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A B S T R A C T   

The textile industries produce huge KF waste which should be utilized optimally. In this study, the KF waste was 
used to produce a composite. The mechanical properties of KF waste reinforced composites were observed. The 
important factor which affects the mechanical properties is the fiber configuration. Tensile and flexural tests 
were used to characterize the composite’s products. The tensile properties were evaluated according to ASTM D- 
638, while the flexural properties were examined following ASTM D-790. The results showed that the unidi-
rectional fiber orientation had the highest tensile (76.5 MPa) and flexural (151.3 MPa) strengths. The results 
show that the polyester composites reinforced with KF waste exhibit equivalent tensile and flexural properties of 
composites composed of regular KFs if arranged in unidirectional orientation. Thus, the appropriate fiber 
orientation gives the best composite results.   

1. Introduction 

Kenaf fiber is a common type of natural fiber that is used as a raw 
material in the production of fabrics and carpets [1]. Kenaf fibers used in 
the textile manufacturing process are first sorted to ensure that they 
meet the specifications for use as raw materials. At this early stage, the 
fiber sorting process is only done visually based on the physical 
appearance of the fiber. Fibers that do not pass through the sorting 
process are considered waste, and this is the first waste generated during 
the fabric or carpet manufacturing process. According to Tudor et al. 
[2], such fiber waste accounts for approximately 15% of total waste 
generated during the manufacturing process. 

Kenaf is a lignocellulosic fiber that is gaining popularity due to its 
excellent mechanical qualities, which gives high stiffness and strength 
values [3,4]. Because of their larger aspect ratio, they are excellent to be 
used as reinforcement in polymer composites. In light of current global 
environmental challenges and scarcity of fiber supplies, researchers 
throughout the world have begun to express interest in fully using the 
potential of kenaf and its many applications, including the utilization of 
its waste [4]. It is therefore, the primary goal of this work is to assess the 
potential of kenaf fiber waste as a reinforcement for polyester compos-
ites, with particular emphasis on the influence of fiber arrangement on 
the mechanical characteristics of composites. 

KF is a natural fiber that has been the most studied and used for 
reinforcing polymer composites [5]. KF composites are proven to show 

good performance of mechanical properties [3–13]. KF has been used for 
various matrix polymer as poly acid lactic acid (PLA) [1], Epoxy [6–8], 
HDPE [9], Cardanol [10], PP [11], PU [12], Polyester [7,13,14]. 

The strength-weight ratio and the relative ease combination with 
other materials make Fiber Reinforced Polymer (FRP) Composites to be 
used widely for specific purposes and exhibit desirable properties. The 
FRP composites behavior because of fiber orientation can be classified 
into two categories namely: (1) Anisotropic behavior for composites 
with fibers orientated in different directions [15] and (2) almost 
orthotropic behavior for composites with unidirectional fibers. Fiber 
orientation is a critical factor that has a significant impact on the me-
chanical properties of KF-reinforced composites [16,17]. In addition, 
flexural and tensile strength are the most important characteristics of 
polymer-based composites in structural applications [18]. 

Determining appropriate KF orientation on FRP composites is 
important to improve the composites’ mechanical properties [19]. This 
study used KF from industrial waste. The large amount of waste KFs 
allows the use of composites in civil engineering applications with 
large-scale requirements. This study varied the fiber orientation to get 
the best mechanical properties and was supported by fractography from 
SEM. 
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2. Methods 

2.1. Kenaf fiber (KF) waste preparation 

KF waste was collected from a textile factory in Magelang, Central 
Java, Indonesia. The fiber waste collected is the remains of fibers that 
did not pass the sorting process and could not be used as textile mate-
rials. The fiber sorting process is depicted in Fig. 1. The fibers were pre- 
treated by being rinsed with warm tap water and then dried at room 
temperature for 12 h before being dried in an oven at 70 

◦

C for 3 h. 

2.2. KF waste chemical treatment 

Before being included in the composite laminates, the alkaline 
treatment was carried out by soaking natural fibers in 2% sodium hy-
droxide (NaOH) for 4 h at room temperature. The fibers were washed 
with warm tap water and then dried at room temperature for 12 h as a 
pre-treatment. The NaOH was acquired on the local market under the 
brand name Formosoda-P, which is a caustic soda with a purity of 99%. 
The treated fibers were rinsed multiple times with warm tap water 
before being neutralized with acetic acid and cleaned with demineral-
ized water. The fibers were then allowed to dry for three days at room 
temperature. The final step in preparing KF waste fibers for use in 
composite laminates was to dry the fibers in an oven for 6 h at 60 ◦C. 

