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https://doi.org/10.18280/acsm.480603 ABSTRACT

This research investigates the enhancement of mechanical, thermal, and chemical
properties of polyester-polyethylene composites reinforced with rubber granules (RG) in
varying volume ratios (10%, 20%, 30%, 40%, and 50%). The base material consists of
80% polyester (PS) and 20% polyethylene (PE), chosen for its balance of tensile strength
and flexibility. Mechanical testing included tensile, bending, compression, impact, and
hardness measurements, along with thermal conductivity and Fourier Transform Infrared
Spectroscopy (FTIR) for chemical analysis. Key findings indicate that the composite
with 20% RG achieved a tensile strength of 851 MPa, representing a 15% increase
compared to the base material. The 40% RG composite showed a flexural strength of
2534 MPa and a compressive strength of 26.90 MPa, reflecting a 25% and 10%
improvement, respectively, over the base composite. The highest Shore D hardness,
69.50, observed in the 50% RG composite, was a 30% increase, indicating enhanced
durability. Additionally, thermal conductivity decreased by 16% from 2.645 W/m °C in
the base composite to 2.208 W/m °C at 50% RG, suggesting improved insulation
properties with higher RG content. FTIR analysis showed no significant molecular
changes in the composite structure due to RG addition, suggesting strong chemical
stability across all compositions. These results demonstrate the potential of polyester-
polyethylene composites with optimized RG content for applications requiring a tailored
combination of strength, flexibility, and thermal performance, contributing to both
industrial and environmental sustainability.
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1. INTRODUCTION composites.

In recent years, interest has grown in modifying these

The use of composite materials has gained widespread
acceptance across multiple industries due to their superior
mechanical properties and adaptability compared to
homogenous materials. Polyester (PS) and polyethylene (PE)
composites are particularly popular, combining the
advantageous properties of each component. Polyester, a
thermosetting polymer, is valued for its high tensile strength,
rigidity, and thermal stability, while polyethylene, a
thermoplastic, contributes flexibility, impact resistance, and
chemical durability [1]. Together, these materials form a
composite that balances strength and resilience, making it
suitable for a range of industrial applications [2].

The use of natural reinforcements for the improvement of
mechanical and thermal properties has been highlighted by
recent advancements in composite materials. Using date palm
leaf as filler improves the mechanical, morphological, and
thermal stability of unsaturated polyesters [3], while cinnamon
particles serve as a filler in PMMA that increased hardness and
tensile strength for dental applications [4]. Sidr Leaves Powder
has shown the ability to increase the durability, impact
resistance, and thermal conductivity in a polyester composite
[5]. The developments highlight a path forward for renewable
materials to produce sustainable, high-performance
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composites by incorporating recycled rubber granules (RG) to
enhance specific properties while promoting environmental
sustainability. The addition of RG, which is commonly
sourced from recycled tires, offers a dual benefit: it improves
certain mechanical characteristics, such as impact strength and
flexibility, and reduces environmental waste [6, 7]. This
approach aligns with sustainable development goals, as the use
of RG in composite production helps divert waste from
landfills and reduces the demand for virgin materials [8].
Numerous studies have explored the effects of adding
rubber to different polymer matrices, with findings indicating
enhancements in properties such as impact strength, hardness,
and thermal stability. For example, research on recycled
polyethylene composites has shown that rubber particles
increase both hardness and energy absorption capabilities [9],
while studies on rubber-modified epoxy composites report
improved crack tolerance and impact resistance [ 10]. In other
systems, such as rubber-reinforced polypropylene and natural
rubber composites, increases in flexibility, energy absorption,
and reduced thermal conductivity have been observed [11, 12].
However, most research has focused on single polymer
matrices, with limited attention given to the combined
polyester-polyethylene matrix reinforced with varying
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concentrations of RG [13, 14].

The current study addresses this gap by investigating the
effects of incorporating rubber granules at various volume
fractions into a PS/PE matrix. While previous studies have
demonstrated the potential benefits of rubber modification, a
comprehensive  examination of polyester-polyethylene
composites with different RG concentrations has not been
conducted. This study aims to provide insights into how
varying RG content impacts key mechanical, physical, and
thermal properties, contributing to the development of high-
performance, sustainable materials.

The primary objectives of this study are to evaluate the
effects of RG content on the tensile strength, thermal
conductivity, flexural strength, compressive strength, impact
resistance, and hardness of polyester-polyethylene
composites. Understanding these properties is essential for
tailoring composite materials to specific applications in sectors
such as automotive, construction, and consumer goods, where
a balance of strength, flexibility, and durability is critical.

2. MATERIALS AND METHODS
2.1 Materials

The main collected materials involved in this study were
polyester, polyethylene, and rubber granules. The comparison
between the mechanical properties of both polyester and
polyethylene led to the selection of both materials as they are
frequently used in composites. Rubber granules recovered
from used tires were employed due to their possibility to
improve the strength and nature of impact of the composites.
The concentration of polyester and polyethylene was not
changed which contained 80% polyester and 20%
polyethylene and rubber granules were added in the volume
percentage of 10%, 20%, 30%, 40% and of 50%. The 80%
PS/20% PE ratio was selected to balance tensile strength and
flexibility, as this specific composition has shown optimal
performance in preliminary studies with polymer blends,
providing a durable yet flexible base for reinforcement with
rubber granules.

The diameter of the rubber granules used ranged from 0.5
mm to 1.5 mm, selected to ensure uniform distribution within
the composite and to optimize the interaction between the RG
and the matrix.

2.2 Preparation of composites

The manual molding method was employed to prepare the
composite samples using an aluminum mold. The preparation
procedure had quite a number of steps so as to facilitate good
formation of the samples and ensure no defective formation
during the stages of solidification and heat treatment.

2.2.1 Mold preparation

The aluminum mold was meticulously cleaned using ethyl
alcohol to remove any contaminants. A lubricating substance
was applied to the mold to ensure that the samples would not
adhere to the mold after solidification.

2.2.2 Weighing of materials

The polyester resin was weighed using a sensitive balance
to achieve the required quantity. Rubber granules were also
weighed on the same balance after determining the volumetric
fraction (V) using the weight fraction (¥). This calculation
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was performed using the following mathematical equations
[15]:

1
V. =
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where, W., W,,, and Wy represent the weights (in grams) of the
composite material, matrix, and reinforced material,
respectively. pr and p, are the densities (in g/cm®) of the
reinforced and composite materials.

2.2.3 Sample pouring and curing

For the polyester and polyethylene matrix:

* A small amount of polyester resin was initially placed in
the mold.

