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ABSTRACT:   The potential of natural fibers as one of the candidate materials in the 

production of fiber-reinforced polymer composites have been widely investigated. In the 

current study, natural fiber-reinforced polymer composite was fabricated by employing 

woven kenaf fiber as a reinforcing agent with epoxy resin that acts as a matrix 

constituent. This composite sample was fabricated using the application of the vacuum 

infusion method in which the content of kenaf fibers was varied from 30 vol.%, 40 

vol.%, and 50 vol.%. The effects of different fiber loadings toward mechanical and 

physical properties as well as failure properties of kenaf composite were then evaluated. 

Kenaf composites were subjected to mechanical tests including tensile and flexural tests. 

The result shows that the highest tensile strength and modulus were attained at 76.67 

MPa and 2.31 GPa, respectively with kenaf composite fabricated with 40 vol.% fiber 

content. Meanwhile, the highest flexural strength and modulus were recorded at 61.24 

MPa and 4.20 GPa, also corresponding to kenaf composite that is loaded with 40 vol.% 

fibers. Fiber pull-out failure was able to be detected in fabricated kenaf composites. 

Meanwhile, fiber breakage resulting from flexural failure could also be observed in the 

kenaf composite samples. Apart from that, it was found that as more kenaf fiber was 

loaded in the composites, the rate of water absorption tended to increase where the 

highest rate of water absorption was found at 43.33%, displayed by kenaf composite 

with 50 vol.% of fiber content.  

ABSTRAK: Potensi gentian semula jadi sebagai salah satu bahan dalam penghasilan 

komposit polimer bertetulang gentian telah banyak dikaji. Dalam kajian terkini, 

komposit polimer yang diperkuat dengan gentian semula jadi dibuat dengan 

menggunakan serat kenaf tenunan sebagai agen penguat dan resin epoksi yang bertindak 

sebagai matriks. Sampel komposit ini dibuat menggunakan kaedah infusi vakum di mana 

kandungan serat kenaf digunakan adalah 30 vol.%, 40 vol.%, dan 50 vol.%. Kesan 

kandungan serat yang berbeza terhadap sifat mekanikal dan fizikal serta sifat kegagalan 

komposit kenaf kemudiannya dinilai. Komposit Kenaf diuji dengan ujian tegangan dan 

lenturan. Hasilnya menunjukkan bahawa kekuatan tegangan dan modulus tertinggi 

dicapai pada 76.67 MPa dan 2.31 GPa, milik komposit kenaf yang dibuat dengan 

kandungan serat 40 vol.%. Sementara itu, kekuatan dan modulus lenturan tertinggi 

dicatatkan pada 61.24 MPa dan 4.20 GPa juga milik komposit kenaf yang dimuatkan 

dengan serat 40% vol. Kegagalan serat terkeluar dapat dikesan pada komposit kenaf 

buatan. Sementara itu, kerosakan serat akibat kegagalan lenturan juga dapat dilihat pada 

sampel komposit kenaf. Selain itu, didapati bahawa semakin banyak serat kenaf yang 

dimuatkan dalam komposit, cendurung meningkatkan kadar penyerapan air di mana 
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kadar penyerapan air tertinggi didapati pada 43.33% yang ditunjukkan oleh komposit 

kenaf dengan kandungan serat 50% vol. 

KEYWORDS: natural fiber; kenaf composite; mechanical properties   

1. INTRODUCTION  

The exploitation of natural fibers such as kenaf, hemp, sisal, and bamboo has been 

widely adopted in the production of fiber-reinforced composite materials [1,2]. The 

growth of natural-based composites is due to the properties of natural fibers, especially in 

terms of cost and biodegradability characteristics [3,4]. Moreover, the excellent 

biodegradability displayed by natural fibers can impart a positive impact on the 

environment due to the ability to form green bio-composite materials. Furthermore, the 

capability of natural fibers in offering outstanding attributes including non-abrasiveness, 

low density, as well as exhibiting a comparable specific strength, is another driving force 

in the utilization of this fiber as a reinforcement in fiber-reinforced composite materials 

[5,6]. 

