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Abstract

This study fabricated polymer composites from waste polyethylene terephthalate (PET) bottles and waste polypropylene (PP)
using maleic anhydride MA to improve dispersion. The properties such as physical properties, mechanical properties and
chemical properties of the polymer composites produced was identified, the physical properties shows that the density of the
polymer composites was found to be 0.96g/cm?, 1.04g/cm?®, 0.95g/cm? and 1.05g/cm?® for sample Ab, Ac, Bb and Bc respectively
as a result of filler dispersion, while the water absorption was found to be 5.12%,5.02%, 5.71% and 5.11% for sample Ab, Ac, Bb
and Bc respectively due to the hydrophilic nature of the sugarcane bagasse particles. The mechanical properties results indicated
that the inclusion of sugarcane bagasse particles produced a polymer composites with a good tensile strength of 22.93MPa,
25.47MPa, 25.07MPa, and elastic modulus of 28.80MPa, 284.96MPa, 287.04MPa, 289.96MPa and 200.79MPa for sample Ab,
Ac, Bb and Bc respectively. The flexural strength of the polymer composites was found to be 37.45MPa, 39.91MPa, 41.50MPa
and 49.41MPa for sample Ab, Ac, Bb and Bc respectively while the flexural modulus was found to be 760.8MPa, 804.7MPa,
847.2MPa and 956.5MPa. This was due to uniform dispersion of fine sugarcane bagasse particles and improved stress transfer at
the matrix filler interfacial region promoted by maleic anhydride. The Fourier Transform Infrared Spectroscopy (FTIR) analysis
affirmed chemical interactions between the polymer matrix and treated bagasse, with characteristic peaks corresponding to C=0
stretching of PET and O—H groups of cellulose. The appearance of new peaks around 1730 cm™ and the reduction in intensity of
hydroxyl bands indicated esterification and enhanced compatibility through maleic anhydride coupling. The properties of the
polymer composites produced is suitable for different application and also serves as plastic and agricultural waste management.
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1. Introduction

Plastics rank among the most commonly utilized materials
worldwide due to their adaptability, strength, and relatively
affordable production costs. Polyethylene terephthalate (PET)
and polypropylene (PP) are some of the most frequently used
types of plastics, appearing in products like packaging,
clothing, car components, and household items. Nonetheless,
their widespread application has risen significant environ-
mental issues since these plastics do not break down naturally
and pile up in nature, creating considerable challenges for
managing solid waste [7]. Mixing various waste plastics,
including PET and PP, offers a potential recycling solution.
Nevertheless, PET and PP cannot easily mix because of their
differing polarity and molecular structures, resulting in weak
bonding between them and lower mechanical qualities in the
mixture. [19] This lack of compatibility restricts their imme-
diate application in structural and engineering fields. To ad-
dress this issue, compatibilizers such as polymers that have
been grafted with maleic anhydride are used to promote better
adhesion between the materials and improve the overall
qualities of the plastic blends. [12].

The use of natural fibers and fillers from agricultural waste
in polymer materials has gained a lot of interest, in addition to
making them compatible. These natural fillers are not only
affordable but also renewable and good for the environment.

One such filler is sugarcane bagasse, which is a plentiful
by-product of the sugar-making process and is high in cellu-
lose, hemicellulose, and lignin. When included in polymer
composites, it can help lower material costs, make the mate-
rials biodegradable, and improve their physical, mechanical
and chemical properties. [13]

This paper focuses on the fabrication of polymer compo-
sites using waste PET bottles and waste PP filled with sug-
arcane bagasse particles.

2. Methodology

2.1. Sample Preparation

To fabricate composites from waste PET, waste PP, and
sugarcane bagasse that are made compatible with maleic
anhydride, a two-roll mill was used for compounding, fol-
lowed by compression molding according to the mass ratio in
Table 1. Before the compounding process, all raw materials
were treated and dried to remove moisture, ensuring they
mixed evenly during processing. [17]

Table 1. Formulation of compatibilized particles reinforced polymer composites.