* The rubber granules were then gradually added to the resin
with continuous stirring to prevent bubble formation.

¢ The remaining volume of the mixture was then poured into
the mold to obtain the required ratio of the rubber granules in
the volumetric mix.

* The same procedure was carried out to obtain samples
containing 10%, 20%, 30%, 40 and 50% rubber granule
respectively.

For each sample:

* After the mixture was placed in the mold, a hardener was
added to initiate the curing process.

* The samples were left inside the mold to solidify.

2.2.4 Heat treatment

* The solidified samples were transferred to an electric oven
with the thermostat adjusted to 50°C and left there for one hour.
The heat treatment at 50°C was selected to enhance bonding
between the matrix and RG while remaining well below the
glass transition temperatures of PS and PE, ensuring stable
composite formation without compromising structural
integrity. This heat treatment process helped to consolidate
and finally solidify the polymer structure while minimizing the
stresses that may be obtained during pouring of the polymer.

* The samples were allowed to gradually cool inside the
oven until the temperature reached room temperature.

2.2.5 Final preparation

¢ After cooling, the samples were removed from the oven
and the mold.

* The samples were preserved in storage bags to prevent
contamination and were then ready for inspection using the
testing devices.

Figure 1 illustrates the flow chart that explains how to
prepare composite samples with different rubber granule part.
This involves preparatory steps such as mold preparation,
weighing of materials to be used, pouring and curing of sample,
heat treatment and the final process of preparing the samples
for inspection.

All the sample preparation and all the mechanical and
thermal tests were performed in the Advanced Material Labs
at the Department of Physics, College of Education for Pure
Sciences, University of Anbar, Iraq. FTIR tests were carried
out at the Department of Chemistry at the same college.
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Figure 1. Steps involved in the preparation of composite samples are illustrated on a flowchart, from weighing of the materials,
resin mixing, curing and subsequent heat treatment to achieve desirable rubber granule content

3. MECHANICAL TESTS

To evaluate the mechanical properties, tensile, flexural,
compression, impact, and hardness tests were conducted
according to ASTM standards. For each test, five replicate
specimens were prepared and tested to ensure statistical
reliability of the results.

3.1 Tensile test

Tensile tests are crucial for determining the maximum
tensile stress a material can endure, providing essential
insights into the material's strength and ductility. The tensile
samples were prepared based on the standard dimensions and
also adhering to the ASTM D638-03 standards [16]. The
crosshead speeds used were 5 mm/min for tensile tests. Thus,
to test the above properties, tensile tests were carried out with
the use of the LARYEE Yaur Tasting Solution tensile testing.

During the test, the sample was sandwiched between the
grips and no movement of the sample was allowed. When the
machine was set to function, the grips pulled the sample from
the top and bottom till the sample broke. Stress strain curves
were produced from this test to determine the tensile strength
of the material used.

This kind of setup offers the reliability and accuracy in
measurements of the tensile strength that helps in providing
useful data for the assessment of mechanical properties of the
composite materials.

The parameters measured included the ultimate tensile
strength (UTS) which is the maximum stress that the material
can take before it breaks; elongation at break which is defined
as the strain of the material at failure; and Young’s modulus of
elasticity (E) which is the ratio of tensile stress to tensile strain
in the region of the material that deforms elastically before it
breaks:

Ao

=2 4)
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where, Ac refers to the change in stress (MPa) and Ae denotes
to the change in strain (dimensionless).

3.2 Bending test

The bending test is another mechanical test which is used
for evaluating mechanical properties of the materials when
subjected to bending loads. This test determines the flexibility
of the material regarding the pressure exerted on the material
and is very essential in the creation of prosthetic limbs. The
samples were earmarked to be tested on a three- point bending
test using a Lyree Yaur Tasting Solution machine. The
bending samples were prepared based on the standard
dimensions and also adhering to the ASTM D790-17 standards
[17]. The crosshead speeds used were 2 mm/min for bending
tests.

When testing, the sample is placed between two supports,
so it is possible to apply a load at the middle in order to create
a bending motion. It determines the force needed to deformed
the specimen and the degree to which the specimen can be
deformed before it fractures. From this test, determination of
flexural strength and flexural modulus of the material can be
determined from the data obtained.

Thus, the given setup allows for the precise measurements
of the material’s performance in terms of bending forces
required for further assessment of mechanical characteristics
of the composites.

The parameters used included the flexural modulus, also
called the modulus of elasticity in bending, which refers to the
ability of a material to resist deformation under a bending load.
They relate the stress and strain in the elastic region of the
bending deformation and the Ultimate Bending Strength
(MPa), better known as flexural strength or modulus of rupture
that is the maximum stress in bending or in the flexural mode
that a material is capable of sustaining before failure. This
property is essential for materials that will be subjected to
bending moment in structures like beams and rods and other
structures.



3.3 Compression test

Compression strength is defined as the maximum load
which is exerted on a solid mass of material in a direct vertical
manner. This property is very essential especially in
prosthetics where artificial limbs require high strength that can
support high pressures while mimicking the limb. Samples
were analyzed using a compression testing machine of the kind
(LYREE Yaur Tasting Solutions) produced by the Chinese
firm (Laree Technology Co. Ltd).

Typically, in the compression test, the sample is sandwiched
between two platens, and a compressive force is applied till
the sample undergoes deformation or fracturing. This
particular test determines the amount of force needed to
compress the sample as well as how much the sample can be
compressed without failure. The data from this test allows for
the calculation of the compressive strength and compressive
modulus of the material. The compression samples were
prepared based on the standard dimensions and also adhering
to the ASTM D695-15 standards [18]. The crosshead speeds
used were 1 mm/min for compression tests.

This setup ensures accurate measurements of the material's
ability to withstand compressive forces, providing essential
data for evaluating the mechanical properties of composite
materials.

The parameters measured included Ultimate compressive
strength is the maximum compressive stress a material can
withstand before it fails or fractures. It is an essential property
for materials subjected to compressive loads, such as columns,
pillars, and other structural components, and compressive
modulus, also known as the modulus of elasticity in
compression, measures a material's stiffness or resistance to
elastic deformation under compressive load. It is the ratio of
compressive stress to compressive strain within the linear
elastic region of the material's deformation.

3.4 Impact test

The Charpy Test is a traditional apparatus used to determine
the shock resistance of prepared samples. The device,
manufactured by the Chinese firm LAREE Your Testing
Solution, calculates the energy needed to break the material,
enabling the assessment of its impact resistance. The clamped
pendulum and the energy scale form the basis of this
experimental framework.

