
Vol.:(0123456789)

Biomass Conversion and Biorefinery 
https://doi.org/10.1007/s13399-024-06114-y

ORIGINAL ARTICLE

Investigation of mechanical properties and characterization of Luffa 
cylindrica and sisal fiber‑reinforced epoxy hybrid composites: 
influencing of  B4C

Suriya Prakash M.1  · Nallusamy M.1 · Sreebalaji V. S.1 · Santhosh P.1 · Dinesh M.1 · Nameeth S.1

Received: 14 June 2024 / Revised: 20 August 2024 / Accepted: 24 August 2024 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract
The author examines the mechanical properties of epoxy hybrid composites reinforced with boron carbide  (B4C) particle 
filler, Luffa cylindrica, and sisal fiber. The fibers from Luffa cylindrica and sisal were treated with 5% of NaOH solution. 
Composite laminates were created using the compression molding technique in various compositions such as 10–15 wt.% of 
Luffa cylindrica, 10–15 wt.% of sisal fiber, and 0–10 wt.% of  B4C particles with 70 wt.% of epoxy resin. As per the ASTM 
standards, the specimens from each composition were prepared to observe the mechanical properties such as ultimate tensile 
strength (UTS), flexural test, and impact test. The sample of 11.25 wt.% Luffa cylindrica/11.25 wt.% sisal fiber/7.5 wt.%  B4C 
particles significantly improved the UTS of 38.56 MPa and impact strength of 6 J, whereas 10 wt.% Luffa cylindrica/10 wt.% 
sisal fiber/10 wt.%  B4C particles had demonstrated notable improvements in flexural strength of 58.23 MPa. As a result, it 
is observed that the mechanical properties of the fabricated composites were markedly improved by the increment of  B4C 
particles. A scanning electron microscope was used to examine the morphological behavior of the fabricated composites, 
comprising void formation and the interfacial bond between the binder and fibers.
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1  Introduction

In present scenario, manufacturers are increasingly turning to 
natural fibers for applications in automotive, construction, and 
packaging industries. Extensive research has been conducted 
to develop novel materials using natural fibers, prompted by 
the increased emphasis on environmental morals [1]. Flax, 
hemp, sisal, jute, and coconut are examples of natural fiber 
reinforcement materials that are often used in thermosetting 
and thermoplastic polymer matrix composites [2]. Natural fib-
ers are fully biodegradable, renewable resources, and globally 
available. Their tensile strength and E-modulus are comparable 
to those of synthetic fibers [3]. Natural fibers may be essential 
in developing biodegradable composites to current ecologi-
cal and environmental problems [4]. In Shih et al.’s [5] study, 
water retention of the composite materials was significantly 

lowered by enhanced adhesion between the treated fibers and 
the matrix. PBS and PLA both had improvements in tensile 
strengths of 121.7% and 66.1%, respectively. Surajarusarn 
et al. [6] analyzed fiber concentrations of 2, 5, and 10 parts 
(by weight) per hundred of rubber using dynamic mechani-
cal analysis across a temperature spectrum. Reddy et al. [7] 
observed the mechanical properties of jute, pineapple leaf 
fiber, and glass fiber in a 1:1:1 ratio, and fibers in a mixture 
of polyester and epoxy resin and polyester composites have 
better mechanical properties than epoxy composites. Senthil-
kumar et al. [8] investigated the mechanical, morphological, 
free vibrational, and damping properties and showed a signifi-
cant enhancement in tensile, compressive strength, and flexural 
properties as the PALF loading increased. Suriyaprakash et al. 
[9] created the composite laminates using the compression 
molding method, by incorporating ramie and hemp fibers that 
were treated under various conditions and resulted that the 
mechanical performance with tensile and flexural strength was 
improved. Sivakandhan et al. [10] studied the combinations of 
glass, ceramic fibers, ridge gourd, epoxy resin, and polyester 
resin laminates which have been found to enhance the mechan-
ical properties of fiber mat that exhibits increased strength, 
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reaching 140.68 MPa and 77.3 in hardness strength. Brucely 
et al. [11] investigated the mechanical strength of the combina-
tion of Luffa cylindrica and pineapple fibers in a ratio of 3:1 
yielded the most remarkable results compared to other hybrid 
combinations. Santha Rao et al. [12] implemented to boost the 
mechanical and microstructural properties of polymer compos-
ites by incorporating jute, sisal, and banana fibers along with 
a 2% addition of titanium diboride as filler material. Ferede 
et al. [13] examined the sisal fiber-reinforced polypropylene 
composite that has a maximum tensile strength of 52.69 MPa 
and flexural strength of 127.8 MPa, and it was observed that 
the water absorption rate increased as the weight proportion 
of the sisal fiber increased. Premnath [14] investigated the 
mechanical properties of sisal and jute reinforced with epoxy 
resin and the tensile strength showed a 20% increase and flex-
ural strength exhibited a 25% improvement in the case of sur-
face treated composites. Ragunath et al. [15] analyzed that 
the tensile strength of sisal/glass fiber composites measured at 
255.80 MPa, which is comparable to the strength of artificial 
fiber composites at 260.10 MPa. Chakrabarti et al. [16] exam-
ined the chemical treatment-reinforced Luffa composite which 
exhibited a tensile strength of 10.20 MPa and Luffa fibers were 
incorporated into the hybrid composite; the bending strength 
significantly increased to 105.12 MPa. Arpitha et al. [17] 
observed that the optimal contents of sugarcane bagasse and 
alumina micro-fillers increased the flexural properties to 3.5 
wt.% and 3.5 wt.%, respectively. Nagaraju et al. [18] increased 
the mechanical properties of tensile, compressive, hardness, 
and impact strength, with in  B4C composites. Gowda et al. 
[19] found the enhancement in bonding between the fiber and 
matrix by roughening the fiber surfaces on alkali treatment, 
which improved the overall performance of the composites.

