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The purpose of this study is to investigate the effect of mahogany peel powder (MPs) content
on the mechanical properties of polyester composites, with an emphasis on flexural strength
and modulus. MPS and polyester resin were made in proportions of 7:93, 15:85, 20:80, and
30:70 (% vol). The composite was created utilizing the press molding technique. The
composites' physical, thermal, morphological, and mechanical properties were examined. The
findings revealed that at a powder concentration-of 7%-20%, the composites' tensile
strength, elastic modulus, bending strength, and heat resistance tended to be higher due to
the strong interaction between the MPs and matrix. The composite with a 20% volume
percentage of MPS had the maximum tensile strength and flexural strength, 42.34 + 3.84 MPa
and 74.95 = 6.04 MPa, respectively. Meanwhile, at a 30% powder concentration, the
mechanical and thermal characteristics of the composite degraded due to particle aggregation
and lower adhesion between the powder and the matrix. These findings suggest that the
created composite could be employed as a material for automotive interior panels.
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1. Introduction

Polymer-based composite materials have
become the preferred material in a variety of
applications in industry due to their outstanding
mechanical, physical, and thermal
characteristics. One of the most challenging
obstacles in composite research is selecting
reinforcing elements that increase both
mechanical and physical properties while also
being ecologically friendly. Swietenia
macrophylla (Mahogany) fruit peel waste powder
has great promise as a reinforcing element in
polymer composites, particularly since it is
frequently underutilized [1, 2].
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Mahogany is a tree that growsin several parts
of Indonesia; particularly on the islands of
Lombok, Sumatra, and Java. Mahogany grows
swiftly, reaching heights of 35-40 meters and
trunk diameters of up to 1.5 meters. This tree's
compound leaves are dark green, elliptical, and
alternately placed. Mahogany wood is commonly
utilized in the crafting and building industries
due to its strength, hardness, and resistance to
pests. The skin of the mahogany tree is grayish
brown and rough, which helps to protect it from
harsh environmental conditions. Mahogany fruit
is round or oval in shape, measuring about 5-10
cm in diameter [3,4]. When fully ripe, this fruit
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has a firm outer peel and turns brown. The seeds
inside the fruit are perfectly organized and
usually dark brown. Mahogany seeds have a
bitter taste because of their high alkaloid
composition. Mahogany fruit, particularly the
seeds, includes a variety of bioactive substances
that are valuable to health, including saponins,
flavonoids, and alkaloids. These chemicals have
been shown to have antioxidant, antidiabetic, and
anti-inflammatory activities [5,6,7]. As a result,
mahogany seed extract is commonly used in
traditional medicine to treat a variety of health
issues, including hypertension, diabetes, and
digestive disorders. Mahogany fruit peel (MFP) is
one of the wastes that has not been fully exploited
and is frequently discarded, producing
environmental issues. Besides piling up in
landfills, this garbage has 'the potential to
generate methane, which contributes to climate
change. Mahogany is recognized for its strength
and hardness; the powder from the fruit skin is
predicted to improve the composite's
mechanical, physical, and thermal qualities.
Usage of this waste can also serve as a more
environmentally friendly raw resource than
synthetic or non-organic products.

According to studies, MFP contains 65.14 *
4.8% protein, 6.61 + 0.7% water, 24.83 = 0.79%
crude protein, and 11.37 £ 1.1% crude fat. These
phenolic chemicals are renowned for their
antioxidant and antibacterial characteristics,
which can help bio-composite materials resist
deterioration [8,9]. Other research, such as
Gumaling et al. [5],/ created bio-oil from
mahogany seeds using microwave pretreatment
before extracting with ultrasonic solvents. They
found' that microwave pretreatment enhanced
bio-oil yield by 5%, with an optimal treatment of
43% in 7 minutes, compared to 6 hours using the
traditional oven heating approach. They also said
that pretreatment did not harm the existing
chemicals (functional groups) [5,9]. This prior
work demonstrates that the exploration into the
application of Swietenia macrophylla is still
focused solely on its physicochemical qualities,
with no consideration given to its broader
properties as fillers for polymer composites.

Scientists and manufacturers have recently
published studies on _the reinforcement of
polymer composites | with " natural waste,
including = -banana ‘stem fiber reinforced
composites, | sisal-reinforced composites, and
composites packed with natural powders such as
rice husks and carbon. The impact of
incorporating fibers or powders on the
mechanical and physical characteristics of
composites has been studied and characterized.
Kalbin et al. [10] reinforced epoxy composites
using jute mats and unidirectional banana fibers.
They found that adding synthetic fibers to natural

