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 

Abstract: This research investigates the relationship between 

flexural and compressive properties of kenaf/epoxy composite 

filled with mesoporous silica, through regression analysis. 

EpoxAmite® 100 Epoxy and 103 Hardener were used as matrix, 

modified by constant volume of silicon, different percentage of 

mesoporous silica, and reinforced with constant volume of kenaf 

mat. Three pointer bend fixture and compression test were 

conducted and the data were used for regression analysis. 

Flexural test revealed that inclusion of 5vol% mesoporous silica 

and 3vol% silicon into 7.2Vol% K/Ep resulted in the highest 

flexural strength, while the highest flexural modulus is achieved 

at 3vol% SiaK/Ep. Compressive strength and compressive 

modulus are both the highest at 1vol% SiaK/Ep-Si. Good 

correlations were established when kenaf is used as single 

independent variable to predict compressive modulus of the 

composites produced. On the other hand, poor correlation is 

obtained when silicon and mesoporous silica are used as the two 

independent variables in predicting flexural strength, flexural 

modulus, compressive strength and compressive modulus. When 

kenaf is included as the third independent variable (together with 

silicon and mesoporous silica) in predicting the four results, 

correlation is found to improve tremendously. However, all four 

multivariate regression relationships established between flexural 

and compressive data results in an average value ranging from 0.5 

to 0.6. 

 
Index Terms: Compressive test, Flexural test, Natural fibre 

reinforced polymer, Regression analysis 

 

I. INTRODUCTION 

  The expanding use of natural fibre in composite is due to its 

various advantages such as wide availability and 

biodegradability. Low density and high specific properties 

make natural fibre a good candidate as reinforcement in 

thermoplastic and thermoset polymer composites. The 

properties, composition, structures and features of natural 

fibre are suitable to be incorporated in polymer composites as 

either reinforcements or fillers [1], [2]. Due to this, the 

reinforcement of natural fibres into composite material has 

been conducted by many researches up to date [3]-[8]. Also, 

much attention is now centred to producing sustainable and 

renewable polymeric materials [9].  
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  Despite the advantages, natural fibres have some major 

drawbacks that can affect the overall performance of 

composite produced. Its high degree of moisture absorption 

and poor dimensional stability issues can be solved through 

chemical treatment of natural fibre. Sources of chemical 

treatments include alkali, silane, acetylation, benzoylation, 

acrylation and acrylonitrile grafting, maleated coupling 

agents, permanganate, peroxide, isocyanate, stearic acid, 

sodium chlorite, triazine, fatty acid derivate (oleoyl chloride) 

and fungal [10]. Many researches on influence of treated 

natural fibres have been reported [11]-[20].  

 

  Hybridization of natural fibre and synthetic fibre are also 

extensively studied. Even though natural fibre may play an 

important role in producing biodegradable composites to 

resolve environmental issues, it has low mechanical 

properties compared to synthetic fibres such as glass. Thus, 

hybridization of natural fibres and synthetic fibres can make 

the composite produced relatively cheaper and easier to be 

used. [21] Recent works on using both glass fibre and natural 

fibre in composites have been reported [22], [23].  

 

  The performance of a composite can be further improved by 

incorporating fillers into the matrix. For example, the 

presence of cellulosic fillers improved the mechanical 

properties of composites compared to those containing 

non-fibrous fillers [24]. Nanotechnology has brought new 

opportunities to improve the mechanical and multifunctional 

properties of Fibre Reinforced Polymer (FRP). The 

incorporation of nanoscale fillers such as carbon nanotubes 

(CNT) and carbon nanofibers (CNF) modify the properties. 

of polymer matrix. [25] Due to this, various researches have 

been done on incorporation of nanoscale fillers into 

composites [26]-[30]. 

 

  Even though a number of researches on Natural Fibre 

Reinforced Polymer (NFRP) filled with nanoparticles have 

been produced, not many papers are published on the 

mathematical equation relating the composite’s materials and 

its flexural and compressive properties. A good mathematical 

model can contribute to significant economic benefits. This is 

because the model allows good estimation of composite’s 

properties based on only several conducted experiments. The 

reduced number of experiments is cost effective since the 

amount of materials used is lesser [31]. 

A. Regression Techniques 

Regression Techniques (RT) 

is a mathematical modelling of 

correlation between dependent 
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variables and dependent variables. In other words, it is the 

relationship between one or more measured variables with 

another variable that is related to the measured ones. 

