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 AmOMo OJ Vrd« ñnY}Mo Amho. X¡Z§{XZ OrdZ YmdnirMo Amho. 
ZmoH$ar-ì¶dgm¶mV àdoe {‘iUo H$R>rU Pmbo Amho. {ZgJ©XÎm JwU, 
earaaMZm, g§nm{XV JwU, H$m¡eë¶ ¶m§Mm g§{‘l à^md, g‘mOmV AZoH$ 
^y{‘H$m§V dmdaVmZm nS>V AgVmo. ‘mZgemór¶ n[a^mfoV ¶mbm "ì¶{º$‘Îd' 
qH$dm "Personality' Aer g§km Amho. EImÚm ì¶º$sMo "ì¶{º$‘Îd' 
CR>mdXma Amhoo, à^mdr Amho, Ago AmnU åhUVmo. ~wÕr, ^mdZm, 
g§doXZerbVm, {^Þ Ñ{ï>H$moZ, AS>MUr ¶m§Zm gm‘moao OmÊ¶mMr j‘Vm, 
n[apñWVrer OwidyZ KoÊ¶mMo H$m¡eë¶, {ejU, g§ñH$ma ¶m AZoH${dY Jmoï>tZr 
ì¶{º$‘Îd KS>V AgVo.
 "ì¶{º$‘Îd' ¶m g§koMr ì¶m»¶m {d{dY ‘mZgemókm§Zr 
Amnmnë¶m Ñ{ï>H$moZmZwgma {Xbobr Amho. àË¶oH$ ‘mUgmMo Am§V~m©ø Xe©Z 
åhUOo ì¶{º$‘Îd hmo¶, Ago gd©gm‘mÝ¶nUo åhUVm ¶oB©b. ì¶{º$‘Îdmbm 
gm‘Ï¶©, gm¢X¶© d g§nÞVm àmá H$ê$Z XoÊmo, AmË‘{dídmg, H$m¶©j‘, 
ñ‘aUeº$s, M[aÌ Aä¶mgmMr V§Ìo, ^mfU d g§^mfU H$bm, gmXarH$aU, 
ZoV¥Ëd, ldU H$m¡eë¶, doioMo {Z¶moOZ, VmUVUmdmMo ì¶dñWmnZ, 
gH$mamË‘H$ Ñ{ï>H$moZ, Ü¶o¶{Zð>m, à¶ËZm§Mr namH$mð>m Aem AZoH$ àH$maÀ¶m 
gm‘J«rZo ì¶{º$‘Îd {dH$mgmMo ‘mJ© gmono hmoVmV. {ZamoJr {H«$¶merb, àJë^, 
g¥OZerb d {dH$gZerb ì¶{º$‘Îd ~Z[dÊmo åhUOo ì¶{º$‘Îd {dH$mg 
hmo¶. ì¶{º$Ëd Am{U ì¶{º$‘Îd ¶mV ‘ybV: ’$aH$ Amho. àË¶oH$ àm[U‘mÌmbm 
ì¶{º$Ëd AgVo. Vr {ZgJ©XÎm XoUJr Amho.
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7.1 Introduction
In recent years carbon-based allotropes, carbon nanotube (CNT), graphene (GN), graphitic
carbon nitride, and many more have widely been used in various applications such as energy
storage devices, biomedical appliances, and water purifications due to their outstanding elec-
trical conducting and mechanical characteristics (Cui et al., 2014; Dong et al., 2015; Huang
et al., 2015). GNs have originated from the crystallographic two-dimensional (2D) materials
with a single sheet of sp2 network of carbon packed in a crystal lattice. The tensile strength
and Young’s modulus of GN is about 120 GPa and 1.05 TPa, respectively (Gonzalez et al.,
2014). GN tensile strength is more than nanosized steel and CNTs. The electrical and thermal
conductivities of GN are nearly 7300 S m21 and 42,800 W m21 K21, respectively (Mahato
et al., 2015; Zhang Aiqin et al., 2015). Although single CNT has shown extraordinary electrical
and thermal conductivity (1200,000 S m21 and 2530 W m21 K21), the properties of bulk
materials heavily depend on how the CNTs are organized. The CNT is very difficult to be
handled because definite control is not possible due to inherent complications in handling
single nanotubes. Therefore the large specific area (2600 m2 g21) of graphene along with
these exceptional properties is skill to adjust the behavior of the GN with the use of polymer
composites, have unified this material in energy storage devices, antimicrobial, sensors, and
biomedical field (Ambrosi et al., 2014; Miculescu et al., 2014, 2016).
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Mostly, GN oxide (GO) is prepared by using the Brodie (Eftekhari et al., 2018), the
Staudenmaier (Mukhopadhyay & Gupta, 2012), or the Hummer methods (Itkis et al., 2007).
These methods involved the oxidation of graphite followed by the exfoliation of GN. The
graphite oxide is unidentified due to its exact structural form, but it is widely recognized that
GO possesses oxygen functional groups that are responsible for its hydrophilic nature and,
after exfoliation, are converted to GO in many nonorganic solvents. The reduction of GN or
reduced GO (rGO) is made by using various reduction processes. Numerous reduction meth-
ods have been described in the literature, including chemical reduction (Bagade et al., 2019;
Cai & Song, 2010), thermal treatment (Moon et al., 2010; Wang, Shi, et al., 2012; Zeng et al.,
2012), and electrochemical reduction (Bian, Lin, He et al., 2013; Rahman & Chung, 2013).
After the reduction step, the oxygen-containing functional groups remaining on the GN platelet
have a noteworthy effect on its properties. Afterward, the GN platelet�forming process is still a
dynamic research area. Today, polymers are one of the most important discussion areas in
materials chemistry; they are quite cheap and easy to practice (Zhang, Zheng, Yan, et al.,
2010). Known synthetic polymers comprise polyolefin [polyethylene, polypropylene (PP), etc.],
polycarbonate, poly(methyl methacrylate), polyimide, poly(vinyl alcohol) (PVA), and polyure-
thane (PU). Nevertheless, their physical belongings to their applications in some areas are
frontier. The integration between GN and polymeric chains can improve the mechanical or
electronic properties. For example, the mechanical strength (Liu et al., 2013) of polymers has
been improved by GN, and efficient electrical conductivities (Bagade et al., 2019; Huang et al.,
2012) enrich their thermal stabilities (Wu, Huang, et al., 2013), advance their electrochemical
activities (Das & Prusty, 2013; Stoller et al., 2008; Xu et al., 2009), and impart gas barrier proper-
ties (Bora et al., 2013). The significant impact of GN addition was discussed in detail by Xu et al.
(Lipatov, 1990). Even though synthetic polymers are extensively used, they have vital negative
impact on environment because they are nonbiodegradable, and often the base chemicals are
derived from petroleum. For example, in every year, the worldwide uses of polyolefin have been
produced approximately 1.4 billion tons of industrial waste products (Terrones et al., 2011). To
overcome these problems, natural polymers are now being explored as substitutes for synthetic
nondegradable plastics. The common matrices of natural polymers are polysaccharides, proteins,
lipids (fats and oils), polyesters from microorganisms (phytohemagglutinin), chitosan (CS),
cellulose, lignin, and those derived from natural monomers such as poly(lactic acid) (PLA)
(Das & Prusty, 2013; Thakur & Thakur, 2015). However, these polymers frequently have lower
properties compared to synthetic polymers. Thus the inclusion of GN can achieve an
enhanced performance of the main polymer matrices.