fibers decreased crystallinity, making them
appropriate for wusage in harsh settings.
Ghernaout et al. [11] created a biocomposite
made of high-density polyethylene (HDPE) and
Yucca treculeana L. (YTF) cellulose fiber. The
fiber was treated with 3% NaHCO; for 4 hours.
The inclusion of YTF (10%-30%) greatly
increased the storage modulus (E), with the
greatest value of 223 MPa. Wasti etal.[12] used a
wet-laid approach followed by compression
molding to create polypropylene (PP) composites
reinforced with coconut fiber (40 wt%) and glass
fiber (0-30 wt%). They found that hybridized
PP/coir composites with glass fiber were 6-20%
lighter than 40 wt% glass fiber reinforced PP,
with increased tensile strength by 49-182%,
modulus by 54-130%, flexural (strength - 41-
104%, modulus by 64-193%), and impact
properties (157 - 474%) when compared to 40
wt% coconut fiber reinforced PP composites.
Pardi et al. [3] studied the properties of polyester
composites using 5-15% Purun Fiber (PF) filler in
parallel, random, and weaving patterns. They
reported that adding 10% PF-resulted in a
composite with a density and water absorption
rates of 0.96 g/cm3-and 10.1%, respectively. The
composite's maximum mechanical properties
were 813.95 MPa, 9345.74 MPa, 14.06 MPa, and
58.84 MPa, respectively, and it was resistant to
500°C.

Composites made from natural fibers and
biodegradable polymers have shown
tremendous potential as alternatives to
traditional materials due to their superior
mechanical and thermal capabilities, as well as
their environmental friendliness [14,15]. Adding
bamboo, wood, and other fibers to a polymer
matrix improves tensile strength, thermal
resistance, and  morphological - stability
[14,15,16]. Furthermore, renewable fiber-
reinforced polyester-based biocomposites have
excellent mechanical properties for use in the
automotive, | construction, aerospace, or
household appliance industries [17]. The use of
biodegradable polymers and fibers in automotive
applications is growing, as is the desire for
lightweight, robust, and ecologically friendly
materials [18]. Recent research has also
demonstrated that the microscopic structure,
fiber shape, and interfacial characteristics
between the matrix and reinforcement all have a
significant impact on biocomposites' mechanical
performance [16]. Thus, fiber integration in
various polymer systems, including polyester, is
thought to contribute significantly to the
development of green materials for long-term
industrial applications [17,19].

Polyester is a polymer that is widely utilized
in a variety of applications due to its lightweight,
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corrosion-resistant, and inexpensive production
costs [20,21]. However, using polyester as a
matrix has limitations, including poor mechanical
strength and low thermal stability [21].
Fortunately, one innovative solution to the waste
problem while improving the performance of
polyester composites is to develop composites
based on mahogany fruit peel waste, which is
inexpensive, abundant, and sustainable, making
it an appealing choice for composite
reinforcement. However, a complete analysis of
the interaction of mahogany powder and
polyester matrix, as well as its impact on the
composite's mechanical, physical, and thermal
characteristics, is still required.

The goal of this study is to convert mahogany
fruit peel waste into powder and use it as a
reinforcing  material -~ in ' polyester-based
composites. The study focuses on determining
the level of performance enhancement in the
produced composites by measuring mechanical
parameters such as tensile and flexural strength.
Physical properties such as density and thermal
resistance are also evaluated to provide a
thorough understanding of the composite
performance. The findings of this study are likely
to lead to the development of new and
sustainable composites that not only meet

Swietenia
Mahogany shell Swietenia Mahogany
waste Fruit Bark Chips

e P

industrial standards for vehicle interior panels
but also promote the efficient use of agricultural
waste.

2. Materials and Methods

2.1. Materials

Waste from mahogany fruit peels (MFP) was
collected at Dompu, Lombok, Indonesia.
Polyester resin was used as a matrix, and the
methyl ethyl ketone peroxide (Mexpose), as its
catalyst provided by PT. Justus Kimia Raya in
Jakarta, Indonesia. Polyester resin has a tensile
strength of 12.07 MPa and a density of 1.2
g/cm?3[22].

2.2. Extraction of Powder Mahogany's

To make the refining process easier, this
method begins by slicing the skin of the
mahogany fruit. After chopping, the skin is
ground with a grinder, sieved through a 200-
mesh screen, and then dried for 24 hours at 60 °C
in an oven. Extraction of MFP. into powder
(henceforth known as MPs) is shown in Fig. 1.

Blending ‘Machine

Sieve Machine(200
mesh)

Manual ton
enumeration Blending Sieving wietenia
Mahogany
process process) Y process
—_— - _— powder
SW/eren/a-
Mahogany powder

Figure 1 Extraction of Mahogany powders.

2.3. Fabrication of Composites

This procedure involved mixing MPs with
polyester matrix and Mexpose (2% polyester
concentration) in accordance with the preset
ratio shown in Table 1. The blend was transferred
into the mold. After closing the mold and applying
pressure of 75 MPa at 105 °C, it was allowed to
cool naturally. After being taken out of the mold,
the composite specimen was prepared for
characterization. Figure 2 shows the procedure

used to create polyester composites loaded with
MPs.
Table 1. Ratio of MPs, polyester in different

composites
Samples Vol. Fraction
codes (%)
MPs Polyester
AKT 7 93
BKM 15 85
CKL 20 80

DKM 30 70
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Figure 2 Fabrication of a mahogany powder-Polyester Composites

2.4. Tensile Test

Composite tensile testing is defined by the ASTM
D3039 standard (ASTMD 3039M-17) [23] and is
conducted at a temperature of 26.7 °C' (R:H =
56%) using a universal tensile-machine, brand
RTG-1310 INSTRON, and-aloead cell of 5 kN. The
sample tensile test has a measurement length of
75 mm and a stretching rate of 2 mm/min.

