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The Inclusion of CNT in the laminated composite system was found to increase the
energy absorption of the whole composite after impact. The main important criteria is
happened CNTs, which have good interfacial adhesion strong bonding with the matrix.
Thus, it will be improve the properties/performance of the composite. Therefore, in
current review paper the concentration/amount of the CNT, in term of loading, affect
the performance of the composite and the mechanism on how the presence of CNT tends
to absorb high amount of energy after impact have been discussed.
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1. Introduction

1.1. General review

Carbon-Kevlar is a mixture of carbon fibre with Kevlar, resulting in a less breakable
construction. This is among other things used in lightweight fuel tanks and road
motorcycles, in which pure carbon fibre would damage too easy. And Carbon-
Kevlar/epoxy with CNT are a new material in area of ballistic impact, especially
in term of oblique impact. This attempt can be an innovation in this regard [1].

Epoxy is widely used in industry with an estimated world market of $15 Billion [2].
Epoxy formulations are used as adhesives, paints, coatings, and composites [3].
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Epoxy is increasingly being used within composite materials as an alternative to
traditional materials such as metals, metal alloys and wood [4]. The objective of the
CNT epoxy program has been to reinforce epoxy with carbon nanotubes (CNTs) to
take advantage of CNTs mechanical properties while reducing the weight of mate-
rials needed for a specified application. The challenges for developing an enhanced
CNT epoxy nanocomposites are the dispersion of the CNTs, strong bonding with
the epoxy, transformation of mechanical properties’ improvement to the fibre re-
inforced plastics, and enhanced results in an application. By adding CNT solved
these issues and can get a good result in uniform dispersion of CNTs throughout the
epoxy, filling in the epoxy/resin gaps to create significant improvements in strength,
toughness, durability, vibration damping and other mechanical properties. The re-
sults of the epoxy enhancements translate to the carbon or glass fibre reinforced
prepared and to the final composite application [5–27].
Material scientists and engineers are excited by the possibilities for creating super-
strong, high-performance polymer composite materials using carbon nanotubes.
Since carbon nanotubes (CNTs) are five times less dense than steel and approx-
imately 30 times stronger this makes them the ultimate mechanical filler for rein-
forcing polymers, with very low densities, and Young module (the measurement of
stiffness of a material) superior to all other carbon fibres [28–29].
Currently, all existing methods of fabricating CNT-polymer composites involve
quite complicated, expensive, time-demanding processing techniques such as so-
lution casting, melting, moulding, extrusion, and in situ polymerization. In all of
these techniques, nanotubes must either be incorporated into a polymer solution,
molten polymer or mixed with the initial monomer before the formation of the final
product (e.g. yarn, ribbon or film). In addition, these methods cannot be applied in
the case of insoluble or temperature sensitive polymers, which decompose without
melting [28–36].
Commercially sourced Kevlar yarns were placed in stable suspensions of multiwalled
CNTs in a selected organic solvent. These Kevlar-nanotube mixtures were processed
using an ultrasonic bath for an optimized period at ambient temperature. This
processing resulted in swelling of Kevlar and in an uptake of nanotubes inside
Kevlar fibres [37–40].
Gun’ko says that, when they performed mechanical testing of these Kevlar-CNT
composites, they found considerable increases in all mechanical parameters of the
nanocomposites material compared to the original Kevlar fibres, e.g.: Young’s mod-
ulus, from 115 to 207 GPa; strength, from 4.7 to 5.9 GPa; strain at break, from 4.0
to 5.4%; toughness, from 63 to 99 J/g [37–42].
These improvements have been achieved at only 1 - 1.75 wt% of carbon nanotube
content. This can be considered a quite significant advancement in the area of
nanotube-polymer composites [40–42].
”It is clear that the new approach of incorporating nanomaterial into polymer macro
materials by swelling could be expanded and utilized for many other Nano systems
and polymer materials,” says Gun’ko. ”For example, it can be used to incorporate
various nanoparticles, nanotubes, nanowires etc. inside pre-fabricated polymer fi-
bres, yarns, films, ribbons etc. These can open up completely new opportunities
in the large and important area of polymer nanocomposites.” He also points out
that one of the promising likely applications for their technique is the production of
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conductive CNT-polymer composites (films and wires), which could be potentially
used as electrodes in flexible displays, electronic paper, solar cells and in different
electronic devices [43–45].
According to Gun’ko, another very promising area of future research involves the
reinforcement of various polymer fibres and films using carbon nanotubes as re-
inforcing additives. Potential applications of new ultra-strong polymer-nanotube
materials would include bullet-proof vests, protective clothing, high-performance
composites for aircraft and automotive industries, for example, seat belts, cables,
reinforcement of tires, break linings, bumpers, et cetera [42–47].

