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Abstract:
Nanocompossites consistinng of multiw
wall carbon naanotubes (MW
WCNT) and epoxy resin were producced by a
standard caleendaring techhnique. In th
his study, 3%
% multiwall carbon nanotube particlees were dispeersed in
epoxy resin by weight too produce thee multiwall caarbon nanotuubes/epoxy co
omposite. Naanohardness aand Raman spectroscopy tests w
were used to obtain the m
modulus of elasticity
e
and
d Raman inteensity of MW
WCNTs/
epoxy resin composite.
c
T
The results sho
ow that the R
Raman intensity increased with the incrrease of Ram
man shift
and Raman intensity
i
also affected with
h the reinforccement of muultiwall carbo
on nanotubes and 1% expoosure of
laser power. Also, nanohhardness increased with inncrease of modulus
m
of elaasticity, whicch indicated that the
toughness off epoxy resin improved wiith the additioon of multiwaall carbon nan
notubes.
Keywords: Epoxy Resinn; Multiwall Carbon Nanootubes; Nanoohardness; Raman Spectrooscopy; Moddulus of
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1. Introducction
Iijima discoveered carbon naanotubes (CNT) in 1991 [1].
Single-walledd carbon nanotuubes (SWCNT
T) are fullereneebased structurres that can bee viewed as a single sheet oof
graphite rolledd into a cylindder several miicrons in lengtth
and 1 nm in diameter
d
[2]. M
Multiwalled carbon nanotubbe
(MWCNT) arre similar to SW
WCNT but with many layerrs
of graphite shheets in the cyllinder structuree. MWCNT arre
several microns in length aand 5-50 nm in
i diameter deepending on thhe number of llayers. Due to
o their graphiteelike structure,, CNT are exppected to havee excellent meechanical propperties. Lu [3] adopted an empirical
e
latticce
dynamics moddel to predict tthe elastic prop
perties of CNT
T.
His study sugggested that thhe elastic prop
perties of SW
WCNT are not sensitive
s
to sizze and chiralitty and predicteed
the Young’s modulus
m
to be 1 TPa, the sh
hear modulus tto
be  0.45 TPaa, and the bulkk modulus to be  0.74 TPa.
Yu et al [4] used
u
an atomicc force microsscope (AFM) tto
measure the mechanical pproperties of MWCNT annd
found the tenssile strength annd modulus to be in the rangge
of 11-63 GPa and 270-950 G
GPa respectiveely.
Their exceellent mechaniical properties and superioor
length to diam
meter ratio m
make CNT verry attractive foor
composite reiinforcement. R
Recent research on nanotubeebased compossites has focuseed on polymerr matrix compooCopyright © 20011 SciRes.

