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Abstract: The automotive sector is actively seeking sustainable, renewable, and cost-effective
alternatives to synthetic fibers for manufacturing various automobile parts. Present study explores
the physical and mechanical characteristics of natural fibers luffa (Luffa cylindrica) and sisal
(Agave sisalana), for their prospective use in composite materials. The composites fabricated by
hand layup method were characterized in terms of their tensile strength, flexural strength, impact

resistance, hardness, water absorption, thickness swelling and density. The fiber weight fractions
were taken as 10%, 20%, 30%, 40%, and 50%. The results indicate that both luffa and sisal fiber
reinforced composites exhibit promising mechanical properties. Sisal reinforced composites

showed higher tensile strength and flexural properties, while luffa composites demonstrated

excellent impact resistance.
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1. Introduction

Composite materials are fabricated using two or more
different substances that, when combined, create a superior
material with enhanced properties. The growing interest in
composite materials is driven by several key factors like
superior mechanical properties and their strength to weight
ratio as compared with metals and alloys. Fiber
reinforcement significantly improves the properties of
polymers and plastics'?.

Researchers are now focusing on developing alternative
composite materials using renewable and eco-friendly
alternatives to replace non-sustainable products. This shift,
emphasizes the adoption of sustainable materials with
minimal environmental impact over traditional materials®.
In the area of reinforced polymer composites the use of
natural fibers is growing trend among researchers in
present scenario due to promising quality of these fibers.
The composites with natural fibers have low density, low
cost, sustainability, nontoxicity, high flexibility,
renewability, biodegradability, high specific strength,
good stiffness, high strength-to-weight ratio, recyclability
and ease in processing®?.

Fiber-reinforced polymer composites have been replacing
traditional materials in practical applications for years due

to their durability, corrosion resistance, flexural strength,
and excellent mechanical properties tailored to specific
needs®”.

Due to various favourable properties of natural fiber
polymer composites their application in automobile sector
is continuously increasing globally. These composites are
used for both interior and exterior automotive components.
Suitable hybrid natural fiber composites may also be used
for many specific applications like bumper beam and many
more after some improvements to enhance mechanical
properties® !,

Natural fibers have great potential for future applications,
including vibration damping, sound absorption, and
thermal reflection'?.

The surface properties, volume fraction, physical
properties, and orientation of natural fibers expressively
impact the mechanical and tribological performance of
polymer composites. The behaviour of the composite is
influenced by the nature of the fibers, demonstrating the
necessity of meticulous fiber selection and appropriate
modification to achieve optimal performance'>!>

The present study focused on fabrication and
characterization of sisal and luffa fiber reinforced epoxy
composites.

Sisal fiber is a promising reinforcement in natural fiber
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composites which significantly enhances mechanical and
physical properties. These fibers are abundantly available
at low cost. Lightweight and non-toxic properties make
them an attractive option for various applications'®.

Sisal fiber contains 65-78% of cellulose!”,9.9 % of
lignin ,0.5% Of wax,0.5-0.8% of the cuticle, and 7-9% of
other dry contents, 1.33-1.45 density (g/cm?) diameter 100
+300 um and length 1-1.5m 82D,

Sisal fibers offer improved specific strength and modulus,
contributing to the overall performance of the composites.
Currently, sisal fiber composites are used in a range of
engineering applications, including the automotive and
railway industries, building materials, electrical sectors,
geotextiles, defense, packaging, sports, furniture, house
ware and many more 2>%%,

Luffa belongs to the Cucurbitaceae family?**> which
contains 57-74% cellulose, 14-30% of hemicellulose, 10—
22% of lignin, extractives nearly 3.2%, and 0.4% ash,
0.82-0.92 g/cm? density, 12° microfibrillar angle, approx.
270 um diameter?+26-2%:

The immature fruit of Luffa cylindrica is edible as a
vegetable. Mature fruits are inedible due to their bitter
flavour, resulting from the accumulation of purgative
compounds. Luffa cylindrica is utilized medicinally for its
purgative properties®”. Luffa has a unique knitted structure
that is uncommon in other natural fibers, with a fibrous and
vascular system that naturally forms a mat when
dehydrated. This knitted natural luffa fiber exhibits
exceptional strength, stiffness, and energy absorption, as
compared to metallic cellular materials of similar
density®%3D. The strength of natural fibers depends on their
cellulose content and micro-fibrillary angle. Higher
cellulose content increases fiber strength, while a lower
micro-fibrillary angle enhances it further?. Luffa sponges,
which were traditionally used for bathing and cleaning,
have found new applications in environmental engineering,
biotechnology, and industrial items as science has
advanced. Their processed forms are increasingly being
used in consumer goods, including high-quality hotel bath
products such as towels and sponges>?.

Recent studies show that natural fiber reinforced polymer
composites are receiving increasing attention in the
automotive sector because of their low density,
renewability, acceptable mechanical performance, and
reduced environmental impact!>*39. Sisal fiber has been
widely studied due to its good tensile strength, stiffness,
availability, and compatibility with polymer matrices,
while Iuffa fiber has gained interest because of its porous
structure, lightweight nature, and energy absorption
capability??>?+?7), Earlier studies on sisal-based composites
reported improvement in tensile, flexural, and hardness
properties with suitable fiber loading?’2?. Similarly, luffa-
based composites have shown promising impact resistance
and moisture absorption behaviour due to their cellular and
sponge-like structure?’>?. However, limited studies are

available on the comparative investigation of sisal and
luffa reinforced epoxy composites at different fiber weight
percentages, particularly for automobile interior
components where strength, dimensional stability, water
resistance, and impact behaviour are important.
Therefore, the objective of the present study is to fabricate
sisal fiber reinforced epoxy composites and luffa fiber
reinforced epoxy composites separately using the hand
lay-up method with fiber loadings of 10, 20, 30, 40, and 50
wt.%. The study aims to evaluate and compare their
physical properties such as density, void content, water
absorption, and thickness swelling, along with mechanical
properties including tensile strength, flexural strength,
hardness, and impact strength. The work also aims to
identify suitable fiber loading and possible automobile
interior uses such as door trim panels, dashboard panels,
roof liners, package trays and acoustic insulation panels.

2. Materials and methods

2.1. Materials used

In the present experimental study, a thermoset epoxy resin
(LY556) in liquid form is employed as the matrix
substance, with HY951 serving as the curing agent. Both
the resin and hardener were procured from Savita
Scientific and Plastics, Jaipur, India. The sisal and luffa
natural fibers are used as reinforcement material. The sisal
fibers were purchased from Fiber Source, Chennai, Tamil
Nadu, India, while the luffa fibers were supplied by
Timosha Commerce, Jamshedpur, Jharkhand, India.

2.2. Preparation of composites

Composites of epoxy reinforced with sisal and luffa fibres
were prepared by traditional hand lay-up technique using
a wooden mould of size 200 mm x 200 mm x 10 mm to
cast the composite plate. Silicone gel was sprayed on
moulding box as a releasing agent. Sisal and luffa fibers
were cut randomly into 3 mm lengths. In a mixing jar,
epoxy resin and hardener were mixed in a ratio of 10:1.
Then the mixture was stirred thoroughly until it became
homogeneous. After that, the mixture was poured into the
mould and spread evenly with the help of a brush and roller.
For curing, the necessary weight was applied on the mould
and kept at normal temperature. After 24 hours fabricated
composite was taken out from mould and then samples
were cut for testing into required size as per ASTM
standards.

2.3. Nomenclature of composite

The Table 1 shows composition and designation of
composite materials. ES represents composites made with
Sisal fibers and epoxy with varying fiber weight
percentage whereas EL for composites made with Luffa
fibers and epoxy.
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Table 1: Nomenclature and designation of composites

Designation Composite
ES10 Sisal 10%+Epoxy 90%
ES20 Sisal 20%+Epoxy 80%
ES30 Sisal 30%+Epoxy 70%
ES40 Sisal 40%+Epoxy 60%
ES50 Sisal 50%+Epoxy 50%
EL10 Luffa 10%+Epoxy 90%
EL20 Luffa 20%+Epoxy 80%
EL30 Luffa 30%+Epoxy 70%
EL40 Luffa 40%+Epoxy 60%
EL50 Luffa 50%+Epoxy 50%

3. Investigation of Physical and Mechanical
Properties

The physical and mechanical characteristics play a pivotal
role in determining the performance, durability and
applications of fiber-reinforced polymer composites.
These characteristics help to compare and optimize
composites for specific functional requirements while
addressing challenges like cost, sustainability, and
environmental resistance.