Therefore, there are many works available in open literature that have reported on the 

potential of natural fiber utilization in many engineering applications such as construction, 

electronic, and automotive industries [7,8]. For example, Javadian et al. [9] have 

investigated the mechanical properties of bamboo fiber to be embedded in composites for 

construction uses. Moreover, Gupta [10] has studied the potential of jute composites for 

electronic applications. The author has found that jute composite shows acceptable 

dynamic mechanical properties that are suitable for application in making the casing for 

electronic devices such as mobile phones and laptops. Recently, Yang et al. [11] have 

reviewed the future of cellulosic fiber-based (kenaf, bamboo, banana, and pineapple leaf) 

composites for marine applications. The authors have mentioned that cellulosic fibers 

(natural fibers) gain great attention in marine applications due to the drawbacks of 

synthetic fibers, including high cost, poor recyclability, and high embodied energy.  

Moreover, synthetic-based composites are often disposed of in improper ways. 

Incineration after end-of-service may cause serious air pollution and this is another reason 

that prompted the idea of developing natural fiber-based composites [12]. It is believed 

that the introduction of natural fibers in composite industries has created a new option, 

especially for the manufacturers in developing cost-effective green products with 

comparable mechanical properties. Recently, the potential of kenaf fibers to be used as 

door panels in automotive parts has been discovered [13]. Thus, it is necessary to have 

continuous research that explores the potentials, limitations, and barriers in growing 

natural fiber composites so that the properties and behaviors of this composite can be 

properly verified. Therefore, the current research is one of the approaches taken to ensure 

continuity in the development of natural fiber-based composites in order to discover the 

abilities of these natural resources for future use. 

2.   MATERIALS AND EXPERIMENTAL DESIGNS 

2.1  Materials 

Plain woven kenaf fiber with an average thickness of 0.8×10-3 m and density of 1220 

kg/m3 was utilized as a reinforcing element. Meanwhile, epoxy resin grade INF – 114 with 

corresponding hardener INF – 212 and density of 1140 kg/m3 was applied as a matrix 
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constituent to bind the fibers where the ratio of epoxy-to-hardener was fixed at 100:24.7 

(g). 

2.2  Preparation of Kenaf Reinforced Epoxy Matrix Composites 

Kenaf composites were fabricated based on three different fiber loadings including 30 

vol.%, 40 vol.%, and 50 vol.%. Woven kenaf fibers were cut into dimensions of 300 mm × 

150 mm and 150 mm × 150 mm for tensile test and flexural test, respectively. Meanwhile, 

pristine epoxy was also fabricated as a control sample. The fabrication process involves 

the application of vacuum infusion method in which epoxy resins were infused within the 

layer of kenaf fibers using constant pressure at -100 kPa supplied from a vacuum pump. 

The curing process at room temperature was performed for 24 hours once the epoxy resin 

completely covered the plies of kenaf fibers in order to solidify the composite panels. Fig. 

1 illustrates the schematic diagram of experimental set up for fabrication of kenaf 

composite panels via vacuum infusion method. 

 

Fig. 1: Schematic diagram of the vacuum infusion layout 

in the fabrication of kenaf composite panel. 

2.3  Characterization of Kenaf Composite Panels  

Kenaf composites were subjected to three main characterizations including 

mechanical, physical, and morphological analyses. The mechanical properties were 

characterized under tensile and flexural tests. For tensile test, samples were cut into 

dimension of 250 mm × 25 mm in accordance with ASTM D3039. This testing was 

performed using a Universal Testing Machine (UTM) Instron 5582 with a load of 100 kN 

and crosshead speed of 2 mm/min. Meanwhile, for the flexural test, the same machine was 

used where samples were prepared with a dimension of 127 mm × 13 mm corresponding 

to ASTM D970. The same load of 100 kN and crosshead speed 2 mm/min were applied 

during the bending test.  

The water absorption (WA) test was carried out based on ASTM D570 in which the 

fabricated kenaf composites were dried inside an oven at a temperature of 70 ℃ for 24 

hours in order to identify the initial weight. Then, samples were immersed inside the 

distilled water. The weight of composites was measured every day until 30 days and the 

rate of water absorption was calculated using the following formula: 

𝑊𝐴 =
𝑀1 −  𝑀0

𝑀0
 × 100 (1) 

where WA stands for water absorption, M0 denotes the initial mass of the specimen, and 

M1 represents the dried mass of the sample after removing from the distilled water. 
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The tensile fracture surfaces were characterized using a scanning electron microscope 

(SEM) model JOEL JSM-5600. The specimens were coated with Palladium (Pd) where 

the coating process was performed using a Quarom SC7620 Sputter Coater at 10 Kv 

voltage. Flexural failure modes were examined using an optical microscope (Nikon 

Measuring Microscope Trinocular Head, model MM-TRF). 