2.5. Microstructure by SEM

With scanning electron microscopy (SEM), the
failure morphology of the polyester-MPs
composites tensile test was examined. Using a
Phenom Pharos Desktop SEM with a current and
voltage of 8 mA and 5 kV, respectively, this SEM
observation was performed. The sample surface
was covered with a 3 pm thick layer of gold
before observation.

2.6. Bending Test

To ascertain the composite's flexural strength
value, a bending test was carried out using ASTM
D790 standard procedures (ASTM D 790-
17)[25]. A specimen with dimensions of 152 mm
in length, 254 mm in width, and 6 mm in
thickness was used to accomplish this. Three-
point bending was done using a Universal Testing
Machine, RTG 1310 INSTRON, 5 ton, with a speed
of 2 mm/s and a distance between the supports
of 60 mm. There were three repeats of each of the
four distinct biocomposite sample types. There
were three repeats of each of the four distinct bio-
composite sample types.

2.7 Density
The purpose of density testing for composites is
to ascertain the final composite board's density.
The final board's density is influenced by the
sample densities that were used. At room
temperature, density is determined using the
ASTM D1895 standard. A sample that has been
weighed in order to determine its volume is used
for the density test. To compute the density, apply
the following Eq. (1) [13,24].
m
P=3
(1)

Where: p =Density (gr/cm3); m = Mass of the

composite (gr); v = Volume of the composite
(cm?)

2.8. TGA

Each measurement was performed using 70 pL
aluminum oxide pans and a Mettler-Toledo. Gas
flow rates of 50 mL/min were used to test both
gases in an environment of nitrogen (quality 5.0).
Before being tested, materials were dried in an
inertenvironmentat 200 °C for ten minutes in the
TGA instrument. The experiment involved a first
segment of heating (25-500 °C) in a nitrogen
atmosphere, followed by a second segment of
cooling (200-400 °C) in nitrogen and another
heating phase.



3. Results and Discussions
3.1 Density Analysis

Figure 3 illustrates the impact of MPs on
composite density. Figure 3 showed that the
composite density increased as the number of
MPs used increased. With an MP fraction of 7%,
the AKT sample (1.39 = 0.08 g/cm3) displayed a
reasonably high-density value, whereas the BKM,
CKL, and DKM samples, which had MP contents of
15%, 20%, and 30%, exhibited a decline. The
density values of the DKM, CKL, and BKM samples
were 1.03+ 0.1 g/cm3,1.09 £ 0.1 g/cm3,and 1.36
+ 0.1 g/cm3, in that order. The experimentally
obtained density values agree well with the
theoretically calculated composite density values
(Figure 3). With the inclusion of MPs, which can
form interfacial bonds with polyester and reduce
the likelihood of cavity formation, the composite
density value decreases.
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Figure 3: Density of reinforced MPs composite
polyester.

3.2 Tensile Strength Analysis

Figure 4a presents the effect of MPs content on
the tensile strength of the polyester composites.
The results indicate that the tensile strength
increases progressively as the MPs content rises
from 7% to 20%, but begins to decline when the
content exceeds 20%. The composite sample
labeled CKL, containing 20% MPs, exhibits the
highest tensile strength of 42.34 + 3.8 MPa. This
enhancement in tensile strength within the 7-
20% MPs range is attributed to the homogeneous
distribution of the powder within the polyester
matrix, which facilitates effective stress transfer
between the matrix and the reinforcement. At
these' concentrations, the good interfacial
adhesion between the matrix and MPs enables
the powder to act as a reinforcing agent,
restricting the mobility of polymer chains and
thereby improving the composite's resistance to
deformation under tensile load [13,26].
Additionally, the absence of agglomeration at
lower MPs contents contributes to better powder
dispersion and matrix-MPs interaction, which

collectively enhance the tensile performance of
the composite. However, when the MPs content is
increased to 30% (sample DKM), the tensile
strength of the composite decreases to 33.72 *
4.2 MPa. This reduction in tensile strength can be
attributed to several factors, primarily the poor
interfacial adhesion between the MPs particles
and the polyester matrix, as well as the
agglomeration of the powder @‘at higher
concentrations. The excessive presence of MPS
leads to particle clustering, which creates stress
concentration points and structural
discontinuities' within the composite. Such
agglomeration hinders effective stress transfer
from the matrix to the reinforcement and
weakens the overall integrity of the composite.
Moreover, as the powder content increases, the
amount of matrix available to adequately coat
and bind the MPs particles becomes insufficient,
resulting in the formation of voids and micro-
defects. These defects contribute to inefficient
load distribution and ultimately compromise the
tensile performance of the composite.

