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Kenaf fiber is gaining prominence because of its ability as a natural-based 
reinforced material in advanced composites. However, kenaf contains a 
hygroscopic natural waxy substance that covers the fiber layer, providing 
a low surface tension and preventing strong bonding with the polymer 
matrix. The goal of this study is to optimize the blending parameters of 
kenaf fiber-reinforced epoxy composites by alkali treatment concentration, 
length, and fiber-matrix loading using central composite design. The 
maximum tensile strength was obtained at 6.03 wt% of NaOH 
concentration, fiber loading of 26.02 wt%, and fiber length at 7.39 mm, 
which showed a strong correlation between experimental and predicted 
values. The analysis of variance function model indicated that fiber length, 
sodium hydroxide concentration, and fiber loading all play important roles 
in mechanical properties of composites. Based on the fracture surface 
observations, kenaf fiber composite strength was closely related to 
bonding at fiber-matrix interfaces. The most common failure modes in the 
samples were voids, matrix fracture, fiber breakage, weak bonding, and 
fiber pull-out. 
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INTRODUCTION 
 

A natural fiber can be categorized based on animal, plant, or mineral resources. 

Today, the public awareness of the usage of natural fiber is enormous, following its ability 

to reduce environmental issues (e.g., they are biodegradable, renewable, sustainable, and 

abundantly available) (Karthikeyan et al. 2013). In addition, the consolidation of plant-

based fibers with synthetic polymer offers good mechanical properties, high stiffness, low 

cost, and is lightweight. The wide application of natural fiber composite in the various 

manufacturing composite industries is a good demonstration of this affirmation due to their 

strength and durability (Kuan et al. 2022). A composite is a mixture of two or more 

individual materials with notably different physical or chemical characteristics. When 

combined, it forms a new material with properties that can possibly be superior to their 

constituent behavior. Reinforcing fibers have stiffness in their longitudinal direction, and 

they can be synthetic fiber, such as carbon, glass, and natural fiber. Contrastingly, the 
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matrix works as a binder that holds the fiber in one place and eventually acts as a medium 

for transferring external forces to reinforce the fiber. 

Natural fibers offer the most environmentally friendly alternative to synthetic fibers 

(Khan et al. 2020). Like other natural fibers, kenaf is abundant and renewable; it also has 

low density, is biodegradable, and sustainable. Additionally, kenaf fibers have been 

promoted as an alternative reinforcement material to replace glass fiber because of their 

high specific strength, low density, renewability, biodegradability, and sustainability. The 

tensile strength and modulus of kenaf fibers, which are 223 to 930 MPa and 14.5 to 73 

GPa, are equivalent to those of E-glass fibers, which have 1000 MPa and 70 to 76 GPa, 

respectively (Sapiai et al. 2020). Nevertheless, these cellulosic fibers exhibit certain 

limitations regarding their thermal and physicomechanical properties. Lack of surface 

adhesion between two mediums is the fundamental drawback of using kenaf fiber in 

polymeric resin, leading to subpar qualities in the final biocomposite laminate (Asyraf et 

al. 2020). Moreover, Jaafar et al. (2018) posit that the inadequate interfacial adhesion can 

be attributed to the presence of impurities on the morphology of the fiber surface, which 

results in an irregular topography. The presence of pectin, lignin, and hemicellulose in the 

fiber is responsible for its poor compatibility with the polymer matrix. According to 

Krishna and Kanny (2016), the impurities in concern are formed by hydroxyl groups, which 

give the kenaf fiber its hydrophilic characteristics. Due to the hydrophobic nature of most 

polymer resins, such as epoxy and polyester (PE), the ability to make effective chemical 

bonds between kenaf fibers and these polymers is restricted.    

Therefore, several studies have used an alkali treatment as a means of enhancing 

surface properties to mitigate the incompatibility between fibers and polymers (Kamarudin 

et al. 2019). The process of alkali treatment, also known as mercerization, introduces new 

chemical groups that may efficiently infiltrate the fiber matrix and remove a certain 

quantity of hemicellulose, lignin, oils, and wax that coat the fiber cell wall’s external 

surface.   The introduction of NaOH causes a modification in the fiber, resulting in rougher 

surfaces that enhance the interlocking of fibers and the uptake of the matrix. Additionally, 

it leads to an increased contact area between the fiber and the matrix (Bar et al. 2018). 

