
 
 
 

 

  

Volume 15, Issue 05, Jun 2025                  ISSN 2457-0362                         Page 352 

EXPERIMENTAL INVESTIGATION OF COCONUT SHELL POWDER 

WITH VARYING GRAIN SIZES REINFORCEMENT MATERIAL USING 

EPOXY RESIN AS A NOVEL MATRIX 

                                        Smt. M. Naga Ramya Krishna1 

                                            Dr. M. P. Rangaiah2 

1Bharatiya Engineering Science and Technology Innovation University, Gorantla, 

Anantapur, Andhra Pradesh-515001, India 
2Department of Mechanical Engineering, Asst. Prof (C), Jawaharlal Nehru 

Technological University, Anantapur-515001 

 

 

ABSTRACT 

Contemporary developments focus on utilizing natural fibers, such as hemp and coconut shell, 

which are biodegradable, environmentally beneficial, and readily accessible. In conjunction with 

polymers to enhance strength while minimizing the weight of composites, green composite 

materials have drawn interest due to their uses in manufacturing, packaging, aerospace, sports, 

housing, and other sectors. This study reports the processing of coconut shell powder with 

varying grain sizes using epoxy resin as a novel matrix for improved green polymer composites. 

The mechanical properties, such as tensile strength and flexural strength, have been investigated. 

Current work exposes that mechanical properties of coconut shell powder reinforced composites 

have exhibited maximum tensile strength for grain size of 212 microns and maximum flexural 

strength for grain size of 106 microns and 300 microns of grain size are maximum for wear 

resistance as compared to all other categories of grain size in wear test. From SEM analysis, it is 

evident that variation in the grain size of the reinforcement material will provide the large 

surface area for resin adhesion and this will increase the mechanical properties of the natural 

fiber reinforced composites. And in FTIR test analysis we can found out different chemical 

group in it. Also it is determined that the bio composite prepared is completely an insulator and 

the same could be used in electrical application. 

 

1. Introduction 



 
 
 

 

  

Volume 15, Issue 05, Jun 2025                  ISSN 2457-0362                         Page 353 

Currently, natural fibre reinforced composites have garnered greater interest than synthetic fibre 

reinforced composites. This is due to the advantages of natural fibres over synthetic fibres, 

including cost-effectiveness, availability, lightweight properties, and a high strength-to-weight 

ratio. The utilization of natural fibre reinforced composites in the automotive sector is quickly 

expanding, particularly in the manufacturing of door trim panels. Additionally, natural fibre 

reinforced composites have been utilised in the building and aerospace sectors. A natural fibre is 

inherently renewable, and this composite has a reduced environmental impact when utilised for 

energy recovery.  

Bio composites are materials composed of natural fibers or particles, such as bamboo, hemp, 

flax, or coconut, embedded in a polymer matrix. They offer a sustainable alternative to 

traditional composites, reducing reliance on non-renewable resources and lowering 

environmental impact. Bio composites are valued for their lightweight nature, biodegradability, 

and often comparable mechanical properties to synthetic composites, making them attractive for 

a range of applications from automotive and construction to consumer goods and packaging.  

1. Literature Survey 

Mishra [1] This investigation aims to explore the mechanical behaviour and water absorption 

capacity of coconut shell dust (CSP) and fly ash reinforced epoxy hybrid composites. The fly ash 

percentage is maintained at a constant level of 5 wt %, while the content of coconut shell dust is 

adjusted to 10, 15, and 20 wt %. The composite laminates were fabricated using the hand layup 

technique, incorporating a random distribution of reinforcements. The mechanical properties of 

the prepared composite laminates have been examined, including microstructure, tensile 

strength, hardness, and water absorption. 

Sapuan et al. [2] conducted an evaluation of the mechanical properties of epoxy/coconut shell 

filler particle composites. The tensile and flexural characteristics of the composite were 

presented. The tensile and flexural characteristics of composites utilising coconut shell filler 

particles were conducted at three distinct filler contents: 5%, 10%, and 15%. These tests were 

performed using a universal tensile testing machine in accordance with ASTM D 3039/D 3039 

M-95a and ASTM D790-90 standards. The experimental findings indicated that the tensile and 
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flexural properties of the composites improved as the filler particle content increased. The elastic 

moduli of the composites exhibited an increase as the filler content was raised. 