1.2. Interlocking

Yielding is an increased in interfacial shear strength, it means that 15% measured
improvement with the CNTs previously mentioned [48]. Other mechanisms for
the increase in strength might be mechanical interlocking of the CNTs with the
epoxy and/or the neighbouring fibres and a reduction in stress gradients in which
the CNTs may be seen as an interlayer of intermediate modulus between the stiff
advanced fibre and the compliant matrix [49–53].

1.3. Pull-out

No noticeable CNT pull out from the epoxy was observed in the CNT/epoxy slices
after microtoming, and most of the CNTs remained in the epoxy, suggesting good
adherence of the epoxy to CNT. The authors tried to explain the observed CNT-
epoxy adhesion by proposing mechanical interlocking as a possible mechanism.
However, the local non-uniformity along a CNT, such as varying diameter and
bends (due to non-hexagonal defects), contribute to mechanical interlocking, and
so, extra energy is needed to deform the epoxy causing CNT-pull out. A molecular
model of CNT with diameter variation embedded in an array of linear polyethylene
illustrated this mechanism [54–58].

1.4. Van der Waals Forces

The van der Waals’ forces (or van der Waals’ interaction) are the residual attractive
or repulsive forces between molecules or atomic groups that do not arise from a
covalent bond, or electrostatic interaction of ions or of ionic groups with one another
or with neutral molecules. The resulting van der Waals’ forces can be attractive or
repulsive. Van der Waals’ forces include attraction and repulsions between atoms,
molecules, and surfaces, as well as other intermolecular forces. They differ from
covalent and ionic bonding in that they are caused by correlations in the fluctuating
polarizations of nearby particles [59–62].
Nano composites possess a large amount of interfaces due to the small (nanometer)
size of reinforcements. The interface behavior can significantly affect the mechanical
properties of Nano composites. For example, carbon nanotubes in general do not
bond well to polymers, and their interactions result mainly from the weak van
der Waals forces. Consequently, CNTs may slide inside the matrix and may not
provide much reinforcing effect. It is, however, important to assess whether the
poor interface behavior is indeed responsible for the short fall of CNT-reinforced
composites in order to reach their expected properties [63–66].
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1.5. Agglomeration

The tiny size of the nanostructures intensifies their tendency to form agglomerates,
and their large surface area per unit volume yields an augmented influence of the
interfacial bonding on the effective properties of the composite. Because of the in-
trinsic van der Waals attraction of the CNTs to each other and high aspect ratio,
tubes are held together as bundles and ropes having very low solubility in most
solvents. When blended with the epoxy, CNTs remain as entangled agglomerates,
which prevent homogeneous dispersion of the filler into the epoxy matrix. Again,
the smooth non-reactive CNT surface limits the load transfer from the matrix to
nanotubes. Additional processing problem arises due to the increase in viscosity
when the CNTs are added directly to the epoxy [67–70]. For CNT-composites, the
problem is aggravated by the influence of tube morphology and content of amor-
phous carbon and metal impurities normally contained in the as-produced CNTs.
These impurities, synthesized along with CNTs, are frequently removed (or at least
reduced) by oxidative processes, which may lead to structural and morphologi-
cal changes in the tubes [71–73]. Given the potential of the CNTs as reinforcement
agents, several researchers have aggressively pursued their use in epoxies Nano com-
posites: either thermoplastics or thermosettings [74–76].

1.6. Chemical reaction

The carbon is extruded from the catalyst particles, which remained attached to
the fibre base. The pitting also indicates that the CNTs were attached to the fi-
bre surface via etching or some other chemical reaction between the catalyst and
the substrate [77–79]. Covalent modification attaches a functional group onto the
carbon nanotube. The functional groups can be attached onto the side wall or
ends of the carbon nanotube The end caps of the carbon nanotubes have the high-
est reactivity due to its higher pyrimidization angle and the walls of the carbon
nanotubes have lower pyrimidization angles which has lower reactivity [80-82] Al-
though covalent modifications are very stable, the bonding process disrupts the
sp2 hybridization of the carbon atoms because a σ-bond is formed The disruption
of the extended sp2 hybridization typically decreases the conductance of the carbon
nanotubes [83–87].

