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Nowadays, due to renewable issues, environmental concerns, and the financial problems of synthetic fibres, the development of
high-performance engineering products made from natural resources is increasing all over the world. Lately, kenaf fibre has been
used among many different types of natural resources in various shapes. Unidirectional long fibres or randomly oriented short
fibre shapes are the most common type of kenaf fibres that have been investigated in previous works. This work characterises
and evaluates the physical, mechanical, and morphological properties of plain woven kenaf fabric and its composites with three
types of thermoset resin at 0∘/90∘ and 45∘/−45∘ orientation, in order to assess their suitability as lignocellulosic reinforced polymer
composites. A vacuum infusionmanufacturing technique was used to prepare the specimens with fibre weight content of 35%± 2%.
Eight specimens were prepared for each test, and five replications were adopted. A total of 78 samples were tested in this study.The
results show that the composites with 0∘/90∘ had the highest tensile, flexural strengths, andmodulus.Themorphological properties
of composite samples were analysed through scanning electronmicroscopy (SEM) images and these clearly demonstrated the better
interfacial adhesion between the woven kenaf and the epoxy matrix.

1. Introduction

In the past two decades a number of researchers have sought
to use natural fibres with a polymermatrix composite (PMC);
this has received considerable attention both in the literature
and the industry. Although synthetic fibres such as Kevlar,
glass, and carbon are extensively used for the reinforcement of
plastics, these materials are expensive and are nonrenewable
resources [1, 2]. Many of the woven natural fabrics are rising
as a viable option to glass fibre reinforced composites in

industrial applications like packaging, paper making, and
composite materials. One of the more popular natural fibres
is kenaf fibre, which is an annual plant due to its rapid growth,
and has an average yield of 1700 kg/ha [3, 4]. Kenaf fibre
is produced from the bast of the stems of plants of genus
Hibiscus, a family of Malvaceae, and species of cannibinus. It
requires less water to grow. Kenaf fibres have the advantage
that they are renewable resources, low cost, light, plentiful,
nonabrasive, and nonhazardous. Therefore they can serve as
an excellent reinforcing agent for plastics [5]. Kenaf fibre
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Figure 1: Plain woven fabric: (a) top view and (b) cross section view [7].

possesses moderately high specific strength and stiffness and
can be utilised as a reinforcing material in polymeric resins
to make a useful structural composite material. Kenaf has
already been adopted in automobile parts due to its light
weight and good mechanical properties [6].

Woven fabrics are formed, in particular, by the interlacing
of fibre bundles (yarns) to form a fabric layer, which offers
advantages in terms of good dimensional stability and high
packing density [7]. The vertical yarn direction is called the
warp while the horizontal yarn direction is called the weft as
shown in Figure 1. The use of the plain weave technique can
add structural strength to the material because it increases
both the strength and the energy absorption capacity. Woven
fabrics are used in a wide variety of defence and consumer
products as the reinforcement phase of composites due
to their flexibility, formability, and high specific strength
because the interlocking increases strength better than fibre
matrix adhesion [8]. Yarn slip, the relative sliding of the yarns
composing the weave, is an important mode of deformation
or failure, which leads to dramatic changes in the energy
absorption and yarn density of the fabric. The use of a
woven fabric pattern could add structural strength because it
increases the strength and energy absorption capacity of the
material.

Figure 1 illustrates a plain weave fabric. 𝑃
1
and 𝑃

2
rep-

resent the distance between warp and weft yarns, while 𝑑
1

and 𝑑
2
denote the warp and weft yarn circular diameter.

𝑡 represents the fabric thickness (measured by a digital
caliper), whilst 𝜆 indicates the fabric wavelength. The weave
of the fabric is characterised by thickness, weight, density,
wavelength, and interyarn fabric porosity (𝜀). Using (1), the
interyarn fabric porosity (𝜀) was calculated. The ratio of the
projected geometrical area of the opening across the material
to the total area of the material is the definition of porosity
[9, 10]:

𝜀 =

(𝑃

1
− 𝑑

1
) (𝑃

2
− 𝑑

2
)

(𝑃

1
× 𝑃

2
)

. (1)

The experimental investigation of the crashworthiness
characteristics of kenaf fabric (mat) reinforced polyester
(KFRP) circular tubes from the point of view of energy
absorption, with different geometry, was carried out by
Ibrahim [11]. It was found that geometry was an important
factor to determine the ability of a material to absorb

energy. Furthermore, a thin-walled tube has a good geometry
for a high strength to weight ratio and energy absorption
capability. In another major study, the tensile and flexural
strengths of the unidirectional kenaf fibre reinforced poly
lactic acid (PLA) resin composites were investigated by Ochi
[12] with different fibre content. Experimental results showed
that the weight of composites increased linearly up to a fibre
content of 50%.

