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Abstract— Environmental awareness today motivates the 

researchers, worldwide on the studies of natural fiber 

reinforced polymer composite and cost effective option to 

synthetic fiber reinforced composites. The availability of 

natural fibers and ease of manufacturing have tempted 

researchers to try locally available inexpensive fibers 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. 

Maize husk is a by-product of maize milling process that 

usually finds inadequate final disposal. Composites filled 

with maize husk flour are materials that offer an alternative 

for using this agricultural resource viewing the production 

of low dense materials with some attractive thermal 

properties. In present paper, hand lay-up technique is used to 

add maize husk in epoxy matrix with different loading.  The 

various thermal properties like thermal conductivity, 

coefficient of thermal expansion and glass transition 

temperature of the fabricated composites were evaluated 

experimentally under controlled laboratory conditions. 

Moreover, the measured values of thermal conductivity are 

compared with the values obtained from various well 

established theoretical models and found to be in good 

agreement with each other. 
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I. INTRODUCTION 

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 [1]. 

Mankind has been solely depends upon plants and 

its fibers for their needs, resulting areas of natural fibers (oil, 

palm, sisal & jute) are increasing day by day in industrial 

and human applications. Lundquist et al. [2] used pulp fiber 

as reinforcement in polymer. They reported that stiffness of 

the fabricated composite increased by a factor of 5.2 and 

their strength increased by a factor of 2.3 relative to the pure 

polymer. There work highlights the remarkable 

reinforcement potential of such renewable material. Later, 

Mohammed et al. [3] presented a review article to provide a 

comprehensive review of widely used natural fiber 

reinforced polymer composites (NFPCs) and their 

applications. In a very recent work Kiruthika [4] presented a 

review on physico-mechanical properties of bast fiber 

reinforced polymer composites. Kumar et al. [5] used corn 

fiber as reinforcement in polypropylene polymer and tested 

their mechanical properties. Dunne et al. [6] investigates the 

mechanical characterization of various natural fiber 

composites with an Acrylonitrile Butadiene Styrene matrix 

(ABS). They reported variation in the tensile strength, 

impact strength and air flow resistivity of samples with 

different amount of reinforcement. Xia et al. [7] in their 

study fabricated hybrid composites using natural fiber mats, 

aluminum sheets and epoxy resin. Manteghi et al. [8] 

suggested the use of natural fiber reinforced hybrid 

composite for bio-medical applications. Wang et al. [9] used 

furan fiber as reinforcement in epoxy matrix and its 

mechanical properties were evaluated. Owing to good 

mechanical and sound absorption properties, natural fiber 

based composites became an attractive option as reported by 

Lee et al. [10]. Rashid et al. [11], for the first time used 

sugar palm fiber (SPF) in phenolic matrix and investigate its 

tribological properties. Maize husk which has become 

environmentally problematic waste is now being converted 

into useful industrial materials [12]. Previously, Maize stalk 

fibers can be used as fillers in natural rubber composites 

replacing expensive and non-biodegradable inorganic fillers. 

Based on mechanical properties and statistical treatment of 

data, composites filled with 20 phr treated maize stalk had 

the optimum set of mechanical properties that were closely 

comparable with commercial hydrated silica filled 

composites. Maize stalk has therefore demonstrated its 

potential to be used to reinforce natural rubber for shoe sole 

production [13].  

Against this background, the present research work 

is undertaken which explores the possible utilization of 

natural filler in the form of particles in polymer composites.  

In the present work, maize husk is used as a filler material in 

epoxy matrix. Attempts have been made to explore the 

possible use of maize husk derived from the maize 

processing as functional filler materials in these composites. 

Besides, it also investigates the thermal response of 

presently fabricated composites under investigations. 

II. MATERIAL USED 

In present research work, matrix material used is a 

thermoset polymer epoxy. The epoxy resin Lapox-12 is used 
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in the present work which belongs to the epoxide family. It 

provides a solvent free room temperature curing system 

when it is combined with the hardener tri-ethylene-tetramine 

(TETA) which is an aliphatic primary amine with 

commercial designation HY 951. The epoxy resin with its 

corresponding hardener is procured from M/s Atul Limited, 

Bhopal. Epoxy is chosen as matrix material in present study 

because it possesses low density 1.2g/cm3, low thermal 

conductivity of 0.363 W/m-K, low coefficient of thermal 

expansion of 66.0ppm/°C and appreciable glass transition 

temperature of 98oC.Maize husk 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 husk is 

one of the major agro-waste products, which contains 

cellulose 40%, hemicelluloses 45%, ligin 7%, protein 2%, 

mineral ash 3%, by weight. Maize husk which has become 

environmentally problematic waste is now being converted 

into useful industrial materials. 

