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Preface to the series

The field of synthesis, study, and application of metal oxides is one of the most rap-
idly progressing areas of science and technology. Metal oxides are one of the most
ubiquitous compound groups on earth, which have a large variety of chemical com-
positions, atomic structures, and crystalline shapes. In addition, metal oxides are
known to possess unique functionalities that are absent or inferior in other solid
materials. In particular, metal oxides represent an assorted and appealing class of
materials, properties of which exhibit a full spectrum of electronic properties—
from insulating to semiconducting, metallic, and superconducting. Moreover,
almost all the known effects, including superconductivity, thermoelectric effects,
photoelectrical effects, luminescence, and magnetism, can be observed in metal oxi-
des. Therefore metal oxides have emerged as an important class of multifunctional
materials with a rich collection of properties, which have great potential for numer-
ous device applications. Specific properties of the metal oxides, such as the wide
variety of materials with different electrophysical, optical, and chemical characteris-
tics, their high thermal and temporal stability, and their abilities to function in harsh
environments, make metal oxides very suitable materials for designing transparent
electrodes, high-mobility transistors, gas sensors, actuators, acoustical transducers,
photovoltaic and photonic devices, photo- and heterogeneous catalysts, solid-state
coolers, high-frequency and micromechanical devices, energy harvesting and stor-
age devices, nonvolatile memories, and many others in the electronics, energy, and
health sectors. In these devices, metal oxides can be successfully used as sensing or
active layers, substrates, electrodes, promoters, structure modifiers, membranes, and
fibers, which can be used as active and passive components.

Among other advantages of metal oxides are the low fabrication cost and robust-
ness in practical applications. Furthermore, the metal oxides can be prepared in var-
ious forms such as ceramics, thick and thin films. At that for thin-film deposition
can be used deposition techniques that are compatible with standard microelectronic
technology. The last factor is very important for large-scale production, because the
microelectronic approach promotes low cost for mass production, offers the possi-
bility of manufacturing devices on a chip, and guarantees good reproducibility.
Various metal oxide nanostructures, including nanowires, nanotubes, nanofibers,
core—shell structures, and hollow nanostructures, can also be synthesized. As is
known, the field of metal oxide nanostructured morphologies (e.g., nanowires,
nanorods, and nanotubes) has become one of the most active research areas within
the nanoscience community.

The abilities to create a variety of metal oxide—based composites and to synthe-
size various multicomponent compounds significantly expand the range of
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properties that metal oxide—based materials can have, making metal oxides by a
truly versatile multifunctional material for widespread use. As is known, small
changes in their chemical composition and atomic structure can be accompanied by
the spectacular variation in properties and behavior of metal oxides. Even now,
advances in synthesizing and characterizing techniques are revealing numerous new
functions of metal oxides.

Taking into account the importance of metal oxides for progress in microelec-
tronics, optoelectronics, photonics, energy conversion, sensor, and catalysis, a large
number of various books devoted to this class of materials have been published.
However, one should note that some books from this list are too general, some
books are collections of various original works without any generalizations, and the
other ones were published many years ago. But, during the past decade a great
progress has been made on the synthesis as well as on the structural, physical, and
chemical characterization and application of metal oxides in various devices, and a
large number of papers have been published on metal oxides. In addition, till now
many important topics related to metal oxides study and application have not been
discussed. To remedy the situation in this area, we decided to generalize and sys-
tematize the results of research in this direction and to publish a series of books
devoted to metal oxides.

One should note that the proposed book series “Metal Oxides” is the first one,
devoted to the consideration of metal oxides only. We believe that combining books
on metal oxides in a series could help readers in searching required information on
the subject. In particular, we plan that the books from our series, which have a clear
specialization by its content, will provide interdisciplinary discussion for various
oxide materials with a wide range of topics, from material synthesis and deposition
to characterizations, processing and then to device fabrications and applications.
This book series is prepared by a team of highly qualified experts, which guarantees
its high quality.

I hope that our books will be useful and comfortable in use. I would also like to
hope that readers will consider this “Metal Oxides” book series like an encyclope-
dia of metal oxides that enables one to understand the present status of metal oxi-
des, to estimate the role of multifunctional metal oxides in the design of advanced
devices, and then based on observed knowledge to formulate new goals for the fur-
ther research.

