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Abstract: Woven jute fabric was used as a reinforcing material for making two types of composite,
named Jute/PR and Jute/Epoxy, with two different matrixes of polyester resin and epoxy, respectively,
by hand layup techniques. Five different doses of gamma radiation from 100 to 500 krad were used to
investigate the effects of the mechanical properties of the composites and the jute fabrics. Though
gamma radiation improved the mechanical properties, such as the tensile strength (TS) and Young’s
modulus (Y), and decreased the elongation at break % (Eb%) of the composites, it deteriorated all
these properties for jute fabrics. The highest values of TS and Y and the lowest value of Eb% were
found to be 39.44 Mpa, 1218.33 Mpa, and 7.68% for the Jute/PR; and 48.83 Mpa, 1459.67 Mpa, and
3.68% for the Jute/Epoxy composites, respectively, at a 300 krad gamma radiation dose. A further
increase in dose altered all these properties; thus, 300 krad was found to be the optimum dose for both
of the composites. Between the two composites, gamma radiation influenced the Jute/PR composite
more than the Jute/Epoxy composite.

Keywords: jute fabric; epoxy and polyester resin; natural composites; gamma radiation;
mechanical properties

1. Introduction

With the increase in environmental consciousness, community interest, and new environmental
regulations, the use of environmentally friendly materials is increasing day by day [1,2]. Natural fibers
are considered an eco-friendly material, and replace synthetic materials and their related products
for lower weight and energy conservation applications [3,4]. A variety of natural fibers such as
banana, jute, flax, pineapple leaf, bamboo, eucalyptus pulp, coconut, palm, sansevieria leaf, sisal,
sugarcane fiber, cotton, ramie bast, date, malva, abaca leaf, kenaf bast, and hemp are being used as
reinforcing materials in polymer composite materials to diversify their application from the automotive
to biomedical fields [5,6]. Natural fiber-reinforced polymer composites (NFRPC) are extensively
attractive in diversified applications from household to aerospace settings due to their light weight,
biodegradability, renewability, high strength, high stiffness, good corrosion resistivity, enhanced energy
recovery, lower fabrication cost, and many more [7–11].

In this research, we used jute fabric as a reinforcing material along with two different polymer
matrixes—i.e., polyester resin and epoxy resin. Jute is one of the cheap ligno-cellulosic fibers easily
available in fiber and fabric form, and this fiber is the most promising reinforcement material for
the production of bio-composites and bio-plastics due to its high content of cellulose (61–72%),
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hemicellulose (14–20.4%), lignin (12–13%), and pectin (0.2%) [10,12–14]. Lots of research can be
found studying the different mechanical properties of jute fiber, which have acceptable mechanical
properties [15]. Although the use of jute fabric as a reinforcing material is not so common as jute fibers
over the years, several researchers have already studied different properties of jute fabric-reinforced
polymer composites [16–19]. Mohanty et al. investigated the influence of chemical surface modification
on the properties of biodegradable jute fabric polyester amide composites [16]. The mechanical,
inter-laminar shear, notched strength, and fracture criterion properties of untreated woven jute and
glass fabric-reinforced polyester hybrid composites were investigated by Ahmed et al. [18,19]. However,
jute fabric as a reinforcing material can be a perfect choice because of their higher productivity, structural
customization possibility, good molding ability, and lack of need for cold storage [20].

There is no doubt that NFRPC materials have a lot of advantages, but they have several
disadvantages as well. One of the main disadvantages of natural fiber as a reinforcing material is its
hydrophilic nature, responsible for moisture absorption, which may cause the swelling and maceration
of the fibers, thus significantly decreasing their mechanical properties [13]. As jute fiber absorbs
moisture to a great extent, having a moisture regain of 13.75%, it has poor wettability with an organic
matrix resin, resulting in a weak interfacial bonding between the fibers and commercially available
resins such as polyester resin, epoxy resin, phenolic resin, amino resin, etc. [21,22].