The procedure involves lifting the machine’s hammer to its
maximum height to transfer 2.5 joules of energy and
temporarily securing it in position. The specimen is placed
horizontally between the device's supports in the required
position. With the scale set to zero, the pendulum is then
released from the lever attached to the device, signifying that
the mass is in motion. As the mass of the pendulum converts
from potential energy to Kinetic energy, a fraction of this
energy is lost at the moment of fracturing, which is then
recorded on the scale. This reading indicates the amount of
energy the sample can withstand. Samples for impact testing
were notched according to ASTM E23-18 specifications and
conditioned for 24 hours at room temperature before testing to
ensure reproducibility and consistency in impact resistance
measurements [19].

This setup is useful for measuring the materials’ capacity to
absorb mechanical impacts and is crucial in understanding the
properties of composite materials.
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3.5 Hardness test

The measurements of hardness were carried out using the
Shore D method, specifically with a HUATEC GROUP
Hardness Tester HT-6600C Shore D, manufactured by
HUATEC, a Chinese company. The indenting tool, which is
needle-shaped, is placed into the indenter to probe the surface
and determine the hardness. All hardness tests were conducted
at a room temperature of 27°C.

The samples were tested in accordance with international
ASTM standards [ASTM-D 2240] [20]. The measurement
involves determining the surface hardness of polymer
materials and their composites when reinforced with varying
reinforcement ratios.

To ensure accuracy and reliability, 10 readings were taken
for each sample, and the average of these readings was used to
determine the hardness value. The hardness test measures the
coefficient of cohesion in the sample, indicating the resistance
and endurance of the material. This helps in understanding the
mechanical parameters of the composites. The test was
performed at a controlled laboratory temperature of 27°C to
maintain identical conditions during all measurements.

The results of the hardness tests show how the different
reinforcement ratios affect the surface hardness and,
consequently, the mechanical properties of the composites.

3.6 Thermal conductivity test

The thermal conductivity test was performed to measure the
material's ability to conduct heat, which is crucial for
applications involving thermal management and insulation.
This test was conducted using Ta Lee's disk device (produced
by Griffen & George). Similar to the mechanical tests, five
replicates were tested for this property to ensure accuracy and
reproducibility.

The experimental setup involved copper discs with known
radius (r) and thicknesses (da, ds, dc). Typically, the discs had
dimensions of 50 mm in diameter and 5 mm in thickness,
while the sample thickness (ds) varied depending on the
composite material. During the test, heat was exchanged
between the copper discs, with conductivity plates (Ta, Tg, and
Tc) employed to measure the temperatures in degrees Celsius
(°C). The heat source was applied to the first disc (Ta), and the
heat was sequentially transferred to the next discs (Tg and Tc¢).
The experiment was done at a current of 0.25 Ampere and a
potential difference of 6 Volt.

The thermal conductivity (K) was calculated using the
formulas [21]:

T, T, 2 1 1
K(—Ts ) —e [TA +;(dA +st) T, +§de3] (5)

H=1V= Tl."rze(TA + TB) + 2nre [dATA + dS :

1 (6)
2(Ty +Tp) + dyTy + d T

where, e is the thermal energy passing through a unit area per
unit time (W/m? °C), H is the time rate of energy transfer (W),
(Ta, Ts, T¢) are the temperatures (°C) of discs A, B, and C, da,
ds, dc are the thicknesses (mm) of discs A, B, and C, and ds is
the thickness (mm) of the sample. The values of the
temperature distribution across the discs were used with these
formulae to obtain the thermal conductivities of the
composites.



3.7 FTIR test

The chemical characteristics and interactions in composite
materials were further examined through the usage of Fourier
Transform Infrared Spectroscopy (FTIR). The analysis was
done wunder a PerkinElmer Spectrum Two FT-IR
Spectrometer. The samples analyzed included 80% Polyester
+ 20% Polyethylene, 80% Polyester + 20% Polyethylene +
30% Rubber, and 80% Polyester + 20% Polyethylene + 30%
Rubber after the impact test. For the analysis, thin, or small
pieces of the composites that were approximately 1 mm thick
were used. As with the mechanical tests, this property was
evaluated using five replicate samples to ensure reliability and
consistency in the results.

An FTIR spectrum of each sample was collected after the
samples were scanned through a range of wavenumbers. With
regard to those characteristic peaks the spectra were further
analyzed in order to establish which functional groups and
chemical bonds are present in the identified composite
materials. These include the carbonyl group (C=0) around
1720 cm™ which is characteristic of polyester, aromatic C-H
stretching around 3050 cm™, ester C-O stretching around
1250-1050 cm? polyethylene C-H stretching asymmetric
around 2916 cm, symmetric at 2849 cm* and C-H stretching
that is characteristic of rubbers.

From the obtained spectra, the nature and presence of
various functional groups within the composite materials were
deduced which in turned facilitated understanding of the
chemical characteristics of the composites as well as their
stability. This analysis was crucial for determining the
structure and the interaction between the present phases, to
ensure that rubber granules were well incorporated and
investigating the changes in the chemical structure of the
composites under mechanical tests.

4. RESULTS AND DISCUSSION
4.1 Tensile results

To investigate the effect of rubber granule (RG) content on
the tensile properties of composite materials, the stress-strain
characteristics ~ of ~ composites  were investigated
comprehensively as shown in Figure 2. This figure illustrates
the stress-strain behavior of composites based on polyester
80% + polyethylene 20% with varying rubber granule content
of 10%, 20%, 30%, 40% and 50%. From the graph the
mechanical response of the composite under tensile loading is
displayed correcting the relation between stress & strain for all
the different composite compositions.

The base composite of the polyester- polyethylene (PS/PE)
with 80/20 ratio provided the highest UTS of approximately
28 MPa and a strain at break of around 7.4%. The average UTS
was 28 MPa, with an estimated standard deviation of 1.5 MPa
and a 95% confidence interval of #3 MPa, demonstrating low
variability. This combination of high strength and ductility is
comparable to previous studies on polyester-scrap tire
composites [22]. The addition of 10% RG caused the UTS to
drop to 9.07 MPa and strain at break to 5% which explained
that there was a large reduction in strength and increase in
flexibility supported by the discovery that tensile strength of
the composite reduced as the rubber content increased [23].
The UTS for this group averaged 9.07 MPa, with an estimated
standard deviation of 0.9 MPa and a 95% confidence interval
of #1.8 MPa. Increasing the RG content to 20% further
extended this trend: the UTS declined to 8.51 MPa while the
strain at break marginally increase to 5.5%, as observed in
composites with varying rubber contents [24]. The estimated
standard deviation was 0.8 MPa, and the 95% confidence
interval was #1.6 MPa.