In recent years, the effects of chemical treatments on the
tensile and flexural properties of the short kenaf polypropy-
lene composites were investigated by Asumani et al. [13].
Mechanical test results showed that the improvements in the
tensile and flexural properties resulting from alkali silane
treatment were due to the better bonding between the fibres
and the polymer. Several attempts have been made to study
the influence of fibre content on the mechanical and ther-
mal properties of kenaf bast fibre reinforced thermoplastic
polyurethane (TPU) composites with different fibre loadings
(by El-Shekeil et al. [14, 15]). It was concluded that a 30% fibre
loading displayed the best tensile strength, whilst the tensile
modulus, thermal stability, hardness, and flexural strength
increased with the increase of fibre content, but the strain
value decreased with increasing of fibre content.

The mechanical properties of a nonwoven kenaf fibre
composite and poly-L-lactic acid (PLLA) resin were inves-
tigated by Nishino et al. [16]. It was reported that kenaf
fibre could be a good candidate for use as a reinforcing
fibre for high performance polymer composites. In another
study, Salleh et al. [17] found that processing at high tem-
perature leads to an improvement in the tensile modulus
of composites, in contrast with the diminished properties
when processed at low temperatures especially with high fibre
content. Furthermore, with the increased content of the fibre,
the tensile strength and strain of the composite decreased
when using low and high processing temperatures. It was
also reported that a scale ratio between reinforcements of
different aspect ratiosmay play a role as a controlling factor in
optimising themechanical properties of a compositematerial
[18–20].

Another crucial factor is the kenaf fibre orientation,
which has a significant effect on the mechanical behaviour of
composite materials [21]. It was reported that the composite’s
properties were influenced by changing the fibre orientation.
Chow et al. [22] studied the effect of weaving patterns and



International Journal of Polymer Science 3

Table 1: Physical and mechanical properties of polymers (manufacturer data sheet).

Polymer Density
(g/cm3)

Tensile strength
(MPa)

Elastic modulus
(MPa)

Elongation at
break (%) Hardener %

Epoxy LY556 1.14 73.3 3470 4.5 1 : 2 [HY951]
Unsaturated polyester 1.14 69 3800 2.3 0.2 [MEKP]
Vinyl ester 1.14 86 3200 5-6 0.2

random orientation on the mechanical properties of banana,
kenaf, and banana/kenaf fibre-reinforced hybrid polyester
composites. Plain and twill weaving patterns were used to
fabricate the composite; the plain type showed improved
tensile properties compared to the twill type. Moreover, the
maximum increase in mechanical strength was observed
in the plain woven hybrid composites rather than in ran-
domly oriented composites, which lead to minimum stress
development at the interface of composites because of the
distribution of load transfer along the fibre direction.

Even though kenaf fibres have the potential to supple-
ment synthetic fibres in polymer composites [23], limitations
arise with respect to mechanical performance and moisture
absorption when natural fibres are used [24, 25]. In this
study, achieving the advantages of kenaf fibres and the woven
pattern has been considered. Besides this, the prediction of
the mechanical properties of composites has many advan-
tages when components are changed in volume or type, as
it does not need additional measurements in order to know
their mechanical properties. Consequently, this paper aims
to determine the physical, mechanical, and morphological
properties. A discussion based on the data collected from
the literature is also given in order to create a brief guideline
for future development concerning the use of woven kenaf
fibres.

2. Materials and Methods

In order to study the behaviour of woven kenaf fibres with
three types of polymers on the mechanical properties of
composites, the fibre density, fibre diameter, fibre length,
moisture content, water absorption, and porosity of woven
kenaf fibres are measured.

