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ABSTRACT 

This work is focused to evaluate the mechanical behaviors of hybrid bio particulated coir-polyester 

composites. The bio particles used in this work are rice husk particles and boiled eggshell particles which are 

reinforced with green coir fibers in the matrix of polyester. The tensile and flexural properties of rice husk and boiled 

eggshell particles infused coir fiber polyester composites were evaluated and compared so that a new change can be 

brought to the advancement in natural fiber polymer composites. The fabrication process preferred was Compression 

moulding technique and the mechanical testing was performed by universal tensile tester and three-point bending 

flexural tester. The variation in the tensile and flexural behaviors is due to the input parameters fiber length, fiber 

content and particulate content. Numerical simulation of the tensile & flexural behaviors was done by using ANSYS 

and comparison of the experimental and simulated values was also performed. The effective result of this work was 

validated from the obtained fabrication condition using confirmation tests. 
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1. INTRODUCTION  

In the recent years, natural fibers as reinforcement in polymer composites have gained more attention from 

researchers and engineers. Due to its versatile characteristics coir fiber composites have found its position in 

manufacturing and production engineering sectors (Browuer, 2003). Different particulated fillers are used in 

improving composite properties and to reduce cost of composite fabrication (Mallick, 1993). In most of the 

researchers’ works, natural fiber composites were characterized and mechanical property predicted was limited to 

literature. Manufacturing studies was done on different natural fiber reinforced polymer composites (Latha, 2009). 

Optimization and different modelling methodologies of coir fiber polyester composites initiated in applying soft 

computing techniques in mechanical property prediction (Jayabal, 2011). 

In this work, the fabrication of composites with coir fiber, impregnated with bio-particles such as rice husk 

& boiled eggshell particles is done. A number of 25 experiments will be completed by full factorial design in which 

two composite parameters and each parameter having five levels are considered (Chan, 2000; Uma, 1997; Jena, 

2013; Raju, 2012; Mulinari, 2011). The fabrication of composites under various processing parameters using 

compression moulding technique by varying the length of the coir fiber from 10 mm to 50 mm in multiples of 10 

and varying the percentage of particle impregnation from 10% to 25% by weight in the multiples of 5 and tested. 

The goal of this work is to understand the changes of tensile and flexural behavior under various process parameters. 

Numerical simulation of tensile and flexural behaviors of rice husk and boiled eggshell particulated coir-polyester 

composites using software and to compare the experimental and analyzed value. 

2. EXPERIMENTAL 

Materials: The coir fibers are processed easily because of their biodegradability and nontoxic characteristics. The 

reinforcement material selected for this project is natural green husk coir fiber. The unsaturated polyester resin is 

mixed with the catalyst and accelerator in the ratio of 1:0.015:0.015. The catalyst and accelerator used are Methyl 

Ethyl Ketone Peroxide and Cobalt Octoate. The bio particles rice husk and boiled eggshell particles were used as 

particles reinforcements. 

Manufacturing: The composite fabrication process was performed by Compression moulding machine. The bio 

particles rice husk and boiled eggshell are mixed equally (50:50) in 60% of polyester resin system. The particles 

mixed resin system of different weight percentage (5% to 25%) is blended using a mechanical stirrer at 20 rpm for 

10 min at a maintained room temperature (25ºC). The mixtures were then transferred into a stainless steel mold of 

300×300×3 mm3 and then the coir fibers are reinforced. The reinforcement content in the composites have been 

maintained as 40%, and the increase in it is comprised by decrease in the fiber content in the composites. The molds 

with the prepared composites mixture is compressed in a compression molding machine at a pressure of 2.6 MPa, 

and maintained in room temperature for 24 hrs to cure.  

Mechanical Testing: The samples were cut for tensile test according to ASTM D638 standard having the specimen 

dimension of 165mm×25mm×3mm and the tensile behavior of the specimens was measured using a Tinius Olsen 

make 10kN, Dual Column Table Top Universal Testing Machine. Five readings for each identical specimens were 

taken and their average was found. The samples were cut for flexural test according to ASTM D790-07 standard 
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having the specimen dimension 125mm×12.5mm×3mm and the flexural behaviour was measured using three point 

flexural tester in the UNITEK machine (Model:94100). The specimen is simply supported by a beam, and in the 

middle of the specimen load will be applied. Five readings for each identical specimens were taken to find the average 

flexural strength. 

Numerical Simulation: The ANSYS 14.0 Computer Aided Engineering (CAE) software program is used to replicate 

the performance of bio particles impregnated coir polyester composites under loaded conditions. The solid geometry 

of the specimen as per ASTM standard is drawn and the finite element model is created. The tensile and flexural 

loading will be done as per the experimental standard. 