SIN Designation PETw (w%0) PPw (w%)
1 Ab 40 35

2 Ac 40 30

3 Bb 50 30

4 Bc 30 50

2.2. Density

The composites densities were determined in accordance
with (ASTM D792-08). The volume of the composite was
determined using length 50mm, width 50mm, thickness
5.0mm and the weight was measured using sensitive weighing
balance. The densities were calculated accordingly using
equation.

mass

Density = (g/cm?)

volume

2.3. Water Absorption

The process for measuring water absorption followed the

Sugarcane bagasse particles (w%6o)

20
25
15
15

72

Maleic anhydride (w%b)

o o1 o1 o

guidelines set by ASTM D570. Samples were created with
dimensions of 25.0 mm by 25.0 mm by 5.0 mm. The water
absorption test involved fully submerging the samples in
distilled water at room temperature for a period of 7 days. The
amount of water absorbed was assessed by weighing the
samples every 24 hours using a digital balance [15]. The
calculation for the percentage of water absorption in the
composite samples was done using the formula provided
below;

W2-W1
w1

% Water Absorbed = X 100

2.4. Tensile Strength

The evaluation of tensile strength was performed according
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to ASTM D-638. Dumbbell-shaped samples were placed
under tensile force, and the machine automatically measured
and reported the tensile strength, tensile modulus, and per-
centage elongation at break for each sample. These results
were recorded on the certificate. [9].

2.5. Flexural Strength

The test for flexural strength on the mixtures followed
ASTM D-790 standards. A sample, sized 100 mm x 25 mm x
3.2 mm, was set on two supports horizontally at an 80 mm
distance. A constant force was then applied at the center using
the loading nose, causing the sample to bend in a three-point
manner until it ultimately broke. The highest load measured in
Newtons and the related deflection in millimeters was noted
as the sample broke. Using a formula, the flexural strength
and flexural modulus were determined. [8]

Flexural Strength = 3FL/2bd2 (MPa)
Flexural Modulus = FL3/4bd3D (MPa)

Where F = Maximum Load at break, L = distance between
the support spans at both edge of the specimen = 80mm, b =
Sample width = 25mm, d = Sample thickness = 5.0 mm

2.6. Fourier Transform Infrared Spectroscopy
(FTIR)

FTIR spectroscopy was employed to identify the functional
groups present and to investigate the chemical interactions
between the components of the composites. The analysis was
performed using an FTIR spectrophotometer (Model Perki-
nElmer) over a wavelength range of 4000-400 cm™ at a res-
olution of 4 cm™. The composite was ground into a fine
powder, and a small amount was then placed directly onto the
surface of the attenuated total reflectance ATR crystal. The
spectra were each obtained by averaging 32 scans to improve
the signal-to-noise ratio. The resulting spectra were analyzed
to identify peaks corresponding to characteristic functional
groups, chemical bonds, and possible interactions among PET,
PP, maleic anhydride, and sugarcane bagasse components [3].

3. Results and Discussion

3.1. Density

Density measurements of the polymer composite samples
reveal variations in structural tightness and internal arrange-
ment resulting from the direct application of maleic anhydride
in the PP/PET-sugarcane bagasse composite system. The
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lower density of sample Ab implies the presence of mi-
cro-voids and inefficient packing of the polymer matrix with
lignocellulose particles. [4] This is often seen in natural fi-
ber-reinforced polymer composites when the bonding at the
interface is weak. In contrast, Sample Ac exhibits a higher
density, which signifies improved compactness and reduced
void space, resulting from enhanced interaction between the
hydrophobic polymer matrix and hydrophilic sugarcane ba-
gasse particles, facilitated by maleic anhydride. The density of
Sample Bb is lower than anticipated, possibly resulting from
inadequate wetting or the aggregation of fillers. In compari-
son, sample Bc exhibits the highest density, indicating supe-
rior packing efficiency, lower porosity, and greater compati-
bility within the composite system. The increase in density in
this instance implies that there is robust bonding at the inter-
face and enhanced structural integrity in the polymer compo-
sites modified with maleic anhydride. [11, 14].

Density test result

1.1
1.05

1
0.95

0.9 +

Density (g/cm?)

Ab Ac Bb

Polymer composite samples

Bc

Figure 1. Density of the polymer composites.

3.2. Water Absorption

The water absorption properties of the composites are in-
fluenced by the bonding at the interfaces and the integrity of
the microstructure. The sample Ab shows a moderate level of
water absorption, which is believed to result from the pres-
ence of hydrophilic sites and micro-voids that enable water to
penetrate. In contrast, sample Ac shows the lowest water
absorption, indicating a denser composite structure with fewer
pores, which implies better containment of sugarcane bagasse
particles within the polymer matrix. The observed behavior
indicates successful esterification and interfacial bonding,
which is promoted by the direct incorporation of maleic an-
hydride. Sample Bb exhibits the highest water absorption,
indicating greater porosity and increased exposure of hydro-
philic fibre components, leading to enhanced moisture diffu-
sion. In contrast, Sample Bc exhibits lower water absorption
than Sample Bb, suggesting improved bonding at the inter-
faces and reduced water permeability. Previous research has
shown that the incorporation of maleic anhydride in thermo-
plastic composites reinforced with natural fibres enhances
fibre-matrix adhesion and reduces water uptake. [10, 15].
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Figure 2. Water absorption of polymer composites.