As there are no previous literatures in the combination 
of Luffa cylindrica, sisal fiber, and epoxy composite rein-
forced with  B4C particles, this unique combination has been 
selected. Also, the natural fibers such as Luffa cylindrica 
and sisal fibers are selected due to their superior mechani-
cal properties and cost-effectiveness. The reinforcement 
 (B4C particles) has been selected to improve the hardness 
of the composite materials. Hence, the unique combination 
of the hybrid composites has been made in various composi-
tions using compression molding technique to observe the 
mechanical properties and characterization for the applica-
tion of automobile industries.

2  Experimental work

2.1  Materials used

The compositions are formed by combining epoxy resins 
with a blend of natural fibers, such as Luffa cylindrica, sisal 
fibers, and  B4C. Different weight percentages (wt. %) of 

the fibers is used in preparing the samples, as outlined in 
Table 1. Following this, the samples are subjected to various 
tests to analyze the results obtained.

2.1.1  Luffa cylindrica

Luffa belongs to the Cucurbitaceae family, and its unripe 
fruits are eaten as vegetables and its ripe fruits are used 
as natural cleaning sponges. The exceptional strength, stiff-
ness, and strength of Luffa fibers are comparable to those of 
metals with an equivalent density. Figure 1 shows a typical 
cylindrical Luffa cylindrica. The contents of lignin, hemi-
cellulose, and cellulose vary from 10 to 23%, 8 to 22%, and 
55 to 90%, accordingly. As Luffa ages, its cellular structure 
transforms from being made up of several separate threads 
to becoming fibrous.

2.1.2  Sisal fiber

Sisal fibers are natural fibers derived from the leaves of the 
agave sisalana tree. It is commonly used in materials testing 
due to its strength and durability. The test generally involves 
the use of sisal fibers as reinforcement in composites to 
enhance the mechanical properties of the material under test. 
It can be used in applications such as automotive compo-
nents, construction materials, and consumer products. Sisal 
fibers are valued for their high tensile strength, corrosion 
resistance, and biodegradability, making them a sustainable 
option for testing and manufacturing areas. Figure 2 shows 
the untreated sisal fiber.

2.1.3  Boron carbide

Boron carbide  (B4C) is renowned for its exceptional hard-
ness, ranking just below diamond and cubic boron nitride. 
It boasts a high melting point exceeding 2300 °C, making 
it suitable for high-temperature applications. Despite its 
hardness,  B4C is relatively lightweight, appealing for aero-
space and armor applications. It exhibits excellent chemical 
resistance, particularly against acids and alkalis.  B4C is an 
outstanding neutron absorber, vital for nuclear applications 

Table 1  Composition of samples

Sample ID Epoxy 
resin 
(wt.%)

Luffa cylin-
drica fiber 
(wt.%)

Sisal fiber 
(wt.%)

B4C (wt.%)

LCSF/B4C-1 70 15 15 0
LCSF/B4C-2 70 13.75 13.75 2.5
LCSF/B4C-3 70 12.5 12.5 5
LCSF/B4C-4 70 11.25 11.25 7.5
LCSF/B4C-5 70 10 10 10
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such as control rods and shielding. It possesses moderate 
thermal conductivity and semiconductor properties, expand-
ing its utility in various electronic and thermal management 
applications.