Alkali treatment eliminates noncellulosic components in fiber, such as hemicellulose and 

lignin, resulting in the formation of a close-packed cellulose complex. The close-packed 

cellulose fibers are interconnected by hydrogen bonding and alkaline treatment, resulting 

in an increase in fiber crystallinity following the treatment method (Loganathan et al. 

2020). Alternatively stated, NaOH treatment increases the number of reactive sites 

accessible for the ester group in the fibers, allowing the ester group in the polymer to bond 

with OH groups.  The process of crosslinking improved the structural integrity of the fibers, 

resulting in increased strength and enhanced load-bearing capacity inside the matrix.  

Central composite design (CCD) is one of the classes under response surface 

methodology (RSM), which is widely applied in various experiments for its logic, 

acceptable design, and excellent outcomes. The CCD has advantages over traditional 

methods. For instance, it requires fewer experiments and experimental data; thus the 

analysis takes less time and reduces expenses (Dixit and Yadav 2019). Additionally, it 

offers accurate estimates of the number of runs, is more resilient, and eliminates missed 

runs or mismeasured responses compared with other RSM methods such as the Box-

Behnken Design (BBD). CCD, on the other hand, deals with extreme points, and the axial 

points are inserted at a specific distance from the design’s center, known as the alpha value.  

Furthermore, the CCD method requires a higher number of iterations compared to 

alternative RSMs, and the selection of the alpha value can significantly impact the design’s 
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quality. However, extreme points are possible in composite fabrication because the 

parameter can be specified prior to fabrication.  Hence, in this study, CCD was deemed 

more advantageous than BBD attributed to its superior accuracy and efficiency, as 

validated by a previous study that compared these two RSMs (Boateng and Yang 2021).   

According to BBD, this approach does not use a cubic vertex that defines the upper and 

lower limits for each variable (Hassan et al. 2020). Instead, all tested points are confined 

within a specified range. Consequently, the accuracy of the starting and ending points of 

the interval is lower compared to the other points. Thus, BBD is more suitable for 

conducting tests that are out-of-range tests of conceptual or physical restrictions, in which 

there is no restriction on composite fabrication’s parameter. It has also been shown that 

CCD can be used to model and optimize natural fiber and biocomposite structures (Salih 

et al. 2022).  

In previous work, the optimization parameter of kenaf/epoxy composite often uses 

the BBD. Moreover, it appears from the aforementioned investigations that numerous 

research has been conducted on the effects of fiber length, fiber loading, and chemical 

treatment on the kenaf fiber-reinforced epoxy composites. This concept has recently been 

challenged by focusing on varying only one parameter and the other parameter being fixed 

to assess the potential relationships between parameters. Therefore, a RSM tool is 

recommended for predicting the connections between changing parameters. However, 

limited works were investigated the simultaneous effect of these three parameters using 

another RSM, specifically CCD. The optimization of combining three input variables, 

including fiber length, fiber loading, and chemical treatment, of kenaf fiber-reinforced 

epoxy using CCD has never been explored. The optimum combination of this fiber-matrix 

blending is novel. This study aims to enhance the mechanical performance by determining 

the optimum blending parameter of kenaf fiber reinforced epoxy composites, such as 

alkaline concentration, fiber loading, and fiber length of kenaf fiber-reinforced epoxy 

composites using CCD.  