3.3 Elongation Analysis

The impact of MPs on the composite's elongation
is depicted in Figure 4b. In the AKT sample, this
investigation produced the highest elongation
results, measuring 3.57 * 0.22 (%). In the
meantime, the DKM sample yielded the lowest
elongation value, 2.57 * 0.25%. The elongation
data show that MPs can lower the composite's
elongation value. This could be because the
composite material's elasticity has decreased.
MPs particles tend to establish a stiff structure in
the polyester matrix at increasing levels of
powder loading. Since MPs are a stiff and inelastic
substance, they cannot aid in the matrix's plastic
deformation. These hard particles -inhibit the
polyester matrix's capacity to stretch when a
tensile stress is applied, despite the polyester
matrix's characteristic elasticity and substantial
elongation. Consequently, the composite exhibits
a_markedly diminished capacity to flex before
fracture. Furthermore, a greater likelihood of
powder agglomeration or clumping in the matrix
exists with larger powder concentrations. Under
tensile loading, this agglomeration produces
stress concentration areas that may serve as the
starting point for a composite crack [27,28].
Another factor that accelerates the material's
failure under tension is inhomogeneity in the
powder distribution, which also decreases the
continuity of the matrix. As a consequence, with
larger MP concentrations, this interface may
become weak and fracture, lowering the
composite's overall elongation value. It is also
possible that the interfacial strength between the
powder and the matrix is weaker than the
strength of the matrix itself.



Several studies have found that weak
interfacial bonds between fibers as well as the
matrix are the primary failure mechanism in
biocomposites, causing microscopic damage like
debonding, fiber pull-out, and the development of
cracks in the interface zone [29,30]. In addition,
fiber form and distribution in the matrix have a
major impact on composite damage behavior.
Non-uniform filler dispersion and void
development in the composite structure have

50

been shown to accelerate material failure when
subjected to tensile or flexural loads [31,32].
Previous research with casuarina fiber and
mango seed waste filler revealed that thermal
degradation, decreased mechanical toughness,
and an increase in the number of pores caused by
processing are the primary factors contributing
to the decline in structural integrity of
biocomposites [32,30,33].
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Figure 4 Polyester/MPs composites, (a) tensile strength, (b) Elongation, and (c) Modulus of
elasticity

3.4 Modulus of elasticity analysis

When the MPs content of polyester composites is
between 7% and 20%, Figure 4c displays a high
tensile modulus of elasticity value. The samples
with the highest 'modulus of elasticity values
were the CKL sample, which had a value of
1331.65 + 76 MPa; the BKM and AKT samples had
values 0f1013.92 + 72 MPa and 864.68 + 68 MPa,
respectively. The increased stiffness of the
material could be the cause of the increase in the
modulus of elasticity value. The best reinforcing
effect is produced when MPs particles are
uniformly dispersed throughout the polyester
matrix at a powder concentration of 7%-20%.
The introduction of powder particles in moderate

numbers increases the overall stiffness of the
composite because MPs is stiffer than the
polyester matrix. Hence, a greater modulus of
elasticity value indicates that the material can
resist more elastic deformation. Nevertheless, the
composite's modulus of elasticity drops when the
MPs concentration reaches 30% (DKM sample).
The main causes of this decline are the
detrimental impacts of powder agglomeration
and the decreased efficacy of powder
reinforcement at high doses. When the powder
content is high, MPs particles have a tendency to
agglomerate and form inhomogeneous zones
inside the matrix. Due to this agglomeration, the
powder's stiffness contribution is decreased as a
result of less efficient load transmission from the



matrix to the powder particles [33,34]. The
binding between the powder and the matrix is
also weakened by a larger powder content, which
results in weak spots in the composite structure
that lower the overall elastic modulus and,
eventually, lessen the composite's capacity to
withstand elastic deformation.

3.5 Flexural Strength Analysis

The influence of MPs on the composites' flexural
modulus and flexural strength is depicted in
Figure 5. Due to the powder's ideal distribution
throughout the matrix, Figure 5a demonstrates
that the composites' flexural strength and
flexural modulus are generally high when the
powder content is between 7% and 20%. The
CKL sample had the greatest values of flexural
strength (74.95 £ 6 MPa) and flexural modulus
(2498.57 + 85), respectively. Powder is equally
distributed © and ' functions as an effective
reinforcement at a concentration of 7%-20%,
enhancing the stiffness and bending load-bearing
capacity of the composite. To increase the
flexural strength and flexural modulus, the hard
MPs particles help distribute the stress applied
during the flexural test (Figure 5b).
Furthermore, the effective transfer of stress from
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the polyester matrix to the powder is ensured by
the strong interaction between the powder
particles and the matrix at this concentration,
making the composite more robust and stiffer
overall. The flexural strength and flexural
modulus of elasticity of the composite, on the
other hand, dropped to 1834.96 + 96 MPa and
1834.96 + 96 MPa, respectively, when the
powder concentration reached 30% (Figures 5a-
b). The reduction in adhesion between the
powder and matrix at high concentrations and
the agglomeration of powder particles were the
causes of this decline. Mahogany particles have a
propensity to group when there is a high powder
percentage, creating weak spots in the composite
structure. Because of this agglomeration, the
stress distribution becomes non-uniform, which
decreases the composite's capacity to handle
flexural loads effectively [35,36,37].
Furthermore, a high powder content may limit
the quantity of matrix that can be used to bind
powder particles together, weakening the
interfacial binding and raising the -risk of
cracking. Due to ineffective stress transfer from
the matrix to the powder; this situation lowers
the composite's modulus of elasticity and total
flexural strength.
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Figure 5: Flexural strength of MPs reinforced polyester.

