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ABSTRACT

In aerospace applications research efforts are focusing on the design of advanced composite
materials reinforced with nano fillers. Such advanced materials combine weight saving with
multifunctional properties, including mechanical. In the present investigation, multiwall carbon
nanotubes (MWCNTS) nanoparticles were dispersed individually by different size percentages into
epoxy-based polymeric nano composites. MWCNTSs of 20 and 30 nm inner and outer diameters
were reinforced with contents of 0.3, 0.6,and 0.9 % into epoxy matrix. Mechanical properties of
Epoxy/MWCNTs such as tensile strength, strain at break, impact energy, and Vickers micro
hardness .The design was done using design of experiments (DOE) using mixed full .The
mechanical results revealed declining in tensile strength, strain at break and impact energy. While
the micro hardness values enhanced with addition of nano fillers into the epoxy matrix. Frequency
response and shock absorption ratios have been severely affected by increasing ratios of nanometer
materials. Where the results of mechanical tests showed a decrease in the rate of shock absorption.
It is noticeable that the damping factor follows the same trend as the mechanical properties of

epoxy nanoparticles.
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1- INTRODUCTION

In the recent years, there is a great need for composites
because the combination of two or more materials can
lead to enhance performance and outstanding
properties compared to their constituents. Especially,
the polymer based composites reinforced with a small
percentage of strong fillers can significantly improve
the mechanical, thermal and barrier properties of the
pure polymer. Moreover, these improvements are
achieved through conventional processing techniques
without any detrimental effects on processability,
appearance, density and aging performance of the
matrix. The realization of their unique properties, has

been considering for a wide range of applications

including packaging, coating, sport, electronics,
aerospace industries, aircraft and military, automotive,
and marine engineering [1]. One part of composite
material for technical applications may be represented
by a thermosetting polymer matrix, e.g. an epoxy resin,
which already covers alone some of the demanded
properties [2]. Epoxy resins (EP) have been widely
used in practical applications such as adhesives,
construction materials, composites, laminates and
coatings owing to their excellent mechanical
properties, low cost, ease of processing, good adhesion
to many substrates, and good chemical resistance [3].
However, because the polymer matrix must withstand

high mechanical and tribological loads, it is usually
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reinforced with fillers. These fillers can be chosen as
fibres (glass, carbon and aramid) or particles such as
ceramic powders [2].

Nanoparticles have been used as fillers in polymeric
composites for improving the mechanical performance
of the materials. One of the distinct advantages of
nanocomposites over microcomposites lies in that the
performance improvement is often acquired at
relatively low concentration of the nano-fillers. This is
beneficial to the mechanical properties, processability
and aesthetic appearance of the end-products [4].
Carbon nanotubes (CNTs) are increasingly attracting
scientific and industrial interest by virtue of their
outstanding characteristics. The CNT walls resemble
rolled-up graphite-like sheets. According to their
graphitic structure, CNTs possess high thermal
conductivity and an electrical conductivity that can be
either semi-conducting or metal like [3]. Ceramic—
polymer composites are functional materials of a great
potential for industrial applications. These composite
materials combine hardness, stiffness and wear
resistance of ceramics and elasticity of polymer [5,6].
The aim of the present work is to study the mechanical
performance of epoxy based composites reinforced
with MWCNTSs. The variation of hardness, impact
energy and as a function of the content of the

aforementioned nanofillers was evaluated.

2- Experimental Study:

21 MATERIALS

2.1.1 Polymer Matrix

The type of epoxy resin used in the present
investigation is KEMAPOXY-150 manufactured by
Chemicals for Modern Buildings Company (CMB),
Egypt. Epoxy resin is a thermoses resin with good
thermal and environmental stability. The general
chemical formula of the epoxy mer is shown in Fig.
2.1.
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Figure 2.1. Chemical formula of epoxy matrix [7]

2.1.2  Nanodfillers

nanofillers are MWCNTSs provided as a dry
powder from Nano Tech company. Multiwall carbon
nanotubes (MWCNTSs) were used as a reinforcing
agent. MWCNTSs were produced by a fully automatic
system using arc-discharge technique using multi
electrodes, carbon nanotubes (CNT) with a diameter of
10-40 nm and a length up to 5 microns as shown in
Fig. 2.2. Nano-composites based on epoxy matrix
containing 0.3%, 0.6% and 0.9% by volume of the

MWCNTSs were produced.

Fig. 2.2. TEM micrographs of MWCNTS.

Table 2.1. Properties of MWCNTS used in the present

study [8].
ronert Thermal | Electrical
perty Densit)3/ E | Strength | conductiv | conductiv
) g/lcm® | (TPa) (GPa) ity ity
Materia Wimk) | (S/m)
MWCNTSs 2.6 1] 6-30 >3000 | 10%-10’

2.2 NANOCOMPOSITE PREPARATION
The Epoxy/MWCNTS composites were
prepared using the following technique:
1. The epoxy resin and a certain volume fraction
(0.0.3, 0.6 and 0.9 vol.%) of MWCNTSs

reinforcements were mixed together in glass
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beakers, and stirred mechanically at 300 rev/min.
for more than 20 minutes at room temperature;

2. The hardener was added to the mixture by the
ratio 1:2 by volume and then stirred mechanically
again for three minutes;

3. The epoxy/MWCNTS slurry was poured in a
plastic dies;

4. Finally, the mixture was allowed to fully harden
at room temperature.

Figure 2.3 shows a schematic illustration of the
preparation  technique used for  manufacture
Epoxy/MWCNTSs composites. The unreinforced epoxy
matrix samples were prepared using the same

technique described above but without any addition of

MWCNTSs.

