


NOVEL NANOMATERIALS
- SYNTHESIS AND
APPLICATIONS

Edited by George Z. Kyzas
and Athanasios C. Mitropoulos



Novel Nanomaterials - Synthesis and Applications
http://dx.doi.org/10.5772/intechopen.70149
Edited by George Z. Kyzas and Athanasios C. Mitropoulos

Contributors

Chuan-Pei Lee, Jorge Morales-Hernandez, Ana Lilia De Jesus Lazaro, Verdnica Nayelli Martinez Escobedo, Huijin Xu,
Zhanbin Xing, Fugiang Wang, Yanhuai Ding, Hui Chen, Zheng Li, Huming Ren, Xianggiong Tang, Jiuren Yin, Ping
Zhang, Nabanita Saikia, Muzamal Hussain, Muhammad Nawaz Naeem, Nabeel Z. Al-Hazeem, Marketa Vaculovicova,
Vojtech Adam, Alexander Samoylov, Stanislav Ryabtsev, Vasily Popov, Petre Badica, Alexey Vereschaka, Gaik Oganian,
Nikolay Sitnikov, Andre Batako, Anatoliy Aksenenko, Rodica-Mariana lon, Sanda Maria Doncea, Daniela Turcanu-
Carutiu, Young Rang Uhm, Jiatao Zhang, Sajid Muhammad, Hongpan Rong, Shuping Zhang, Lezorgia Nekabari
Nwidee, Stefan Iglauer, Rajendra Sukhadeorao Dongre, Badriyah Alhalaili, Howard Mao, M. Saif Islam, Shah Kwok
Wei, George Z. Kyzas, Athanasios C. Mitropoulos

© The Editor(s) and the Author(s) 2018

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, Designs and Patents
Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. The book as a whole (compilation)
cannot be reproduced, distributed or used for commercial or non-commercial purposes without INTECHOPEN
LIMITED's written permission. Enquiries concerning the use of the book should be directed to INTECHOPEN LIMITED
rights and permissions department (permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

[@)ey

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be found
at http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.

First published in London, United Kingdom, 2018 by IntechOpen

IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, registration number:
11086078, The Shard, 25th floor, 32 London Bridge Street

London, SE19SG - United Kingdom

Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard copies can be obtained from orders@intechopen.com

Novel Nanomaterials - Synthesis and Applications, Edited by George Z. Kyzas and Athanasios C. Mitropoulos
p.cm.

Print ISBN 978-1-78923-088-8

Online ISBN 978-1-78923-089-5



Contents

Section 1

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Preface IX

Synthesis 1

Introductory Chapter: Nanomaterials in the 2020s 3
George Z. Kyzas and Athanasios C. Mitropoulos

Ga203 Nanowire Synthesis and Device Applications 7
Badriyah Alhalaili, Howard Mao and Saif Islam

Synthesis of TiB2-Ni3B Nanocomposite Powders by Mechanical
Alloying 37

Jorge Morales Herndndez, Verdnica N. Martinez Escobedo, Héctor
Herrera Hernandez, José M. Juarez Garcia and Joel Moreno
Palmerin

Properties and Catalytic Effects of Nanoparticles Synthesized
by Levitational Gas Condensation 51
Young Rang Uhm

Vibrational Behavior of Single-Walled Carbon Nanotubes
Based on Donnell Shell Theory Using Wave Propagation
Approach 77

Muzamal Hussain and Muhammad Nawaz Naeem

Nanosynthesis Techniques of Silica-Coated
Nanostructures 91
Kwok Wei Shah



VI Contents

Chapter 7 Delamination and Longitudinal Cracking in Multilayered
Composite Nanostructured Coatings and Their Influence on
Cutting Tool Wear Mechanism and Tool Life 111
Alexey Vereschaka, Sergey Grigoriev, Nikolay Sitnikov, Gaik
Oganyan, Anatoliy Aksenenko and Andre Batako

Chapter 8 Mechanical Properties of GO Nanostructures Prepared from
Freeze-Drying Method 133
Yanhuai Ding, Hui Chen, Zheng Li, Huming Ren, Xiangiong Tang,
Jiuren Yin, Yong Jiang and Ping Zhang