3.6 Microstructure Analysis

Large pores and some inclusions are spread
across the composite surface (Sample AKT),
depicted in Figure 6a, which has a generally
homogenous structure. Despite a few tiny bumps
and depressions, the fracture surface seems to be
comparatively flat, suggesting that the MPs
powder is distributed quite evenly throughout
the polyester matrix. The presence of voids or

empty spaces in the material, indicated by the
presence of several big pores, may be the reason
for the composite's comparatively poor tensile
strength. SEM image of the BKM surface (Figure
6b) reveals deeper and more pointed cracks and
lines. These cracks show areas of substantial
internal stress, which suggests that the
interaction between particles and the polyester is
not as good as it could be.



Figure 6 SEM photos of composites fracture samples, (a) AKT, (b) BKM, (c) CKL, and

The quantity of particles that are visible scattered
across the CKL sample's surface is depicted in
Figure 6c. Particles of MPs are seen to aggregate.
The tendency of MPs to form clusters can result in
weak areas in the composite. Furthermore, there
are signs of a substandard interface between the
powder particles and the polyester matrix, which
may serve as the initial point of failure when the
material is loaded. The rough surface of the DKM
composite, which has numerous protrusions and
depressions, is depicted in Figure 6d. This surface
pattern illustrates how the polyester matrix and
mahogany powder interact. There are a few spots
on the surface that suggest there are tiny fissures
and gaps that might have developed during the
composite's creation. The MPs also seem to be
dispersed quite equally throughout the polyester
matrix, as seen in the SEM picture. Darker
patches in relation to the surrounding matrix can
be used to identify certain mahogany powder
particles. The MPs and matrix seem to interact
quite well, yet there are a few places where it
doesn't seem like the powder and matrix are
completely bonded (debonding), which could
have an impact on the composite's overall
mechanical properties. Some weak spots that are
assumed to lower mechanical strength are the
presence of voids, cracks, and debonding. When
MPs are added to a composite at a concentration
of 7%-20%, the particle dispersion becomes
more uniform, and the powder serves as an
efficient reinforcement, enhancing the
composite's mechanical qualities and bolstering
its high tensile strength. MPs agglomeration, void
formation, and interfacial adhesion issues were
observed at higher MPs content (30% vol)

(d) DKM

(Figure 6d), which contribute to the mechanical
performance reduction. This is assumed to lower
the efficiency of stress transfer. The mechanical
characteristics of the powder decline at large
concentrations because there is less matrix
available to bind the powder [37,38,39].

3.7 Stability Thermal Analysis

The TGA/DTG of polyester/MPs composites is
displayed in Figure 7. The polyester composites
loaded with MPs have consistent thermal
characteristics, as evidenced by the four
TGA/DTG images (7a, 7b, 7c, and 7d) that display
comparable thermal behaviors in the three
temperature ranges examined. The evaporation
of water and volatile substances causes an initial
weight loss of around 5-10% during the first
stage, which occurs in-the temperature range of
~50-150°C. The breakdown of the polyester
matrix is indicated by a notable weight loss of
roughly 30-40% in the second stage, which
occurs in the temperature range of ~300-500°C.
The third stage is linked to the complete
breakdown of the polyester matrix and
mahogany powder, leaving carbon residues, and
occurs in the temperature range of about 500-
800°C, resulting in a weight loss of roughly 20-
30%. The DTG peaks have comparable locations;
there may be a small variation in their intensity.
This might be the result of small differences in
sample preparation or fluctuations in the
percentage of loading mahogany powder. The
little discrepancies in the weight loss percentage
at each stage could be attributed to variances in
the test circumstances or sample composition
[39].
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Figure 7. TGA/DTG of composite polyester/MPs samples, (a) AKT, (b) BKM, (c) CKL dan (d) DKM.

The use of MPs as reinforcement in polyester
composites offers significant environmental
benefits. This method provides an effective
technique for reusing agro-industrial waste that
would otherwise be dumped or burnt,
contributing to environmental damage and
increasing landfill use. By integrating MPs into
composite materials, the quantity of organic
waste produced during mahogany fruit
processing can be minimized, hence helping
waste management programs and boosting
circular economy principles. Furthermore, the
creation of bio-based composites from renewable
resources is consistent with sustainable material
innovation, minimizing reliance on synthetic
fillers.. and = increasing the adoption of
environmentally friendly alternatives. Although
this study did not contain a full quantitative life
cycle assessment, the findings highlight
MPScomposites’ potential as a sustainable
material solution with good environmental
consequences.

