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Abstract

This study explores the comparative evaluation of PLA, carbon fiber-reinforced PLA (PLA-
CF), and carbon fiber-reinforced high-temperature polyamide (PAHT-CF) for use in Fused
Deposition Modeling (FDM) additive manufacturing. These materials were selected to
examine how carbon fiber (CF) reinforcement affects PLA and PAHT, using virgin PLA
as the baseline. Mechanical and thermal properties were tested to assess the influence
of reinforcement on strength, toughness, and heat transfer. Tensile, impact, and thermal
conductivity tests were conducted on all three materials. The results showed that PAHT-
CF outperformed both PLA and PLA-CF in all categories, achieving an ultimate tensile
strength of 57.5 MPa, an impact strength of 14.30 kJ/m2, and thermal conductivity of
0.182 W/m·K. PLA-CF showed moderate improvements in strength over neat PLA but
with increased brittleness and slight improvement in thermal conductivity. Notably, this is
the first study to investigate the thermal conductivity and resistivity of PAHT-CF in the
literature, offering new insights into its heat dissipation capabilities and suitability for high-
temperature applications. These findings highlight the critical role of polymer selection
and fiber reinforcement in optimizing material performance. The results offer guidance
for material selection in additive manufacturing, especially for lightweight, strong, and
thermally efficient parts in various industries.

Keywords: Fused Deposition Modeling (FDM); carbon fiber reinforcement; mechanical
properties; thermal conductivity; polymers

1. Introduction
Additive Manufacturing (AM), commonly known as 3D printing, is a revolutionary

technology that allows for the creation of customized three-dimensional parts directly from
digital models [1–3]. One of the well-known techniques within AM is Fused Deposition
Modeling (FDM). FDM involves layer-by-layer extrusion of thermoplastic materials to build
objects, which is particularly valued for its flexibility, cost-effectiveness, and ease of use.
FDM allows for rapid prototyping, low-volume production, and the creation of complex
geometries that would be difficult or impossible to achieve with traditional manufacturing
methods [4,5]. A significant advantage of FDM is the wide range of materials available,
allowing manufacturers to fit the properties of the printed part to specific application
requirements. The availability of diverse materials is important as it provides solutions
for a variety of industries, including aerospace, automotive, medical field, and consumer
products, where strength, flexibility, and heat resistance are most important [6–8].
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Among the many materials used in FDM, Polylactic Acid (PLA) is one of the most
popular due to its ease of use and eco-friendly nature [9,10]. It is widely used in prototyping,
consumer products, and educational projects due to its low cost and smooth finish when
printed [11–13]. However, despite its advantages, PLA has several limitations in terms of
mechanical and functional performance. In addition to its relatively low tensile strength
and limited heat resistance, PLA also suffers from brittleness, low impact strength, poor
elongation at break, and slow crystallization rates, which can restrict its dimensional
stability. Furthermore, its biodegradability under industrial composting conditions can
sometimes translate into limited long-term durability for certain applications. These
combined factors restrict its suitability in more demanding environments. Among these
limitations, tensile strength and heat resistance are particularly critical, and therefore
they form the main focus of the present research [14–17]. One way to overcome these
limitations is through the reinforcement of carbon fiber (CF) into PLA, resulting in a
material known as PLA-CF [18,19]. Carbon is a versatile element that occurs in several
allotropes, each exhibiting distinct properties. Among its most well-known forms are
graphite, which is soft, electrically conductive, and used in lubricants and batteries [20,21],
and diamond, which is extremely hard and commonly applied in cutting tools [22,23]. In
addition, carbon can be processed into carbon fibers, which combine high strength and low
weight, making them excellent polymer reinforcements, although they may also increase
brittleness [24,25]. Carbon-based materials enhance strength, thermal conductivity, and
wear resistance in various electronics, automotive, and aerospace applications [26–29].
While thermal conductivity has been studied for several polymer composites, including
PLA-CF and PETG-CF systems [30,31], these investigations mainly report modest gains in
thermal transport compared to neat polymers. Importantly, such work has not extended to
high-temperature polyamide composites.

