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Abstract: The rising demand for thermosetting polymers
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have led to the development of innovative recycling
methods. This study focuses on the development of a product
(helmet shell) by reinforcing thermosetting polymer waste
(TPW) as a filler in a high-density polyethylene (HDPE)
matrix. The HDPE and TPW were converted into extrudates
using a twin-screw extruder. Then, the extrudate was pelle-
tized to use as raw material for the injection molding
machine. The HDPE/TPW composites were fabricated using
injection molding. Maleic anhydride-grafted polyethylene
was employed as a compatibilizer. In the composite, the
TPW volume was reinforced at various weight percentages,
ranging from 0 to 35 wt%. The mechanical, thermal, and
viscoelastic properties of the composites can be enhanced
by uniformly dispersing TPW in the HDPE matrix. However,
it is difficult to achieve uniform dispersion at higher TPW
volumes owing to the agglomeration effect. According to
these findings, the mechanical properties were enhanced
by up to 30 wt% addition of TPW. The findings suggest
that the proposed composite has sufficient mechanical prop-
erties to be suitable for the fabrication of helmet shells.

Keywords: recycling, high-density polyethylene composites,
thermoset polymer waste, twin screw extruder, dynamic
mechanical analysis

1 Introduction

Thermosetting polymers are in high demand among indus-
tries owing to their superior properties, such as high
strength-to-weight ratio, impact strength, and durability
(1). These materials are frequently used in automobile com-
ponents, construction machine parts, and home appliances
(2). However, the high volume of production has led to an
increase in end-of-life waste (3). Furthermore, the disposal
of solid waste is a major issue faced by many countries.
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Burning of these wastes results in an increased carbon
footprint (4). Despite the benefits of thermosetting poly-
mers, disposal of obsolete composite materials causes ser-
ious environmental issues and threatens human health.
Reinforcing the non-degradable material in thermoplastics
has been a hot topic among researchers in recent days (5).

Couvreur et al. (6) investigated the reinforcing of silica-
filled thermoset wastes in polyurethane foams for fabricating
automotive parts. Consequently, the addition of thermosets
enhanced the tensile and compression properties of closed-
loop recycled components. Chen et al. (7) suggested bicycle
parts fabricated by reinforcing regenerated carbon fiber in a
thermoplastic matrix. This study confirms that the incorpora-
tion of regenerated carbon fiber enhances the load-bearing
ability of the composite. Kazemi et al. (8) reviewed the recy-
cling potential of thermoplastics and thermosetting plastics,
particularly focusing on construction machinery parts. Yagci
et al. (9) studied the recyclable polypropylene and high-
density polyethylene (HDPE) composites with the addition
of waste urea formaldehyde for making cost-effective pro-
ducts. In addition, they varied the filler at weight percen-
tages ranging from 10% to 30% to determine the optimum
volume. Jagadeesh et al. (10) reviewed the recycling poten-
tial of natural and synthetic-based composites used in var-
ious applications such as construction, transportation, food
and packaging, and building interior components.

Dasari et al. (11) analyzed the waste short glass fibers
as secondary reinforcement in glass fiber composites with
various temperature conditions. Kang et al. (12) explored
the novel composite with waste epoxy resin power, and
graphite nanosheet-reinforced composites were fabricated
through a facile processing strategy. Liu et al. (13) reported
that the use of aerospace waste carbon fiber was recycled
using a mild chemical recycling process. Liu et al. (14)
studied the waste thermoset epoxy resin coated in mela-
mine foam for oil absorption applications. Yousef et al.
(15) examined the mechanical and thermal behaviors of
recycled products from waste-printed electronic circuits.

Thamizh Selvan et al. (16) studied various recycling
technologies involved in the use of carbon fiber, glass fiber,
and thermoset waste in aerospace applications. Lucignano
et al. (17) reported the recycling of epoxy and polyester
powders in foam production by varying the filler in 0-10
wt%. Saccani et al. (18) studied the potential of various waste
reinforcements in polymer matrices. Dangtungee et al. (19)
explored the morphological properties of waste epoxy/glass
fiber as filler for producing printed circuit boards. Khan
et al. (20) did a study on low-temperature synthesis pro-
cesses for producing products from textile wastes.