To get rid of this, various kinds of surface treatments, such as chemical, thermal, plasma discharge,
electrochemical, rare earth solution, and gamma radiation, can be applied to increase the adhesion
among the fibers and matrixes [23]. Among them, gamma radiation can be a great choice due to some
advantages, such as it being less time consuming, having an uninterrupted operation, its environment
friendliness, its design flexibility, etc. [24,25]. Gamma radiation is a strong ionizing radiation which
can rearrange the internal structure of the material and reduce its hydrophilic nature, which helps
with better crosslinking between the natural fiber and matrix [26]. Many researchers have worked
on the effect of gamma radiation on composite materials. Haydaruzzaman et al. investigated the
mechanical performance after treating jute fabric-reinforced polypropylene composites with gamma
radiation, and found that irradiated composites showed better mechanical properties than all other
non-irradiated composites [27]. Gamma radiation’s effect on mechanical properties was also studied
on raw and polyethylene glycol modified bleached jute-reinforced polyester composite by Hoque
et al., who found that gamma radiation improved the mechanical properties up to a certain level,
then started to decrease [28]. Gamma and electron beam radiation was also applied to a PAN carbon
fiber-based composite by Jafari et al., and they found that, by increasing the gamma and electron
doses, the thermal behavior of the composites indicated a higher decomposition degree as a function
of the temperature [23]. Vasco et al. worked on the gamma radiation effect on sisal/polyurethane
composites without coupling agents, and Wan et al. investigated the effect of gamma radiation on
the mechanical performance of carbon fiber composites [29,30]. Patra et al. analyzed the mechanical
properties of bio-composites using gamma-irradiated fibers of luffa cylindrical [31]. The effects of the
layering sequence and gamma radiation on the mechanical properties and morphology of Kevlar/oil
palm empty fruit bunch (EFB)/epoxy hybrid composites were investigated by Amir et al. [32]. Khan et
al. studied the effect of gamma radiation on the physic-mechanical properties of starch-treated jute
yarn-reinforced polypropylene composites [26]. Similarly, some more researchers studied the effects of
gamma radiation on the mechanical and other properties of different composite materials [25,33–36].
Besides these, Gonzalo et al. studied the effects of gamma radiation on the physicochemical properties
of polyester resin. Their study found that commercially available catalysts are insufficient for the
complete polymerization of polyester resin where gamma radiation can complete such activity, thus
resulting in a high degree of cross-linking and morphological change on the surface when it is used as
a matrix on a composite material [37].

The application of gamma radiation on composite materials is not a new idea. Most of the
researchers investigated gamma radiation’s effects on the different properties of composite materials,
but nobody has investigated the elongation property, which is also very important for composites,
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which especially must keep their geometry at the time of usage. In our previous study, we found
some interesting results on the elongation properties of natural composite materials after gamma
radiation that influence us to complete further investigation [38]. In this study, the effects of gamma
radiation on the elongation properties of composite materials with other mechanical properties were
investigated in more detail. Gamma radiation’s effects on the reinforcing material of jute fabrics
were also studied. This research would be very interesting for composite manufactures who want
to improve the mechanical properties of natural fiber-reinforced polymer composites and fix their
geometry during the time of use.

2. Materials and Methods

2.1. Materials

Two types of composite materials, (1) jute fabric-reinforced polyester resin composite (Jute/PR)
and (2) jute fabric-reinforced epoxy resin composite (Jute/Epoxy), are used for different doses of gamma
radiation. Jute fabric was collected from the Bangladesh Jute Research Institute, Dhaka, Bangladesh.
The specifications of jute fabric are mentioned in Table 1. Epoxy resin, unsaturated polyester resin
(UPR), and a catalyst named methyl ethyl ketone peroxide (MEKP) were brought from Nasim Plastic
Industries Limited, Dhaka, Bangladesh.

Table 1. Specification of jute fabric.

