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ABSTRACT  
This research was conducted to study the effect of addition of eggshell powder on physical and mechanical properties of natural 
rubber/high density polyethylene/Mengkuang fiber/eggshell (NR:HDPE:(MK/KT)) powder hybrid composite. The preparation of 
composite utilized the method of melt blending, which was blended for 18 minutes at 135 ºC and rotor speed 50 r.p.m. The composites 
of NR:HDPE:(MK/KT) were prepared with 60:40:20 weight ratio. The mengkuang fiber/eggshell powder hybrid composites were 
prepared with 5, 10, 15, 20 weight % of fiber. Mechanical properties of the composites were investigated using tensile test and impact 
test. Results obtained indicates that hybrid composite of NR/HDPE with 15:5 weight ratio of MK/KT filler had the optimum 
performance. The tensile test shows a maximum tensile strength of 4.2 MPa for hybrid composite NR/HDPE with 15:5 weight ratio of 
composition of filler. Whereas, the impact test shows a maximum impact strength of 2.1 MPa for hybrid composite of NR/HDPE with 
composition of 10:10 MK/KT filler. The addition of eggshell powder has reduced the water uptake. Morphological study on the 
composites shows a good fiber distribution throughout the hybrid composites and the addition of the eggshell powder promoted better 
fiber-matrix interaction. In conclusion, the addition of eggshell improves the mechanical properties of the composites. 
Keywords: hybrid composites; eggshell powder; mengkuang fiber  
 

 
INTRODUCTION  

Hybrid composite with particulate filler has been widely studied. Hybrid composite is defined as the combination of two or more different type of 
fillers in a common matrix. Hybridization offers many advantages. One of the advantages of hybrid composites is cost reduction because filler 
with low cost can be used to enhance the properties of composites. Hybrid composites containing waste raw materials can also be made to 
produce composites with good mechanical properties [1].   
 Polymer matrix composite material is one that uses organic polymer as matrix and fiber as reinforcement. Normally, strength and 
modulus of fiber are much higher than the matrix. Natural fibers which are normally used as a filler in polymer composite have many advantages, 
for example they have low density, they are recyclable and biodegradable [2]. The problem of using natural fiber that must be considered is the 
compatibility of the fiber with matrix. Natural fibers are hydrophilic in nature so they are not compatible with hydrophobic matrices. This 
incompatibility will lead to poor wetting of the fibers with the matrix and a reduction in mechanical performance. Incorporation of fillers with 
eggshell powder was used to reduce agglomeration and to enhance the mechanical properties of the composites. The total filler used in this study 
was varied and the highest percentage of filler used was 20%. 
 Eggshell is chosen because it has low density compared to mineral calcium carbonate and can reduce cost since most filler are much less 
expensive than the matrix resin [3]. Another advantage of using eggshell powder is that they can also increase the viscosity of the 
material and promotes a better interaction between matrix and filler. Increased viscosity can reduce agglomeration of natural fiber 
and the dispersion of the filler will improve. 
 In the present work a detailed investigation on natural rubber/HDPE/mengkuang fiber (MK) and eggshell powder (KT) has 
been studied. The effect of filler loading on the mechanical and physical properties of the composites was investigated. The 
mechanical properties was investigated through tensile test while the physical properties was observed via water absorption test. 
Morphological examination was conducted to study the interaction between the matrix and the filler via the fracture of surface 
specimen. 
 
 

EXPERIMENTAL 
 

Material 
Natural rubber with grade SMR-L was obtained from the Malaysian Rubber Board. High-density polyethylene (HDPE) 
was supplied by Etilinas Polyethylene Sdn. Bhd. Mengkuang leaves and eggshells were obtained locally and processed at 
Universiti Kebangsaan Malaysia. 
 

Preparation of MK Fibers 
Mengkuang leaves were cut into (2×2) cm2 and dried under the sunlight for 4 days. Then, the dried leaves were ground using Refec 
Granular, Model DF-15 fiber-cutting machine. The MK powder was washed until the green solutions turn clear. The MK fiber was 
soaked in water for 72 hours. After 72 hours, the MK fiber was dried in an oven at 80ºC. Next, the MK fiber was sieved using sieve 
shaker to obtain fiber size between 125-250 µm. 
 

