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Abstract: The utilization of natural fibers in composites as substitutes for synthetic fibers is gaining traction due to their
comparable mechanical properties, cost-effectiveness, and resilience to environmental factors. This study investigates
Cissus quadrangularis fibres (CQF) and sugarcane fibers (SF) as potential alternatives for glass, aramid, or carbon
fibers in composites. Mechanical tests such as tensile strength, flexural strength, and impact resistance were conducted
on hand lay-up method prepared composites. The significant improvements in strength, with a notable 15.76 MPa
increase in tensile strength and a commendable flexural strength of 32.01 MPa for specific fiber compositions. Drop weight
testing revealed robustness, with composites sustaining a maximum force of 44N. Preliminary results indicate that the
combination of Cissus quadrangularis (CQ) and sugarcane fibers in composite materials can achieve a balance between
strength and sustainability. The comparison study shows that the CQF reinforced with Sugarcane fiber and epoxy resin
give high tensile and flexural strength than the Cissus quadrangularis powder (CQP) with unsaturated Polyester. It is
observed that no significant variation in impact strength for both Fiber and Powder Composites of CQ.

Keywords: cissus quadrangularis fibre, sugarcane fibre, mechanical properties, building materials, scanning electron

microscopy.
Introduction and sustainability in recent years.'” Utilizing natural fibers as
reinforcement in polymer matrices has become a viable approach,
There has been an increasing focus on Creating innovative providing a harmonious combination ofperformance and envi-
composite materials that have improved mechanical qualities ronmental sustainability.** Sugarcane fibers (SF) and Cissus

quadrangularis fibres (CQF) have garnered significant interest

"To whom correspondence should be addressed within the realm of natural fibers owing to their distinctive
vesgandhi@gmail.com, ORC 0000-0001-9977-6324 characteristics and widespread accessibility.” SF, derived from

©2025 The Polymer Society of Korea. All rights reserved. the residue of sugarcane production, is characterized by its
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lightweight nature, high strength, and renewability.*'° On the
other hand, CQF, sourced from the medicinal plant Cissus
quadrangularis, possesses inherent mechanical strength and
biodegradability."' The integration of these fibers with epoxy
resin results in the formation of a composite material that exhibits
promise in meeting the need for environmentally friendly alter-
natives in many engineering contexts.'>"* The primary objec-
tive of this work is to examine the mechanical properties and
morphological aspects of epoxy composites that have been
reinforced with SF and CQF techniques. The synergistic effects
arising from the combination of these natural fibers like kenaf,
hemp, etc., with epoxy resin are anticipated to result in composites
with improved mechanical strength, stiffness, and thermal sta-
bility.*” In recent years, the demand for sustainable materials
has led to significant innovations in composite technology, par-
ticularly through the use of natural fibers as reinforcement in
polymer matrices. This approach offers a harmonious combi-
nation of performance and environmental sustainability, providing
a viable alternative to traditional synthetic materials. Among
these natural fibers, SF and CQF have garnered significant
attention due to their unique mechanical properties and wide-
spread availability. SF, a byproduct of sugarcane processing, is
lightweight, strong, and renewable, making it an ideal candidate
for composite reinforcement. Similarly, CQF, sourced from the
medicinal plant Cissus quadrangularis, is known for its mechanical
strength and biodegradability, contributing to the growing interest
in sustainable materials. The integration of these fibers with epoxy
resin results in composites that not only demonstrate improved
mechanical strength, stiffness, and thermal stability but also offer
an environmentally friendly alternative for various engineering
applications. This research aims to explore the mechanical
properties and morphological aspects of epoxy composites rein-
forced with SF and CQF, with the goal of advancing sustainable
materials in industries such as automotive, construction, and
packaging. The findings hold significant promise, as the com-
posites could contribute to reducing the environmental impact
of conventional materials, offering a sustainable solution to the
pressing need for eco-friendly alternatives in the modern world.
Moreover, the ongoing research into surface modifications and
fiber treatment techniques further enhances the potential of these
composites, positioning them as a key player in the future of
material science.

