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Abstract
The recent developments in Polymer Matrix Composites (PMC) are 

enormous to enhance the mechanical attributes and to overcome the challenges 
incurred during the fabrication process. Furthermore, natural fibers are getting 
great attention in fabrication of PMC composites due to their sustainability and 
green manufacturing process. However, synthetic fiber material used in PMC 
composite causes environmental pollution and its material cost is high. In this 
study, natural fiber of Ziziphus oenoplia is utilized for the fabrication of PMC 
using Hand Lay-up process. For Fiber Reinforced Polymer composite materials, 
it can also be employed as an alternate reinforcement method. The composition of 
epoxy and Z. oenoplia fiber in wt% are varied as 70:30, 60:40, and 50:50. Z. oenoplia 
fiber reinforced polymer composite mechanical parameters like tensile strength, 
flexural load, and impact energy are measured. It is found that the maximum 
mechanical properties such as tensile strength (10.31 MPa), flexural load (1.11 
kN), and impact energy (4 Joules) are obtained at composition of 60:40 in wt%.

Keywords
Polymer matrix composites, Ziziphus oenoplia, Fiber reinforced epoxy 
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Introduction
Due to its superior dielectric characterization, durability to a variety of stress 

circumstances, and sustainability, natural fiber-reinforced polymer composites 
have recently attracted significant attention in the fields of civil construction, 
automotive, and aircraft [1]. Research has been done by Dhal et al. [2] on the 
creation of a novel, inexpensive polymer composite reinforced with brown 
grass flower broom. The physio-mechanical characteristics of the composite 
were studied while the reinforcement was manufactured with various weight 
percentages. According to the findings, the interface between the fiber and 
reinforcement in a composite material is robust, and the material has the lowest 
porosity possible. The increase in reinforcement weight percentage also caused 
a drop in density, an increase in hardness, and an increase in flexure strength. 
Abdullah et al. [3] worked in the mechanical property study of hybrid composite 
of kenaf/PET fiber reinforced. They observed that the composite’s reinforcing 
generates a noticeable improvement in its mechanical properties. As a result, they 
suggested that hybrid composite would be appropriate for automobile exterior 
applications. Atiqah et al. [4] studied the influence of chemical treatments on 
SPF with Thermoplastic Polyurethane to identify its characterization and fiber-
matrix adhesive bonding. Ali et al. [5] reviewed the effect of various natural 
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Methods

The Z. oenoplia bark is removed from the stem and it is 
immersed in water for 10 days to so that microbial degrada-
tion can take place. The immersed bark is taken out from the 
water, and it is cleaned with the help of fresh water. Now the 
fiber is extracted from the bark by the combing process with a 
help of metal comb [21-23]. The extracted Z. oenoplia natural 
fiber is shown in figure 2. Now, the Z. oenoplia fiber and epoxy 
are used to fabricate a composite material using Hand Lay-up 
process with a help of die mold as shown in figure 3. The die 
specifications are Cavity Size of 200 x 125 x 20 mm; Base 
Plate of 200 x 125 x 15 mm; Top Cover Plate of 200 x 125 x 15 
mm; Side Cover Plates of 200 x 50 x 15 mm; and the material 
used is Mild Steel (Fe-250). Three composite material samples 
are made of different compositions as shown in the following 
table 1. Figure 4 shows the different composite specimens.      

fibers treatments on moisture absorption, fiber degradation, 
compatibility, and mechanical properties. Athith et al. [6] 
studied tri and mechanical properties of natural fiber under 
different proportions of tungsten carbide powder. They 
identified that adding filler materials with the fiber-matrix 
enhanced its mechanical characteristics and lowered its rate 
of wear. Several studies have dealt with aerospace applications 
of various natural fiber-based PMC [7-12]. Abdellaoui et 
al. [13] utilized nanocomposite and hybrid reinforcements 
in the same polymer matrix. Girijappa et al. [14] conducted 
comprehensive review to identify the sustainability and 
renewability of natural fiber materials in order to develop 
eco-friendly composite materials. They suggested that the 
natural fiber obtained directly from the natural sources has 
poor resistance to moisture. Hence chemical treatments can 
be a possible approach to improve the adhesiveness of fiber 
and matrix which is further used to increase its mechanical 
properties. The tensile and flexure characteristics of Kenaf 
fiber reinforced polypropylene composites after various 
chemical treatments were investigated by Asumani et al. 
[15]. The outcome demonstrated that alkali-silane treatment 
is employed to strengthen the adhesive bonding between 
fiber and matrix as well as its mechanical qualities. Alawar 
et al. [16] utilized date palm tree fiber to study mechanical 
properties and chemical analysis at various alkali treatments 
and acid treatments. Anuar et al. [17] have worked in the 
fabrication of thermoplastic elastomer reinforced kenaf bast 
fiber composite. Aslan et al. [18] dealt with hybrid composite 
materials and determined the tribological, and mechanical 
properties of waste composite materials. The results suggested 
that waste sisal/glass PP composites have better performance 
compared to sisal/carbon PP composites. Al-Oqla et al. 
[19] established a feasibility of natural fiber composites to 
sustain in the field of automotive industries. They found that 
date palm fiber is suitable among other commonly used in 
industries in the form of technical properties and performance, 
sustainability, cost, and societal aspects. The potential use of 
intrinsically conductive polymers and conductive polymer 
composites loaded with natural fibers in various technologies 
and industrial applications was also covered by Al-Oqla et 
al. [20]. The present research is focused on the fabrication of 
PMC composites by utilizing the natural fiber of Z. oenoplia. 
The composite is built using the Hand Lay-up technique. An 
investigation is conducted into the mechanical behavior of Z. 
oenoplia fiber reinforced epoxy composite, including tensile 
strength, flexure strength, and impact strength.