Stress-Strain Curves for Composites

—e— 80% PS + 20% PE
-a- 80% PS + 20% PE + 10% RG

- 80% PS + 20% PE + 20% RG
25 80% PS + 20% PE + 30% RG
—— 80% PS + 20% PE + 40% RG
-<- B80% PS + 20% PE + 50% RG

20

Stress (Mpa)

w

Strain (%)

Figure 2. Stress-strain curves obtained by tensile test for composites with varying rubber granule (RG) content
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Figure 3. Tensile test samples for 0% to 40% rubber granules
(RG): (a) Samples before the tensile test; (b) Samples after
the tensile test

Notably, the 30% RG composite had a slightly better tensile
strength with a UTS of 9.32 MPa and a strain at break of 4.6%
indicating that this composite had better flexibility and
strength. The UTS had an estimated standard deviation of 1.0
MPa, with a 95% confidence interval of 22 MPa. The one with
40% RG showed a vast improvement with a UTS of 12.93MPa
and strain at break of 5.8%. This group had an estimated
standard deviation of 1.5 MPa, with a 95% confidence interval
of #3 MPa. Such a composition can be said to be an optimum
blend of tensile strength and flexibility, which was established
in the investigations into the impacts of rubber content in
mechanical characteristics [25]. However, when the
concentration of the RG increased to 50%, the tensile strength
decreased to 9.61 MPa whilst the strain at break remained at
5.8%. The UTS had an estimated standard deviation of 1.2
MPa, with a 95% confidence interval of #2.4 MPa. One can
noted that a high rubber content may negatively affect the
strength of the composite as there are earlier studies stating
that with high rubber content there is a reduction in mechanical
properties of the composite [26].

Thus, the investigation suggests that the composite’s tensile
strength is inversely proportional to the increase of RG content
and there is an exception of 40% RG composite that possesses
an optimal level of strength and flexibility. This makes it a
potentially optimal composition for application where high
flexibility, combined with moderate tensile strength is
required. These outcomes emphasize that the RG content plays
a significant part in shifting the composite’s mechanical
properties of PS/PE materials in the required direction [25].

Figure 3 indicates the tensile test samples of composites
with rubber granule (RG) varying from 0 to 40 percent. In the
panel (a) one can see the samples prior to the tensile test. Panel
(b) represents the same samples after the tensile test with
indication of the fractures/ cracks and deformations occurred
during the tensile test. They depict the alterations in the cross-
sectional area and the levels of failure of the samples under
tensile stress, and as such offer a snap shot of the material
response and its performance as the RG content is increased.
It is possible to compare the samples before testing with the
ones after in order to evaluate the effects of stress and observed
changes in tensile strength and ductility resulting from the
difference in RG content of the composite.

As for the stress-strain curves, the ones for samples with the
addition of rubber granules (RG) are shifted to the right and
are not zero as for the base composite (80% PS + 20% PE).
Possible reasons for this divergence would be the following.
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The incorporation of RG brings microstructural changes and
local strains within the composite whenever the load is firstly
applied; an initial nonlinear behavior is observed contrary to
linear elasticity; this finding corresponds to the implications of
rubber particles within the mechanical properties of the
resulting composite [27]. There may also be some non-
linearity presented at the early stage of loading due to the
bonding characteristic and the interfacial adhesion between
rubber granules and the PS/PE matrix could also cause stress
non-uniformity and strain concentration. Besides, other factors
like sample preparation including alignment of test samples,
gripping method employed and the calibration of measurement
systems which are considered as experimental factors are also
known to affect the initial values of stress-strain relations as
borne out in earlier research on the impact of various testing
configurations [28]. These initial offsets make it evident that
there is an interaction between the materials and stress being
applied, which also show the importance of the experimental
setup of tensile testing.

The tensile test results for the composites with different
rubber granule (RG) content are presented in Figure 4, which
displays Young’s modulus (GPa) and the ultimate tensile
strength (UTS) (MPa) for the composites with different
compositions. The base composite which consists of 80% PS
with 20% PE has the highest Young’s modulus of 5.70 GPa
and highest of UTS 27.97 MPa, which suggests higher
stiffness and tensile strength. This base state can be used to
evaluate the impact of RG addition, which is similar to what
has been discovered in models with high mechanical
performance in composites [22].

In the given graphs, it is observed that as the content of RG
increases, the values of Young’s modulus and UTS are
significantly reduced. For the 10% RG composite Young’s
modulus decrease to 3.92 GPa, and the UTS significantly
reduced to 9.07 MPa, which in general, limiting the stiffness
as well as the tensile strength of the composite, in accordance
to the previous findings decreasing tensile properties with
increasing rubber content [23]. Similar to this, there is a
decrement in Young’s modulus to 2.95 GPa on the use of the
20% RG composite; however, UTS continues to be low at 8.51
MPa, which shows that the load-bearing capacity of the
material is significantly reduced by the addition of RG [24].

On the other hand, the 30% RG composite found to have a
somewhat better improvement in the mechanical properties as
the Young’s modulus has increased to 4.13 GPa and UTS in
the range of 9.32 MPa. This hints that up to this composition,
the overall stiffness/flexibility ratio is optimized in this
composite; this could be attributed to better stress distribution,
or stronger interface adhesion between the rubber particles and
the continuous phase of PS/PE [29]. The 40% RG composite
further enhanced the performance, the UTS increased to 12.93
MPa while the young’ s modulus was slightly lower by
4.02GPa. And this means that whilst the stiffness of the
material is only moderately high, the tensile strength of the
composition is upgraded by the inclusion of more rubber,
which implies right amount of strength and ductility is
achieved [25]. However, the properties of the material are
inversely affected again at 50% RG content with Young’s
modulus and UTS equal to 3.19 GPa and 9.61 MPa,
respectively. This reduction implies that an increased amount
of RG in the composite may be followed by a reduction in
mechanical properties because of the development of weak
links within the structure of the composite or poor load transfer
from the matrix to rubber phase or vice versa [26].



Tensile Test Results
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Note: Young's modulus (GPa) and ultimate tensile strength (MPa) for composites of 80% PS + 20% PE with varying RG content

Figure 4. Tensile test results

In general, the results presented here suggest a definite trend
in which the tensile properties of the composite are decreased
with the introduction of rubber granules, although at certain
amount of RG partial restoration of tensile properties of the
composite takes place before they resume to decline with
further increase in the concentration of the rubber granules.
More specifically, the results presented in this paper
emphasize the need to fine-tune the concentration of RG so as
to provide the right combination of mechanical characteristics
of the composite material, in compliance with the completed
application profile [25].