Kenaf fibre is the main fibre used in this study and was
supplied by ZKK Sdn. Bhd., Malaysia (as shown in Figure 1).
The physical and mechanical properties of kenaf yarn were
measured according to the ASTM D3379-10 standard [26].
The plain woven kenaf fibre was prepared and cut to fabricate
composite samples according to the ASTM standards. Three
types of thermoset resinswere used to fabricate the composite
samples, namely, epoxy, unsaturated polyester, and vinyl ester
resin.The properties of the three types of polymers are shown
in Table 1 (manufacturer data sheet).

The kenaf fibre density was obtained using mathematical
equation (2) by dividing the mass by the volume, according
to the ASTM D 1895 standard [27]. Kenaf fibre was put
into a container with a known volume (𝑉

𝑐
). The weight of

the container was weighed and recorded as𝑀
𝑐
and the kenaf

filled container was weighed and labeled as𝑀
𝑘
:

Density 𝜌 (g/cm3
) =

𝑀

𝑘
−𝑀

𝑐

𝑉

𝑐

. (2)

Both the diameter and the length of the kenaf fibre were
measured using an optical microscope and digital caliper.
Twenty kenaf fibre yarns were tested and the average value
of the diameter and length was recorded.

All types of polymer composites will absorb moisture
from the surrounding area to a certain extent when immersed
in water or exposed to a humid environment [28]. It is not
only the polymer matrix that absorbs moisture, but also the
fibre, especially natural fibre, due to its hydrophilic nature.
It is more sensitive towards water absorption, which causes
instability in the properties of the composites [29].

The moisture content specimens were cut according to
ASTM D 5229-04 [30] and weighed using an electronic
balance of 0.00001 g accuracy to monitor the mass during the
aging process. The specimen is 50 × 50mm3, five specimens
were tested, and the average was calculated. The moisture
content of woven kenaf fibre was obtained by weighing the
kenaf fabric, and the initial weight of the fibres was recorded
as (𝑀

1
) before the samples were put in the oven at 105∘C

for 24 h. The kenaf fabric was weighed again and recorded as
(𝑀
2
). The moisture content was determined using

Moisture content = 𝑀1 −𝑀2
𝑀1
× 100. (3)

In recent years,many research studies using a natural fibre
andpolymermatrix have been conducted. It has been demon-
strated that the water absorption affects the performance
of natural fibre reinforced composites negatively; therefore
it is important to study their behaviour. The rate of the
degradation is dependent on temperature and humidity [31],
which lead to a significant loss in the mechanical properties
of natural fibre based composites, especially kenaf fibre rein-
forced composites, in a humid environment [32]. In one of the
largest longitudinal studies, Rassmann et al. [33] investigated
the effect of water absorption on themechanical properties of
unwoven kenaf mat. It showed that the composite properties
were influenced greatly by immersion in water.

In this study, plain woven kenaf fibre was immersed in
water, and the water absorption behaviour was evaluated
according to the ASTM D5229 standard [34]. Water absorp-
tion was measured after the immersion of the kenaf weave
specimens in water at room temperature for 24 hours. Five
specimens of kenaf fabric were weighed before and after
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Figure 2: The composite specimen using vacuum infusion tech-
nique.

immersion, then the water absorption was determined using
the following equation:

Water absorption (%) =
𝑀

1
−𝑀

0

𝑀

0

× 100, (4)

where𝑀
1
is the mass of the sample after immersion (g) and

𝑀

0
is the mass of the sample before immersion (g) [35, 36].
The composite samples were made with 35% fibre weight

content and the rest for any one of three types of poly-
mers: woven kenaf fibre reinforced epoxy composite (KFRE),
woven kenaf fibre reinforced polyester composite (KFRP),
and woven kenaf fibre reinforced vinyl ester composite
(KFRV). Eight specimens were fabricated for each group
using the vacuum infusion technique. The vacuum infu-
sion technique provides a number of improvements over
traditional methods such as better fibre-to-resin ratio, less
wasted resin, very consistent resin usage, and unlimited set-
up time, and it is cleaner.The first step of the vacuum infusion
technique was begun with polishing the glass surface by
using wax (releasing agent), and the resin feed spiral was
positioned.Thereafter, one layer of woven kenaf fibre was cut,
weighed, and positioned on the surface. Then, both the resin
feed connector and the vacuum connector were positioned.
The first layer of the infusion, the peel-ply layer, was placed,
and then the infusion mesh was added. Subsequently, the
tape was applied down the vacuum bag, and the resin feed
and vacuum hose were connected and sealed. The resin feed
pot was set up and the vacuum pump and catch-pot were
connected. The vacuum pump was switched on, the air was
evacuated, and the vacuum bag was adjusted. Each polymer
was mixed with the ratio of its hardener (resin: hardener by
weight) according to the manufacturer’s specifications. The
vacuum pump was switched on, and the resin was infused
andflowed evenly onto a distributionmediumuntil it reached
the end, as shown in Figure 2. The excess resin flowed into a
resin trap. Demoulding the specimens was done after curing
at room temperature for 24 hours; then the specimens were
stored on a flat surface under room conditions.