1.6.1. Oxidation

The purification and oxidation of carbon nanotubes (CNTs) has been well repre-
sented in literature [88–91]. These processes were essential for low yield production
of carbon nanotubes; where carbon particles, amorphous carbon particles and coat-
ings comprised a significant percentage of the overall material and are still important
for the introduction of surface functional groups [92–94]. During acid oxidation, the
carbon-carbon bonded network of the graphitic layers is broken allowing the intro-
duction of oxygen units in the form of carboxyl, phenolic, and lactone groups [95–
97], which have been extensively exploited for further chemical functionalisations
[98–100].
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1.6.2. Non-covalent modifications

Non-covalent modifications utilize van der Waals forces and π−π interactions by ad-
sorption of polynuclear aromatic compounds, surfactants, polymers or biomolecules.
Non-covalent modifications do not disrupt the natural configuration of carbon nan-
otubes with the cost of chemical stability, and is prone to phase separation, disso-
ciation in between two phases, in the solid state [101–103].

1.6.3. π − π stacking and electrostatic interactions

Molecules that have bi-functionality are used to modify the carbon nanotube. One
end of the molecule is polyaromatic compounds that interact with the carbon nan-
otube through π − π stacking [103–105]. The other end of the same molecule has
a functional group such as amino, carboxyl, or thiol [106–108]. For example, pyrene
derivatives and aryl thiols were used as the linkers for various metal nanobeads such
as gold, silver, and platinum [109–111].

2. Results and discussion

2.1. Microscopic discussion

Adding CNT into the epoxy has a range, and this range in each composite system
might be different to another system [112]. Adding less amount of CNT can have
poor impact on micro-mechanical interlocking, chemical bonding between the nan-
otubes and the matrix, and van der Waals bonding between the fibre and the matrix
[113]. On the other hand, adding much more amount of CNT can show the negative
results [114]. Because of characteristics and properties of carbon atomic network,
it behaves as a brittle material and high concentrations of can be happen the CNT
[115]. Moreover, some noticeable works mentioned that the optimal amount of the
CNT is 0.3% [116].

Figure 1 Carbon nanotube (CNT) is considered promising to reinforce materials because of its
extraordinary mechanical properties. To describe the interface behaviour between CNTs and the
matrix more precisely, a nonlinear cohesive law is being devised in order to consider van der Waals
interaction between carbon atoms and atoms in the matrix [113]

Carbon nanotubes are members of fullerene family and have a hollow cylindrical
structure. Based on the number of graphene layers forming a tube, carbon nan-
otubes can be classified as single walled and multiwalled carbon nanotubes [90,
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100–107]. The extraordinary intrinsic properties like high melting point, high me-
chanical strength [11–38], high surface area and electrical conductivity [55-78] and
thermal conductivity [32–45] created a gold rush amongst the researches to explore
new potentials of CNT. It has been found that CNT’s have a young’s modulus
of 270—950 GPa and a tensile strength of 11—63 GPa [12] and high aspect ratio
(100—1000) [18] . The large aspect ratio and high surface area is due to Van der
Waals forces of Carbon nanotubes.
However, the effective utilization of carbon nanotubes in composite applications de-
pends strongly on the ability to homogeneously disperse them throughout the matrix
without destroying their integrity [79–88]. Furthermore, good interfacial bonding
is required to achieve load transfer across the CNT–matrix interface, a necessary
condition for improving the mechanical properties of the composite [34–39]. Load
transfer from matrix to CNTs plays a key role in the mechanical properties of com-
posites. If the adhesion between the matrix and the CNTs is not strong enough to
sustain high loads, the benefits of the high tensile strength of CNTs are lost. Load
transfer depends on the interfacial shear stress between the fibre and the matrix
[90–98].

Figure 2 The cohesive law for a carbon nanotube and epoxy matrix established from the van
der Waals interactions at the nanotube/matrix interface. The normal cohesive stress int is shown
versus the interface opening displacement (u) for a carbon nanotube and polyethylene matrix [91]