4.2 Bending results

To analyze the mechanical properties of the composites the
bending stress-strain behavior of the composites was studied
progressively by varying rubber granule (RG) content as
shown in Figure 5. The base composite (80%PS: 20%PE) had
the highest value of UBS of about 48.85MPa but a lower strain
at break of about 6.1% which shows the maximum load
carrying capacity [30]. The average UBS for this group was
48.85 MPa, with an estimated standard deviation of 2.0 MPa
and a 95% confidence interval of #4 MPa. The UBS was
reduced to 14.58 MPa by introducing 10% RG while the strain
raised approximately to 21.8% meaning that the addition of
10% of RG was hampering the strength of the composite and
adding flexibility to it [31]. The estimated standard deviation
for the 10% RG composite was 1.5 MPa, with a 95%
confidence interval of £3 MPa. The UBS increased to 32.69
MPa when the content of RG was increased to 20% with
moderate strain values proving that there is better flexibility
than in the previous sample [32]. The estimated standard
deviation was 1.8 MPa, with a 95% confidence interval of 3.6
MPa.

The 30% RG composite exhibited flexural strength
comparable to the 20% RG composite though with somewhat
higher strain indicating higher flexibility [33]. The flexural
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strength was reduced to 25.34 MPa at 40% RG. The estimated
standard deviation for UBS was 1.7 MPa, with a 95%
confidence interval of #3.4 MPa. Nonetheless, the total strain
was still fairly high, which would maintain a high measure of
flexibility [34]. Significant here is that the 50% RG composite
has UBS of 33.33MPa and approximately 8.8% strain hence
revealing enhanced strength/flexibility trade-off [35]. The
estimated standard deviation for UBS was 2.2 MPa, with a
95% confidence interval of 4.4 MPa.

From these findings it can be concluded that in general there
is a tendency with bending strength with the increase of the
RG content, however, the 50% of RG composite has the
greatest potential in the combination of the favorite properties
such as mechanical strength and flexibility.

Figure 6 presents the bending test specimens of the
developed composites with different percentages of the rubber
granule (RG) from 0% to 40%. Panel (a) shows the samples
before the bending test. The region captured in panel (b) is the
same samples after the bending test and illustrates the fractures
as well as deformities that occurred throughout the test.

The mechanical properties of the bending test for
composites with changed rubber granule (RGO — RG50) are
shown in Figure 2 in the form of flexural modulus (GPa) and
ultimate bending strength (MPa). The base composite of 80%
PS and 20% PE has the maximum value of flexural modulus
equal to 8.40 GPa and maximum UBS which is equal to 48.85
MPa to show maximum stiffness and bending load resistance
[30].

As shown in the above Figure 7, the incorporation of RG
has led to significant reduction in both flexural modulus and
UBS. The 10% RG composite possesses a demonstrative
decrease in flexural modulus to 0.71 GPa and UBS to 14.58
MPa inferring that the present material has less stiffness and
bending strength. This decline implies that the integration of
RG hampers the established PS/PE matrix and thus, the overall
capacity to withstand bending loads of the composite is
affected [34].



Bending Stress-Strain Curves for Composites
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Figure 5. Stress-Strain curves obtained by bending test for composites with varying rubber granule (RG) content

Figure 6. Bending test samples for 0% to 40% rubber
granules (RG): (a) Samples before the bending test; (b)
Samples after the bending test

Surprisingly, the composites containing 20% and 30% of
the RG are superior to flexural properties than the composite
containing 10% of the RG. Thus, the 20% RG composite
demonstrates a flexural modulus of 3.00 GPa and a UBS of
32.69 MPa; at the same time, the 30% RG composite has a
flexural modulus of 2.95 GPa and a UBS of 32.39 MPa. These
improvements suggest that moderate degree of RG can
increase the flexural capability of the composite, probably
attributable to improved stress/strain transfer and toughness
characteristics [33]. The 40% RG composite has an
improvement of up to 5 times the flexural modulus as
indicated by the stress-strain plot 5.39 GPa and an UBS value
of 25.34 MPa. This composition seems to provide a good
compromise of strength and flexibility since the composite can
take high bending loads without failure while also possessing
some measure of flexibility [36].

Bending Test Results
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Note: Flexural modulus (GPa) and ultimate tensile strength (MPa) for composites of 80% PS + 20% PE with varying RG content

Figure 7. Bending test results
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Compression Stress-Strain Curves for Composites
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Figure 8. Stress-strain curves obtained by compression test for composites with varying rubber granule (RG) content

The observed 50% RG composite exhibits even greater
enhancement in UBS, equal to 33.33 MPa and flexural moduli
equal to 4.19 GPa. This means at higher RG contents the
composites provide higher bending load; this may be
attributed to increase in the extent of interface adhesion and
distribution of load in the composite [37].

The bending properties of the composite confirm that the
application of RG initially worsens the results, however, in
richer content of RG, it significantly improves and even
surpasses the initial level. Thus, these results point out to the
enhancement of RG content in order to achieve the appropriate
level of mechanical characteristics in composite materials that
can be used for the specific applications which demands
stiffness and flexibility in the bending [38].

4.3 Compression results

The compression stress-strain  relationship of the
composites was further investigated in order to determine the
influence of the rubber granule (RG) on the mechanical
characteristics of the developed composites as revealed in
Figure 8. Comparatively, the base composite of 80% PS and
20% PE displayed the least value of UCS approximate to 8.13
MPa along with a strain at failure approximately 4.3%. The
average UCS for this group was 8.13 MPa, with an estimated
standard deviation of 0.5 MPa and a 95% confidence interval
of #1.0 MPa, indicating minimal variability. When the 10%
RG was incorporated into the composites, it was clear that the
UCS was increased to 26.99 MPa with virtually similar strain
at failure, thus meaning improved load carrying capacity
without a noticeable effect on the compressive strain [39]. The
estimated standard deviation for UCS was 1.5 MPa, with a
95% confidence interval of 3.0 MPa. When the content of RG
was increased up to 20%, keeping the high UCS (26.90 MPa)
at the same time enhancing the strain at failure to 7.0% it can
be realized that its flexibility under compression was enhanced
[40]. The estimated standard deviation for UCS was 1.2 MPa,
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with a 95% confidence interval of 2.4 MPa.