2. RESULTS AND DISCUSSIONS 

Significance of fabrication parameters by mechanical testing: The effect of fiber length and particulate content 

is examined through tensile and flexural testing. The impact of the change in particulate content and fiber length on 

the tensile and flexural strength of the composite is shown in Figure.1 and Figure.2. 

  
Figure.1. Tensile properties of hybrid 

bioparticulated coir-polyester composites 

Figure.2. Flexural properties of hybrid 

bioparticulated coir-polyester composites 
 

The increase in the tensile and flexural behavior is gradual with increase in particle content up to 15%, 

beyond which there is an adverse effect. There is a decrease in the tensile and flexural behavior with increase of fiber 

length beyond 30mm. The better value of tensile and flexural strength of 33 MPa and 32.7 MPa is obtained at 30mm 

fiber length and 15% particulate content. 

Simulation of composites by using ANSYS: The Numerical simulation of composite materials was analyzed by 

using the ANSYS simulation software. From the best mechanical properties obtained from the experimental, 5 sets 

of readings are considered for ANSYS analysis. The CAD model of the specimen as discussed is fed for analysis.  

 The simulated set of tensile specimens for varying fiber length is shown in Figure.3, to Figure.7.  

 In the contour images, the red region depicts the maximum stress concentration and the dark blue region 

indicates the minimum stress area. The various combinations show varying tensile stresses.  

 The simulated set of flexural specimens for varying fiber length is shown in Figure.8 to Figure.12. In the 

contour images, the red region depicts the maximum stress concentration and the dark blue region indicates the 

minimum stress area. The various combinations show varying flexural stresses 

  
Figure.3. Tensile strength of Specimen (Fiber 

length 10mm, particulate content 15%) 

Figure.4. Tensile strength of Specimen (Fiber 

length 20mm, particulate content 15%) 

  
Figure.5. Tensile strength of Specimen (Fiber 

length 30mm, particulate content 15%) 

Figure.6. Tensile strength of Specimen (Fiber 

length 40mm, particulate content 15%) 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 3: February 2017 www.jchps.com                                                                                  Page 6 

  
Figure.7. Tensile strength of Specimen (Fiber 

length 50mm, particulate content 15%) 

Figure.8. Flexural strength of Specimen (Fiber 

length 10mm, particulate content 15%) 

  
Figure.9. Flexural strength of Specimen (Fiber 

length 20mm, particulate content 15%) 

Figure.10. Flexural strength of Specimen (Fiber 

length 30mm, particulate content 15%) 

  
Figure.11. Flexural strength of Specimen (Fiber 

length 40mm, particulate content 15%) 

Figure.12. Flexural strength of Specimen (Fiber 

length 50mm, particulate content 15%) 

Comparison of Experimental and Simulated values: The experimental value and the numerical simulation of the 

mechanical behavior occurring in sheet specimens during the standard tensile and flexural test have been done. The 

study has been focused on the composite material to predict the stress distribution of the given specimen. 

The results from both experimental and simulation was obtained and the error percentages for both values 

were calculated and depicted in Table.1. 

Percentage of Error=
 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒~𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
 ×100 

Table.1. Error Percentage between Experimental & Simulated Values 

S.No Tensile strength (MPa) Flexural strength (MPa)  

Experimental 

values 

Simulated 

values 

% of 

error 

Experimental 

values 

Simulated 

values 

% of 

error 

1 24.4 24.279 0.4959 27.3 26.651 2.377 

2 30.9 30.904 0.1294 31.2 32.663 5.65 

3 33 31.709 3.19 32.7 32.978 0.0672 

4 30.4 30.48 0.2631 31.7 31.857 0.4952 

5 23.3 23.386 0.369 28.1 29.905 6.423 

 

3. CONCLUSION 

The tensile and flexural behavior of rice husk and boiled eggshell bio-particulated coir-polyester composites 

were evaluated as per ASTM D638 and ASTM D790 respectively. The better value of tensile strength of 33 MPa 

and flexural strength of 32.7 MPa was obtained for the fiber length of 30 mm, fiber content of 25% and particle 

content of 15% in the rice husk and groundnut shell hybrid bio-particulated coir-polyester composites. The tensile 

and flexural properties were also evaluated by means of simulation software ANSYS. The better value of tensile 

strength of 31.075 MPa and flexural strength of 32.978 MPa was observed in 15% of bioparticles and 30mm of coir 

length and 60wt % of polyester resin using ANSYS. The compared experimental and simulated results show less 

than 6 % error.  
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