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Abstract: Okra fiber (OF) reinforced polypropylene (PP) matrix composites (45 wt% fiber) were fabricated using a
compression molding technique. To fabricate the composite treated Okra fiber were used. Tensile strength (TS), tensile
modulus (TM), elongation at break (Eb%), bending strength (BS), bending modulus (BM), impact strength (IS) and hardness
of the composites were found to be 38.5 MPa, 0.68 GPa, 8.2%, 72.5 MPa, 5.56 GPa, 22.87 kJ/m?, and 97 (Shore-A),
respectively. Then E-glass fiber (woven)-reinforced polypropylene-based composites (45 wt% fiber) were fabricated and the
mechanical properties (TS, TM, Eb%, BS, BM, IS, hardness) were found 80 MPa, 5 GPa, 11%, 81 MPa, 10 GPa, 32 kJ/m?, and
97 (Shore-A), respectively. After that compared E-glass fiber/PP based composites mechanical properties with those of the
OF/PP based composites mechanical properties. It was observed that E-glass fiber-based composites showed almost double
mechanical properties compared to OF/PP based composite. Water absorption and elongation percentage at break showed
different scenario and it was noticed from the experimental study that water absorption and elongation at break (%) of was
higher than E-glass based composites. After the flexural test, fracture surfaces of the E-glass/PP and OF/PP composites were
investigated using scanning electron microscope (SEM) and the results revealed that E-glass fiber reinforced based composites
matrix adhesion less than the E-glass fiber reinforced based composites.

Keywords: Polypropylene (PP), Okra Fiber (OF), E-glass Fiber, Scanning Electron Microscope (SEM),
Mechanical Properties, Matrix Adhesion, Composites

fibers of reinforcing agents such as E-glass, carbon, aramid,
nylon as well as natural fibers like jute, hemp, sisal, Okra,
pineapple, kenaf, coir, etc. are being used for manufacturing
the composites [4-7]. Among all the synthetic fibers, E-glass
fibers are now most common and prominent fiber due to their
low cost and comparatively better physical and mechanical
properties.

Glass fibers are used as a reinforcing agent during the
manufacturing of the composites and the most common types
of used glass fiber are E-glass fiber (54.3S5i0,—15.2A1,05—
17.2Ca0—4.7Mg0O-8.0BO-0.6Na,0). From ancient times,
glass fiber has been used in several areas and in 1936, the
first time commercially glass fiber has been used. The most

1. Introduction

In the last century, synthetic fiber-reinforced polymer-
based composites gained huge attention. Synthetic fiber-
based composite is now used as a replacement of the
conventional structural materials such as metals, wood and
reinforced concrete [1]. Day by day it has gained more
popularity because of its high stiffness, good processability,
fairly cheap, good chemical resistance quality, ease of
installation, electrically insulating, higher elongation at break
(%) compared to other materials, high-temperature
resistance, fatigue, etc. Several synthetic fibers are now
widely used to manufacture the composites [2-3]. Synthetic
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widely E-glass fiber has good insulation properties, high-
strength fabrics, higher elongation at break (%) than carbon
fiber, cheap, good fatigue life, and good corrosion resistance
in the most common environments. Many researchers
explored their work on E-glass fiber reinforced based
composites. E-glass fiber reinforced based composite shows
better mechanical properties and better adhesion properties
between the fibers and polymer matrix [8, 9].

Okra is the most common and well-known natural fibers
on earth. Okra is a bast fiber which is collected from the stem
of the Okra plant. The scientific name of the plant is
Abelmoschus esculentus which is under the family of
Malvaceae and this plant is available in Bangladesh as well
as other tropical countries around the world [11]. In
Bangladesh, the Okra plant is considered as an agricultural
wastage product which has no economic value after
collecting vegetables. But the mucilage of Okra fiber can be
useful for the production of decomposable polymer materials
with proper grafting process. Okra fiber is composed of a-
cellulose (60—70%), hemicellulose (15-20%), lignin (5-10%)
and pectin (3—5%) [12]. Cellulose is a glucan that is a
polymer of the glucose which contains a linear chain of 1, 4-
-bonded anhydroglucose units and it contains alcoholic
hydroxyl groups. Okra fiber is hydrophilic in nature, and this
is the most important drawback of this fiber. To reduce these
problems, various chemical modification such as
mercerization, acetylation, and graft copolymerization,
change of functionality have been used [13, 14]. Chemical
treatments are used to improve the interfacial properties of
the Okra fiber based composites. The present study
confirmed that Okra fiber can be used as a reinforcing
material and it can be used as a potential candidate to
manufacture the composite materials [15, 16].