3.   RESULTS AND DISCUSSION 

3.1  Tensile Properties of Kenaf Reinforced Epoxy Matrix Composites 

Figure 2(a,b) shows the tensile properties of fabricated kenaf composites at three 

different fiber loadings (30 vol.%, 40 vol.%, and 50 vol.%) and also pristine epoxy as a 

control sample. From the figure, the tensile strength and modulus of pristine epoxy was 

recorded at 45 MPa and 1.52 GPa, respectively. The incorporation of kenaf fiber has 

improved the values of tensile strength and the modulus of the fabricated composite panel. 

Moreover, it can be noticed that, when the fiber content was increased from 30 vol.% to 40 

vol.%, the tensile strength of the fabricated kenaf composites increased. However, when 

kenaf fibers were loaded up to 50 vol.% in the composite system, the value of tensile 

strength was prone to be decrease. Specifically, the highest tensile strength attained was 

76.67 MPa when 40 vol.% fibers were loaded into the system where the performance of 

tensile strength decreased by 7.45% (70.96 MPa) when 30 vol.% fiber content was 

utilized. Surprisingly, the value of tensile strength drastically decreased by 34.08% (50.54 

MPa) when the level of fibers increased to 50 vol.%. The same trend as tensile strength 

was observed in the value of the tensile modulus, which increased in the level of fiber 

content from 30 vol.% (2.09 GPa) to 40 vol.% (2.31 GPa). This improved the behavior of 

tensile modulus. Whereby, the increment of fiber content up to 50 vol.% (1.88 GPa) 

resulted in a decrement in the performance of the tensile modulus. 

 

Fig. 2: (a) Tensile strength and (b) tensile modulus of fabricated kenaf 

composites at different fiber contents. 

It is believed that the behavior of the tensile properties was influenced by the adhesion 

characteristic between the plies of kenaf fibers with epoxy resin. This is in agreement with 

Cisneros-López et al. [14] where outstanding tensile properties were probably due to the 

formation of a better fiber-matrix interface that resulted from excellent adhesion between 

fiber and matrix phases. With regards to the current work, the results indicate that the 

epoxy resin can provide sufficient support in binding the kenaf fibers at 40 vol.% fiber 

content in which the formation of high lamination quality was achieved at this condition. 

With regards to the current work, the results indicate that the epoxy resin can provide 

sufficient support in binding the kenaf fibers at 40 vol.% fiber content in which the 

319



IIUM Engineering Journal, Vol. 22, No. 2, 2021 Yusuff et al. 
https://doi.org/10.31436/iiumej.v22i2.1747 

 

formation of high lamination quality was achieved at this condition. It is due to its ability 

to form a strong fiber-matrix interface between the kenaf fibers and the epoxy resin. 

Therefore, 40 vol.% kenaf composite is able to endure more tension load as compared to 

30 vol.% and 30 vol.% before experiencing permanent tensile failure. Figure 3 shows the 

stress-strain curve of kenaf composites at different fiber loadings. From the stress-strain 

curve, a steep slope can be observed in the kenaf composite that was loaded with 40 vol.% 

fibers. In fact, the steep slope indicates the composite material tends to exhibit higher 

tensile modulus as compared to the composite that displays the low slope [15]. It is due to 

the ability to reach a high fracture point before experiencing external tensile failure. It 

seems that kenaf composites fabricated with 40 vol.% display higher fracture points than 

30 vol.% and 50 vol.% kenaf composites. Meanwhile, the lowest fracture point was 

noticed in kenaf composite that produced using 50 vol.% of fibers. These findings have 

validated the results obtained in tensile properties discussed in the previous point. 
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Fig. 3: The stress-strain curve of fabricated kenaf composites at different fiber loadings. 

