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Abstract: 

This paper summarizes the processing and properties of egg shell powder (ESP) filled polymer composites aimed to be used in 

plastic industry, light weight storage applications , and automotive interior parts and for applications where the high water absorption of 
the fillers is not a critical factor of interest. The mechanical properties of egg shell powder filled epoxy composites have been determined 

at filler contents, 5 to 25 volume %, and with particle sizes, 150 μm, 200 μm and 250 μm. The investigation has been made by vary ing 

the percentage of the filler material, with varied  grain  size. The incorporation of egg shell powder into polymer epoxy resulted in 
improvement in the impact and bending strength of the composites, and these properties increased with increase in filler contents, and 

decrease in filler particle sizes. The maximum load sustainability under bending load has been achieved with min imum filler 

content, irrespective of the size of the filler.  The analysis of the fractured facets has shown that the failure is mainly due to the 

voids and the pockets formed during the specimen preparation. These are highly influen ced by the size and volume of the filler. 

The specimen preparation and experimentations were carried out according to the ASTM standards. 
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I.           INTRODUCTION 

 

Composite materials are those that are formed by the 

combination of two or more materials to achieve properties 

that are superior to those of their constituents [1]. Polymer 

composites consist of a polymer resin as the matrix, with 

fibers as the reinforcement medium [2]. Considerable amount 

of interest has been generated in the manufacture of 

thermoplastic composites due to their unique properties, 

including their good mechanical properties, their thermal 

stability, and a reduced product cost [3-4]. In recent days a 

special consideration has been given to those composites 

which consist of synthetic fibers or mineral part icles with a 

high modulus reinforcement embedded in a comparatively 

lower modulus matrix, such as epoxy. But, due to  the high 

cost of the petroleum-derived products or to environmental 

hazard, a growing effort has been emerged in the past two 

decades on the research, development, and application of 

biocomposites. A biocomposite contains at least one 

constituent that is derived from renewable resources, such as 

feathers, shells, agricultural waste or from plants like kenaf, 

sisal, coir, rice-husk and jute [1–4]. One of the most successful 

methods of improving the toughness of epoxy resin is to 

incorporate a second phase of dispersed rubbery particles 

called  secondary fillers into the cross -linked polymer [7–10]. 

The use of natural fillers to reinforce the composite materials 

will offer good strength and rigid ity, and are light in  weight, 

environmental friendly, abundantly available in comparison 

with  mineral fillers [11, 12]. On the other hand, they will be 

degraded by moisture, posses’ poor adhesion to hydrophobic 

polymers and the non uniform size of the filler may affect the 

strength. Much amount of work on the application o f natural 

fillers and fibers in composites like pineapple, sisal, coconut 

coir, jute, palm, cotton, rice husk, bamboo, and wood as the 

reinforcements in composites have been well documented in 

the past literature. In the recent days much attention is being 

paid to egg shell, areca nut shell, sea shell, etc. in the 

powdered form. The incorporation of filler such as egg shell 

powder into thermosetting materials may reduce the 

production costs of the molded products. Egg shell is widely 

available at very low cost, so it is an ideal filler material in this 

regard. High filler content, however many adversely affect the 

process ability, ductility and strength of the composites. In the 

recent past such shell powder filled composites have been 

used for many applicat ions as, building materials, marine 

cordage, fishnets, furniture, and other household appliances. In 

view of the above facts an attempt has been made in this work 

to evaluate the impact and bending properties of the egg shell 

powder (ESP) filled polymer composites. 

 

II. MATERIALS AND EXPERIMENTAL 

 

A. Matrix Materials 

A medium v iscosity epoxy resin (LAPOX L-12) and a room 

temperature curing polyamine hardener (K-6) used in this 

experiment. The epoxy used is colorless, odorless and 

completely nontoxic. Tensile, modulus of elasticity 

compressive, flexural and impact strengths are 43 MPa, 800-

820 kg/mm2, 90-100 MPa, 50-60 MPa, 2.5-4 kJ/cm2 

respectively. Density is 1.15 g/cm3. 