 
 
EXPERIMENTAL 
 

Materials 
In this study, kenaf fiber (Hibiscus cannabinus) harvested in Kelantan (Malaysia) 

was used. It was purchased from Lembaga Kenaf and Tembakau Negara (LKTN, Kota 

Bharu, Kelantan, Malaysia). In general, the diameter of fiber was approximately 60 to 110 

μm. The fibers were initially treated using sodium hydroxide (NaOH) and glacial acetic 

acid purchased from Orioner Sdn Bhd (Cyberjaya, Selangor, Malaysia). The alkali 

treatment was referred to Ismail et al. (2021), in which involved subjecting the kenaf fibers 

to a NaOH solution for 24 h at room temperature, following the CCD runs parameter 

specifications. The weight ratio of kenaf fibers to the solution was 1:20. The fibers were 

thereafter submerged in tap water with a concentration of 1 wt% glacial acetic acid to 

balance the excess of NaOH. This was followed by a 30 min immersion in distilled water.   

Subsequently, the kenaf fibers were subjected to a rinsing process using distilled water 

until the pH level reached 7. Following this, the fibers were dried in an oven at a 

temperature of 80 °C for a duration of 6 h prior to the composite fabrication. A moisture 

analyzer (Ohaus Model MB25, Ohaus Corporation, Parsippany, NJ, USA) was used to 

ensure that the moisture content of the fiber was less than 7%. Then, the dried fiber was 

chopped using a crusher machine (Cheso Model N3, Loyang, Singapore). A multi-stage 
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sieve that was attached to a rotational shaker model BS410/1986 (Endecots Ltd.) was 

utilised to achieve certain fiber length. This shaker operated at 275 rpm for 45 min. 

Meanwhile, the epoxy resin (D.E.R 331) and hardener (JOINTMINE 901-3S) were 

mixed to produce the adhesive resin in weight ratio of 2:1. The properties of materials used 

in this study are given in Table 1. The tensile specimen of kenaf fiber-reinforced epoxy 

was fabricated via the moulding process. A mild steel mould was manufactured to fabricate 

the composite tensile specimen according to the ASTM D638 (2014) standard. The mould 

consisted of three main components: the steel top, injector plate, and base. To fabricate 

samples, a mould release agent was initially spread on the surface and inner parts of the 

mould. Then, a Teflon sheet with the same dimensions as the mould cavity was adhered. 

After the composite mixture was loaded, the base and injector plate were tightened. The 

mould was fastened with four screws before being placed in a hot press and heated for 20 

min at a temperature of 70 °C. The mould was then removed and kept at room temperature 

for 8 h to cure. Finally, the specimens were removed and visually inspected. 

 

Table 1. Thermophysical and Mechanical Properties of Kenaf Fiber  

Properties Kenaf NaOH Resin 

Density (g/cm3) 1.4 2.1 1.16 

Tensile strength (MPa) 930   

Young’s modulus (GPa) 20   

Elongation at break (%) 1.6   

Cellulose content (%) 53 to 57   

Hemicellulose content (%) 15 to 19   

Lignin content (%) 5 to 11   

Diameter (μm) 60 to 110   

Molar mass (g/mol)  39.9971  

Acidity (pKa)   15.7  

Melting point (°C)  323  

Viscosity (mPa.s)   11000 to 14000 

 

Design experiment 

In this study, a central composite design (CCD) was used to determine the optimum 

compounding parameters of kenaf fiber reinforced epoxy composites. Table 2 shows the 

real, coded, and input variables used for the development of the CCD at several ranges of 

NaOH concentration (A), fiber loading (B), and fiber length (C). These design parameters 

were generated using Design Expert Software version 11.1.0 (Stat-Ease, Minneapolis, MN, 

USA). 

 

Table 2. Real and Coded Variable Chosen for the Construction of the CCD 

Variables Units Symbol Low High - α + α References 

NaOH 
Concentration 

wt% A 3 9 0.95 11.05 Nor et al. (2021) 

Fiber Loading wt% B 10 30 3.18 36.82 
Nadlene et al. 

(2018) 

Fiber Length mm C 3 9 0.95 11.05 Ahmad et al. (2011) 
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Tensile test 

The tensile test for kenaf fiber reinforced epoxy composite was conducted 

according to ASTM D638 (2014). It was examined using the universal testing machine 

(Shimadzu AGS-X, 20kN, Kyoto, Japan) at a 1 mm/min crosshead displacement rate. To 

determine the mechanical properties the stress-strain traces were recorded. Three samples 

for each of the experimental design were examined. 

