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Abstract
Plastics are inevitable these days as it is versatile material that lends 
itself to many uses. Aircrafts and cars are made of composites to 
lighten their weight. Glass fiber reinforced composites due to their 
high specific strength and specific stiffness have become attractive 
structural materials not only in weight sensitive aerospace industry, 
but also in marine, armor, automobile, railways, civil engineering 
structures, sport goods etc. Epoxy resin is the most commonly used 
polymer matrix with reinforcing fibers for advanced composites 
applications. In the present work, polymer nano composites. 
Room temperature cured Epoxy System filled with Glass fiber 
and containing Aerosil are synthesized by high shear mechanical 
mixer, and then kept in an ultra-sonicator for better dispersion 
of Aerosil (0.1, 0.2, 0.3, 0.4 and 0.5 gm wt) was incorporated 
into the epoxy matrix in order to evaluate the influence of the 
aerosil fillers on Mechanical, Thermal, properties. The system 
was processed by wet hand-layup technique for making the test 
specimens. Thermal properties of the nano/aerosil composites 
were studied using Thermo gravimetric analysis (TGA) and 
Differential scanning calorimetry (DSC). Mechanical properties 
like Flexural strength and modulus, Tensile strength and modulus 
of the nano/aerosil composites were studied by UTM (Universal 
Testing Machine).
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I. Introduction
Firstly, shrinking a something means that lesser material is required 
to build it. Material is like an excess baggage. It costs money, adds 
weight and takes up space. These considerations weigh heavily 
on all engineering decisions and are of utmost importance for 
certain applications-for example, satellite and space craft systems, 
which must be as small as possible. Moreover, it is expensive and 
inefficient to take heavy things into space: the cost of launching 
the space shuttle in 2004 is about $10,000 per pound of weight. 
Smaller devices are imperative in the medical field and have 
enabled unprecedented surgical and imaging techniques. 
The use of composites filled with nanoparticles in epoxy system has 
gained significant importance in the development of thermosetting 
composites. One of the most important focuses in achieving this 
goal is to develop a new material, which possesses a strength-
to-weight ratio that far exceeds any of the present materials. 
Epoxy resin remains the most important matrix used in the high-
performance transportation systems. When epoxy combines with 
glass fibers, it results in advanced composites, which have sound-
specific properties such as impact, hardness, tensile, strength, 
and modulus and properties. The new found properties make 
this material very attractive for use in aerospace applications. 
Estimation has it that for every unit of weight reproduction in 
an aircraft, there is a considerably less consumption of fuel or 

higher load capacity, and hence materials offer load saving. Due 
to their resistance to chemicals, the permeability of water, oxygen, 
and other gases to composites also decreases, making them ideal 
for building advanced composite fuel tanks for future reusable 
launch vehicles.
The objective of the present study is to fabricate nanocomposite 
that contain reinforcing glass fiber in the epoxy matrix and to 
evaluate the influence of the  nano/aerosil fillers on Thermal, 
Mechanical, Morphology, Chemical resistance and Electrical 
properties. This research presents the work done on the effect of 
adding nanoclay on tensile properties and flexural properties of (a) 
Epoxy Montmorillonite (nanoclay) and glass fiber, and (b) Glass 
fiber and Aerosil are incorporated in Epoxy in order to study the 
variation of Mechanical, Thermal, Morphology properties.

II. Materials and Methods

A. Materials 
The matrix material used in this present study is a commercially 
available epoxy resin (Aradur LY-556) and hardener (TETA, 
Araldite HY-951) supplied by Huntsman, Switzerland. The weave 
glass fiber reel (density: 350 gm/m2) obtained from Saint Gobain 
Industries Ltd., Bangalore. The nano filler was used in this study 
among first up Montmorillonite clay (Product No: 682659; Brand: 
Aldrich, Product name: Nanoclay) and Aerosil (grade RY50, BET 
Surface area (m2/g): 30 + 15, PH: 4.5-7.5, Carbon content [wt. 
%]: 3.0-4.0, Chemical composition: Sio2) filler

