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 Eco-friendly composites have been successfully prepared from the source of sugar palm 
tree. The effect of fibre contents on mechanical properties of sugar palm fibre 

reinforced plasticized sugar palm starch (SPF/SPS) biocomposites have been performed 

and the experimentally tensile properties (tensile strength and young’s modulus) of 
biocomposites have been compared with the theoretical model of measurement. The 

biocomposites were prepared with different amounts of fibres (i.e. 10%, 20% and 30% 

by weight percent). The mechanical properties of plasticized SPS was found improved 
with the incorporation of SPF. Both approaches (experimental and theoretical) showed 

that the young’s modulus of the biocomposite is consistently increased when the sugar 

palm fibre (SPF) are placed into the sugar palm starch matrix (SPS). Surface 
morphological study through scanning electron microscopy showed homogeneous 

distribution of fibres and matrix with good adhesion which play an important role in 

improving the mechanical properties of biocomposites. The observed deviations 
between the experimental and theoretical values are explained by the simplifying model 

assumptions applied for the configuration of the composites, in particular the sugar 

palm starch composites. 
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INTRODUCTION 

 

Eco friendly composites are developed by using at least one of the materials which comes from natural 

resources. Nowadays, scientists are looking far to produce materials that can be degraded due to the bad impact 

comes from incineration. In composites materials, we can produce the biodegradable materials by combining the 

synthetic materials with natural resources and we call it as biocomposites. Biocomposites have gained a 

considerable attention due to several benefits such as high strength, low density, renewability, biodegradability, 

less health hazards and reduction in weight and cost. The most interesting consequent about natural fibre is their 

positive impact to environment. Natural resource materials can play a key role in the emerging of eco-friendly 

composite products that caused reduce the carbon emissions due to plastics burning [1-3].  

Natural resources such as oil palm, pineapple leaf, banana, sugar palm etc. produced in billions of tons 

around the world. They are abundance in nature, low cost, and they are also renewable sources. Sugar palm tree 

(Fig. 1) is one of the natural resource that can produce both starch which act as a matrix and fibres 

simultaneously. The resulting materials are termed as eco-friendly composites and considered to be totally 

biodegradable [4].  

One of the most important products of the sugar palm tree is palm sugar locally known as neera sugar. It is 

sweet and brown in color. Palm sugar can be consumed freshly or let it be fermented for a while to become palm 

wine. It has been reported that sugar palm was the first sources of sugar, fermented drinks and syrup. It was 

stated that palm sugar can also be processed to make palm wine, vinegar and alcohol. Nowadays, researchers are 

more focused on production of bioethanol that can be derived from neera sugar [3].  
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Fig. 1: Sugar palm tree 

 

Since biocomposite materials became terrific field in the materials engineering, theoretical modeling for 

predicting the mechanical properties of composites is highly desirable. The modelling become an important in 

recent times because of the need for the development of these materials for engineering applications. Theoretical 

modeling of the mechanical properties of composites materials has been suggested by Valavala and Odegard 

[5]. It was found that modeling offers appropriate formulations for the estimation of mechanical properties of 

biocomposites.  Therefore, the main objective of this paper is to extend the evaluation of our previous finding on 

mechanical properties of SPF/SPS biocomposites and compare with the theoretical modeling using the concept 

of model of measurement [3].  

 

MATERIALS AND METHODS 

 

2.1 Preparation of Materials: 

The sugar palm fibre (SPF) (Jempol, Malaysia) were grind and screened using Fritsch pulverisette mill to 

obtain 2 mm fibre size. For the extraction of sugar palm starch (SPS), the woody fibres and starch powder was 

obtained from the interior part of the trunk. Detail preparation of matrix can be found elsewhere [6]. 

 

 
Fig. 2: Sugar palm starch (SPS) and sugar palm fibre (SPF) 

 

2.2 Fabrication of SPF/SPS biocomposites: 

Different volume of SPF (0, 10, 20 and 30%) were added to plasticized SPS (70% SPS and 30% glycerol) 

and stirred for 20 min by using mechanical stirrer. Then, samples were cured by hot pressing in a Carver 

hydraulic hot press at 130 °C for 30 min under the load of 10 tonne. Finally, the biocomposite obtained (with 

dimensions 150×150×3 mm) were removed after cooling the mold. 
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2.3 Mechanical characterization: 

Tensile testing of the biocomposites were conducted using Instron 3365 machine, according to ASTM 

D638. Five specimens were tested with crosshead speed of 5 mm/min for tensile test and average from five 

results were presented. 

 

2.4 Scanning electron microscopy: 

In order to visually inspect the interfacial bonding between the SPF surfaces and the SPS matrix, Hitachi S-

3400N scanning electron microscope with operating voltage of 0.3 to 30 kV was used to obtain SEM 

micrographs from the fractured tensile test samples of SPF/SPS biocomposites. 

 

2.5 Mathematical Model: 

The mathematical formulation is performed based on the following assumptions: perfect interfacial bond 

between the SPF and the SPS matrix is attained during processing; stress is transferred via a shear mechanism; 

the fiber orientation distribution is uniform throughout the composite; and there is no porous formation during 

processing, i.e. the composite product is free of voids. Therefore, based on these assumptions, the rule of 

mixtures (ROM) can be applied to predict the tensile modulus and strength of the composite. 

Fiber volume contents were calculated based on inverse rule of mixtures (IROM), Eq. (1), and the 

theoretical composites densities were calculated based on rule of mixtures (ROM), Eq. (2): 

 

                  (1) 

 

                   (2) 

 

Where (Vf) is the fiber volume fraction, (ρm) and (ρf) are the matrix and fiber densities, respectively, (Wf) 

and (Wm) are the fiber and matrix weight fractions, respectively.  

