filament is
higher compared to natural and green filaments. Thermogravimetric analysis (TGA) of the three colors
shows varying degradation temperatures for each case. The green PLA has a lower initial degradation
temperature compared to the others, while natural PLA exhibits a higher initial degradation temperature.
The thermal degradation curves indicate that green PLA experiences a faster weight loss, followed by
black PLA, and lastly the natural filament [16].
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Figure 2. TGA analysis and Tg temperature of PLA colors [16]

Furthermore, the impact of different filament colors affects various aspects of FDM print results,
including mechanical strength, dimensional accuracy [17,18], specimen weight [19], and tribological
quality [20]. Figure 3 shows that the tensile strength of the natural color is higher compared to other
colors, even at different infill densities, where the natural color remains superior [21]. Tribological tests
reveal that print orientation and filament color significantly influence the tribological quality of the
printed objects. In certain cases, changes in filament strength can be affected by storage conditions that
alter the pigment of the filament. The filament color can fade due to moisture in the air, which affects
its structural composition. A drier storage environment can enhance the strength of PLA filament but
may also make it more brittle [22].
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Figure 3. Differences in tensile strength values of PLA filament colors [23]
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2.2 Recycled Filament

The large amount of PLA waste from industries, households, and leftover materials from 3D printing
provides the foundation for using recycled PLA as filament material. Although virgin PLA has higher
tensile strength compared to recycled PLA (Re-PLA) across all layer thicknesses and infill levels,
research indicates that 3D printing with both PLA and Re-PLA has good potential for real-world
applications, especially from the perspective of mechanical strength and environmental awareness [24].
Re-PLA remains a viable option despite the reduction in strength [25]. The feasibility of Re-PLA holds
up through the second recycling process. However, in the third tensile test of Re-PLA, mechanical
properties decrease by approximately 20-50%, as shown in Figure 4. A significant drop occurs during
the third recycling cycle, whereas during the first and second cycles, the tensile strength only declines
by about 5-18%. To mitigate excessive declines in mechanical properties, researchers mix virgin PLA
with Re-PLA.
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Figure 4. Decrease in mechanical strength from the Re-PLA process [25]
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Figure 5. Effect of Re-PLA blend percentage [26]

Figure 5 shows the evaluation results of the percentage of virgin PLA and Re-PLA mixtures through
tensile and bending tests. The test results indicate a drastic decrease in bending strength with a mixture
containing 30% Re-PLA, while the reduction in strength with 10-20% Re-PLA mixtures is not as
significant. A similar pattern is also observed in the tensile test results.

3. 3D modelling to STL file and printing machine
3D printing begins with the creation of a 3D design that is converted into a stereolithography (STL) file.
The STL file is then processed using slicing software to precisely determine the nozzle movement path
and the filament extrusion flow rate during the printing of the 3D structure. Predictions and experiments
are conducted for various printer operating conditions, including variations in nozzle speed from slow
to medium, as well as surface resolution from rough to smooth [27]. The use of different slicing software
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affects the dimensional accuracy and surface roughness of the 3D product due to differences in
algorithms that lead to variations in the printing execution on 3D printing machines [28].

The numerous manufacturers of printers and control software result in unstandardized printing
methods, so different machines can produce different mechanical properties even when using the same
filament and similar parameter settings [29]. Among various open-source slicing software, Cura
Ultimaker is the most widely used due to its ability to produce the best product quality [30,31].
Meanwhile, performance differences have been observed between industrial commercial 3D machines
and low-cost 3D machines. Based on tensile and compressive tests, low-cost 3D machines can achieve
only a maximum of 54.69% of ultimate tensile strength and 75.55% of ultimate compressive strength
compared to specimens printed using commercial 3D machines [31].

4. Printing parameters
The printing parameters frequently discussed in previous research include:

4.1 Printing Orientation and Printing Angle

A crucial factor affecting the quality, strength, and production efficiency of 3D-printed parts is the
printing orientation and angle. Orientation refers to how the object is positioned on the printer bed during
the printing process, impacting how material layers are stacked. Additionally, orientation and printing
angle influence the movement of the nozzle along the X, Y, and Z axes during product fabrication.
Analysis shows that parts printed along the X-axis have higher tensile and impact strength compared to
those printed along the Y and Z axes. Specifically, prints oriented along the X-axis demonstrate an
increase in tensile strength of approximately 60—64% [32]. As illustrated in Figure 6, the X-axis
orientation yields the highest tensile and impact strength, whereas the Z-axis orientation exhibits the
lowest tensile and impact strength.
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Figure 6. The Effect of Printing Orientation on Tensile and Impact Strength [33]