Section2 Applications 145

Chapter9  Convective Transport Characteristics of Nanofluids in Light-
Weight Metal Foams with High Porosity 147
Huijin Xu, Zhanbin Xing, Fugiang Wang and Changying Zhao

Chapter 10 Nanotechnologies in Cultural Heritage - Materials and
Instruments for Diagnosis and Treatment 173
Rodica-Mariana lon, Sanda-Maria Doncea and Daniela Turcanu-
Carutiu

Chapter 11 Nanofibers and Electrospinning Method 191
Nabeel Zabar Abed Al-Hazeem

Chapter 12 Palladium (Il) Oxide Nanostructures as Promising Materials for
Gas Sensors 211
Alexander M. Samoylov, Stanislav V. Ryabtsev, Vasily N. Popov and
Petre Badica

Chapter 13 Functionalized Carbon Nanomaterials in Drug Delivery:
Emergent Perspectives from Application 231
Nabanita Saikia

Chapter 14 Ultralight Paper-Based Electrodes for Energy Applications 257
Chuan-Pej Lee

Chapter 15  Rationally Fabricated Nanomaterials for Desalination and
Water Purification 271
Rajendra S. Dongre



Chapter 16

Chapter 17

Chapter 18

Contents

Noble Metal-Based Nanocomposites for Fuel Cells 291
Hongpan Rong, Shuping Zhang, Sajid Muhammad and Jiatao
Zhang

Capillary Electrophoresis in Nanotechnologies versus
Nanotechnologies in Capillary Electrophoresis 311
Vojtech Adam and Marketa Vaculovicova

Nanofluids as Novel Alternative Smart Fluids for Reservoir
Wettability Alteration 327

Lezorgia Nekabari Nwidee, Ahmed Barifcani, Mohammad
Sarmadivaleh and Stefan Iglauer

Vil



Chapter 1

Introductory Chapter: Nanomaterials in the 2020s

George Z. Kyzas and Athanasios C. Mitropoulos

Additional information is available at the end of the chapter
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1. Introduction

This work is an introductory chapter of the book Novel Nanomaterials - Synthesis and Applications.
Nanomaterials are a special topic of recent research and are a milestone of nanoscience and
nanotechnology. Nanoscale materials are a series of substances/compounds, in which at least
one dimension has smaller size than 100 nm. Nanomaterials have a broad area of develop-
ment which day by day is rapidly growing. Their impact to commercial applications is huge
as well as respective to academia and education. A high percentage of nanomaterials exist
naturally, but the great interest is for the type of nanomaterials which can be synthesized. The
latter is called as “engineered nanomaterials.” These nanomaterials are formed at the molecu-
lar (nanometer) level in order to present the positive of the small/tiny size and innovative
properties. Those properties are not generally observed in their common/bulk counterparts/
nanoparticles. The bing bang was very crucial for the nanomaterials science given that many
theories refer the existence of nanostructures after falls of early meteorites, and until now
they are under examination with new nanoforms. All of the above clearly indicate that the
“world” of nanomaterials is explosively growing in various sections. Therefore, the target of
this book is wide. It includes many approaches of metal oxide nanostructures, nanocompos-
ites, and polymer materials. Synthesis, characterizations, various processes, fabrications, and
some promising applications are also developed and analyzed.

2. Nanomaterials science

Nanomaterials are a special topic of recent research and are a milestone of nanoscience and
nanotechnology. These materials have a broad area of development which day by day is rap-
idly growing. Their impact to commercial applications is huge as well as the respective to
academia and education.
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4 Novel Nanomaterials - Synthesis and Applications

At this point, it is mandatory to give a brief definition of nanomaterials. So, nanoscale materi-
als are a series of substances/compounds, in which at least one dimension has smaller size
than 100 nm. 1 nm is equal to 10° mm, meaning 10° times smaller than a possible size of a
human hair (obviously measuring the diameter). Another question which must be replied
is why nanomaterials have such big interest. The answer is not difficult. Since at this scale,
interesting optical, attractive, electrical, and some other different properties rise. These inno-
vative properties have the potential for extraordinary effects in various gadgets, especially in
biomedicine, biochemistry, or other relatively similar fields.