The findings of this study are of great importance in the field
of sustainable materials, as they provide valuable insights into
the possible uses of SF and CQF reinforced epoxy composites
in several industries, including automotive, construction, and

packaging. With the increasing need for eco-friendly materials,
composites have emerged as a promising alternative due to
their utilization of renewable resources and their ability to mit-
igate the environmental consequences associated with conven-
tional composite materials.

Background and Motivation. The increasing awareness of
environmental issues has led to significant research into com-
posite materials, driven by the need for sustainable options.'*?°
Traditional composites often rely on synthetic fibers, which can
raise environmental concerns during both production and dis-
posal.**** In response, natural fibers have emerged as eco-friendly
alternatives for reinforcing polymer matrices.”>? This study
seeks to optimize the use of these natural fibers in combination
with epoxy resin, a versatile matrix.*® In existing literature, nat-
ural fiber-reinforced polymer composites have gained attention
for their potential to provide sustainable alternatives.*'** Vari-
ous fibers such as jute, flax, sisal, and bamboo have undergone
extensive investigation due to their ability to enhance mechanical
properties compared to epoxy composites without reinforce-
ment.”*** Incorporating recyclable and biodegradable rein-
forcements like fly ash, sugarcane fiber, and waste been shown
to significantly improve mechanical strength and sustainabil-
ity.*>3¢ Microscopic studies employing techniques such as SEM
have offered valuable insights into the morphology and inter-
facial bonding within these composites, which are crucial for
ensuring effective load transfer and overall composite perfor-
mance.”” The fabrication of the composite material involved
the incorporation of fibers with varying weight percentages in
the form of powder. Extensive research was conducted to char-
acterize the material and investigate its mechanical properties.*®
Ongoing research to enhance mechanical stability through adjust-
ments in fiber treatment and resin formulations underscore the
continuous pursuit of improved performance and sustainability
in composite materials potential flaws within the composite.***

In recent years, advancements in the treatment of natural
fibers, such as alkali and silane treatments, have shown prom-
ising results in enhancing the fiber-matrix interface, leading to
improved mechanical performance and durability of natural
fiber composites. These improvements not only enhance the
material's strength but also contribute to its environmental ben-
efits, as natural fibers sequester carbon during their growth phase,
reducing the overall carbon footprint of composites. Hybrid
composites, combining natural fibers with synthetic materials
or other bio-based components, have gained attention as they
offer a balance between sustainability and performance, address-
ing the challenges of achieving both mechanical strength and
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eco-friendliness. The impact of different processing methods,
including injection molding, compression molding, and resin
infusion, is another area of focus, as these methods influence
fiber dispersion and void content, which in turn affect the final
properties of the composite. Furthermore, the recyclability and
reusability of natural fiber composites are being explored, with
strategies for mechanical and chemical recycling emerging as
key approaches to improve their sustainability in a circular
economy. Researchers are also focusing on the development of
hybrid resins, such as bio-based epoxy resins, to further enhance
the sustainability of these materials without compromising on
mechanical performance. However, challenges remain, partic-
ularly regarding moisture absorption, thermal stability, and long-
term durability, which continue to be addressed through inno-
vations in fiber treatment, resin formulations, and protective
coatings. The growing interest in natural fiber composites is
driving their application in various industries such as automo-
tive, aerospace, and construction, but meeting the stringent per-
formance standards of these sectors is an ongoing challenge.
Looking ahead, research is moving towards understanding the
long-term performance of these composites under real-world
conditions, including factors like UV exposure and tempera-
ture fluctuations. Life cycle assessments (LCA) are also being
integrated to evaluate the environmental impact of these mate-
rials from production to disposal, helping manufacturers make
more sustainable material choices. As the demand for sustain-
able materials rises, the development of industry standards and
certifications for natural fiber composites will be crucial in
enabling their widespread adoption.

Experimental

Materials and Methods. Selection and Preparation of
CQF and SF: CQF sourced from Lalgudi, Tamilnadu, India,
and SF from Tiruchirappalli, Tamilnadu, India, are crucial
components in natural fiber-reinforced epoxy composites. CQF's
selection considers factors like length, diameter, and cleanliness
to ensure optimal mechanical properties. Similarly, SF selection
prioritizes length, diameter, and uniformity, with thorough clean-
ing necessary to remove impurities and sugars. Thoroughly pre-
paring both fibers is crucial to optimize their performance when
paired with epoxy matrices.

