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7.1 Introduction

Graphene (G) and its derivatives are finding use for various applications and have arisen as a
high-flier on the prospect of materials science [1-10]. The first well-known example of G was
introduced by British chemist Benjamin Collins Brodie in 1859. He prepared G by treating
G flakes in an oxidative environment [11]. However, in 2004, Andre Geim and Kostya
Novoselov of the University of Manchester won the Nobel Prize for their discovery of G [12].
G is a thin, two-dimensional (2D), polyaromatic, sp” carbon hexagonal network that is the
lightest, strongest, most electrically and thermally conductive material, which has found many
applications to captivate the attention of the scientific community [13]. Since the last decade,
G has gained huge interest, steady progress in commercialization, and is widely used by
different scientific communities for various applications. To date, the production of G increased
from 14 tons to nearly 1200 tons [14]. The long-range, 2D sp” carbon hexagonal network
system in G offers extraordinary physical properties, extremely large specific surface area
(2630 m> g™ Y, high elasticity, thermal and electricity conductivity, captivating electronic
properties, and most importantly charge carrier’s behavior as massless relativistic particles
[15]. Due to an exceptional mechanical property, G succeeds as an outstanding material for
various potential applications such as solar cells, sensors, hydrogen generation via
water-splitting, energy storage devices, and catalytic activities [16]. G is a zero-gap 2D
semimetal with tiny overlap between valence band (VB) and conduction band (CB) plus high
surface area, which makes it an appropriate nanoadsorbent and nanocatalyst [15, 17].
Despite the excellent features of pristine G sheets, low dispersion in water, agglomeration in
solution due to Van der Waals interactions, and difficult bottom-up synthesis limits their
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18.1 Introduction to nanomaterials

Clean and safe water plays a vital role in human health and the ecosystem; however, the 785
million people around the world are having difficulties accessing basic drinking water service,
as reported by the World Health Organization (WHO) (hitps://www.who.int/news-room/
fact-sheets/detail/drinking-water). Though natural water sources are available, the scarcity and
poor water quality is an issue in many parts of the world. The sudden increase in population and
industrial growth is responsible for the world’s water pollution. Basically, there are different
types of impurities present in water, which include hybrid pollutants (organic-inorganic) and
microorganisms [, 2]. Since contaminated water introduces harmful disease that can cause
illness or even death, it is an alarming concern worldwide. Therefore new development in
advanced technology for water purification (treatment of wastewater/desalination/recycle/
reuse/recovery) is in high demand |3, 4]. This would help to overcome the 21st century
challenge for obtaining fresh and safe water (for beneficial use) and to save the natural
resources of water on the earth.

A suitable material with high durability, inexpensive, high porosity, high separation capacity,
and reusability are the basic requirements for obtaining fresh/safe water [5, 6]. With respect to
this, nanotechnology offers an excellent platform where an advanced nanomaterial having
required properties (flexibility, high mechanical/thermal strength, stability, high adsorption
capacity, etc.) can be developed [7, 8]. Nanomaterials (nanoparticles such as metal oxide,
graphene, CNTs, TiO,, zeolites, etc.) in the form of various shapes/size (1-100 nm) and
morphology are available for sustainable development (Fig. 18.1). With applications in the
fields of medicine, antibacterial properties, redox and photocatalytic properties, energy storage,
adsorption, sensing/detection of pollutant, filler in membrane, etc., nanomaterials can also
address environmental problems such as purification of water and wastewater treatment [9—11].
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