3.1. Physical properties

3.1.1. Density and Void contents

Density of the composite is measured in two ways
experimental (actual) and theoretical methods. The real
density of the composite was determined using
Archimedes’ Principle, and the theoretical density
computed by the equation 1, as per the rule of mixtures’®.

1
Pc = W wm (1)
P Pm

Where, Wrand Wy, are the weight fraction of fiber and
matrix and p., pr and pm are density of composite, fiber and
matrix materials.

To determine the void fraction, the procedure mentioned
in ASTM D2734 standard has been adopted. The void
content in natural fiber-reinforced polymer composites is a
critical parameter that reflects the volume fraction of air or
empty spaces present within the composite material.

This factor plays a significant role in influencing the
mechanical properties of the composite, such as its
strength, stiffness, and durability. Properly fabricated
composite may have one or less than one percentage void
content and improperly made composite have high

percentage of void so it is necessary to know assessing
quality of fabrication®?.

The void content (Vyeig) was determined using the
theoretical density (p;) and the experimentally density (pe)
of the composite, as given in equation 2.

Vuoia (%) = (£5£2) x 100 2

As the results showed minimum percentage of voids
content, it is confirmed that the composite manufacturing
was better executed and finally the prepared composite
was processed further for the mechanical characterization.
Table 2 presents the void content of sisal and luffa fiber-
reinforced epoxy composites at varying fiber percentages
(10%, 20%, 30%, 40%, and 50%) based on their
theoretical and experimental densities

For both composites, void content increases with fiber
percentage. For sisal fiber ES10 shows 4.21% voids, ES50
shows 9.27% voids for luffa fiber EL10 shows 6.73%
voids, EL50 shows 9.92% voids. Across all fiber
percentages, sisal composites consistently show lower
void content than luffa composites.

This is likely due to better compatibility and packing of
sisal fibers in the epoxy matrix compared to the porous,
spongy structure of luffa fibers.

The porous structure of luffa fibers may promote air
entrapment during fabrication, resulting in comparatively
higher void content and lower dimensional stability.

The theoretical density increases with increasing fiber
content for sisal composites, whereas it decreases slightly
for luffa composites. Also, the consistent lower value of
experimental density as compared to the theoretical
density, indicates the presence of voids or incomplete
fiber-matrix bonding in composites.
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Table 2: Physical properties of composites

Composite Theoretical density Extl:l e;ir;::stii;fac % Ch?,::;g; ci:::t?:liity or Thickn(;i;))Swelling
ES10 1.19 1.139 4.21 1.63
ES20 1.204 1.135 5.67 1.87
ES30 1.219 1.141 6.39 1.92
ES40 1.234 1.130 8.42 2.39
ES50 1.25 1.134 9.27 2.67
EL10 1.137 1.060 6.73 29
EL20 1.1 1.001 8.98 3.19
EL30 1.064 0.967 9.03 3.51
EL40 1.031 0.929 9.85 3.81
EL50 1.001 0.901 9.92 435

3.1.2. Thickness swelling test

Thickness swelling is an important property of natural
fiber composites, indicating their dimensional stability
after moisture absorption. Initially, the swelling rate is low
due to the viscoelastic behaviour of the polymer matrix.
However, as the swelling rate increases, it can reduce the
composite's mechanical properties, including tensile
strength, compression, impact resistance, and bending
performance?®®.

