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Abstract— Among the various class of available composite 

material, polymeric composites have emerged as important 

materials because of their light weight, high specific strength 

and stiffness, excellent fatigue resistance and outstanding 

corrosion resistance compared to most common metallic 

alloys. In that respect, the present work aims at developing a 

class of polymer composites consisting of epoxy as a matrix 

material with micro-size aluminium oxide as a reinforcing 

material. A set of composites with varying loading of filler 

content ranging upto 50 wt. % has been fabricated. The effect 

of filler content on thermal properties of such fabricated 

samples is investigated. From the experimental results, it is 

found that inclusion of aluminium oxide filled epoxy 

composites exhibit improved thermal conduction property, 

increased glass transition temperature and reduced coefficient 

of thermal expansion. With modified thermal property, the 

presently fabricated composites have the potential to be used 

in applications where thermal conductivity is of prime 

importance. Also with improved glass transition temperature 

and coefficient of thermal expansion material can find its 

application where resistance to thermal fatigue is required. 
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I. INTRODUCTION 

Inclusion of rigid particles into the polymers can produce a 

number of desirable effects on its properties. The various 

properties of such particulate filled resin results from a 

complex interplay between the properties of the individual 

constituent phases; the resin, the filler and the interfacial 

region. Each filler type has different properties and these in 

turn influence the properties of polymers accordingly. The 

principal relevant parameters that affect the innumerable 

behavior of filled polymers are the weight 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.  

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.  It has been 

shown by many researchers that dramatic improvement in 

mechanical properties can be achieved by incorporation of 

either micro or nano-particles, since rigid inorganic particles 

generally have a much higher stiffness than polymer matrices 

[1].  

Aluminium oxide is well-known aluminium based 

ceramic which is being used widely as a filler material in 

polymer composites owing to its excellent tribo-mechanical 

and admirable thermo-electrical properties. Al2O3 exhibits 

high stiffness and hardness that makes it potential filler for 

polymers to be used in various mechanical and tribological 

applications. Tilbrook et al. [2] studied the mechanical 

properties of Al2O3 filled epoxy composite for a very wide 

range of filler content and found that the Young’s modulus 

and shear modulus of epoxy resin increases with the filler 

loading. Goyal et al. [3] reported similar trend in the variation 

of Young’s modulus of poly-ether-ether-ketone with Al2O3 

content. However, they observed that the modulus decreased 

appreciably with increase in temperature. Similar relation 

between Young’s modulus and temperature was observed by 

Jiang et al. [4]. Apart from Al2O3 particle loading, its size, 

shape and surface modification are also considered as 

influential factors for improving various mechanical and 

tribological properties. Lim et al. [5] too studied the influence 

of particle shape and size on the mechanical properties and 

fracture behaviour of epoxy/Al2O3 nanocomposites. 

Experience on the use of aluminium oxide as a filler material 

for improving thermal and dielectric properties are very 

limited. In spite of having moderate thermal and dielectric 

properties, only few researchers have considered Al2O3 as 

potential filler for enhancing these properties.  A detailed 

study of heat conduction behaviour of polyester-Al2O3 

nanocomposites at different temperatures and varied 

nanoparticle concentrations has been done by Moreira et al. 

[6]. Later, Kozako et al. [7] reported to have achieved a 

conductivity value of 4.3 W/mK for epoxy composites 

containing 60 vol % Al2O3. Jiang et al. [4] reported an 11°C 

increment in the value of glass transition temperature of 

epoxy resin with 4 wt% of Al2O3 filler, whereas for same 

filler loading, CTE of the composite decreased by 4.3 × 10-

6/°C and 7.6 × 10-6/°C in both glassy and rubbery region 

respectively. Similar trend of variation of CTE with Al2O3 

content was noted by McGrath et al. [8] as well. In a recent 

work, Sugumaran [9] found that dielectric strength of 3 wt% 

of Al2O3 added enamel was increased by 35% whereas 

marginal increase in dielectric constant was reported. Against 

this background, an attempt has been made in this research 

work to develop aluminium oxide based epoxy composites 

using simple hand lay-up technique and to study their thermal 

behavior under controlled laboratory conditions.  

II. MATERIALS AND METHODS 

A. Material Considered 

The most popular epoxy monomers are those derived from 

the reaction of bis(4 -hydroxy phenylene) - 2,2 propane 

(called bisphenol A) and 1 - chloroprene 2 - oxide (called 

epichlorohydrin), in the presence of sodium hydroxide is used 

as matrix material in present study. The epoxy resin with its 

corresponding hardener is procured from M/s Atul Limited, 

Bhopal. Aluminium oxide (Al2O3) is aluminium based 

ceramic material that has been used as a filler in the present 

work. It is an inorganic material. It can exist in several stable 

crystalline phase. Among the various stable phase available, 

the most stable is hexagonal alpha phase which will remain 
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stable at elevated temperature as well. It also possesses high 

thermal conductivity of 35 W/m-K and very low coefficient 

of thermal expansion of 8.1 × 10-6 /0C. It is therefore chosen 

as the primary filler material with an average size of 90-100 

micron which is procured from Rankem Corporation Limited 

located at New Delhi, India. 

B. Composite Fabrication 

In the present investigation, particulate filled polymer 

composite is fabricated using simple hand lay-up technique. 