The aforementioned studies inferred that there is a
huge potential and demand for recycled products without
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affecting the environment. Hence, this study focuses on the
mechanical and viscoelastic properties of HDPE reinforced
with thermosetting polymer waste (TPW) for prospective
use as shell material in safety helmets. Better blending can
be achieved using a compatibilizer, which increases the
bonding of the filler to the polymer. Compatibilizers have
been used to improve the dispersion of fillers, the adhesion
between the reinforcement and matrix, and compatibility.
In this work, polyethylene-crafted maleic anhydride (PE-g-
MAH) is used as a compatibilizer to enhance the compat-
ibility between HDPE and TPW. The current work aims to
improve the existing manufacturing process by reducing the
amount of industrial waste through the recycling process.
Furthermore, it focuses on material proportion to improve
mechanical properties and interfacial bonding between HDPE
and TPW. Because it reuses thermoset waste at a reduced cost
and reduces pollution and health hazards, it can be stated that
the effort taken satisfies the needs of both the public and
entrepreneurs. Figure 1 shows the process of new product
development from the plastic wastes.

In this study, composites were fabricated by injection
molding, and the mechanical properties of recycled TPW
composites were evaluated. Density, tensile, flexural, impact,
and hardness tests were conducted to examine the mechan-
ical properties. Furthermore, dynamic mechanical analysis
(DMA) was conducted to analyze the thermal properties of
the specimens.

2 Materials and methods

2.1 Materials

The raw material TPW was obtained from Concord Helmet
& Safety Products Pvt., Ltd. Trichy, Tamil Nadu, India. The
epoxy-based thermoset resin, which is used for the helmet
manufacturing process, mainly comprises glass fibers and
epoxy. So we have chosen epoxy-based TPW (epoxy and glass
fibers) for this research work. The grain size maintained for
this process is 1-2 mm. HDPE (Grade: M6008), which was man-
ufactured by M/S ONGC Petro Additions Ltd, Gujarat, India,
procured from Sun Polymers, Chennai District, Tamil Nadu,
India, was used as a matrix. PE-g-MAH, purchased from
Adarsh Chemicals, Chennai, Tamil Nadu, India, was used as
a compatibilizer to enhance the blending behavior (21).

2.2 Composite fabrication

The fabrication process consists of three steps. In the first
stage, the TPW waste (epoxy + glass fiber) collected from
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Figure 1: Recycling of plastic waste for new product development.

the industry was converted into powder using a scrap grinder.
The raw materials were dried at 60°C in an oven for 2h to
remove moisture. The HDPE granules used for the processing
are shown in Figure 2(a). HDPE and TPW were mixed in
weight ratios ranging from 0 to 35 wt%. PE-g-MAH was used
as a compatibilizer and was maintained at 6 wt% throughout
the process. The main purpose of adding PE-g-MAH was to
enhance the blending behavior of HDPE and TPW.

In the second stage, HDPE, TPW, and PE-g-MAH were
premixed using a high-speed mixture (Twist Engineering
Works, Model: HM-35) to obtain uniform dispersion, as
shown in Figure 2(b). Consequently, the compounding pro-
cess was carried out in a twin-screw extruder (Man Mach
Machines, Coimbatore) used to prepare the HDPE/TPW
composite at temperatures from 180°C to 220°C, and
the extruder speed was maintained at 400-450 rpm (22).
Increasing the TPW content increases the revolutions per
minute (RPM) as shown in Table 1. The materials used as
TPW, such as cured epoxy resin with glass fiber, do not have
a melt phase where they become fluid. Twin screw extruder
process support for increase the RPM level from 400-500.
So the extrusion flow is properly occurring. After com-
pounding, the string extrudate was cooled in a water bath.
Finally, HDPE/TPW granules were obtained, as shown in
Figure 2(c). In the third stage, the granules were fed into
an injection molding machine to fabricate composite pro-
ducts. The injection molding procedure was executed uti-
lizing a Battenfeld Plus 250 Injection Machine set to a tem-
perature of 190°C and an injection pressure of 1,057 bars.
Various tests were performed on the fabricated composites
to evaluate their mechanical, morphological, and viscoelastic
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properties. The test specimens used to assess the properties
of the fabricated samples are shown in Figure 2(d). A safety-
helmet shell was also produced based on the optimum com-
position, as shown in Figure 3.