Materials and Methods
Materials

The natural fiber is extracted from the stem bark of Z. oenoplia 
which is a shrub belonging to the family called Rhamnaceae. 
This Z. oenoplia is a thorny shrub which can spread, climb, 
and grow up to a height of 1.5 m. This thorny shrub shown in 
figure 1 is found near Yecaud forest, near Salem, Tamil Nadu, 
India. Thus, the extracted Z. oenoplia natural fiber shown in 
figure 2 is used as reinforcement in composite material. In 
composite materials, epoxy resin acts as the matrix.

Figure 1: Z. oenoplia (a) thorny shrub and (b) stem.

Figure 2: Z. onenoplia fiber.

Figure 3: Die.
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Flexure test

The flexure test is carried out on the specimen as per 
ASTM D790 standard to determine the flexure strength at 
different reinforcement conditions. Figure 8 shows the flexure 
specimen before and after flexure testing. From the results, it 
is found that specimen 3 (50 wt% Epoxy and 50 wt% Z. oen-
oplia fiber) experienced maximum flexure strength of 1.11 kN 
compared to the other two specimens. The flexure test results 

Experimentation

Hand Lay-up process is a simple and economical method 
in manufacturing a composite material. The Z. oenoplia epoxy 
composite specimens a, b, and c are prepared by using this 
technique. To prevent the composite material from adhering 
to the surface, a releasing anti-adhesive substance is applied 
on the surface of the mold die. After that, a plastic sheet is 
adhered to the bottom and top of the mold plate to improve 
the composite’s surface finish. Now, according to the specimen 
a, b, and c material composition, Z. oenoplia fiber and epoxy are 
mixed in a vessel and it is poured into the die mold and then it 
is allowed to cure in room temperature for about 48 hours. The 
specimen of the composite material is taken out of the mold 
after curing and prepared for the tensile test, flexural test, and 
impact test in accordance with ASTM standards. According 
to figure 5, the Aimil Universal Testing Machine is used to 
conduct the tensile and flexure test. As seen in figure 6, the 
impact test is carried out using an Izod impact tester.

Results and Discussion
In this article, the tensile strength, flexure strength, and 

impact strength of an epoxy composite reinforced with Z. oen-
oplia fiber are examined.

Tensile test

To evaluate the tensile strength under various reinforce-
ment settings, the specimen is subjected to the tensile test in 
accordance with ASTM D638 standard. The reinforcement 
of Z. oenoplia fiber is chosen as 30%, 40%, and 50% of total 
weight of composite, respectively. Figure 7 shows the tensile 
specimen before and after tensile testing. From the results, it 
is found that specimen 2 (60 wt% Epoxy and 40 wt% Z. oen-
oplia fiber) experienced maximum tensile strength of 10.31 
MPa compared to the other two specimens. The obtained 
tensile test results of present study are moderately correlated 
with various other fibers such as phoenix (39.22 MPa), kenaf 
(31.3 MPa), sisal (8.37 MPa), oil palm (29.9 MPa), banana 
(16 MPa), lantana camara (19 MPa), and Sansevieria trifasci-
ata (75.22 MPa) [24].

Figure 4: Fabricated Z. oenoplia - Epoxy Composite (a) Specimen 1, (b) 
Specimen 2, and (c) Specimen 3.

Figure 5: Tensile and flexure testing machine.

Table 1: Different composition of Z. onenoplia – Epoxy Composite.

Specimen
Epoxy Z. oenoplia

Wt% Gms Wt% Gms

1 70 420 30 180
2 60 360 40 240
3 50 300 50 300

Figure 6: Impact testing machine.

Figure 7: Specimen (a) before and (b) after tensile test.
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 Conclusions
The goal of the current work is to fabricate PMC composites 

reinforced with Z. oenoplia in three distinct reinforcement 
fractions. Following experimental characterization of the 
mechanical parameters, including tensile strength, flexure 
strength, and impact strength, the following results are 
represented:

•	 Specimen 2 (60 wt% Epoxy and 40 wt% Z. oenoplia fiber) 
experienced maximum tensile strength of 10.31 MPa 
compared to the other two specimens.

•	 Specimen 3 (50 wt% Epoxy and 50 wt% Z. oenoplia fiber) 
depicts a high impact strength of 4 J compared to the 
other two specimens.

•	 Maximum impact strength of 4 J is obtained in Specimen 
3 (50 wt% Epoxy and 50 wt% Z. oenoplia fiber).
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