Figure 4(a–f) shows the micrographs for each of the kenaf composites. The 

appearance of fiber agglomeration due to poor wettability between fibers and matrix can 

be detected in the fabricated kenaf composites especially in kenaf composites 50 vol.% of 

fiber content. Severe fiber agglomeration in the 50 vol.% kenaf composite signifies this 

composite panel experienced poor adhesion between fibers and matrix constituent in 

which fibers can separate easily from the matrix during the application of tension loads. 

Based on Fig. 4(b), kenaf composite that was loaded with 40 vol.% fibers was able to 

display better fiber-matrix lamination than 30 vol.% and 50 vol.% kenaf composites. At 

high magnification, all fabricated kenaf composites exposed toward fiber pull-out failure 

as shown in Fig. 4(d–f). From Fig. 4(f), it can be noticed that the presence of the gap 

between matrix phase and fiber appeared in kenaf composite with 50 vol.% fiber loading. 

This reveals that epoxy resin was unable to bind the fibers efficiently and therefore 

disturbed the process of transferring tension load from matrix to fibers. As a result, kenaf 

composite with 50 vol.% was prone to show poor tensile strength and modulus. This is in 

agreement with the findings from the previous discussion. 

3.2  Flexural Properties of Kenaf Reinforced Epoxy Matrix Composites 

Flexural properties of fabricated pristine epoxy and kenaf composites at three 

different fiber loadings, namely 30 vol.%, 40 vol.%, and 50 vol.% are shown Fig. 5(a,b). 

Based on Fig. 5(a), the value of flexural strength and modulus of pristine epoxy stated at 

48.52 MPa and 3.26 GPa, respectively.  
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Fig. 4: Tensile fracture micrographs of fabricated kenaf composites – (a) 30 vol.%, (b) 40 

vol.%, and (c) 50 vol.% fiber loadings at ×25 magnification and (d) 30 vol.%, (e) 40 

vol.%, and (f) 50 vol.% fiber loadings at ×150 magnification. 

The increment in the trend of flexural strength can be spotted when kenaf fibers were 

introduced into the composite system. Moreover, when kenaf fiber was increased from 30 

vol.% to 40 vol.%, the highest flexural strength can be observed at the value recorded at 

61.24 MPa. It is believed that this increment is due to the adequacy of epoxy resins to 

laminate the fiber efficiently [16]. As a result, once the bending load touched the 40 vol.% 

kenaf composites, the loads were carried by the whole system rather than the individual 

ply. Therefore, greater loads are needed to break the sample before suffering from flexural 

failure. The introduction of 50 vol.% kenaf fibers result in reducing the performance of the 

composite material where the value of flexural strength was reduced by 16.88% in 

comparison to 40 vol.% fiber content. It indicates that, the utilization of kenaf fibers up to 

50 vol.% was unable to provide optimum reinforcing effect toward the composite system. 

Moreover, at high level of fiber content, it is difficult for natural-based composite 

materials to maintain their strong fiber-matrix interface due to poor compatibility with 

most polymer matrices [17]. Therefore, this composite material is incapable of staying 

longer under bending loads, hence, resulting in poor flexural properties. A similar pattern 
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of flexural strength was found in the values of flexural modulus in which the highest 

flexural modulus gained at 4.2 GPa belongs to kenaf composite loaded with 40 vol.% 

fibers. The values of flexural modulus decreased by 10.23% and 25% with the 

employment of 30 vol.% and 50 vol.% fiber content, respectively. 

 
(a)                                                         (b) 

Fig. 5: (a) Flexural strength and (b) flexural modulus of kenaf composites 

fabricated with different fiber contents. 

 

Fig. 6: Flexural failure of kenaf composites at (a) 30 vol.%, (b) 40 vol.%, 

and (c) 50 vol.% of fiber content. 

Figure 6(a–c) visualizes failure modes of kenaf composites under a flexural condition. 

The behavior of crack initiation and propagation can be explained based on this figure. 

