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Foreword

On reading this book a reader will certainly be astonished by the great age and
importance of the observations on the biological role of clays. This empirically
established knowledge, as that reported to us thanks to an expert author of Arabic
medicine of the Middle Ages, resulted in the development of a simple and inexpen-
sive pharmacopeia. Facing the poverty of a great part of the world’s population and
the crucial problem of hunger it is thus not surprising to see children eating clay.
This “nutritional geophagia” certainy remained in many memories following the
images broadcast in the media in the whole world showing Haitian populations
making clay cookies. The astonishing multiplicity of clays will enable the readers
of this book to make an enthralling comparative study of all their properties.
However, the biological role of clays has only barely been studied by the scientific
community. One of the primary reasons for this disinterest is probably the weak
financial reporting regarding this pharmacopeia. Another explanation can be found
in the hegemony of genome research that has characterized the study of living
organisms during these last decades. It is likely that the awakening from a too-
reductionist vision of biology and the development of a more integrative research
will support the more functional approach required to study the biological roles of
clays. But research teams will obtain the necessary human and financial resources
only if the mindsets of those who allocate the resources for research evolve, in par-
ticular by giving higher consideration to those medicines known as “natural”.

In this context, one of the great merits of this book is to sort out between the
many biological qualities of the clays that have been established empirically since
the beginnings of antiquity, even though the mechanisms of their actions are most
often not perfectly understood, and those which for the moment do not appear to
have any real basis and correspond to mere charlatanism. A better comprehension of
the various biological roles of clays and their still poorly understood underlying
mechanisms would then not only be of great interest for medicine and basic research,
but it would also allow, vis-a-vis the explosion of false drug markets in poor coun-
tries and the booming of parallel medicine in the developed and secured countries,
to better distinguish the contours and benefits of a pharmacopeia once again easily
accessible.
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One of the other merits of this book is to help the reader discover that geophagia
is not only a human prerogative. Animals also learned how to benefit from clays that
they select as for example, some Amazonian parrots that consume certain clays by
taking advantage of their accessibility on eroded riverbanks. It is not common in
fact that one can enrich the understanding of a pharmacopoeia developed by man
from that which was also developed by animals in their natural environments during
the evolution. Thus, whereas the human populations particularly developed the use
of clay on a nutritional plane, considering their food benefit or their effectiveness in
the case of intestinal disorders, clay ingestion by certain animals enabled them to
feed on seeds that would otherwise be toxic.

In the face of sociomedical emergency, the proficiencies gathered in this work
made it possible to cover the subject in its various forms of topicality and scientific
utility and to provide the reader a synthetic, historical, and multidisciplinary vision
on the relationship between man and animals with an omnipresent material on the
surface of the planet. Although these reports are somewhat dated, readers will then
be in the position of perceiving the modernity emerging from the instruments that
enable today a scientific nanoscale approach to the cellular and crystalline struc-
tures, this scale where are precisely played the subtle exchanges and interactions
between atoms at the border of life and mineral. The lesson to be drawn offers
immense possibilities.

Membre de I’ Académie des Sciences, Paris, France Yvon Le Maho
Ecophysiologiste, Directeur de Recherche au CNRS, Strasbourg, France
Institut pluridisciplinaire Hubert Curien, Strasbourg, France



Citations

Then the LorD God formed a man from the dust of the ground and breathed into his nostrils
the breath of life, and the man became a living being.

Genesis, Chapter 2, Verse 7

I have always thought we were made of clay that life ever keeps on moulding us. Therefore
the most important is to make sure that it does not become dry. Otherwise, all is lost: we
become conceited, we stick stubbornly to our positions, we nestle down comfortably in our
daily routine, and we build a barricade for ourselves forbidding us forever the possibility of
being filled with wonder and enchantment.

J’ai toujours pensé que nous sommes faits de glaise que la vie n’a de cesse de nous modeler.
Le plus important reste donc de faire tres attention a ce qu’elle ne seche pas. Sinon, tout est
perdu: on devient prétentieux, on s’enferme dans ses certitudes, on se love dans son con-
fortable train-train quotidien, on se construit un rempart nous interdisant pour toujours
lacces a ’émerveillement, a I’enchantement.

Maud Fontenoy, in Le sel de la vie, 2007

vii



Preface

Humans have used clay throughout time. As a rule this material is always found
close to water, and it can reciprocally indicate the nearby presence of water. In fact,
in the history of our planet, clay has largely preceded humans who have taken
advantage of its numerous and useful properties. If we consider that life has
appeared and progressively developed in wet areas, while clay was being formed
through destructive water action, it is fair to assume that over the planet's history a
privileged relationship developed between living organisms and the very singular
clay environment. This relationship supports the affinity of numerous animals for
clays, including humans. Humans have progressively integrated clay in their culture
and worship.

