
Abstract
Composite materials made up of polymer matrix reinforced with synthetic fibers have gained popularity of late owing to 
their enhanced mechanical properties. However, very little work is reported to date on metals being used as filler material. 
Research gaps were obtained pertaining to the use of metallic fillers in synthetic fiber reinforced polymer composites. This 
paper demonstrates an attempt to fabricate composites made of Epoxy polymer matrix and E-glass fiber reinforcement with 
Mild Steel in its powdered form as fillers. Composites are prepared in varying weight percentages of the filler in the order of 
2 wt. %, 4 wt. % and 6 wt. %. Hand layup method is employed for fabricating these composites which are later subjected to 
compression. Further, the samples are machined according to ASTM D3039 standard for tensile test and ASTM D256 standard 
for Izod impact test. Hardness test is also performed using a Shore D Durometer and these properties are compared with the 
unfilled samples. The results indicated that the weight percentage of the filler clearly influenced the mechanical properties of 
the developed composites. This study also revealed that the hardness and tensile strength of these composites improved with 
the incorporation of fillers up to 2 wt. % whereas, the impact strength improved up to 4 wt. %. Thereafter, there was a decline 
in their impact and tensile properties. However, hardness marginally increased beyond 4 wt. %. This area is open for research 
with regard to their usability under tribological, high temperature or magnetic conditions. 

*Author for correspondence

1.0  Introduction
Composite materials, also called as composites, are a 
class of materials formed when two or more dissimilar 
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materials, each possessing its own characteristics, are 
combined to form a unique material whose properties are 
higher than that of the original constituents for a particular 
application. Development and application of composite 
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materials for various applications are in practice since 
the past few decades. In the modern era, researchers have 
shifted their focus on developing composite materials 
which possess lighter weight, greater strength, and better 
electrical, thermal or mechanical properties. The enhanced 
properties enable these composites to be extensively 
employed in military, automotive and aerospace 
industries1. The rise in demand of innovative materials in 
structural applications has generated attention amongst 
several researchers to develop composite materials that 
would have greater performance. 

Composite materials often consist of a matrix material 
reinforced with fibers and/or fillers. The mechanical 
performance of composite materials is primarily 
influenced by the type, size and quantity of reinforcements 
embedded in the matrix. There are different kinds of 
fibers like jute, flax, hemp2 etc., which are categorized as 
natural fibers, and carbon, glass, aramid3 etc. which are 
categorized as synthetic fibers. On the other hand, metals, 
ceramics and polymers have been widely used as matrix 
materials. Synthetic fibers are more preferred owing to 
the fact that the natural fibers tend to absorb moisture, 
thereby resulting in reduced mechanical properties4. 
Among the aforementioned matrix materials, polymers 
have gained popularity because of their low cost, bonding 
ability and strength. Furthermore, the strength of the 
composite materials can be enhanced by adding filler 
materials. Fly ash, graphene, Al2O3, SiC particulates5 etc. 
have been previously incorporated in the polymer matrix 
as filler materials. 

A critical review of literature suggests that glass fiber 
reinforcements provide good stiffness and high tensile 
strength6. Few studies also reported that Epoxy polymer 
matrix provides good stiffness, high strength and 
good corrosion resistance7,8. The filler material, weight 
ratio of resin to fiber and the particle size of the fillers 
influence the mechanical performance of the polymer 
composites9-11. The performance of a material under the 
conditions of wear and friction between the mating parts 
also play a pivotal role in selecting them for tribological 
applications. Some of the examples include machine 
elements such as gears, bearings or cams. Few researchers 
have attempted to use natural or metallic fillers to improve 
the tribological performance of polymer composites. 
Rout12 employed rice husk as the filler material and 
witnessed that the incorporation of rice husk enhanced 

the wear performance of the Glass-Epoxy composites 
under erosion. Another study conducted by Sudheer 
M13 revealed that the addition of cast iron powders as a 
micro level filler enhanced the wear performance of the 
Epoxy polymer. Several researchers14-19, have attempted 
incorporating different metallic fillers into the polymer 
resin and reported an increase in the mechanical 
properties like impact strength, hardness and tensile 
strength. Limited amount of work is reported in literatures 
where a metallic filler is used together with a synthetic 
fiber reinforcement and a polymer matrix. Hence, this 
combination is expected to be a potential material for 
tribological applications. However, this article mainly 
focuses on the mechanical performance of the fabricated 
samples.

In this study, Glass-Epoxy composites are fabricated 
by Hand layup method, which is then followed by 
compression. Powdered mild steel is used as the filler 
material and is varied in weight percentage in the order 
of 2 %, 4 % and 6 % and the samples thus fabricated are 
subjected to mechanical testing in accordance with ASTM 
(American Society for Testing and Materials) standards. 
The mechanical properties of the filled composites are 
then compared with the unfilled composites.