B. Fabrication of Nanocomposites
Firstly, clay was dried in an oven at a temperature of 80 °C for 
24h. Then pre-calculated amount of epoxy was mixed in a suitable 
beaker. A predetermined ratio clay is mixed with a stipulated 
quantity of epoxy were thoroughly stirred in a mechanical 
shear stirrer for about 1h at ambient temperature. Then the 
epoxy and clay composition was kept in a high intensity ultra-
sonicator for one and half hour with pulse mode (50s on / 25s 
off). External cooling system was employed by submerging the 
beaker containing the mixture in a water bath to avoid temperature 
rise during the sonication process. Once the above process was 
completed, epoxy/hardener in the ratio (100:10) parts by weight 
was added to the modified epoxy composition. A glass mould with 
required dimensions was used for making sample on par with 
ASTM standards and it was coated with mould releasing agent 
to enable easy removal of the sample.Mould was filled with pre-
calculated amount of glass Fiber using hand-layup technique. In 
this technique the glass fiber was wetted by a thin layer of clay/
epoxy suspension in a mold. Stacking of glass fiber was arranged 
side by side all over the mold. Stacking of the glass fiber was 
carefully arranged after pouring some amount of the resin against 
the mold to keep poor impregnation at bay. The remaining quantity 
of mixture was poured over the glass fiber. Mixture is poured 
over the glass mould. Brush and roller was used to impregnate 
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the nanocomposite. The closed mold was kept under pressure 
for 24 hr at room temperature. To ensure complete curing the 
polymer nanocomposite samples were post cured at 80ºC for 2 
hr and the test specimens of the required size were cut out from 
the sample sheet.

C. Thermal Analysis
The thermal characteristics of the epoxy modified with nano/
aerosil are measured using both thermo gravimetric analysis 
(TGA) and differential scanning calorimetry (DSC-2010 TA 
Instrument). Thermogravimetric analysis (TGA) was used to 
investigate thermal decomposition behavior of the nanocomposite. 
Differential scanning calorimetry (DSC-2010 TA Instrument) was 
used to study the glass transition temperature (Tg) of the material. 
Tests were done under nitrogen at a scan rate of 10°C/min in a 
programmed temperature range of 30 to 600°C. A sample of 5 to 
10 mg was used for ach run. The weight change was recorded as 
a function of temperature

D. Tensile Load Measurements
Tensile strength was studied using an Instron Universal testing 
machine supplied by Instron Corporation; a series-9 automated 
testing machine was used with a crosshead speed of 5 mm/min. 
Testing samples were prepared in dumb-bell shapes and these 
dimensions are 100 x 20 x 3 mm3 based on the ASTM D 638 
standards. In each case, five samples were tested and the average 
value tabulated. 

E. Flexural Load Measurements
Flexural strength and modulus were tested using an Instron 
Universal testing machine with a crosshead speed of 2 mm/min. 
The three-point bending test system was used for all samples. In 
each case, five samples were tested and the average value tabulated. 
Authors used 50 kN load cell used for testing. Furthermore the 
sample sizes 100 x 20 x 3 mm3 was cut in accordance with ASTM 
D 618.

Table 1: Epoxy + Aerosil + Glass Fiber (GF)
Sample
 No

Epoxy 
in gm wt

Aerosil
 in gm wt

Glass Fiber
 in gm wt

S1 55 0.1 2
S2 55 0.2 2
S3 55 0.3 2
S4 55 0.4 2
S5 55 0.5 2

F. Nano Composites Preparation
The quantity of nanoclay dispersed in to the epoxy the systems, 
in weight, is 1, 2, 3, 4, and 5 gm wt. A glass mould was prepared 
with ASTM standards to fabricate samples, further it was coated 
with mould releasing agent for easy removal of casting.  Clay 
was mixed with stipulated quantity of resin based on the a fore 
mentioned ratio mixed thoroughly with mechanical shear mixing 
for about 1 h at ambient temperature conditions. Then the epoxy 
and clay composition was kept in a high intensity ultra-sonicator 
for one and half hour with pulse mode (50s on / 25s off). External 
cooling system was employed by submerging the beaker containing 
the mixture in a water bath to avoid temperature rise during the 
sonication process. As shown in figure below.

Fig. 2: Mould Was Filled With Require Amount of Glass Fiber 

Fig. 3: Aerosil +Epoxy +Glass Fiber (0.3 gm) + (55 gm) + 
(2gm)

Fig. 4: Aerosil +Epoxy +Glass Fiber (0.1 gm) + (55 gm) + 
(2gm)
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Fig. 5: Aerosil +Epoxy +Glass Fiber (0.2 gm) + (55 gm) + 
(2gm)

Fig. 6: Aerosil +Epoxy +Glass Fiber (0.5 gm) + (55 gm) + 
(2gm)

Fig. 7: Aerosil +Epoxy +GlassFiber (0.4 gm) + (55 gm) + 
(2gm)

G. Mechanical Strength
Tensile strength, tensile modulus and heat distortion temperature 
(HDT) characteristics are improved with the use of nanotechnology. 
Cloisite, a nylon nanocomposite produced by Southern Clay 
Products with a clay loading of 5%, exemplifies these increased 
mechanical properties. Nanoclays in nylon increase tensile strength 
in this example by 23%.

