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a b s t r a c t

Carbon materials particularly in the form of sparkling diamonds have held mankind spell-
bound for centuries, and in its other forms, like coal and coke continue to serve mankind as
a fuel material, like carbon black, carbon fibers, carbon nanofibers and carbon nanotubes
meet requirements of reinforcing filler in several applications. All these various forms of car-
bon are possible because of the element’s unique hybridization ability. Graphene (a single
two-dimensional layer of carbon atoms bonded together in the hexagonal graphite lattice),
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the basic building block of graphite, is at the epicenter of present-day materials research
because of its high values of Young’s modulus, fracture strength, thermal conductivity,
specific surface area and fascinating transport phenomena leading to its use in multifarious
applications like energy storage materials, liquid crystal devices, mechanical resonators
and polymer composites. In this review, we focus on graphite and describe its various
modifications for use as modified fillers in polymer matrices for creating polymer–carbon
nanocomposites.

© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

Carbon, the sixth element in the Periodic Table of Ele-
ments, is truly remarkable for its extraordinary ability of
catenation to combine with itself and other chemical ele-
ments in different ways and thereby form the basis of
organic chemistry and of life. In nature, it is abundantly
available as coal or as natural graphite, and in lesser quan-
tities as diamonds. Diamond and graphite, the well-known
allotropes of carbon have now been joined by fullerenes
(C60, C70) [1,2], fullerene-related materials (like carbon
onions) [3], carbon nanofibers [4,5] and also carbon nan-
otubes [6–8]—all of which are carbon based nanomaterials.
The study of carbon nanostructures became very important
with the discovery of fullerenes in 1985 [9] and carbon nan-
otubes in 1991 [10]. This is due to the fact that fullerenes
serve as prototypes for zero-dimensional quantum dots
while nanotubes serve as prototypes for one-dimensional
(1D) quantum wires [7].

Man has also created several other forms of carbon
(engineered carbons) and some of these are: synthetic
graphite and synthetic diamonds, adsorbent carbon, cokes,
carbon black, carbon and graphitic fibers, glassy carbons,
diamond-like carbon, etc., for application in various end
uses like electrodes and electrical contacts, lubricants, shoe
polish, gemstones, cutting wheels, gas adsorption, catalytic
support, helium gas barrier, tire and elastomer reinforce-
ment, toner for photocopying machines and printing inks,
high performance tennis rackets, aircraft and spacecraft
composites, heat sinks for ultrafast semiconductors, etc.
[11–13]. All these various carbon forms can be ascribed to
carbon’s unique hybridization properties. The ground state
orbital configuration of carbon is 1s2 2s2 2p2. The narrow

energy gap between the 2s and 2p orbitals facilitates the
promotion of one 2s electron to a vacant higher energy 2p
orbital. This electron promotion allows carbon to hybridize
into sp, sp2 and sp3 configurations leading to fascinating
and diverse molecular structures. The sp bonding gives
rise to chain structures, sp2 bonding gives rise to planar
structures and sp3 bonding to tetrahedral structures. The
hybridization states of some typical carbon nanomaterials
are summarized in Fig. 1.

In this era of nanocomposites research, a lot of empha-
sis has been directed towards the study of carbon based
nanofillers mostly carbon nanotubes (CNTs) and to a lim-
ited extent to graphite and vapor grown carbon nanofibers
(VGCNFs). However, the use of CNTs in nanocomposites to
date has been limited by challenges in processing and dis-
persion, but the biggest hurdle for extensive use is their
exorbitant price. Multiwall carbon nanotubes (MWNTs) are
priced at ∼$8/g, single wall carbon nanotubes (SWNTs) cost
∼$170/g and graphite nanoplatelets are priced at ∼$2/kg
[14]. As a matter of fact, from a geometric perspective
(Fig. 2), carbon nanostructures like CNTs and VGCNFs can be
obtained by the coiling up of the covalent graphene build-
ing units resulting in a three dimensional structure [15].

Several excellent reviews are available which specif-
ically deal with graphene [16], chemical methods for

Fig. 1. Hybridization states of some typical carbon nanomaterials.
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