For carbon nanotubes not well bonded to polymers, Jiang et al. in 2006 estab-
lished a cohesive law for carbon nanotube/epoxy interfaces. The cohesive law and
its properties (e.g. cohesive strength, cohesive energy) are obtained directly from
the Lennard–Jones potential from the van der Waals interactions [60]. Such a co-
hesive law is incorporated in the micromechanics model to study the mechanical
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behaviour of carbon nanotube-reinforced composite materials. Carbon nanotubes
indeed improve the mechanical behaviour of composite at the small strain [77–89].
However, such improvement disappears at relatively large strain because the com-
pletely deboned nanotubes behave like voids in the matrix and may even weaken
the composite. The increase of interface adhesion between carbon nanotubes and
epoxy matrix may significantly improve the composite behaviour at the large strain
[11–37].
CNT reinforced epoxy composites are seen as a potentially fruitful area for new,
tougher or fatigue resistant materials. Although various studies have provided some
insights into the nature of CNT–epoxy interactions at the interface, the physics
of CNT–epoxy interactions still await further elucidation, both qualitatively and
quantitatively. A relevant question is, will the high modulus and strength predicted
for nanotubes be available when used as fillers. MWNTs are generally entangled in
the form of curved agglomerates and SWNTs are produced as bundles. In order to
achieve optimal enhancement in the property of the CNTs/epoxy composites, there
are several key issues to be resolved, i.e. improved dispersion of CNTs, alignment of
CNTs in the epoxy resin and functionalisations of CNTs surface for good adhesion.
A good CNT/matrix interfacial bonding and a perceptible reinforcement of the
matrix with the nanotubes can bring improvement to the fracture strength of the
composite by ensuring a shear stress transfer to the reinforcement [95–101].

Figure 3 Viscosity of MWNT/PP composites as a function of CNT content [107]

The tensile modulus of the composites is found to enhance much less as compared
to the enhancement in the compression modulus of the similar system. Some works
have attributed the differences, between the tensile and compression strain cases, to
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the sliding of inner shells of the MWNTs when a tensile stress is applied. In cases
of SWNT epoxy composites, the possible sliding of individual tubes in the SWCNT
rope, which is bonded by van der Waals forces, may also reduce the efficiency of
load transfer. It is suggested that for the SWNT rope case, interlocking using epoxy
molecules might bond the SWCNT rope more strongly [112–114].

However, the potential of using CNTs as reinforcements has not been realized mainly
because of the difficulties in processing and the limitation on load transfer. The tiny
size of the nanostructures intensifies their tendency to form agglomerates, and their
large surface area per unit volume yields an augmented influence of the interfacial
bonding on the effective properties of the composite. Because of the intrinsic van
der Waals attraction of the CNTs to each other and high aspect ratio, tubes are held
together as bundles and ropes having very low solubility in most solvents. When
blended with the polymer, CNTs remain as entangled agglomerates, which prevent
homogeneous dispersion of the filler into the epoxy matrix. Again, the smooth
non-reactive CNT surface limits the load transfer from the matrix to nanotubes.
Additional processing problem arises due to the increase in viscosity when the CNTs
are added directly to the epoxy [56–61].

Sandler and co-workers [67–81] studied the effect of processing conditions on the
degree of dispersion of MWCNTs in epoxy matrix. The aligned CVD-grown MWC-
NTs with loading of 0.001–1 wt. percentage were used for composites preparation
[23–29]. For the preparation of composite, required amounts of CNTs were dispersed
in a bisphenol-A resin (Araldite LY 556) by shear-intensive mechanical stirring us-
ing a dissolver disk. The mixture was then stirred at RT for an hour at 2000 rpm.
After reducing the resin temperature with dry ice in order to increase the viscosity
(shear force), the mixture was again stirred for 1 h at 2000 rpm. Finally, the resin
temperature was raised to 80◦C and equilibrated for 10 min. After addition of the
hardener at this temperature, the mixtures were stirred for 1 min at 500 rpm fol-
lowed by 4 min at 50 rpm to allow for a homogeneous dispersion of the hardener
and to enhance the nanotube agglomeration process. The moulded composites were
cured at 140◦C for 8 h. SEM and optical microscopy images of the fractured com-
posite surface revealed that though the procedure led to very good dispersion of low
wt. percentage of aligned CNTs in the epoxy matrix, agglomeration occurs from
0.025 wt. percentage onwards. The processing found to be much more difficult with
entangled CNTs, as the densely packed tubes increased the viscosity of the resin
even at low CNTs content [39–46].