Natural fiber has several advantages like biodegradable,
cheaper, recyclable and environmental friendly [17-20].
Although natural fibers have lots of advantages, cellulosic
fiber always has some drawbacks as well such as
nonresistance to high temperature and experience to moisture
absorption [21]. The composite was prepared using
thermoplastic matrix and hydrophilic natural fiber which
showed less mechanical properties due to a poor affinity
between the plastic material and fiber [22]. Many researchers
and scientists have been published lots of paper on Okra
fibers where Okra was used as reinforcing agent and for
fabricating the composite polyethylene (PE) and
polypropylene (PP) used as a thermoplastics material with
natural (Orka) fibers [23-25].

In this study, polypropylene (PP) was used as a matrix
material and using this matrix it showed some excellent
results for composite fabrication. Polypropylene (PP) is a
thermoplastic polymer and it is widely used in several
applications area because of its transparency, flame resistance
capability, high heat distortion temperature, dimensional
stability, and high impact strength. It can be produced chain-
growth polymerization from monomer propylene [26, 27]. PP
always showed good mechanical properties, high chemical
resistance. After polyethylene, polypropylene is the most

widely used polymer. It is often used in labeling and
packaging. For its thermoplastic quality, more than 55
million tons of PP is used for many applications all over the
world. Several studies have been already done by the
researcher, they used PP with natural fiber for creating
natural synthetic polymer composites [28]. In the case of
polymer-fiber composite, the quality of the interface is very
important because it controls the mechanical and interfacial
properties of the resulting composites. PP with biodegradable
fibers can be a produced a better combination of synthetic-
natural polymer composites [29, 30]. The interfacial
properties of the composites can be measured using the
single-fiber fragmentation test (SFFT). This method has
several advantages such as simple specimen handling,
monitoring the failure pattern and processes directly, etc.
There are several methods were used to determine the
interfacial properties of the fiber-reinforced polymer
composites among them most reliable methods were used to
determine the interfacial properties of the composites [31].

The performance of the natural fiber based polymer
composites based on the nature of the fiber, properties of the
natural fiber, the effect of fiber content and the nature of the
resin and technique which is used to fabricate composites
[32]. Ma et. al. [34] studied that the tensile strength of the
micro winceyette fiber reinforced corn starch composites
increased when fiber content was increased from 0 to 20% wt
for making composites. Another researcher found that Lee et.
al. [35] investigated that tensile strength and young’s
modulus of the jute and kenaf fiber reinforced polypropylene
based composites increased with the increment of the fiber
content and showed maximum results. Potluri R. et. al.
studied on the Okra and jute fiber epoxy resin based
composite and they found that the mechanical properties and
impact strength of the Okra fiber based composite’s were
better than jute fiber composites [33].

The present investigation involves focusing on two
different fibers such as Okra fiber and E-glass fiber to study
and measure the mechanical properties of the matrix (PP) and
the composites (OF/PP and E-glass fibers/PP). The
mechanical properties of OF/PP composites were compared
over the E-glass fiber/PP composites. The ultimate aim of the
present research works was to compare the mechanical and
interfacial properties between OF/PP and E-glass fibers/PP
composites.

2. Materials and Methods
2.1. Materials

PP granules manufactured by Cosmoplene Polyolefin
Company Ltd, Singapore, were collected for this experiment.
Figure 1 shows the Molecular structure of polypropylene
(PP).

The Okra plant has been collected from Gazipur District
(Bangladesh). Around 2.5m high and 3 months, Okra plants
were collected. After collecting the plants, the middle portion
of the stems was separated from it. Then kept the stem under
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the water for retting. After 15-20 days, the stem was
degraded properly and it’s time to collect the degraded stem.
Then washed the Okra degraded stem several times using
distilled water and then the Okra fibers were obtained. After
that kept the fibers in the open air and afterward reserved it in
the fresh container [32, 33]. Figure 2 shows the image of
Okra fiber.

E-glass fiber (woven roving) was collected from Saint-
Gobain Vetrotex India Ltd which was used in this
experiment. Figure 3 shows the images of E-glass fiber
Figure 3 (a) Mat and Figure 3 (b) roll.
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Figure 1. Molecular structure of poly-propylene (PP).