Independent variable can also be called explanatory variable 

or influencing variable while dependent variable as the 

influenced one [32]. Regression models can be classified into 

linear and nonlinear regression. Linear regression models are 

very easy to be estimated, thus a great deal of applied work in 

econometrics are using them [33]. 

II. MATERIALS AND METHODOLOGY 

 

A. Materials 

The epoxy used is EpoxAmite®100 with 103 slow hardener 

from Smooth-On. The mixture of epoxy and hardener takes 

one hour to cure under room temperature. The reinforcement 

of the composite is woven kenaf mat from Bangladesh, 

extracted from the bast fibre of kenaf plant. The fillers which 

are mesoporous silica and silicon were bought from 

Maerotech and Wacker respectively. The mesoporous silica 

is chemically stable white particle, often used as insulation 

material and fillers. Silicon used is of the type Genioperl® 

P52, a particulate polymer modifier in powder form, known 

to improve the impact strengths of thermoplastic and 

thermoset polymer systems at low temperatures.  

 

B. Methodology 

Both the fillers and epoxy are mixed in a styrofoam cup using 

homogenizer, with stirring speed of 3000rpm for a minute. 

Then the mixture is placed in a vacuum oven to remove 

bubbles. Presence of bubbles is known to degrade the 

performance of composite produced. Hardener is poured into 

the mixture, stirred using mechanical stirrer for 3-5 minutes 

at 300rpm. Each laminated composite was produced by using 

vacuum infusion method, with only one layer of kenaf each. 

The specimens are left to cure in room temperature for a day 

and then post cured in oven for two hours at 80°C. The 

compositions of samples produced are as shown in Table 1. 

 

Table 1: Labelled name for 11 specimens produced with 

different material composition 

Specimen 
Epoxy 

(vol%) 

Silicon 

(vol%) 

Kenaf 

(vol%) 

Mesoporous 

Silica 

(vol%) 

Ep 100 0 0 0 

Ep-Si 97 3 0 0 

7.2% K/Ep 92.8 0 7.2 0 

0.5% 

SiaK/Ep-Si 

89.3 3 
7.2 0.5 

1.0% 

SiaK/Ep-Si 

88.8 3 
7.2 1.0 

3.0% 

SiaK/Ep-Si 

86.8 3 
7.2 3 

5.0% 

SiaK/Ep-Si 

84.8 3 
7.2 5 

0.5% SiaK/Ep 92.3 0 7.2 0.5 

1.0% SiaK/Ep 91.8 0 7.2 1.0 

3.0% SiaK/Ep 89.8 0 7.2 3 

5.0% SiaK/Ep 87.8 0 7.2 5 

 

C. Characterization 

  To ensure that epoxy is impregnated well into kenaf, 

Scanning Electron Microscope (SEM) was conducted on the 

samples produced. Specifically, the samples taken for 

observation are the samples after flexural test was conducted. 

The area where break off occurs will be used to observe the 

exposed inner structure. The samples are observed with 

magnification of 1mm, 10μm, 50μm and 100μm.  

 

  Flexural test was conducted using Instron 3365. Standard 

sample dimension of 125mm x 12.7mm x 3mm were used, as 

stated in ASTM D790-02. The sample was placed on three 

pointer bend fixture and test was started and continued until 

there is sudden drop in compression loading, indicating that 

the specimen has failed structurally. Five samples were tested 

and the average values are tabulated. Two types of data 

obtain through flexural test, namely flexural strength and 

flexural modulus.   

 

  Compressive test was conducted using Instron 5900. 

Standard sample dimension used was 10mm x 10mm x 3mm, 

as required by ISO 604. Average data of 5 samples are taken 

and tabulated as well. There are two types of data obtained 

through compressive test, which are compressive strength 

and compressive modulus. 

 

III. RESULTS AND DISCUSSIONS 

A. SEM Analysis 

 
Fig. 1: Magnification of 100μm Ep-Si. 

 

 
Fig. 2: Magnification of 50μm 

Ep-Si. 
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Through SEM, the morphology of composite can be studied. 

Figure 1 and 2 shows the inner structure of Ep-Si hybrid. 

De-bonding, filler fracture and fully intact fillers can be seen 

in both figures. Fully intact fillers prove good interaction 

between silicon and epoxy. Filler fracture shows that silicon 

and epoxy bonded well and act as one composite and thus 

instead of debonding or separation between silicon and epoxy, 

breakage of silicon is observed. No pore is seen in fractured 

silicon, proving that it has excellent compressive property. 