2.0 Materials and Methods
In the present work, saline treated E-glass fiber of 220 GSM 
is used as the reinforcement material, which is supplied 
by M/S Arun Fabrics, Bengaluru. The matrix material 
used is Epoxy resin (LY556) also known as bisphenol-A-
diglycidyl-ether. The hardener used is HY951. They are 
supplied by M/S Herenba Instruments, Chennai. Mild 
Steel provides high tensile strength, impact strength 
and good ductility. The powders obtained during power 
hacksawing of Mild Steel blocks are accumulated from 
workshop and sieved to 75 μm size and is employed as a 
micro-filler in the study.

Hand layup method is employed to fabricate the 
Glass-Epoxy composites, followed by subjecting the 
sample to compression under a UTM (Universal Testing 
Machine). From the sample calculations, it is observed 
that, in order to achieve a thickness range of 2.8-3.2 mm as 
per ASTM standards, around 12-14 layers are necessary. 
Hence, 14 layers of dimensions 200*200 mm of E-glass 
fibers were used for the study. Two Steel plates of size 
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600*400*10 mm are used as the upper and lower mold 
plates, which are tightly wrapped by means of PVC (Poly 
Vinyl Chloride) sheets with no air gap, upon which the 
fiber layers will be laid. A duct tape is applied across the 
boundaries where the sample will be fabricated in order 
to maintain the resin inside when the load is applied. A 
thin coat of separator wax is applied on the sheets using 
cotton, which helps in easier release of composite samples 
from the mold plates. The required number of fiber layers 
are weighed, and the fiber and resin are maintained in 
the proportion 50:50 by weight. To remove any moisture 
content from the collected Mild Steel powders, a known 
quantity of this micro-filler is preheated to 80°C for 2 
hours in a closed compartment of an air oven. This would 
permit the heat to reach uniformly to all metal particles. 
Otherwise, the particles which are in contact with the 
heating surface would dry, but not those which are far 
away from the heating surface. These filler particles are 
then allowed to cool to ambient temperature. The filler 
is then mixed with Epoxy resin and gently stirred for 15 
minutes. After a clear solution is achieved, the hardener 
is added to the filler-resin mixture in the ratio 10:1 as 
provided by the supplier. Stirring is continued and a 
coating of this mixture is applied on the PVC sheets of 
the bottom mold plate to the size of the sample with the 
help of a brush. This is followed by laying the first layer of 
E-Glass fiber and applying a thin coating of the mixture. 
A roller is used to get rid of any excess resin and air so 
that the mixture is uniformly distributed. This procedure 
is repeated for all the remaining fiber layers. After the 
final layer is laid, it is allowed to settle for 20 minutes, and 
the top mold plate is placed. This is followed by placing 
the mold plates below the UTM and subjecting it to a 
compressive load of 150KN for 20 minutes. The mold 
plates are removed from the UTM, and dead loads are 

placed on it for a duration of 24 hours and allowed to settle. 
The thus fabricated composite sample is finally removed 
from the mold plates. The thickness was measured at 
distinct localities of the sample and the average thickness 
was found to be 3 mm. It is machined to the required 
dimensions according to ASTM standards. For tensile 
specimen, a rectangular cross section specimen is used as 
per ASTM D3039 machined to dimensions 150 x 12.5 x 
3 mm, while ASTM D256 is adopted for Izod Impact test 
and the sample dimensions are 60 x 12.5 x 3 mm. Shore 
D Hardness value was determined as per ASTM D2240. 
Table 1 presents the material properties of E-glass, Epoxy 
and Mild Steel20. Figure 1 illustrates the flow diagram of 
the fabrication process of the composites.

2.1 Mechanical Tests
Tensile test was performed on a Computerized UTM for 
Polymers and its Composites with 1000 kg load capacity, 
resolution 0.1 kg, cross travel of 1000 mm and speed of 500 
mm/min. Figure 2 shows the various machined specimen 
for conducting the tensile test. Tensile strength was 
measured as the average value obtained from 9 specimens 
taken from 3 samples for a given weight percent of the 
filler.

The impact test was performed on a Computerized 
Impact Testing Machine for Polymers and its composites, 
having a capacity of up to 25 J, release angle of pendulum 
of 150°, and a minimum resolution of 0.02 J. Impact 
strength was measured as the average value obtained 
from 9 specimens taken from 3 samples for a given weight 
percent of the filler. 

A Shore D Durometer, with a resolution of 0.5 HD, 
measuring range of 0─100 Shore D units, and having an 
indentor of 30° cone was used to measure the hardness. 