2.2  Methods

2.2.1  Preparation of resin and hardener

Aerospace structures are the main use of epoxy resin for 
high-performance applications. Epoxy LY556 and araldite 
HY951 are combined in a resin weight ratio of 10:1. The 
hardener known as araldite HY951 is well known for its 
remarkable adherence and resistance to breakdown from 
chemicals and the atmosphere.

2.2.2  Chemical treatment

The process involves the treatment of fibers with sodium 
hydroxide (NaOH) to eliminate lignin, hemicelluloses, 

pectin, wax, oils, and other organic compounds from the 
surface. This treatment aims to increase the exposure of cel-
lulose molecules on the surface, enhancing the adhesion of 
fibers to the polymeric matrix by providing more reaction 
sites. A mixture was created by combining 5% NaOH with 
distilled water in a glass vessel [20].

The Luffa and sisal fibers shown in Fig. 3a and b are 
immersed in the NaOH solution and placed under regular 
lighting for a duration of 3 h. Following this, the fibers are 
air-dried to eliminate moisture and then thoroughly dried in 
the sun. These procedures detail the treatment process for 
natural fibers.

2.2.3  Fabrication of composite

The production of composite laminates is carried out using 
the compression molding machine shown in Fig. 4. In this 
particular study, a combination of Luffa cylindrica and sisal 
fibers is utilized to create hybrid laminate samples. These 
fibers are chopped and mixed in specific with epoxy resin, 
hardener, and  B4C filler shown in Fig. 5. The resulting 
mixture is then placed in a preheated mold. Afterward, the 
hybrid fiber mixture is left in the mold for 1 h at a tempera-
ture of 130 °C, while a pressure of 120 bar is applied for the 
same duration. Once the process is complete, the laminate is 
removed from the mold. The composite laminate is restricted 
to dimensions of 300 mm × 300 mm × 3 mm, with a visual 
depiction of the sample shown in Fig. 6. Different weight 
percentages of Luffa cylindrica and sisal fibers are employed 
to prepare the samples.

3  Results and discussion

3.1  Tensile test

The tensile test is conducted on specimens that are shaped 
like dog bones, following the ASTM D3039 standards. 
The test specimens are prepared with dimensions of 

Fig. 1  Luffa cylindrica fiber 
preparation

Fig. 2  Sisal fiber
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150 mm × 25 mm × 6 mm [21]. To analyze the samples of 
each composition, a computerized universal tensile testing 
machine shown in Fig. 7 is employed for the purpose. The 
specimens subjected to tensile testing are shown in Fig. 8.

The UTS for various compositions of the fabricated 
hybrid composites varies between 28 and 60 MPa. It is 
evident from Fig. 9 that the minimum value of the UTS 
is 28.63 MPa found for the sample ID LCSF/B4C-1 in 

Fig. 3  Treatment of samples: a 
Luffa fiber in NaOH solution, b 
sisal fiber in NaOH solution

Fig. 4  Preparation of fibers in 
die

Fig. 5  Compression moulding machine
Fig. 6  Composite laminate
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Table 2 (combination of 15% sisal, 15% luffa, 0%  B4C 
powder, and 70% epoxy resin), whereas the UTS is found 
to be a maximum value 38.56 MPa from the sample ID 
LCSF/B4C-4 (combination of 11.25% sisal, 11.25% luffa, 
8%  B4C powder and 70% epoxy resin) among the fabri-
cated hybrid composites. It is noticed that the UTS for the 
sample ID LCSF/B4C-4 is better when compared to other 
hybrid composites. It is evident that the UTS of hybrid 
composites has been increased owing to the elasticity of 
natural fibers and the hardness of the reinforcement are 
high.

3.2  Impact test

The impact test specimens have been produced with meas-
urements of 63.5 mm by 12.7 mm by 3.2 mm in compli-
ance with ASTM-A370 specifications [20]. The specimen is 
inserted into the impact testing device shown in Fig. 10, and 
then the pendulum is released until the specimen fractures 
or breaks. After testing, the specimens are shown in Fig. 11.