The cracks start to initiate at the bottom part of the kenaf composites when the upper part 

of composite panels are unable to resist the applied bending load due to high stress 
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concentration. Then, these cracks spread and propagate in the middle layer of kenaf 

composites until reaching the maximum fracture point and causing permanent bending 

failure. Based on Fig. 6(a-c), all the fabricated kenaf composites suffered from fiber 

breakage failure in which this failure was probably due to the presence of microcracks 

resulting from the incapability of composite panels to maintain their strong interfacial 

bonding between fiber-matrix interfaces [18]. Severe fiber breakage occurred in the kenaf 

composite that was fabricated using 50 vol.% fibers where it caused the composite panel 

to separate. This indicates that cracks can infiltrate easily within the layers of 50 vol.% 

kenaf composite due to poor interfacial bonding between layers of kenaf fiber and epoxy 

resins. Based on Fig. 6(b), less crack propagation can be noticed in the kenaf composite 

with 40 vol.% fiber content contrasted over 30 vol.% and 50 vol.% composite panels. The 

formation of a better fiber-matrix interface due to high wettability between kenaf fibers 

and epoxy resins has slowed down the propagation of cracks within the composite body. 

As a result, kenaf composite with 40 vol.% compositions of fibers capable of enduring 

more bending loads and consequently helping this composite to exhibit better flexural 

properties as compared to the other kenaf composites. 

3.3  Water Absorption Behavior of Kenaf Composite Panels 

Figure 7(a) shows the rate of water absorption for kenaf composites fabricated with 

three different fiber loadings. The rate of water absorption was measured every day up to 

30 days. At the beginning of the process, the rate of water absorption for kenaf composites 

in all-fiber loadings increased linearly, then the trend of water uptake started to slow down 

until reaching saturation after a prolonged period. This trend was in accordance with the 

diffusion theory known as the Fickian diffusion process [19]. Based on the graph, the 

highest rate of water absorption was displayed by kenaf composite fabricated using 50 

vol.% fibers (43.33%), followed by kenaf composite with 40 vol.% fiber content (30.46 

%). Whereby, the lowest rate of water absorption recorded at 25.49% belongs to kenaf 

composite that loaded with 30 vol.% fibers. These values indicate that increases in the 

amount of kenaf fibers in the composite system tend to increase the rate of water 

absorption of fabricated composite panels. 

 

Fig. 7: The rate of water absorption of kenaf composites at 30 vol.%, 40 vol.%, 

and 50 vol.% fiber content for 30 days. 

This phenomenon occurred due to the nature of natural fibers in which they are very 

responsive to the watery environment [20]. The presence of cellulose components in kenaf 

fibers denotes hydroxyl groups that are the principal contributors to moisture absorption 
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and increase the attractiveness to the watery condition [21]. The presence of OH groups 

from cellulose has been confirmed by FTIR spectra as shown in Fig. 7(b). Thus, increasing 

the level of kenaf fibers will increase the tendency of the composite panel to absorb more 

water as compared to the composite with fewer kenaf fibers composition. Moreover, it 

also believed that high water absorption, especially in kenaf composite with 50 vol.% fiber 

contents, is probably due to the ineffectiveness of epoxy resins to play their role as a 

barrier in protecting the composite from the watery environmental attack. Therefore, it 

may contribute to the fiber swelling phenomena in which this event can promote the 

appearance of microcracks [21]. Thus, the process of water uptakes becomes dominant 

and active in the microcrack region. As a result, kenaf composite panels with higher fiber 

content (50 vol.%) are prone to absorb more water in comparison to kenaf composites that 

are loaded with low fiber content (30 vol.% and 40 vol.%). 

4.   CONCLUSION 

The behaviors of kenaf composites in terms of mechanical properties, water 

absorption, and failure analyses have been studied where the effects of fiber contents 

toward these properties were carefully evaluated. Thus, it can be concluded that: 

a) The incorporation of kenaf fibers from 30 vol.% to 40 vol.% successfully improved 

the mechanical properties (tensile and flexural properties) of fabricated composite 

panels as compared to the pristine epoxy. Whereas the utilization of kenaf fibers up to 

50 vol.% has reduced the performances of tensile and flexural properties of kenaf 

composites. 

b) Common tensile failure, which is fiber pull-out able to be detected in all fabricated 

kenaf composites, and fiber breakage failures appeared in the flexural failure. These 

failures were severely found in the kenaf composite that was fabricated using 50 

vol.% fiber content. 

c) Increasing in the level of kenaf fibers is prone to increase the rate of water absorption 

of fabricated kenaf composite panels. 
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