 

B. Secondary Filler 

 

The shell gland fluid contains very high levels of calcium and 

hydrogen carbonate. The thick calcified layer of the eggshell 

forms in columns from the mammillae structures, and is 

known as the palisade layer. While the bulk of eggshell is 

made of calcium carbonate, it is now thought that the protein 

matrix has an important role to play in eggshell strength. 

These proteins affect crystallization, which in turn affects the 

eggshell structure. Moreover, the concentration of eggshell 

proteins decreases over the life of the laying hen, as does 
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eggshell strength. In an average laying hen, the process of 

shell formation takes around 20 hours. Pigmentation is added 

to the shell by papillae lining the oviduct, colouring it any of a 

variety of colours and patterns depending on species. Since 

eggs are usually laid blunt end first, that end is subjected to 

most pressure during its passage and consequently shows the 

most color. The stage of eggshell powder p reparation is  

depicted in the figure 1. Table 1 shows the typical chemical 

composition of the eggshell powder.  

 

  

  
 

Figure.1. Stages of ESP preparation 

 

     Table. 1. Chemical composition of Egg Shell.  

 
 

Egg shell powder is a naturally available filler material which 

is obtained from ch icken Eggshell (ESP). The characteristics 

of the egg shell qualify  ESP as a good candidate for bulk 

quantity and inexpensive. The egg shell powder is added with 

resin on basis of total volume fraction. In present study the 

egg shell powder is added by 5%, 15% and 25% volume 

fractions. The light weight addition of egg shell powder to 

the polymer leads to decrease in the tensile strength, modulus 

of elasticity. In this experiment the egg shell powder of 

150µm, 200µm and 250µm grain sizes are used. The 

following table 4.4 gives the chemical composition of 

chicken egg shell. 

 

C. pecimen Preparation 

 

In this experimental study the Egg shell powder (ESP) of three 

different grain sizes is used. From the past literature the grain 

size o f the ESP is chosen as 150µm, 200µm and 250µm. the 

composite specimens were prepared for three different volume 

fractions as given in the table 2. In the present investigation 

the specimens were prepared molding technique. Epoxy and 

hardener were mixed in a container and stirred well for 2-3 

minutes. Then the filler is added to the container. Before the 

mixture was poured inside the mould, the inner surface of the 

mold will be polished and a release agent is applied to prevent 

the composites from adhering to the mold surface during the 

removal. Finally, the mixture will be poured into the mold and 

is allowed to cool at room temperature fo r 18 hours. After the 

curing of 18 to 24 hours the specimen will be removed from 

the mold. The same procedure is adopted for the preparation 

of specimens for compression impact and bending test 

specimens. 

 

Table .2. Composition of Composites Material.  

 

Grain Size 

in  µm  

Volume  Fraction  in % 

Epoxy CSP Filler 

150 

95 5 

85 15 

75 25 

200 

95 5 

85 15 

75 25 

250 

95 5 

85 15 

75 25 

 

The different mold  and the specimens used in the present 

study have been shown in figures  1 and 2. 

 

 
 

 
 

Figure .2. Impact Test Specimens (a) Mould, (b) ESP 

Filled S pecimen 

A 

B 
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Figure. 3. Three Point Bend Test S pecimens (a) Mould,         

(b) ESP Filled S pecimen 

 

D. Experimentation 

 

Experimentations were carried out on the prepared filled 

polymer composites under impact and bending loads. Impact 

testing is carried out on pendulum impact testing machine and 

the three point bending test is carried out on the computer 

controlled universal testing machine. The experimentations 

were carried out according to the ASTM standards. 

 

III. RESULTS AND DISCUSSIONS 

 

The experimentations have been carried out to analyze the 

effect of filler size and its volume fraction on the impact and 

bending behavior. The experimentations have been carried out 

on the ESP filled polymer composites in a computer controlled 

universal testing machine. The results of which have been 

discussed in this section. 