EPOXY MIX

a I

MIX HARDENER DIE

[—

MWCNTs

Fig. 2.3. A schematic illustration showing the epoxy/
MWCNTSs composites preparation technique.

Tensile Test

Tensile tests of the nanocomposites were
performed according to ASTM D 638-03 standard
(Standard Test Method for Tensile Properties of
Plastics), using the (Instron) universal testing machine
with a load cell of 5 KN and a constant speed of 10
mm/min. Three specimens for each condition were
tested. The load displacement results were analyzed to
calculate the tensile strength of nanocomposite
specimens.

The results are illustrated in the form of load
vs displacement curve as shown in Fig.2.4. for
MWCNTs

Epoxy/0.3 wvol. % nanocomposites

specimen.
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Figure 2.4. Load vs displacement relation for
the tensile test of Epoxy/0.3 vol. % MWCNTSs

nanocomposites

22.1.1 Impact Test

Charpy impact test was performed according
to DIN-ISO179. The impact strength of the composites
was measured using notched specimen  with
rectangular dimensions of 80x10x4 mma3 as shown in
Fig.2.5. Charpy impact strength-testing machine (HIT
50P Zwick/Roell) was used with a pendulum energy
0.5 Joule, angle of inclination (fall angle) 106.380 at
room temperature as illustrated in Fig.2.6. The distance
between the supports (span distance) was set to 60 mm.
three specimens of each condition were tested and the

average values of the data are reported.
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Figure 2.6. Charpy impact test machine
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3- Results and Discussions:

3.1.1 Microhardness Properties

The average Vickers microhardness results
are illustrated in Table 3.1. The microhardness values
increase with addition of more volume percentage of
the MWCNTSs nanofiller . The variation of the average
Vickers microhardness of the nanocomposites with the
nanofillers contents is illustrated in Fig.3.1. The
Epoxy/ MWCNTs nanocomposites showed slightly
high average microhardness values than the neat epoxy
matrix. The maximum value of the microhardness is
about 18 VHN was observed for Epoxy /0.6 vol. %
MWCNTSs nanocomposites. Moreover, the increasing
of nanoparticle content in the matrix, decreases the
inter particle distance which caused increase of
resistance to indentation [9].

Table 3.1 Microhardness of epoxy nano composites

tensile strength. Figure 3.2. shows the tensile results of
the neat epoxy and the two nanocomposites. Generally,
the results revealed that dispersion of MWCNTSs
nanoparticles tend to reduce the ultimate tensile

strength of the nanocomposites. The

Table 3.2 Tensile properties of epoxy nano composites

Nano
fillers wi. Ovol.% | 0.3vol.% | 0.6vol.% | 0.9 vol. %

%
Ep/M’\\/l\_/I_i 16.3+05| 16.6+0.4 18+0.8 | 15.2+0.7

Ultimate
. tensile Strain at
Composite type strength break (%)
(MPa)
Neat epoxy 42.8 6.4
Epoxy/0.3 vol.%
MWCNTSs 382 S
Epoxy/0.6 vol. %
MWCNTs 375 4.4
Epoxy/0.9 vol. %
MWCNTSs 27.6 24
-/-/

Vicker microhardness (HV)

o ol
% (MWCNTSs )

Figure 3.1 Micro-Hardness values for
Epoxy/MWCNTSs nanocomposites

3.1.1 Tensile Strength
Table 4.2 shows the tensile properties of
Epoxy/MWCNTs nano composites. The tabulated
results show a reduction in ultimate tensile strength
when adding the nanofillers into the epoxy matrix. The

strain at break have the same down trend with the

S

-
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w
»
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MWCNTs %

Figure 3.2. Variation of tensile strength vs nanofillers

vol. % for Epoxy/MWCNTSs nanocomposites

The reduction in tensile strength and the
enhancement in microhardness of the epoxy when
imbedded by MWCNTSs nanofillers can be analyze as
follows: when a tensile load acts on the
nanocomposites; the filler matrix bond become weak,
this may cause a fracture in the nanocomposites.
However, in the hardness case, when a compression
stress take place, the two phases (matrix and the
nanofillers) being pressed together and they tightly
connected with each other. Consequently, pressure can
effectively transfer and the microhardness may be

improved [10].

Figure 3.3. shows that the strain at break was
declined with the nanofillers addition. Little reduction
in breaking strain was observed for Epoxy/MWCNTSs
nanocomposites with the increasing content of
MWCNTSs in the nanocomposite as seen in Fig.3.3.
The reduction in strain might be due to incorporation
of rigid nanofillers into a polymeric matrix; this

indicates the brittle behaviour of the nanocomposites
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due the formation of nano defect results in regional
stress concentration in the matrix. The brittleness of the
nanocomposites might be caused by these voids and
defects [11]. This brittle

nanocomposites caused high declining of the strain

behaviour of the

values of the neat epoxy when imbedded by 0.3 vol.%

of the nanofillers.

N

\

Strain at break %
w >
. . .

0.0 0.2 0.4 0.6 o8 1.0
MWCNTs %

Figure 3.3. Strain at break for Epoxy/MWCNTS nano
composites

4.  Conclusions:
Based on the results acquired from the present
investigation, the following conclusions can be
investigated:

1-  The Epoxy/MWCNTS

exhibited lower ultimate tensile strength when

nanocomposites

compared with pure epoxy matrix

2- The Epoxy/MWCNTSs nanocomposites showed
slightly higher average microhardness than the
pure epoxy matrix.

3- Addition of MWCNTSs into the epoxy matrix
leads to reduce the impact energy of the

nanocomposites.
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