Hierarchical analysis of the fracture toughness enhancement of carbon nanotube
(CNT) reinforced hard matrix composites is carried out because of shear-lag theory
and facture mechanics. It is found that stronger CNT/matrix interfaces cannot
definitely lead to the better fracture toughness of these composites, and the opti-
mal interfacial chemical bond density is that making the failure mode just in the
transition from CNT pullout to CNT break. For hard matrix composites, the frac-
ture toughness of composites with weak interfaces can be improved effectively by
increasing the CNT length. However, for soft matrix composite, the fracture tough-
ness improvement due to the reinforcing CNTs quickly becomes saturated with an
increase in CNT length. The proposed theoretical model is also applicable to short
fibre-reinforced composites [114–117].
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Introduction Carbon nanotubes (CNTs) possess exceptionally superior physical and
mechanical properties, such as high strength, low density, high flexibility, and high
toughness and therefore hold great promise for employment as reinforcements in
advanced composites [70–81]. However, experimental and numerical studies show
that the performance of such composites depends critically on the CNT/matrix
interfacial characteristics [31–43]. Interface strength and interface length are two of
the most important factors that affect the mechanical properties of CNT-reinforced
composites and therefore have drawn the attention of many researchers. Ensure
efficient load transfer from the matrix to the fibre, the interfacial bonding between
the epoxy matrix and the carbon nanotubes is necessary to prevent fibre pull out
[87–91].
The strength and effect of surface van der Waals forces on the shape of multiwalled
and single-walled carbon nanotubes is investigated using atomic-force microscopy,
continuum mechanics, and molecular-mechanics simulations [90–93].
Carbon-epoxy composites consist of carbon fibres, unidirectional, woven, knitted,
or 3-Dimensional embedded in a composite matrix. The composite matrix can be
either a thermosetting resin such as epoxy or a thermoplastic resin such as PEEK.
While woven carbon fibre is available un-coated for use in wet lay-up manufactur-
ing, the majority of carbon fibre is pre-coated or pre-impregnated (pre-preg) with
the composite: Carbon-carbon composites consist of highly ordered graphite fibers
embedded in a carbon matrix. C-C composites are made by gradually building up
a carbon matrix on a fiber preform through a series of impregnation and pyrolysis
steps or chemical vapor deposition. C-C composites tend to be stiffer, stronger, and
lighter than steel or other metals. Because only weak Van der Waals bonds bond
the graphite ribbons to each other perpendicular to the fibres, the ribbons must
be reoriented to increase the tensile strength of the fiber to a useful level. This is
accomplished through the application of tension at some point in the stabilization
or pyrolysis phases, the exact time depending on the precursor material. Increased
axial orientation increases the fiber’s tensile strength by making better use of the
strong covalent bonds along the ribbons of graphite plates [41–44].
There are three main mechanisms of load transfer from a matrix to filler:
a) Micro-mechanical interlocking:
This could be difficult in nanotube composites due to their atomically smooth sur-
face. Local non-uniformity along a CNT, including varying diameter and bends/kinks
at places as a result of non-hexagonal defects, contribute to CNT–epoxy adhesion
by mechanical interlocking [39].
b) Chemical bonding between the nanotubes and the matrix:
This improves interfacial interaction through ionic or covalent bond that enables
a stress transfer [44].
c) Weak van der Waals bonding between the fibre and the matrix:
Under no chemical bonding between CNT– polymers, the origins of CNT–epoxy
interactions are electrostatic and van der Waals forces [72].
Nano composites possess a large amount of interfaces due to the small (nanometre)
size of reinforcements. The interface behaviour can significantly affect the mechan-
ical properties of nanocomposites. For example, carbon nanotubes in general do
not bond well to polymers, and their interactions result mainly from the weak van
der Waals forces. Consequently, CNTs may slide inside the matrix and may not
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provide much reinforcing effect. It is, however, important to assess whether the
poor interface behaviour is indeed responsible for the short fall of CNT-reinforced
composites in order to reach their expected properties [32–36].

Nano-particles, in general, and carbon nanotubes, in particular, are desirable par-
ticles to modify material properties of polymers. In order to disperse CNTs in the
epoxy homogeneously, the entanglement of CNTs produced by the synthesis and
agglomerates of CNTs caused by the intermolecular van der Waals force must be
broken for homogenization that will make more filler surface area available. A fur-
ther enhancement of the compatibility to the composite material could be achieved
by a chemical functionalization of the carbon nanotube surface, through covalent or
ionic bonds to the polymeric matrix. These bonds enable a stress transfer between
the epoxy and CNTs, which leads to improved interfacial interactions. Again, the
covalent bonding is stronger as physical interactions and simulations predict a neg-
ligible influence on the mechanical performance of CNTs. Therefore, the chemical
surface functionalisations of CNTs along with perceptible dispersion of nanotubes
in the matrix are the key issues in developing CNT/epoxy composites [65-69].