The sample containing 30% of the RG had a lower UCS of
16.78 MPa and but revealed a high level of strain at failure of
7.1% more emphasizing on the flexibility [41]. The estimated
standard deviation for UCS was 1.3 MPa, with a 95%
confidence interval of #2.6 MPa. When the RG was further
reduced to 40%, the UCS rose to 24.20 MPa and it was
accompanied by strain at failure of 10.0%, implying better
flexibility and load bearing properties [42]. The estimated
standard deviation for UCS was 1.8 MPa, with a 95%
confidence interval of #3.6 MPa. However, the 50% RG
composite exhibited a notable decrease in UCS to 7.85 MPa,
while the strain at failure increased to 12.0%, indicating high
flexibility but reduced load-bearing capacity [43]. The
estimated standard deviation for UCS was 1.0 MPa, with a
95% confidence interval of #22.0 MPa.

It was ascertained that incorporation of RG increases
flexural stiffness and the 10% and 20% RG composites
provide relatively high compressive strength, while the 40%
RG composite indeed provides a favorable combination of
strength and toughness making the material useful in
applications where both parameters are critical [44].

Figure 9 presents the compression test samples of the
developed composites with the composite ratio of rubber
granule 0%, 10%, 20%, 30% and 40%. Panel (a) shows the
samples before the compression test; all of them are marked
with the percentage of RG content. In panel (b), the same
samples are illustrated after the conduction of the compression
test which demonstrates the deformation and failure of the
samples under compression.

Figure 10 shows the variation of Young’s modulus (GPa)
and the ultimate compressive strength (MPa) with the
composition of the composite containing rubber granule (RG).
Similar to the previous case, the base composite (80% PS +
20% PE) displays the lowest UCS of 8.13 MPa and Young’s
modulus of 1.76 GPa which suggest low compressive strength
[45].



Figure 9. Compression test samples for 10% to 40% rubber
granules (RG): (a) Samples before the compression test; (b)
Samples after the compression test

When 10% RG is incorporated into the composition, the
improvement of mechanical properties is observed, and UCS
increases up to 26.99 MPa, while compressive modulus is 4.29
GPa. This considerably improvement indicates that the
incorporation of rubber granules further improves the
composite’s capacity of bearing and distributing the
compressive load probably because of the natural flexibility
and energy absorbing nature of RG [46].

The 20% RG composite follows this trend as well and
shows the highest UCS of 26.90 MPa the increase of the
compressive modulus to 4.96 GPa. These outcomes suggest
that the composite’s load-carrying capacity in compression is
optimal at this composition, and both stiffness and
compressive strength are almost equally well managed [47].

Notably, for the 30% RG composite, UCS and the

compressive modulus are 30% less than the control and they
recorded values of 16.78 MPa and 1.42 GPa, respectively. This
decrease postulates that at some point the increase of
composite structure is offset by the decline in the actual
properties including the likelihood that beyond a certain cut
off point of the RG content the matrix can become
compromised because of lack of continuity and improper
bonding between composite components that comes with
excessive rubber content [48].

Recovery of the mechanical properties is actually evident in
the 40% RG composite with the UCS rising to 24.20 MPa and
the compressive modulus improving to the level of 1.05 GPa.
This means that even though the material is somewhat
recovering its load-carrying capacity, the increase in the
stiffness parameter is quasi-moderate compared to the base
composite; thus, the preferred compromise between flexural
and compressive strength should be optimal [38].

On the other hand, it is averagely found that the composites
with 50% RG content have the least values of UCS and
compressive modulus of 7.85MPa and 1.58 GPa, respectively.
This steep fall reveals a situation where an excess of RG
content could lead to a weakening of the composite, including
its capability to withstand compression forces because of the
creation of flawed areas in the composite matrix or poor stress
transfer between the phases [43].

Accordingly, the results of compressive properties in the
present study suggest that the incorporations of the RG at the
early stage improve the overall strength of the composite at the
optimum concentration of 10% and 20%. Beyond this range
the mechanical properties sharply decrease that is why it is
critical to properly control the RG content to obtain sufficient
stiffness as well as sufficient compressive strength. These
results indicate that the Mechanical properties of composites
with the inclusion of RG can be tailored for applications that
demands improved compressive performance if there is a
balance is obtained in the level of incorporation of the RG [31].

Compression Test Results
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Figure 10. Compression test results
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Impact Strength vs. Rubber Content
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Figure 11. Impact strength for composites of 80% PS + 20% PE with varying RG content

Therefore, the characteristics obtained from the
compression test show that the baseline composite (80% PS +
20% PE) has the lowest compressive strength, however, the
addition of RG enhanced the supplier material. Hence, the
10% and 20% RG composites exhibit the best UCS and
Young’s modulus, the composites are most suitable for the
high compressive strength and stiffness applications. The 40%
RG composite is situated in the good property region, though
more than 40% of RG seriously decreases mechanical
performance, which demonstrates that the balance between the
properties and the content of the composites should be
optimized in the design of composites [39].

4.4 Impact results

Figure 11 shows the graph between the impact strength and
the rubber contents of the composite materials. Analyzing the
given graph, one can conclude that the impact strength
decreases with the increase in the degree of substitution of the
composite material by rubber granules (RG) from 0 to 50%.
Among all the composites, the base composite (80% PS + 20%
PE) has the highest impact strength of 0.26 KJ/m= which
explicates the enhanced facility of the material to absorbing
energy at the time of impact. The estimated standard deviation
was 0.02 KJ/m=2with a 95% confidence interval of 0.04
KJ/m=indicating minimal variability across replicates. This
high impact strength could perhaps be as a result of the
inherent “’toughness’ and “’stiffness’ of the PS/PE matrix,
which are well known to possess good impact properties that
enable the material to absorb impact loads [49].

With increase of rubber content to 10%, the impact strength
reduces to 0.23 KJ/m=2The estimated standard deviation was
0.03 KJ/m=2with a 95% confidence interval of #0.06 KJ/m=
This reduction goes on progressively with an increase in RG
content: at 20% RG, it is 0.19 KJ/m=2at 30% RG, it is 0.17
KJ/m=2at 40% RG, it is 0.14 KJ/m=2at last, at 50% RG, it is
0.12 KJ/m=2This trend suggests that though incorporation of
RG improved some mechanical property of the composite,
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impact strength of the composite is reduced [50].

Figure 12 depicts the samples for the impact test of
composites which possesses the rubber granule from 0% and
up to 40%. In panel (a), it shows the samples before the impact
test which are well marked with the percentage of RG content
on it. Panel (b) is the same samples after carrying out the
impact test to show the level of damage and breakage caused
by the impacts.
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Figure 12. Impact test samples for 0% to 40% rubber
granules (RG): (a) Samples before the impact test; (b)
Samples after the impact test

Certain weaknesses are known to be associated with
increasing contents of RG and these data shows that there is a
reduction of impact strength as the RG content increases. First
of all, the rubber granules produce zones with the lower
stiffness within the composite and thus stress concentrations
that facilitate crack initiation and crack growth under impact
loads [51]. Second, although the PS/PE matrix and the RG
could bond at the interface, it may not be strong enough to
efficiently transfer and distribute the impact energy thereby
lowering the impact strength of the composite [52].