Q
et al [5] conducted
c
an experimental
e
sttudy and
sites. Qian
showedd that the addittion of 1 wt% CNT resultedd in a 3642% inncrease in the elastic stiffnesss and a 25% increase
in the tensile
t
strength
h for polystyrene (PS) –bassed composites. They observed CNT pull-oout in the transsmission
electronn microscope (TEM) that suggested CN
NT were
able too bridge the crrack in the PS
S matrix and serve as
reinforccements in com
mposites. In orrder to fully uttilize the
extraorrdinary mechan
nical propertiees of CNT, thhe strong
interfaccial bonding beetween CNT and
a the polymeer matrix
is veryy critical. Wan
nger [6] obtainned the fibre--polymer
interfaccial shear streength to the critical aspect ratio, to
predict the CNT-pollymer interfaccial shear streength by
using the
t critical len
ngth from 1000 to 500 nm. Wagner
calculaated the CNT-p
polymer interffacial bond strrength to
be in thhe range of 50-250 MPa. Lioo and Li [7] peerformed
molecuular mechanicss simulations and elasticity calculations too predict the interfacial
i
charracteristics off a CNTPS com
mposite system
m. They simuulated the pulll-out of
CNT frrom the matrix
x and calculateed the CNT-PS
S interfacial fibbre-polymer sh
hear strength off high moduluus carbon
fibres in
i epoxy matriix usually rangges from 50-100 MPa,
it was concluded thaat a CNT-polym
mer can achieeve more
efficiennt interfacial stress
s
transfer than current aadvanced
compossites. In addittion to the im
mprovement inn tensile
strengthh, it was reported that Vickkers hardness oof epoxy
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increased by 20% with an additional 2 wt% CNT [8-12].
It is evident that CNT can be potentially used to reinforce the polymer and improve the mechanical properties.
However, no experiment has come ever demonstrated a
CNT based composite with better performance than current advanced polymer composites. For further advances
in this area, researchers pointed out that several critical
issues such as improvement in polymer interfacial bonding, MWCNT interwall sliding under tension, CNT dispersion and alignment and polymer matrix shrinkage
during the process must be addressed [11]. These issues
may contribute to the uncertainty of manufacturing
CNT/polymer composites with desired characteristics.
Raman spectroscopy has historically played an important role in the study and characterization of graphite
materials, being widely used over the last four decades to
characterize pyrolytic graphite, carbon fibres, glassy and
carbon nanotubes [12]. For sp2 nanocarbons such as
Graphene and carbon nanotubes, Raman spectroscopy
can give complete information about crystallite materials. In this article, Raman spectroscopy, nanohardness
and scanning electron microscopy were used to see the
effect of multiwall carbon nanotubes in the elastic modulus of epoxy resin. Our hypothesis is that the CNT will
serve as an excellent reinforcement to toughen the epoxy
resin due to its small scale, excellent mechanical properties and good chemical compatibility with the composite
adherends.

2. Experimental Details
Araldite, LY-556 (55%), hardener, HY-917 (49%) and
accelerator, DY-070 (0.28%) were used as epoxy resin.
3% multiwall carbon nanotubes filled epoxy resin (LY556) were produced using a lab-scale three-roll-mill (Exakt 120 E), which enables the introduction of very high
shear forces (up to 200,000 s–1) throughout the suspension. The pre-dispersed suspension was then given batchwise onto the roll with dwell times of 2 min. The dispersive forces on the suspension were acting in the gap
(5 µm) between the rolls. After dispersion of the nanoparticles in the resin LY-556, the hardener and accelerator are usually added in a vacuum dissolver in order to
avoid trapped air in the suspension. Then the mixture
was placed in a vacuum chamber for 20 min to eliminate
the bubbles introduced during the rolling process.
Raman spectroscopy is nondestructive and readily
available and measurements can be made over a wide
range of temperature or pressures. It can provide unique
information about vibrational and electron properties of
the material. Even though it is not a direct method, it can
also be used to determine the structure of the material
and allows the identification of materials through the
characteristics vibrations of certain structures. Because
Copyright © 2011 SciRes.

the Raman intensity of a vibration in a crystal depends
on the relative directions of the crystal axis and the electric wave polarization of the incident and scattered light.
Therefore, Raman spectroscopy was used to determine
the differences in Raman intensity of epoxy resin, MWCNTs/epoxy resin composite and 1% laser power exposed MWCNTs/epoxy resin composite.
The indentation method has become a standard way to
measure the mechanical properties of thin-film and smallscale structures. A depth-sensing indenter, i.e. nanoindenter, can measure the indentation displacement (h) and
elastic contact stiffness (S) during a programmed indentation loading process, where S is defined as:
dP
S
(1)
dhc
where P is the indentation load, and ݄ is the elastic
component of h. Using the data analysis method proposed by Oliver and Pharr [13], the contact depth, ݄ ,
can be estimated by
P
hc  h  €
(2)
S
where € is a constant, 0.75. Then, based on the predetermined indenter tip geometry, we can calculate the projected contact area (A) from ݄ . Finally, the elastic modulus (E) and the hardness (H) of materials can be calculated by