2.2. Energy absorption

The damage tolerance concept in aerospace structures relates to their ability to
conform to required standards within damage limits. Since damage can never be
entirely avoided, composite structures should be designed to function safely despite
the presence of flaws. In this respect, damage tolerance is the main design criterion
for composite structures, which are exposed to a number of events during in-service
loading, which in their turn, may cause damage initiation and structural degrada-
tion. Impact (low or high velocity) during service is a common phenomenon for
aerospace composite structures. Upon impact, the incident energy is absorbed by
a variety of mechanisms [48]. In order to produce an impact resistant component,
the impact-induced damage should be minimized. In general, the initial failure
event during impact is the formation of matrix cracks within the plies. These
cracks are due to the through-thickness shear stresses, which are generated by the
out-of-plane impact forces. However, the dominant failure mode during low-velocity
impact is delamination. Impact phenomena induce blind delaminations, which are
usually initiated by the extension and the bridging of matrix cracks due to opening
forces. Delamination growth is mainly driven by interlaminar shear stresses (mode
II) induced by the bending of the laminate during the impact event. Finally, fi-
bre fracture can be a significant energy absorbing mechanism, particularly at high
velocities, and is generated by the high through-thickness forces generated during
impact. Fibres can either fail in tension due to the membrane forces generated
during impact, or by shear-out during penetration of the projectiles [67].

Carbon nanotubes (CNTs) have demonstrated unique mechanical properties similar
to those found in various fibrous materials, exhibiting excellent compression capa-
bility combined with extreme structural flexibility and recovery from mechanical
deformation. As such, arrays or forests of vertically aligned CNTs have been consid-
ered for ultra-light weight shock absorbing material. In addition, CNTs incorporate
multifunctional properties, including excellent electrical and thermal conductivity.
These properties then allow layers formed for energy absorption to monitor in situ
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strain loading. The utilization of vertically oriented CNT arrays for mechanical
energy absorbing benefits from fundamental understanding of stress wave mitiga-
tion ad deformation mechanisms in fibre reinforced composites or porous foam-like
materials where layered structures of materials have been adopted for shock and
vibrational damping [86].

Characterization of the multilayer structure under quasi-static and dynamic loading
demonstrated the energy absorbing capacity of the materials exhibiting foam-like
properties. The structures were able to sustain large compressive deformations up to
∼0.8 strain, exhibiting nearly complete recovery. The structures reached a steady
state response to the compression after the first two cycles, suggesting that any
irreversible damage to the structure occurs during the first couple deformation cy-
cles. Additionally, it was observed that the electrical conductivity of the vertically
aligned CNT arrays increased after the first couple compressive cycles, suggesting a
rearrangement of the CNTs within each array. The energy absorbing properties for
the epoxy-CNT multilayer architecture were estimated to be at least three orders of
magnitude larger than that of natural and synthetic cellular foam materials having
comparable densities. Thus, an innovative method to create multi-layered, hier-
archical structures of epoxy-CNT foams has been demonstrated, providing unique
properties for impact and vibrational protection applications [91–98].

Figure 4 TEM image of partially exfoliated single-wall carbon nanotubes showing the rope-like
structure [51]

However, Colloidal materials such as carbon nanotubes do not spontaneously sus-
pend in polymers, thus the chemistry and physics of filler dispersion become a major
issue. In the case of polymers filled with carbon nanotubes, the research challenge
is particularly tremendous due to the unique character of these unusual materi-
als. Due to strong attractive interaction, nanotubes aggregate to form bundles or
“ropes” that are very difficult to disrupt [81-84]. In case of single nanotubes, they
are only 1-3 nm in diameter, however, since they like to assemble into ropes, which
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consist of many nanotubes, are most likely 10-200 nm in diameter. Furthermore,
ropes are tangled with one another like spaghetti or polymers. With high shear,
these ropes can be untangled, but it is extremely difficult to further disperse at the
single tube level [95-98].

Due to the low entropy of mixing, rigid molecules of high molecule weight require
strong attractive interactions to disperse. Since the connectivity and rigidity of
macromolecules drastically reduces the number of configurations available in the
dispersed state, mixing becomes a problem. In the case of rigid fillers dispersed into
stiff polymers, the problem is compounded in that neither species gains entropy on
dispersion [89-93].

3. Conclusion

Carbon fiber reinforced epoxy composites show good energy absorption behaviour.
By using CNTs, the matrix would be more conducting and to provide with some me-
chanical strength and to make the strong interface which inhibits higher mechanical
properties. Carbon nanotube reinforced composites exhibits much better mechan-
ical properties than CFRP. Moreover, CNTs generally exhibit high stiffness and
extraordinary thermal and electrical conductivity. These superior properties are
generally attributed to presence of strong sp2 carbon-carbon network in their outer
shells, which makes them thermally and chemically stable. It is widely known that
CNTs improves the mechanical, tribological, and functional properties of hosting
matrices; exempli gratia, polymers, metal matrices, et cetera.
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and Hampel, S.: Tailored nanoparticles and wires of Sn, Ge and Pb inside carbon
nanotubes, Carbon, 101, 352–60, 2016.