2.3 Testing and characterization
2.3.1 Density measurement

The density of the materials was determined according to
American Society for Testing and Materials (ASTM) D 792
using an analytical balance equipped with stationary sup-
port for the immersion vessel (23). The densities of the
samples were measured using Eq. 1:

Density of the composite
= A/(A - B) x Density of liquid

()]

where A represents the weight in air, and B represents the
weight in liquid.

2.3.2 Mechanical properties

Tensile tests were conducted using a universal testing
machine (Make: Instron, model number: 3382) according
to the ASTM D 638 standard (24). Standard specimens with
the dimension of 13.5 x 163 x 4 mm were cut away from the
fabricated composite to determine the tensile behavior.
Flexural testing was also performed on the same machine
according to the ASTM D790 standard (12.7 x 127 mm) (25).
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Figure 2: (a) HDPE granules, (b) blending of HDPE and TPW, (c) HDPE/TPW pellets, and (d) HDPE/TPW composite test specimens.

Table 1: Fabricated sample designations

S No Sample ID Sample mixtures PE-g-MAH (Wt.) TPW (Wt.) RPM in twin screw extruder Temperature (°C)
1. S1 HDPE + TPW 0% 6 400 180-220
2. S2 HDPE + TPW 5% 6 5 410 180-220
3. S3 HDPE + TPW 10% 6 10 410 180-220
4. S4 HDPE + TPW 15% 6 15 420 180-220
5. S5 HDPE + TPW 20% 6 20 430 180-220
6. S6 HDPE + TPW 25% 6 25 435 180-220
7. S7 HDPE + TPW 30% 6 30 440 180-220
8. S8 HDPE + TPW 35% 6 35 450 180-220

Figure 3: Fabricated helmet shell from HDPE/TPW composite in Concord
Helmet & Safety Products Pvt. Ltd.

Angular Izod impact tests were conducted to assess the
impact strength of the specimens in accordance with ASTM
D256 (26,27). To analyze the Izod impact strength, specimens
with the dimension of 12.7 x 63 mm along with a 2mm “V”
notch and 45°angle were taken as per standard. Notching the
samples introduces a controlled stress concentration point,
which simulates a point of weakness or flaw in the material.
This helps the test method to be sensitive to the material’s
ability to absorb energy and resist fracture in the presence of
such stress concentrations. The notch affects the stress distri-
bution within the sample during impact. It creates a localized
stress concentration at the notch tip, which influences how
the material responds to the impact load. This allows the test
to evaluate how the material behaves when subjected to
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sudden impact or shock. Hardness was evaluated using a
Shore-D Hardness tester. For each sample, the value of
Shore-D was recorded as the average of three indenta-
tions (28,29).

2.3.3 Melt flow index (MFI)

Using the MFI test, a material’s melt flow behavior is exam-
ined. MFI is the weight in grams of the extruded polymer
pressed through a die in 600 s, which is used to identify
polymer processability [B. Y. Lim]. HDPE has thermoplastic
characteristics, which means it can soften, melt, and flow when
heated. Mixing it with thermoset waste allows the resulting
blend to have some thermoplastic properties. This can enhance
the flowability of the mixture when subjected to heat, as
observed in the lower MFI values in comparison with neat
HDPE. It is observed that the HDPFE’s ability to melt and flow
lowers the mixture’s viscosity (2). Despite not melting, the ther-
moset waste can help the mixture flow more easily by allowing
the thermoplastic chains around it to move around slightly.

2.3.4 Viscoelastic properties

The temperature-dependent viscoelastic properties of the
polymer composites were examined using DMA (30). When
a filler is added to the matrix, the matrix and filler inter-
facial regions may be anisotropic in nature. The viscoe-
lastic properties of the composites may be affected by their
interphase properties. This is because changes made in the
interphase regions result in increased matrix—filler bonding.

DMA was conducted over a temperature range of
30-150°C at a constant frequency of 1Hz to determine the
storage and loss modulus and loss tangent. Furthermore,
the glass transition temperature T, was estimated from the
loss tangent. Generally, the storage modulus describes the
viscoelastic component of material under thermomecha-
nical loading and is used to determine the load-bearing
ability of the material. The dispersal of energy by a com-
posite resulting from deformation is known as the loss
modulus. Damping (loss tangent) is the proportion of the
storage and loss moduli.

2.3.5 Morphological properties

The morphology of the matrix/filler interface of the devel-
oped composite laminates was examined using scanning
electron microscope (SEM) (ZEISS EVO) (31,32). As these are
polymer-based specimens, to improve the conductivity of
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these specimens of polymer composites, gold coating of
samples was performed before the micrographs were
captured.