 

A. Effect of filler volume and filler size on the impact 

strength of the ESP filled composites 

 

The data on impact strength of the ESP filled composites has 

been illustrated graphically in Figure 4. The figure shows that 

the impact strength of ESP filled composites has increased 

with increase in  filler content at any filler particle size 

considered. Such an increase in impact strength of a 

thermoplastic composite with increase in filler content has 

been reported in the literature [28]. The impact strength of the 

composites was observed to decrease with increase in filler 

particle size for all the filler contents considered. It  has been 

observed that the increase in the filler size has created the 

stress risers in the fo rms of voids and discontinuities at the 

filler matrix interface. When the filler size is increased, more 

weak interfacial regions between the filler and the matrix are 

formed. Thus, the crack travel more easily through the weaker 

interfacial reg ions, hence decreases the energy absorbing 

capacity before failure. Thus, increasing the particle size of the 

fillers at given filler content probably increased the level of 

stress concentration in the composites with the resultant 

decrease in impact strength. 

 
Figure.4. Filler size/Impact Energy of ES P filled 

Composites 

 

Generally, the hardness of all the composites decreased with 

increase in the filler particle size at  any given filler content 

considered.  Due to this reason also the impact energy has 

shown decrement. Figure 5 shows the fracture specimens of 

different volume fractions under impact loading. Fillers 

generally can be considered as structural elements embedded 

in the polymer matrix, and with suitable concentrations of the 

fillers, the concentrations might not be high enough to 

significantly restrain the polymer epoxy  molecules. 

Consequently, highly localized strains might have occurred  at 

the concentrations investigated, causing dewetting between 

polymer epoxy  and the fillers, and thus, leaving essentially a 

matrix that is not ductile. This can be very clearly seen in the 

figure 5, a, b and c. 
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 Figure. 5. Fractured specimens of 150 microns Size ESP, 

Under impact loads a) 5%  ESP, b) 15%  ESP, c) 25%  ESP  

 

 
 

Figure. 6. Fractured s pecimens of 250 microns Size ESP  

 

It can be very clearly seen from the fractured surface shown in 

the figure 6;  the increase in the filler size has created many 

voids and improper bonding at the matrix filler boundary. This 

has reduced the impact strength of the filled composite. Even 

further increase in the filler size may lead to the non bonding 

situation, where the matrix may not accommodate the filler.  

B. Effect Moisture up take on the impact strength of the 

filled composites. 

 

A water absorption test was carried out according to ASTM 

standard D750-95. It involved the total immersion of three 

samples in  distilled  water at  room temperature. A ll of the 

specimens were previously dried  in  an oven at 50
0
C for 24 h 

and stored in desicator. The water absorption was determined 

by weighing the samples at regular intervals. The average 

reading of three samples was taken.  It was found that the 

saturation of the water up take is fo r 24 hours, beyond which 

no significant water absorption is identified. The test 

specimens for all the volume fractions and the grain sizes were 

prepared and allowed to have moisture up take up to 24 hours 

and tested under impact loading. All the composite specimens 

have shown a similar pattern of water absorption, with an 

initial sharp water uptake fo llowed by gradual increases until 

equilibrium water content is achieved. This equilibrium has 

achieved in the p resent study for about 24 hours. The results 

of which have been shown in the figure 7. 

 
Figure.7. Impact behavior of the ESP filled composites 

with moisture up take of 24 Hours. 

 

As can be seen from the figure 7, there is a significant increas e 

in the impact energy, as compared to the normal specimen. It 

can also be seen that the impact energy has reduced with the 

increased volume fraction of the filler. The same trend of the 

results was obtained for all the tested grain sizes of the ESP 

filler. Because of the moisture up take the load absorbing 

capacity of the composite has increased to certain limits. As 

the filler size increases the voids and pockets in the filled 

composites have increased, by increasing the moisture up take. 

This has made the impact strength to reduce drastically as the 

filler size is increased.  

 

C. Effect of filler volume and filler size on the bending  

strength of the filled composites. 

 

The experimental data of the three point bending test carried 

out on the ESP filled composites are illustrated graphically in 

Figure 8. It  is ev ident that at any particle size of the fillers 

considered, the flexural strength of the composites increased 

with increase in filler content upto 15%.  Also it can  be seen 

that the bending strength of the composites has shown 

increment with increased particle size upto 200 μm sizes, 

beyond which it has decreased.   
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Figure.8. Impact behavior of the ESP filled composites 

with moisture up take of 24 Hours. 