III. COMPOSITE FABRICATION 

The maize husks collected were washed several times with 

plain water to remove the dust and other foreign particles 

adherence to the filler and were dried in sun light. Then 

these maize husk filler sieved with sieve shaker and a 

particular size maize husk fiber is chosen for the fabrication 

purpose. Usual hand lay-up technique was used for 

preparation of the composite samples. A plastic mould of 

particular dimension was used for casting the composite 

sheet. A mould release spray was applied at the inner 

surface of the mould for quick and easy release of the 

composite disc. For different weight fraction of filler, a 

calculated amount of epoxy resin and hardener (ratio of 10:1 

by weight) was thoroughly mixed in a glass jar and placed in 

a vacuum chamber to remove air bubbles that got introduced 

while hand stirring. Then calculated amount of maize husk 

is added to the mixture of epoxy resin and hardener and 

mixed properly. Then the composite mixture is poured in to 

the properly design mould of dimension 50 mm diameter 

and 3 mm thickness. Pressure was then applied from the top 

and the mould was allowed to cure at room temperature for 

24 hrs. This procedure was adopted for preparation of 5, 10, 

15, 20 and 25% weight fractions of maize husk reinforced 

epoxy composite slabs as shown in Table 1. After 24 hours 

the samples were taken out from the mould. 

Sample Composition ( Maize husk as filler material ) 

SET 1 Neat Epoxy 

SET 2 Epoxy     +    05 wt% Maize husk filler 

SET 3 Epoxy     +    10 wt% Maize husk filler 

SET 4 Epoxy     +    15 wt% Maize husk filler 

SET 5 Epoxy     +    20 wt% Maize husk filler 

SET 6 Epoxy     +    25 wt% Maize husk filler 

Table 1: List of Epoxy/Maize Husk Composites Fabricated 

By Hand-Lay-Up Technique 

IV. CHARACTERIZATION 

Thermal conductivity of a variety of materials is measure by 

Unitherm Model 2022. The tests are in accordance with 

ASTM E-1530 Standard. A sample of the material which is 

tested is held under a uniform compressive load between 

two polished surfaces, each controlled at a different 

temperature. The lower surface of sample is part of a 

calibrated heat flow transducer. The heat flows from the 

upper surface, to the lower surface, through the sample, so 

that an axial temperature gradient is established in the stack. 

After reaching thermal equilibrium, the temperature 

difference across the sample is measured along with the 

output from the heat flow transducer. These values and the 

sample thickness are then used to calculate the thermal 

conductivity. Glass transition temperature and coefficient of 

thermal expansion of the composites are measured with a 

Perkin Elmer DSC-7 Thermal Mechanical Analyzer. The 

sample length is set between 6-8 mm and the width and 

thickness is about 2-3 mm. During the measurement, the 

specimen is heated from 30 to 150°C at a heating rate of 

5°C/min. For each measurement, two heating scans are 

used. The first heating scan is used to eliminate any possible 

internal stress and moisture in the sample which is likely to 

be generated during the curing and sample preparation 

processes. The second heating scan is used to determine the 

Tg and CTE of the material. 

V. RESULTS AND DISCUSSION 

A. Effective Thermal Conductivity 

The effective thermal conductivities of epoxy composites 

filled with micro-sized maize husk particles with filler 

weight fraction ranging from 0to 25 wt. % are shown in 

Figure 1. The values of effective thermal conductivities for 

similar combination are obtained using various analytical 

model i.e. rules of mixture (ROM) model [14]; geometric 

mean model [14], Maxwell’s correlation [15], Lewis and 

Nielsen model [16] are also presented in Figure 1. It can be 

seen from graph that with increase in content of maize husk 

in epoxy matrix, the conductivity of the composite body 

decreases. This is obvious as the intrinsic conductivity of 

maize husk is less as compared to intrinsic conductivity of 

epoxy matrix. 