The thickness swelling test was conducted according to
ASTM D570-98 standard. The initial thickness of the
specimens was measured and recorded before soaking
them in distilled water. Subsequently, the thickness was
measured and recorded every 24 hours over a specified
period. The change in thickness swelling in specimens was
calculated by using the expression in Equation 3

TS% = (T’;;TJ x 100 (3)
where TS shows thickness swelling in percentage, Ti is
thickness before soaking and Ty thickness after soaking.
The thickness swelling for ES10 is 1.63%, while for EL10,
it is 1.87%. The thickness swelling increases with the
percentage of fiber for both types of fibers. At 50% fiber
loading, ES50 exhibits a thickness swelling value of 2.67%,
while EL50 shows 4.35%. Luffa demonstrates increased
thickness swelling across all fiber percentages. Luffa fibers
may demonstrate superior water absorption and greater
expansion compared to Sisal under similar conditions,
particularly at higher fiber concentrations.

The higher thickness swelling observed in luffa
composites may be related to their porous structure and
greater moisture uptake, which causes expansion of the

fiber network within the composite. The increased
swelling of Iuffa may suggest enhanced porosity or
moisture absorption, potentially advantageous for
applications such as filtration or insulation.

3.1.3. Water absorption

Natural fibers have low resistance to water absorption,
which negatively impacts their mechanical characteristics,
dimensional solidity, and long-term durability, leading to
embrittlement caused by hydrolytic degradation of their
macromolecular structure. Therefore, the study of water
absorption behaviour is essential to understand its effects
and explore ways to minimize it*’-**). Moisture absorption
of natural fiber depends on percentage of hemicellulose
present in fiber.

The water absorption (moisture absorption) test (ASTM
D570-98) was performed to evaluate the water absorption
properties of the samples, following the standard method
for plastics. Each specimen measured 60 mm x 60 mm x
10 mm. Initially, the samples were weighed and then
submerged in water. After 24 hours, they were removed,
and any surface moisture was carefully wiped off using
tissue paper before weighing again. The weight increase
was recorded every 24 hours until the samples reached
saturation. For the manufactured samples, this test was
carried out over a 30-day period. The moisture absorption
was determined by calculating the weight difference, using
a high-precision 4-digit balance, following Equation 4.

Moisture Absorption % = (wywi) x 100 (4)

wi

Where, W¢ indicates final weight and W; indicates initial
weight.
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Fig. 1: (a)Effect of Sisal fiber loading on water absorption (b) Effect of Luffa fiber loading on water absorption

The Figure 1a and 1b illustrates the water absorption (%)
of sisal and luffa fiber-reinforced epoxy composites over
30 days, with fiber weight percentages of 10%, 20%, 30%,
40%, and 50%. It shows the water absorption increases
over time and varies with fiber content. For all composites,
water absorption rises over 30 days, with the steepest
increase occurring during the first 10—15 days. After 20
days, the rate of absorption slows, approaching saturation.
Composites with higher fiber content ES50 and EL50
show the greatest water absorption, as fibers are
hydrophilic and tend to absorb moisture whereas Lower
fiber content ES10 and EL10 composites absorb less water
due to the dominant epoxy matrix, which is hydrophobic.

Water absorption for higher fiber contents ES50, EL50 8—
9% by 30 days. Lower fiber percentages ES10, EL10
stabilize below 4—5%. Luffa composites generally show
higher water absorption compared to sisal composites due
to their higher porosity and hydrophilicity.

The higher water absorption in Iuffa composites may also
be associated with the porous structure and greater
moisture affinity of luffa fibers, which allows easier
penetration of water into the composite structure. Water
absorption increases over time for all fiber contents, with
higher fiber percentages (50%) absorbing the most
moisture. Luffa 50% exhibits the highest water absorption
among all configurations.
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3.2. Mechanical Properties

Mechanical tests for tensile strength, flexural strength,
hardness and impact strength were conducted in this study.
These tests provide insights into the load-bearing capacity
and potential applications of the composites. A thorough
analysis was carried out to evaluate their overall
performance.

3.2.1. Tensile test

The tensile test was performed in accordance with ASTM
D 638 standards on Universal Testing Machine (UTM)
with maximum load of 100 kN. The composite specimens
having 165 mm x 12.7 mm x 3.2 mm cross section were
prepared and then tested on (Universal Testing Machine)
UTM at a cross-head speed of 2.5 mm/min.