4. Conclusion

This study focuses on the mechanical, physical,
and thermal characteristics of polyester
composites reinforced with leftover fruit peel
powder from Swietenia macrophylla King
(mahogany), with the goal of using the materials
as car panel materials. The thermal behavior of
the four varieties of polyester/MPs bio
composites exhibited comparable thermal
stability, ~ suggesting that the polyester
composites containing mahogany powder
possess uniform thermal properties. Because of
their consistency, these composites may find
stable uses in high-temperature settings,
including car panels. The composite with 20%
MPs content (sample CKL) yields the best ideal
tensile strength of 42.34 + 3.84 MPa and flexural
strength of 74.95 + 6.04 MPa, respectively. The
thermal and mechanical characteristics of the
composite tend to deteriorate when the MPs
concentration reaches 30% because of the MPs
agglomeration. Large pores, fissures, uneven
particle distribution, and accumulation of
particles are becoming more noticeable in the
composite material's otherwise pretty strong
structure, as seen by SEM pictures. These



features may have an impact on the material's
overall strength and modulus of elasticity.
Furthermore, the use of MPs waste as a
reinforcement material is considered industrially
feasible due to its local availability and low cost.
The simple fabrication process and potential
scalability of this composite system offer
promising prospects for sustainable and cost-
effective material development in automotive
and structural applications. Although these
promising findings, the research is restricted to
laboratory-scale manufacturing and
characterization, with no long-term durability
testing. Additional study is required to maximize
the surface treatment of MPs to enhance
interfacial adhesion, hence improving composite
performance. Future research -may also look at
the environmental aging behavior, recycling, and
large-scale manufacture of these biocomposites,
to enable ‘their  wider applicability in the
automotive and other structural sectors.

Author Contributions

Nasmi Herlina Sari: Writing - original draft,
Investigation, Data curation, Formal Analysis.
Suteja, Deni Wardani, I Putu Lokantara:
Investigation, Writing - review & editing,
Supervision, Project administration.

Availability of data and materials
All data are available from the authors.

Declaration of competing interest
The authors declare no competing interests.

Acknowledgement

We would like to thank you for the research,
which was funded by the Universitas Mataram,
Faculty of Engineering, Department of
Mechanical Engineering, and the Material
Engineering Lab.

Funding Statement

The researcher would like to thank the Ministry
of Higher Education, Science, and Technology
(Kemdiktisaintek) has supported the funding of
this research through the Competitive Grant
funding of the Indonesian program in 2025.

Orcid ID
Nasmi Herlina Sari : 0000-0002-6601-8487.
References

[1] Alarcon-Mendez, M., Masellia, S, Van
Zonneveldb, M., Lood, J., Snookd, L. et al.

10

(2]

(3]

[4]

(5]

[6]

[7]

(8]

[9]

2023. Implications of community forest
management for the conservation of the
genetic diversity of big-leaf mahogany
(Swietenia macrophylla King, Meliaceae)
in the Maya Biosphere Reserve, Peten,
Guatemala. Trees, Forests and People 11,
100362

Van Zonneveld, M., Maselli, S., Alarcon-
Mendez, M., Madrid-Cruz, J.J., Loo, J., Snook,
L., Duminil, ], 2018. Estudio De La
Diversidad  Gen” etica De La Caoba
(Swietenia  Macrophylla King) En Las
Concesiones Forestales Comunitarias De
La Zona De Usos Multiples De La Reserva
de La Bi‘osfera Maya, Guatemala.
Bioversity International, Rome, p. 49.
Mahendra, C.K., Ser, H.L. Abidin, S.A.Z,
Khand, S.U., Pusparajah, P., et al. 2023. The
anti-melanogenic properties of Swietenia
macrophylla  king. Biomedicine &
Pharmacotherapy 162, 114659.
Mahendra, CK, Goh, KW, Ming, L.C,
Zengin, G., Low, L.E. Ser, H.-L., Goh, B.H.

2022. The prospects —of Swietenia
macrophylla  King—in | skin care,
Antioxidants, 11, 913,

https://doi.org/10.3390/antiox11050913

Gumaling, R.P, Jay, R.E., Agusan, et al
2018. Increased bio-oil yield from
Swietenia macrophylla seeds through
microwave pretreatment and ultrasonic-
assisted solvent extraction. Sustainable
Environment Research, Volume 28, Issue 6,
Pages 430-437.
https://doi.org/10.1016/j.serj.2018.06.00
3

Lemes, M.R., Dick, C.W., Navarro, C., Lowe,
Al., Cavers, S., Gribel, R., 2010. Chloroplast
DNA microsatellites reveal . contrasting
phylogeographic structure in mahogany
(Swietenia- macrophylla King, Meliaceae)
from Amazonia and central America. Trop.
Plant Biol. 3, 40-49.

Tan, Y., Chen, H., Zhou, X,, Sun, L. 2019.
RUCAM-based assessment of liver injury
by xi- ang-tian-guo (Swietenia macrophylla
) seeds, a plant used for treatment of
hypertension and diabetes. Ann. Hepatol.
18, 406-407.

Aryani, N.P., Fibriana, F. Anwar, AF,
Ummayah, F.F.D., Alighiri, D., et al. 2022.
Characterization of mahogany leaf litter
(Swietenia macrophylla King) as a raw
material of decay resistance biocomposite,
Journal of Physics: Conference Series,
Volume 1321, Issue 2. DOI 10.1088/1742-
6596/1321/2/022022.

Kit-Kay, M., Shiming, Z., Madhu Katyayani
Balijepalli, M.K., Dinkova-Kostova, A.T., et



[10]

[11]

al. 2021. Studies on the mechanism of anti-
inflammatory action of swietenine, a
tetranortriterpenoid isolated from
Swietenia macrophylla seeds.
Phytomedicine Plus, 1,00018.