 

Scanning electron microscope 

 The structure morphology image of kenaf reinforced epoxy composite was taken 

by using the scanning electron microscopy (SEM) machine (JOEL JSM-7800F, Tokyo, 

Japan). SEM is an essential tool to observe fine structural morphology of nanomaterials 

with sub-1 nm resolution. An appropriate size specimen was inserted in the chamber and 

generally mounted rigidly on a specimen stub. To observe the morphologies of fiber, SEM 

was operated at 2 kV. 

 

 
RESULTS AND DISCUSSION 
 

The value of tensile strength was chosen as a response to the system. Twenty 

replicate samples were designed based on CCD and corresponded to tensile strength 

response according to Eq. 1 (Bhattacharya 2021), 

N = 2n + 2n + nc        (1) 

where N is the total number of experimental runs, n is the number of factors, and k is the 

number of replicates samples at the center point. The trial runs and input parameters were 

proposed by software shown in Table 3. The experimental run was orderly randomized to 

reduce systematic error. 

 

Analysis of variance analysis for fitting the model 

 The analysis of variance (ANOVA) quadratic function for tensile strength of the 

three selected variables is indicated in Eq. 2, as follows, 

Tensile Strength = 27.01 + 0.49A + 2.07B + 0.4C - 1.65AB - 0.51AC - 0.51BC - 

1.69A2 - 1.3B2 - 0.39C2       (2) 

where A, B, and C are coded for NaOH concentration, fiber loading, and fiber length, 

respectively. 

Table 5 shows the result of the tensile strength for three parameters following 

ANOVA analysis. The result found that all parameters of the models were significant, as 

shown by the P-value of the A, B, C, AB, AC, BC, A², and B², which are all below 0.05. As 

shown from the table, the lack of fit value was non-significant and indicates that the model 

fit well with the experimental data. 

Model adequacy was also assessed to ensure the design model fit the actual results. 

Here, the coefficient of determination (R2 = 0.96) for this model was closer to 1, explaining 

the adequacy of this model. As seen in Table 4, the difference between adjusted R2 and 

predicted R2 was less than 0.2, and adequate precision was more than four, indicating that 

this quadratic polynomial model was statistically accurate. Furthermore, a larger F-value 

and smaller P-value show significance on the response variable. 
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Table 3. Actual and Predicted of Tensile Strength 

Standard 
Run 

 

Run NaOH 
Concentration 

(wt%) 

Fiber 
Loading 
(wt%) 

Fiber 
Length 
(mm) 

σ (MPa) Residual 
(MPa) 

     Actual Predicted  

14 1 6 20 11.05 27.05 ± 1.2 26.58 0.47 

19 2 6 20 6 26.98 ± 2.3 27.01 -0.03 

15 3 6 20 6 26.98 ± 1.8 27.01 -0.03 

3 4 3 30 3 25.89 ± 1.7 26.46 -0.57 

18 5 6 20 6 26.98 ± 3.1 27.01 -0.03 

1 6 3 10 3 17.66 ± 1.3 18.01 -0.35 

2 7 9 10 3 22.64 ± 3.3 23.29 -0.65 

12 8 6 36.82 6 27.29 ± 2.8 26.80 0.49 

10 9 11.05 20 6 23.62 ± 1.6 23.05 0.57 

7 10 3 30 9 27.08 ± 3.1 27.25 -0.17 

13 11 6 20 0.95 25.92 ± 1.8 25.23 0.69 

8 12 30 9 9 23.44 ± 2.1 23.91 -0.47 

20 13 6 20 6 26.98 ± 2.8 27.01 -0.03 

4 14 9 30 3 24.90 ± 3.5 25.16 -0.26 

5 15 3 10 9 20.30 ± 1.7 20.86 -0.56 

16 16 6 20 6 26.98 ± 3.0 27.01 -0.03 

6 17 9 10 9 23.86 ± 2.4 24.10 -0.24 

11 18 6 3.18 6 20.52 ± 1.5 19.85 0.67 

17 19 6 20 6 26.98 ± 2.6 27.01 -0.03 

9 20 0.95 20 6 22.01 ± 1.6 21.42 0.59 

 

