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PREFACE

The field of graphene research has flourished over the past decade, and it continues to
captivate scientists, engineers, and innovators alike. Graphene, a single layer of carbon atoms
arranged in a two-dimensional honeycomb lattice, exhibits extraordinary properties that set it
apart from conventional materials. Its exceptional electrical conductivity, thermal stability,
and mechanical strength have paved the way for a myriad of groundbreaking applications.

The chapters featured in this book span a broad spectrum of topics, each exploring a unique
facet of graphene's immense potential. Starting with the development of light energy
converters, our contributors present a comparative analysis of short-chain dyad graphene
oxide and graphene quantum dot nanocomposites—a critical step forward in harnessing
renewable energy sources. Forensic applications take the center stage in the next chapter,
where graphene-based nanomaterials demonstrate their prowess in enhancing forensic
investigations, making a significant impact in the field of law enforcement and criminal
justice. The global importance of water purification drives our attention to another chapter,
which ingeniously showcases how graphene derived from solid waste materials can be a key
player in tackling water contamination issues. Environmental consciousness remains a core
theme as we delve into the green synthesis of reduced graphene oxide using agricultural
waste—a compelling solution with immense potential for various environmental and health
applications. Energy storage and conversion, essential components of the sustainable future
we strive for, are eloquently discussed in the chapter dedicated to the synthesis, preparation,
and properties of 2D graphene for electrochemical energy storage and conversion. Mechanical
properties and structural integrity take precedence in the exploration of crack growth analysis
of graphene nanocomposites, an essential aspect for ensuring the reliability of materials in
various engineering applications. Finally, the impact of graphene on metal matrix composites
is thoroughly examined, showcasing the enhancement of mechanical properties in these
advanced materials.

Each chapter in this book represents a dedicated effort by the authors to contribute to the
growing body of knowledge on graphene's potential. We are proud to say that this collection
not only captures the current state of the field but also offers a glimpse into the exciting
possibilities that lie ahead. We extend our heartfelt gratitude to all the authors who have
passionately contributed their expertise, knowledge, and insights to make this book a reality.
Their commitment to advancing scientific research has been pivotal in shaping the content of
this publication.

We hope that "The 2-Dimensional World of Graphene" will ignite your curiosity, inspire
further exploration, and spark new ideas that will drive the future of graphene research and its
transformative applications.

Virat Khanna

University Centre for Research & Development
Chandigarh University

Mohali, Punjab, India

Vishal Chaudhary
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Bhagini Nivedita College
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CHAPTER 6

Graphene Nanoparticles: Technological Concepts
and Future Applications

Manaal Zahera', Aquib Khan’, Katyayani Mishra® and Faria Fatima*’

" Department of Biotechnology, Era University, Sarfarazganj, Lucknow, Uttar Pradesh, India
? Department of Polytechnic, Integral University, Lucknow, Uttar Pradesh, India

? Department of Biochemistry, Era University, Sarfarazganj, Lucknow, Uttar Pradesh, India
* Department of Agriculture, IIAST, Integral University, Lucknow, Uttar Pradesh, India

Abstract: Graphene, one of the most recent materials, has unique physical and
chemical properties. The low weight and honeycomb structure of graphene gives it
extraordinary unique properties. According to a recent study, experts from many
different disciplines, such as biological science, energy, and the environment, are
interested in graphene-based composites. These nanoparticles also show certain
biologically undesirable effects that need to be clarified. As a result, it became
important to analyse graphene's characteristics and potential uses. In this chapter,
recent advancements in the synthesis process for composites consisting of
nanoparticles and graphene, examine their properties and discuss their advantages for a
variety of applications. Additionally, the important properties of the unit cell's edges,
bond formation, bond electronic structure, and stacking sequence were emphasized.
Investigations are also conducted into how these illnesses affect the thermal, electrical,
mechanical, and chemical characteristics of graphene. Following a brief explanation of
the fundamental composition, production methods, and their properties are discussed.
Finally, present challenges in surface modification are explored, along with prospective
directions for future study. Thus this paper detailing the excellent techniques and some
cutting-edge graphene applications is necessary.

Keywords: Biomedical, Construction, Graphene, Medical, Magnetic,
Manufacturing.

INTRODUCTION

The strength, flexibility, lightness, and resistance of graphene are noteworthy.
This substance is thought to be five times lighter and 200 times more resistant
than steel. The fields of energy, building, health, and electronics may all benefit

" Corresponding author Faria Fatima: Department of Agriculture, IIAST, Integral University, Lucknow, Uttar
Pradesh, India; E-mail: fatimafaria45@gmail.com

Virat Khanna, Vishal Chaudhary, Anam Munawar, Reddicherla Umapathi and Kamaljit Singh (Eds.)
All rights reserved-© 2024 Bentham Science Publishers
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from graphene's advantages [1]. Carbon is the strongest, thinnest, and most
electrically and thermally conductive material in the universe. Nippon Electric
Company (NEC) Ltd. published the first study on carbon nanotubes and the
growth of the family of carbon materials in 1991. Micro-computer scraping was
used to remove graphene from its monolithic state, defying the two-dimensional
crystalline theory [2]. It is a two-dimensional carbonaceous material with a
hexagonal honeycomb crystal structure. Graphene is currently the thinnest
nanomaterial, having a thickness of 0.34 nm. Each carbon is joined to three other
C atoms. With a C-C bond length of about 0.142 nm, graphene has a remarkably
stable structure. Graphene has a very strong connection between each carbon
atom. The atomic surface within graphene deforms and bends when an external
force is applied to it in order to counteract it. As a result, the carbon atoms do not
rearrange or go out of alignment, creating a constantly stable structure [3]. When
graphene electrons move in the internal orbit, there is no scattering effect caused
by the interference of external atoms or lattice flaws. The exceptional qualities of
graphene are a result of its unusual lattice structure. Today, there are several ways
to make graphene, but the four most common ones are chemical vapour
deposition, liquid phase stripping, mechanical stripping, and epitaxial growth.
Recent years have seen significant studies on graphene quantum dots (GQD) and
carbon doped with other elements, chemicals, or organic compounds. The
scientific community has taken a keen interest in graphene due to its extraordinary
mechanical, physical, and thermal characteristics. A number of preparation
techniques for graphene have been created recently. It has several uses in
numerous industries as a result of its fascinating features.

MANUFACTURING PROCESS

Various methods have been developed for producing graphene, such as chemical
vapor deposition (CVD)/chemical vapor transport (CVT), conversion of SiC,
reduction of GO, chemical/liquid/solid/gas/mechanical exfoliation of graphite,
and laser-assisted manufacturing.

Chemical Vapor Deposition/Chemical Vapor Transport (CVT) Method

The most widely used method, CVD, has a lower yield and higher cost but can
produce high-quality graphene with superior layer control, including single
crystals. The most popular method of bulk preparation involves physically or
electrochemically exfoliating graphite, either with or without a solvent. Chemical
exfoliation may be produced by oxidizing GO, and subsequent reduction produces
an FLG, that processes damaged graphene planes. Although bottom-up synthesis
can employ tiny halogenated molecules as precursors to create graphene with
well-defined structures and properties, the scales are too small for practical usage



	Cover

	Title

	Copyright

	End User License Agreement

	Contents

	PREFACE 
	Graphene Nanoparticles: Technological Concepts and Future Applications 
	Manaal Zahera1, Aquib Khan2, Katyayani Mishra3 and Faria Fatima4,*
	INTRODUCTION
	MANUFACTURING PROCESS
	Chemical Vapor Deposition/Chemical Vapor Transport (CVT) Method