Another crucial question is where nanomaterials can be found or how they are “born.” A
high percentage of nanomaterials exist naturally, but the great interest is for the type of nano-
materials which can be synthesized (engineered nanomaterials (EN)). This type of materials
is extensively used in many processes producing even commercial products. They can be
found in such things as sunscreens, cosmetics, sporting goods, stain-resistant clothing, tires,
and electronics. They also exist in everyday things and especially products of medicine and
biomedicine (e.g., drug delivery, imaging, or even diagnosis purposes).

Engineered nanomaterials are formed at the molecular (nanometer) level in order to present
the positive of the small/tiny size and innovative properties. Those properties are not gen-
erally observed in their common/bulk counterparts/nanoparticles. Two major explanations
can be given to answer why these materials at nanoscale have different properties. These
materials showed high (or better increasing) relative surface area and some new types of
quantum effects. Also, it is noteworthy that their conventional forms present much lower
surface area to volume ratio than the new forms (EN). The latter cause higher chemical reac-
tivity, influencing also their strength. Going to nanoscale, the importance of quantum effects
is great especially regarding the determination of materials properties and characteristics; this
confirms some new optical, electrical, and magnetic behaviors. Nanomaterials are already
used for commercial purposes in industry. The available commercial products of nowadays
belong to a broad technologic area, including stain-resistant and wrinkle-free textiles, cos-
metics, sunscreens, electronics, paints, and varnishes. Nanocoatings and nanocomposites are
finding uses in diverse consumer products, such as windows, sports equipment, bicycles,
and automobiles. There are novel UV-blocking coatings on glass bottles which protect bever-
ages from damage by sunlight and longer-lasting tennis balls using butyl-rubber/nano-clay
composites. Nanoscale titanium dioxide, for instance, is finding applications in cosmetics, sun
block creams, and self-cleaning windows, and nanoscale silica is being used as filler in a range
of products, including cosmetics and dental fillings [1].

3. Historical points for nanomaterials

The big bang caused very crucial for the nanomaterials science given that many theories refer
the existence of nanostructures after falls of early meteorites. After that start, the nature physi-
cally created some other nanostructure-like formations as seashells, skeletons, etc. However,
the scientific/technological story and official start of nanomaterials can be pinned much later.
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Michael Faraday has synthesized colloidal gold particles synthesized in 1857. In the 1930s,
nanostructured catalysts were also investigated. During the 1940s, the market of the USA and
Germany was filled after manufacturing with precipitated and fumed silica nanoparticles as
substitutes for ultrafine carbon black for rubber reinforcements. Then, from the 1960s to the
1970s, some metallic-like nanopowders used to produce magnetic recording tapes were also
developed. In 1976, Granqvist and Buhrman published a work reporting a new term; the
popular inert-gas evaporation technique according to which nanocrystals were synthesized
for the first time.

Nowadays, the engineering of nanophase or generally nanotechnology is rapidly develop-
ing investigating more and more structural and functional materials (inorganic and organic).
Therefore, there is a possibility to change/modify or even treat some important electric, mag-
netic, mechanical, catalytic, optical, and electronic functions. The synthesis of materials in
nanophase or the so-called cluster-assembled materials is based on the separated small cluster
formation. Then, these are fused into a material (majorly in bulk form).

Author details

George Z. Kyzas* and Athanasios C. Mitropoulos
*Address all correspondence to: georgekyzas@gmail.com

Hephaestus Advanced Laboratory, Eastern Macedonia and Thrace Institute of Technology,
Kavala, Greece

Reference

[1] Borm PJ, Robbins D, Haubold S, Kuhlbusch T, Fissan H, Donaldson K, Schins R, Stone
V, Kreyling W, Lademann ], Krutmann J, Warheit D, Oberdorster E. The potential risks
of nanomaterials: A review carried out for ECETOC. Particle and Fibre Toxicology.
2006;3:1 (Article ID 1)



	Chapter 1
Introductory Chapter: Nanomaterials in the 2020s