 

RESULTS AND DISCUSSION 

 

3.1 Mechanical properties: 

Figs. 3 and 4 demonstrate the effect of fibre loading on the tensile properties of SPF/SPS biocomposite. 

Both tensile strength and tensile modulus of SPF/SPS biocomposites showed increasing trend with increasing 

SPF loading. A considerable increase of tensile strength with the increase of SPF indicated that the natural 

cellulose fibre has a great impact and in formation of good bonding between SPS and SPF. This was due to the 

remarkable intrinsic adhesion of the fibre–matrix interface caused by the chemical similarity of starch and the 

cellulose fibre [6]. SPF is believed to work as a carrier of load in the SPS matrix. The stronger bonding between 

the matrix and fibre leads to enhanced interfacial adhesion between them and therefore a greater transfer of 

stress from the matrix to the fibres during tensile testing [7]. The tensile strength of composites can be predicted 

by using Nicolais-Narkis [8] theory as shown below:  

                        (3)  

    

Where, σy is tensile strength and subscripts m, f, and c denote matrix, fibre and composite, and Φf is 

volume fraction of fibres [8]. In this present study, the above model equation is applied for biocomposites 

materials.  

Figure 2 shows the theoretical value of tensile strength with experimental value of tensile strength. From 

the modelling analysis, it is quite obvious that trend shown by both experimental and theoretical are not in line 

or similar. The model of tensile strength predicted to be decreasing trend with increasing the SPF loading 

whereas experimental value shows increasing trend. These results showed that the theory suggested by Nicolais-

Narkis only suitable for petroleum based polymer where the existence of filler not exhibit big impact to the 

tensile strength of biocomposites.  

As reported in the previous finding done by Oumer and Bachtiar they found that the highest value of tensile 

strength is recorded for the unreinforced HIPS. Among the SPF reinforced composites, the lowest and highest 

values for are registered for 26 % and 45 % fiber loadings by volume, respectively [10]. This indicates that the 

addition of SPF to the HIPS decreases the tensile strength of the final product which follow the suggested by 

Nicolais-Narkis. 
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Since, in this experiment we use starch as the matrix and sugar palm as the filler, the addition of SPF 

contribute to the biocomposites strength. This is due to the strength of SPF is quite high compare to plasticized 

SPS [9]. Thus, the addition of fibre in the starch indirectly increases the strength of biocomposites.  

 

 
Fig. 3: Tensile strength of SPF/SPS Biocomposites 

 

In this study, the Young’s modulus model of measurement was done using Guth’s equation theory as shown 

in equation 4: 

 

                 (4) 

Where, E refer to Young’s modulus and subscripts m, f, and c denote matrix, fibres and composite, and Φf 

is volume fraction of fibres [8].  

Increasing the fibre loading resulted in increase of Young’s modulus as shown in Fig 3. The SPF/SPS 

biocomposite consists of low stiffness matrix and high stiffness fibres, thus by increasing the weight percentage 

of fibres increases the stiffness of the biocomposites.  

 

 
 

Fig. 4: Young’s modulus of SPF/SPS Biocomposites 

 

Meanwhile, elongation showed decreasing trend when increasing fibre loading as shown in Fig 5. This is 

also a normal consequence of the increase of fibres (wt%) which is having a low strain compared to rubbery 

starch materials, like SPS [11,12].  
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Fig. 5: Elongation at berak of SPF/SPS Biocomposites 

 

Therefore, both approaches (experimental and theoretical) showed that the young’s modulus of the 

biocomposites is consistently increased with addition of sugar palm fibre (SPF) into the sugar palm starch 

matrix (SPS) [13-14]. However, it is quite obvious, that the experimental tensile strength and young’s modulus 

values are higher than the modelled values, as shown in Figures 3 and 5. These results indicated the limitations 

of the theory when applied to biocomposite materials. Therefore, some correction factors can be applied for the 

model to bring the results closer. 

 

3.2 Surface Morphology: 

Fig. 5 shows SEM micrograph of the fractured surface of SPF/SPS biocomposites containing 30% amounts 

of SPF. It is indicative of the relatively homogeneous nature of these biocomposites as seen in SEM. It can be 

observed that smooth fracture surfaces with a homogeneous matrix as well as good adhesion of the SPF to the 

thermoplastic SPS matrix, which play an important role in improving the mechanical performance of 

biocomposites as explained earlier.  

Meanwhile, Fig. 6 shows the SEM micrograph of the fracture surface of SPF reinforced unsaturated 

polyester (i.e. petroleum polymer). It shows that the decreasing tensile strength and young’s modulus values 

which is following the theory suggested before might be due to incompatibility interface bonding between the 

SPF and polyester matrix. Thus, these is reason why both theory can be applied only for petroleum based 

polymer where the existence of filler/fibres not exhibit big impact to the tensile strength of biocomposites.  

  

 
Fig. 4: Fractured surface of SPF/SPS biocomposites  

 
Fig. 5: Fractured surface of SPF/UPE biocomposites  

VOIDS 
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Conclusions: 

The biocomposites were successfully prepared with different amounts of fibres by using glycerol as 

plasticizer for the starch. Experimental and prediction studies have been performed on the effect of fibre content 

on mechanical properties of sugar palm fibre reinforced plasticized sugar palm starch (SPF/SPS) biocomposites. 

From this investigation it is found that the mechanical properties of plasticized SPS improved with the 

incorporation of fibres. This was due to the remarkable intrinsic adhesion of the fibre–matrix interface caused by 

the chemical similarity of starch and the cellulose fibre. The observed deviations between the experimental and 

theoretical values are explained by the simplifying model assumptions applied for the configuration of the 

SPF/SPS biocomposites.  
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