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Abstract: This study was carried out to investigate the effect of ceramic nano filler (aluminum oxide Al2O3 ) with weight fraction (2, 4, 

6, 8 and 10 wt% ) on some mechanical and thermal properties of epoxy resin. The composites are fabricated by hand lay-up method. 

Some tests are carried out like: hardness, impact strength, thermal conductivity and thermal stability. The results have been compared 

with neat epoxy. It is observed that mechanical and thermal properties of epoxy composite are modified compare to neat epoxy, where 

the hardness, impact strength, thermal conductivity and thermal stability increases with increase the reinforcement ratio of nano-Al2O3.  
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1. Introduction 
 

A composite material can be defined as a mixture consisting 

of two or more substances of different specifications 

insoluble in one another to obtain a material whose physical 

and chemical properties differ from the properties of the 

materials inside in the composition where the properties of 

the resulting material are better than their components [1-5]. 

The composite material consists of two phases: matrix phase 

and reinforcing phase, matrix phase may be a metal, ceramic 

or polymer and reinforcing phase may be a particles, fibers, 

flakes, fillers or laminates [6,7]. Recently, interest in 

polymer-based composites has increased because of the 

specifications of this group of chemical materials, 

particularly applications using high quality resistance. The 

most important materials used as base materials are polymer 

materials of all three types thermoplastic, thermoset and 

rubber [8]. The real challenge for most of the materials 

engineers is modification composite material or 

development of new composite materials where there is an 

increase demand for advanced materials with better 

properties to meet new requirements. One of the approaches 

to develop new class of polymer is modification of it matrix 

by addition of ceramic powders of different sizes such as 

aluminum oxide (Al2O3) to achieve the required mechanical 

properties [9]. Al2O3 nanoparticles is important ceramic 

compound due to mechanical and thermal properties. It is 

used in many industrial applications such as refractories, 

abrasives and electrical insulators [10]. The aim from this 

study is studying the effect of Al2O3 nanoparticles with 

different weight fraction on some mechanical properties 

(hardness and impact strength) and thermal properties 

(thermal conductivity and stability) of epoxy resin.  

 

 

 

 

 

 

 

2. Experimental Part 
 

2.1. Materials 

 

2.1.1.Polymer 

Epoxy resin and hardener, imported from Sikadur-52 

company, USA. Epoxy and hardener were used in this study 

in ratio of (2:1) for curing. 

 

2.1.2. Reinforced Material  

Aluminium oxide nanopowder is supplied from Hongwu 

International Group Ltd, China with purity 99.8%, particles 

size 80 nm and alpha phase. 

 

2.2 Synthesis 
 

The samples are formed by hand lay-up molding of epoxy 

resin with percentage weight (2, 4, 6, 8 and 10 wt.%) of 

Al2O3. The samples molded according to (ASTM DI-2240) 

for hardness test, (ISO-197) for impact strength and a tablet 

shape has a width (40 ± 0.2 mm) and thickness (4.0 ± 0.1 

mm) for thermal conductivity test. The weight of samples 

for thermogravimetric analysis (TGA) testing was 22mg. 

 

3. Result and Discussion  
 

3.1 Hardness Test 

 

The hardness was estimated by (Durometer Hardness) type 

(Shore D) factory by (TIME GROUP INC./ ITALY) 

company. Figure (1) shows the values of hardness of epoxy 

without and with additive. It can be seen that the hardness 

increases with increasing weight fraction of nanoparticles 

because the matrix transfers some of the applied stresses to 

the particles and therefore increasing in material resistance 

against the plastic deformation, this is in good agreement 

with [11]. 

Paper ID: ART20181446 DOI: 10.21275/ART20181446 663 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296 

Volume 7 Issue 4, April 2018 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 1: Relationship between hardness and the 

reinforcement ratio 

 

3.2 Impact Strength Test 

 

The impact strength was examined by a (US-made) 

instrument supplied by testing machines inc. (tmi) to 

determine the energy required to break or rupture samples 

by using international testing method for Charpy, this energy 

and impact strength of material were calculated as follows 

[12,13]: 

E= E1-E2                       ………  (1) 

I.S = E / bh                       ………  (2) 

Where: 

E : absorbed energy after impact (Joul). 