Fiber Extraction and Processing: Extraction involves har-
vesting plant stems or vines, followed by a retting process to
separate fibers from the plant material. Retting can be done
mechanically or through microbial action. After extraction, fibers
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are cleaned, washed, and dried to remove impurities and mois-
ture, ensuring a clean material for composite integration. Sug-
arcane fibers are typically extracted through milling or crushing,
followed by cleaning and drying to reduce moisture content
and ensure optimal adhesion with the composite matrix.

Surface Treatment. Both types of fibers may undergo sur-
face treatment to enhance their compatibility with the epoxy
matrix. Treatment methods encompass chemical treatments, such
as alkaline treatment, or the utilization of coupling agents to
alter the fiber surface and enhance adhesion with the resin. In
order to address potential issues associated with the inherent
hydrophilicity of natural fibers and establish a robust interfa-
cial contact between the fibers and epoxy matrix, surface mod-
ification plays a crucial role.

Epoxy Resin Selection and Preparation: The process of
choosing and preparing epoxy resin for composites reinforced
with natural fibers necessitates meticulous evaluation of fac-
tors such as compatibility, curing mechanism, thermal stability,
and flexibility. The process of formulating, treating the surface,
and characterizing the resin matrix is crucial in order to create
a resin matrix that enhances the mechanical and thermal prop-
erties of CQF and SF reinforcements. This finally results in the
creation of high-performance and environmentally friendly com-
posites.

Composite Fabrication Process: A mixture is prepared
by combining epoxy resin LY556 and hardener HY951 in a ratio
of 10:1 is shown in Table 1. The production of epoxy com-
posites reinforced with natural fibers, as depicted Figure 1, entails
a sequence of stages aimed at achieving adequate impregnation
of fibers with epoxy resin and the creation of a uniform and
structurally robust material. The fibers exhibit a state of clean-
liness, dryness, and absence of contaminants. The presence of
any remaining impurities can have a detrimental effect on the
bonding between fibers and epoxy resin.

Remove entrapped air by subjecting the epoxy resin mix-
ture to vacuum degassing. This ensures a homogeneous and
bubble-free resin matrix. The hand layup technique is per-

Table 1. Sample Preparation

Samples CQF SF
Cl1 100 -
C2 80 20
C3 60 40
C4 40 60
C5 20 80
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Figure 1. Manufacturing stages of fiber composites CQF/SF.
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Figure 2. Manufactured composite sample CQF/SF.

formed manually and applying layers of resin-impregnated
fibers in a mould with a dimension of 250 x 25 x 10 mm
respectively.

Allow the impregnated fibers to cure for 24 hours in ambient
curing. Monitor and control curing conditions, including tem-
perature and duration. After curing, de-mould the composite
from the mould. Carefully remove excess material and trim the
edges to achieve the desired shape and dimensions are shown
in Figure 2.

Mechanical Tests. Table 2 provides a summary of the fab-
rication process for fiber composite details and the correspond-
ing test matrix. Thin, flat composite pieces with a nominal
thickness of 10 mm were created from epoxy resin using a
manual insertion technique. These samples underwent curing
at room temperature for approximately 24 hours at 30 C. Ten-
sile and three-point bending tests were conducted using a Uni-

Table 2. Test Specifications for Reinforced Laminate Materials

versal Testing Machine (UTM-4000) with a nominal test speed
of 0.5 mm min’.

Tensile specimens were loaded from both ends. For impact
testing, composite samples were subjected to an Izod impact
machine. The impact test specimens had nominal dimensions
of 75 mm x 10 mm x 10 mm. Rectangular steel plates with a
76 mm round hole compressed the samples on all sides, and
the center of each sample was perforated with a hemispherical
cup with a diameter of 12.7 mm, carrying an approximate mass
energy of the cross of 5.2 kg. This process determined the impact
energy applied to each composite.