Quality Parameters Jute Fabric

Weave Plain
Linear densities of yarns 190 tex

Densities in warps and in wefts 6 cm−1

Surface density 229 g/m2

2.2. Methods

2.2.1. Fabrication of Composite

The hand layup technique was used for making all the composite samples. For both the composites,
jute fabric was used as a reinforcing material. Polyester resin and epoxy resin were used as the matrix
for the Jute/PR and Jute/Epoxy composites, respectively. The jute fabrics with a size of 19 × 19 cm,
glass plates, and some mylar papers with a size of 30 × 30 cm were prepared. Then, polyester resin
for the Jute/PR composite and epoxy resin for the Jute/Epoxy composite were taken according to the
weight of fabric in a beaker with 2% hardener and mixed vigorously with an agitator until it became a
uniform paste. Firstly, a piece of mylar paper was placed on the glass plate. Then, 1/4 of the prepared
paste was poured on to the mylar paper and defused manually according to the area of jute fabric by a
brush. Then, 1 ply of the fabric was laid on the matrix paste and attached with a heavy roller. Similarly,
another ply of fabric was attached with the previous one after pouring 1/4 of the mixture again. In this
way, a third ply of fabric was also attached to the matrix. Finally, the last 1/4 of the mixture was poured
over the third layer of jute fabric, and we placed another mylar paper and glass plate on it to make a
sandwich-like structure. A 15 kg dead weight was then applied on the whole prepared structure for 24
h. After that time, the applied dead weight was withdrawn, and two layers of the mylar paper were
released from the composite. In this way, all the composites were prepared for further investigation.
The photographs of the resultant composites along with the reinforced jute fabrics are presented in
Figure 1.
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Figure 1. Photographs of (a) reinforced jute fabric, (b) resultant Jute/PR composites, and (c) resultant
Jute/Epoxy composites.

2.2.2. Sampling

Digital slide calipers were used for calculating the dimensions of the composites. Measurements
were taken from three different places of each sample and we made an average from them. All the
composites were found to have a similar thickness of 2.41 ± 0.02 mm. A total of 30 samples (15 for
Jute/PR and 15 for Jute/Epoxy) with dimensions of 150 × 15 mm were prepared for treating with
gamma radiation.

2.2.3. Gamma Radiation

The machine that is used for gamma radiation is named the Co–60 gamma source (model: 650 No.
11R). It is a capsule type of electromechanical system which can be controlled by a remote. A source
GBS-98 is used for loading the gamma beam, which is equivalent to 36 double encapsulated capsules.
The prepared composites were irradiated with various doses from 100 to 500 krad with intervals of 100
krad by this source.

2.2.4. Mechanical Properties

A Universal Testing Machine (Model: H50KS-0404) was used for investigating all the tensile
properties, such as TS, Eb%, and Y, at the Institute of Radiation and Polymer Technology Laboratory,
British Airways Executive Club (BAEC), Dhaka, Bangladesh. The specimens were prepared according
to the American Society for Testing and Materials (ASTM) D638 standard for composites and ASTM
D5034 for jute fabrics. The crosshead speed of 10 mm/min gauge length of 50 mm were maintained for
the composites, and the crosshead speed of 300 mm/min and gauge length of 75 mm were maintained
for the jute fabrics. Equations (1)–(3) were used for measuring the TS, EB%, and Y, respectively [39].

TS =
Fmax

A
, (1)

where Fmax = maximum load and A = cross-sectional area.

EB(%) =
∆Lb
L0
× 100, (2)

where ∆Lb = extension at break point and L0 = initial length of the sample.

YM =
dσ
dε

, (3)

where dσ = stress at yield point and dε = strain at yield point.
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3. Results and Discussion