Table 4. ANOVA Results for the Quadratic Model 

Source Sum of 
Squares 

df Mean 
Square 

F-value p-value  

Model 149.62 9 16.62 45.97 < 0.0001 Significant 

A 3.22 1 3.22 8.90 0.014  

B 58.36 1 58.36 161.37 < 0.0001  

C 2.20 1 2.20 6.08 0.033  

AB 21.68 1 21.68 59.94 < 0.0001  

AC 2.07 1 2.07 5.74 0.038  

BC 2.11 1 2.11 5.85 0.036  

A² 41.02 1 41.02 113.42 < 0.0001  

B² 24.44 1 24.44 67.57 < 0.0001  

C² 2.19 1 2.19 6.05 0.034  

Residual 3.62 10 0.3617    

Lack of Fit 3.62 5 0.7234   Not 
Significant 

Pure Error 0.0000 5 0.0000    

Cor. Total 153.24 19     

R2 0.98   Adjusted R2 0.96 

Mean 24.70   Predicted R2 0.82 

C.V.% 2.43   Adeq. Precision 21.75 
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Figure 1(a) demonstrates the relationship between the normal probability plot 

versus residuals distribution. All the data points were close to a straight line, which 

suggests that the error was normally distributed. Moreover, the typical studentized residual 

versus experiment run curve for the yield strength is shown in Fig. 1(b). Again, all the 

residual values illustrate the randomized scatter value and an unusual pattern of tensile 

strength. However, this model was highly adequate and located within the lower-higher 

limit and near-zero axis. All data were located between +4 and -4. Similar findings were 

reported by Wu et al. (2012). They mentioned that the relationship between the 

corresponding data of this model was not an apparent problem between the residual value 

and constant assumption in all run numbers. 

Figure 1(c) represents the association between studentized residues and the 

expected tensile strength value. Here, the residues were uniformly scattered around the “0” 

line on the y-axis. This can suggest that a high validity for the estimation value was 

developed from the regression model. The remaining data points were evenly distributed 

between +3 and 3, demonstrating the quadratic function model’s compatibility with the 

tensile strength results (Montgomery and Cahyono (2022)). A similar finding was 

mentioned by Chowdhury et al. (2016). The linear plot of prediction and experimental 

values for kenaf epoxy composite tensile strength is presented in Fig. 1(d). All scatter 

points were nearly gathered along the diagonal line, suggesting a strong correlation 

between the experimental data and the predicted values. This plot validated the model’s 

adequacy, in which most of the data points were clustered close to the regression line 

(Akubue et al. 2015). This finding was also in good agreement with the findings by Qiu et 

al. (2014), who stated that the nearest data points are on the reference line and have the 

highest reliability for the model. 

 

 
 

Fig. 1. (a) Normal probability versus residual, (b) externally residuals versus the experimental 
run, (c) studentized residual versus predicted, and (d) predicted versus actual results plots for the 
tensile strength of kenaf epoxy composites 
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The contour and response surface between A, B, and C on tensile strength 

Figure 2 exhibits the contour plots of three-dimensional (3D) and two-dimensional 

(2D) responses for NaOH concentration and fiber loading on tensile strength behavior. As 

shown in Fig. 2(a), the 3D surface plot increased in fiber loading when tensile strength 

increased. However, minimum strength was recorded at the combination of 10 wt% of fiber 

loading and 3 wt% of NaOH concentration. Figure 2(b) shows that the maximum stress 

achieved at 30 wt% of fiber loading and 5.5 wt% NaOH concentration. Furthermore, tensile 

strength also increased with increasing NaOH concentration due to better interlocking 

between the fiber and matrix. The optimum combination of concentrations of alkali 

treatment and fiber loadings improved biocomposite tensile strength due to impressive 

bonding interaction. Akhtar et al. (2016) also reported that this phenomenon happened due 

to wax removal, which makes stable bonds between the fiber and matrix. 