Clay, a popular material worldwide, has remained up to recent times scientifi-
cally poorly understood because it is constituted of minute particles (their very
small particle size assigns clays into the field of colloidal particle properties; clay
can be found as slurry, paste, and mineral dust, that is, in states that have long been
unfriendly to the allocation of specific traits). Following the first scientific studies it
has become pretty clear that clay is constituted of elementary particles whose
dimensions, as a rule, are less than 2 pm (2 pum=2x 10~ mm). This size criterion is
actually a frequently mentioned fundamental factor although it is not exclusive to
clay inasmuch as other minerals can display similar sizes. Contrary to most com-
mon minerals, clay particles rarely display regular shapes visible to the naked eye,
nor do they show a permanent solid state. Despite these peculiarities, a priori unfa-
vorable to its applications, clay can easily be recognized and its use generalized,
whereas the properties of numerous other minerals that could be easily manipulated
were only recognized much later. Two recently published books on this point pres-
ent an excellent synthesis of the general medical applications of minerals: Minerals
and Human Health: Benefits and Risks/Os Minerais e a Satide Humana: Beneficios
e Riscos by C. Gomes and J. B. Silva (2006), bilingual edition of the authors,
Multiponto, Porto; and Mineralogia Aplicada: Salud y Medio Ambiente by M. 1.
Carretero and M. Pozo (2007), Thomson (Editor), Madrid. Two recently published
articles deserve to be studied as well: “Clay Minerals and Their Beneficial Effects
Upon Human Health: A Review” by M. 1. Carretero (2002), Applied Clay Science,

ix
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21(3-4):155-163; and “Minerals and Clay Minerals in Medical Geology” by
C. Gomes and J. Silva (2007), Applied Clay Science, 36:4-21.

The existence of clay in geological sedimentary areas provides this material with
a particular role relative to water; clay is constituted of hydrous phyllosilicate miner-
als that are mostly derived from the weathering action of water on geological materi-
als occurring at or near the Earth’s surface. Therefore, there are distinctive species
of “clay minerals” in nature. Thus in this book we use either the singular to desig-
nate any individual or species within the overall existing clay minerals, or the plural
to mean either a certain group of clay minerals or the clay minerals in general.

The origin of clays is essentially related to the degradation of diverse pre-existing
rocks. Clays keep visible traces of their origin inside their crystalline structure and
the physicochemistry in their particles: their size is always small, and their chemical
composition and the atomic organization are always determined by the parent mate-
rial. Clays are unstable and sensitive to any new environment where they coexist,
although this does not grant them a definitive stable state. They react to very weak
changes of energy and constitute a privileged intermediate state with an infinite
number of natural reactions. Thanks to the extraordinary progress of scientific
methods, the studies being carried out show the existence in these minerals of
numerous defects (mainly formed by substitution of atoms and limitations of parti-
cle growth) relative to the ideal or theoretical model. Their physical and chemical
properties and specificities are evidence of the initial heritage acquired in their orig-
inal environment or of later adaptations connected to the eventual evolution of this
environment over the course of time.

Clays are the essential components of the “original soup” frequently cited in scientific
papers, from which every living organism has been formed. If clays have not truly been at
the origin of life, we can assume that they have constantly been close to and accompanied
it. They have contributed to make life possible and been effective performers and efficient
partners. Civilizations and their religions have not been misled; all of them make spontane-
ous references to clay and to water, with which clay is always closely related.

Now, we can consider clays as a family of minerals which are very sensitive to
environmental conditions. They can be considered as “structures in constant evolu-
tion”. Consequently, the fundamental research on clays is particularly dynamic and
the prospects for their applications offer an infinite variety. Their specificities are very
favourable to applications in the health field, where health and tradition finally could
cross. In order to describe clays we should remember two important definitions:

1. The first is granulometric: They consist of particles whose sizes are, as a rule,
less than 2 pm.
2. The second is mineralogical: They are hydrous phyllosilicates.'

In the domain or field of human health (and of animal and plant health as well),
the subject we deal with in this book, we should ask ourselves about the interaction
between clays and the numerous living organisms of all types. Knowledge of the
interaction mechanisms between living organisms and clays remained empirical

"Phyllitic formed by a morpheme phullon, from the Greek gpvAlov which means “layer shaped”.
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until the beginning of the twentieth century; before then no solid scientific study
was available or even possible. Physicians have progressively acquired and trans-
mitted some very important practical information, although limited by the lack of an
effective analytical methodology. Chemistry and physics have progressively pro-
vided the essential quantitative measurements confirming the crystalline mineral
structure of clays, that is, the organization of atoms in a regular network. Since then,
research has progressed rapidly, first in the industrial field, and lately in the less eas-
ily studied biological interface fields. Nevertheless, this scientific progress has not
been accessible to everyone interested in the use of clays. Numerous interventions
still remain totally empirical and undemonstrated or explained, a situation that
could sometimes be dangerous. However, today there are sufficient scientific funda-
mentals to allow us to explain some positive effects of the use of clays in health.
Sometimes the explanation is uncertain or even absent, but we have to admit the
reality of the unanimously recognized positive effects, and postpone understanding
them and their scientific explanation until later. The opinion of physicians evolves
as shown in a recent book entitled ABC de I’ argile by J. C. Charrié (2007), Grancher,
Paris. Dr. Charrié is a general practitioner who tries, along with some colleagues, to
find explanations of the traditional use of clay in scientific papers in order to justify
its clinical use based on the integration of traditional information in science.

For the present it is important to express one reality firmly: with regard to living
organisms, in general, clays are not healing or “curative,” and we should not only
remember the benefits. Even if some clays has useful properties, in some precise
cases they can be hazardous too, such as chrysotile (a phyllosilicate that is part of
the composition of asbestos, a technically very useful industrial mineral whose car-
cinogenic action on the pleura of the lungs is related to the fibrous shape of its par-
ticles). The term “asbestos” means a finished industrial and commercial product
consisting of different acicular minerals (in the form of very fine fibers). These
minerals have a special fibrous morphology and are resistant to fire; they are often
called asbestos by mineralogists. Chrysotile (or white asbestos) [Mg; Si, Os (OH),]
is a frequently used mineral, and is also classified as a serpentine phyllosilicate. One
uses also amosite (brown asbestos) [(Fe, Mg); Sig O,, (OH),] and crocidolite (blue
asbestos) [Na, Fes Sig O, (OH),] which are not phyllosilicates; these minerals
belong to the amphibole family.