JI S
(3)
2
A
P
(4)
H
A
Here ܧ is the reduced modulus defined as
1   2 1  i 2

Er 
(5)
E
Ei
where E and µ are Young’s modulus and Poisson’s ratio
of the indented material respectively; and Ei and µi are
the corresponding values of the indenter tip. H is the
mean pressure under the indenter.
The nanohardness and the elastic modulus of the
epoxy resin and MSCNTs/epoxy resin composite were
determined using a Nano Indentation tester (CSM instrument). A triangular pyramid Berkovich indenter was
used, its indent shape and side view angles were 65.3 and
77.05 respectively. The poisson’s ratio of the samples
were estimated as µ = 0.3, because in the calculations of
elastic modulus, an error in the estimation of the Poisson
ratio does not produce a significant effect on the resulting value of the elastic modulus. Three indentations were
carried out to depth of 1000 nm where the indentation
was kept for 10 s before unloading. The loading and the
unloading rate were 10 mN min–1.
Finally, scanning electron microscopy was used to
identify the effect of MWCNTs in the epoxy resin.
Er 
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3. Results and Discussion
In this study MWCNT were dispersed by three mill rolling machine in an epoxy resin, with the aim of improving
mechanical properties of MWCNTs/epoxy resin composite. First of all the effect of the presence of MWCNT in
the epoxy resin was investigated by Raman spectroscopy
technique. Figure 1 shows the Raman spectrum of epoxy
resin, MWCNT/epoxy resin and 1% laser power exposed
MWCNT/epoxy resin. These spectral features are clearly
distinguishing the variation in Raman intensity. Because,
when the bond lengths and angles of graphene are modified by strain, caused by the interaction with a substrate
or with other graphene layers or due to external perturbation, the hexagonal symmetry of graphene is broken. It
was observed that the Raman spectra intensity increases
with increasing the shift angle up to 300 cm–1 and gradually decreases with increasing of shift angle after 400 cm–1.
These spectral features are similar for epoxy resin,
MWCNTs/epoxy resin and 1% exposed laser power
MWCNTs/epoxy resin composites. Eight peak signal
bands are identified from epoxy resin sample at different
Raman shift values; 620, 835, 1140, 1240, 1460, 1600 cm–1.
The height of these eight signals is gradually reduced
with the addition of MWCNTs and exposure of laser
power of epoxy resin, indicating a dilution effect of the
MWCNTs when blended with epoxy resin. It is believe
that epoxy resin exerts a pressure on the individual tubes,
which leads to an increase of the breathing mode frequencies. Therefore bands are highly sensitive to microstructure effects and can be used to probe any modification to the flat geometric structure of resin. The microstructure effects induced by multiwall carbon nanotubes
or by exposure of laser power. This shows the effect of
CNTs and laser power exposure on epoxy resin, because,
the interaction between nanotubes and resin polymer is
reflected by a peak shift or peak width change. Visible
change in the epoxy resin peak locations as a result of the
insertion of nanotubes could be detected.
The Raman intensity can vary when multiwall nanotubes interact with elements; this can be used to examine
the structure of the interface and obtain information
about the nature, localization and force of the interaction.
After the nanotubes were dispersed in epoxy resin, Raman intensity was observed towards lower intensities,
evidence that MWCNTs were no longer in direct contact
with one another tubes. Also, Raman intensities were
decreased with the exposure of laser power. These show
that Raman spectroscopy is a useful and reliable tool for
the investigation of nanotubes dispersion in epoxy resin.
The influence of scratch load on mechanical response
of multiwall carbon nanotubes in epoxy resin was investigated by nanoindentation test. Nanohardness and elastic
Copyright © 2011 SciRes.

modulus patterns of the epoxy resin and MWCNT/epoxy
resin specimens are reported in Figure 2. The results
show that the nanohardness increases with increase of
elastic modulus. MWCNTs filled epoxy resin gives
higher value than the epoxy resin, because MWCNTs
improve the mechanical properties of epoxy resin [5-7].
Based on the experimental observation, one can derived
that following expression to obtain modulus of elasticity
from nardness,