 

 
(a) (b) 

  
Fig. 2. The contour of (a) 3D response and (b) 2D for the interaction of NaOH concentration and 
fiber loading on tensile strength 

 

 
(a) (b)  

 

Fig. 3. The contour of (a) 3D response and (b) 2D for the interaction of NaOH concentration and 
fiber length on tensile strength 
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Figure 3(a) indicates a view of the interaction between NaOH concentration (wt%) 

and fiber length (mm) on the tensile behavior. The 3D plot shows the maximum tensile 

strength achieved at NaOH concentration of 6 wt% and fiber length of 7.4 mm. However, 

the tensile strength decreased after reaching 6 wt% for NaOH concentration and fiber 

length (Fig. 3(b)).  

The lowest value was reported by Karthikeyan et al. (2013), whereby the tensile 

strength increase was followed by increased NaOH concentrations, which was up to 4 wt% 

and fiber lengths up to 30 mm with any further increase in NaOH concentration that caused 

the tensile strength to be weak. 

Moreover, Fig. 4 shows a contour view for various fiber loadings (wt%) and fiber 

length (mm), which explains the interaction following a quasi-static tensile test. The 3D 

surface plot explains that tensile strength increased with increasing fiber length and fiber 

loading, as illustrated in Fig. 4(a). The maximum tensile strength recorded a combination 

of 9 mm fiber length and 30% fiber loading (Fig. 4(b)). Mechanical properties can enhance 

significantly with increased fiber length and fiber loading. This finding indicated that good 

adhesion between natural fibers and polymer matrices can be achieved by manipulating 

parameters, such as fiber length and fiber loading, to optimal tensile strength parameters 

(Kuan et al. 2022). 

 

 
(a) (b)  

 
Fig. 4. The contour of (a) 3D response and (b) 2D for the interaction of fiber length and fiber 
length on tensile strength 
 

Optimization of tensile strength variable 

 Typical optimization cube and ramp results are seen in Fig. 5. Here, the desirability 

value correlated between the optimum tensile strength and input variables from zero and 

outside the limits to where the goal was used. The most efficient parameter value was to 

choose desirability values equal to unity at an optimum value to all response factors 

(Chamoli 2015). As shown in Fig. 6, the optimal operating conditions for tensile strength 

were the fiber length (A) of 7.39 mm and the NaOH material (B) of 6.03 wt%, and a fiber 

loading (C) of 26.02 wt%. According to the CCD results, the predicted tensile strength was 

27.7 MPa. 
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Fig. 5. Typical ramp for numerical optimization of NaOH concentration, fiber loading, and fiber 
length 
 

Figure 6 shows the cube of optimization selected according to the desirability value 

of this study. According to CCD analysis, the predicted tensile strength was 27.73 MPa. 

The tensile tests were performed under the suggested optimization conditions to confirm 

the validity of the investigation. 

 

 
 

Fig. 6. The optimization cube of CCD 
 

Validation and verification of CCD model 

 Figure 7 illustrates the stress-strain curve for pure epoxy, optimum conditions, and 

maximum CCD runs’ tensile properties (run number 8) for kenaf fiber-reinforced epoxy 

composites. This experiment was used to verify the design model and optimized 

conditions. The maximum tensile strength was 27.3 MPa with a strain of 1.29%. Based on 

the tensile test, and with the addition of NaOH, compounding occurs at fiber length and 

fiber loading during optimal conditions, where an increase in the mechanical properties of 

the kenaf fiber-reinforced epoxy composites and the tensile strength of 29.0 MPa was 

recorded. Additionally, comparing the tensile properties of the maximum selected from the 

CCD run and the optimum conditions kenaf reinforced epoxy composite revealed that the 

latter had improved by approximately 6.2%. The results indicated that the percentage error 

between the measured and predicted values was well within 4.5%, suggesting that model 

adequacy was reasonable for approximately 99% of the prediction interval. 
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Fig. 7. Stress-strain curve for pure epoxy, optimal, and maximum tensile properties for kenaf 
fiber-reinforced epoxy composites 
 