There are several ways to present clay properties; we use two fundamentally
distinctive methods based upon the concepts of order and disorder, two fundamental
stable states of matter. Because clay particles have a microcrystalline character,
researchers have rapidly directed their arguments by first taking advantage of the
crystalline state characterized by order; and lately by attributing a more important
role to the microparticle itself. They have tried to understand the properties of cer-
tain assemblages, comprising a large number of clay particles: it is the disorder
aspect that has been taken into account. Clay is formed of microscopic crystallites
therefore the mathematic modeling methods could be applied to these two physical
states of order—disorder, but that does not mean either an easy undertaking or that
the obtained results could be easily extended from the microscopic to the macro-
scopic scale.
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Oddly enough, clays simultaneously respond to two criteria related to very dis-
tinctive dimensional domains. Order exists at the microscopic scale; apparent disor-
der is seen at the macroscopic scale. Therefore, the definition of the representation
scale is fundamental, inasmuch as there is a border zone, one kind of dimensional
fracture, enabling each side to show different properties, and thus it is very difficult
to find one justifying connection between these two states. It is constantly important
to present applications that can be expressed and explained in both domains, some-
times through specific properties of both domains. This duality of order—disorder
leads to the distinction of two main types of mechanisms, which direct the therapeu-
tic applications of clays.

The order and disorder represent the true reality of natural states fairly well:
between both matter states adaptability allows considering intermediate unstable
states, frequently reversible and unstable. Nature needs stabilizing elements in order
to maintain its stability dynamically over time, and for its renewal it needs suffi-
ciently flexible and adaptable systems. Clay minerals show these two qualities. Their
well-organized atomic structure is able to resist attacks taking place over time, some-
times over millions or even billions of years. Nevertheless, their great affinity for
water and the presence of inherited defects related to their genesis allow their
response, and rapid adaptation to solicitations that would have no effect on other
compounds. Therefore, most clay properties depend upon their particular physico-
chemical properties, which favor reactions of assemblage, of absorption and adsorp-
tion, and of exchange. Their high absorption capacity allows the fixation of numerous
substances (cations or molecules), some of them toxic, a fact that gives them thera-
peutic capacities, particularly in the gastrointestinal system. Most of these mecha-
nisms only require weak energies, with a frequently reversible intermediate state,
similar to a catalyst reused almost to the infinite. A fundamental point to understand
the mechanisms of clay minerals' action is their ionic constitution and their associa-
tion with the compensating exchange of ions, or to the mobile molecules frequently
involved in the main exchange reactions required and utilized in therapeutics.

Whenever clays are in contact with biological material (possibly alive), they rep-
resent two worlds and two completely different types of existence that encounter
each other. This results in a great diversity of properties and applications. In order
to understand how clay works it is important to consider that clay is always ready to
modify and evolve itself to adapt and find the best balance.

Organisms or living beings are sensitive and reactive, some of them conscious.
Our aim should not neglect the sensorial and psychosensorial aspects of the contact
between a conscious living body and clay; in addition, higher living beings such as
humans have the possibility of adjusting their responses to a certain perception. The
expression sweet clay acquires a real dimension here: “We react well if we are well.”
A kind of symbiosis between clay and the body takes place. Associated with water,
and at an appropriate temperature, clay possesses this complementary property of
setting in motion the perception of well-being.

Numerous and diverse traditional uses of clays have been known for at least
10,000 years. All civilizations with access to clays and having applied them were
deeply influenced. From the beginning of the twentieth century onwards we began
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to have a better knowledge of the properties of these minerals at both the micro- and
macroscopic scales. Within the domain of their therapeutic use we can say that the
scientific advances will bring about useful developments through the linkage of one
classic chemical or physicochemical associated (or not) with a complementary and
efficient psychotherapeutic effect.

At a time when science and technology produce marvellous useful materials,
clay still continues to have remarkable efficiency in spite of the longevity of its uses.
Presently its applications range from civil engineering works up to the nanotech-
nologies. In fact it is at this small scale that one can find the key to health applica-
tions which are dealt with in this book.

We limit our ambitions to recognized facts having properties that can be identi-
fied and quantified. Of course, the absence of scientific knowledge has led certain
authors to establish cause-and-effect relationships without any solid significance.
However, this does not mean, a priori, that their observations are without justifica-
tion: it is the attribution being put forward that deserves to be more precise. We have
chosen four examples from the literature, but there are many others:

1. “Radioactive” properties of clays: Phyllosilicates by themselves do not have
such properties. However, clays mainly have their origin on the alteration of sili-
cate rocks and thus have to obey the rules of erosion and detritism. Consequently
sometimes they can be mixed with uranium compounds derived from the same
rocks, which possess radioactive properties. Because such compounds are finely
divided in terms of particle size, they could be separated with difficulty from
clays, in all cases not naturally. In this way clay commercial products are weakly
radioactive (we emphasize that this property is rarely measured and indicated on
the clay packages.)

2. “Magnetic” properties: Those currently cited are not identified in clays. In fact,
they result from the presence of fine particles of magnetic metal compounds that
are mixed with clays.

3. “Antibiotic or antiseptic” properties: Although clays are frequently cited as pos-
sessing them, they do not have these properties, but because of their sheet-based
structures they can constitute impermeable barriers to water and air in particular;
it is obvious that they can preserve the organism from contact with a polluted
environment and keep oxygen from reaching the surface of an infected zone thus
prohibiting the development of certain microorganisms. Another property allows
them, by adsorption, to assess adsorption molecules that are really “antibiotic,”
but are only associated with clay. The confusion in these cases is always the
result of ignorance of the complex mechanisms involved, which should be ana-
lyzed case by case, without generalization.