3 Results and discussions

3.1 Density

One of the most important characteristics of polymer com-
posites is their density. Table 2 lists the densities of the
fabricated samples with the addition of TPW. The void
content increases progressively when filler TPW is added,
which might be due to gas bubbles at the filler interfacial
region during blending owing to agglomeration. As shown
in table, the density of the HDPE sample with 0% TPW was
0.94 g'cm'3, and when the percentage of filler increased,
the density of the composites with different percentages of
TPW also increased. The HDPE composite with 35% TPW
exhibited the highest density (1.55 g-cm™). Therefore, TPW
played a significant role in the density of the composite.

3.2 Hardness

Conducting a hardness test in accordance with the ASTM D
6220 standard allows for the determination of the hard-
ness, which is an important surface property of the com-
posites. The mechanical properties of the composites can
be improved by determining their surface toughness. From
Figure 4, it can be observed that HDPE + 0% TPW exhibits a
hardness value of 58.3S4, and when the percentage of TPW
increased from 5% to 30%, the hardness value increased
gradually. The HDPE with the 30% TPW composite exhib-
ited a hardness value of 68.3S4. Further addition of TPW
decreased the hardness of the composites. The composite

Table 2: Density and void content of fabricated samples

S No Sample ID Density (g-cm )
1. S1 0.94
2. S2 0.97
3. S3 0.99
4. S4 112
5. S5 1.30
6. S6 1.42
7. S7 1.50
8. S8 1.55
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Figure 4: Hardness of the fabricated HDPE/TPW samples.

with 35% TPW exhibited a hardness value of 66.3S4. The
hardness of the composites increased owing to the gradual
addition of TPW because it possessed a higher modulus
of elasticity and strength than the filler material. The
decrease in hardness may be due to poor bonding between
the reinforcement and the matrix. HDPE to glass fibre
based prepared composite material enhances hardness and
impact strength under certain conditions. The presence of
TPW (epoxy and glass fibers) can enhance the overall struc-
tural integrity of the composite by providing resistance to
deformation and improving load-bearing capacity. This rein-
forcement effect can lead to an increase in hardness because
the composite becomes more resistant to indentation and
deformation.

TPW (epoxy and glass fibers), when properly dispersed
and aligned within the HDPE matrix, can act as energy-
dissipating elements during impact. The fibers absorb
and distribute impact energy, preventing the propagation
of cracks and reducing the risk of brittle fracture. As a
result, the composite can exhibit higher impact strength com-
pared to the unreinforced HDPE. The combination of ductile
HDPE matrix and the energy-absorbing nature of the glass
fibers can contribute to improved impact resistance.

The interaction between HDPE and TPW (epoxy and
glass fibers) can lead to synergistic effects, where the com-
bination of HDPE’s ductility and TPW (epoxy and glass
fibers) reinforcement can lead to a material with enhanced
toughness, hardness, and impact resistance. Proper fiber
dispersion, alignment, and adhesion to the matrix are cru-
cial for achieving the desired improvements in hardness
and impact strength, as shown in Figures 5 and 8.
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Figure 5: Tensile strength of the fabricated HDPE/TPW samples.

3.3 Tensile properties

The maximum stress that a composite material can with-
stand when a load is applied in the longitudinal direction is
known as tensile strength. Tests were performed with var-
ious filler loading percentages of TPW, and the results are
shown in Figure 5. Tensile testing was performed on the
HDPE/TPW composite to assess the tensile properties and
impact of TPW addition. Error bars represent the calcu-
lated standard deviations for each composite type. From
the results, it was observed that 30 wt% TPW addition to
HDPE yielded the maximum tensile strength of 28.3 MPa.
The tensile strength of the S7 is 36.19% higher compared
to the neat HDPE sample. Up to 30 wt%, the composites
appeared to be cured entirely, with no evidence of porosity.