Carbon Fiber-Reinforced High Temperature Polyamide (PAHT-CF) is another ad-
vanced composite material that combines carbon fiber with PAHT. PAHT is a modified
version of nylon designed for high-performance applications, known for its superior heat
resistance and mechanical properties [32,33]. PAHT-CF is made by reinforcing carbon fibers
into PAHT, either as chopped fibers or continuous filaments. The carbon fiber content
further enhances its strength-to-weight ratio, resistance to fatigue, and boosts its thermal
performance [34]. This makes PAHT-CF an excellent choice for applications exposed to high
temperatures, such as in aerospace and automotive [35]. In contrast to PLA-CF, PAHT-CF
is specifically engineered to handle environments where high thermal stability, durability,
and long-term performance are required [32]. In addition to these advantages, PAHT-CF
offers lower moisture absorption than standard polyamides, which contributes to better
dimensional stability and reliability under humid conditions. However, its higher material
cost, the possibility of warpage if not processed under controlled conditions, and nozzle
wear due to the abrasive nature of carbon fibers remain important drawbacks that can
restrict its wider use [36,37].

Although recent publications have examined PAHT-CF in terms of mechanical per-
formance, no reports to date have provided quantitative measurements of its thermal
conductivity or resistivity. Existing studies on nylon-based or PA6/PA12-CF composites
primarily focus on heat deflection temperature or thermal stability under processing con-
ditions rather than direct conductivity testing [38,39]. This absence of data highlights the
novelty of our investigation.

This study investigates how CF reinforcement affects PLA and PAHT. By using virgin
PLA as a baseline, in this study, the mechanical and thermal properties were compared
to examine the effect of CF reinforcement on different polymers. Tensile tests, impact
tests, and thermal conductivity tests were conducted to assess each material’s strength,
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durability, and resistance to heat. This research is the first to compare the mechanical and
thermal effects of carbon fiber reinforcement across PLA and PAHT, using virgin PLA as a
baseline. Additionally, this is the first research to investigate the thermal conductivity and
resistivity of PAHT-CF in the literature, providing a unique contribution to understand-
ing the material’s behavior under different thermal conditions. This will aid engineers
and manufacturers in selecting the right material for their specific needs. Future work
could explore how print parameters affect the performance of these materials and further
investigate their long-term durability in real-world applications.

2. Materials and Methods
2.1. Materials

This study utilized three commercially available filaments: standard PLA, carbon
fiber-reinforced PLA (PLA-CF), and carbon fiber-reinforced high-temperature polyamide
(PAHT-CF). All filaments had a diameter of 1.75 mm and were obtained from Bambu Lab
with manufacturer-verified material profiles. According to the manufacturer’s datasheets,
both PLA-CF and PAHT-CF contain approximately 15% chopped carbon fiber by weight.
Each filament was dried before printing, following the temperature and duration guidelines
provided by the respective material manufacturers. These recommendations typically
specify drying conditions such as 4–6 h at 50–60 ◦C for PLA-based filaments, or 8–12 h at
80–90 ◦C for high-temperature nylons, including PAHT-CF [40]. They are not set by an
official standards body but rather by the manufacturers, who establish them based on the
moisture sensitivity and thermal stability of each polymer. Adhering to these instructions
helps to minimize moisture-related defects such as poor layer adhesion, surface bubbling,
and inconsistent extrusion. PLA served as the baseline due to its common usage and ease of
printing, while PLA-CF and PAHT-CF were selected to assess the mechanical and thermal
improvements introduced by carbon fiber reinforcement within different polymer matrices.
PLA had a green color, PLA-CF had a dark red color and PAHT-CF had a black color. In
Table 1, reference mechanical properties from the literature are given for each material in
this study.

Table 1. Reference mechanical properties for each material.