4. Clay color: This is frequently a commercial argument that is considered to be
important; it is not systematically linked up with known properties, and is never
the exclusive cause.

It should be noted that when radioactivity in clay treatment was first spoken
about, the word “radioactivity” did not have the meaning it has today and there has
been a semantic shift. The same applies to the word “magnetism”.
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The authors' goal is not to fight these forms of obscurantism, but to contribute to
a better interpretation of reality in order to make better use of clays thanks to under-
standing the way they build up and the way they work. The difficulties come from
the microscopic character of the implied mineral phases, knowing that scientific
studies allow a progressive correct interpretation of their properties. In this evolu-
tion clinical observation cannot be disregarded; nowadays the latter is frequently
forgotten, but through the impacts it has upon life, it allows the orientation of ana-
lytical research and opens a way to new scientific perspectives.

To sum up, the authors' goal is not turned towards a controversy aimed at what
cannot be verified but is focused towards well-established scientific knowledge that
is likely to evolve, and resolutely turned towards an enlarged use of these particular
minerals. Their application in new methods of biomineralogy is presently being
developed by research laboratories. Clays have almost always been characterized by
the concept of balance. This notion of balance is also a harmonious factor in life: the
quest for balance allows natural activities to occur and act so that all the vital func-
tions of an organism participate in its life.

In the health field, the use of clay is too ancient to be completely supplanted by
supposed modern scientific or medical pharmaceutical methods.

Clays are components of the mineral kingdom and humans have almost always
been living in contact with them. Water was the main actor in the formation of clays
during the Earth’s geological formation process; water remains the main source
allowing life to exist. Life appeared in contact with these two elements. Therefore
the strong interaction between clays, water, and living organisms is not surprising.
Among the living organisms human beings have the advantage of being able to
arrive gradually at an understanding of the interaction mechanisms between clay
and humans.

If scientific medicine did not exist, empirical medicine would be the only one at
our disposal, as it has been for a long time. Under certain conditions, it is still being
used and will probably continue to persevere. Mankind has the chance of possessing
these two very different approaches of medicine that can be mutually enriching.

Long before being able to explain the various properties of clays and their inter-
actions with health, humans very quickly recognized their utility. In the absence of
scientifically structured thought, they initially transposed on a mystical level what
they could observe. Legends and myths were thus born, often rather close to reality.
Humans, conscious of their existence and their mortality, always felt the need to
know their origin.

The progressive evolution from legend to a desire for knowledge occurred natu-
rally, bringing with it a religious approach. Thus, almost all religions contain traces
of this heritage. If we can clarify this approach today, we must recognize that the
existence of these beliefs is little by little getting closer to our scientific model. This
evolution does not remove anything from the spiritual interest but makes it possible
to give it a status closer to reality. Thus, the legendary world enters into the unfold-
ing of history.

“Man is made of clay.” That is a vista opening a vast cultural, religious, or simply
vital domain of reflections.
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This development is found historically in the use of clay by humans. Today we
can see a transition towards a scientific expression of these uses. For many people it
is, however, quite difficult to forget this apparently magic aspect of clay, symboli-
cally named “ground” or “earth.” We do not try to reverse this tendency but simply
hope to offer all those who express the need or the wish an access road to the scien-
tific methods. Let us not forget that anything which allows a real return to the bal-
ance and harmony of health cannot be neglected: at least the many properties of
clays permit this choice.

Orléans, France Michel Rautureau
Aveiro, Portugal Celso de Sousa Figueiredo Gomes
Strasbourg, France Nicole Liewig

Paris, France Mehrnaz Katouzian-Safadi



Abstract

This monograph aims to disclose the importance of clay and clay minerals for
human health and well-being. Such importance is based upon the textural, physical,
and chemical specificities of clay and clay minerals that justify their use by humans
over time, either in the form of external or topical applications, or in the form of
internal applications. Naturally these applications were first simply based on empiric
experience, and only much later on both scientific and technical experience, particu-
larly thorough crystallochemical and medical knowledge.

Clays and clay minerals (their fundamental constituents) widely occur at the
Earth's surface, making up an essential part of the soils that are of paramount impor-
tance for life in general, and for human life in particular. There is a close relation-
ship between the human and clay habitats, a close relationship extensive to clay and
human body properties and to their interactions with water and air. Both clay and
the human body are chemical systems constituted of the same chemical elements,
although in different proportions. In the field of health clay can be utilized either in
the form of dry powders, or in the form of clay—water dispersion or suspension, or
in the form of clay—water paste. (Mud therapy and peloid therapy take advantage of
the thermal, chemical, and rheological properties of the clay—water system, the
water being sea or salt lake water or mineromedicinal water.)

Therapeutic properties result from various modes of reactivity between clay min-
erals and the human body. Clay therapeutic properties are particularly based on the
ability of clay minerals to adsorb and retain harmful and toxic substances that jus-
tify its use in the treatment of gastrointestinal disorders, the deliberate eating of clay
or clayey soil (geophagy) being practiced worldwide since antiquity. Clay can also
act as a protective agent.

It is well known that clay can function as active principles or excipients in pharma-
ceutical formulations. There is also well scientifically supported information regard-
ing the antibacterial action of certain clays. However, it is now known that certain
interactions and reactivity could be deleterious to human health; for instance, the
inhalation of fibrous clay minerals can cause irreversible harmful effects of the pleura.

Xvii



Xviii Abstract

Clay's positive and negative effects have given rise to many legends and histori-
cal records and many reports can be found as well in the more or less recent special-
ized scientific literature.

