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Abstract— Environmental awareness today motivates the 

researchers, worldwide on the studies of natural fibre 

reinforced polymer composite and cost effective option to 

synthetic fibre reinforced composites. The availability of 

natural fibres and ease of manufacturing have tempted 

researchers to try locally available inexpensive fibres and to 

study their feasibility of reinforcement purposes and to what 

extent they satisfy the required specifications of good 

reinforced polymer composite for different applications. 

With low cost and high specific mechanical properties, 

natural fibre represents a good renewable and biodegradable 

alternative to the most common synthetic reinforcement, i.e. 

glass fibre. The growing interest in the past few decades to 

produce green materials that can reduce the continual 

environmental problems posed by non-biodegradable 

synthetic polymer wastes has resulted to the development of 

composite materials that make used of biodegradable 

polymers. However, biodegradable polymers like 

thermoplastic starch suffer from having lower softening 

temperatures and lower modulus. 
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I. INTRODUCTION 

There is continuously an endless transmission of energy, heat, 

air, and moisture in our surroundings. Thermal energy will 

every time move from a hot source to a cold source. The 

major building constituent that is anticipated to retard this 

process is thermal insulation. Etymologic experts trace the 

origins of the English word insulate back to the Latin word 

insula, meaning ‘isle’. Historical references suggest that this 

was attributed to the fact that an isle was insulated by water. 

In the same way that water was a fence to nomadic warriors 

invading an isle, insulation is a fence to the “invaders” of 

thermal or acoustical energy. Best insulation materials are 

those which should have the lowermost thermal conductivity, 

in order to reduce the total heat transmission .The main 

function of insulation is to retard the heat flow and maintain 

temperature. It serves as thermal resistance and therefore 

prevents the damage of various devices and other articles 

which need to be maintained at constant temperature range. 

Composite materials are having tailor made properties which 

is impossible to achieve in single materials. Most of the 

composites were first made by nature. For example bamboo, 

wood, animal structured bones, skins, muscles, etc. The 

reasons for the occurrence of composites in nature are 

perhaps due to fact that by means of judicious choice and 

distribution of two or more phases, we can optimize the 

properties and optimization is the key for survival. Composite 

materials are used in various sectors due to its continuous 

improvement of properties. The significance of composites as 

engineering materials is mirrored because 200 types of 

composite materials are used out of 1600 engineering 

materials that are existing in the market now a day [1]. 

A. Composite 

Various scientific definitions for composite materials are as 

follows: 

 The word composite in the term composite material 

signifies that two or more materials are combined on a 

macroscopic scale to form a useful third material. 

 A composite is a structural material which consists of 

combining two or more constituents. 

B. Classification of Composite Materials 

On the basis of matrix material, composite materials can be 

classified into three groups. They are: 

 Metal Matrix Composites (MMC) 

 Ceramic Matrix Composites (CMC) 

 Polymer Matrix Composites (PMC) 

 Natural fillers are eco-friendly and biodegradable 

substance. Government regulations and environment 

awareness pushed    the world towards materials that are 

compatible with environment as well as does not produce any 

harmful effect on human. Now-a-days natural fibers based 

composites (green composites) are attracting the scientist as 

a new hope in lieu of synthetic fiber for safe guards of 

environment. 

 Natural filler-polymer composites (NFPCs) are 

becoming increasingly utilized in a wide variety of 

applications because they represent an ecological and 

inexpensive alternative to conventional petroleum-derived 

materials. On the other hand, considerable amounts of 

organic waste and residues from the industrial and 

agricultural processes are still underutilized as low-value 

energy sources. Organic materials are commonly disposed of 

or subjected to the traditional waste management methods, 

such as land-filling, composting or anaerobic digestion. The 

use of organic waste and residue materials in NFPCs 

represents an ecologically friendly and a substantially higher 

value alternative [2]. 

 Natural fillers recently attracted the attention of 

scientists and technologists because of the advantages that 

these filler provide over conventional reinforcement 

materials, and the development of natural filler composites 

has been a subject of interest for the past few years. These 

natural filler are low-cost fillers with low density and high 

specific properties. These are biodegradable and non-

abrasive, unlike other reinforcing filler. Also, they are readily 

available and their specific properties are comparable to those 

of other filler used [3]. 

 Particulate filled polymer composites have emerged 

as the most widely used materials in several current and 

futuristic spectrums of applications. Inclusion of rigid 

particles into the polymers can produce a number of desirable 
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effects on their properties. The use of conventional fillers 

such as metal, glass or carbon based particulates has received 

much academic and commercial attention in the past. These 

common fillers used in polymers give composites higher 

density than that of unfilled polymers but even then they are 

much lighter than other engineering materials [6]. The 

principal relevant parameters that affect the innumerable 

behaviour of filled polymers are the volume fraction of filler, 

the particle size, the filler aspect ratio, the strength of the filler 

and the adhesion at the resin-filler interface. Certain variation 

of these parameters often leads to improved performance of 

the filled materials [7]. 