Property Unit PLA PLA-CF PAHT-CF

Tensile Strength MPa 38 ± 4 [41] 49 [42] 50 ± 5 [32]

Young’s Modulus GPa 1.04 ± 0.2 [42] 1.26 [42] 4.2 ± 0.3 [33]

Elongation at Break % 6.5 ± 0.8 [43] 7.81 [42] 5.7 ± 0.4 [33]

Impact Strength
(Izod, notched) kJ/m2 4.2 ± 0.5 [43] 4.46 ± 2 [44] 12.7 ± 0.6 [33]

2.2. Printing Process

All specimens were fabricated using a Bambu Lab P1S 3D printer from Bambu Lab,
(based in Shenzhen, China) operating on Fused Deposition Modeling (FDM) technology.
The printer features a build volume of 256 × 256 × 256 mm. All slicing was performed using
Bambu Studio software (version: 2.0.3.54), and 100% infill was used in all prints to eliminate
internal voids and ensure maximum material continuity, which is essential for accurate
mechanical and thermal testing. Each material was printed using its respective default
profile settings provided by Bambu Lab, as given in Table 2. All specimens were fabricated
using the same geometry for each material type, ensuring direct comparability of results. A
rectilinear raster type with an alternating ±45◦ infill orientation was applied, as this pattern
is commonly used in mechanical testing to provide balanced isotropic properties. The
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layer height was fixed at 0.2 mm, a value recommended by the printer manufacturer and
widely adopted in literature, as it provides a reliable compromise between surface quality,
dimensional accuracy, and fabrication time. By keeping these parameters constant, the only
variable among the specimens was the filament type. Each print job was performed without
changing the slicing parameters, ensuring that the only varying factor among specimens
was the filament type. No supports or post-processing was applied before testing.

Table 2. Default parameters of each filament.

Parameter PLA PLA-CF PAHT-CF Unit

Nozzle Temperature 220 230 290 ◦C

Bed Temperature 55 55 100 ◦C

Layer Height 0.2 0.2 0.2 mm

Print Speed 60 50 40 mm/s

Infill Density 100 100 100 %

Nozzle Diameter 0.4 0.4 0.4 mm

2.3. Specimen Design and Preparation

Mechanical and thermal tests were conducted on samples designed in SolidWorks
software (2025 version). Two types of geometries were used. Tensile and impact specimens
were modeled according to ASTM D638 Type IV [45] and ASTM D256 [46] standards,
respectively. For thermal conductivity testing, rectangular bar specimens were created
to properly fit the KD2 Pro thermal probe and ensure good thermal contact. The models
were sliced using Bambu Studio with the aforementioned fixed parameters and exported as
G-code for printing. All samples were printed on the same machine in consecutive batches
to minimize environmental variability. In Figure 1, the dimensions of the samples are given.

Figure 1. Technical drawings of samples (mm).
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2.4. Mechanical Testing

Tensile testing was performed using an Instron Universal Testing Machine at a crosshead
speed of 5 mm/min, in compliance with ASTM D638. Each material was tested with a
minimum of three specimens in order to ensure repeatability and reduce measurement error.
Ultimate tensile strength (UTS) and stress–strain behavior were recorded. Impact testing was
conducted according to the ASTM D256 notched Izod standard. Energy absorption (in kJ/m2)
was calculated to assess each material’s ability to withstand dynamic and sudden loading.

2.5. Thermal Conductivity Testing

Thermal conductivity was measured using a KD2 Pro thermal analyzer (Decagon De-
vices, Pullman, WA, USA), which operates on the transient line heat source principle. The
device was calibrated prior to testing using the manufacturer’s reference standards (e.g.,
glycerin and agar gel) to ensure accuracy. According to the manufacturer, the system has an
accuracy of ±10% (or ±0.01 W/m·K), which was taken as the uncertainty of the measure-
ments. Each specimen was measured three times, and the results are reported as average
values with corresponding standard deviations to reflect measurement repeatability.

3. Results and Discussion
To visually reinforce the mechanical performance trends observed in the quantitative

data, Figure 2 displays the fractured tensile and impact specimens of PLA, PLA-CF, and
PAHT-CF after testing. The differences in fracture behavior clearly highlight the influence
of carbon fiber reinforcement. PLA specimens exhibited relatively ductile failure with more
pronounced elongation before breaking. PLA-CF samples showed sharper and more brittle
fracture zones, consistent with increased stiffness and strength due to carbon fiber content.
The PAHT-CF samples failed abruptly with minimal deformation, reflecting their superior
tensile and impact performance but reduced ductility. The impact specimens similarly reveal
cleaner, more energy-absorbing fractures in PLA, while the PLA-CF and PAHT-CF samples
fractured more abruptly, indicating their higher resistance to crack propagation. Figure 2
shows all the tested samples after the completion of both tensile and impact experiments.