The fabrication of composite involves following steps: 

1) The room temperature curing epoxy resin (L-12) and 

corresponding hardener (K-6) are mixed in a ratio 10:1 

by weight as recommended. 

2) Micro-size aluminium oxide will then added to the 

epoxy-hardener combination and mixed thoroughly by 

hand stirring. 

3) Before pouring the epoxy/filler mixture in the mould, a 

silicon spray is done over the mold so that it will easy to 

remove the composite after curing.  

4) The cast is than cured for 12 hours before it was removed 

from the mould.  

Composites were fabricated with different weight 

fraction of filler ranging from 0 to 50 wt. %. The list of 

fabricated composite in present work is presented in table 1.  

C. Characterization  

Thermal conductivity of the fabricated composites are 

measured by Unitherm Model 2022. The tests are in 

accordance with ASTM E-1530 Standard. Glass transition 

temperature and Coefficient of thermal expansion of the 

composites are measured with a Perkin Elmer DSC-7 

Thermal Mechanical Analyzer. During the measurement, the 

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

5°C/min.  

S.No. Composition 

1 Epoxy + 5 % by weight  Al2O3 

2 Epoxy + 10 % by weight  Al2O3 

3 Epoxy + 15 % by weight  Al2O3 

4 Epoxy + 20 % by weight  Al2O3 

5 Epoxy + 25 % by weight  Al2O3 

6 Epoxy + 30 % by weight  Al2O3 

7 Epoxy + 35 % by weight  Al2O3 

8 Epoxy + 40 % by weight  Al2O3 

9 Epoxy + 45 % by weight  Al2O3 

10 Epoxy + 50 % by weight  Al2O3 

Table 1: Epoxy Composites Filled With Aluminium Oxide 

III. RESULTS AND DISCUSSION   

A. Effective Thermal Conductivity 

The effective thermal conductivities of epoxy composites 

filled with micro-sized aluminium oxide with filler weight 

fraction ranging from 0 to 50 wt. % is shown in in this section. 

In this section, thermal conductivity of fabricated samples 

was measured for different filler content. Figure 1 shows the 

variation of thermal conductivity with filler content at 30 oC. 

It can be seen from graph that with increase in content of 

Al2O3, the conductivity of the composite body increases. This 

is obvious as the intrinsic thermal conductivity of aluminium 

oxide is much greater as compared to intrinsic thermal 

conductivity of epoxy matrix. This results in increase in the 

conduction capability of the fabricated composite. The 

maximum value of effective thermal conductivity among the 

various sets of fabricated composites is obtained when 50 

wt% of aluminium oxide is incorporated in epoxy matrix i.e. 

0.738 W/mK at a ambience temperature of 30 oC which is 

maintained inside the testing chamber. This increment is of 

around 241 % against neat epoxy.  

 
Fig. 1: Effective thermal conductivity of epoxy/aluminium 

oxide composites 

B. Glass Transition Temperature 

Figure 2 presents the variation of Tg with aluminium oxide 

content. It is observed that the Tg of neat epoxy is about 82°C 

and it gradually increases to 112.6ºC with an increase in filler 

content. A maximum increase of 30.6 ºC in Tg is obtained as 

the aluminum oxide content increases from 0 wt% to 50 wt%.   

 
Fig. 2: Glass transition temperature of epoxy/ aluminium 

oxide composites 

A maximum increase of about 37.3 % 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. 

http://www.azom.com/ads/abmc.aspx?b=5018
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C. Coefficient of Thermal Expansion 

Figure 3 shows that the coefficient of thermal expansion of 

the entire fabricated composites specimen under 

investigation.  It is clear from the graph that CTE of the 

composite decreases with increase in content of aluminium 

oxide. The coefficient of thermal expansion of neat epoxy 

was measured to be 68 × 10-6/°C. This value of coefficient of 

thermal expansion reduces to only 67.2 × 10-6/°C when 5 wt. 

% of aluminium oxide is added to epoxy. The decrement in 

the value of CTE progress as the filler content increases and 

reaches to 41.5 × 10-6/°C for maximum aluminium oxide 

content of 50 wt. %. A maximum decrease of about 38.9 % 

in CTE is obtained. The constraint of mobility of the epoxy 

chain due to the interaction of hollow glass microsphere and 

epoxy are responsible for the reduction of CTE.  

 
Fig. 3: Coefficient of thermal expansion epoxy/ aluminium 

oxide composites 

IV. CONCLUSIONS 

This experimental investigation has led to the following 

specific conclusions: 

1) Effective thermal conductivity of epoxy increases with 

increase in aluminium oxide content. Thermal 

conductivity also increases with increase in ambient 

temperature. The maximum value of thermal 

conductivity is obtained for maximum filler content of 

50 wt. % at an ambience temperature of 60 oC. The value 

increases from 0.216 for neat epoxy to 0.768 for filled 

epoxy. 

2) A significant improvement in the glass transition 

temperature is noticed with the incorporation of 

aluminium oxide 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. Improvement of around 37.3 % in the value 

of Tg is registered for maximum filler content of 50 wt. 

%. The maximum value obtained is 112.6 oC.  

3) It is also observed that the coefficient of thermal 

expansion of epoxy is reduced by the addition of 

aluminium oxide filler. It is observed that a drop of 38.9 

% in CTE of epoxy is obtained with 50 wt. % inclusion 

of micro-size aluminium oxide. These changes improve 

the thermal stability and expand the application domain 

of the composites. 
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