Microscopic Analysis. The microstructure of the composite
is analyzed using scanning electron microscopy (SEM), with a
specific emphasis on the fiber-matrix interface and fiber dis-
tributions. The specimens undergo a process of sputter-coating
with a thin layer of gold, followed by examination within a
ZEISS Evo® LS10 scanning electron microscope operating at
an accelerating voltage of 20 kV. This methodology provides
significant insights into the mechanical properties and struc-
tural soundness of epoxy composites reinforced with natural
fibers, hence enabling their utilization across diverse domains.

Results and Discussion

The stress—strain characteristics curve depicted in Figure 3
illustrates the brittle tensile failure typical of fiber-reinforced
composites. Thermosetting fiber composites generally display
similar stress—strain behaviour. Initially, the composite shows
linear behaviour during loading, followed by a non-linear phase
before reaching maximum tensile strength, culminating in a
sudden stress drop. The transition from linear to non-linear
behaviour typically occurs at a tensile strain level of around
0.2% for these composites.

The stress-strain curve serves as a representation of the cor-
relation between applied stress and resulting strain in a material.
For composite materials, this behaviour depends on factors
such as fiber type, orientation, matrix material, and manufac-
turing process. Natural fibers like CQF and SF act as rein-
forcements, contributing to the stress-strain curve's characteristics,

Type of test Reiniﬁ;;zment Method Specirng:rrs1 ngsometry I\iﬁriilli;aelsla?rlriltﬁ)te ("II;?;E -:gﬁ?li)
Tensile 250 x 25 1
Three-point bending Flat Hand lamination 125 x 10 10 0.5
Drop-weight impact 75 %10 Low-to medium energy
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Figure 3. Failure analysis of sample composite.

including moderate initial resistance, followed by some plastic
deformation prior to failure.

The selection and preparation of fibers, matrix material, and
the manufacturing process all significantly influence the spe-
cific shape of the stress-strain curve for each composite mate-
rial. In a fiber-reinforced composite (C1, C2, C3, C4, and C5),
the stress-strain curve reflects distinct mechanical properties
due to variations in composite proportion, allowing for mini-
mal energy absorption before failure. The fibers offer initial
resistance, impeding excessive deformation. As stress increases,
the composite may undergo plastic deformation, with the C4
sample likely exhibiting a notably high tensile strength due to
inherent fiber properties. This characteristic enables the mate-
rial to absorb a considerable amount of energy before failure,
making it suitable for applications requiring impact resistance.

Mechanical Properties Results and Interpretation. Once
mechanical testing is conducted on natural fiber-reinforced
epoxy composites, the obtained results offer valuable insights
into the material's performance. Interpretation of these results
involves understanding key parameters such as tensile strength,
flexural properties, impact resistance, compression strength, and
more. Here, we discuss common mechanical properties and
how to interpret their results.

Tensile Strength: Tensile strength represents the maximum
load the composite can withstand in tension before failure.
Tensile modulus indicates the material's stiffness. Higher ten-
sile strength suggests better resistance to stretching forces. A
higher modulus signifies increased stiffness, relevant in appli-
cations where dimensional stability is critical.
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Table 3. Mechanical Strength of CSQ/SF Samples

Tensile strength Flexural strength

Samples (MPa) (MPa)
Cl 0.95 26.89
C2 2.71 20.17
C3 6.52 21.82
C4 15.76 32.01
C5 3.36 21.27
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Figure 4. Tensile strength of the prepared composite samples.

The tensile strength results of fiber composites are presented
in Table 3, with each sample subjected to the ASTM D3039
test using a universal testing machine. Figure 4 illustrates that
the C4 fiber composite exhibits the highest tensile strength at
15.76 MPa, likely attributed to an exceptional covalent bond
within the epoxy matrices. The incorporation of 20% and 40%
CQF in samples C3 and C5 results in tensile strengths of 6.52
MPa and 3.36 MPa, respectively. In contrast, samples C1 and
C2 of the fiber composite display lower tensile strengths at
0.95 MPa and 2.71 MPa, respectively.

Flexural Strength: Flexural strength characterizes the max-
imum stress a material can endure when subjected to bending,
while flexural modulus indicates the material's resistance to
deformation during bending, reflecting increased stiffness and
rigidity. A higher flexural strength suggests better resistance to
bending loads. The bending strength of fiber composites (C1,
C2, C3, C4, and C5) was evaluated through a three-point bend-
ing test following ASTM D790 standards.