The intended audience of the present book series is scientists and researchers,
working or planning to work in the field of materials related to metal oxides, that
is, those whose activities are related to electronics, optoelectronics, energy, cataly-
sis, sensors, electrical engineering, ceramics, biomedical designs, etc. I believe that
this “Metal Oxides” book series will also be interesting for practicing engineers or
project managers in industries and national laboratories, who would like to design
metal oxide—based devices but do not know how to do it, and how to select optimal
metal oxide for specific applications. With many references to the vast resource of
recently published literature on the subject, this book series will be serving as a sig-
nificant and insightful source of valuable information, providing scientists and engi-
neers with new insights for understanding and improving existing metal
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oxide—based devices and for designing new metal oxide—based materials with new
and unexpected properties

I believe that this “Metal Oxides” book series would be very helpful for univer-
sity students, postdocs, and professors. The structure of these books offers a basis
for courses in the field of materials science, chemical engineering, electronics, elec-
trical engineering, optoelectronics, energy technologies, environmental control, and
many others. Graduate students could also find the book series to be very useful in
their research and understanding features of metal oxides’ synthesis, study, and
application of this multifunctional material in various devices. We are sure that all
of them will find information useful for their activity.

Finally, I thank all the contributing authors and book editors who have been
involved in the creation of these books. I am thankful to them because they have
agreed to participate in this project and put their efforts in the preparation of these
books. Without their participation, this project would have not been successful. I
also express my gratitude to Elsevier for giving us the opportunity to publish this
series. I especially thank the whole team of editorial office at Elsevier for showing
their patience during the development of this project and for encouraging us during
the various stages of preparation.

Ghenadii Korotcenkov
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Preface

The synthesis, analysis, characterization, and application of metal oxide powder
technologies are one of the rapidly progressing areas of science and technology.
Metal oxides are one of the most ubiquitous compounds on the globe and have a
variety of chemical compositions, atomic structures, and crystalline shapes. In addi-
tion, metal oxides are known to possess unique functionalities that are absent or
less in other solid materials. Metal oxides give an assorted and appealing class of
materials, where their properties exhibit a full spectrum of electronic, structural,
elastic, optical, thermal, and other properties from insulating to semiconducting,
metallic, and superconducting. Moreover, it could notice all phenomena of super-
conductivity, thermoelectric effects, photoelectrical effects, luminescence, and mag-
netism. Therefore metal oxides have an eminent importance of multifunctional
materials with a rich collection of properties that have great potential in numerous
device applications.

Specific properties—electrophysical, optical, chemical characteristics, high ther-
mal and temporal stability, and abilities to function in harsh environments—make
metal oxides very suitable materials for designing transparent electrodes, high-
mobility transistors, gas sensors, actuators, acoustical transducers, photovoltaic and
photonic devices, photo- and heterogeneous catalysts, solid-state coolers, high-
frequency and micromechanical devices, energy harvesting and storage devices,
nonvolatile memories, and many others in electronics, energy, and health sectors.
For applications, metal oxides can be successfully used as sensing or active layers,
substrates, electrodes, promoters, structure modifiers, membranes, and fibers, in
which they can be used as active and passive compounds.

Among advantages, metal oxides are cost-effective and robust in practical appli-
cations. Furthermore, they can be used in various forms such as ceramics and thin
films. For thin-film deposition, those techniques can be used which are compatible
with standard microelectronic technology that is very important for large-scale pro-
duction as the microelectronic approach promotes cost-effectiveness for mass pro-
duction, offers the possibility of manufacturing devices on a chip, and guarantees
good reproducibility. Different metal oxide nanostructures of nanowires, nanotubes,
nanofibers, core—shell structures, and hollow nanostructures can be formed. It is
known that the field of metal oxide nanostructures (e.g., nanowires, nanorods, and
nanotubes) has become one of the most active research areas within nanoscience
community.

The abilities to create different metal oxide—based composites and to synthesize
various multicomponent compounds significantly expand the range of properties
that metal oxide—based materials can truly have as versatile multifunctional
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materials for widespread uses. A small change in their chemical composition and
atomic structure can be accompanied by spectacular variations of properties and
behavior of metal oxides. Even now, advances in synthesizing and characterizing
techniques are revealing numerous new functions of metal oxides.

Taking into account the importance of metal oxides for progress in microelec-
tronics, optoelectronics, photonics, energy conversion, sensors, and catalysis, many
books devoted to this class of materials have been released. However, during the
past decade, great progress has been achieved on the synthesis, structural, elastic,
electronic, optical, thermal, and other properties as well as metal oxides’ application
in many devices, and a large number of published papers have been disseminated
on metal oxides. To remedy this situation, it has been decided to generalize and sys-
tematize the results of research in this direction and to publish this book that is
devoted to metal oxides.

One should notice that the proposed book “Metal Oxide Powder Technologies:
Fundamentals, Processing Methods and Applications” is the first one devoted to the
consideration of metal oxide powder technologies only. It is believed that this book
could help readers and specialists in searching required information on the men-
tioned subject. It is planned that this book has a clear specialization by its content
and will provide interdisciplinary discussion for various oxide materials with a
wide range of topics, from material synthesis and deposition to characterizations
and processing and then to device fabrications and applications. This book is edited
by a team of highly qualified experts, which guarantee its high quality.

