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Abstract  Several series of epoxy composites were prepared from micro metallic particulates of aluminium, copper and 
hybrid aluminium and copper. The weight fractions of three different fillers were varied from 10 to 40 wt % at varying 
intervals of 10%. The hybrid Aluminium-Copper filled epoxies were prepared by varying fillers in four different 
combinations. The effect of addition of the above particulate fillers on flexural properties of polymer composite with epoxy 
LY556 matrix has been studied. The increase in filler fraction increases the flexural modulus of epoxy composites while 
degradation in flexural strength was observed. Further studies were carried out on fractured surfaces using scanning electron 
microscopy to understand the fracture mechanism. 
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1. Introduction 
Epoxy a widely used engineering polymer due to its 

qualities such as good chemical and corrosion resistance, 
compatibility with many fillers good mechanical properties 
[1] has innumerable applications in transportation, 
construction, marine, rapid tools [2, 3], packaging industries 
[4] coatings, adhesives [5]. Epoxies are brittle in nature due 
to its cross linked structure and are costlier than some other 
thermosets. Hence reinforcing fillers serve dual purpose like 
modify some specific property and to reduce overall cost [1]. 
The properties of epoxy can be modified or enhanced by 
reinforcing it with fibers or use of different types of fibre 
mats, or combine fibres and particulate fillers where fibers 
takes the load and particulate improves specific properties, 
or combine short fibers and particulates. The fillers can be 
metallic, ceramic, whiskers, oxides, or blending with thermo 
plasts [6]. Epoxies filled with metallic particulates have 
applications in rapid tooling, thermal management systems, 
electrical and tribological applications. Mechanical 
behaviour of a particulate filled polymer composite is 
dependent on characteristics of reinforcing material such as 
type, size, content and shape, chemical structure and cross 
link density [7]. The present study employs particulates of 
copper and aluminium as reinforcing fillers for epoxy resin   
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individually and combined together in various combinations 
to evaluate flexural properties of composites. Copper which 
is soft and ductile and aluminium characterized by relatively 
low density, high electrical and thermal conductivity, 
resistance to corrosion in ambient atmosphere [8].   

2. Material and Methods 
2.1. Materials 

 

Figure 1.  SEM of metallic particulates of aluminium 

Epoxy resin of type LY556 (RT cure) and an amine 
hardener HY951 (Huntsman India Ltd) are used as matrix. 
The resin and hardener are mixed in the ratio 10:1. The 
reinforcements used are particulates of aluminium (Loba 
cheme India) and copper (Loba cheme India) shown in figure 
1 and 2 respectively. The size of aluminium particulates are 
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in the range 10 to 80 µm appears like a rod while particulates 
of copper are dendric in shape and size ranges from 5µm to 
15 µm.  

 

Figure 2.  SEM of particulates of copper 

2.2. Specimen Preparation 

The predetermined amounts of metallic reinforcements 
were preheated to remove any moisture present in it and were 
dispersed in epoxy. The mixtures were stirred continuously 
until the reinforcements were properly distributed. Hardener 
was added to the mixture with continuous stirring, followed 
by pouring the mixture in to a prepared mould. The 
specimens were allowed to cure in the mould for 24 hours at 
room temperature followed by post curing at 50°C for 30 
minutes, 70°C for 60 minutes and 85°C for 120 minutes. The 
cast test specimens had the following dimensions: length 127 
mm, width 10mm and thickness 3mm. Schematic diagram of 
the test specimen is shown in figure 3. The fillers were varied 
from 10wt% to 40wt% in steps of 10%. The maximum filler 
fraction was limited to 40wt% due to processing difficulties 
above 40%. Table 1 presents the details of cast composite 
specimens and the codes indicating reinforcement fraction. 
For example 10A20C-Ep represents 10wt% aluminium, 
20wt%, copper and 70wt% epoxy. 