 
Fig. 1: Effective thermal conductivity of epoxy composites 

as a function of filler content 
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The minimum value of effective thermal 

conductivity among the various sets of fabricated 

composites is obtained when 25 wt% of maize husk is 

incorporated in epoxy matrix i.e. 0.158 W/mK.  This 

reduction is 56.4 % when compared to the neat epoxy. It is 

further noted that while the Maxwell’s model overestimate 

the value of thermal conductivity for low filler content, the 

rules-of-mixture, geometric mean model and Lewis & 

Nielsen model are in good approximation the value obtained 

from the experimental ones.  With increase in filler content 

above 15 wt%, i.e. for 20 wt%, only rule of mixture model 

show good approximation with experimental values. With 

further increase in the filler content, it has been noticed that 

none of the analytical model are able to predict the 

measured values correctly and all the models are far from 

satisfaction. The reason may be that with increase in filler 

content, the husk particle are very near to each other and 

may form insulative chain because of very low thermal 

conductivity of maize husk, which results in the overall 

reduction in the value of thermal conductivity. 

B. Glass Transition Temperature (Tg) 

The glass transition temperature (Tg) of the fabricated 

composite samples are measured with a Perkin Elmer  

DSC-7 thermal mechanical analyzer (TMA). Glass 

transition temperature is very important thermal property 

which decides the maximum working temperature of any 

material. 

 
Fig. 2: Glass transition temperatures of epoxy/maize husk 

composites 

Above this temperature, material should be used as 

it lost its rubbery nature and converted into brittle material 

which can be easily breakable. Figure 2 presents the 

variation of Tg with maize husk content. It is observed that 

the Tg of neat epoxy is about 98°C and it gradually increases 

to 114.6ºC with an increase in filler content. A maximum 

increase of 16.6ºC in Tg is obtained as the maize husk 

content increases from 0 wt% to 25 wt%.  A maximum 

increase of about 16.93 % in Tg is obtained. Usually, 

addition of such filler increases the Tg of the composites, 

which results from the interaction between a filler and a 

polymer by forming a network structure between them. 

Because of this network structure, the movement of 

molecular segment is limited in it and hence the glass 

transition temperature increases. 

C. Coefficient of Thermal Expansion (CTE) 

The intrinsic CTE values of maize husk are lower compared 

to that of neat epoxy. Hence, on heating, the polymer matrix 

will expand more as compared to these filler. However, if 

the inter-phases are capable of transmitting stress, the 

expansion of the matrix will reduce giving rise to a reduced 

value of CTE for the composite as a whole. CTE is another 

very critical thermal property and is of very importance 

where the material gets exposure to the fluctuating 

temperature. Continues change in dimension of material due 

to variation of temperature will reduce the overall strength 

and shape of the material after certain time. 

 
Fig. 3: Coefficient of thermal expansion of epoxy/maize 

husk composites 

Figure 3 shows that the CTE of all the fabricated 

composites in present investigation.  It is clear from the 

graph that CTE of the composite decreases with filler 

content and reaches from 66 × 10-6/°C to 50.6 × 10-6/°C for 

maximum filler content of 25 wt%. A maximum decrease of 

about 23 % in CTE is obtained. The constraint of mobility 

of the epoxy chain due to the interaction of maize husk and 

epoxy are responsible for the reduction of CTE. Hence, the 

thermal stability of polymer improves with addition of filler. 

VI. CONCLUSIONS 

This present investigation has led to the following 

conclusions: 

1) Successful fabrication of epoxy matrix composites 

reinforced with maize husk particles is possible by 

simple hand-lay-up technique. 

2) Incorporation of maize husk is found to have resulted in 

reduction in the value of thermal conductivity of epoxy 

resin and thereby improves its thermal insulation 

capability. With addition of 25 wt% of this natural filler 

the thermal insulation capability of epoxy improves by 

56.4%. 

3) A significant improvement in the glass transition 

temperature is noticed with the incorporation of maize 

husk in epoxy matrix. These can be attributed to the 

good interaction between the filler and matrix phase, 

which might be restricting the mobility of the epoxy. 
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Improvement of around 17 % in the value of Tg is 

registered for maximum filler content of 25 wt%. 

4) It is also observed that the coefficient of thermal 

expansion of epoxy is reduced by the addition of maize 

husk. It is observed that a drop of 23 % in CTE of 

epoxy is obtained with 25 wt% inclusion of maize husk. 

These changes improve the thermal stability and expand 

the application domain of the composites. 

5) With reduced density, good adhesion between filler and 

matrix, increased thermal insulation, decreased 

coefficient of thermal expansion and improved glass 

transition temperature, this new class of maize husk 

filled epoxy composites can be used for applications 

such as building material, insulated flask, thermal 

interface material etc. 
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