The use of battery functioned appliances improved in both the economic and engineering
fields has led to the exploration for more operative ways of reaping energy from the environ-
ment, energy storing for later use, delivering power, and improving energy productivity.
Moreover, being used as a replacement for the semiconductor diode in a solar cell, conducting
polymers are used in electrochemical cells in energy storage devices and (supercapacitors)
(Stoller et al., 2008; Xu et al., 2009). Most common types of conducting polymers include poly-
pyrrole (PPy), polyacetylene, polyaniline (PANI), and poly(3,4�16 ethylenedioxythiophene)
(PEDOT) (Chen et al., 2015; Ganeshkumar et al., 2014; Thakur & Kessler, 2015; Wu et al., 2014).
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Chapter 14
Graphene-Polymer Nanocomposites
for Environmental Remediation
of Organic Pollutants

T. S. Shrirame, J. S. Khan, M. S. Umekar, A. K. Potbhare, P. R. Bhilkar,
G. S. Bhusari, D. T. Masram, A. A. Abdala, and R. G. Chaudhary

Abstract The graphene-based polymer nanocomposite is an outstanding mate-
rial which is attracting researcher’s and scientists’ attention due to its fascinating
physicochemical and thermo-mechanical properties. Even it has been a decade after
its discovery, scientists are still exploring the hidden potentials of this material.
The present chapter summarizes the most recent studies on the modification of
graphene with polymers and the subsequent synthesis and applications of high-
quality graphene-polymer nanocomposites. The chapter started with an introduction
followed by historical background, conventional and green fabrication strategies for
producing high-quality graphene based-polymer nanocomposites including various
covalent and non-covalent techniques are summarized and discussed. Finally, the
graphene-polymer nanocomposites catalyzed photo-degradation of organic pollu-
tants (OPs) like dyes, pesticides, insecticide for water purification, and future
perspective is presented herewith.
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