I hope this book will be useful and will provide ease. I would hope that readers
and specialists will consider it as an encyclopedia of metal oxides that enables one
to understand the present status of metal oxide powder technologies, estimate the
role of multifunctional metal oxides in the design of advanced devices, and, based
on observed knowledge, formulate new goals for further research. The intended
audience of the present book is scientists, academics, and researchers in the field of
materials, semiconductors, ceramics, and metal oxides, who have activities related
to electronics, optoelectronics, energy, catalysis, sensors, electrical engineering,
ceramics, biomedical designs, and others.

I believe that the book “Metal Oxide Powder Technologies: Fundamentals,
Processing Methods and Applications” will be interesting for practicing engineers
or project managers in industries and laboratories, who would like to design metal
oxide—based devices but do not know how to do it and how to select optimal metal
oxides for specific applications. With many references to the vast resource of
recently published literature on the subject, this book will serve as a significant and
insightful source of valuable information, provide scientists and engineers with new
insights for understanding, and improve existing metal oxide—based devices for
designing new metal oxide-based materials with new and unexpected properties. I
believe that it would be very helpful for university students, researchers, and aca-
demics. The structure of these books offers a basis for courses in the field of materi-
als science, semiconductors, ceramics, chemical engineering, electronics, electrical
engineering, optoelectronics, energy technologies, environmental control, and
others. It will definitely help one to find useful information.
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The first chapter is devoted to the preparation of colloidal GaO nanoparticles in
ethanol by pulsed laser ablation method. Optical and structural analyses were per-
formed on samples generated under different laser fluences. It is shown that laser
fluence has a significant effect on nanoparticles’ size properties. Also, it is proven
that the ablation process affects the nanoparticles’ size and size distribution. The
results show that higher laser fluence produces larger mean sizes of nanoparticles
with a broader size distribution, followed by making metal oxides more visible and
widely using an active catalyst or supporting material. Metal oxides made from an
inorganic material are driven by the surface chemistry and quantum confining
effect, along with a reduction in size and nano-sizing. The surface chemistry such
as nucleation and crystallization of metal oxide is discussed in the determination of
metal oxide sizes. In addition, changes to metal oxide will improve the transporta-
tion of charge carriers and lower the rate of recombination as elaborated in
Chapter 2, Chemical Studies of Metal Oxide Powders. Chapter 3, Synthesis and
Preparation of Metal Oxide Powders, has studied metal oxide in the form of pow-
ders owing to their unique and novel properties. A thorough description of current
advances on the synthesis and preparation of metal oxide powders is available in
the chapter. Several important methods were described. Chapter 4, Sintering
Behaviors of Fe;O4 and CaO Powders Roasted Under CO—CO,—N, Atmosphere,
has considered calcium ferrite phases as a wonderful bonding phase in iron ore sin-
ters. The local sintering zone where the coke breeze is combusted is not oxidizing
atmosphere, but weakly reducing atmosphere, which inevitably affects the forma-
tion of calcium ferrites. Followed by introducing tribological performances of sur-
face modification, including polymerization, nano-coating, and microencapsulation,
Chapter 5, Surface Modification, Including Polymerization, Nanocoating, and
Microencapsulation, starts with the classification of surface treatment, including
polymerization and rapid development of nanotechnology and nanomaterials, that
leads to the need of modifying the surface of nanoparticles for a number of applica-
tions to explain the surface treatments for improving the mechanical properties of
tribolayers and their long-term stability under boundary lubricated conditions.

Chapter 6, Application of Metal Oxides in Composites, meets the designed and
manufactured composite materials for higher performance that are required by
today’s advanced technology. They combine characteristic properties of ceramics,
metals, and polymers in a single material, the properties of which are superior to
those of each monolithic material. On the other hand, Chapter 7, Metal Oxide
Powder Technology in Biomedicine, describes numerous combinations of hybrid
nanomaterials of inorganic, organic, and biomolecular origins that have been syn-
thesized with programmable physico—chemico—biological properties via their sur-
face modifications and chemical conjugation. These hybrid nanomaterials undergo
through fast emerging applications in various fields, including biomedicines. Given
the current status of the developments in this context, a more comprehensive
growth is anticipated in deploying the aforementioned programmable features, espe-
cially, involving stoichiometric changes during their syntheses guided by simulta-
neously ongoing analytical/simulation studies. From a larger family of such
nanomaterials, the transition metal oxide—based complexes, including the
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perovskites, are expected to offer unique possibilities of compound formations
involving their d-electron interactions that are yet to be explored in depth. Also, the
functional and advanced materials and their production techniques have received
more attention in materials science and engineering over the past several decades as
presented in Chapter 8, Mechanical and Physical Methods for the Metal Oxide
Powder Production. The metal oxide powders and nanopowders and their mixtures
require further intensive research. They have many applications and usages in vari-
ous industrial fields. An overview of the mechanical and physical techniques for
the production of metal oxide powders with a focus on processes and devices is
provided. On the other hand, Chapter 9, Chemical Processes 