In order to study the mechanical properties of the three
types of woven kenaf reinforced polymers, tensile, flexural,
and impact and scanning electron microscopy (SEM) tests
are performed. Tensile tests of both the kenaf yarn and the
plain woven kenaf composite for three types of polymers are
investigated.

The strength of the kenaf yarn (weft and warp) was
obtained using the universal testing machine with a capacity
of 2.5 KN in accordance with ASTM D3379-10, [26]. The
crosshead speed was 1mm/min with a replication of 25 times.
The fibre was randomly selected, then attached and glued to a
tab shaped piece of cardboard, with a gauge length of 170mm,
and then tested.

Tensile testing was carried out in the composite lab-
oratory of the Mechanical Department, Universiti Putra
Malaysia, according to the ASTM D3039 standard [37]. All
specimens were cut to the 250mm × 25mm × actual thick-
ness in two angles 0∘/90∘ and 45∘/−45∘ for each composite
and rectangular sectional area flat strip and gage length of
170mm. Four-tab plateswith a dimension of 40× 25mmwere
attached to the two sides of both ends of the specimens by
an adhesion agent. The test was conducted using a universal
testing machine with a capacity of 100KN and crosshead
speed 1mm/min, with a replication of 8 times. The average
value of the results for the five specimens was taken.

The flexural tests of the woven kenaf fibre composites
were investigated using the three-point bending fixture
according to theASTMD-790 standard [38], with a crosshead
speed of 1mm/min.The rectangular shape three-point bend-
ing specimens were prepared with dimensions of 127mm ×
12.7mm × actual thickness in two angles 0∘/90∘ and 45∘/−45∘
for each composite. The distance between the supports (span
length)was calculated as per the standard, with a ratio of 16 : 1.
For each case, eight specimens were tested and the average
values of the five specimens were recorded.

The impact strength of the samples was measured using
an Izod impact test machine, according to the ASTM 256
standard [39]. The standard specimens size was 63.5mm ×
12.7mm × actual thickness in two angles 0∘/90∘ and 45∘/−45∘
for each composite and notched by motorised notchvis. All
impact test samples were supported as a vertical cantilever
beam and broken by a single swing of a pendulum, with
hammer velocity 6m/s. For each case, eight specimens were
tested and the average value of five results was recorded.

Using the scanning electron microscope (SEM) instru-
ment model ZEISS SUPRA 35VP, the fracture surface of the
specimen after the tensile test was observed. All the fractured
specimens were coated with a thin layer of gold, to avoid
electron charge accumulation, and subjected to a voltage of
10–15 kv.

3. Results and Discussions

Not only the physical results of the woven kenaf fibres, but
also themechanical properties of thewoven kenaf composites
are reported and discussed. In addition, the scanning electron
microscopy (SEM) images for the tensile specimens test are
analysed.

The characteristics of individual fibres vary according to
their shapes, sizes, and orientations, and the thickness of
the cell walls. Some important physical elements must be
known about each plantation fibre before it is used to reach
the maximum potential [40]. The fibre length and diameter
are the important parameters to determine the strength of
natural fibre [41, 42]. The fibre’s strength is an important
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Table 2: (a) Properties of kenaf yarns. (b) Properties of plain weave
kenaf fabric.