2.3. Composites fabrication 

KF waste composite laminates were prepared using a vacuum 

bagging method (Fig. 2). Vacuum bagging employs atmospheric pres-
sure as a clamp to keep the fiber and matrix together within an airtight 
enclosure. Vacuum bag molding may be defined as a technique that 
combines a manual approach of hand-layup or spray-up on an open 
mold to generate a laminated component with a vacuum process after 
covering the laminated with a polymeric sheet. The composite was 
prepared using an open mold with dimensions of 300 mm × 210 mm x 3 
mm. Three distinct composite sheets were created using three different 
fiber configurations: longitudinal, woven, and randomly oriented. The 
matrix material was made by mixing unsaturated polyester resin and 
catalyst in a 100:2 wt ratio (Fig. 2a). The catalyst, methyl ethyl ketone 
peroxide (MEKP), was added to the polyester and stirred before being 
put into a mold. The produced matrix was mixed with fibers based on 
fiber orientation to make three distinct composite sheets. For all pre-
pared sheets, the fiber loading was set at 20% wt [20,21]. 

The fibers were cut into the desired form and inserted into the mold. 
Simultaneously, a release fabric, breathable material, and vacuum bag 
were cut to size. The vacuum bag was trimmed to be around 20% bigger 
than the dimensions of the mold (Fig. 2c). As a releasing agent, the 
interior surfaces of the mold were coated with a thin coating of silicone. 
The surface of the mold base was then wetted with the mixed resin 
before the layer of fiber mat was applied on top. More resin was then put 
on top of the fiber mat and spread out before the rest fiber mat was 
placed until the desired thickness was obtained. To ensure that all of the 
cavities inside the mold were adequately filled, the mixture was gently 
pressed with a finger. After filling the mold, the liquid was allowed to 
rest for about 10 min before being bagged in plastic. The vacuum bag 
was then placed over the mold and sealed to the mold perimeter and the 

Fig. 1. Fiber sorting process at the factory; (a) Natural fiber stock in factory, (b) Natural fibers chemical processing, (c) Natural fibers sorting process, (d) unsorted 
natural fibers as waste. 
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vacuum line was connected and the vacuum pump turned on to evacuate 
air from the bag. Keeping the pressure intact, the composite sheet was 
then left to cure for about 24 h at room temperature (25 ± 2 ◦C), and 
then the mold was opened to extract the composite sheets. This process 
was repeated to produce composite sheets with three different fiber 
configurations. The hardened composite was removed from the mold 
and post cured in an oven at 80 ◦C for 1 h for complete curing. Once the 
composites have cured, they were cut into the required size for me-
chanical properties characterization. 

2.4. Testing method 

The mechanical properties of composites were characterized using 
tensile strength and flexural strength. The cutting process was con-
ducted on tensile and bending specimens according to the standard of 
each test (ASTM D3039 for tensile testing and ASTM D790 for flexural 
testing). The cutting process was performed manually using a cutting 
grinder and followed by smoothing using sandpaper (100–1500 grid). 

The test was performed using a Tensilon universal testing machine 
(UTM) with a maximum load capacity of 10 kN. The testing speed was 
set to 2 mm/min, as specified by the specification. Each composite 
laminate was cut to the required size to obtain five samples. The 

Fig. 2. Composites fabrication, a) Resin polyester, b) KF waste, c) Vacuum bagging process; KF orientation, d) unidirectional, e) random, f) woven.  

Fig. 3. Mechanical properties testing, a) Flexural testing, b) Tensile testing.  
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machine was programmed to provide a pressure of 8 MPa at the gripping 
region between the gauge length of the specimen. 

Fig. 3 (b) depicts the tensile testing setup. The tensile stress and 
tensile modulus may be calculated using Eqs. (1) and (2) [22]: 

σ =
P
A

(1)  

E =
Δσ
Δε (2)  

where: 

σ = Tensile stress, MPa 
ε = Strain 
P = Measured load, N 
A = Initial cross-sectional area of the specimen, mm2 

A flexural test was performed by referring to the ASTM D790 stan-
dard. The dimensions of each specimen (p x l x h) were 150 mm × 25.4 
× 6 mm, respectively. The bending test was carried out using the same 
tool for the tensile test with a three-point bending load and a test strain 
limit of 5.0%. The span length ratio to thickness was 16:1. 