 

Figure 3.  Schematic Diagram of test specimen 

2.3. Flexural Testing and Micro Structural Studies 

Flexural measurements were carried out using LYOD’S 
LR50K universal tester. ASTM D 790 test method was 
followed for a three point bend test at 1mm/min deformation 
rate. The flexural strength is evaluated using the equation    

Sf = 3PL / 2bh2               (1) 
Where, Sf = ultimate flexural strength (MPa) 

P = maximum load in Newton 
L = length of the specimen in mm 
b = width of the specimen in mm 
h = thickness of the specimen in mm 

Flexural modulus is evaluated using the equation 
Ef = ml3/ 4bh3               (2) 

Where Ef = flexural modulus (GPa)  
m = slope of load deflection curve 

Micro structural studies are carried out on fractured 
surfaces of composite specimens to investigate dispersion of 
fillers, understand the nature and the reasons for fracture. 
The SEM studies were carried out for fillers and fractured 
surfaces of test specimens. The images were captured using a 
scanning electron microscope of type JOEL 5600 LV. The 
specimens were coated with platinum before observation. 
SEM images were taken at different magnifications. 

Table 1.  Flexural strength and flexural modulus of epoxy and its 
composites 

Type 
 

Composite 
code 

% 
Al 

% 
Cu 

 Flexural Flexural 

% 
Ep 

Strength 
(Mpa) 

Modulus 
(Gpa) 

 Ep 0 0 100 103.25 3.73 
Al-Ep 10A-Ep 10 0 90 92.3 4.00 

 20A-Ep 20 0 80 86.36 4.24 

 30A-Ep 30 0 70 72.36 4.20 

 40A-Ep 40 0 60 55.25 5.57 

 10C-Ep 0 10 90 96.46 4.11 
Cu-Ep 20C-Ep 0 20 80 103.32 4.19 

 30C-Ep 0 30 70 91.58 4.32 

 40C-Ep 0 40 60 84.35 4.20 

 5A5C-Ep 5 5 90 88.01 4.11 

Series 1 5C15A-Ep 15 5 80 69.46 4.04 
 5C25A-Ep 25 5 70 57.06 4.28 

 5C35A-Ep 35 5 60 54.41 4.70 

 5A15C-Ep 5 15 80 77.00 4.11 
Series 2 5A25C-Ep 5 25 70 74.61 4.16 

 5A35C-Ep 5 35 60 77.20 4.38 

 10C10A-Ep 10 10 80 76.38 4.20 

Series 3 10C20A-Ep 20 20 70 65.26 4.29 

 10C30A-Ep 30 30 60 60.43 4.48 

Series 4 10A20C-Ep 10 20 70 59.40 4.43 

 10A30C-Ep 10 30 60 76.40 4.53 

3. Results and Discussions 
3.1. Flexural Strength of Al / Cu Filled Epoxy and 

Hybrid (Al-Cu) Filled Epoxy 

Table 1 presents the flexural test data in terms of flexural 
strength and flexural modulus of epoxy and its composites 
containing various fillers, tested under flexural mode. From 
figure 4, the neat epoxy casting exhibits a flexural strength of 
103.25 MPa and the flexural strength decreases with 
increased Al / Cu content except for 20C-Ep exhibiting a 
flexural strength of 103.32Mpa. Maximum reduction is seen 
at 40% filler content. The increase in filler content above  
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10% makes the interface weak [9, 10]. The addition of fillers 
creates the stress concentration at the interface of filler and 
matrix [11]. Further, agglomeration of particulates at higher 
particulate loading reduces the flexural strength of filled 
polymer composites [12, 13]. Epoxy filled with Al 
particulates show lower flexural strength than Cu particulate 
filled epoxy. This may be due to bigger size of Al 
particulates as the mechanical behaviour of a particulate 
filled polymer is dependent on size, type, content and shape. 
Further composite properties are affected by the chemical 
structure and cross link density when they are filled with 
metallic fillers [7]. 

 

Figure 4.  Flexural strength of Al-Ep & Cu-Ep 

 

Figure 5.  Flexural strength of Series 1 and series 2 Ep-composites 

Figure 5 compares the flexural strength of series 1 and 
series 2 composites. Series 1 has Cu at 5wt%, while Al is 
varied from 5 to 35wt% in steps of 10%. Series 2 has Al at 
5wt%, while Cu is varied from 5 to 35wt% in steps of 10%. 
Degradation of flexural strength was observed for both types 
of composites and is higher in series 1. This may be due to 
higher Al content in series 1 composite. Figure 6 compares 
the flexural strength of series 3 which has Cu at 10wt%, 
while Al is varied from 10 to 30wt% in steps of 10% and 
series 4 which has Al 10wt%, while Cu varied from 10 to 
30wt% in steps of 10%. Trend similar to previous 
composites are seen for series 3 and 4 i.e. increased filler 
content reduces the flexural strength and higher Al content 
further reduces the strength. 