 

Figure 8 shows the typical stress/strain curves for three 

different epoxy/egg shell powder filled  composite materials. 

At lower concentration of the filler material, specimen 

demonstrated slightly nonlinear behavior prior to sharp failure 

or fracture. Th is means that specimen deformed  plastically 

immediate after elastic deformation. When egg shell 

percentage increased it is noticed that the permeability 

coefficient is less than when small amounts used. From here it 

is concluded that eggshell powder has an inverse effect on the 

bending characteristics. These results demonstrate that 

eggshell powder can improve only the characteristics related 

to impact loading very effectively.  Figures 9, a, b & shows the 

variations in bending strength and the infinitesimal part icle 

gauge size curves of the composites with different filler 

loadings. It is observed that bending strength increases 

gradually with increase in filler loading for all the particle 

sizes.  

 

 

 
Figure. 9. Bending behavior of the ESP filled composites 

with different grain sizes. a) ESP 150 µm, b) ES P 200 µm,  

c) ESP 250µm  

 

A close observation indicates that the rate of increase in 

bending strength remains almost the same for various filler 

loadings. As particle size and filler loading increases there is a 

reduction in total surface area available for matrix filler 

interaction resulting into increase in mobility of matrix 

molecules and the reverse is the case at lower filler loading 

and particle size because of the increase in surface area. The 

increase in filler content results in almost linear increase as 

shown in Figures 9. The increase of filler content results in the 

steady linear increase bending strength. This increase is due to 

the relationship between the interface of fillers and matrix in 

which the fillers strengthen the composite materials. As can be 

seen from the figure 9, the deformation under bending loads 

has not been started until 0.63 KN of load for 25% ESP filled 

composite. This capacity of taking the load before actual 

deformation is called load sustainability. Th is load 

sustainability is found to be maximum for the 5% ESP filled 

composites for all tested grain sizes. The maximum load 

sustainability of 0.97 KN is observed in 150 µm, 5% ESP 

filled composite. This has happened because of the decreased 

elongation due to reduction in  the ductility of matrix. Due this 

reason the load sustainability of the 5% CSP filled composite, 

before the start of deformat ion is found to be very high, as 

compared to other two. 
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Figure. 10. Fractured specimens of 150 µm Size ESP filled 

composite under bending loads a) 5%  ESP, b) 15%  ESP, c) 

25%  ESP 

 

Figure 10, shows the fractured facets of the ESP filled 

composites under bending loads. It is very clear from the 

figure that the fracture has occurred in a flat nature in the 5% 

filled composite, where as a slight transition from flat to slant 

fracture can be observed in the 15% ESP filled composite. 

With further increase in the filler material leads to the rapid 

failure with irregular g rowth and min imum load sustainability.  

The porous nature of the composite is seen in lower 

magnificat ion pictures.  

 

 
 

Figure. 11. Fractured specimens of 250 µm Size ESP filled 

composite under bending loads  

 

Figure 11, shows the fractured surface of the 250 µm sized 

ESP filled  composite. As discussed earlier, as the size of the 

filler increases the bending strength reduces drastically. This is 

mainly  due to the pours and voids which will increase with the 

increase in the grain  size. The same can be seen very clearly in 

the fractured facet shown in figure 11.  

IV. CONCLUSIONS 

 

Eggshell powder was used in this research from the point of 

view of environmental engineering, with the hope of utilizing 

natural waste. Mixing eggshell powder with epoxy however 

did not yield the expected results . Accordingly, it is 

understood that the use of eggshell powder can improve the 

impact and bending strength of the filled composite. The 

impact strength of the filled composite has been increased by 

increasing the filler content. But with moisture uptake a 

reversed results were obtained. Under bending loads the load 

sustainability of the 5% ESP filled composite is found to be 

highest. It is also made very clear that there is a limit on the 

grain size and the volume fraction of the filler to get the 

required properties. Analysis of the fractured facets has shown 

many variations in the void densities and the nature of 

fracture. 
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