Figure 3. Digital images of E-glass fiber mat (a) and roll (b).

2.2. Methods

2.2.1. Surface Modification

Surface modification is needed to remove impurities from
the natural fibers. Because natural fiber contains lignin,
pectin, and wax. So, before the investigation, it is required to
remove those impurities from the fibers. Using 5% NaOH the
Okra fibers were mercerized for 45 minutes at 80°C. After
that treated fibers were dried at room temperature for one
week. To remove the moisture, again desiccated in a hot air
oven for 10 minutes at the temperature 100°C.

2.2.2. Fabrication of Composites

For making one PP sheet, granules of PP (about 6 g) were
placed between two steel plates and placed into the heat press
(Carver, INC, USA Model 3856). Steel plates were pressed at
5 bar consolidation pressure at 220°C for 1 min. After that, at
room temperature, the plates were cooled for 5-7 min for
another compression molding machine of the same model.
The resulting PP sheets ware cut into desired size (12 cm x
12 cm) for composite fabrication. Then, Okra reinforced
composites were manufactured by using PP sheet on both
sides. For making Okra/PP based composites four layers of
Okra fabrics between five sheets of PP were used. The
sandwich then placed into the two steel plates and heated at
220°C for 5 min using 5 bar pressure. E-glass/PP composites
were also fabricated using similar methods in the same heat
press.

2.2.3. Testing of Samples
i. Determination of Mechanical
Composites

The tensile properties such as tensile strength (TS),
tensile modulus (TM), elongation at break percentage (Eb%)
and bending properties such as bending strength (BS),
bending modulus (BM) of the prepared composites were
evaluated by using the Hounsfield series S testing machine
(UK) with a cross-head speed of 1 mm/s at Institute of
Radiation and Polymer Technology Laboratory, Bangladesh
Atomic Energy Commission, Dhaka, Bangladesh and the
test specimens were prepared according to ASTM-D638-01
standard. Impact strength (IS) of the composites were
measured using the Impact tester machine (model: HT-
8041B 1ZOD, Serial no.: 7406) pendulum type, Germany
and test specimens were prepared according to ASTM-
D256 method. Hardness was determined by HPE Shore-A
Hardness Tester (model 60578, Germany). Using a band
saw, text specimens were cut into their required dimension.
The dimensions of the test specimen were (ISO 14125): 60
mm X 15 mm X 2 mm.

ii. Water Absorption (Water uptake tests)

Water absorption was done at 25°C room temperature.
This test was carried out in de-ionized water. Water uptake of
Okra fibers were done at room temperature and placed
composites into static glass beakers containing 100 ml of
deionized water. The size of the specimens was 20 mmx 10
mmx 2 mm. At 105°C, the samples were taken out from the
de-ionized water and wiped by tissue paper and then dried for

Properties of the
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6 hours and after that weighed the composites. Water
absorption was calculated using the following formula:
W —_
w= LinllE 100 (1)
W,

2

Where, W is the water absorption (%), W, denoted the

mass of the samples after water treatment, and W,

indicated the mass of the specimens before immersion in
the water.

iii. Interfacial Properties of the Composites

Single fiber composite of each sample was prepared for
one single filament of fiber (Okra, and E-glass fibers)
between two sheets of PP. Then sandwich placed between
two steel plates and after that heat pressed (Carver, USA) at
220°C for 1 min at 5 bar pressure and the plates were
cooled in a separate press (Carver, USA) using 5 bar
pressure at room temperature. The thickness of the
specimen was 0.40 mm. The single fiber composite
specimens’ size were 25 mm x 5 mm x 0.40 mm. Then
those specimens were loaded on the Universal Testing
Machine (Hounsfield series, UK) and after loading it
showed repeated breakage of the fiber. For this test, 25 mm
gauge length and 0.25 mm/min crosshead speed were used.
During the test, a Hitachi microscope was attached to a
monitor and using this microscope the whole experiment
was monitored. After the end of the experiment, digital
images of the breakage of the fibers were taken and these
images were taken from the video graphic printer. Fiber
fragment length at the saturation point was measured in this
experiment. To reach the saturation level, the number of
fragments over the 25 mm gauge length at each load level

(using 2N increments) was counted. The critical length (7,)
was then measured using this formula:

1=4/3, )

where /, is the average fragment length; /, was calculated

as the monitored length 25 mm which was divided by the
number of breaks observed within that length of the
experimental fragment length distribution. The number of
fragments had to be counted and after that, using the
number of fragments critical length had been calculated.
Using tensile testing filaments (the international standard
BS ISO 11566), fiber tensile properties were obtained.
During the experiment, a single fiber was placed on the
paper frame with a gauge length of 25 mm and then sample
was gripped in the tensile machine. The paper section were
cut down before starting the test. During the test, ] mm/min
crosshead was used. Using Kelly-Tyson and Drzal
equations, the IFSS of the composites was calculated. This
formula

i

g,
T, :dXTXIC 3)

was used to calculate IFSS and this formula was formulated
by Kelly and Tyson. In the above formula, d indicated the

fiber diameter, O, denoted the single-fiber TS at the critical
fragment length /..

3. Result and Discussion
3.1. Water Absorption Behavior of the Composites

Water absorption test was done by soaking the samples
of Okra fiber in a static glass beaker which is contained de-
ionized water and kept the sample inside the beaker at room
temperature 25°C for around 90 hours. After 10 hours the
absorption rate was gained optimum value after that
swelling rate became slow and static with the increase of
time for treated composite. Figure 4 shows the water
absorption of the optimized composites (45% fiber) against
different soaking period. From Figure 4 it was investigated
that Okra fiber composite gained the highest water
absorption up to 7.1%. For this investigation treated OF/PP
fiber was used and that was the reason behind the lower
absorption of the composites because after treating the fiber
vacant space of fiber filled by polymer (PP). During the
water absorption test, some of the hydroxyl groups are
replaced inside the composites and the hygroscopicity of
lingo-cellulosic fiber is reduced. This replacement occurred
due to alkali treatment. Due to mercerization, crystalline
part increased in the fiber and in the crystalline part, the
hydroxyl groups are cross-linked with each other, so there
is no space available to absorb water [11-13].
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Figure 4. Shows the water absorption of the optimized composites (45%
fiber) against different soaking period.

3.2. Investigation of Mechanical Properties of the
Composites

3.2.1. Comparative Studies of the Mechanical Properties
the Composites

The tensile properties of material provide information
about how it behaves during the application of axial loading.
The mechanical properties of unreinforced PP and treated
OF/PP (45% fiber by wt.) composites were investigated.
Table 1 and Table 2 showed the mechanical properties of the
composites.
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Table 1. Tensile and bending properties of PP sheet and the composites.

Tensile and bending properties

Material Tensile properties Bending properties

Strength (MPa) Modulus (GPa) Elongation at Break (%) Strength (MPa) Modulus (GPa)
PP 21 0.53 378 27 1.98
Okra/PP composite 38.5 0.68 8.2 72.5 5.56
E-glass/PP composite 80 5 11 81 10.0

Table 2. Impact strength of the PP sheet and the composites.

Material Impact Strength (kJ/m?) Hardness (Shore-A)
PP 4.47 95
Okra/ PP composite 22.87 97
E-glass/PP composite 32 97

It can be observed from Table 1 that the higher tensile
strength of the composites was found when 45% wt fiber
content was used to fabricate the both composites. The
tensile strength of the E-glass fiber/PP (45% wt. fiber
content) was 80 MPa and the tensile strength of the Okra/PP
(45% wt. fiber content) was 38.5 MPa. The observed result
showed E-glass fiber showed higher tensile strength 80 MPa
because E-glass fiber and matrix interaction was higher than
Okra fiber and matrix interaction.

The tensile modulus of the E-glass fiber/PP based
composites was increased a lot compared to Okra fiber/PP
based composites. The tensile modulus of the E-glass
fiber/PP (45% wt. fiber content) was 5.0 GPa and the tensile
modulus of the Okra/PP (45% wt. fiber content) was 0.68
GPa. The effect of the filler content and matrix mainly
responsible for enhancement of the tensile modulus of the
composites and also preparation technique of the composites
such as compression molding technique was also helped to
increase the tensile modulus of the composites.

The effect of fiber content 45%wt. on the bending
properties of compression molded both composites showed
in the Table 1. It can be observed that the bending properties
of the OF/PP and E-glass/PP composites increased when 45%
wt. filler (fiber) content was used. And it was observed that
after using 45% wt. fiber content, composites attributed
better surface area of the fiber in the matrix and the more
fiber content was used for fabricating the composite, it was
expected that the more fibers can able to share the load
effectively with crystal-line fibrils which was applied in the
matrix. From the Table 1, it can be seen that E-glass fiber/PP
composites showed better bending strength compared to
Okra/PP fiber based composites.