 The amount of filler that is incorporated inside the 

matrix is considered to be the most significant factor which 

can alter the performance of composite system drastically and 

very effectively. In this regards, Fu et al. [8] studied the effect 

of silica particles on nylon 6 and found that the elastic 

modulus of these composites increases monotonically with 

increasing silica content within the matrix body. The effect of 

CaCO3 volume fraction on the notched Izod impact toughness 

of high density polyethylene (HDPE)/CaCO3 composites is 

shown by Liu et al. [9]. They found that with increase in the 

content of filler, the toughness of the polymer increases. 

 Carbon-based fillers with high thermal conductivity 

and low density as compared to metal filler were than 

considered as potential filler for improving the conductivity 

of polymers. Few well known carbon based fillers are 

graphite, carbon fiber and carbon black. Graphite benefiting 

with its good thermal conductivity and low cost considered 

being the best conductive filler among the group [30]. 

Expanded graphite, an exfoliated form of graphite with layers 

of 20-100nm thickness, has also been used in polymer 

composites [31]. It was concluded from the measurement that 

the thermal conductivity of the functionalized graphite/epoxy 

composite can be increased from 0.2 to 5.8 W/m-K with only 

about 20 wt. % of filler. Vapor grown carbon fiber (VGCF) 

establish him as important carbon-based filler which are in 

use in many application. 

 The base of composite fabrication is the matrix 

materials. Currently we are using thermoset polymer epoxy 

as a matrix. In the present work epoxy resin Lapox-12 is used, 

which belongs to the epoxide family. Bisphenol-A-

Diglycidyl-Ether (commonly shorten to DGEBA or BADGE) 

is the common name of the currently used epoxy resin and its 

molecular chain structure is shown in Figure 3.1. When it is 

combined with the hardener tri-ethylene-tetramine (TETA) it 

provides a solvent free room temperature curing system. 

 Tri-ethylene-tetramine (TETA) is an aliphatic 

primary amine with commercial designation of HY 951 

(Figure 1). 

 
Fig. 1: Unmodified Epoxy Resin Chain (Number of 

Polymerized Unit is Denoted by ‘n’) 

 
Fig. 2: Tri-Ethylene-Tetramine Chain 

 The epoxy resin with its corresponding hardener is 

procured from M/s Atul Limited, Bhopal (Figure 3.3). It is an 

unmodified epoxy resin liquid of medium viscosity which can 

be used with particular hardener for making composites. 

 
Fig. 3.3:  Epoxy Resin & Corresponding Hardener 

 They are amorphous and highly cross linked 

polymers. Due to this structure it has high tensile strength and 

modulus, good thermal and chemical resistance. The various 

physical and mechanical properties of epoxy resin are 

presented in Table 1. 

Characteristic Property Values Units 

Density 1.2 g/cm3 

Tensile strength 59 MPa 

Hardness 0.087 GPa 

Thermal conductivity 0.363 W/m-K 

Coefficient of thermal expansion 66.0 ppm/°C 

Table 1: Important Properties of Epoxy Resin 

II. FILLER MATERIAL 

In the present research work, maize husk (collected from 

Shiva Shakti Maize Mill, Haryana, India) is used as filler 

material polymer matrix composites. Maize husk is an 

agricultural waste, largely available from maize milling 

industries. Because of large production of maize, 

approximately 200 million tons/year, there is a large amount 

of maize husk waste of about 8 wt% of the total production.  

Maize/Corn husk is one of the major agro-waste products, 

which contains ligin7%, hemicelluloses 45%, cellulose 40%, 

protein 2% and mineral ash 3% by weight. Studies are 

perpetual to find ways to utilize lingo cellulosic materials 

include making films by pre-treatment. Salutary effects of 

pretreatment of lingo cellulosic material have been 

apperceived for a long time. Cornhusk which has become a 

problem as a waste product for environment is now used as 

an industrial material. 

A. Composite Fabrication 

The maize husks were collected from Shiva Shakti Maize 

Mill, Haryana, India. They were thoroughly washed with 

clean water to remove the dirt and other peregrine particles 

attached to the filler and were dried under sunlight. Then 

these maize husk filler is filtered with sieve shaker and a 

particular size (i.e. 20 mm) of maize husk grit is selected for 

the fabrication purpose. Composite samples were prepared by 

usual Hand Lay-Up technique. A plastic mold of particular 

dimension was used to cast the composite sheet. Composite 

disc can be easily released from the mould; a mold release 

spray was sprayed at the inner surface of the mold. For 

different weight fraction of filler, a calculated amount of 

hardener and epoxy resin (ratio of 1:10 by weight) was 

completely mixed in a glass jar and kept in a vacuum chamber 

to release air bubbles that got introduced while mixing. Then 
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intended amount of maize husk is added to the mixture of 

hardener and epoxy resin and mixed appropriately. Then this 

mixture is poured in to the properly design mold of dimension 

50 mm diameter and 3 mm thickness. 