The uniform distribution of the TPW filler enhanced
the tensile strength. Stirring increased the matrix—filler
adhesion, and the load-carrying capacity of the samples
improved significantly. Furthermore, filler addition reduced
the void fraction considerably, resulting in improved stiff-
ness of the developed composites. Hence, filler addition
enhances the interfacial bonding between HDPE and TPW.
When a tensile load is applied to the sample, stress is trans-
ferred from HDPE to TPW, increasing its strength. Even
though the addition of the TPW filler was higher than 30
wt% reduced the tensile strength, excess filler addition
causes particle-to-particle interactions that lead to agglom-
eration. Furthermore, the filler content exceeding 30 wt%
increases the microvoids; the agglomeration of TPW filler
causes improper dispersion, resulting in poor tensile prop-
erties at a higher amount of TPW addition.
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Figure 6: Flexural strength of the fabricated HDPE/TPW samples.

3.4 Flexural properties

Flexural strength is a measure of the ability of a composite
material to withstand the highest stress when a load is
applied transversely. The flexural strength of the compo-
site samples (S1-S8) with the addition of TPW is shown
in Figure 6. The three-point flexural test was carried out
on the HDPE/TPW composite to assess the flexural properties.
The results exhibited that the addition of 30 wt% of TPW to the
HDPE shows the maximum flexural strength of 37.4 MPa,
which is 56.93% higher than the neat HDPE sample. The results
inferred that the improved flexural properties due to uniform
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Figure 7: Impact strength of the fabricated HDPE/TPW samples.

Figure 8: (a) Storage modulus (£") vs temperature of HDPE/TPW compo-
sites in the frequency range of 1 Hz, (b) loss modulus (E”) vs temperature of
HDPE/TPW composites in the frequency range of 1 Hz, and (c) loss factor vs
temperature of HDPE/TPW composites in the frequency range of 1Hz.



8 —— Diwahar Periasamy et al.

Table 3: MFI of fabricated samples
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S No Sample ID Sample mixtures TPW (Wt.) MFI (g-10 min™")
190°C 200°C

1. S1 HDPE + TPW 0% 0 9.1 12.4

2. S2 HDPE + TPW 5% 5 8.6 1n.7

3. S3 HDPE + TPW 10% 10 8.2 1.2

4, S4 HDPE + TPW 15% 15 7.8 10.7

5. S5 HDPE + TPW 20% 20 7.4 10.3

6. S6 HDPE + TPW 25% 25 7.0 9.9

7. S7 HDPE + TPW 30% 30 6.7 9.5

8. S8 HDPE + TPW 35% 35 6.2 9.1

dispersion of TPW filler in the HDPE matrix create excellent
matrix—filler adhesion, and this may increase the load-trans-
ferring property, resulting in delayed crack propagation.

3.5 Impact properties

Impact strength is the capacity of a material to withstand
high-stress levels. The total toughness of composite mate-
rials is closely correlated with their impact quality. The inter-
laminar and interfacial strength characteristics influence the
fracture toughness of the composites. Figure 7 shows the
impact strength results of HDPE composite with TPW addition.
The results inferred that 30 wt% TPW addition to the HDPE
matrix yielded the maximum impact strength of 628.97 ]'m™,
which is 61.69% higher than neat HDPE samples. Furthermore,
excellent matrix—filler adhesion contributed to the stiffness of
the HDPE/TPW composites. This variation in impact strength
could be related to the size effect on energy dissipation. Typi-
cally, a rougher microstructure results in composites with a
higher impact strength.

3.6 MFI

Table 3 presents the MFI data for a range of sample combina-
tions containing HDPE and TPW at varying proportions. MFI
measurements have been conducted at two distinct tempera-
tures, namely, 190°C and 200°C. From the table, it is found that
the blend exhibits lower MFI values compared to neat HDPE
and indicates reduced flowability or higher viscosity.

A consistent trend of declining MFI values at both
190°C and 200°C is noted when the percentage of TPW
increases from S1 to S8. This indicates that when more TPW
is added to HDPE, the mixtures lose flowability or increase in
viscosity at these temperatures. From the lower MFI values, it
can be observed that the blend flows less easily than neat
HDPE when subjected to the same conditions. This observation

supports the concept that the presence of thermoset waste
influences the flow characteristics of the blend, resulting in
reduced fluidity when compared to pure HDPE.

3.7 DMA

Storage modulus is based on temperature and frequency.
The storage modulus, loss modulus, and loss tangent were
determined by DMA. It is well known that a lower loss
tangent is preferable for a composite to function effec-
tively. This work also determined the glass transition tem-
perature (T,), which indicates that the polymer transitions
from a glassy state to a rubbery state. In this study, T,
based on the loss modulus curves (drawn at various fre-
quencies) and loss tangent curves (drawn at various fre-
quencies) was noted by observing the peaks of the curves.