Property Units E-Glass 
Fiber

Epoxy 
Resin Mild Steel

Tensile strength MPa 2050 6.9 550

Density kg/m3 2600 1400 7850

Impact strength J/m 300 68 600

Tensile modulus GPa 85 3.35 200

Table 1. Material properties
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Hardness was measured at various locations of the sample 
and was averaged.

3.0 Results and Discussions
Following are the results obtained from the various 
mechanical tests performed on the composites.

The tensile strength of Glass-Epoxy composites with 
Mild Steel powders as fillers are depicted in Figure 3. 
The unfilled composite had a tensile strength of 215.29 
MPa, while the tensile strengths of 2 wt. %, 4 wt. % and 
6 wt. % samples were respectively 233.6 MPa, 231.6 MPa 
and 209.36 MPa.  It is observed that, as the filler content 

increased to 2 wt. %, the tensile strength increased 
by 8.504% when compared to unfilled composite, 
then decreased by 0.856% for 4 wt. % and thereafter it 
significantly reduced. On the other hand, the tensile 
modulus was found to be 1.257 GPa for the unfilled 
composite, and it reduced by 29.27% to 0.889 GPa for 2 
wt. %, decreased further by 8.661% to 0.812 GPa for 4 
wt. % and increased by 8 % to 0.877 GPa for 6 wt. %. The 
percentage elongation ranged from 6.636 % for the unfilled 
samples to 8.067 % for 2 wt. %, 7.903 % for 4 wt. % and 
6.843 % for 6 wt. %. E-glass and Epoxy generally possess 
higher tensile strengths compared to Mild Steel. As the 
proportion of Mild Steel filler increases, the mechanical 

Figure 1.  Flow Diagram of the fabrication process.

Figure 2.  Tensile test specimen.
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performance of these composites is more influenced by 
the weaker Mild Steel component. This could have been 
attributed to the inability of uniformly distributing the 
stresses and resulted in the decline of the tensile strength.

The Izod Impact strength of Mild Steel filled Glass–
Epoxy composites are shown in Figure 4. The unfilled 
Glass-Epoxy composites had an impact strength of 738.83 
J/m, while the impact strength increased by 69.93% to 
1255.5 J/m for 2 wt. %, further increased by 2.389% to 
1285.5 J/m for 4 wt. % and reduced by 23.51% to 983.26 
J/m for 6 wt. %. This reduction in the impact strength 
could be attributed to the decrease in ductility, as indicated 
by the percentage elongation, thereby resulting in brittle 
behavior of the composite during impact loading.

The Shore D hardness of Glass-Epoxy composites with 
Mild Steel fillers are presented in Figure 5. The hardness 
value of the unfilled Glass-Epoxy composite was 81HD, 
while the hardness values of 2 wt. %, 4 wt. % and 6 wt. % 
samples were found to be respectively 82.33HD, 72.16HD 
and 80HD. Table 2 presents the mechanical properties of 
the developed composites.

4.0 Conclusions
Fabrication of composites made up of Glass and Epoxy 
using powdered Mild Steel as fillers was achieved 
by a simple hand lay-up method with a subsequent 
compression. The tensile strength, impact strength and 
hardness of these new class of composites improved with 
the incorporation of the filler up to a definite weight 
percent, thereafter there was a drop in the properties. 
Tensile strength increased with the filler content from 
215.29 MPa to 233.6 MPa by a margin of 8.504% for 2 
wt. %, followed by 0.856% reduction in the value to 231.6 
MPa for 4 wt. % and 9.602% reduction to 209.36 MPa 
for 6 wt. %. The tensile modulus decreased as the filler 
content increased up to 4 wt. % from 1.257 GPa to 0.812 
GPa and there was an increase in the trend up to 0.877 
GPa by 8% for 6 wt. %. Percentage elongation, which is a 
measure of ductility, increased with the filler content till 
2 wt. % from 6.6% to 8.0% and thereafter it reduced up to 
6.8%. However, when compared to the unfilled composite, 
the percentage elongation of 6 wt. % sample was slightly 
higher. The Izod impact strength also increased as the 

Figure 3.  Tensile test results.

Figure 4.  Impact test results.

Figure 5.  Shore D hardness test results.
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filler content increased up to 4 wt. % from 738.83 J/m to 
1285.5 J/m and reduced thereafter to 983.26 J/m, while 
the Shore D hardness value increased up to 2 wt. % from 
81 HD to 82.33 HD and decreased to 72.16 HD for 4 wt. 
%. As a future scope, this research work can be carried 
forward for testing their thermal, tribological or magnetic 
properties.
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