Kumar and Kumar [6] conducted an evaluation of the mechanical properties of epoxy 

composites reinforced with coconut shell particles and coir fibres. Tensile, compression, 

wear, and impact tests were conducted. The findings indicated that the Rockwell hardness 

number rises with the increase in weight percentage of coconut shell particles. 

Additionally, it was observed that an ultimate strength of 30 MPa and a modulus of 

elasticity of 856 MPa are attained for the composite reinforced with 20% weight of shell 

particles. The addition of shell particles results in an increase in density for coir and 

particle composites. The presence of fibre leads to a reduction in density. The maximum 

water absorption capacity was observed at 33 to 35 wt % of coconut shell particles. 

3. Experimental Work and Procedure 

3.1 MATERIALS 

3.1.1. Epoxy resin  

Lapox L-12 is a liquid, unmodified epoxy resin with medium viscosity, suitable for use with 

various hardeners in the production of glass fibre reinforced composites. The selection of a 

hardener is contingent upon the processing technique employed and the desired characteristics of 

the final composite material. Polyepoxides are recognised as a category of reactive prepolymers 

and polymers characterised by the presence of epoxide groups. They are often used to fix broken 

object or to create a sealant. It was purchased from C S Marketing, Bengaluru. Procured epoxy 

Lapox L-12 is having the Epoxide equivalent of 182-192gm/Eq., Epoxy value of 5.2 – 5.5 

Eq./kg, Specific gravity of 1.1 – 1.2 at 25°C and viscosity of 9000-12000 m Pas at 25 0C 

temperature.  

3.1.2. Hardener  

Hardener K–6 is a low viscosity, room temperature restorative fluid hardener. It is usually added 

to two component products to cause a chemical reaction that leads to hardening (polymerization). 

This material is typically employed in hand lay-up processes. It demonstrates a quick response, 
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resulting in a brief pot-life and fast curing at typical ambient temperatures. It was purchased from 

C S Marketing, Bengaluru.Procured hardener K-6 was a pale yellow liquid having refractive 

index of 1.4940-1.5 at 250C and a moisture content of 1% (Max).  

3.1.3. Coconut shell 

The coconut shell powder serves as a reinforcement material. The fibres derived from coconut 

shells consist primarily of rigid, crystalline cellulose micro-fibrils that are reinforced with an 

amorphous lignin and/or a hemi-cellulosic matrix. Most plant fibres, with the exception of 

cotton, consist of cellulose, hemicellulose, lignin, waxes, and certain water-soluble compounds, 

with cellulose, hemicelluloses, and lignin being the primary components. 

 

3.2. Fabrication of bio composite material using resin and hardener  

The epoxy and the hardener were taken into a flask and mixed in a proportion of 10:1. This 

mixture is continuously being stirred with a mechanical stirrer for homogenous mixing. Coconut 

shell powder and Fly ash is then mixed in epoxy matrix in the ratio 1:1 (290g of coconut shell 

powder and 290g fly ash 1000g of resin and 100ghardener mixture) and composite of it is been 

prepared. To disperse this composite mixture, a metal mould of 350 X 350 X 5 mm3 is used and 

the mixture is poured into it.  A white waxed thick plastic sheet is employed to shield the metal 

mould for good surface finish and easy withdrawal of prepared specimen. For 24 hours, the 

mould is let to dry completely. 

3.3 Preparation of samples from the composite for testing 

The samples are required for the Tensile testing, Flexural testing, electrical conductivity test, 

Scanning Electron Microscope (SEM), Fourier Transform Infrared Spectroscopy(FTIR). It is 

done by cutting and grinding composite material to reach require shape and size. 
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3.4. TESTING 

3.4.1 Mechanical Characterization   

Mechanical testing is a series of standardized tests that determine a material's mechanical and 

physical properties, such as its hardness or yield strength. It's a vital part of product design and 

part manufacturing, as it helps manufacturers differentiate between materials of lesser quality 

and choose the best ones for their products.  

Numerous standardized methods exist for mechanical testing. The most commonly adopted 

methods include tensile, compression, flexural, peel, shear, tear, fatigue, creep, and friction 

testing. 