3.7.1 Storage modulus (E’)

Figure 8(a) shows how viscoelastic properties can be under-
stood by examining the storage modulus. As the tempera-
ture increased from low to high, the storage modulus
decreased exponentially until it reached 66°C. On the other
hand, the storage modulus shows an increasing trend when
the TPW percentage is increased from 0% to 35%. It can be
deduced that an increase in the TPW loading causes a cor-
responding increase in the stiffness of the composites and
that HDPE and TPW bonding also played a significant role in
bringing about this trend.

3.7.2 Loss modulus (E”)

Figure 8(b) shows that the effect of temperature on the loss
moduli (E") of five distinct composites with varying TPW wt%
of all eight composites decreased when the temperature was
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Figure 9: (a) Morphological studies of 5 wt% HDPE/TPW composites, (b)
morphological studies of 35 wt% HDPE/TPW composites, and (c) mor-
phological studies of 30 wt% HDPE/TPW composites.

raised. Additionally, it should be noted that all composite
materials with higher CSA loadings had higher loss moduli
at a frequency of 1Hz. TPW 35 wt% showed a maximum
amount of energy loss that is transmitted as heat as a result
of friction.

Recycling potential of thermosetting polymer waste = 9

3.7.3 Loss factor (tan é)

The mechanical loss factor, denoted by tan &, showed a pattern
of increase in magnitude as the temperature increased, as
shown in Figure 8(c). At 76°C, the tan & value decreases as
the temperature increases; the moment at which this change
occurs is referred to as the dampening peak. In addition, this
loss factor decreases when a larger volume of TPW 35% rein-
forcement is used, as opposed to a smaller quantity of TPW 0%
reinforcement. This dampening peak of the resin portion is
caused by a reduction in the crystallinity of the material.

3.8 Morphological studies

SEM analyses were performed on the tensile-fractured
HDPE/TPW composite to evaluate the failure mode and
assess the matrix—filler bonding. Failures such as crushed
resin, matrix—filler fracture, tear, microcracks, and voids
were revealed by SEM analysis. Micrograph images of the
developed HDPE/TPW composite samples with and without
TPW filler are shown in Figure 9(a—c). The micrographs
show that the strength of the developed composite depends
mainly on the matrix—filler adhesion. From Figure 9(a), it is
clear that the interfacial bonding of HDPE composite with 5
wt% TPW addition results in the matrix-rich area, leads to
brittle matrix fracture, and results in poor mechanical
properties. Meanwhile, further addition of TPW at 30 wt%
shows excellent interfacial bonding between HDPE and
TPW, as shown in Figure 9(b). Excellent interfacial bonding
shows maximum load-bearing strength, resulting in
superior mechanical performance. From Figure 9(c), the
agglomeration of the TPW addition in the HDPE matrix at
a higher weight percentage (35 wt%) shows the glass fiber
pull-out from the matrix. The large volume of TPW addition
limits its interaction with the matrix. Furthermore, S8 shows
that microvoids due to agglomerations led to poor matrix—
filler adhesion, which was also a key factor for reduced
mechanical properties.

4 Conclusions

The novel composite developed in this study may replace
the existing expensive manufacturing techniques for HDPE
structures because of the selection of TPW. This study spe-
cifically compares the characteristics of a material using a
recycled HDPE matrix with those of a material using a pure
HDPE matrix. The addition of the TPW filler significantly
influenced the mechanical properties. The use of MAH-
grafted polyethylene as a compatibilizer improved adhesion
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and enhanced the strength of the composite. Furthermore,
the reduction in the mechanical properties at a certain TPW
percentage is probably due to the reduction in HDPE-filler
friction in the interfacial region. The mechanical and tem-
perature-dependent viscoelastic properties of the composites
were analyzed in this study. These results suggest that the
tensile, flexural, and impact properties and DMA results of
the composites with different percentages of TPW in HDPE
are suitable for structural applications. In this study, recycled
materials, such as thermoset composite waste, were converted
into thermoplastic polymer composites. Using this recycling
technique in the manufacturing sector, it is possible to attain
an eco-friendly lifestyle and lower the overall cost of products
through proper usage of recyclables. From these results, it was
observed that the composite could be a potential candidate for
many structural applications, particularly in helmet manufac-
turing industries.
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