3.1. Mechanical Properties of Jute Fabrics

The effect of gamma radiation on the mechanical properties—i.e., tensile strength (TS), elongation
at break percentage (Eb%), and Young’s modulus (Y)—of jute fabrics was monitored (all the average
values were calculated from three tests). All the dependencies in this paper are described as a
polynomial curve of 2nd order. It is clear from Figure 2 that, with the increase in the gamma dose,
all the mechanical properties decreased significantly. The TS of the jute fabric decreased about 70%
when treated with 500 krad compared to the untreated fabric. Similarly, the Eb% and Y also decreased
57% and 58%, respectively, when treated with a similar dose of 500 krad compared to the untreated
fabric. This decreasing trend for all the mechanical properties—i.e., TS, Eb%, and Y—of jute fabric
is due to the penetration of a very strong ionizing radiation such as gamma radiation into the fiber,
which leads to breaking the primary bonds of the cellulose structure, which may change the middle
lamella and, consequently, reduce the ultimate cells of the fibers [40]. This severe destruction of the
fibers may responsible for the decreasing of all the mechanical properties of the jute fabrics. Even the
elongation properties were decreased with the decrease in the modulus. Though this is an irregular
behavior for a material, this may happen due to the heavy breakage of the polymeric structure that
turned it into tiny molecules and caused it to lose its main physical state. Additionally, it made the
material more amorphous and brittle, and hence caused it to break immediately under a tensile load
without much extension.
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Figure 2. Gamma radiation effects on the tensile strength (TS), elongation at break % (Eb%), and
Young’s modulus (Y) of the jute fabric.

3.2. Tensile Strength (TS) of Jute Composites

Figure 3 depicts the effect of gamma radiation on the tensile strength of the Jute/PR and Jute/Epoxy
composites. The trend line for both the composites clearly shows that gamma radiation increases the
TS remarkably up to a certain level. The maximum TS for the Jute/PR composite was found to be 39.44
MPa at a 300 krad dose of gamma irradiation, and maximum value of TS for the Jute/Epoxy composite
was found to be 48.83 MPa at the same dose of gamma radiation. The TS increased dramatically by
98% and 89% for the Jute/PR and Jute/Epoxy composites, respectively, at 300 krad, compared with the
non-irradiated composites. This improvement in the TS is due to the better cross-linking and, hence,
better adhesion between the fiber and matrix after the gamma radiation, which results in the more
oriented polymeric structure of the composites [28,40,41]. Gamma radiation is known as a strong
ionizing radiation which can penetrate easily into composite materials and interrupt the internal
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structure of fiber and matrix. The carbon–carbon bonds of the material can also be destroyed by this
radiation, which may lead to producing free radicals and consequently alter the chemical structures
and physical properties of the material [27,37]. It can also form a large molecule by cross-linking among
the small molecules [34,40]. Thus, this increases the TS of the materials. One of the main obstacles for
improving the mechanical properties is the moisture content, which may also be removed by gamma
radiation and leads to an increase in the TS [24,35].

Fibers 2020, 8, x FOR PEER REVIEW  6 of 11 

consequently alter the chemical structures and physical properties of the material [27,37]. It can also 

form a large molecule by cross‐linking among the small molecules [34,40]. Thus, this increases the TS 

of the materials. One of the main obstacles for improving the mechanical properties is the moisture 

content, which may also be removed by gamma radiation and leads to an increase in the TS [24,35]. 

 

Figure  3.  Gamma  radiation  effects  on  the  tensile  strength  (TS)  of  the  Jute/PR  and  Jute/Epoxy 

composites. 

However, further increasing from the dose of 300 krad leads to a decrease in the TS. It was found 

that, at a dose of 500 krad of gamma radiation, the TS decreased 63% from the maximum TS for the 

Jute/PR composite, which is even 27% lower than the non‐irradiated composite. Similarly, the TS of 

the Jute/Epoxy composite decreased 24% at a dose of 500 krad. This opposite trend after a certain 

level of gamma radiation dose is due to two opposing phenomena—namely, the photo cross‐linking 

and photo degradation that take place simultaneously under gamma radiation. At lower doses, free 

radicals  are  stabilized  by  a  combination  reaction  and  results  in  photo  cross‐linking  among  the 

molecules, which increases the TS. Inversely, at a higher dose, the backbone of the chain may lead to 

break. Consequently, the polymers are degraded into small fragments, and this results in a decrease 

in the tensile properties [34,40]. Severe degradation of polymer molecules may also occur at high dose 

such as 500 krad, and results in the lowest TS, even lower than that of the non‐irradiated composites 

. Though  both  the  composites  behave quite  similarly  after  the  gamma  radiation,  there  is  a  little 

influence on the matrix as well. Polyester resin affects the TS more than the epoxy resin after gamma 

radiation, as it increased the TS up to 98%, whereas in epoxy it was 89%. However, the PR composite 

is less stable in gamma radiation, as it decreased the TS more quickly during the gamma radiation 

dose than the epoxy composite. 