Surface morphology 

 Figure 8 shows the tensile fractography of the (a) optimum and (b) maximum kenaf-

reinforced composites. As shown in the figures, void contents, matrix fracture, fiber 

breakage, weak bonding, and fiber pull-out appeared to be the main reasons for composite 

failure. Proper matrix/fiber bonding between the surfaces can be suggested to improve the 

tensile properties of composites due to the optimum chemical treatment (Fig. 8 (a)). The 

outcome shows that the tensile strength can be increased by combining the ideal fiber 

length, fiber loading, and alkaline treatment. In addition, it is well known that alkaline 

treatment cleans impurities out of fibers and enhances surface roughness to improve fiber-

polymer matrix interlock (Fuxiang 2011). It also removes the pectin and lignin, which 

increases the cellulose exposure on the kenaf fiber surface, thus increasing the number of 

possible reaction sites and contact areas between kenaf fibers and resin (Rokbi et al. 2011). 

In contrast, the fracture mechanisms of maximum kenaf/epoxy composites were dominated 

by void defects (Fig. 8(b)). It is believed that reducing matrix dominated properties lowers 

composite tensile strength and modulus. Void formation may serve as a fracture initiation 

location, permit moisture penetration, and worsen the anisotropic of the composites. Matrix 

fracture, fiber breakage, and weak matrix bonding were also observed from the fracture 

surface of the maximum composites, which may affect the tensile strength properties. 
 

 
 

Fig. 8. The morphological fracture surfaces of (a) optimum and (b) maximum tensile properties of 
kenaf reinforced epoxy composite  
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As the surface modification by alkaline treatment did not appear to contribute to 

enhancing the fiber-matrix bonding so much, there are other possible future works that can 

be done. For instance, a coupling agent such as silane can be used for fiber surface 

modification as an alternative. Chemical treatment can be effective in diminishing the 

quantity of cellulose hydroxyl groups, hence enhancing the compatibility between the fiber 

and matrix. When silane chemistry is employed, the presence of moisture can cause the 

hydrolysable alkoxyl group to create chemical compounds known as silanols. The silanol 

undergoes a chemical reaction with the hydroxyl group present in the fiber, resulting in the 

formation of a covalent link with the cell wall. Therefore, the hydrocarbon chains are 

restricted due to the expansion of the fiber, resulting in the formation of an interconnected 

structure by the dissemination of hydrocarbon chains with resin. Besides, acetylation is a 

widely recognized technique performed by several researchers. In this technique, cellulosic 

fiber is plasticized via esterification, a well-known chemical alteration. This treatment 

reduces the quantity of hydroxyl groups that are accessible for interacting with water 

molecules. Therefore, adequate acetylation significantly decreases the quantity of hydroxyl 

groups in order to enhance the compatibility between the fiber and matrix. Another method 

is to employ the grafting approach using polymethyl methacrylate (PMMA) to enhance the 

interfacial surface of kenaf fiber. The process reduces the hydroxyl group content in the 

kenaf fiber, facilitating stronger crosslinking with the polymer resin and promoting a 

hydrophobic interface. This is achieved by the PMMA functional groups chemically 

modifying the polar hydroxyl groups to form covalent bonds. 
 

 
CONCLUSIONS 
 

1. In this study, the mechanical properties of kenaf-reinforced epoxy composites were 

investigated and optimized by using the central composite design (CCD) approach. 

According to the analysis of variance (ANOVA) function model, fiber loading was the 

major influence, followed by NaOH concentration and fiber length, respectively, and 

all have significant roles in tensile strength. The tensile characteristics were improved 

by the interaction between fiber loading, fiber length, NaOH-fiber loading, and NaOH-

fiber length.  

2. The predicted optimum parameters for maximum tensile strength (28.3 MPa) were 

NaOH content of 6.03 wt%, fiber loading of 26.0 wt%, and fiber length of 7.39 mm. 

The results demonstrated a high correlation between experimental data and predicted 

values. 

3. It was discovered that the main failure mechanisms were voids, matrix fracture, fiber 

breakage, inadequate bonding, and fiber pull-out. Natural fiber composite strength was 

found to be closely related to bonding at fiber-matrix interfaces. 
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