Printing angle refers to the inclination of an object during 3D printing. In FDM-based printing,
objects with steep angles (greater than 45° from the surface) require supports to stabilize the material.
Without support, steep angles can cause warping or instability since the deposited material lacks
sufficient backing. At a vertical angle (90°), the tensile strength decreases by approximately 36%
compared to flat angles (0°) due to differences in the fracture mode and the load direction. Lower
printing angles tend to enhance strength since the tensile load aligns with the print direction [34,35].
Additionally, build time increases as the angle shifts from flat to upright [36]. Printing angle also impacts
the amount of filament consumed. As illustrated in Figure 7, the flat position proves to be the most
efficient compared to upright and on edge positions. This efficiency is demonstrated by the balance
between tensile strength, filament usage, and printing time. In the flat position, less filament is
consumed, and printing takes less time while still yielding high tensile strength compared to other
orientations.
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Figure 7. The impact of printing angles on tensile strength, filament, and print time [36]

s

layer

Crack propagation

T T
3400+ |=m= Young's Modulug
|—m— Tensile Strength | |~

3200 +

T
Iy
o

& 3000 =
= =
2800

| [40 g
=] =
5 2800 o
|

2400 el
3 5
| D

£ 220 a0 12

2000+

1800 4

T T T T T
o 30° 45° 60° 90°
Printing Angle

Figure 8. The influence of angle on fracture patterns and tensile test results [37]

Figure 8 illustrates the differences in fracture patterns observed in samples printed at various angles.
As the product deforms, fracture mechanisms and crack propagation occur gradually, influenced by the
printing angle and orientation [38]. The elastic modulus decreases with increasing print angle. The
highest and lowest tensile strengths are achieved at 0° and 90°, respectively. At a 0° raster angle, the
tensile load aligns with the raster direction, resulting in the highest strength. In contrast, printing at 90°
leads to failure due to weaker inter-layer adhesion. Additionally, spatial orientation has a smaller impact
on Young’s modulus than it does on tensile strength, indicating that inter-layer bonding plays a more
crucial role in tensile performance than in elasticity [39].

4.2 Infill Pattern

Infill patterns are internal structures that fill a 3D-printed object, influencing its strength, weight,
material consumption, and printing time [40—42]. Popular infill patterns available in slicer software are
shown in Figure 9. Among these, the grid pattern is most suitable for tensile-load-bearing specimens as
it offers maximum resistance to applied tensile forces [43,44]. This finding has been validated through
Finite Element Analysis (FEA), producing consistent results [45]. However, research by Rismalia M. et
al. found that the concentric pattern demonstrated superior tensile strength compared to both the grid
and tri-hexagon patterns [46]. The influence of infill patterns on mechanical strength, printing time, and
filament consumption is summarized in Table 1. Each pattern presents trade-offs between strength,
efficiency, and material usage, making it crucial to select the right one based on the specific application.
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Figure 9. Variations in Infill Patterns

4.3 Infill Density

Infill density is the amount of material used to fill the interior of a 3D-printed object., expressed as a
percentage. A 0% infill means the object is entirely hollow, while 100% infill indicates the object is
completely solid. Infill density helps optimize printing time and material usage while still maintaining
the required mechanical properties [47]. The higher the infill percentage, the better the mechanical
properties, including strength, stiffness, and impact resistance [48—53]. As shown in Figure 10, PLA
specimens printed with 100% infill density demonstrate the highest values for hardness, tensile strength,
impact resistance, and flexural strength, with values of 97 HRC, 53 MPa, 70 J/m?, and 53 MPa,
respectively.

Table 1. The Influence of Infill Patterns [44,54]

Infill pattern Strength Time Material need

Grid H M M
Lines L F L
Triangle H L H
Cubic H M H
Gyroid H F H
Concentric H M L
Zigzag M F L
Octet H L H
Honeycomb H L H

Notes : M= Moderate ; H= High ; L= Low

F=Fast

The variation in infill density exhibits better tensile strength compared to specimens with uniform
infill density. Specimens with varying infill densities are also lighter in weight, optimizing material
usage. Experimental impact tests reveal that impact strength is directly proportional to infill density.
Thus, varying the infill density can lead to changes in impact strength across specimens [55]. Static
compression tests indicate that strength increases with higher infill density [56]. The results suggest that
compressive strength is heavily influenced by infill density, with higher values observed at lower
porosity levels and denser infill structures [57]. Figure 11 displays the differences in infill density
observed through Scanning Electron Microscopy (SEM) analysis. It clearly shows that as infill density
increases, the spacing between filaments becomes tighter, resulting in smaller pores. The closer filament
proximity leads to a greater number of bonds, directly influencing mechanical properties [58,59].
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Figure 10. The Effect of Infill Density on Mechanical Properties [60]