The flexural test assesses a composite's bending strength
and its maximum bending capacity before failure, achieved by
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Figure 5. Flexural strength of the fiber composite samples.

incrementally applying load. For the C1 composite, the flexural
strength recorded was 26.89 MPa, while C3 and C5 composites
exhibited values of 21.82 MPa and 21.27 MPa, respectively.
The C4 fiber composite demonstrated the highest flexural strength
at 32.01 MPa, attributed to the elastic nature of fibers in resin,
significantly enhancing bending strength. Conversely, the C2
sample displayed a minimal flexural strength of 20.17 MPa, as
poor bonding between fibers and resin was observed, as depicted

in Figure 5.

Impact Resistance: The ability of a material to absorb
energy during sudden loading is reflected in its impact resis-
tance. A higher impact resistance indicates better toughness,
which is crucial for applications where the material may expe-
rience sudden forces or impacts. The impact test for various
fiber composites illustrates the force over time, featuring a dot-
ted line at the maximum force point in both the x and y direc-
tions. Additionally, it marks the value of the maximum force
along with its corresponding time, offering a comprehensive
overview of the impact test results for different fiber composites.
The un-notched 1zod impact test is a singular test that assesses
the shear resistance of a material when subjected to a pendu-
lum swing.

Izod impact refers to the amount of kinetic energy needed to
start and maintain fracture until the specimen breaks. In the
present context, impact strength refers to the capacity of a
material to endure abrupt impact loads. The evaluation of the
impact strength of composites is conducted in accordance
with the ASTM D256 standard protocol, which offers valuable
information regarding the toughness characteristics of the
composites.

From Figure 6, C4 and C5 fiber composites require a max-
imum force of 44N and a time of five seconds to break. The
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Figure 6. Impact on prepared composite samples.
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impact absorbed by these composites is attributed to their flex-
ibility and the interaction between fibers and resin. The resin's
better adhesion plays a key role in holding the bond between
fibers, providing enhanced strength to the fiber. C1 fiber com-
posite necessitates a minimum force of 30N and a time of five
seconds to break. As for C2 and C3 composites, they withstand
maximum forces of 42N and 39N, respectively, with each fiber
composite requiring five seconds for breakage.

Compression Strength: Compression strength refers to the
maximum load a material can bear under compression before
experiencing failure. A high compression strength is crucial for
applications involving crushing or compression forces, partic-
ularly in load-bearing components.

In Figure 7, the Flexural load and the corresponding cross-
head displacement of the fiber composites are illustrated. The
C4 and CS5 fiber composites exhibit a maximum Flexural strength
of 400 N, resulting in a 1.5 mm crosshead displacement. This
indicates superior compressive strength compared to other
composites. The C1 fiber composite can only withstand a load
of less than 50 N due to a low interlinking bond between fibers
and resin. The C2 fiber composite can handle a load ranging
between 50 to 100 N, while the C3 fiber composite shows a
load variation between 0 N to 200 N, highlighting a weakness
in the strength and bond between the matrix and reinforcement.

Comparison Study of CQF/SF and CQ Powder(CQP)/
Unsaturated Polyester(UP) Composite. The study has been
extended to verify 40% CQ/SF (Specimen C4) and 20/% CQ/

Cl c2 Cc3
200 - 00

350 E-1

Load (N)

)

NI (I

|
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SF (Specimen C5) composition with epoxy and the mechan-
ical properties of published results®*® of CQ Powder (CQP)
with unsaturated Polyester (UP) has been compared.

The various parameters such as tensile strength, flexural strength
and impact strength are compared for only an optimum result
that have been derived in the Table 4.