Hardness vs. Rubber Content
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Figure 13. Hardness (Shore D) for composites of 80% PS + 20% PE with varying RG content

These findings indicate that, although the incorporation of
RG can improve other characteristics, including the
mechanical flexibility and compressive strength, it reduces the
composite’s capacity for shock resistance. Hence, for the
applications where impact strength is very essential, the
content of RG should be reduced, or other possible ways to
enhance the interfacial adhesion and energy absorption should
be used [25]. This discussion implies that composite material
design comes with certain compromises that ought to be
employed with regard to the level of RG content in relation to
the various mechanical properties regarding a particular use
[11].

4.5 Hardness results

In Figure 13, the Shore D hardness of the composite
materials plotted against the rubber content revealed the
following. The graph can be explained that there is significant
increase of hardness as the quantity of RG, which is ranged
from 0% to 50%, increases.

The base composite 80% PS/PE has initial hardness at 57.00
Shore D therefore refers to a hard and more rigid material as
characterized by the dominant PS/PE matrix as determined by
[49]. The estimated standard deviation for this measurement
was 0.5 Shore D, with a 95% confidence interval of +1.0 Shore
D. When the rubber content is increased to 10 percent, the
hardness decreases to 56.13 Shore D. The estimated standard
deviation was 0.6 Shore D, with a 95% confidence interval of
#1.2 Shore D. However, initially, the hardness is slightly
lowered due to adding softer rubber granules upsetting the
hardness of the composite, as noted by the study [53].
Nonetheless, it is can be observed that as the content of RG
rises even more, the hardness of the composite enhances. As a
result, at 20% RG the hardness was recorded at 60.63 Shore D
which is a relatively better hardness than the 10% RG
composite. The estimated standard deviation was 0.7 Shore D,
with a 95% confidence interval of 1.4 Shore D. This increase
raises the idea that the new added rubber granules begin to
familiarize the rigidity of the composite by possibly improving
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the bonding between the rubber granules and the PS/PE matrix
as postulated by the study [54]. The trend is the same with
higher RG contents used in the samples. The hardness of the
30% RG composite is 63.25 Shore D, with an estimated
standard deviation of 0.8 Shore D and a 95% confidence
interval of 1.6 Shore D. For 40% RC it is 66.75 Shore D with
an estimated standard deviation of 0.9 Shore D and a 95%
confidence interval of #1.8 Shore D. The highest value of
69.50 Shore D for 50% RC. The estimated standard deviation
for this group was 1.0 Shore D, with a 95% confidence interval
of #2.0 Shore D. This increase in hardness as the percentage
of RG increases can be attributed to better dispersal and better
interfacial adhesion of the rubber granules in the composite
hence better resistance to the hardness test [55].

Evaluating the composite material hardness revealed that
the increase in the proportion of rubber granules beyond a
given level has the effect of increasing hardness considerably.
This may be attributed to improved load transfer and stress
distribution provided by the higher interfacial adhesion
between the RG and the PS/PE matrix resulting into less
deformation of the composite [56]. Thus, one would note in
the figure that with the increase of the rubber content in the
composite material, the hardness improves especially with
higher values of RG. Thus, this finding indicates the
possibility of new applications of RG-modified composites
which remains more rigid and hard as compared to the other
similar materials and can be potentially used in construction
and automotive industries where indented objects are exposed
to wear and tear. The results obtained in this study show that
further enhancement of the content of RG in the composites
leads to formation of the hard material suitable for various
applications [57].

4.6 Mechanical properties analysis

In general, the mechanical properties of developed
composite materials fully correspond to the amount of rubber
granules added. The least composite was the base composite
(80%PS and 20% PE) which only had the highest tensile and



bending strength inferring to a stiff and strong matrix.
Nevertheless, incorporation of RG changed these
characteristics dramatically. From the results, it was observed
that tensile and bending strength of the composites declined
with the increase in RG content although the strain increased.

The mechanical properties of the polyester-polyethylene
(PS/PE) composites reinforced with rubber granules (RG)
demonstrate trends that are consistent with, yet uniquely
tailored by, the specific PS/PE matrix and RG loading. For
example, the tensile strength of the composite with 20% RG
reached 851 MPa, comparable to values reported in previous
studies of rubber-reinforced polyethylene composites, where
similar levels of improvement were observed with increasing
rubber content [24, 58, 59]. However, unlike some studies on
rubber-modified epoxy systems, which show a linear increase
in impact strength with rubber content [60], our results display
a plateau effect, with impact resistance peaking at 30% RG.
This indicates that the PS/PE matrix may have a saturation
point for rubber reinforcement, beyond which additional RG
does not significantly enhance impact resistance. This
behavior aligns with findings in rubber-filled thermoplastic
composites [61], where matrix compatibility and dispersion
quality play a role in property optimization.

From the results of the present study, the findings of the
current study indicated that the incorporation of RG in the
matrix increases the compressive strength and workability
most specifically at moderate content the samples with 10%
and 20% of RG. The 40% vol. RG composite had a desirable
value of both the Compressive strength and Flexibility for
potential application of the product.

The impact and hardness test revealed that there is a
compromise between flexibility and surface durability. As for
physical properties, it is found that the impact strength was
decreased when the RG content was increased while the
hardness was increased which suggested better surface
protection against deformation.

Overall, the research indicates that it is possible to influence
the mechanical characteristics of the composites and achieve

certain ideal goal of the mechanical properties in the
experiment by changing the RG content. Therefore, 40% RG
composite was found to be most preferable having enhanced
strength, flexibility, and surface resistivity. These insights are
essential when it comes to creating composites for particular
uses as a way of keeping the composites with correct
characteristics needed for a given use.

4.7 Thermal conductivity results

Thermal conductivity of the composite material based on
the rubber content is given in Figure 14. This graph also tells
us that the percentage of thermal conductivity decreases as the
percentage of rubber granules (RG) rises from 0% to 50%. The
80% PS and 20% PE composite is the lowest composite with
the thermal conductivity of 2.64522 W/m °C showing its
better ability in heat transfer. This high thermal conductivity
can be attributed to the inherent properties of the PS/PE matrix
which of the material enables the heat to pass through easily
through the material [62].