 

Figure 2. Images of samples after damage testing: (A) PLA; (B) PLA-CF; (C) PAHT-CF.
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To ensure consistency in testing and allow for accurate performance comparisons, the
mass of each specimen was measured before testing. Table 3 presents the average mass
and standard deviation values for all tensile, impact, and thermal conductivity samples
fabricated from PLA, PLA-CF, and PAHT-CF. These measurements highlight the influence
of material composition on overall density and material usage.

Table 3. Weight of samples.

Material Tensile Sample (g) Impact Sample (g) Thermal Conductivity
Sample (g)

PLA 5.95 ± 0.007 2.50 ± 0.007 6.11 ± 0.01

PLA-CF 5.69 ± 0.021 2.39 ± 0.014 5.8 ± 0.007

PAHT-CF 5.15 ± 0.212 2.25 ± 0.000 5.5 ± 0.001

The results presented in the table reveal a clear correlation between material compo-
sition, mechanical performance, and weight efficiency. PAHT-CF exhibited the highest
mechanical performance, as seen in both the tensile and impact tests, while also being
the lightest among the three materials. Its average tensile sample weight was only 5.15 g,
yet it achieved the highest ultimate tensile strength, indicating exceptional strength-to-
weight efficiency. Similarly, the impact sample weight was the lowest (2.25 g), further
supporting PAHT-CF’s suitability for applications requiring both mechanical strength and
lightweight properties.

PLA-CF ranked second, showing improved mechanical performance compared to
pure PLA, with higher strength and reduced weight. Its average tensile and impact weights
were lower than PLA’s (5.69 g vs. 5.95 g for tensile; 2.39 g vs. 2.50 g for impact), suggesting
that the addition of carbon fibers not only enhances stiffness and strength but also allows
for material reduction without compromising structural integrity. Pure PLA, while still
performing adequately, was the heaviest and mechanically weakest among the three,
confirming the benefits of reinforcement and polymer modification for weight-critical,
high-performance applications.

3.1. Tensile Strength

Tensile testing is essential for assessing a material’s mechanical behavior under uni-
axial loading, offering key information on properties such as strength, stiffness, and elon-
gation. This data is crucial for understanding how different materials and compositions
perform under stress. In Figure 3, the tensile stress–strain curves of the tested samples are
shown, illustrating the variation in tensile strength and deformation characteristics among
the different formulations.

In Figure 3, part (A) presents the tensile stress–strain behavior of PLA, PLA-CF, and
PAHT-CF, while part (B) quantitatively compares their ultimate tensile strength (UTS)
values. The curve for PLA in part (A) exhibits a moderate initial stiffness and reaches a
peak stress of approximately 40 MPa before gradually softening, indicating limited strain
hardening and a tendency toward brittle fracture. The addition of carbon fiber in PLA-
CF results in a steeper initial slope, reflecting increased elastic modulus and improved
load transfer due to the reinforcing effect of the fibers. PLA-CF reaches a higher peak
stress around 45 MPa, but the sharp decline post-yield suggests reduced ductility and
limited plastic deformation. PAHT-CF, on the other hand, shows a continuous rise in
stress with strain, lacking a distinct yield point, which is characteristic of tougher and
more ductile thermoplastics. This indicates that PAHT-CF benefits not only from fiber
reinforcement but also from a more ductile and thermally stable polymer matrix, allowing it
to achieve both high strength and elongation before failure. These behaviors are consistent
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with recent literature. For example, Dimitrellou et al. found that PAHT-CF specimens
show significantly higher tensile strength and modulus than PLA, and also absorb more
energy upon impact, indicating greater ductility and toughness compared to PLA [33].
Likewise, studies of annealed PLA-CF and PAHT-CF composites report that PLA-CF
tends to exhibit a steep elastic response followed by a more abrupt drop after peak stress
(reflecting limited plastic deformation), whereas PAHT-CF displays more continuous strain-
to-failure behavior, supporting its improved matrix ductility and thermal stability. In part
(B), this trend is clearly reflected in the UTS values, with PLA reaching 40.5 MPa, PLA-CF
increasing to 45.5 MPa, and PAHT-CF achieving a significantly higher strength of 57.5 MPa.
This conclusion is supported by the higher ultimate tensile strength of PLA-CF compared
to neat PLA, but also by its lower elongation-at-break and the sharper failure in the
stress–strain curve, which indicate reduced ductility. The error bars indicate relatively low
variability, suggesting consistent performance across tests. These observations confirm that
both fiber reinforcement and matrix selection play a critical role in tuning the mechanical
properties of polymer composites, with PAHT-CF offering the most favorable combination
of strength and toughness among the evaluated materials.