The impact test of the fabricated hybrid composites varies 
between 4 and 6 J. Figure 12 clearly shows that the lowest 
impact value is 4 J observed for the sample LCSF/B4C-1 in 
Table 2 (consisting of 15% sisal, 15% Luffa, 0%  B4C powder, 
and 70% epoxy resin), while the highest impact value is 6 J 
recorded for the sample LCSF/B4C-5 (comprising of 10% 
sisal, 10% Luffa, 10%  B4C powder, and 70% epoxy resin) 
among all the hybrid composites tested. It is evident that the 
impact strength of the sample LCSF/B4C-5 surpasses that of 
the other hybrid composites.

3.3  Flexural test

The samples have been readied in accordance with the 
ASTM D79022 guidelines for conducting flexural tests [20]. 
The specimen being tested measures 125 mm in length and 
12.7 mm in width, with the examination being carried out 
using a computerized universal testing machine shown in 
Fig. 13. The outcomes of the test differ depending upon the 
composition. The samples that were tested are illustrated 
in Fig. 14.

The flexural testing results for the fabricated hybrid com-
posites range from 45 to 60 MPa. From Fig. 15, it is apparent 
that the sample LCSF/B4C-1 (with 15% sisal, 15% Luffa, 
0%  B4C powder, and 70% epoxy resin) exhibits the lowest 
impact value as 46.44 MPa given in Table 2, while the sam-
ple LCSF/B4C-5 (comprising of 10% sisal, 10% Luffa, 10% 
 B4C powder, and 70% epoxy resin) demonstrates the high-
est flexural strength as 58.23 MPa among all tested hybrid 
composites. The impact strength of LCSF/B4C-5 is notably 
superior to that of the other hybrid composites. It is evident 
that the UTS of hybrid composites has been increased owing 
to the elasticity of natural fibers and the hardness of the 
reinforcement is high.

3.4  Scanning electron microscopy (SEM)

The SEM images post-tensile testing reveals the surface 
morphology of fiber orientation in strengthened compos-
ites, as well as provides information on the bond between 
the fibers and matrix. Luffa cylindrica, sisal fiber, and  B4C 
showed non-homogeneous distribution with fiber breakages, 
fiber pullouts, and matrix cracks which have lesser mechani-
cal properties (Fig. 16a and b). Natural fiber has a well-
distributed fiber structure with certain surface deformations 

Fig. 7  Tensile testing machine

Fig. 8  Specimen after tensile test
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that improved to better properties (Fig. 16c and d). Alkali 
treatment provided roughness on the surface by removing 
impurities and wax content.

4  Conclusion

The reinforced epoxy hybrid composites were produced 
using different weight compositions of natural fibers (Luffa 
cylindrica and sisal fiber) and filler materials  (B4C), along 
with epoxy resin in compression molding. The samples 
were manufactured following ASTM standards and sub-
jected to various mechanical tests to determine their 
properties.

• UTS has been increased by composition of LCSF/
B4C-5 which is found to have better tensile properties 
with a maximum peak load of 38.56 MPa.

Fig. 9  Results of UTS of the 
samples

Table 2  Mechanical properties of hybrid composites

Sample ID Tensile strength Flexural strength Impact 
strength

MPa MPa J

LCSF/B4C-1 28.63 46.44 4
LCSF/B4C-2 31.81 49.83 4
LCSF/B4C-3 34.16 52.28 5
LCSF/B4C-4 38.56 55.67 6
LCSF/B4C-5 37.42 58.23 6

Fig. 10  Impact testing machine

Fig. 11  Specimen after impact test
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• The combination of LCSF/B4C-4 has led to a notable 
enhancement in the flexural strength, with a maximum 
strength of 58.23 MPa.

• The composition of LCSF/B4C-5 has significantly 
enhanced the impact strength, reaching a maximum 
value of 6 J.

• The hybrid composites have been increased due to the 
elasticity of natural fibers and  B4C and the hardness of 
the reinforcement is high.

5  Future scope

This study motivates the researchers to fabricate the natu-
ral fiber-infused composites using saline treatment and 
permanganate treatment methods for the specific appli-
cations with its superior mechanical performance under 
fatigue, vibration, and impact conditions using injection 
molding technique for mass production in automotive and 
aerospace industries.

Fig. 12  Results of impact test of 
the samples

Fig. 13  Flexural testing machine

Fig. 14  Specimen after flexural test
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