Preparation of eggshell powder 
Eggshells were washed and then dried under the sunlight for 24 hours. The dried eggshells were ground using a blender. Then, the 
eggshell powder was sieved using sieve shaker to obtain a size of less than 125 µm. 
 

Preparation of Hybrid Composites 
The composition of filler and matrix is summarized in Table 1. NR/HDPE composites with with weight ratio 60/40 were prepared. 
The blending conditions used were temperature (135 ºC), rotor speed (50 rpm) and mixing time (18 minutes). Eggshell powder was 
first added into the internal mixer followed by MK fibers. NR was added in the third minute and then followed by HDPE in the fifth 
minute. The composites obtained were hot pressed at temperature of 145 ºC and pressure of 70 N/m2 for 15 minutes. After that, the 
composites were cooled for at least 15 minutes to retain the shapes of the composites. The composites with thickness of 1 mm and 3 
mm were prepared to investigate the mechanical and physical properties of the composites.  
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Table 1 Composition of filler and matrix 

Composites  Ratio of matrix 
(NR/HDPE) 

 Mengkuang fiber 
(%) 

Eggshell powder (%) 

A 60/40 
60/40 
60/40 
60/40 
60/40 

20 0 
B 15 5 
C 10 10 
D 5 15 
E 0 20 

 
Tensile test 

The test was conducted using universal testing machine (INSTRON model 5566). The composites with thickness of 1 mm were cut 
according to ASTM D412 standard using a dumbbell cutter. The specimens dimension was 75 mm × 12 mm. The crosshead speed 
and load cell used was 50 mm/min and 1kN. 
 

Water Absorption Test 
The test was conducted according to ASTM D570 standard. First, the specimens were dried in an oven at temperature 80ºC. Then, 
the specimen weight, length and thickness were measured. The specimens were soaked in distilled water for 24 hours at room 
temperature. The specimens dimension was 65 mm × 12 mm × 3 mm. The weight gain of the sample was measured as percentage of 
water uptake using the following formula: 
 
Water uptake (%) = 

!!!!!
!!

×100 
 
where Wt is weight of composites after immersion and W0 is weight of composites before immersion. 
 

Morphological Examination 
 
Morphological examination was conducted using scanning electron microscope (SEM). The investigation was performed on the 
fractured surface from tensile test specimens.  
 
 

RESULTS AND DISCUSSION 
 

Tensile Strength 
Result for tensile strength is provided in Fig. 1. The tensile strength of hybrid composites was varied. Addition of 5% eggshell 
powder increased the tensile strength. A further addition of eggshell powder to 20% has reduced the tensile strength. Therefore, the 
most optimum of filler loading is at MK: KT 15:5, with the highest tensile strength 4.2 MPa. 
 
 

 
Fig. 1 Effects of filler loadings on the tensile strength  

 
The results of tensile strength of hybrid composites show an improvement compared to NR/HDPE/MK blend. The enhancement of 
the tensile strength indicated that the eggshell powder has filled the microspores between mengkuang fiber and the matrix and gives 
a well dispersion of the filler in the matrix. Study of tensile strength of EFB/jute by Jawaid et. al [4] reported that hybridization 
enhanced mechanical performance of hybrid composites compared to individual fiber composites. Bashir et al. [5] highlighted that a 
well dispersion of filler in the matrix can improve the tensile strength of composites. A further addition of eggshell powder resulted 
a slight decrease in tensile strength. This could be attributed to the formation of cavities around the filler particles, which could 
reduce matrix-filler adhesion. A poor adhesion between filler and matrix will reduce the stress transfer ability in composites and 
causes failure to the sample [6]. 

 
Tensile Modulus 

Fig. 2 shows effects of filler loadings on the tensile modulus. Addition of 5% eggshell powder increased the tensile modulus. This 
shows that the composite has a good adhesion between the filler and matrix [7]. 