Figure 11 . Infill distance a. 0,5 mm b. 2,5 mm [21]

4.4 Layer Thickness

Layer thickness refers to the height of each material layer deposited during the printing process, typically
measured in millimeters. This parameter plays a crucial role in both print quality and speed. Layer
thickness is an easily adjustable factor to modify the mechanical properties of custom 3D prints [61,62].
Lower layer thickness values have been shown to enhance tensile strength due to the increased bonding
area between layers [39,63]. As illustrated in Figure 12, a layer thickness of 0.1 mm results in a denser
structure compared to 0.3 mm and 0.6 mm layers. The 0.1 mm layer produces fewer voids than the
thicker layers, indicating better interlayer diffusion. This directly improves layer adhesion and,
consequently, the tensile strength of the print [64].
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Figure 12. SEM images of different layer thicknesses [65]

Additionally, layer thickness affects both the flexural strength and tensile strength of the test
specimens [66,67]. Flexibility tends to decrease as layer thickness increases. Thicker layers provide
stronger bonding to withstand bending loads. However, thicker layers are more prone to delamination
cracks at a 90° angle, while thinner layers show delamination at a 45° angle [68]. Studies reveal that
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layer thickness has a greater impact than build orientation or raster angle on mechanical properties [12].
Furthermore, increased layer thickness reduces friction forces, with a 45° angle offering the best wear
resistance [69]. On the downside, thicker layers also lead to higher filament consumption and longer
printing times [70].

4.5 Printing Speed

Printing speed refers to the rate at which the nozzle moves during the printing process, typically
measured in millimeters per second (mm/s). This parameter significantly influences the print quality,
production time, and mechanical strength of the printed object. As the printing speed increases, the
mechanical strength tends to decrease. Specifically, higher speeds can reduce the volume of extruded
material, which compromises print stability and layer adhesion [71].

Figure 13 illustrates the effect of varying printing speeds from 20 mm/s to 100 mm/s. The sample
strength diminishes with increasing speed. Within the 50-80 mm/s range, the mechanical properties
remain relatively consistent. However, beyond 80 mm/s, a notable drop in strength occurs. At a lower
speed of 20 mm/s, the sample demonstrates superior strength, but the trade-off is longer printing time.
Thus, as printing speed increases, the mechanical strength progressively declines [72].
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Figure 13. The effect of printing speed on strength and time [73]

Printing speed can be measured through out-of-process methods using timers and in-process methods
using encoder measurements in slicer software. While slicer software can estimate printing time, the
actual total time is often longer because it does not account for machine preparation, nozzle heating, and
bed warming [74] . Dimensional quality of prints is significantly influenced by print speed, showing
lower dimensional deviation at lower speeds and no significant dependence on extrusion temperature
[75] . An optimal print speed results in better bonding between raster and layers and increases
crystallinity for improved wear resistance [76] . However, increasing print speed may reduce mass,
surface hardness, and lead to increased porosity and surface roughness [77].

4.6. Printing Temperature

Printing temperature refers to the temperature used to melt the filament. Proper temperature settings are
crucial for ensuring successful prints, achieving good quality, and preventing issues during the printing
process. The printing temperature is influenced by the type of filament material used. For PLA, it is
essential to know the melting temperature or glass transition temperature accurately to ensure the
filament melts completely in the heating chamber.

As shown in Figure 14, the normal extrusion temperature for PLA ranges from 200°C to 230°C,
which can produce printed products of the highest quality. Higher nozzle temperatures lead to fewer
shape deformities (with low uncertainty) in the specimens. Additionally, printing temperature can affect
the accuracy of printed results. Most measured dimensions tend to be larger than the original CAD file
dimensions in height but smaller in width and length .