Table 2: Source- Southern Clay Products, 2005

Strength Nylon 6 Cloisite
Nanocomposite (5%)

Tensile Strength (MPa) 82 101

Tensile Modulus (MPa) 2756 4657

Flexural Modulus (MPa) 2431 3780

HDT, °C 57 96

III. Results and Discussion

A. Tensile Test
In our Project work we have synthesized two different systems 
epoxy resin as Matrix along with the materials chosen for 
reinforcement are namely (a) Glass fiber with nano (MMT) 
and (b) Glass fiber with aerosil respectively. Table 1 shows the 
experimental measurements of tensile strength and modulus of 
glass fiber with nano (MMT) contents. It was observed that tensile 
strength and modulus properties increase when filler content is 
increased up to 4 gm wt and decreases with further increase in 
filler content. Tensile strength and modulus have been improved 
by 62.42 and 25 % improvements at 4 gm filler content of nano 
(MMT) compared with aerosil, respectively.
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Fig. 7: Tensile Strength of Glass Fiber Reinforced Epoxy Filled 
Nano and Aerosil Fillers
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Fig. 8: Tensile Modulus of Glass Fiber Reinforced Epoxy Filled 
With Nano (MMT) and Aerosil Fillers
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Table 3:  Tensile Properties of nano (MMT) Filled With Epoxy 
Nanocomposites 

Name of the sample 
/ Sample no.

Tensile 
strength 
(Mpa)

Tensile 
modulus 
(Mpa)

S1 43.81 1389.33

S2 55.81 1372.30

S3 58.80 1602.08

S4 62.42 1765.79

S5 46.11 1304.82

Similarly for the second system, experimental measurements of 
tensile strength and modulus properties of aerosil filled with epoxy 
composites . For the glass fiber-reinforced composite (1 gm wt 
filler content) duo properties were 33.01 Mpa and 1097.66 Mpa, 
respectively. Duo properties are increased up to 4 gm wt filler 
content, then decreases as filler quantity increased up to 5 gm wt 
as shown in Figure 1(a and b). Mittal studied a linear increase in 
tensile modulus observed with the filler volume fractions owing 
to partial exfoliation of the clay up to 4 gm

Table 4: Tensile Properties of Aerosil Filled With Epoxy Nano 
Composites 

Name of the sample /
 Sample no.

Tensile
 strength 
(Mpa)

Tensile 
modulus 
(Mpa)

S1 33.01 1097.66
S2 51.83 1337.67
S3 53.56 1513.19
S4 57.42 1618.84
S5 35.87 1116.45

B. Flexural Test
Flexural strength and modulus measurements for glass fiber 
reinforced epoxy filled with nano are 32.5 Mpa and 1501.50 Mpa, 
shown in Table 5. Flexural strength and modulus are improved 
by 62.7 and 51.1% respectively when 2 gm wt filler content is 
dispersed in the matrix compared with neat epoxy. Flexural strength 
and modulus were improved by 170.1 and 148.4% respectively at 
5 wt% clay content. It is observed that the flexural strength and 
flexural modulus properties increase as the proportion of filler 
increases up to 4 gm wt, but further increasing the filler contents 
causes duo properties to gradually decrease.

Table 5:  Flexural Properties of Nano (MMT) Filled With Epoxy 
Nanocomposites
Name of the Sample / 
Specimen no.

Flexural Strength 
(Mpa)

Flexural Modulus 
(Mpa)

S1 32.5 1501.50

S2 41.2 2119.65

S3 53.4 2998.58
S4 58.2 4110.24
S5 38.1 1633.82

Table 6: Flexural Properties of Aerosil Filled With Epoxy Nano 
Composites 
Name of the sample 
/ Sample no.