The specimens with different compositions were tested on
the Universal Testing Machine (UTM), and the samples
were loaded until rupture to obtain the ultimate tensile

strength. Stress-strain diagram was plotted to determine
the ultimate tensile strength. The tensile strength, flexural
strength, hardness, and impact strength of all composite
specimens are presented in Table 3.

The Figure 2 illustrates the effect of fiber quantity on
tensile strength, showing an increase up to 30% fiber
content, followed by a decline. Across all fiber loadings,
sisal fiber composites demonstrate higher tensile strength
than luffa fiber composites, with a consistent performance
gap between the two.

The peak tensile strength occurs at 30% fiber loading for
both fiber types with 58.6MPa and 48.42MPa respectively.
The improvement in tensile strength up to 30 wt.% fiber
loading may be attributed to better stress transfer between
the fiber and matrix. Beyond this level, higher fiber
loading may lead to poor wetting, fiber agglomeration, and
void formation. Among the two, sisal fibers consistently
exhibit superior tensile strength compared to luffa.

Table 3: Mechanical properties of composites

Composite Tensile strength Flexural strength Hardness Impact strength
(MPa) (MPa) (J/m?)

ES10 36.2 51.52 70.86 8.98

ES20 45.14 63.37 73.38 10.72
ES30 58.6 72.4 75.8 13.91
ES40 52.38 67.25 78.14 16.52
ES50 41.7 58.45 79.96 15.76
EL10 2535 42.8 69.98 6.37

EL20 36.2 54.4 72.76 9.56

EL30 48.42 63.68 75.36 13.04
EL40 41.81 46.72 77.42 16.23
EL50 33.75 37.75 78.82 15.68

Tensile strength (MPa)

80
60

0 .

2
10% 20% 30% 40% 50%

Fiber percentage

o

Tensile strength
o

W Sisal m Luffa

Fig. 2: Effect of fiber loading on Tensile strength
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Fig. 3: Variation in flexural strength with fiber percentage
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3.2.2. Flexural test

Flexural test was conducted to determine flexural strength
along with flexural modulus and maximum deflection.
These tests were performed on (Universal testing
Machine) UTM and follows ASTM D790 standard, using
three-point bending setup. The cross section of the
specimens was 127 mm long, 12.7 mm wide and 3.2 mm
thick.

Fli IS h O SPL 5
1 1 =
exural Strength Of 2bdZ )
L*m
Flexural Modulus E = (6)
4bd3

The Figure 3 shows the variation in flexural strength of
sisal and luffa fiber composites. Flexural strength increases
with fiber loading up to 30%, after which it declines. The
improvement in flexural strength up to 30 wt.% fiber
loading may be due to better fiber—matrix interaction and
effective stress distribution within the composite. Beyond
this level, reduction in strength may occur because of poor
fiber dispersion, insufficient resin wetting, and increased
void formation.

At all fiber loadings, sisal composites outperform luffa
composites, indicating superior reinforcement properties.
The peak flexural strength occurs at 30% fiber loading,
with a decline beyond this point. At 10% fiber loading, the
reinforcement effect is minimal, while at 50%, weak fiber
dispersion and excessive fiber content reduce matrix
integrity, weakening the composite. Flexural strength of
sisal increases from 51.52MPa to 72.4MPa and for luffa
fiber it increases from 42.8MPa to 63.68MPa

3.2.3. Hardness test

Hardness test was conducted on ‘Rockwell hardness
testing setup’ in accordance with ASTM D785 standards.
For this test scale L was chosen with a 2.5 mm steel ball
under a minor load of 10 kg and a major load of 60 kg. The
L scale is used to calculate the relative hardness of soft
materials like plastic, polymer and rubber. This test
measures the indentation of a standard indenter into the
material under standard force and time conditions. The test
specimen is positioned on a hard flat surface. Rockwell
Hardness is a measure of a material's resistance to
deformation or penetration.

The data indicates that increasing fiber percentage
enhances this resistance, making the material harder and
likely more durable.

As depicted in Figure 4 for both types of fibers, the
Rockwell Hardness increases as the fiber percentage
increases from 10% to 50%. This shows that the fiber
content has a significant influence on improving hardness.