Increasing the printing temperature can effectively enhance the ultimate tensile strength and surface
hardness of the material (Figure 15). However, it was previously noted that excessively high

0250208-09



temperatures can reduce printing accuracy, even though strength may increase. A significant
improvement in the tensile strength of PLA occurs between temperatures of 185°C and 195°C.
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Figure 15. The effect of printing temperature on surface hardness and tensile strength [79]

Although the strain value at the fracture point increases with the rising nozzle temperature, the strain
at the fracture point does not appear to be affected by the nozzle temperature. Despite the general
strengthening effects of the annealing process, negative effects on the mechanical properties of PLA-
based samples have been observed due to the potential for stress accumulation. Based on these findings,
thermal annealing of 3D printed PLA parts is not recommended [80]. Selecting the appropriate
temperature can enhance tensile strength and surface roughness [81]. The average strip width tends to
increase with the rising temperature for PLA samples [82].

4.8 Nozel diameter

The nozzle diameter affects the performance of FDM printing, including accuracy, printing time, as well
as compressive and flexural strength [83]. The nozzle geometry influences the material flow pattern
[84], where larger nozzles can accelerate manufacturing time by up to 50% [85] and enhance density
and tensile strength, although the correlation is not linear [86]. Generally, tensile strength increases with
nozzle diameter [87]; however, smaller nozzles yield smoother results and better adhesion, which
consequently leads to longer printing times [88].

4.9 Shell Thickness

Shell thickness refers to the thickness of the outer layer of a printed object. The shell is the first part to
be printed before the infill, determining the strength, surface quality, and durability of the object.
Thinner shells can enhance tensile strength and surface quality [89]. However, increasing the number of
shells risks creating structural defects [90]. Additionally, layer alignment can improve surface
smoothness, although it may reduce tensile strength and elongation at break [91]. Therefore, it is
essential to balance shell thickness with other parameters to achieve optimal mechanical performance
while considering time efficiency and material usage [92].
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5. Post Treatment

The mechanical properties of 3D printed products are significantly influenced by the temperature during
the printing process as well as post-processing. To enhance mechanical performance, post-treatment is
conducted through heat treatment. Research results indicate that temperature variations significantly
affect the physical and mechanical properties of 3D printed structures [93]. Heat treatment post-
processing also plays a crucial role in modifying the mechanical properties of the products. Heat
treatment at 75 °C results in a small increase in the maximum force during bending tests. However, the
deformation and recovery of the material during heat treatment do not significantly decrease the
maximum force [94]. Thermally annealed PLA above the glass transition temperature increases the
degree of crystallinity to its maximum level. The increase in crystallinity of FDM-PLA enhances the
bending stress of the samples by 11-17%. Therefore, thermal annealing can efficiently improve the
efficiency of its mechanical properties [95].

Figure 16. The effect of heat treatment on 3D FDM products [96]

Figure 16 shows the fracture pattern on PLA samples before and after heat treatment (annealing).
Before the annealing process, the sample structure appears to have many voids, with an irregular fracture
pattern. In contrast, after the annealing process, the voids decrease in size, resulting in a more orderly
fracture pattern and increased brittleness.

6. Discussion

The mechanical properties of PLA 3D printing products are influenced by various factors, including
material, design, printing machines, printing parameters, and post-processing treatments. Among the
extensive literature, the factors most researched due to their significant impact on mechanical properties
are material, process parameters, and post-processing treatments. Printing process parameters include
printing angle and orientation, layer thickness, infill density, printing speed, and printing temperature.
Although various studies have been conducted, differences in the tested parameters make it challenging
to determine the best parameter combinations definitively. This opens up opportunities for various
options in the optimization process. In general, the main factors affecting the mechanical properties of
PLA in 3D printing can be summarized by considering the interrelationship between process parameters
and the materials used.

The differences in the color of PLA filament have a significant impact on the thermal and mechanical
properties of the resulting 3D prints. Black filament exhibits better thermal resistance, while natural-
colored filament shows higher tensile strength. Additionally, environmental factors such as humidity
can also affect filament performance. Therefore, it is essential to consider the desired properties and
storage conditions when selecting filament color to maintain print quality. Furthermore, the use of Re-
PLA shows a decline in mechanical properties, especially after the third recycling. However, blending
virgin PLA with Re-PLA is an effective option to reduce the decline in mechanical properties.