Ingestion, inhalation, and dermal absorption are the three pathways of clay—
human body interaction.

Cosmetics is another interesting field of study for clay, taking advantage of clay’s
positive interaction with human skin due to specific textural, mineralogical, chemi-
cal, and rheological properties; also, the use of clay in cosmeticeuticals represents
an important market.

These days the theoretical and practical studies of both types of reactivity referred
to are dealt with in an emergent scientific field called medical geology which is
characterized by high interdisciplinarity and is progressively becoming more and
better established. Recent developments and advances concerning the interaction of
clay and clay minerals with human health open and meet interesting challenges by
mineralogists, geochemists, toxicologists, and biomedical and public health scien-
tists among others.

The monograph is organized in nine chapters, as well as several appendices,
whose topics and titles are referred to: background; definition of clay and clay min-
erals; historical data of a natural pharmacopeia: clay in the corpus of “the medieval
pharmacopeia” written in Arabic; geological and mineralogical information and
description of clay and clay minerals; clay reactivity depending on the crystallo-
chemical properties of clay minerals; general information on clay applications in
the fields of health and well-being; therapies based on clays; principal modes of clay
use; and provisioning, recycling, and trade of clays.
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Chapter 1
Background

Abstract There is a long history of using clay to treat human health, physical bal-
ance, and psychophysiological balance. The literature is full of empirical examples of
clay uses, supported by traditional methods often perpetuated in the form of legends
related to recovery. Numerous cultural or worship practices have supported these uses,
with or without solid justification, but always for reasons close to vital concerns. In
popular tradition it is the earth (in English), the terre (in French), that has a powerful
part in supporting life. It is the task of modern scientists to distinguish among the
many uses of clays, those that are truly explainable and those that are less logical or
even doubtful. It is the job of scientists to integrate tradition into science.

For ages the principal uses of clays were related to the digestive function and its most
current disorders and also to dermatology. To fulfill these practices, significant
amounts of clays are now necessary; they must also contain homogeneous and consis-
tent properties. The generic term of clay includes many families or typologies based
on their mineralogical description. The best characterized and most common clays are
explored in unremoulded and unpolluted important deposits. Historically the most
commonly used clays have characteristics that depend on the major clay minerals
present in them: kaolinites (often white); smectites (often green); illites and talcs
(often white); and palygorskites and sepiolites, both characterized by the fibrous shape
of their particles (often white or nearly white). Because clay deposits are primarily
sedimentary, various types of clays are often present simultaneously in such deposits.
In almost all cases, nonclay minerals are also present in small quantities in the form of
very small particles associated with clay minerals. These trace minerals can also have
an important but often ignored role, such as in the case of amorphous silica.

Thus we develop the essential basic concepts concerning the morphology and
the crystalline structure of these various clay minerals that are more scientifically
called hydrous phyllosilicates which is more correct from the mineralogical point
of view. The designation means “sheet silicate or layered silicate minerals charac-
terized by possessing structures made of layers of (SiO,)*" tetrahedral units linked
together to form flat sheets with the composition (Si,04,)", and that contain water
molecules or hydroxyls.”

The classification of phyllosilicates, clay minerals included, is discussed here in
order to establish their active characteristics clearly. A short chapter is devoted to
the various types of structures and to the methods of extraction, preparation, and
purification of the clays, without forgetting their recycling. The associated natural
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minerals are dealt with as well as the more complex preparations involving natural
clay such as the traditional “peloids.”

Peloid comes from the Greek coAnz or pélos, and in general indicates a therapeu-
tic mud made up of a mixture of mineral water or seawater associated with mineral
or organic matter. A clay paste can thus be included in the definition of a peloid
when it is used for therapeutic purposes. The term “peloid” is employed by the spa
therapy industry or thermal resort medicine and evokes, for example, the peloid of
Dax or the peloid of Rochefort indicating the origin of the clayey sediments. Another
word characterizes this aspect: pélodes, which means muddy.

Therapeutic properties result from various modes of reactivity between clay and
clay minerals and the organism. They vary with the morphology and the crystalline
structures specific to the various families of the existing clay minerals, as well as
with their modes of preparation and application. Clay can be modified, even
destroyed, when it comes in contact with various environments. For example, the
acid pH of the stomachic medium can promote an acid attack of clay, leading to a
residue primarily formed from the ions located at the center of both octahedrons and
tetrahedrons (especially of silica in various forms, and oxides or hydroxides of alu-
minum). A great number of geochemical studies were undertaken to follow the evo-
lution of clays in natural environments. We can take advantage of these study results
to compare these evolutions with those of the same minerals placed in contact with
a living organism.

When clay is not destroyed under the effect of stomach acids, it can constitute
an excellent protector that can act by absorption of toxic molecules in the vicinity
of mucous membranes and the skin. We can cite the action of poultices made up of
a very great number of clay particles and associated elements. Thus we have to
distinguish in more detail the concepts of adsorption, absorption, and exchange.
Moreover, the swelling property of certain clays is also of great importance in how
they are used; it constitutes a fundamental parameter to control during the internal
uses of clays.

The relation between clay and water (the liquid that is the main component of the
human body) is fundamental to understanding and explaining the variable proper-
ties of the clay—water mixture. Clay can indeed react permanently with water to
form more or less hydrated units (dry powder, paste, mud, suspension) to which
specific properties and applications correspond. In addition, a pasty clay—water
mixture is relatively impermeable, which imparts very particular and important
properties to it.

