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Abstract: In nanocomposite systems, catalytic activity is initiated particularly when Nano particles size are
less than 5 nm, softening hard magnetic materials when particles size are less than 20 nm, producing refractive
index changes when particles size are less than 50 nm, producing super paramagnetism and others
electromagnetic phenomena when particles size are less than 100 nm and enhancing strengthening and
toughening when particles size are less than 100 nm within same range.

After discovery of carbon nanotubes (CNTSs), a new and interesting feature has been added in to this area and
thus initiating potential use to fabricate Nanocomposites having improved CNT based mechanical, electrical,
and thermal features.

Nanocomposite materials can be classified in three different categories such as Ceramic Matrix
Nanocomposites (CMNC), Metal Matrix Nanocomposites (MMNC) and Polymer Matrix Nanocomposites
(PMNC) as per the matrix materials.
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I. Overview

Nanocomposites are acting as high performance materials having remarkable property combinations
and outstanding design possibilities. Their potential is so striking that they are useful in several areas ranging
from packaging to biomedical applications with an estimated annual growth rate of fastest demand to be in
engineering plastics and elastomers. As these are environmentally friendly, applications of hanocomposites thus
offer new technology and business opportunities for potential sectors of the automotive, aerospace, electronics
and biotechnology industries [1].

It has been reported in nanocomposite systems that catalytic activity is initiated particularly when
particles size are less than 5 nm, softening hard magnetic materials when particles size are less than 20 nm,
producing refractive index changes when particles size are less than 50 nm, producing super paramagnetism and
others electromagnetic phenomena when particles size are less than 100 nm and enhancing strengthening and
toughening when particles size are less than 100 nm within same range [2].

A new and interesting feature to this area has been added after discovery of carbon nanotubes (CNTS)
in 1991 [3] and their further use to fabricate composites having some of the unique CNT related mechanical,
electrical, and thermal properties added [4, 6]. Nanocomposite materials can be classified as per the matrix
materials in three categories such as Ceramic Matrix Nanocomposites (CMNC), Metal Matrix Nanocomposites
(MMNC) and Polymer Matrix Nanocomposites (PMNC) as given in Table 1 [1].

Table 1 Types of Nanocomposites (Pedro Henrique Cury Camargo et al., 2009 [1])
Class Examples
Metal Fe-Cr/ AlOs, Ni/ Al,O3, Co/Cr, Fe/MgO, AI/CNT, Mg/CNT
Ceramic A|203/Si02, SlOZ/Nl, Aleg/ TiOZ, Aleg/SIC, A|203/CNT
Polymer | Thermoplastic/thermoset polymer/layered silicates, polyester/TiO,, polymer/CNT, polymer/layered
double hydroxides

Nanocomposite systems including CNTSs reinforced nanocomposites have been focused since the 1990s
and it has been observed that there has been a steady and continuous increase in the number of publications on
this subject including reviews [7, 31].

Polymer composites are being manufactured for commercial applications such as sporting equipments,
aerospace applications, automobile components, etc. Since, last 20 years, there has been a strong emphasis on
the fabrication of polymeric nanocomposites, in which at least one of the dimensions of the filler material has to
be in nanometer [32]. And the most important thing is that the final product does not have to be in nanoscale,
but could be micro- or macroscopic in size [33]. By the advent of scanning tunneling microscopy and scanning
probe microscopy in the early 1980s, this surge in the field of nanotechnology has been greatly facilitated. These
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powerful tools have facilitated scientists to discern visually the nature of the surface structure with atomic
resolution [34] with computer technology to characterize and predict the properties at the nanoscale via
modeling and simulation [33].

In a nutshell, the unique combination of the nanomaterial characteristics, such as size, low
concentrations, and mechanical properties, actually these are necessary to effect change in a polymer matrix,
coupled with the advanced characterization and simulation techniques which are now available these days, and
due to that there have been wide interest in the field of nanocomposites [32]. In addition, many polymer
nanocomposites can be fabricated and processed in ways similar to that of conventional polymer composites,
making them particularly attractive from a manufacturing point of view.

In 1998, an article entitled ‘Nano sandwiches’, has been published by Chemistry in Britain stating,
‘Nature is a master chemist with incredible talent’ [35]. Polymers such as carbohydrates, proteins, and lipids
have been used as natural reagents by nature to make strong composites such as bones, wood, and shells and
those are further examples of nanocomposites, made by mixing two or more constituent phases such as particles,
layers or fibers, where at least one of the phases is in the nanometer size range [32]. With the use of a
combination of atomic scale characterization and detailed modeling nanoscale science and technology research
is progressing [33].

In 1990s, Toyota Central Research Laboratories in Japan have reported work on a Nylon-6
nanocomposite [36], in which a little amount of Nano filler loading resulted in a significant improvement of
thermal and mechanical properties. Kanartzidis quoted that the properties of nanocomposite materials rely on
the properties of their individual parents (Nano filler and nylon, in this case), and also on their morphology and
interfacial characteristics [35].

Il. Conclusion

Challenges in Processing and Manufacturing of Nanocomposites

Nanocomposite materials hold true potential to redefine exactly the field of traditional composite
materials both in terms of performance and advance potential applications. However, developing those
processing—manufacturing technologies in terms of quantity and quality and value for commercialization will be
one of the most important challenges.

Dispersion of nanoparticles or chemical compatibility with matrix materials is still amongst those
important issues. The aim of improving those carbon nanofiber matrix interfacial adhesion issues and complete
dispersion must be resolved prior to achieving the full potential of CNF nanocomposites.
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