Kalbin, S.M., Turjo, S., Ferdous, S. 2024.
Durability and mechanical characteristics
of unidirectional jute/banana and
synthetic fiber reinforcement epoxy
composite. Hybrid Advances 6, 100232.
https://doi.org/10.1016/j.hybadv.2024.1
00232.

Ghernaout, D., Belaadi, A., Boumaazad, M.,
Chai, B.X,, Jawaid, M,, et al. 2024. Effects of
incorporating cellulose fibers from Yucca
treculeana L. on  the  thermal
characteristics of green composites based
on high-density poly-ethylene: An eco-
friendly material for cleaner production.
Journal = of Materials Research and
Technology 31, 787-798.

[12] Wasti, S., Amber, M., Ozcan, H.S,, Vaidya, U,

[13]

[14]

[15]

[16]

2024. Long coir and glass fiber reinforced
polypropylene hybrid composites
prepared via  wet-laid technique.
Composites Part C: Open Access 14,
100445.

Pardi., Aprilia, S., Syamsuddin, Y., Zuhra,,
Amin, A, Zuwanna, [. 2024. Physical,
morphological, mechanical and thermal
properties of polyester composites
reinforced with orientation of purun fiber
(Eleocharis dulcis) composition.  South
African Journal of Chemical Engineering
47,338-344.

Senthil Muthu Kumar, T., Chandrasekar, M.,
Senthilkumar, K., Ayrilmis, N., Siengchin, S,,
Rajini, N. 2021. Utilization of Bamboo
Fibres and Their Influence on the
Mechanical and Thermal Properties of
Polymer Composites. In: Jawaid, M,
Mavinkere Rangappa, S., Siengchin, S. (eds)
Bamboo Fiber Composites. Composites
Science and Technology. Springer,
Singapore. https://doi.org/10.1007/978-
981-15-8489-3_5.

Chandrasekar, M., Senthilkumar, K., Senthil
Muthu Kumar, T., Sabarish, R., Siengchin, S.
2021. Morphological Characterization of
the Wood Polymer Composites. In:
Mavinkere Rangappa, S.,
Parameswaranpillai, ], Kumar, M.H,
Siengchin, S. (eds) Wood Polymer
Composites. Composites Science and
Technology. Springer, Singapore.
https://doi.org/10.1007/978-981-16-
1606-8_5.

Senthilkumar, K, Aravind, D.,
Harikrishnan, P., Senthil Muthu Kumar, T.,
Chandrasekar, M., Suchart, S. 2024. 7 -

11

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Mechanical performance of biofibers and
biocomposites, In Woodhead Publishing
Series in Composites Science and
Engineering, Biocomposites - Bio-Based
Fibers and Polymers from Renewable
Resources, Woodhead Publishing, Pages
143-163, https://doi.org/10.1016/B978-
0-323-97282-6.00007-4.

Senthilkumar, K., Muthukumar, C., Senthil
Muthu Kumar, T., Suchart, S. 2023. (Eds.).
Polyester-Based Biocomposites (1st ed.).
CRC Press.
https://doi.org/10.1201/9781003270980

Jeyaguru, S. et al. 2024. Biodegradable
Polymers and Composites for Automotive
Applications: A Concise Review. In:
Mavinkere Rangappa, S., Palaniappan, S.K,,
Siengchin, S. (eds) Proceedings of the
International Conference on Eco-friendly
Fibers and Polymeric Materials. EFPM
2024. Springer Proceedings in Materials,
vol 60. Springer, Singapore.
https://doi.org/10.1007/978-981-97-
7071-7_9.

Chandrasekar, M., Senthil Muthu Kumar T.,
Senthilkumar, ~ K., Jyotishkumar, P,

Suchart, S, 2023. Biocomposites for
Industrial  Applications  Construction,
Biomedical, Transportation and Food

Packaging, 1st Edition. Elsevier.

Peter, KK, Zhang, S., Charles, M.C,, Paul E.
D., Arthur, J. R. 2024. Thermally stable and
self-healable  lignin-based  polyester.
Polymer Testing 137, 108515.
https://doi.org/10.1016/j.polymertesting.
2024.108515

Khallouqi, A., Halimi, A., El rhazouani, O.
2024. Evaluating polyester resin as a viable
substitute for  PMMA in computed
tomography dosimetry phantoms, Nuclear
Engineering and Technology,
https://doi.org/10.1016/j.net.2024.04.02
4,

Sari, N.H, Pruncu, C.I., Sapuan, S. M,
Rushdan Ahmad Ilyas, R.A., Catur, A.D,, et
al. 2020. The effect of water immersion and
fibre content on properties of corn husk
fibres reinforced thermoset polyester
composite, Polymer Testing, Volume 91,

2020, 106751,
https://doi.org/10.1016/j.polymertesting.
2020.106751.