 

 
Fig. 3: Magnification of 100μm 7.2 vol% K/Ep 

 

 

 
Fig. 4: Magnification of 50μm 7.2 vol% K/Ep 

 

 

  Figure 3 and Figure 4 shows the inner structure of 7.2vol% 

K/Ep. Some kenaf are observed to be porous within and 

debondings are observed between kenaf and epoxy. Clear 

pull out and tearing of fibres are also seen. Porosity of fibre 

with no impregnation of epoxy and low interaction between 

fibre core and matrix leads to low mechanical performance of 

composite produced [34]. Clear pull out of fibres signifies 

lack of epoxy in kenaf and this contributes to low interfacial 

adhesion between them [35]. However, there are also some 

fully intact regions in the composite, proving that the 

performance of the composite might not be bad after all. 

 
Fig. 5: Magnification of 100μm 0.5vol% SiaK/Ep-Si. 

 

 

 
Fig. 6: Magnification of 50μm 0.5vol% SiaK/Ep-Si. 

 

 

  Figure 5 and Figure 6 show less debonding compared to 

7.2vol% K/Ep composite. Figure 6 reveals that the kenaf and 

epoxy bonded well with only 2.19µm gap. No clear gap 

indicates good bonding between fibre and resin, leading to 

well propagated stress in the composite, resulting in higher 

tensile strength and modulus [36]. Since SEM reveals that the 

fillers have good interaction with epoxy, regression analysis 

can be conducted to produce appropriate mathematical model 

to predict responses. 

 

B. Regression Analysis 

  Tabulated data for flexural test and compressive test is as 

shown in Table 2. There are two types of regression model 

studied here. The first one is bivariate regression, where there 

is only one independent variable and one dependent variable. 

The second one is multivariate regression, where there are 

two or more independent variables and one dependent 

variable. Multivariate regression is better in predicting 

response compared to bivariate regression. 

 

 

Table 2: Data obtained through flexural test and compressive 

test 
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Composit

e 

Flexura

l 

Strengt

h 

(Mpa) 

Flexural 

Modulu

s (Mpa) 

Compressi

ve Strength 

(Mpa) 

Compressi

ve Modulus 

(Mpa) 

Ep 82.806 2564.86

4 

1574.046 11573.15 

Ep-Si 51.026 2416.43 2448.544 9171.838 

7.2% 

K/Ep 

21.982 1415.28

6 

266.418 5612.078 

0.5% 

SiaK/Ep-

Si 

19.318 543.422 560.826 6914.906 

1.0% 

SiaK/Ep-

Si 

18.656 722.922 736.9687 7533.6 

3.0% 

SiaK/Ep-

Si 

15.682 628.462 335.228 6406.332 

5.0% 

SiaK/Ep-

Si 

32.808 1092.94

4 

366.732 4397.838 

0.5% 

SiaK/Ep 

18.02 661.98 35.736 4261.186 

1.0% 

SiaK/Ep 

11.782 418.08 535.606 5065.18 

3.0% 

SiaK/Ep 

31.34 1569.48 444.714 5064.982 

5.0% 

SiaK/Ep 

35.14 982.998 113.516 4201.548 

 

C. Bivariate Regression 

  Bivariate Regressions are conducted to find the relationship 

between silicon and compressive modulus, kenaf and 

compressive modulus, and mesoporous silica and 

compressive modulus. The three correlations are compared 

and studied to check which filler has the highest significant 

effect on compressive modulus of composite produced. 

 

Table 3: R squared value and equation obtained through 

bivariate regression 

Independent 

Variable 

R 

Squared 
Equation 

Silicon 0.0432 y = 307.29x + 5963 

Kenaf 0.7263 y = -677.39x + 10372 

Mesoporous 

Silica 

0.3534 y = 157.47x2 - 1451.9x + 

7880.7 

 

  The value of R squared, also known as Coefficient of 

Determination, is a statistic that explains the amount of 

variance for relationship between variables. The higher the 

value of R squared, the more useful the mathematical model. 

R squared is a value between the range of 0 and 1. From the 

Table 3 above, it can be seen that the relationship between 

kenaf and compressive modulus yields the highest R squared, 

followed by mesoporous silica and silicon. This shows that 

kenaf has the strongest relationship with the compressive 

modulus of composite. In other words, kenaf gives more 

significant effect on the composite’s compressive modulus. 