III. EXPERIMENTAL SET UP & EXPERIMENTATION 

The maize husks were collected from Shiva Shakti Maize 

Mill, Haryana, India. They were thoroughly washed with 

clean water to remove the dirt and other peregrine particles 

attached to the filler and were dried under sunlight. Then 

these maize husk filler is filtered with sieve shaker and a 

particular size (i.e. 20 mm) of maize husk grit is selected for 

the fabrication purpose. Composite samples were prepared by 

usual Hand Lay-Up technique. A plastic mold of particular 

dimension was used to cast the composite sheet. Composite 

disc can be easily released from the mould; a mold release 

spray was sprayed at the inner surface of the mold. For 

different weight fraction of filler, a calculated amount of 

hardener and epoxy resin (ratio of 1:10 by weight) was 

completely mixed in a glass jar and kept in a vacuum chamber 

to release air bubbles that got introduced while mixing. Then 

intended amount of maize husk is added to the mixture of 

hardener and epoxy resin and mixed appropriately. Then this 

mixture is poured in to the properly design mold of dimension 

50 mm diameter and 3 mm thickness. 

Sample Composition ( Maize husk as filler material ) 

SET 1 Neat Epoxy 

SET2 Epoxy     +    5 wt% Maize husk filler 

SET3 Epoxy     +    10 wt% Maize husk filler 

SET4 Epoxy     +    15 wt% Maize husk filler 

SET5 Epoxy     +    20 wt% Maize husk filler 

SET6 Epoxy     +    25 wt% Maize husk filler 

Table 3: List of Particulate Filled Composites Fabricated by 

Hand-Lay-Up Technique 

 Mixture should be poured carefully to avoid 

formation of air bubbles. After pouring pressure is applied 

from the top and the mold is allowed to cure at room 

temperature for 24 hrs. While pressure is applied some 

amount of epoxy and hardener is squeezed out. Care has been 

taken to consider this loss during manufacturing so that a 

constant thickness of sample can be maintained. This 

procedure is repeated for preparation of 5, 10, 15, 20 and 25% 

weight fractions of maize husk reinforced epoxy composite 

slabs as shown in Table 3.3. After 24 hours the samples were 

removed from the mold and then cut in to required sizes as 

per ASTM standards for different test. 

A. Physical Characteristic 

Evaluation of the physical properties of any new composite 

system is essential for practical applications. In the present 

work, a property data has been generated by conducting 

characterization tests under controlled laboratory conditions 

to evaluate physical property i.e. density, water absorption 

behavior and microstructure of fabricated composites. 

B. Density & Void Fraction 

Density is a material property which is most important in 

several weight sensitive applications. Polymers are well 

known for their low density. Polymer composites having low 

densities are found to replace the conventional materials and 

metals in many engineering applications. Density of a 

composite relies on the relative weight proportion of matrix 

and the reinforcing components. The densities of unfilled 

epoxy resins measured by Archimedes method are found to 

be 1.1 g/cm3. The same principle is used to measure the 

densities of their composites. 

IV. CONCLUSIONS 

This present work on particulate filled maize husk/ epoxy 

composites has led to the following conclusions: 

1) Maize husk contains reinforcing potential to be used as a 

filler material in epoxy matrix composites. 

2) Fabrication of epoxy matrix composites which is 

reinforced with maize husk particles can be successfully 

done by simple hand-lay-up technique. 

3) The density of the fabricated composites reduces with 

rise in weight fraction and it also contains low void 

content when it is created by hand lay-up technique. 

4) With the help of surface morphology it is found that there 

is good bond between the filler phase and matrix phase 

and very small gap is between them which results in low 

amount of porosity. 

 It is observed that the calculated density values of 

the composites for different weight fractions using Eq. (3.1) 

are not in good agreement to the experimentally measured 

values using Archimedes method. It can be seen that the 

density values for epoxy composites decreases with increase 

in filler content from 5 wt% to 25 wt%. The minimum density 

of 0.60 g/cm3 is reported for 25 wt% of filler content. This 

decrement in the value of density is obvious because matrix 

materials are having very high density as compared to fillers 

in present work. It is further observed that the void fractions 

in these composites increases with increase in maize husk 

content and reaches to 16.2 % for maximum filler content. 
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