[46] Gun’ko, V. M. and Do, D. D.: Characterisation of pore structure of carbon
adsorbents using regularisation procedure, Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 193, 1, 71–83, 2001.

[47] Gun’ko, V. M. and Mikhalovsky, S. V.: Evaluation of slitlike porosity of carbon
adsorbents, Carbon, 42, 4, 843–9, 2004.

[48] Jiang, L. Y., Huang, Y., Jiang, H., Ravichandran, G., Gao, H., Hwang,
K. C. and Liu, B.: A cohesive law for carbon nanotube/polymer interfaces based



564 Randjbaran, E., Zahari, R., Majid, D. L., Sultan, T. H. and Mazlan, N.

on the van der Waals force, Journal of the Mechanics and Physics of Solids, 54, 11,
2436–52, 2006.

[49] Wong, M., Paramsothy, M., Xu, X. J., Ren, Y., Li, S. and Liao, K.: Physical
interactions at carbon nanotube-polymer interface, Polymer, 44, 25, 7757–64, 2003.

[50] Liao, K. and Li, S.: Interfacial characteristics of a carbon nanotube–polystyrene
composite system, Applied Physics Letters, 79, 25, 4225–7, 2001.

[51] Veedu, V. P., Cao, A., Li, X., Ma, K., Soldano, C., Kar, S., Ajayan, P.
M. and Ghasemi-Nejhad, M. N.: Multifunctional composites using reinforced
laminae with carbon-nanotube forests, Nature materials, 5, 6, 457–62, 2006.

[52] Wang, Y., Colas, G. and Filleter, T.: Improvements in the mechanical properties
of carbon nanotube fibers through graphene oxide interlocking, Carbon, 98, 291–9,
2016.

[53] Koizumi, R., Hart, A. H., Brunetto, G., Bhowmick, S., Owuor, P. S.,
Hamel, J. T., Gentles, A. X., Ozden, S., Lou, J., Vajtai, R. and Asif, S.
S.: Mechano-chemical stabilization of three-dimensional carbon nanotube aggregates,
Carbon, 110, 27–33, 2016.

[54] Chowdhury, S. C. and Okabe, T.: Computer simulation of carbon nanotube pull-
out from polymer by the molecular dynamics method, Composites Part A: Applied
Science and Manufacturing, 38, 3, 747–54, 2007.

[55] Li, Y., Liu, Y., Peng, X., Yan, C., Liu, S. and Hu, N.: Pull-out simulations on
interfacial properties of carbon nanotube-reinforced polymer nanocomposites. Com-
putational Materials Science, 50, 6, 1854–60, 2011.

[56] Wagner, H. D. and Vaia, R. A.: Nanocomposites: issues at the interface, Materials
Today, 7, 11, 38–42, 2004.

[57] Wagner, H. D., Ajayan, P. M. and Schulte, K.: Nanocomposite toughness from
a pull-out mechanism, Composites Science and Technology, 83, 27–31, 2013.

[58] Esawi, A. M., Morsi, K., Sayed, A., Taher, M. and Lanka, S.: Effect of carbon
nanotube (CNT) content on the mechanical properties of CNT-reinforced aluminium
composites, Composites Science and Technology, 70, 16, 2237–41, 2010.

[59] He, X. Q., Kitipornchai, S. and Liew, K. M.: Buckling analysis of multi-walled
carbon nanotubes: a continuum model accounting for van der Waals interaction, Jour-
nal of the Mechanics and Physics of Solids, 53, 2, 303–26, 2005.

[60] Jiang, L. Y., Huang, Y., Jiang, H., Ravichandran, G., Gao, H., Hwang,
K. C. and Liu, B.: A cohesive law for carbon nanotube/polymer interfaces based
on the van der Waals force, Journal of the Mechanics and Physics of Solids, 54, 11,
2436–52, 2006.

[61] Tan, H., Jiang, L. Y., Huang, Y., Liu, B. and Hwang, K. C.: The effect of
van der Waals-based interface cohesive law on carbon nanotube-reinforced composite
materials, Composites Science and Technology, 67, 14, 2941–6, 2007.