The effect of filler (fiber) content on the elongation at
break of E-glass/PP composites processed through
compression molding technique. But the elongation at break
for both composites decreases with increase in fiber content.
The elongation at break of the E-glass fiber/PP (45% wt.
fiber content) was 11% and the elongation at break of the
Okra/PP (45% wt. fiber content) was 8.2%. When 45% wt.
fiber content used, elongation at break of the composites
started to decrease. Increasing fiber content in PP matrix
resulted in the hardening and stiffening of the composites. It
has been reported that the higher tensile modulus of the
composites, the lower the elongation at break of the

composites. From Table 1, it was observed that Okra fiber/PP
composites decreased more compared to E-glass/PP fiber
composites. Because natural fiber based composites stiffer
than E-glass/PP based composites.

The hardness (Shore A) of compression molded (45% wt.
fiber) E-glass/PP and Okra/PP composites are showed in the
Table 2. It is evident that the hardness of both composites
increased with the increment of the fiber content. Here 45%
wt. fiber content results showed in the table. 45% wt. fiber
content was maximum fiber content for both composites.
That’s why both composites showed higher hardness like 97
shore A. It can be observed that the hardness of the PP based
composites increase with the increment of the filler content
which was incorporated with PP. Stiffer filler also
responsible for the enhancement of the hardness of the PP.
Therefore more the adhesion between the matrix and filler
(i.e. E-glass fiber and Okra fiber), the greater will be the
hardness of the composites.

It was revealed the value of TS, TM, Eb (%), BS, BM, IS
and hardness was 21 MPa, 0.53 MPa, 378%, 27 MPa, 1.98
GPa, 4.47 KJ/m?, and 95 Shore-A respectively for PP sheet.
From Table 1, it was investigated that the mechanical
properties of the Okra fiber (OF)-based composite was
increased using the PP as a matrix. The tensile strength (TS)
and tensile modulus (TM) of the treated OF/PP improved to
83.33% and 28.30% respectively than the PP matrix. From
the analytical data, it was also revealed that bending strength
(BS), bending modulus (BM) and impact strength (IS) also
increased to 168.52%, 180.81%, and 411.63% respectively
for OF/PP composites over the PP matrix. On the other hand,
due to the lower elongation of the natural fibers, Eb% was
drastically reduced. The value of hardness was found to be 97
(Shore-A) for OF/PP fiber composite which is higher than the
hardness of the PP matrix. During the alkali treatment, the
interface between matrix and fiber was improved and
mercerization also decreases the diameter of the fibers and
also increases the roughness of the surface which was the
main reason for the increment of the mechanical properties of
the composites.

The mechanical properties such as tensile, bending,
impact, and hardness of the PP sheet, OF/PP, and E-glass
fiber/PP composites were evaluated and the values are given
in Table 1 and Table 2. E-glass based composites made of
45% fiber significantly improved the mechanical properties
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(TS, ™™, BS, BM, and IS). E-glass composites gained
280.95% increase in TS and 843% increase in TM over that
of the matrix PP. It was also studied that BS, BM, and IS also
improved by 200%, 405.1%, and 615.88% respectively than
that of the matrix material PP. On the other hand, the
percentage elongation at break (Eb%) was reduced
significantly because of low Eb% of the fibers compared to
the PP matrix. Since PP and E-glass fiber both are
hydrophobic in nature. That’s the reason E-glass fiber-based
composite showed higher mechanical properties when it
fabricated with PP matrix. Shore hardness of the E-glass fiber
is more than PP based composite.

E-glass-based composites showed in Table 1 and Table 2
significantly higher TS, TM, BS, BM, and IS over the OF/PP
composites. It was revealed that the E-glass fiber/PP
composites were found to have 107.79% and 635.29%
improvement of TS and TM over the OF/PP composites. It
was also reported that BS, BM, Eb% and IS also improved
by 11.72%, 79.85%, 34.15%, and 39.92% than that of the
OF/PP composites. Hardness (Shore A) of the E-glass
composites and the hardness OF/PP composites are same.