The great number of parameters to be controlled, not only on the level of clay
itself but also on the level of the individual who uses it as personal medicine, is at the
origin of a multitude of applications. These methods have in common the crucial step
of the initial preparation of clay, followed or not, of what is now called “maturation”
conditioning. This term is analyzed in detail taking into account the importance of
this stage in the success of the therapeutic use of clay. It can be found included in
mixtures, for example, with essential oils. The principal operating process is the dif-
fusion of molecules in the medium (air, water, oil, etc.) that contains clay. The devel-
opment of microorganisms can play a determining role.
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The action of clays is often associated with a barrier effect. This effect is
relatively complex and comprises direct and indirect aspects. In certain cases, the
clays applied on more or less weakened skin constitute an effective “mechanical
barrier” impermeable to air and water, able to isolate the surface from this weakened
organ that, without this protection, would be put in direct contact with harmful com-
pounds. Sometimes the simple protection relative to the access of germs is itself
beneficial. In other cases, such as in the field of bacteriological contaminations,
clays can act as a barrier to air and thus make it possible to fight efficiently against
the development of aerobic bacteria (which require oxygen). Furthermore, clays can
be regarded as chemical reservoirs of elements or molecules that enable them to
take part in chemical reactions and exchanges while continuing to play the part of a
physical barrier isolating the zone being treated from the external environment.
Used in cataplasms they can allow exchanges of ions through the tissues. Important
disorders such as deep ulcers or Buruli ulcers can thus be effectively treated by
clays. In applications such as stomach disorders, clays at the same time make it pos-
sible to isolate an organ (intestinal mucous membrane) from an inappropriate gas-
tric medium and simultaneously to eliminate toxins.

In the field of health protection, clays are also indirectly and successfully used to
filter water polluted by bacteria. In this same health field, focused on food concerns,
it is known that French soldiers in the First World War who had received mustard (a
condiment containing a small quantity of clay as a jellifying agent) in their food
ration were less subject to the effects of dysentery and other prevalent diseases
within the armies in the field. Also the military kits of Russian soldiers automati-
cally included mustard. Such examples prove the effectiveness of clay’s action.

Considering the diversity of clay uses, whatever the pathology, it is necessary to
consult a doctor in order to decide on the most adequate therapeutic procedure. This
medical diagnosis (or that of a health care professional) is also desirable for aes-
thetic care or for well-being; thermal treatments clearly belong to the medical field.

The use of clays in skin and beauty care is very old. There they have a crucial role
as mineral filler, active or interactive. They have a very soft abrasive effect. Their
properties of adsorption and ion exchange make it possible to associate many active
elements with them such as, dyes, perfumes, essential oils, and trace elements,
among others. The term “trace elements” is often employed; it indicates chemical
elements in very small quantity but necessary to a vital activity.

The stability of clays allows their use in mixtures (creams, gels) to which they
confer thixotropic and rheological properties that characterize the behavior of a
plastic paste (rheology) and the jellification of a suspension (thixotropy). Sometimes
it is necessary to modify the properties of natural clay through the incorporation into
the interlayer space of ions or polar molecules that allow modification of the
medium’s viscosity. For example, chains containing a functional ammonium (alkyl
ammonium type) can be used for this purpose.

Clay can also be used as a vector to transport ions or molecules to their target in
(or on) the organism. Many ointments, creams, and shampoos benefit from this
property. The organization of the clay particles in an ointment brings some energy
into play. When deposited on the skin, it generates surface stresses that have a



4 1 Background

determining role and can be used to regenerate the skin (for instance, wrinkles
and dryness).

When clay is employed in significant amounts, reusing the same material is
sometimes possible for the same person; certain rules of hygiene must be followed,
in particular taking into account existing laws. This method should not be encour-
aged. After clay use, and passage through an autoclave, recycling is possible by
reintroducing the clay mineral matrix into the environment without biological pol-
lution risk. In the case of need or of doubt (viral or bacteriological, e.g.), treatment
in an autoclave or exposure to ultraviolet rays is able to neutralize the majority of
the microorganisms and, if necessary, clay calcination (between 600 and 1200°C)
definitively destroys all the organic matter by producing a ceramic composed of
high-temperature minerals. There is always a possible solution to recycling, or neu-
tralizing, clay after use.

The action of clays is generally associated with the nature of the liquid used to
disperse them: mainly water but other liquids can also ensure this dispersion. Dry
clay is seldom used, except for powdery talc. To underline the importance of this
concept, recall that in agriculture any ground constituted only of dry clay is practi-
cally uncultivable. Better still, a very clean mass of clay is practically sterile in
microbiological terms. It is this property that is used to insulate and treat, often suc-
cessfully, infected or superinfected surface wounds.

From an economic point of view the use of clays is an important activity: numer-
ous uses of clay depend upon diversified domains. It is advisable to be very vigilant
of the state of the geological reserves of this raw material: they require the existence
and safeguarding of many uses. These microcrystallized minerals are renewable
natural products on a geological timescale, but very slow compared to the human
timescale. To guarantee provisioning continuity it is advisable to have a clay deposit
of good quality able to accomplish the exploitation objectives (within the limits of
deposit extension). The use of these minerals is barely controlled by legislation.
However, in the event of specific danger being recognized, they can be prohibited,
such as in the case of chrysotile (one of the components of asbestos as mentioned in
the preface).

On a medical basis, an important quantity of clay is used in self-medication and
in natural alternative medicine, but use by the general medical community is also
important. These two aspects are complementary. Gradually the medical commu-
nity, pharmacists, and the authorities are reconsidering clay as a possible active
element as an alternative to the use of drugs produced by the chemical industry.