 

Figure 3. Tensile strength measurement results: (A) stress–strain graph; (B) ultimate tensile
strength graph.

3.2. Impact Strength

Impact strength is a key mechanical property that reflects a material’s ability to absorb
and dissipate energy during sudden or dynamic loading. Unlike tensile testing, which
characterizes behavior under gradually applied stress, impact testing simulates real-world
scenarios where materials are subjected to abrupt forces or shocks. At high strain rates,
polymer chains and reinforcing phases respond differently than under slow loading: the
rapid deformation leaves less time for molecular rearrangement, plastic flow, or energy
dissipation through viscoelastic mechanisms. As a result, brittle fracture mechanisms are
often activated in weaker or less ductile matrices, whereas tougher matrices and well-
bonded reinforcements can delay crack initiation and promote energy absorption through
mechanisms such as fiber pull-out, crack deflection, or shear yielding. This interplay
explains why toughness and fracture resistance may vary strongly with strain rate, making
impact testing essential for evaluating polymers and composites in conditions closer to
real-life loading. To assess this behavior, impact tests were conducted on all samples,
and the resulting energy absorption values were measured. The results are presented
in Figure 4, which illustrates and compares the impact strength of PLA, PLA-CF, and
PAHT-CF samples.
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Figure 4. Impact strength of samples.

In Figure 4, the impact strength values of PLA, PLA-CF, and PAHT-CF are shown in
terms of absorbed energy per unit area (kJ/m2), offering direct insight into each material’s
ability to withstand dynamic or sudden loading conditions. The neat PLA sample exhibits
the lowest impact strength at 4.60 kJ/m2, consistent with its known brittle behavior and
limited energy dissipation capability. The slight increase to 5.03 kJ/m2 observed in PLA-CF
indicates that carbon fiber reinforcement provides marginal improvement in resistance to
impact-induced failure, likely due to improved stiffness and localized energy absorption
around the fiber–matrix interface. However, this enhancement remains relatively limited,
as PLA-CF still suffers from low ductility and limited capacity to deform plastically under
high strain rates. In contrast, PAHT-CF exhibits a substantial increase in impact strength,
reaching 14.30 kJ/m2, more than three times that of neat PLA. This dramatic improvement
suggests a synergistic effect between the carbon fibers and the PAHT matrix, where the
high-temperature polymer provides superior ductility and crack resistance, allowing for
more effective energy dissipation during fracture. The significant gap between PAHT-
CF and the other two materials confirms that matrix selection plays a critical role in
impact performance, and that the combination of a ductile, thermally stable matrix with
high-modulus reinforcements can dramatically enhance a composite’s toughness under
dynamic conditions.