For each panel, five specimens of the necessary dimensions were 
made. Fig. 3 (a) depicts the testing setup for flexural testing of laminate 
in this work. Flexural stress is the nominal stress in the test specimen’s 
outer surface at mid-span, and compute with equation (3) and (4) [23]: 

σf =
3PL
2bd2 (3)  

E =L3P
/

4bh3y (4)  

where: 

σf = stress in the outer fibers at the midpoint, MPa 
P = load at a given point on the load-deflection curve, N 
L = support span, mm 

b = width of beam tested, mm 
h = height of beam tested, mm 
d = depth of beam tested, mm 
y = distance covered by a load P during flexure, mm 

Composite fracture morphology was analyzed using Scanning Elec-
tron Microscope (SEM). The SEM used was Phenom G-2 Pro type. 

3. Results and discussions 

3.1. Tensile properties 

The tensile test and flexural test results are shown in Fig. 4. The 
unidirectional fiber showed to be the most efficient at providing resis-
tance and stiffness to the composites out of all the configurations tested 
in tension. 

Fig. 4 shows that the average tensile strength of composite polyester 
reinforced with unidirectional fiber was 76.56 MPa, whereas composite 
with random and woven fiber had tensile strengths of 26.78 MPa and 
21.44 MPa, respectively. According to the findings, the composite 
reinforced with random and woven fiber only has 34.98% and 28% of 
the tensile strength of unidirectional composites, respectively. It has a 
meaning that the unidirectional composite is 65.88% higher than 
composite reinforced with randomly oriented fiber and around 71.62% 
higher than composite reinforced with woven fiber. 

The tensile strength differential between composite reinforced with 
random and woven fiber is 19.94%, with random fiber composite having 
a higher tensile strength than woven fiber composite. In line with the 
tensile strength, the unidirectionally oriented specimens generated a 
higher stiffness composite with an average tensile modulus of 3.18 GPa. 
This value is approximately 23.89% higher than the modulus of random 
fiber composites and 16.98% higher than the modulus of woven fiber 
composites. It means that the tensile modulus of random and woven 
fiber-reinforced composites is only 76.10% and 83.02%, respectively, 
compared to the unidirectional composites. Interestingly, random fiber 
composites have a lower modulus (2.42 GPa) than woven fiber 

Fig. 4. a) Tensile Strength and Modulus, b) Flexural Strength and Modulus, c) Stress-Strain Curves under Tensile Load, d) Stress-Strain Curves under Flexural Load.  
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composites (2.64 GPa), with a difference of about 9.09%. 
Fig. 3c shows the stress-strain curve of polyester-KF composites 

under tensile loading. It is seen that the strain in the woven composite is 
lower, with a maximum value of 1.3% than in the random composite, 
which has a value of around 1.8%. 

3.2. Flexural properties 

The results of the flexural performance test of specimens with various 
fiber arrangements are showed in Fig. 4b. Similar to the tensile perfor-
mance, the unidirectional fiber was also shown to be the most successful 
in achieving high flexural properties in composites. 

The composite polyester reinforced with unidirectional fiber has an 
average flexural strength of 153.1 MPa (Fig. 4b). The flexural strengths 
of FRP composite with random and woven reinforcements were 69.21 
MPa and 24.36 MPa, respectively. According to the data, the flexural 
strength of composite reinforced with unidirectional fiber is 54.79% 
higher than composite reinforced with randomly oriented and roughly 
84.08% higher than composite reinforced with woven fiber. The flexural 
strength difference between random and woven fiber composites is 
64.8%, with random fiber composites having higher flexural strength 
than woven fiber composites. This means that the composites with the 
composite reinforced with random and woven fiber only have 45.20% 
and 15.91% of the tensile strength of unidirectional composites, 
respectively. 

In addition, composites reinforced with unidirectional fibers have 
the highest flexural modulus of 11.78 GPa, which is 57.21% greater than 
composites reinforced with random fibers and 58.23% higher than 
composites reinforced with woven fibers. The flexural modulus of 
woven and random fiber composites is 4.92 GPa and 5.04 GPa, 
respectively. 

The stress and strain curves of polyester-KF composites under flex-
ural loading are shown in Fig. 4d. The strain in the woven composite is 
significantly lower than the strain in the random composite, which is 
approximately 1% and 2%, respectively. So, even though the average 
tensile strength is greatly lower, it is comprehensible if the modulus of 

the woven composite is only slightly less than that of the random 
composite. Similar to the tensile characteristics, the results demonstrate 
that the resultant composites are brittle, as evidenced by stresses of less 
than 5% [24] and the abrupt collapse of specimens at peak load without 
any visible indication. 