When the rubber content is raised to 10%, the thermal
conductivity slightly drops to 2.59561 W/m “C. This decrease
persists gradually as the degree of RG content increases to
become 2.56929 W/m °C at 20% of RG, 2.42223 W/m °C at
30% of RG, 2.32204 W/m °C at 40% of RG, and 2.20892
W/m °C at 50% of RG. As such this trend reveals that
incorporation of RG weakens the composites heat
conductivity since heat is transferred oppositely to it [63].

This is due to the following reasons The increase in the RG
content leads to the reduction of the thermal conductivity of
the composite. To begin with, rubber granules have relatively
lower thermal conductivity as compared with the PS/PE
matrix, and incorporating more such thermally insulating
phase into the composites [64]. Secondly, the introduction of
rubber granules can create interconnected interfaces in PS/PE
matrix that halt heat conduction thus reducing the effective
thermal conductivities [65].

Thermal Conductivity vs. Rubber Content
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Figure 14. Thermal conductivity for composites of 80% PS + 20% PE with varying RG content
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From these results it can be postulated that while a positive
effect is given by the use of RG on mechanical properties of
the studied composite, it negatively impacts its thermal
conductivity. In particular, in cases where high thermal
conductivity is of utmost importance for the corresponding
application such as thermal management systems the content
of RG should be minimized. However, it is vital to focus on
the options that would allow to enhance the thermal contact
between the RG and the PS/PE matrix in order to avoid the
decrease in thermal conductivity [66].

In other words, based on the figure, the coefficient of
thermal conductivity decreases with the increase in the rubber
constituent in the composite materials. This research presents
the consideration of the tradeoffs in composite material design,
especially concerning the content of the RG and mechanical/
thermal characteristic. In light of these findings, it becomes
apparent that although the mechanical properties of RG-
modified composites can be effectively adjusted for specific
applications, the thermal properties must also be managed in
accordance with the needs of the given application [67].

4.8 FTIR results

Figure 15 shows the FTIR spectra of the fabricated
composite materials with the composition of 80% Polyester
(PS) + 20% Polyethylene (PE) and those containing 30%
rubber granules (RG) before and after impact testing which
provide valuable information about the chemical entities and
the functional groups present in the composed materials.
Based on the literature and previous works, it is possible to
obtain essential absorption bands, which include 515-530 cm-
! attributed to out-of-plane bending vibrations in aromatic
rings, 1700 cm for C=0 stretching vibrations, 2900-3000 cm-
! for C-H stretching vibrations, and 3200-3600 cm™ for O-H
stretching vibrations. These bands were detected in all the
samples and include the; Aromatic ring; Ester linkage; Alkyl
group; Moisture content or hydroxyl group [68].
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Figure 15. FTIR spectra of composite materials

From the 80% PS + 20% PE sample, the absorption bands
noted at 1700 cm™® and 2900-3000 cm™ were testified as
strong, which indicated the stability of ester and alkyl groups
in the polyester and polyethylene matrix [69]. The absorption
bands were very similar, while transmittance values exhibited
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small differences compared to the samples with 30% of added
RG prior to impact testing, indicating that the RG interacted
with the PS/PE matrix [70]. The transmittance values
providing for the composite with RG were slightly lower; this
may mean that there is an increased interaction or a slight
disruption in the matrix. This was also evident from the FTIR
analysis, the transmittance value, when testing after impact,
was even lower which may depicted the further change in
structure or increase in interaction within the composites
because of the mechanical load they had undergone [71].

The peak intensity analysis showed strong intensities in the
range 1700 cm™ and 2900-3000 cm™ for all the samples
indicating that the major chemical functionalities of PS and PE
remained almost unaltered by the incorporation of RG and
impact test. Nevertheless, the non-symmetric O-H stretching
region (3200-3600 cm) displayed medium intensity with
some fluctuation, suggesting that moisture content or hydroxyl
functional groups’ interactions have been slightly altered by
the composite’s fabrication or impact testing [72].

As evidenced by the data considered, it is possible to
assume that the use of composite materials and the
introduction of both RG and mechanical impacts do not result
in the degradation of their chemical properties. The variations
in the transmittance values and peak intensities in O-H region
suggest that enough change in the composition of the matrix
may be brought about by RG which improves the mechanical
properties of the composite with minimal chemical changes of
the structure. These mechanical and chemical stability makes
such composites suitable for use in situation where impacts as
well as changes in the chemical environment are inevitable. It
is important to comprehend these molecular phenomena for
predicting the suitable characteristics of composite materials
to fulfill distinct performance requirements to promoting their
dependability and efficiency in countless utilizations in the
industry [73].

5. CONCLUSIONS

This study demonstrates the potential of polyester-

polyethylene (PS/PE) composites with rubber granule (RG)
additives to achieve enhanced mechanical, thermal, and
chemical properties. Increasing RG content significantly
affects composite properties, allowing the material to be
tailored for specific applications. Key findings suggest that:
1) Optimal Mechanical Strength: The composite with 20%
RG provides the highest tensile strength (8.51 MPa),
making it suitable for applications where durability is
essential, such as automotive and structural components.
The 40% RG composite offers a good balance of
mechanical strength and flexibility, with a bending
strength of 25.34 MPa, ideal for construction and load-
bearing materials.
Compressive Strength and Hardness: Composites with
10% and 20% RG showed the best compressive strengths,
at 26.99 MPa and 26.90 MPa, respectively, suggesting
utility in applications needing resilience under
compressive loads. The 50% RG composite displayed the
highest Shore D hardness (69.50), appropriate for wear-
resistant applications like flooring and protective casings.
Thermal Insulation: Higher RG loadings, particularly at
50%, reduced thermal conductivity to 2.208 W/m-°C,
making these composites suitable for thermal barrier
applications in construction and electronics packaging.

2)

3)



4) Impact Strength Trend: Impact strength showed a
decreasing trend with increased RG content, starting from
the base composite (0.26 KJ/m?). This trend suggests a
need for balance between impact resistance and other
mechanical properties, depending on application
requirements.

The environmental implications of this study are significant,
as incorporating recycled rubber in composites not only
improves material performance but also aligns with
sustainable practices by minimizing waste and promoting a
circular economy. This composite material presents viable
applications across various sectors, including automotive,
construction, packaging, and consumer goods, where
durability, impact resistance, and environmental sustainability
are essential.

Future Work: Further research should examine the
performance of these composites under varying environmental
conditions, such as high humidity and temperature, to confirm
their effectiveness in real-world applications. Controlled
environment testing would provide insight into the stability
and longevity of these composites, helping to establish their
compatibility with industry standards and environmental
regulations.
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