 

Figure: UTM used for Mechanical Characterization  

3.4.2.  Tensile Testing 

Tensile testing, often referred to as tension testing, is a methodical engineering evaluation where 

a specimen is exposed to a regulated tension until it reaches the point of failure. The properties 

measured through a tensile test include ultimate tensile strength, breaking strength, maximum 

elongation, and reduction in area. From these measurements, one can also determine the 

following properties: Young's modulus, Poisson's ratio, yield strength, and strain-hardening 

characteristics. Uniaxial tensile testing serves as the primary method for determining the 

mechanical properties of isotropic materials. Certain materials employ biaxial tensile testing. The 

sample measured 164mm in length and 18mm in breadth. The primary distinction among these 

testing machines lies in the method of load application on the materials. 

3.4.3.  Flexural Testing 
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The flexural test also known as the bending test or three-point bend test, is performed to evaluate 

a material's ability to resist bending forces. This test is particularly relevant for assessing the 

strength and stiffness of bio composite materials, which may be used in applications where 

bending loads are prevalent.  

In the flexural test, a standardized specimen with a specific geometry, such as a beam or a 

rectangular strip, is placed horizontally on two supports, usually with a defined span length 

between them. A force is then applied at the center of the specimen using a loading fixture or a 

specialized testing machine.  

As the force is increased, the specimen undergoes deformation and eventually fractures. During 

the test, the machine records the applied load and the corresponding deflection of the specimen. 

These measurements allow the calculation of important mechanical properties, such as the 

flexural strength (the maximum load the material can withstand before fracturing in bending) and 

the flexural modulus (a measure of the material's stiffness in bending). 

3.5. Morphological Testing   

3.5.1. SCANNING ELECTRON MICROSCOPE TEST (SEM) 

A scanning electron microscope (SEM) is an instrument that employs a focused beam of 

electrons to produce intricate, enlarged images of the surface of a sample. The interaction of 

electrons with the atoms of the sample generates signals that provide insights into the 

composition and surface topography of the sample. The composite material was affixed to the 

stub using double-sided sticky carbon tape and placed inside the SEM chamber. It was analysed 

at various magnifications, including 100x, 200x, 300x, 500x, and 1.00kx, capturing images with 

a resolution of only a few micrometres: 200 μm, 100 μm, 40 μm, and 20 μm.  
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Figure 1: SEM Images of the composite with 106 Microns at 1k Magnification 

4. Result and Discussion 

 

 From fig coconut shell powder no 5 is increase than no1 is 12N/mm2 

 

From 425 micrometer grain sized composite also  is more CNSPE5than of CNSPE1 is 14N/mm2 

 

From 300 micrometer grain sized composite also  is more CNSPE5than of CNSPE1 is 13N/mm2 
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From 212 micrometer grain sized composite also  is more CNSPE5than of CNSPE1 is 16N/mm2 

 

From 150 micrometer grain sized composite also  is more CNSPE5than of CNSPE1 is 21N/mm2 

5. CONCLUSION 

Present work was focused on preparation of composite by making use of bio wastes available in 

and around Shivamogga. Coconut shell powder(CSP) with varying grain sizes were used in 

epoxy resin to fabricate composite with the help of hardener which is used as adhesive to initiate 

the harden ability of composites prepared. Basic mechanical properties such as tensile and 

flexural properties are been evaluated has the composite prepared. Among five different 

categories of samples prepared, Composite with grain size 212 microns have shown enhanced 

flexural load properties at peak load 65.5 kg and 106microns have shown enhanced tensile peak 

load 424.4 kg. In wear test 106microns have shown maximum co-efficient of friction is 55.2751 

and frictional force is 2763.75N, then the highest wear amongst all samples is 150microns is 

0.19061mic. Similarly, morphological study supports the above evaluated results for different 

samples and 300 micron have a high wear resistance. Grain size 106 micron are less moisture is 

observer. SEM images were extracted for 5 magnifications and for 106mic and 212mic are close 

bonding/adhesive was observed which results in good/enhanced mechanical properties which 
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encourages the researchers/academicians to make use of these composites in light weight 

applications. 
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