E  4.9  0.86  H 

1

2

(6)

where E and H are the elastic modulus and nanohardness.
The micrograph shows the dispersion of MWCNT in
an epoxy resin area as can be seen in Figure 3. Only few
small aggregates are remaining, which are smeared out
and well penetrated by the epoxy resin matrix. MWCNT/
epoxy resin composite containing 3% MWCNT exhibit a
significant increase in fracture toughness and strength, as
well as an enhancement of stiffness, due to resistance of
cracks propagation [8], as can be identified from Figure
4. It is also clear that CNT particles resist the formation
of crack path due to increase of toughness of MWCNT
filled epoxy resin. The mechanisms of increasing the
fracture toughness of polymers due to incorporation of
particles have been extensively studied within the last
three decades [14]. The application of micro-particles
exhibits the highest effect in brittle matrix systems. A
clear difference in the distribution pattern and agglomerate sizes can be seen between MWCNT and epoxy resin
and their interface appears to be much more homogeneous, suggesting a greater dispersion. Figure 5 shows that
MWCNT particles strongly bonded with the epoxy resin
and it appears like sprouts, because of toughening effects
of particle [7]. The epoxy resin is modified by the addition of MWCNT, which participates in minimizing
the crack initiation or the propagation by crack blocking or bridging, as can be identified in Figure 4. The
extensive MWCNT bridging seen in micrographs are
well in agreement with the prior explained mechanisms,
MWCNT-bridging effect enhanced the fracture toughness [6].
The most important micro-mechanical mechanism
leading to an increase in fracture toughness are due to
localized inelastic matrix deformation and void nucleation, particle/fibre debonding and deformations [5]. The
characteristics of the matrix polymer are also important
for the reinforcing effect of nano-scaled fillers. In general, the plastic zone size of brittle epoxy resin is relatively
small. When a resin is filled with nano-particles, a significant amount of particles occur in the plastic zone, while
in a composite with micro-particles, only a minor number of them are involved in the plastic zone deformation
process. This is clear evidence that the main fracture
mechanical mechanism is related to the enormous surface
WJNSE
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Figure 1. Variation of Raman intensity versus Raman shift from (a). epoxy resin, (b). MWCNTs/epoxy resin
and (c). 1% laser power exposed MWCNTs/epoxy resin.
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Figure 2. Variation of nanohardness with elastic modulus of epoxy resin and MWCNTs/epoxy resin composites.

area of nano-particles in general. Since, all composites
exhibited a partly agglomerated dispersion of the filler,
leading to increase in the toughness can be expected to
localized inelastic matrix deformation, void nucleation
and crack deflection at the agglomerates [7]. Therefore,
it is clear from micrographs that resin rich area fractured
due to the appearance of shear stress, which increases the
adhesive bond strength of ceramic composites. This can
be explained by the higher surface area of the double
wall carbon nanotubes, which may result in a better load
Copyright © 2011 SciRes.

transfer efficiency at the interface region as well as
amine functional groups over CNTs which is supposed to
promote the dispersion and pronounced covalent bonding
to some extent.

4. Concluding Remarks
In this article, the effect of multiwall carbon nanotubes in
epoxy resin was characterized by the Raman spectroscopy and nanohardness indentation methods. The elastic
WJNSE

V. K. SRIVASTAVA

Figure 3. SEM micrograph showing the dispersion of MWCNT particles in the resin rich area.

Figure 4. SEM micrograph showing the enhancement of cracks path with MWCNT particles.

Figure 5. SEM micrograph shows the interface bond of MWCNTs with resin.
Copyright © 2011 SciRes.
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modulus and nanohardness
can be related as
1
E  4.9  0.86  H  2 . Also, it was found that 3 wt%
MWCNT loading showed good dispersion capability in
the epoxy resin, which increases the elastic modulus of
neat epoxy resin up to 15%. However, elastic modulus
increases with increase of nanohardness, whereas Raman
intensity reduces abruptly with the inclusion of MWCNTs and exposure of 1% laser power.
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