E1 and E2 : are initial and final potential energies, 

respectively. 

I.S : impact strength (KJ/m
2
). 

b : width of the sample (mm). 

h : thickness of the sample (mm). 

 

Figure (2) shows the values of absorbed energy in fracture of 

epoxy without and with additive. In general, the failure 

occurs in the unreinforced resin material subject to the 

impact test by breaking the bonds or forces in the polymer 

that one growing the initial cracks caused by impact stress. 

In fact, these cracks grow and propagate rapidly towards the 

interface surfaces separating between the polymer chains 

because the forces between these chains represented by 

Vander Waal forces which requires low energy to overcome 

it. The results show that the increase of the impact strength 

of the samples is by increasing the reinforcement ratios until 

(8 wt.%) because the nanoparticles work to withstand part of 

the impact stress exerted on the composite material and 

prevent the spread of the cracks in order to increase the bond 

between the base material and the reinforcing materials, this 

is in good agreement with [14]. 

 
Figure 2: Relationship between impact strength and 

reinforcement ratio 

 

3.3 Thermal Conductivity Test  

 

The thermal conductivity was estimated by Lee’s disk test 

which supplied by (Criffen and George company). The 

device consists of a heater (H) where the heat moves from it 

to the disk that follows it until it reaches the final disk where 

the heat is transferred through the model (S) and the subject 

between the disk (A) and (B). The temperature of the three 

discs is determined by using thermometers placed  inside the 

discs [15]. 

 

A value of thermal conductivity coefficient of the specimens 

(K) of thickness (d) and radius (r) is calculated at different 

potentials across the heater (6 Volt), current which flows 

through it (0.25 Ampere) and time (1 hour) are measured by 

using following equation [16]: 

K (TB-TA/dS) = e [TA+2/r (dA+dS/4) TA+dSTB/2r]   ….. (3) 

Where: 

dS, dA, dB and dC : are the thickness of the sample and the 

disks respectively (mm).  

TA, TB and TC : are the temperature of the disks A, B and C 

(ºC). 

e : quantity of thermal energy be emitted from exposed area 

of the surface (W/m
2
.ºC) calculated by using  following 

equation: 

IV= π r
2
 e (TA+TB) + 2π r e [dATA+dS/2(TA+TB) + dBTB + 

dCTC]….. (4) 

Where: 

V: is the different potentials across the heater.  

I : is the current which flows through it.  

 

Figure (3) shows the obtained results of measurements of 

thermal conductivity (W/m.ºC) for epoxy without and with 

different reinforcement ratios and found the reinforced with 

nanopowders leads to increase the thermal conductivity, 

because it works to reduce the degree of cross linking 

between the molecular chains that give them larger freedom 

of movement and increase the ability to vibratory 

movement, which leads to increase the thermal conductivity, 

this is in good agreement with [17]. 

 
Figure 3: Relationship between K and the reinforcement 

ratio 

 

3.4 TGA Test 

 

The thermal degradation was studied using 

thermogravimetric analysis which carried out by (differential 

scanning calorimetry), model STA PT-1000 linseis. TGA is 

used to know the thermal stability of epoxy resin and the 
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effect of additive on thermal stability for it. Figure 4, 

illustrates the TGA results of epoxy without additive and 

with (10 wt.%) additive. In two samples a change in peak 

was observed due to different melting behaviors of 

composite materials. There is no change in the starting of 

melting thermogram and there was a marginal increase in 

the ending of it, this difference is due to the nanoparticle 

penetrates inside the base material and works to fill and 

reduce the gaps that are formed during the molding process, 

which gave better thermal properties. The weight loss is due 

to the epoxy resin loses humidity by evaporation process 

then the epoxy begins to decompose.   

 
Figure 4: TGA curves of neat epoxy and epoxy/ 10% Al2O3 

nanocomposite 

 

4. Conclusions 
 

Neat epoxy has lower mechanical and thermal properties 

than (reinforced epoxy) composites. Hardness is increased 

with the increase of weight fracture of epoxy resin for all 

reinforcement ratios. Increased reinforcement ratios helps 

increasing impact strength and therefore increases the 

absorbed energy required to fracture the sample. The 

thermal properties increase with increasing reinforcement 

ratios. 
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