 

D. Multivariate Regression 

  Interaction between two or more variables and compressive 

modulus were obtained and R squared data are tabulated.  

From the Table 4 below, it can be seen that using three 

variables in predicting value of compressive modulus gives 

the highest R squared value. Silicon and mesoporous silica 

however, are not good indicators in predicting compressive 

value. 

 

Table 4: R squared value obtained for compressive modulus 

Independent Variable R Squared 

Silicon and Kenaf 0.7560 

Kenaf and Mesoporous Silica 0.7740 

Silicon and Mesoporous  Silica 0.3924 

Silicon, Kenaf and 

Mesoporous Silica 

0.8132 

 

  Interaction between two or more variables and compressive 

strength were obtained and R squared data are tabulated. 

From the Table 5 below, relatively the R squared obtained is 

high for each interaction, except for silicon and mesoporous 

silica. Similar as the Table 4, using three variables gives the 

highest R squared, indicating that the more the independent 

variables, better prediction of response can be made. 

 

Table 5: R squared value obtained for compressive strength 

Independent Variable R Squared 

Silicon and Kenaf 0.9107 

Kenaf and Mesoporous Silica 0.8540 

Silicon and Mesoporous  Silica 0.3258 

Silicon, Kenaf and 

Mesoporous Silica 

0.9203 

 

  Interaction between two or more variables and flexural 

modulus were obtained and R squared data are tabulated. The 

same trend of result can be observed in the Table 5 and Table 

6. 

 

Table 6: R squared value obtained for flexural modulus 

Independent Variable R Squared 

Silicon and Kenaf 0.7932 

Kenaf and Mesoporous Silica 0.7826 

Silicon and Mesoporous  Silica 0.0811 

Silicon, Kenaf and 

Mesoporous Silica 

0.8178 

 

  Interaction between two or more variables and flexural 

strength were obtained and R squared data are tabulated. The 

Table 7 below has the same trend as the Table 4. 

 

 

Table 7: R squared value obtained for flexural strength 

Independent Variable R Squared 

Silicon and Kenaf 0.7876 

Kenaf and Mesoporous Silica 0.8255 

Silicon and Mesoporous  Silica 0.0387 

Silicon, Kenaf and 

Mesoporous Silica 

0.8752 

 

  Comparing Table 4, Table 5, Table 6 and Table 7, it can be 

seen that the highest and lowest R squared are achieved by 

the same variables’ interaction, where the highest is 

accounted for using silicon, kenaf and mesoporous silica as 

independent variables while the lowest is for using silicon 

and mesoporous silica as 

independent variables. This 

shows that using both 
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powdered fillers as independent variables does not give good 

interaction with the mechanical properties results above. The 

prediction model using three independent variables is more 

reliable than those with one and two independent variables.  

Since better relationship is obtained when two and more 

independent are used, the data below are tabulated using 

multivariate regression. 

 

Table 8: R squared value between flexural and compressive 

data 

Independent Variable 

(s) 
Dependent Variable R Squared 

Flexural Strength and 

Flexural Modulus 

Compressive Strength 0.5864 

Flexural Strength and 

Flexural Modulus 

Compressive 

Strength and 

Compressive 

Modulus 

Compressive 

Modulus 

 

Flexural Strength 

0.5447 

 

0.5557 

 

Compressive 

Strength and 

Compressive 

Modulus 

Flexural Modulus 0.5968 

 

 

  It can be seen from Table 8 that all four R squared values 

obtained do not vary much. All the values obtained are rather 

average, neither good nor bad for prediction on the dependent 

variable. It can be concluded that compressive and flexural 

properties do not have strong interaction. 

IV. CONCLUSIONS 

  Regression analysis was conducted based on SEM images 

which displays good interaction between fillers and epoxy. 

Bivariate regression analysis reveals that the presence of 

kenaf gives the most significant effect on compressive 

modulus of composite. On the other hand, multivariate 

regression analysis shows that the interaction between three 

variables (silicon, kenaf and mesoporous silica) on 

compressive strength, compressive modulus, flexural 

strength and flexural modulus resulted in the highest R 

squared value, indicating that better properties prediction can 

be made. This result correlates with SEM images shown in 

Figure 5 and Figure 6 which displays less area of debonding 

within composite filled with silicon, kenaf and mesoporous 

silica. Compressive and flexural properties however, do not 

have strong correlation and possess R squared value of only 

slightly above medium.  
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