3.3. Elongation at Break (Eb%) of Jute Composites 

The effect of gamma radiation on the elongation properties of the composites are revealed in 

Figure  4.  The  curves  clearly  indicate  that  the  elongation  at  break  percentage  (Eb%)  gradually 

decreased with the increase in the gamma radiation dose up to a certain level of 300 krad, then started 

to  increase continuously. At a dose of 300 krad of gamma radiation,  the Eb% decreased  from  the 

maximum to 7.68 from the Eb% of the non‐irradiated composite of 23.53 for the Jute/PR composite, 

and  the  Eb%  decreased  to  3.68  at  a  dose  of  300  krad  from  the  6.06  Eb%  of  the  non‐irradiated 

Jute/Epoxy composite. Elongation is a totally opposite property to tensile strength. The decreasing 

trend of Eb% with the  increase  in gamma radiation  is due to the opposite phenomenon to TS. As 

discussed above, gamma radiation increases the bonding among the fibers and matrix, making them 

highly oriented structures; this may lead to the highest amount of crosslinking being formed between 

0

10

20

30

40

50

60

0 100 200 300 400 500

T
en

si
le

 S
tr

en
g

th
 (

M
P

a)

Gamma Radiation Dose (krad)

Jute/PR

Jute/Epoxy

Poly. (Jute/PR)

Poly. (Jute/Epoxy)

Figure 3. Gamma radiation effects on the tensile strength (TS) of the Jute/PR and Jute/Epoxy composites.

However, further increasing from the dose of 300 krad leads to a decrease in the TS. It was found
that, at a dose of 500 krad of gamma radiation, the TS decreased 63% from the maximum TS for the
Jute/PR composite, which is even 27% lower than the non-irradiated composite. Similarly, the TS of
the Jute/Epoxy composite decreased 24% at a dose of 500 krad. This opposite trend after a certain
level of gamma radiation dose is due to two opposing phenomena—namely, the photo cross-linking
and photo degradation that take place simultaneously under gamma radiation. At lower doses,
free radicals are stabilized by a combination reaction and results in photo cross-linking among the
molecules, which increases the TS. Inversely, at a higher dose, the backbone of the chain may lead to
break. Consequently, the polymers are degraded into small fragments, and this results in a decrease in
the tensile properties [34,40]. Severe degradation of polymer molecules may also occur at high dose
such as 500 krad, and results in the lowest TS, even lower than that of the non-irradiated composites.
Though both the composites behave quite similarly after the gamma radiation, there is a little influence
on the matrix as well. Polyester resin affects the TS more than the epoxy resin after gamma radiation,
as it increased the TS up to 98%, whereas in epoxy it was 89%. However, the PR composite is less stable
in gamma radiation, as it decreased the TS more quickly during the gamma radiation dose than the
epoxy composite.

3.3. Elongation at Break (Eb%) of Jute Composites

The effect of gamma radiation on the elongation properties of the composites are revealed in
Figure 4. The curves clearly indicate that the elongation at break percentage (Eb%) gradually decreased
with the increase in the gamma radiation dose up to a certain level of 300 krad, then started to increase
continuously. At a dose of 300 krad of gamma radiation, the Eb% decreased from the maximum to
7.68 from the Eb% of the non-irradiated composite of 23.53 for the Jute/PR composite, and the Eb%
decreased to 3.68 at a dose of 300 krad from the 6.06 Eb% of the non-irradiated Jute/Epoxy composite.
Elongation is a totally opposite property to tensile strength. The decreasing trend of Eb% with the
increase in gamma radiation is due to the opposite phenomenon to TS. As discussed above, gamma
radiation increases the bonding among the fibers and matrix, making them highly oriented structures;
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this may lead to the highest amount of crosslinking being formed between the polyester-polyester and
jute-polyester molecules for the Jute/PR composites, and the epoxy-epoxy and jute-epoxy molecules
for the Jute/Epoxy composites [28]. This higher crosslinking among the molecules may lead to a higher
crystallinity and thus restrict the segmental motion of the polymer chains, making the composite break
at a lower percentage of elongation [42].
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Figure 4. Gamma radiation effects on the elongation at break % (Eb%) of the Jute/PR and
Jute/Epoxy composites.