3.2.2. Comparative Studies of the Interfacial Properties of
the Composites

SEM micrographs studies were carried out to understand the
interfacial bonding of the composites and fiber-matrix adhesion
inside the composites. Figure 5 (a) showed the SEM images of
the fractured sides of the corresponding E-glass fiber/PP
composites (45% fiber) and Figure 5 (b) showed the SEM
images of the fractured sides of the corresponding Okra fiber/PP
composites (45% fiber). The SEM image of the fracture surface
explained that the fiber pull-out was quite low and fractures
between E-glass fibers and PP matrix were clearly evident
which indicates excellent fiber-matrix adhesion. It also reported
very few holes in the matrix suggesting very good bonding
between E-glass fiber and the polymer matrix.

On the other hand, the SEM images of the Okra fiber/PP
composite the bonding between the mercerized fiber and the
PP matrix which was demonstrating an improved fiber-
matrix bonding with Okra fiber. As a result enhanced stress
transfer occurred between the reinforcing fibers and matrix
material. SEM images Figure 5 (b) shows the debonding of
the OF and PP. This figure showed that the bonding between
PP matrixes and reinforcing OF fiber can be developed and
this interfacial bonding showed strong bonding between the
Okra fiber reinforcement and PP matrix which significantly
affect the physico-mechanical behaviors of composites.
Therefore, it was reflected that the tensile, bending and
impact behaviors of the composite material can be further
optimized using the appropriate coupling agents.

From the SEM images of the fracture surfaces of both E-
glass/PP and OF/PP clearly showed and explained the
interfacial properties of the composites as well as explains
why Okra fiber reinforced-based composites have low
mechanical and interfacial properties as compared to the E-
glass-based composites. From the comparative studies of the
mechanical properties between OF/PP and E-glass fiber/PP

composites, it was found that the mechanical properties of
Okra Fiber reinforced based composites are quite low
compared to that of the E-glass-based composites. So, further
investigation will have to be carried out to reduce the
hydrophilic nature of OF and to try and improve the
interfacial bonds between Okra and PP but retaining the
inherent biodegradable properties of Okra fibers. This
research opens new doors for further study to bring the
mechanical properties of Okra composites closer to that of
the E-glass-based composites.

Figure 5. SEM images of fracture surface of E-glass fiber/PP composite (a)
and (b) fracture surface of OF/PP composite.

4. Conclusion and Recommendation for
Future Study

Water uptake tests of Okra fibers were studied and it was
found that Okra fiber gained optimum amounts of water
absorption but it takes lots of time. Okra/PP based
composites (45% fiber by weight) were fabricated by
compression molding and the mechanical properties were
evaluated. TS, TM, elongation at break (%), BS, BM, and IS
of the composites were found to be 38.5 MPa, 0.68 GPa,
11%, 72.5 MPa, 5.56 Gpa, and 22.87 kJ/mz, respectively.
Then E-glass fiber mat-reinforced PP-based composites (45%
fiber by weight) were fabricated and the mechanical
properties were investigated. For E-glass-based composites,
TS, TM, Eb (%), BS, BM, and IS of the composites were
found to be 80 MPa, 5 GPa, 11%, 81 MPa, 10 GPa, and 32
kJ/m’, respectively. From this investigation, it was found that
the mechanical properties of E-glass-based composites had
almost double the values for TS, TM, BS, BM, and IS
compared to that of the Okra/PP based composites. SEM
images of the fracture sides of the composites supported the
fact that Okra fiber-based composites had poorer fiber-matrix
adhesion than the E-glass fiber/PP-based composites. From
this comparative study, it can be observed that E-glass fiber
PP based composites showed better performance rather than
Okra fiber/PP based composites. In this research work, there
are some limitation identified, Okra fiber is hyperbolic in
nature so that it showed less mechanical properties compared
to E-glass fiber/PP based composites. This can be overcome
by the chemical processing of the fibers and also gamma
radiation can be applied in the composites to improve the
mechanical properties of the Okra/PP based composites. So,



48 Kamrun Nahar Keya et al.: Comparative Study of Physico-Mechanical Properties Between Okra and
E-glass Fiber-Reinforced Polypropylene-based Composites

future research study will be carried out to improve the
mechanical properties of the composites using gamma
radiation. After proper chemical and gamma radiation
treatment, these both materials (E-glass/PP and OF/PP) can
be used for structural applications and because of the
biodegradable in nature Okra fiber based composites can be
used in the packaging industry as well.
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