Figure 8, 9, and 10 shows the tensile, flexural and Impact
strength of the CQ fiber and powder composites respectively.
It is observed that the tensile and flexural strength of chopped
CQ Fiber and sugar cane fiber composites with epoxy enhanced

the mechanical properties comparatively with CQ powder with

I CQP + UP [36]
[ CQF & SF + Epox

15.76

Tensile Strength (MPa)

C4-CQP/C4 C5-CQpP/C5

Samples

Figure 8. Comparison of Tensile strength of prepared composites
with CQP/UP.
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Table 4. Comparison of mechanical strengths for prepared samples

Samples Composition Tensile strength (MPa) Flexural strength (MPa) Impact strength (Joules)
C4-CQP 40% CQP + 60% UP 8.12 224 2.584
C5-CQP 20% CQP + 80% UP 3.31 6.61 2237
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Figure 10. Comparison of impact strength of CQ composites.

Unsaturated Polyester composites. In the aspect of impact strength
more are less both CQ fiber and CQ Powder composites are
exhibits same level of performance.”

Morphological Studies Findings. Analysis at the micro-
scopic level has unveiled crucial insights into the internal com-
position, distribution of fibers, and failure mechanisms within
the composite. The examination of microstructures is instru-
mental in gauging the efficacy of the fiber-matrix interface. The
scrutiny of the CQF/SF composite material has brought to light
various imperfections, including voids, porosity, and delami-
nation, all of which have compromised its overall strength. Sur-
face examination has provided valuable information on diverse
failure processes such as fiber pullouts, matrix cracking, and
fiber dispersions.

The scanning electron microscope (SEM) results for the C1

Sugarcane
Fiber (SF)

Uniform Mix,
Strengthen
Zome
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e
2
T Matrix Cracks

Dispersion.. by
| 100 pm [ phase ~——_

it e« ST 1w
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Figure 11. SEM images of prepared samples.

sample distinctly reveal an adhesion gap between the CQF and
the epoxy resin. Conversely, in the C2 sample, the CQF and SF
fibers are intricately bound together, showcasing their appear-
ances as reinforcements in composite materials. Sample C4
displays a homogeneous mixture of matrix and reinforcement,
resulting in a well-strengthened material. On the other hand,
the interaction between the epoxy resins binding the reinforce-
ment in sample C3 is heterogeneous, leading to noticeable adhe-
sion issues and fiber pullouts. The primary cause of failure in
sample C5 can be attributed to higher matrix cracks and dis-
persion phase. Morphological analysis has shed light on critical
aspects such as fiber-matrix interfacial bonding, fiber breaking,
and potential flaws within the composite.”” The SEM images
depicting the CQF/SF composite are presented in Figure 11.
Novelty and Findings. a. First-time use of Cissus Quadran-
gularis and sugarcane fibers in hybrid composites.
b. Improved fiber-matrix bonding through alkali treatment.
c. Enhanced mechanical properties (tensile, impact, flexural)
over single-fiber composites.
d. Lightweight, eco-friendly, and sustainable material devel-
opment.
e. Suitable for automotive, construction, and packaging
applications.
f. Cost-effective use of natural fibers for eco-friendly composites.

Polym. Korea, Vol. 49, No. 2, 2025
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Conclusion

The composites were formed through a manual hand-lay
moulding process, utilizing Cissus Quadrangularis Fiber (CQF)
and Sugarcane fiber (SF) with Epoxy resin as the reinforcing
material. These samples were designated as C1, C2, C3, C4,
and C5.To assess the mechanical properties, the composites
underwent testing for tensile, flexural, and impact strength, while
morphological studies were conducted on the samples. Among
the composites, C4 (CQF40:SF60) exhibited the highest tensile
strength, flexural strength, impact strength attributed to reduced
porosity and strong bounding between the composite elements.
The addition of epoxy resin enhanced the flexural behaviour
by introducing elastic properties to the composite. It is con-
cluded that the CQF/SF with epoxy composites having good
tensile and flexural strength than the CQ Powder with Unsat-
urated Polyester composites.

Morphological analysis of the CQF/SF composites exposed
significant flaws, such as voids and delamination, negatively
impacting their strength. Scanning electron microscopy (SEM)
results indicated issues like adhesion gaps and matrix cracks in
specific samples. Notably, C4 displayed a well-reinforced mate-
rial with a uniform mix of matrix and reinforcement. Addressing
these flaws, particularly in adhesion and delamination, is impera-
tive for enhancing composite performance in future applications.
In conclusion, the fiber-reinforced epoxy composite demon-
strates suitability for structural applications in automobiles.
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