[62] Liu, X., Yang, Q. S., He, X. Q. and Liew, K. M.: Cohesive laws for van der
Waals interactions of super carbon nanotube/polymer composites, Mechanics Re-
search Communications, 72, 33–40, 2016.

[63] Nagataki, A., Takei, K., Arie, T. and Akita, S.: Carbon nanotube mechani-
cal resonator in potential well induced by van der Waals interaction with graphene,
Applied Physics Express, 8, 8, 085101, 2015.

[64] Zhang, X., Zhou, W. X., Chen, X. K., Liu, Y. Y. and Chen, K. Q.: Significant
decrease in thermal conductivity of multi-walled carbon nanotube induced by inter-
wall van der Waals interactions, Physics Letters A, 380, 21, 1861–4, 2016.



Reasons of Adding Carbon Nanotubes into Composite Systems ... 565

[65] Chernozatonskii, L. A., Artyukh, A. A., Demin, V. A. and Katz, E. A.:
Bucky-corn: van der Waals composite of carbon nanotube coated by fullerenes, Mole-
cular Physics, 114, 9, 92–101, 2016.

[66] Perebeinos, V. and Tersoff, J.: Wetting transition for carbon nanotube arrays
under metal contacts, Physical review letters, 114, 8, 085501, 2015.

[67] Tornabene, F., Fantuzzi, N., Bacciocchi, M. and Viola, E.: Effect of agglom-
eration on the natural frequencies of functionally graded carbon nanotube-reinforced
laminated composite doubly-curved shells, Composites Part B: Engineering, 89, 187–
218, 2016.

[68] Kumar, A. A., Sundaram, R.: Cure cycle optimization for the resin infusion
technique using carbon nanotube additives, Carbon, 96, 1043–52, 2016.

[69] Kamarian, S., Salim, M., Dimitri, R. and Tornabene, F.: Free vibration anal-
ysis of conical shells reinforced with agglomerated Carbon Nanotubes, International
Journal of Mechanical Sciences, 108, 157–65, 2016.

[70] Rathore, D. K., Singh, B. P., Mohanty, S. C., Prusty, R. K. and Ray, B.
C.: Temperature dependent reinforcement efficiency of carbon nanotube in polymer
composite, Composites Communications, 1, 29–32, 2016.
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[108] López-Lorente, Á. I. and Valcárcel, M.: The third way in analytical nanoscience
and nanotechnology: Involvement of nanotools and nanoanalytes in the same analyt-
ical process, TrAC Trends in Analytical Chemistry, 75, 1–9, 2016.

[109] Kazemi-Beydokhti, A., Heris, S. Z. and Jaafari, M. R.: Investigation of
different methods for cisplatin loading using single-walled carbon nanotube, Chemical
Engineering Research and Design, 112, 56–63, 2016.

[110] Hajibadi, H. and, Nowroozi, A.: Study on the interaction of metallocene cat-
alysts with the surface of carbon nanotubes and its influence on the catalytic prop-
erties. 1. Investigation of possible complex structures and the influence on structural
and electronic properties, Journal of Organometallic Chemistry, 2016.

[111] Li, J. and Lee, E. C.: Functionalized multi-wall carbon nanotubes as an efficient
additive for electrochemical DNA sensor, Sensors and Actuators B: Chemical, 239,
652–9, 2017.



568 Randjbaran, E., Zahari, R., Majid, D. L., Sultan, T. H. and Mazlan, N.

[112] Bal, S. and Samal, S. S.: Carbon nanotube reinforced polymer composites –
a state of the art, Bulletin of Materials Science, 30, 4, 379–86, 2007.

[113] Chen, Y., Zhang, H. B., Yang, Y., Wang, M., Cao, A. and Yu, Z. Z.:
High-Performance Epoxy Nanocomposites Reinforced with Three-Dimensional Car-
bon Nanotube Sponge for Electromagnetic Interference Shielding, Advanced Func-
tional Materials, 26, 3, 447–55, 2016.

[114] Fujigaya, T., Saegusa, Y., Momota, S., Uda, N. and Nakashima, N.: In-
terfacial engineering of epoxy/carbon nanotubes using reactive glue for effective rein-
forcement of the composite, Polymer Journal, 48, 2, 183–8, 2016.

[115] Bakhtiar, N. S., Akil, H. M., Zakaria, M. R., Kudus, M. H. and Othman,
M. B.: New generation of hybrid filler for producing epoxy nanocomposites with
improved mechanical properties, Materials & Design, 91, 46–52, 2016.
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