3.3. Tensile Strength and Elastic Modulus

The tensile strength test results in Figure 3 demonstrate a
gradual improvement in the composite samples, highlighting
the beneficial effect of maleic anhydride on enhancing stress
transfer within the composite system. The sample Ab exhibits
the lowest tensile strength, suggesting poor adhesion at the
interface and ineffective load transfer between the polymer
matrix and sugarcane bagasse particles. Sample Ac exhibits
higher tensile strength, indicating better adhesion at the in-
terface and more effective reinforcement. Sample Bb exhibits
a consistent tensile performance, signifying a stable ability to
withstand loads during tensile deformation. Sample Bc's

highest tensile strength indicates optimal bagasse particle
dispersion and strong interfacial bonding facilitated by maleic
anhydride, which enhances resistance to crack initiation and
propagation. Research supports the importance of better in-
terfacial compatibility in improving the tensile properties of
fiber-reinforced polymer composites. The elastic modulus
results shown in Figure 3 illustrate the stiffness behavior of
the composites under tensile stress at [6] and [17]. Sample Ab
exhibits relatively high stiffness, suggesting limited elastic
deformation resulting from constrained polymer chain mo-
bility. The modulus of Sample Ac shows a slight increase,
suggesting more even load distribution between the matrix
and reinforcement. The modulus value of Sample Bb remains
consistent, indicating uniform stiffness throughout. In con-
trast, sample Bc exhibits a marked reduction in elastic mod-
ulus, indicating increased flexibility and ductility within the
composite. The reduction in failure can be attributed to im-
proved interfacial bonding and enhanced stress redistribution,
enabling more elastic deformation before failure occurs. En-
hanced interfacial compatibility in polymer composites has
been observed to boost toughness at the expense of stiffhess.
[2, 5].

Tensile strength test
result
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Figure 3. Tensile strength and elastic modulus of the polymer composites.

3.4. Flexural Strength and Flexural Modulus

Figure 4 shows a clear upward trend in flexural strength
values from sample Ab to sample Bc, indicating improved
resistance to bending stresses with a better composite for-
mulation. Sample Ab exhibits the lowest flexural strength due
to limited reinforcement efficiency and weak interfacial
bonding under bending loads. The rise in sample Ac points to
improved stress transfer and decreased interfacial slippage,
due to the effect of maleic anhydride. Sample Bb shows a
further increase in flexural strength, suggesting improved
structural integrity and better filler distribution. Sample Bc
exhibits the highest flexural strength, which is attributed to
superior bending performance resulting from optimal inter-
facial adhesion, low void content, and efficient load transfer
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between the PP/PET matrix and sugarcane bagasse particles.
Previous research has shown that maleic anhydride modifi-
cation can significantly improve the flexural properties of
natural fiber-reinforced polymer composites. Figure 4 illus-
trates the stiffness response of the composites under bending
deformation, presenting the flexural modulus results for [1,
14]. Sample Ab displays the lowest flexural modulus,
demonstrating a limited resistance to bending deformation.
The flexural modulus of Sample Ac increases, suggesting
improved stiffness as a result of enhanced interfacial bonding.
The modulus in sample Bb increases further, demonstrating
effective reinforcement and improved structural rigidity.
Sample Bc exhibits the highest flexural modulus, indicating
enhanced resistance to flexural deformation, which is at-
tributed to strong interfacial bonding and effective stress
transfer during bending. Enhanced fiber-matrix interaction
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and uniform filler dispersion, as suggested by existing litera-
ture, notably boost flexural stiffness in polymer composites

reinforced with lignocellulose fillers. [5]
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Figure 4. Flexural strength and flexural modulus of the polymer composites.