The orientation and printing angle in 3D printing significantly affect the quality, strength of the
printed products, as well as time efficiency and material consumption. Printing along the X-axis yields
the highest tensile and impact strength, while the Z-axis has the lowest strength. The printing angle also
plays a crucial role; steeper angles require support to prevent warping, while a flat orientation (0°) is
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more efficient in terms of tensile strength, printing time, and filament consumption compared to vertical
(90°) or edge orientations. Ultimate tensile strength decreases with increasing printing angle, and the
modulus of elasticity diminishes at higher printing angles

Infill patterns in 3D printing play a crucial role in determining the strength, weight, material
consumption, and printing time of objects. Several popular patterns in slicer software have different
advantages. The grid pattern, for instance, provides maximum resistance to tensile loads and is suitable
for specimens subjected to heavy loads. The gyroid pattern speeds up printing time, while the concentric
pattern offers competitive tensile strength compared to the tri-hexagon pattern. Each infill pattern
presents different combinations in terms of strength, printing time, and material requirements, with
patterns like grid and cubic showing high strength but requiring longer printing times and more material.

Layer thickness is an important parameter in 3D printing that affects the quality, speed, and
mechanical properties of the printed objects. This thickness correlates with tensile strength, flexural
strength, and wear resistance, where thinner layers tend to produce higher tensile strength due to the
larger bonding area between layers. However, thicker layers perform better under bending loads,
although they are more susceptible to delamination cracks at certain angles. Additionally, increasing
layer thickness generally decreases Young's modulus and tensile strength while increasing filament
consumption and printing time.

Printing speed in 3D printing significantly affects the quality, time, and strength of the printed
objects. Increasing the printing speed tends to reduce mechanical strength, especially above 80 mm/s,
where there is a significant decrease in strength. Higher speeds can reduce extrusion volume, decrease
printing stability, and increase porosity and surface roughness. Additionally, dimensional deviations are
lower at lower printing speeds with higher extrusion temperatures. While the right printing speed can
improve interlayer bonding and enhance wear resistance, high speeds generally reduce the mass,
hardness, and tensile strength of the product.

Printing temperature is a crucial factor in the 3D printing process, particularly in melting the filament
to produce high-quality prints. For PLA material, the optimal temperature ranges from 200°C to 230°C.
Higher nozzle temperatures can reduce deformation and improve tensile strength as well as surface
hardness, although they may decrease the dimensional accuracy of the print. At temperatures between
185°C and 195°C, the tensile strength of PLA increases significantly. However, excessively high
temperatures can cause issues such as stress buildup that decreases the mechanical properties of the
material. Selecting the appropriate temperature also affects surface roughness and product dimensions.

The mechanical properties of 3D printed products, particularly using PLA, are influenced by process
temperature and post-printing treatments. Heat treatment, such as thermal annealing, can enhance the
degree of crystallinity and mechanical strength, including an increase in flexural stress of up to 11-17%.
Samples subjected to heat treatment at 75°C show a slight increase in the maximum bending force
without significantly reducing deformation. The increase in crystallinity at temperatures above the glass
transition also helps improve the mechanical strength of PLA, making it more suitable for applications
like implants that can be sterilized through radiation.

The mechanical properties of 3D printed products strongly support the sustainable application of 3D
printing technology, as they enable the production of components with optimal strength, durability, and
material efficiency. This technology has rapidly advanced, and scientific and technological progress has
leveraged 3D printing capabilities in various sectors, including manufacturing technology in the
furniture industry [97]. In the context of the furniture industry, the application of this technology can
produce more precise products with reduced material waste, as well as greater design flexibility.
Additionally, the mechanical properties of 3D printed materials can also have a significant impact on
sustainability and innovation in other industries, such as aerospace, automotive, medical, and printing
[98]. In the aerospace and automotive industries, 3D printed materials can reduce component weight,
improve fuel efficiency, and enhance engine performance. In the medical sector, 3D printing offers great
potential for creating more precise medical devices, custom prosthetics, and cost-effective,
environmentally friendly medical solutions. Thus, the application of this technology not only drives
technological advancement but also supports sustainability principles across various industrial fields.
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7. Conclusion

The mechanical properties of PLA 3D printed products are influenced by a range of factors, including
material selection, printing parameters, and post-processing treatments. Variations in filament color
significantly impact thermal and mechanical properties, while orientation and printing angles affect
strength and material efficiency. Infill patterns contribute to the object's overall strength, weight, and
printing time. Furthermore, optimizing printing speed and temperature is essential for achieving high-
quality results, as inappropriate settings can compromise strength and dimensional accuracy. Post-
treatment processes like thermal annealing can enhance the crystallinity and mechanical performance of
PLA, making it suitable for specialized applications. Overall, a comprehensive understanding of these
interrelated factors is crucial for optimizing PLA 3D printing to achieve desired mechanical properties.
This research contributes to advancing sustainable science and technology by providing valuable
insights into the optimization of PLA-based 3D printed products, which can have significant
applications in various industries, including engineering and biomedical fields.
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