3.3. Morphology 

Fig. 5 shows the morphology of the tensile and flexural test fracture. 
Fig. 5 shows the surface of the tensile test failure of the Kenaf FRP 

composite. The SEM photo in Fig. 5a shows a small void on the com-
posite. The interface between polyester-KF looks denser or without any 
gap, the failure modes of broken KF, and less kenaf pull put indicate a 
good interface bond between kenaf and polyester. This is likely to cause 
the tensile strength of the unidirectional composite to be the highest 
compared to other composites (because it is in the same direction as the 
working tensile force). The gap between the polyesters in Fig. 5b sug-
gests that there was maybe a KF shift before the collapse. As a result, KF 
experienced debonding with the polyester and KF pull out. In Fig. 5b, it 
can be seen that the number of KF pull-outs and voids is more than that 
in Fig. 5a, which is due to the random layout/position of the fibers 
causing the polyester to be less able to wet or bind the kenaf so that voids 
appear and the composite becomes less dense. In the end, the tensile 
strength of random composites decreased as shown in Fig. 4. 

Fig. 5c shows the fracture surface of the composite where the failure 
of the composite occurs in the warp of woven fiber (fibers that are 
directed at 90◦) with slight kenaf pull out. By using the same fiber vol-
ume fraction for all types of composites, the mechanical force on the 
woven composite is only restrained by the fiber in the direction (0◦). In 
the end, the tensile strength of the woven composite is very low but we 
can easily predict the direction of cracking and failure. This supports the 
data result of the tensile strength and flexural strength (Fig. 4). Fig. 5c 
also shows some voids. There is a rougher surface seen in Fig. 5c indi-
cating the pull-out from the woven fiber. Fig. 5d is a flexural fracture 
indicating the number of fiber pull-outs from the fiber arrangement. 
Fig. 5e shows conformity with Fig. 4b which indicates the fiber 

Fig. 5. The tensile fracture morphology, a) undirectional, b) random, c) woven fiber; flexural morphology, d) undirectional, e) random, f) woven fiber.  
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orientation is arranged randomly, so Fig. 5f and c shows the fractures 
come from woven fibers. 

4. Discussion 

The fiber orientation affects the mechanical properties of a com-
posite. The structure size and shape of fiber affect the interfacial bond 
between matrix and fiber. Fiber orientation with unidirectional pro-
duced the highest tensile strength and flexural strength. It was because 
the fibers were aligned with the direction of the applied load. In a uni-
directional fiber reinforcement, all fibers run in a single parallel direc-
tion. In this form of fiber arrangement, there are no gaps between fibers, 
and the fibers lay flat. There is no cross-section weaves that divide fiber 
strength in half one way and half another. This provides for a high fiber 
density, resulting in the greatest longitudinal tensile properties [25,26]. 

Longitudinal arrangements such as unidirectional fiber configura-
tions, fibers carried the majority of the total strength rather than the 
matrix, which did not appear to have a significant impact on specimen 
performance [26,27]. Fiber-reinforced composites with an ideally 
dispersed fiber direction parallel to the loading direction will yield the 
best tensile strength [26]. 

The difference in performance between random and woven random 
might be explained by the orientation of the fibers embedded into the 
specimens concerning the applied load [27]. Additionally, the tensile 
behavior of composite reinforced with weaving fiber orientation, where 
half of the fibers are perpendicular to the load direction, was found to be 
lesser than that of composite reinforced with unidirectional and random 
oriented fibers. The changes in fiber orientation reduce composite 
strength [17,26]. Short KFs had a weak point near the end of the strands 
that may reduce the strength of composites [28]. 

The tensile strength is in line with the tensile modulus which triggers 
the composite stiffness [26]. However, the data of the tensile strength 
with random fiber orientation are higher than the woven fiber orienta-
tion. This is because the tensile modulus magnitude is not only affected 
by the strain size, but also by the stress quantity. Even though the mean 
stress is high, the large strain causes a low modulus. Contrastly, if the 
mean stress and the strain are low, high tensile modulus can be reached. 

The modulus of the woven composite is greater than that of the 
random composite, although the average tensile strength is lower. Fig. 4 
also reveals that the resultant composites behave as brittle materials, as 
indicated by the strain of less than 5% [29]. Another reason it is referred 
to as brittle is that all composite specimens break suddenly at the peak 
stress. 