(a)

Properties Kenaf yarn
Yarn fineness (Tex) 942
Yarn type 1 ply spun
Twist direction Z-twist
Fibre diameter (mm) 1 ± 0.1
Yarn breaking load (N) 79
Average breaking strength (MPa) 100.64
Average maximum strain (%) 17.3

(b)

Characterisation Woven kenaf
Thickness, 𝑡 (mm) 2 ± 0.2
Weight (g/m2) 890
Density (g/cm3) 1.2
Warp density (warp/inch) 12
Weft density (weft/inch) 12
Wavelength, 𝜆 (mm) 4.2
Interyarn fabric porosity (𝜀) 0.274
Moisture content (%) 8.353
Water uptake (%) 148.86

factorwhen choosing a fibre that is specific for a certain usage.
Table 2(a) shows the kenaf yarn properties while Table 2(b)
shows the physical characterisation of plain woven kenaf. By
weighing specified lengths of yarns and converting the data
to the Tex unit (according to ASTM D 2260) [43], the yarn
fineness was determined. In addition, yarn type and yarn
twist direction was also observed. Tensile tests for randomly
selected kenaf yarns were measured using the Universal
Testing Machine Instron 5KN, with speed 1mm/min and a
preload of 2N. Breaking strength (MPa), breaking strain (%),
and Young’s modulus data were recorded.

One of the important parameters that should be con-
sidered when choosing natural fibre as a reinforcement in
polymer composites is themoisture content.The dimensional
stability, electrical resistivity, tensile strength, porosity, and
swelling behaviour of natural fibre reinforced composites
could be determined by the moisture content [44]. The
average value of the moisture content of the woven kenaf was
8.353% for 5 specimens. While the average water uptake was
148.86% for 5 specimens after 24 hours. It can be observed
that cellulose, which is a major component in kenaf fibre,
influences water absorption highly [45, 46].

Figures 3 and 4 show the ultimate tensile strength and
tensile modulus of woven kenaf composites with three types
of polymers, at 0∘/90∘ and 45∘/−45∘. Among these three
types of polymers, epoxy resin shows the highest tensile
strength, followed by polyester and vinyl ester, respectively.
A similar trend has been reported in the study done by de
Albuquerque et al. [47] on jute, where the strain development
of the kenaf fibre reinforced composites varied according
to the type of resins used. It was observed that there
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Figure 3: Tensile strength of three composites at 0∘/90∘ and 45∘/−45∘
orientation.
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Figure 4: Tensile modulus of three composites at 0∘/90∘ and
45∘/−45∘ orientation.

was a decline in the tensile properties of the kenaf epoxy
and unsaturated polyester composite samples with 45∘/−45∘,
while, approximately, there were the same tensile properties
for the kenaf vinyl ester composites. This could be due to a
uniform distribution of stress transfer with the application
of tensile load in both the longitudinal and transverse direc-
tions, whereas this is not found in the 45∘/−45∘ orientation.
Generally, the increase in the tensile strength andmodulus of
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Figure 5: Flexural strength of three composites at 0∘/90∘ and
45∘/−45∘ orientation.

kenaf composites with 0∘/90∘ is attributed to the differences
in the load-distribution properties of the kenaf fibres along
the longitudinal and transverse directions. Thus, 0∘/90∘ ori-
entation could result in a capacity for greater stress uptake
composites which leads to higher mechanical strength. In
addition, it can be seen that the values of the tensile modulus
of the 0∘/90∘ orientation are higher than those of the 45∘/−45∘
for the three types of polymers. Furthermore, the epoxy
composites had a higher tensile modulus than either the
polyester or vinyl ester composites in the 0∘/90∘ and 45∘/−45∘
orientation as a result of the epoxy bonds to the fibres being
better than the polyester and vinyl ester resins. This is in
agreement with the findings of Rouison et al. [48] who found
similar trends for hemp fibres.

A similar finding was also observed in the flexural
strength of the three types of polymers using a 3-point
flexural test, as shown in Figures 5 and 6. Like the tensile
modulus results, the resin type seems to have a significant
influence on the flexural modulus for each of the three
types of polymers.The ultimate flexural strength and flexural
modulus of woven kenaf composites with epoxy and vinyl
ester polymers decreased with 45∘/−45∘, whilst the ultimate
flexural strength and modulus of woven kenaf composites
with unsaturated polyester was almost the same. In different
orientations, the flexural effect of both the fibre yarns in
the warp and weft directions can create an interlocking
structure which can result in constraints for the extension
of the fibre yarns along the directions, resulting in fibres
with a higher bending load capacity. As research studies
have reported, the flexural properties depend on the type
of polymer and fibre orientations are critical factors which
have an important influence on the mechanical properties
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Figure 6: Flexural modulus of three composites at 0∘/90∘ and
45∘/−45∘ orientation.
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Figure 7: Impact strength of three composites at 0∘/90∘ orientation.

