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PREFACE

Naturally occurring materials such as layered materials along with artificial layered
materials produced industrially, are receiving a great deal of attention in the field of
nanotechnology, in particular hybrid and composite research fields. They have a chemical
composition and particular structure that give them specific properties or functions in relation
to their surroundings or their formation conditions. Layered double hydroxide (LDH) is an
important kind of the layered materials. They are formed in nature under certain conditions,
and can be studied either in their original state or after being modified. LDH is considered to
be one of the most important materials in the field of organic-inorganic composite research.

The fact that this book issued is due the fast progress in the field of LDH and its
composites, and also how important the LDH research is in the entire world. Therefore, it is
an appropriate time to compile a book presenting a comprehensive review of the current
status of LDH, especially focused on its recent advances. In this book, we aim to present an
overview of the recent advancements of research in LDH in the areas of synthesis, properties
and potential applications in fields such as, additives of polymers, catalysis, adsorption, water
purification, medicine, pharmaceutics, photochemistry, biochemistry, and electrochemistry.

This book consists of a number of chapters. In the second chapter, we surveyed the
different synthetic techniques of LDH and its composites. The third chapter summarized the
LDH properties including solubility and swelling properties, acid-base properties, specific
surface area and factors affecting it, pillaring character, crystallite structure factors affecting
it, particle size properties, thermal properties, memory effect property and factors affecting it,
anion exchange capacity, biomedical properties, photocatalytic properties, photoluminescence
properties, magneto-optical properties, and the photochromism phenomena. The fourth, fifth
and sixth chapters focused on the different applications of LDH mentioned above.

We hope this book will be beneficial for the scientific community including students,
teachers and researchers. On the other side of this book, I would like to thank my dear wife
and my children Ayten, Lama, Perla, and Yuki for their unfailing and understanding during
the preparation of this book.

At the same time, I would like to thank my parents who are looking forward to seeing
me.

Also, sincere thanks to all the members of Tanta University, Damanhour University, and
Kyushu University for their support during the preparation of this book.

Mohamed Reda Berber
Inas Hazza Hafez
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Chapter 1

GENERAL INTRODUCTION OF CLAY MATERIALS

1. HISTORICAL BACKGROUND OF CLAYS

Clays are fine-grained soil distinguished by its size and mineralogy. It combines one or
more clay minerals, i.e., alkali metals, alkaline earths, and other cations with traces of metal
oxides and organic matter. With regard to the origin and formation of clays as assessed
principally by X-ray diffraction and microscopic techniques, there are three principal
processes to account for the genesis of clay minerals, which may occur at different points in
the geochemical cycle including weathering or soil formation at the earth's surface. These
processes are: a- detrital inheritance whereby, for soils, clay minerals are inherited from pre-
existing parent rock or weathered materials; b- transformation where the essential silicate
structure of the clay mineral is maintained to a large extent, but with major change in the
interlayer region of the structure; and c- neoformation, where the clay mineral forms through
crystallization of gels or solutions. [1]

2. TYPES OF CLAYS

Clays are divided into two main groups depending on their ionic character; cationic clays
and anionic clays. [2]

2.1. Cationic Clays

Cationic clays are widely occurring in nature, having negatively charged layers with
cations in the interlayer space to balance the net negative charge. They are generally prepared
starting from the clay minerals. [3] The most common cationic clay is smectite, in particular,
montmorillonite which is a hydrated magnesium and aluminum silicate with sodium ion or
calcium ion as interlayer cations. The interlayer cation can be easily replaced by a foreign
cation, thus, montmorillonite have received a great deal of attention. Montmorillonite has
different applications in the different fields, including medicine, pharmacy, food production,
catalysis, surfactants, and agriculture. It is also common as nanofiller to improve the
mechanical and the thermal properties of the polymers. [2]
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2.2. Anionic Clays

Anionic clays are natural or synthetic materials based on metal hydroxide layers with a
net positive charge balanced by water and exchangeable anions. They also identified as
intermediates in weathering of serpentines and basalts. [4] Anionic clays can be defined by
their chemical composition, basal spacing and stacking sequence. They exhibit quite large
variation in the chemical composition of the metal hydroxide layers and are capable of
incorporating a wide range of cations in these layers. Basically there is no restriction on the
anion type used in the exchange process, which makes anionic clays an attractive material for
the different applications. [4] There are different kinds of anionic clays depending on the
composition and the polytype form of the minerals used during the formation of the clay.
Figure 1, summarizes most of the naturally occurring anionic clays. [5, 6]

2.2.1. Hydrotalcite

Hydrotalcite is the most common type of the anionic clays. It is a natural mineral with a
white color and pearl like luster. Hydrotalcite named in 1842 by Carl Christian Hochstetter
due to its high water content (Hydro-) and to its resemblance to talc. It is a compound of
magnesium and aluminum with a layer structure, having the following composition
Mg¢Al,(OH),,C0O5.4H,0. Kyowa Chemical Industry of Japan has noted this unique structure
of hydrotalcite and has become the first in the world to succeed in the industrial synthesis of
hydrotalcite in 1966. [3] Kyowa's synthetic hydrotalcite was developed first as a medical
antacid agent. It has been sold by globally known pharmaceutical firms and continues to be
widely supplied to various nations all over the world. [3] on the basis of X-ray analysis,
hydrotalcites are stacked in various ways, which gives rise to a variety of possible polytypes
structures. If the opposing OH groups lie vertically above one another, an interlayer with a
trigonal prismatic arrangement results, whilst if they are offset, an octahedral arrangement is
formed. There are three possible two-layer polytypes with hexagonal stacking of the layers,
donated 2H,, 2H,, and 2H3, where the 2H, polytype has all prismatic interlayers and the 2H,
polytype has all octahedral interlayers, whilst both types of interlayers are present in the 2H;
polytype. There are nine possible three-layer polytypes, of which two have rhombohedral
symmetry-3R; and 3R,, whilst the remaining seven (3H;-3H;) have hexagonal symmetry.
(7, 8]

Mineral Chemical composition Unit cell parameters Symmetry
a(nm) ¢ (nm)
Hydrotalcite MggAl,(OH),,CO;.4H,0 0.3054 2.281 3R
Manasseite MgeAl,(OH),,C0O5.4H,0 0.31 1.56 2H
Pyroaurite Mg¢Fe,(OH),,C0;.4H,0 0.3109 2.341 3R
Sjogrenite Mgg¢Fe,(OH),C0O5.4H,0 0.3113 1.561 2H
Stichtite MgCr,(OH);,C0O;.4H,0 0.31 2.34 3R
Barbertonite Mg¢Cr,(OH),;,CO;.4H,0 0.31 1.56 2H
Takovite NigAl,(OH),,C0O;.4H,0 0.3025 2.259 3R
Reevesite NigAl,(OH),4C0O3.4H,0 0.3081 2.305 3R
Meixnerite MgqAl,(OH) 3.4H,0 0.3046 2.292 3R
Coalingile Mngeg(OH)yCO;.ZHzO 0.312 3.75 3R

Figure 1. Composition, crystallographic parameters and symmetry for anionic clays.