 

Figure 6.  Flexural strength of series 3 and series 4 Ep- composites 

3.2. Flexural Modulus of Al / Cu Filled Epoxy and 
Hybrid (Al-Cu) Filled Epoxy 

Figure 7 compares the flexural modulus of Al-Ep and 
Cu-Ep composites. Neat epoxy exhibits a flexural modulus 
of 3.73 GPa. Flexural modulus increases with an increase in 
aluminium or copper content. Up to 20% filler content much 
variation was not seen for Al-Ep or Cu-Epoxy. A steep rise in 
modulus was seen for 40% aluminium filled epoxy (5.57GPa) 
while a fall in modulus was noticed for 40% copper filled 
epoxy (4.20GPa). However the improvement in modulus for 
40A-Ep is 49% and for 40C-Ep is 12.60% over neat epoxy.  

 

Figure 7.  Flexural modulus of Al-Ep and Cu-Ep 

Flexural modulus of series 1 and series 2 which are filled 
with hybrid (Al-Cu) fillers are shown in figure 8. These 
composites show a trend similar to mono Al/Cu filled epoxy 
composites. Series 1 which has a dominance of aluminium 
exhibit marginally higher modulus than series 2. 5C35A-Ep 
exhibits a modulus of 4.70 GPa while 5A35C-Ep exhibits 
4.38GPa. The improvement over neat epoxy is 26% and 
17.42% respectively. The flexural modulus of series 3 and 4 
is shown in figure 9. Series 4 exhibits higher modulus than 
series 3 though it has higher copper fraction. This may be due 
to increased Al by 5wt%. 10C30A-Ep of series 3 and 
10A30C-Ep of series 4 exhibits a modulus of 4.48GPa and 
4.53GPa highest in their series. This amounts to an 
improvement of 20.10% and 21.44% over neat epoxy. 
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Figure 8.  Flexural modulus of series 1 and series 2 Ep-composites 

 

Figure 9.  Flexural modulus of series 3 and series 4 Ep- composites 

The fillers which are stiffer than matrix, increases 
modulus of the composites when they are reinforced [4]. 
Addition of fillers increases the modulus of the composite as 
the moduli of fillers are higher than matrix and also modulus 
is also dependent on particle size [14]. Since copper particles 
are smaller in size compared to aluminium particles, copper 
filled epoxy and copper dominated hybrid epoxies show 
lower modulus than aluminium composites. At higher filler 
loading percolation network of fillers develops which 
increases the modulus of the composites. Increasing modulus 
with increased filler content is attributed to inherent stiffness 
of the fillers [15]. 

3.3. SEM of Fractured Surface 

The SEM of the fractured surface of specimens of series 1 
is shown in figures 10-13. Figure 10 presents the fractured 
surface of 5C5A-Ep. This composite has equal blend of both 
type of fillers. The image show severe cracks all over the 
surface and fewer particles are seen. Figure 11, the fractured 
surface of 5C15A-Ep presents a surface with reduced cracks. 
Figure 12 fractured surface of 5C25A-Ep which has a filler 
content of 30%, lot of particles are seen.   

A crack formed around a particle shown is seen in figure 
12 shown by an arrow, where particle has acted as a crack 
pinning mechanism. Figure13, image of fractured surface of 
5C35A-Ep displays crack formation and dislodged particles. 

 

Figure 10.  SEM of fractured surfaces hybrid 5C5A-Ep 

 

Figure 11.  SEM of fractured surfaces hybrid 5C15A-Ep 

 

Figure 12.  SEM of fractured surfaces hybrid 5C25A-Ep 

 

Figure 13.  SEM of fractured surfaces hybrid 5C35A-Ep 
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4. Conclusions 
Flexural strength of epoxy composites decreased with an 

increase in aluminium or copper content. The degradation of 
strength is more in aluminium filled epoxy. Similar trend is 
observed for hybrid (Al-Cu) fillers filled epoxy. Hybrid 
(Al-Cu) fillers of copper dominance exhibits higher strength 
than aluminium dominant composites. Flexural modulus of 
all composites increases with filler increase. Flexural 
modulus of aluminium filled and aluminium dominant 
hybrid (al-cu) fillers filled composites are higher than copper 
filled and copper dominated hybrid composites. Fractured 
surface images show even distribution of particulates at 
higher filler loadings and cracks are observed. 
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