ASTM D3039 / D3039M-17. 2017.
Standard Test Method for Tensile

Properties of Polymer Matrix Composite
Materials, ASTM International, West
Conshohocken, PA.


https://doi.org/10.1016/j.polymertesting.2020.106751
https://doi.org/10.1016/j.polymertesting.2020.106751

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Sari, N.H,, Suteja, S., Fudholi, A., Sutaryono,
Y. A, Maskur, M,, Srisuk, R., Rangappa, S. M.,
Siengchin, S. 2022. Evaluation of impact,
thermo-physical properties, and
morphology of cornhusk fiber-reinforced
polyester composites. Polymer
Composites, 43 (5): 2771-2778.
https://doi.org/10.1002/pc.26573.
ASTM D790-17. 2017. Standard test
methods for flexural properties of
unreinforced and reinforced plastics and
electrical insulating materials. ASTM
Standards International. West
Conshohocken, PA.

Asim, M., et al.,, 2016. Effect of alkali and
silane treatments on mechanical and fibre-
matrix bond strength —of kenaf and
pineapple leaf fibres. J. Bionic Eng. 13 (3),
426-435.
https://doi.org/10.1016/S1672-
6529(16)60315-3.

Maryanto, E.T., Setyawan, A., Maria, T.S.B,,
Astuti, W. 2023. Analysis of the
Performance of Natural Composite
Materials Reinforced with Sago Sheath
Fibers as an Alternative Material in
Overcoming the Effect of Urban Heat
Islands on Buildings. Buildings, 13, 18.
https://doi.org/10.3390/buildings13010
018.

Nalaeram Sivaram R et al 2024. Enhanced
thermal and mechanical properties of

sapodilla/PLA  biocomposites  using
filament _extrusion 3D " printing. Funct.
Compos.  Struct. 6 045014 DOI

10.1088/2631-6331/ad9a83.

Periasamy, D., Prakalathan, K., Manoharan,
B. et al. Examining the performance of eco-
friendly flax fiber composites: mechanical,
thermal and durability properties—
review. Biomass Conv. Bioref. (2024).
https://doi.org/10.1007 /s13399-024-
06039-6.

Suja, R. N,, Sridevi, B. ., Kumar Thiagamani,
S. M. 2024. Determination of Kinetic
Parameters and Thermal Characteristics of
Epoxy Casuarina Bio Composites. Journal
of Research Updates in Polymer Science,
13, 75-85. https://doi.org/10.6000/1929-
5995.2024.13.09.

Nalini Suja, R., Sridevi, B., Senthil Muthu
Kumar, T. 2024. Mechanical and Dynamic
Mechanical Characterization of Epoxy
Composites Reinforced with Casuarina
Leaf Bio Fibre, Journal of Research Updates
in Polymer Science, p- 66-74.
10.6000/1929-5995.2024.13.08 .

12

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Asrofi, M. et al. 2023. Influence of
ultrasonication time on the various
properties of alkaline-treated mango seed
waste filler reinforced PVA biocomposite”
Reviews On Advanced Materials Science,
vol. 62, mno. 1, pp. 20230137.
https://doi.org/10.1515/rams-2023-
0137.

Ramesh, A, et al., 2020. Influence of fly ash
nano filler on the tensile and flexural
properties of novel hybrid epoxy nano-
composites. Mater. Today: Proc. 27, 1252-
1257.
https://doi.org/10.1016/j.matpr.2020.02.
150.

Sujita, S., Sari, N.H. 2022. the Greatness of
the Characteristics Fiber Pseudo Stem
Outer Layer of Musa Acuminata Origin
Lombok Indonesia As Reinforcing
Polyester Composite. Eastern-European ]
Enterp Technol, 4(12-118):38-43.

Pai, K.R, et al, 2021. Materials Today:
proceedings Experimental (study on
preparation and mechanical
characteristics -of /jute /silk / coco-peat
reinforced with epoxy polymers. Mater.
Today: Proc.
https://doi.org/10.1016/j.matpr.2021.02.

511 (xxxx).
Mustapha, S.N.H., et al., 2020. Effect of
Kenaf/Empty = Fruit Bunch  (EFB)

hybridization and weight fractions in palm
oil blend polyester composite. J. Nat. Fibers
00 (00), 1-14.
https://doi.org/10.1080/15440478.2020.
1788686.

Hafila, K.Z., Jumaidin, R. Ilyas, R.A,
Selamat, M.Z., Yusof, F.A.M. 2022. Effect of
palm wax on the mechanical, thermal, and
moisture  absorption ' properties of
thermoplastic cassava starch composites.
International Journal of Biological, Volume
194, 1, Pages 851-860

Sari, N.H., Suteja, S., Pruncu, C.I., Setyawan,
L., Ilyas, R.A., Lamberti, L.
Physicomechanical, water absorption and
thermal properties and morphology of
Paederia foetida fiber-Al20s powder
hybrid-reinforced epoxy composites.
Polymer International 73 (7), 573-585.
Chin, S.C, Tee, K.F, Tong, F.S., Ong, H.R,
Gimbun, J. 2020. Thermal and mechanical
properties of bamboo fiber reinforced
composites. Materials Today
Communications, 23: Article No. 100876


https://doi.org/10.1007/s13399-024-06039-6
https://doi.org/10.1007/s13399-024-06039-6
https://doi.org/10.1016/j.matpr.2020.02.150
https://doi.org/10.1016/j.matpr.2020.02.150