The tensile modulus decreased with further addition of eggshell powder to 20%. This could be due to the restricted 
movement caused by the filler when eggshell powder is added. Addition of eggshell powder has reduced the rigidity of the hybrid 
composites. Formation of agglomeration will lead to insufficient homogeneity and also the rigidity of the composites. The 
incorporation of eggshell powder led to lower intermolecular interactions at the interfaces of the composites. Hence, the tensile 
modulus of the composites decreased.  

 
Elongation at Break 

Fig. 3 shows the effects of filler loadings on the elongation at break. The elongation at break increased with increasing filler loading. 
Addition of eggshell powder to 15% has increased the elongation at break. Hybrid composites have increased the elongation at break 
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compared to individual fiber composites. The increased in the elongation at break with softer composites after the addition of the  

 
Fig. 2 Effects of filler loadings on the tensile modulus 

 
eggshell powder caused much greater elongation experienced by the filler than the elongation of the specimen [5]. High elongation 
material arrest the propagation of cracks in a composites [9].  

The elongation at break decreased with 20% filler loading. This could be due to the formation of agglomeration thus lead to 
low adhesion between matrix and filler [9]. The decreased in elongation at break indicates the incapability of the filler to support the 
stress transfer from polymer filler to matrix [10]. 

 

 
Fig. 3 Effects of filler loadings on the elongation at break 

 
Water Absorption Test 

Fig. 4 shows the percentage of water uptake versus exposure time with different filler loadings. NR/HDPE/MK composites has the 
highest percentage of water uptake because mengkuang fiber is rich with cellulose. Cellulose content will increased the water uptake 
due to the hydrogen bonds that form between OH group from cellulose and water [11,12]. Hence, the weight of the NR/HDPE/MK 
increased.  

It can be seen that, the composites with higher eggshell powder content show less water absorption. This is due to the higher 
filler content in the composites that can absorb less water. The eggshell powder content has reduced the water uptake because it has 
filled the microspores between the matrix and fiber.  
 

 
Fig. 4 Percentage of water uptake versus exposure time with different filler loadings 
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Morphological Observation 

The fractured surface morphology from tensile specimens of the composites was studied using scanning electron microscopy (SEM) 
analysis. Fig. 5(a and b) shows the micrographs of composites with individual filler. From the Fig. 5(a and b), fiber pull-out is 
observed. Fiber pull-out decreases the mechanical strength of the composites [13]. Formation of agglomeration occurred causing poor 
interaction between filler and matrix. Hence, the mechanical properties of the composites also decreased. 

Fig. 5(c, d and e) shows the micrographs of hybrid composites at different filler loadings under the same magnifications. From 
Fig. 5c, addition of eggshell powder to 15% shows a formation of agglomeration. Agglomeration has caused the poor interaction 
between the filler and the matrix. The composites also have low tensile strength due to the formation of agglomeration. From Fig. 5c 
and d, it can be seen that the composites surfaces seems packed and less microspores formation between the fiber and the matrix was 
observed. The dispersion of the filler for hybrid composites with 5% eggshell powder was better than the 10% eggshell powder. Fiber 
pull-out was observed at composites of 10% eggshell powder thus produced low mechanical strength compared to hybrid composites 
with 5% eggshell powder. Good interaction between filler and matrix will improve the mechanical properties of the composites [14]. 

 

	 	

	 	

Fig. 5 SEM micrographs (200x) of individual fiber composites and hybrid composites at different fiber loadings: (a) 20% KT fiber 
loading (b) 20% MK fiber loading (c) MK:KT 15:5 fiber loading of hybrid composites (d) MK:KT 10:10 fiber loading of hybrid 

composite (e) MK:KT 5:15 fiber loading of hybrid composite 
 
 

CONCLUSION  
The addition of eggshell powder has improved the mechanical and physical strength of the hybrid composites. The optimum fiber 
loading was identified at MK:KT 15:5 fiber loading with the tensile strength and tensile modulus of 4.2 MPa and 144.7 MPa. Water 
absorption test showed that the hybrid composites has low water uptake after addition of eggshell powder. Morphological 
observation for hybrid composites shows a well dispersion of filler compared to individual filler composites. Eggshell powder has 
filled the microspores between the fiber and matrix. Therefore, this study proved the suitability of addition of eggshell powder as 
filler in hybrid composites. 
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