Chapter 2
Clay and Clay Mineral Definition

Abstract Any science, scientific field, or scientific domain requires a well-
established and defined object of study as well as appropriate methodologies to
develop knowledge about that object. However, over time the definition or concept
of the object of study can undergo modifications and adaptations due to scientific
advances, both in theoretical and experimental terms.

Clay science is multidisciplinary with the object of study both clay and clay
minerals. It receives important contributions from other sciences or disciplines,
such as mineralogy, crystallography, chemistry, geochemistry, sedimentology, geol-
ogy, pedology, agronomy, soil mechanics, colloid chemistry, materials science,
biology and biotechnology, medicine and public health, pharmacy, geoengineering,
and environmental engineering. As in other sciences the object or objects of study
referred to require a definition that would deserve general acceptance by all those
interested in it, both theoretically and practically, despite the historical evolution of
the concepts. Different from other sciences, the enormous diversity of the natural
material denominated clay, in geological, compositional (physical, chemical, and
physicochemical), and technological terms, as well as the enormous diversity of
clay fields of interest and applications, may justify the lack of consensus on clay and
clay mineral definition that is shown in this chapter.

2.1 Introduction

Through the ages clays have received definitions adapted to the state of knowledge
at the time and the uses to which they were put. As universal materials they cannot
be limited to only one definition. The vocabulary of every language is rich in char-
acteristic and descriptive terms; all these minerals are common to all our activities.
Near the word “clay,” a generic universal name is that of “earth,” associated with
qualifying names such as potter’s clay, fire clay, or green clay. The term “clay”
comes from the Greek word argilla, the root of which, argos, signifies “white,” the
color of kaolin clay used in ceramics. The relation to purity was quickly established
with this color even though most clays are not white.

Clay science is less than 100 years old, and during its evolution the definition of
clay and clay minerals, the objects of study of this science, has shown significant
changes that have been proposed, developed, and adopted by several authors and
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clay groups or clay societies. Such changes were founded not only on basic but
selective criteria heavily dependent upon the particular academic education and pro-
fessional experience of the authors, for instance, soil scientists, mineralogists, geol-
ogists, or material scientists, and on scientific advances, particularly provided by the
increasing capability of the analytical instrumentation and methodologies, infor-
matics, and computing.

Clay occurs where we less expect (Moll 2001), not only in rocks of any type
(sedimentary, igneous, metamorphic), but also dispersed in atmospheric aerosols
(Sanfeliu 2002) and suspended in the water of oceans, seas, lakes, lagoons, and riv-
ers (Gomes 1988). Naturally and industrially produced dusts can contain clay min-
erals, that could have deleterious effects on human health.

There are several types of clay based on geological, technological, and commer-
cial arguments: primary or residual clay, secondary or sedimentary clay; swelling
clay, plastic clay, absorbent clay, refractory clay, nanoclay, commercial special clay
(ball clay, bentonite, kaolin, Fuller’s Earth, fibrous clay, fire clay, flint clay), and
commercial common clay (pottery clay, heavy clay). Special clays relative to com-
mon clays are characterized, as a rule, by the smaller number and size of the depos-
its, simpler composition (although requiring more complex and expensive
processing), and higher commercial value of the manufactured products.

Clay is also a major constituent of the so-called healing clays and edible clays.
Within the healing clays some are used solely for external applications with thera-
peutic and/or cosmetic purposes, either in the natural environment, or inside spe-
cialized spas, as are the cases of natural peloids and peloids s.s. (stricto sensu).
Other healing clays, the so-called edible clays, are used for internal or oral
applications.

Each clay has its own clay fraction in which the clay particles and clay miner-
als—the essential constituents of clay—are more concentrated. Conventionally
some disciplines set a maximum size for clay particles: pedology <2 pm; geology,
sedimentology, and geoengineering <4 pm; and colloid science <1 pm. However,
the upper limiting size of an individual particle or crystal for clay minerals has not
been established.

When the optical microscope was the only instrumental tool to analyze geologi-
cal materials, that is, during the last decades of the nineteenth century and the first
decades of the twentieth, clay was defined as an association of fine-grained minerals
with particle diameters of less than 2 pm, that is, beyond the resolution of the optical
microscope.

Earlier chemical analysis became a fundamental tool to determine the chemical
composition of both clays and clay minerals, allowing the establishment of their
typology. Soil science and colloidal chemistry and the development of analytical
techniques, such as differential and gravimetric thermal analysis, transmission and
scanning electron microscopy have contributed a great deal to the identification and
quantification, as well as the explanation of clay and clay minerals' basic
properties.

Starting with the third decade of the twentieth century X-ray diffraction became
apowerful tool for investigating the structure of fine-grained materials, clay minerals
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included, allowing the differentiation of clay mineral structures, an achievement
fundamental to explaining their distinctive properties. Many other analytical meth-
ods that became available, such as scanning electron microscopy (SEM) associated
with X-ray energy dispersive spectrometry (EDS), and synchrotron X-ray diffrac-
tion (SR-XRD), have played essential roles in modern clay research.

2.2 Definition, Classification, and Nomenclature of Clays
and Clay Minerals

After the works of precursor researchers, both the AIPEA (Association Pour I’Etude
des Argiles) and CMS (Clay Mineral Society) Nomenclature Committees have been
involved for several years in the definition, classification, and terminology of clays,
clay minerals, related materials, and specific properties. For instance, the AIPEA
Nomenclature Committee has proposed several reports with recommendations:
Brindley and Pedro (1970, 1972, 1976); Bailey (1980, 1982, 1989); Bailey et al.
(1986); Guggenheim et al. (1997, 2002, 2006). Recommendations have also been
proposed in joint reports of the AIPEA and CMS Nomenclature Committees:
Guggenheim and Martin (1995, 1996), and by the CMS Nomenclature Committee:
Brindley et al. (1968); Bailey et al. (1971a,b, 1979); Martin et al. (1991).