Rockwell Hardness
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Fig. 4: Effect of fiber loading on hardness

The increase in hardness with higher fiber loading may be
attributed to the higher stiffness of natural fibers, which
improves the resistance of the composite surface against
indentation and deformation.

The Figure 4 illustrates the Rockwell hardness of
composites under varying fiber percentages. The results
reveal that both composites exhibit an increasing trend in
hardness as the fiber percentage rises, indicating that
adding more fibers enhances the mechanical property of
hardness. For the Sisal fiber composite (ES10 to ES50), the
hardness increases from 70.86 to 79.96, while for the Luffa
fiber composite (EL10 to EL50), it rises from 69.98 to
78.82. At every fiber percentage, the Sisal fiber composite
demonstrates higher hardness values than the Luffa fiber
composite. However, the difference between the two
remains relatively small, ranging from 1% to 2% across all
fiber percentages.

3.2.4. Impact test

Izod impact test was performed on notched composite
specimens in accordance with to ASTM D256 standards.
This impact test which is also known as the V-notch test,
is a standardized high strain-rate test used to determine the
quantity of energy absorbed by a material before fracture.
Specimen dimensions were taken as 63.5mm length,
12.7mm width and 3.2 mm thickness with notch depth as
10 mm. The specimen was fixed as a vertical cantilever
beam and strike by a single swing of a pendulum drop at
angle of 90° to break. The pendulum speed during strike at
face of the notch remains 3.857m/s.

The impact strength increased with fiber loading up to 40
wt.% for both sisal and luffa fiber composites. A slight
decrease was observed at 50 wt.% fiber loading. This
indicates that increasing fiber content up to 40 wt.%
enhances the material's ability to absorb energy during
impact.

The improved impact strength at higher fiber loading may
be attributed to the enhanced energy absorption capability
of the fibers during fracture and crack propagation.
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Fig. 5: Effect of fiber loading on Impact strength

The results of impact strength for sisal and luffa fiber are
shown in Figure 5. At lower fiber percentages, ES10 and
ES20 show higher impact strength than EL10 and EL20,
indicating that sisal performs better at lower fiber contents.
Figure 5 shows that the impact strength increased with
fiber loading up to 40 wt.% for both composite systems.
However, a slight decrease was observed at 50 wt.% fiber
loading, which may be due to poor resin distribution and
weaker fiber—matrix bonding at higher fiber loadings. As
the fiber percentage increases, the impact strength of luffa
approaches that of sisal, and at 40 wt.% and 50 wt.%, both
composites exhibit nearly similar impact strength values.
This suggests that the difference in impact performance
between the two composites becomes very small at higher
fiber loadings.

4. Conclusions

This study investigated the physical and mechanical
characteristics of luffa and sisal fiber-reinforced epoxy
composites for potential automobile applications. The
results indicate that fiber content significantly influences
the composite's performance. Sisal fiber composites
demonstrated higher tensile and flexural strength, making
them suitable for structural applications requiring high
load-bearing capacity. Luffa fiber composites, on the other
hand, exhibited superior impact resistance, indicating their
suitability for energy-absorbing components.

The study also revealed that void fraction and moisture
absorption increased with higher fiber loading, affecting
dimensional stability. Sisal composites showed lower void
content and water absorption compared to luffa composites,
highlighting their better compatibility with epoxy resin.
The optimum fiber loading for both composites was
observed at 30-40%, beyond which mechanical properties
declined due to fiber agglomeration and poor matrix
bonding. The findings suggest that these eco-friendly
natural fiber composites can serve as viable alternatives to
synthetic materials in automotive applications, with sisal
being preferable for load-bearing components and luffa for
impact-resistant parts. Sisal fiber composites may be

suitable for automobile interior components such as door
trim panels, dashboard panels, and interior side panels,
whereas luffa fiber composites can be considered for roof
liners, package trays, and acoustic insulation panels due to
their better impact resistance and lightweight nature.
Further surface treatment and hybridization techniques can
be explored to enhance their performance for broader
engineering applications.
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