Flexural 
Strength (Mpa)

Flexural modulus 
(Mpa)

S1 26.3 1289.39
S2 35.1 1848.18
S3 43.2 2025.34
S4 48.9 2906.72
S5 31.4 1633.82
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Fig. 9: Flexural Strength of Glass Fiber Reinforced Epoxy Filled 
With Nano and Aerosil Fillers
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Fig. 10: Flexural Modulus of Glass Fiber Reinforced Epoxy Filled 
With Nano and Aerosil Fillers

Linearly increasing duo properties were observed up to 4 gm 
wt of filler, and then a sudden fall was observed at 5 gm wt 
filler, seen clearly in Figure 9 and 10. We studied mechanical and 
thermal behavior of glass fiber-reinforced aerosil filled with epoxy 
nanocomposites in which they have shown improved flexural 
strength and modulus at 4 gm wt filler due to the presence of 
clay layers located at the interface of the fiber and the matrix. 
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The filler layers may enhance the interfacial properties up to some 
concentrations. For pure epoxy filled with nano GF composite, 
flexural strength and modulus are 22.6 Mpa and 1301.5 Mpa. It was 
observed that flexural strength and modulus results were improved 
by 36 and 47.5%, with 2 gm wt filler content, respectively. Duo 
properties were increased up to 4 gm wt nano filler content and 
0.4 gm wt aerosil filler content, and then strength and modulus 
gradually decrease as filler quantity increased to 5 gm wt and 0.5 
gm wt. Optimal values were obtained at 4 gm wt filler content 
as shown in Table 5. We observed flexural strength and modulus 
values are 56.8, and 103.6% increased at 4 gm wt clay. 

C. Thermal Analysis
Fig. shows the weight loss curves of five different samples (i.e. 
with 1,2,3,4 and 5 gm wt nano filler) of nanocomposite materials. 
For nano (1 gm) weight loss was constant up to 200°C and then 
decomposition started at 400°C. It is clear that the decomposition 
temperature of the nanocomposite shifted towards the higher 
temperatures as filler content goes upto 4 gm wt. Weight loss 
was constant for 5 gm wt filler sample up to 350°C. The reason 
for weight drop for 2 gm wt nano filler is due to the moisture 
content in sample. It is clear that the decomposition temperature 
of the composite shifted towards higher temperature indicating 
higher thermal stability of the polymer upto 5 gm wt filler. The 
existence of inorganic materials in polymer matrix, generally, 
enhances the thermal stability of the nanocomposite. The weight-
loss temperature curve shows that the residue left beyond 450°C is 
in line with the inorganic material content of each sample. These 
results clearly indicate that enhanced interface and bonding of 
glass fiber reinforced epoxy nanocomposites led to the increased 
thermal stability. 15% weight loss and 10° C rise in decomposition 
temperature was observed for 5 gm wt filler when compared with 
the 1 gm wt.A typical thermogram for glass fiber reinforced epoxy 
filled with aerosil nanocomposites with loading 0.4 gm wt filler 
has been shown in fig. 11. The glass transition temperature (Tg) 
of epoxy nanocomposites was observed for filler aerosil 0.4 gm 
wt at 140, 160, 180, 190 °C respectively. Maximum heat flow 
and decrease in glass transition was observed for 0.4 gm wt filler 
content. However, with filler loading the Tg values do not shift. 
From the below figures it was clearly noted that 4°C decrease 
in glass transition temperature was observed for 0.4 gm. An 
endothermic peak at 170°C is observed for the nanocomposites.

Fig. 11: DSC Results of Epoxy Nanocomposites  as a Function 
of Aerosil at 0.4 gm wt Filler

IV. Conclusion
Reinforced glass fiber epoxy filled with nano/aerosil 1. 
polymer nanocomposites were synthesized with different 
concentrations of nano (MMT)/aerosil dispersion through 
in situ polymerization. 
Flexural strength, flexural modulus, tensile strength and 2. 
modulus were increased correspondingly up to 4 gm wt 
for reinforced glass fiber epoxy filled with nano filler and 
similarly for 0.4 gm wt for reinforced glass fiber epoxy filled 
with aerosil, respectively, and decreases with further addition 
of filler contents. 
Thus it can be concluded that nanocomposites can be used 3. 
for high strength, stiffness, and bending applications in 
aerospace, automobile, and marine and lightweight article 
applications.
Overall studies indicated that the reinforced nanocomposites 4. 
at 4 gm wt filler loading are promising candidates for 
structural applications where high strength and stiffness is 
indispensable. 
The present study thus bears testimony to all of these findings. 5. 
Hence the present study not only discloses that nano filler 
overseen through the polymer with different surface treatment 
promotes the performance of composites, but that unique 
tailored properties are improved by changing the proportions 
of the nano filler on the matrix. 
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