3.5. Fourier Transform Infrared Spectroscopy
(FTIR)

The absorption spectrum of sample Ab, shown in Figure 5,
displays a broad absorption band at approximately 3338 cm™,
suggesting O—H stretching vibrations from hydroxyl groups
in the cellulose of sugarcane bagasse, along with possible
hydrogen bonding. Peaks at 2950 cm™, 2916 cm, and 2849
cmt are notable, and are linked to C—H stretching vibrations,
confirming the presence of an aliphatic polymer backbone.
The peak at 1715 cm™ is due to C=0 stretching, whereas the
peaks at 1236 cm™ and 1097 cm™ are attributed to C-O
stretching vibrations in ester or ether groups. The persistence
of the O—H band, accompanied by a slight shift in the C=0
region, suggests the formation of intermolecular hydrogen
bonds between the carbonyl groups of maleic anhydride and
the hydroxyl groups of the bagasse filler. Previous reports
have shown that maleic anhydride improves compatibility in
natural fiber-polymer composites by forming ester or hydro-
gen-bonded connections. [9, 19] The spectrum for sample Ac,
depicted in Figure 6 shows strong absorption bands at 2956
cm, 2918 cm, and 2848 cm, reaffirming C—H stretching
from the polypropylene (PP) and polyethylene terephthalate
(PET) components. A distinct peak at 1714 cm! is associated
with C=0 stretching of ester or anhydride groups, consistent
with the presence of PET and the compatibiliser (MA). The
data implies that chemical compatibilization took place,
thereby improving the interfacial adhesion between the hy-
drophilic fibre and the hydrophobic matrix, consistent with
earlier research findings. [8]

The FTIR spectrum of sample Bb, depicted in Figure 7,
displays characteristic absorption peaks at 2950 cm, 2915
cm?, and 2848 cm?, which are indicative of the C-H
stretching vibrations of aliphatic —CH, and —CHs groups,
typical of polypropylene (PP) and polyethylene terephthalate
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(PET). A peak near 1715 cm? is assigned to the C=0
stretching vibration of the ester carbonyl group in PET and
potentially from the maleic anhydride (MA) group used as a
compatibilizer. [18] Weak absorption bands between 1450
and 1370 cm'* correspond to C-H bending vibrations, while
the band around 1230 to 1090 cm! is due to C-O stretching in
ester linkages. The peaks in the 700 to 900 cm™ region are
indicative of aromatic C-H out of plane bending modes,
which confirms the aromatic character of PET. The absence of
significant new peaks implies a physical blending of com-
ponents, but the slight broadening near 1715 cm™ and 1230
cm® may indicate weak chemical interactions or hydrogen
bonding between maleic anhydride and the hydroxyl groups
of sugarcane bagasse. [12]

Notable absorption peaks were observed in the B¢ spectrum
shown in Figure 8 at approximately 2948, 2915, and 2849
cm?, corresponding to the asymmetric and symmetric
stretching vibrations of aliphatic C—H bonds in CH; and CH3
groups. These bands are characteristic of the polypropylene
backbone and indicate the presence of saturated hydrocarbon
chains. [16]. A peak at approximately 1744 cm is assigned to
the stretching vibration of the carbonyl group from the ester
linkage in PET, which serves as a key indicator of the poly-
ester structure and verifies that PET retained its chemical
structure within the composite. 3 The absorption bands at
1466 and 1376 cm correspond to the bending vibrations of
the CH: and CHs groups, respectively, while the peaks be-
tween 1258 and 1100 cm™ are associated with C-O-C
stretching vibrations in the ester groups of PET. Signals in the
range of 972 to 841 cm™ are attributed to C—H rocking and
wagging modes characteristic of crystalline isotactic poly-
propylene. The weak absorption near 1100 cm™ may indicate
the presence of C-O stretching vibrations from cellulose and
hemicellulose components of sugarcane bagasse fiber. [10]
The detection of these cellulose-related peaks supports the
integration of natural fibers into the composite structure.
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4. Conclusion

The research effectively demonstrated that waste PET and
PP can be reinforced with sugarcane bagasse fibers to create
high-performance and sustainable bio-composites. The use of
maleic anhydride as a compatibilizer was crucial in enhancing
the interfacial adhesion between the polymer matrix and the
lignocellulose fibers. The improved chemical bonding ob-
served in the FTIR spectra confirms the compatibilization
process. Mechanical and physical testing showed that maleic
anhydride significantly improved the structural integrity and
resistance to deformation of the composite.

Abbreviations

PET Polyethylene terephthalate
PETw  Waste Polyethylene terephthalate
PP Polypropylene

PPw Waste Polypropylene

MPa Mega Pascal

MA Maleic Anhydride
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