3.3. Thermal Results

Thermal properties are critical for evaluating the suitability of polymer-based materials in
applications involving heat management or thermal insulation. Two key parameters that offer
insight into a material’s thermal behavior are thermal conductivity and thermal resistivity.
Thermal conductivity measures how efficiently a material conducts heat, while thermal
resistivity is its reciprocal and indicates how well a material resists heat flow [47,48]. These
properties are particularly important for composite materials where fillers or reinforcements
can significantly alter thermal pathways. In this study, thermal conductivity and thermal
resistivity were experimentally measured to assess the effect of carbon fiber reinforcement
and matrix selection on the thermal transport characteristics of PLA, PLA-CF, and PAHT-CF.
The results are presented in Figure 5, enabling direct comparison of both thermal conduction
efficiency and insulation capability across the three material systems.

In Figure 5, part (A) illustrates the measured thermal conductivity values of PLA,
PLA-CF, and PAHT-CF, while part (B) presents the corresponding thermal resistivity values
along with the average temperatures recorded during testing. These results collectively
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provide insight into how material composition influences heat transfer behavior in poly-
mer composites.

 

Figure 5. Thermal performance of samples. (A) is thermal conductivity, and (B) is thermal resistivity.

In part (A), neat PLA shows the lowest thermal conductivity at 0.102 W/m·K, consis-
tent with its nature as a thermoplastic polymer with a disordered molecular structure that
inherently limits phonon transport. The incorporation of carbon fiber in PLA-CF results in
a noticeable increase in thermal conductivity to 0.141 W/m·K, which can be attributed to
the higher thermal conductivity of carbon fibers and the formation of partial conductive
pathways within the polymer matrix. PAHT-CF exhibits the highest thermal conductiv-
ity at 0.182 W/m·K, suggesting not only a more continuous conductive network due to
the reinforcing phase but also an improved matrix-filler interaction that facilitates heat
transport. This enhanced conductivity in PAHT-CF also reflects the thermally stable and
possibly more crystalline nature of the PAHT matrix, which may reduce phonon scattering
and promote better alignment of carbon fibers during processing.

In part (B), the inverse trend is observed in thermal resistivity, which is the reciprocal
of thermal conductivity and provides a direct indication of the material’s insulating capacity.
PLA demonstrates the highest resistivity at approximately 980 ◦C·cm/W, aligning with its
poor heat conduction. PLA-CF shows reduced resistivity (~710 ◦C·cm/W), and PAHT-CF
achieves the lowest value (~550 ◦C·cm/W), confirming its superior thermal conduction
performance. The red line in part (B) shows the average surface temperature of each sample
during testing, which increases slightly with thermal conductivity, from 24.53 ◦C for PLA
to 25.34 ◦C for PAHT-CF. This correlation further validates the conductivity measurements
and suggests that PAHT-CF dissipates heat more efficiently, resulting in higher average
temperatures under the same thermal load.

To enable a comprehensive and intuitive comparison of material performance, four
key parameters were selected and normalized for each material: ultimate tensile strength,
impact strength, thermal conductivity, and mass (inverted). This multi-dimensional as-
sessment allows for a balanced evaluation of mechanical, thermal, and lightweighting
characteristics, each of which plays a crucial role in high-performance applications.

First, each parameter was normalized to a 0–1 scale, with the best-performing value
in each category scaled to 1. For the mass parameter, an inverse normalization was used,
giving higher scores to lighter samples to reflect performance-to-weight efficiency. This
normalization ensured fair comparison despite differing units and value ranges.

Subsequently, a radar plot was constructed to visually represent the normalized
performance profile of each material. As shown in Figure 6, the radar chart provides an
at-a-glance evaluation of the performance trade-offs.
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Figure 6. Overall comparison across different tests.

Among the three materials, PAHT-CF consistently exhibits superior performance,
reaching the maximum normalized value in all four axes. This indicates that it provides
the highest mechanical strength, impact resistance, and thermal conductivity, while also
being the lightest among the samples. PLA-CF follows closely, outperforming neat PLA in
every category, particularly in strength and thermal properties. PLA, while the most basic
formulation, serves as a baseline reference and demonstrates comparatively lower values
across the board. The inclusion of the inverted mass parameter effectively emphasizes the
advantage of lighter materials without requiring unit transformation. Overall, the radar
chart clearly communicates the comprehensive efficiency of each composite and confirms
PAHT-CF as the most effective candidate for applications demanding strength, impact
resistance, thermal performance, and weight reduction.