The flexural strength of a composite is strongly affected by the length 
of the fibers [18]. This is most likely why unidirectional fiber composites 
have the maximum strength and modulus. For better flexural properties, 
fibers with a longer length are recommended [18]. Short fibers tend to 
collect more fiber ends in composites, making them unable to offer 
appropriate flexural strength. During bending, the test specimen be-
haves like a beam that is simply supported at two points and loaded in 
the middle. As a result, the bending moment rises from the support 
points to a peak at the center of the test specimen, where the maximum 
stress occurs along a line. It was discovered that when the KFs are ar-
ranged randomly, they tend to clump together and pull out of the 
bundle, lowering the mechanical characteristics. Even though the woven 
structure is typically solid in situ, only half of the strands bear direct 
weight, resulting in a significant loss in strength. This is most likely the 
reason why woven composites had the lowest flexural strength of all the 
composites evaluated [30]. Based on the foregoing, the flexural char-
acteristics of the resulting composites in this study are equivalent to the 
flexural strength of previously established composites reinforced with 
new KF. 

Fig. 6 displays the comparison of tensile strength and flexural 
strength of various KF-reinforced composites [1,6,7,9,10,13,14]. 

Fig. 6 shows that KF waste can be used as an alternative for com-
posites. The use of waste is as strong as the use of new (KF). A large 

amount of KF is possible to be utilized in civil engineering applications 
on a wider scale. 

5. Conclusions 

This research used KF waste as a polymer composite reinforcement. 
KF composites were varied in various fiber orientations. The results 
showed that the unidirectional orientation produced tensile strength 
and flexural strength of 76.56 MPa and 153.56 MPa, respectively. This is 
because all fibers run in a single parallel direction. In the fiber 
arrangement form, there are no gaps found between the fibers. It was 
also found that the fibers lay flat. When the KFs are arranged randomly, 
they tend to clump together and pull out of the bundle, lowering the 
mechanical characteristics. Even though the woven structure is typically 
solid in situ, only half of the strands bear direct weight, resulting in a 
significant loss in strength. The flexural characteristics of the composites 
in this study are equivalent to the flexural strength of previously 
established composites reinforced with new KF. The SEM photos support 
the data of tensile strength and flexural strength. It has been revealed 
that the composite’s mechanical properties produced from KF waste 
indicate that they can be a practicable choice for a wide range of civil 
engineering applications. 
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Abstract
The textile industries produce huge KF waste which should be utilized optimally. In this
study, the KF waste was used to produce a composite. The mechanical properties of KF waste
reinforced composites were observed. The important factor which affects the mechanical
properties is the fiber configuration. Tensile and flexural tests were used to characterize the
composite's products. The tensile properties were evaluated according to ASTM D-638, while
the flexural properties were examined following ASTM D-790. The results showed that the
unidirectional fiber orientation had the highest tensile (76.5 MPa) and flexural (151.3 MPa)
strengths. The results show that the polyester composites reinforced with KF waste exhibit
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equivalent tensile and flexural properties of composites composed of regular KFs if arranged
in unidirectional orientation. Thus, the appropriate fiber orientation gives the best composite
results.

Keywords

Configuration; Flexural strength; Kenaf fiber waste; Polyester composite; Tensile
strength

1. Introduction
Kenaf fiber is a common type of natural fiber that is used as a raw material in the production
of fabrics and carpets [1]. Kenaf fibers used in the textile manufacturing process are first
sorted to ensure that they meet the specifications for use as raw materials. At this early stage,
the fiber sorting process is only done visually based on the physical appearance of the fiber.
Fibers that do not pass through the sorting process are considered waste, and this is the first
waste generated during the fabric or carpet manufacturing process. According to Tudor et al.
[2], such fiber waste accounts for approximately 15% of total waste generated during the
manufacturing process.

Kenaf is a lignocellulosic fiber that is gaining popularity due to its excellent mechanical
qualities, which gives high stiffness and strength values [3,4]. Because of their larger aspect
ratio, they are excellent to be used as reinforcement in polymer composites. In light of current
global environmental challenges and scarcity of fiber supplies, researchers throughout the
world have begun to express interest in fully using the potential of kenaf and its many
applications, including the utilization of its waste [4]. It is therefore, the primary goal of this
work is to assess the potential of kenaf fiber waste as a reinforcement for polyester
composites, with particular emphasis on the influence of fiber arrangement on the
mechanical characteristics of composites.

KF is a natural fiber that has been the most studied and used for reinforcing polymer
composites [5]. KF composites are proven to show good performance of mechanical properties
[[3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13]]. KF has been used for various matrix polymer as
poly acid lactic acid (PLA) [1], Epoxy [[6], [7], [8]], HDPE [9], Cardanol [10], PP [11], PU [12],
Polyester [7,13,14].

The strength-weight ratio and the relative ease combination with other materials make Fiber
Reinforced Polymer (FRP) Composites to be used widely for specific purposes and exhibit
desirable properties. The FRP composites behavior because of fiber orientation can be
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