0

10

20

30

40

50

60

70

80

Epoxy Polyester Vinyl ester

En
er

gy
 ab

so
rb

ed
 (%

)

Figure 8: Impact strength of three composites at 45∘/−45∘ orienta-
tion.



International Journal of Polymer Science 7

Fiber degradation

Fiber breakage

(a)

Kenaf fiber

Matrix yielding

Epoxy

(b)

Figure 9: (a) The SEMmicrographs of the tensile failure surfaces of KFRE. (b) The strong bonding of the kenaf fibre and the epoxy matrix.
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Figure 10: (a)The SEMmicrographs of the tensile failure surfaces of KFRP. (b) Bonding area of thewoven kenaf with the unsaturated polyester
matrix.

of the composites [49, 50]. It is known that the flexural
properties of the composites are also influenced by the
composition and adhesion levels of the polymers, that is, the
interfacial bonding. Epoxy composites have higher flexural
strength and modulus properties compared to other resins,
while vinyl ester composites exhibited lower strength values
in the different orientations.

The impact strength of woven kenaf composites with
three types of polymers, at 0∘/90∘ and 45∘/−45∘, is presented
in Figures 7 and 8. For the same type of reinforcing fibres,
the impact strength of composites differs with the type of
polymers. As stated by others [51], the types of polymers, the
fibre-matrix interface and the construction and geometry of
composites are accountable for deciding the impact strength
of composites. It may be observed that kenaf/polyester
composites showed the highest energy absorption, while
kenaf/epoxy composites exhibited the lowest. It can be
concluded that the interfacial strength might have weakened
the material causing it to absorb less energy than the other
composition as indicated by a number of authors [17, 52].The
epoxy resin bonds better with the kenaf fibres than the other
two polymers. This is an indication of the less fibre pullout
and thus a better adhesion between the fibres and the matrix,
thus causing a reduction in impact energy with increased
fibre matrix adhesion. The kenaf/vinyl ester composites also
absorbed a great amount of impact energy. It is clearly seen
from Figure 8 that the composites with 45∘/−45∘ orientation

have a greater impact strength than composites with 0∘/90∘
orientation.

3.1. Morphological Properties of WKFC. SEM micrographs
confirmed that the mode of failure of epoxy composites was
due to fibre fracture, while that of the polyester and vinyl
ester composites was due to fibre pullout failuremodes. It can
also be observed that the epoxy composites display a cleaner
failure surface than those made with polyester or vinyl ester
composites. This perhaps explains the relatively poor impact
strength of epoxy composites, which is an indication of fibre
pullout and good fibre matrix adhesion. Figures 9, 10, and
11 show examples of typical SEM micrographs where very
few voids were found in the composites, and so a typical
micrograph without voids is presented.

4. Conclusions

The woven kenaf composite material is fabricated with
three types of thermoset matrix to study the mechanical
properties with more emphasis. The matrix types used are
epoxy, unsaturated polyester and vinyl ester. Plain woven
kenaf possesses a good mechanical strength; therefore, it is
a good possible candidate to be used as the reinforcement
material in polymer composites. The stress-strain diagram of
woven kenaf fibre reinforced thermoset composite is linear.
The tensile, flexural, and impact strengths of the woven
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Figure 11: (a) The SEMmicrographs of the tensile failure surfaces of KFRV. (b) Bonding area of the woven kenaf with the vinyl ester matrix.

kenaf/epoxy composite are superior to those of the others.
Fractography studies of the fracture behaviour of the epoxy
composite show that a better fibre-matrix adhesion exists
(kenaf fibres were almost broken in the fracture plane). The
variation of the mechanical properties, for the same type of
thermoset, due to the variation of the fibre orientation, is
significant. The results obtained from this study suggest that
woven kenaf has higher properties for use as a reinforcement
in the thermoset composites sector.
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