3.4. Printability Observations

The printability of each filament played a significant role in the success and repeata-
bility of the mechanical and thermal tests. Clear differences in processing behavior were
observed among PLA, PLA-CF, and PAHT-CF, mainly due to variations in their thermal
requirements and rheological characteristics.

PLA was the easiest to print, requiring low nozzle temperatures between 200 and
210 ◦C and a bed temperature of 60 ◦C. It adhered well to the build platform and demon-
strated stable layer bonding with minimal deformation. Due to its low shrinkage and
good flow behavior, PLA prints exhibited high dimensional accuracy, smooth surface
finish, and negligible warping. No significant issues such as stringing, over-extrusion, or
under-extrusion were encountered under standard FDM settings.

PLA-CF, despite the addition of 15% carbon fiber, printed reliably and smoothly under
similar temperature settings (around 210–220 ◦C). The filament fed consistently through the
nozzle, and no major print defects were observed. It retained good bed adhesion and layer
fusion, with no warping or delamination. The carbon fiber reinforcement did not noticeably
compromise the printing process, and no issues such as stringing or surface defects were
recorded during fabrication. This indicates that PLA-CF maintains the user-friendly nature
of standard PLA while offering enhanced mechanical properties.

PAHT-CF was the most challenging material to process due to its high-temperature
nylon base and carbon fiber reinforcement. It required elevated nozzle temperatures of
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around 260–270 ◦C and a bed temperature of at least 90–100 ◦C. The high thermal demands
necessitated a fully enclosed printing environment to prevent rapid cooling and uneven
temperature gradients, which otherwise led to significant warping and corner lifting during
printing. Furthermore, stringing and over-extrusion were frequently observed, particularly
during non-print moves and at layer transitions. These issues are attributed to the higher
melt viscosity and slower solidification rate of PAHT-CF, which reduced its responsive-
ness to conventional retraction settings. In some cases, minor surface irregularities and
inconsistent extrusion were also noted, requiring fine-tuning of slicer parameters and travel
settings to mitigate defects. In conclusion, PLA and PLA-CF offered excellent printability
with minimal adjustments, while PAHT-CF required advanced printer capabilities, higher
processing temperatures, and meticulous parameter control to avoid warping and ensure
print quality. While the present observations are qualitative, future work should include
quantitative measures such as dimensional accuracy, surface roughness, and warpage to
provide a fuller evaluation of printability. These findings highlight the balance between
material performance and processing complexity, especially when considering carbon
fiber-reinforced high-performance polymers.

4. Conclusions
This study presents a comprehensive comparison of PLA, PLA-CF, and PAHT-CF

filaments in the context of additive manufacturing using FDM technology. By examining
tensile strength, impact resistance, and thermal conductivity, the investigation highlights
the significant performance differences introduced by carbon fiber reinforcement and
matrix selection.

Among the tested materials, PAHT-CF exhibited superior mechanical and thermal
behavior, achieving the highest ultimate tensile strength (57.5 MPa), impact strength
(14.30 kJ/m2), and thermal conductivity (0.182 W/m·K). These enhancements are attributed
to the synergistic effect of a high-performance polyamide matrix and carbon fiber rein-
forcement. PLA-CF, while showing improved strength over neat PLA, exhibited increased
brittleness and limited improvement in thermal properties. Neat PLA remained the weak-
est in mechanical and thermal metrics, reinforcing the importance of material selection for
engineering applications requiring durability and thermal stability. Additionally, weight
analysis showed that improved performance can be achieved with reduced material usage,
particularly for PAHT-CF, indicating a high strength-to-weight ratio ideal for lightweight
structural applications. The thermal conductivity and resistivity results further confirmed
the enhanced heat dissipation behavior of PAHT-CF, making it a promising candidate for
high-temperature or heat-sensitive environments.

This study is the first to report on the thermal transport behavior of PAHT-CF in
literature, offering new insights into its practical potential. Future work should investigate
the effect of printing parameters, hybrid filler systems, and long-term environmental
durability to further advance the performance and applicability of composite filaments in
additive manufacturing.
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