This can also be explained by the definition of elongation, the amount of extension of a material in
its length is called elongation. If the length extension is less, then elongation becomes less. Contrariwise,
both the Y and TS are inversely proportional to elongation. Thus, for higher values of TS, obviously
elongation will be lower and that is happening here. However, further increasing of gamma radiation
doses, gradually increased the Eb% for both the composites. It was found that, Eb% increased to 18.36
and 8.4 for Jute/PR and Jute/Epoxy composite respectively at 500 krad of dose. This is because of
photo-degradation occurred at higher doses of gamma radiation that leads to break the main chain
of the polymer and make them into small fragments. This also breaks the cross-linking among the
molecules of fiber and matrix. That creates an irregular polymeric structure and results in more
amorphous regions in the materials, which leads to greater elongation percentages [43]. It is also found
that the elongation properties after gamma radiation were affected more in the PR composite than
in the epoxy composite. The Eb% decreased from the maximum 67% and 39% for the Jute/PR and
Jute/Epoxy composites, respectively, after 300 krad of gamma radiation. This may have occurred due
to the structural differences between the two matrixes.

3.4. Young’s Modulus (Y) of Jute Composites

Figure 5 shows the gamma radiation effect on the Young’s modulus of the composites. It is
observed that Young’s modulus (Y) of the Jute/PR composite gradually increased about 5 times higher
than the non-irradiated composite, from 235.33 MPa to 1218.33 MPa, at a dose of 300 krad. Similarly,
the Y of the Jute/Epoxy composite increased about 115% compared to the non-irradiated composite,
678.67 MPa to 1459.63 MPa, at the same dose of gamma radiation, and then showed a continuously
decreasing trend. Y decreased 71% and 29% for the Jute/PR and Jute/Epoxy composites, respectively,
from the maximum value at a dose of 500 krad.
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Figure 5. Gamma radiation effects on the Young’s modulus (Y) of the Jute/PR and Jute/Epoxy composites.

The Young’s modulus shows a similar trend to tensile strength for both the composites. Gamma
treatment increases the bond strength by producing active sites; this also increases the cross-linking
between the fibers, resulting in the increasing of the Young’s modulus [27,35]. Further increase in
gamma radiation decreases the Young’s modulus because of the polymer main chain degradation,
named chain scission, caused by over-radiation [34]. Although both the composite show similar trends
under gamma radiation, the Jute/PR composite is affected a little more than the Jute/Epoxy composite.

4. Conclusions

In our study, the effect of gamma radiation on the mechanical properties, especially the elongation
properties, of jute fabric and two types of jute fabric-reinforced composites—i.e., Jute/PR and
Jute/Epoxy—were studied. It was found that gamma radiation improved the tensile strength and
Young’s modulus up to a certain level of irradiation dose (300 krad), but a further increase in dose
gradually decreased the properties. Totally inverse behavior was found in the elongation properties of
the composites, as the elongation percentage at break is inversely proportional with the increase in
the gamma radiation dose, also up to a certain level of 300 krad, and then increased with the increase
in dose. Thus, 300 krad was found to be the optimum dose of gamma radiation because there was
the highest tensile strength, highest Young’s modulus, and lowest elongation at this dose for both the
composites. Though the gamma radiation improved the mechanical properties of all the composites, it
had strong negative effects on the mechanical properties of the jute fabrics, as it decreased all the values
approximately 60–70% at the 500 krad dose compared to the non-irradiated samples. Between the
two composites, the Jute/PR composite shows more effect under gamma radiation than the Jute/Epoxy
composite, but the epoxy composite is more stable under radiation. As gamma radiation decreases
the elongation properties and increases other mechanical properties, such as tensile strength and
Young’s modulus, up to a certain level of radiation dose, it could be an interesting option for the
natural composite manufacturer to make a high-strength material, but the optimum level of dose must
be maintained.
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