Despite the continued efforts of these nomenclature committees, the definitions
of clay and clay minerals still are not unanimous. This can be understood because
clay is most probably the mineral resource exhibiting the highest variability in geo-
logic, textural, and mineralogical terms and the most diverse applications. Thus
either the professionals or the disciplines interested in clay try to enhance the prop-
erty or properties relevant for a particular application in its definition, situations
well expressed by Gomes (1988, 2002):

1—Geologists consider clay as a geologic product of generalized occurrence and of fine
granularity that occurs at the surface or near the surface of the Earth, and that is formed at
the interfaces between the earth crust and the atmosphere, hydrosphere, and biosphere as
the result of the mechanical and/or chemical alteration of rocks; also geologists classify
clays on the basis of their origin and occurrence: residual or primary and sedimentary or
secondary; marine, alluvial, glacial, eolian, etc.; 2—Mineralogists consider clay as an
aggregate or mixture of minerals of fine granularity, consisting principally of clay minerals,
which are hydrous phyllosilicates based on Si, O, OH, H,O, and that elements such as Al,
Mg, Fe, K, Ca and Mg can participate on their composition; 3—Petrologists consider clay
as arock, as a rule weakly consolidated, formed by very fine mineral particles non identifi-
able at naked eye or using a magnifying glass; 4—Sedimentologists consider clay as a
granulometric term that identifies the sediment fraction composed of particles with e.s.d.
(equivalent spherical diameter less than 2 pm); 5—Civil and geotechnical engineers con-
sider clay as the less than 4 pm fraction of the soil and classify clays or clayey soils as
swelling or non swelling, soft or hard, that is selecting the most relevant properties that
should be taken into account when the foundation of housing and public construction works
is based on them; 6—Ceramists consider clay as a natural material that whenever mixed
with water in adequate quantity becomes plastic allowing its workability and shaping, and
that hardens and maintains the acquired shape after drying or firing; ceramists classify clays
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on the basis of their plasticity, firing properties and uses: low plasticity, medium plasticity,
high plasticity; white-burning, red-burning, high or low refractory; common clay (brick
clay and pottery clay); special clay (china clay, fire clay, ball clay, fibrous clay);
7—Pedologists consider clay as the active fraction of the soil that comprises particles of
colloidal size (<0.1 pm) that results from the action of pedological processes upon rocks,
and which are responsible for the reversible fixation of cations and anions, such as NH,*,
K*, PO,~* and NOs"), etc.; 8—Agronomists consider clay as being the colloidal fraction of
the soil, important in terms of structure, texture and composition for vegetal fixation and
growth; 9—even the non educated people consider clay as a type of earth that gets slippery
when wet, and that could be moulded or shaped.

With regard to clay minerals' definition, classification, and nomenclature, over
time there has been some controversy as well.

Clay minerals occur in rocks of all lithologies and ages. Also, clay minerals are
common and important constituents of the fine fraction of clay as well as of the fine
fraction of soils that are fundamental for life in general, and for human life in
particular.

Clay minerals are fine-grained hydrous phyllosilicates, minerals of planar or
nonplanar structures that could impart plasticity (if the right amount of water is
added) and hardening (if dried or fired) to the clay in which they occur. Clay may
contain other materials that impart plasticity and harden when dried or fired. Clay
minerals are not defined a priori as fine-grained minerals because clays are fine-
grained, but rather they may be of any crystallite size so that the term “clay mineral”
is consistent with the definition of mineral, which is unrelated to crystallite size. The
particle-size issue has been separated from the clay mineral definition.

As arule, in addition to clay minerals, clay may contain the so-called associated
minerals (silicates such as quartz and feldspar; carbonates such as calcite, oxides,
and hydrated oxides of iron and aluminum such as hematite, goethite, and gibbsite),
X-ray amorphous materials such as organic matter, and inorganic X-ray quasi-
amorphous materials such as opal A and ferrihydrite.

The authors of this monograph, particularly as teachers and researchers, intro-
duce here some information and comments with regard to the convergences and
divergences one actually could face in the literature relative to the definitions of clay
and clay minerals.

2.2.1 Historical Retrospective Showing the Lack of Consensus
on Clay and Clay Mineral Definitions

A short historical retrospective follows, showing the lack of consensus with regard
to clay and clay mineral definitions over the last 70 years.

Grim (1953), a pre-eminent founder of clay science, considers clay as:

...arock term and also as a particle-size term; as a rock term, clay is a natural, earthy, fine-

grained material which develops plasticity when mixed with a limited amount of water; as
a particle-size term, the clay fraction is that fraction composed of the smallest particles,
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which maximum size in geology in the Udden-Wentworth scale is 4 pm and in soil science
is the soil separate comprising particles less than 2 pm, according to the Atterberg
classification.

Mackenzie (1963) noted the inappropriateness of defining clay mineral as “any
mineral which occurs in clay” inasmuch as, among several reasons, it would include
many accessory minerals that are not characteristic of clay.

Bailey (1980) equated clay minerals with phyllosilicates. However, it is well
known that some nonsilicate minerals can impart properties such as plasticity which
are characteristic of clays.

Worrall (1982) considers clay as:

... an earth that forms a coherent sticky mass when mixed with water; when wet, this mass
is readily mouldable but if dried it becomes hard and brittle and retains its shape; moreover,
if heated to redness, it becomes still harder and is no longer susceptible to the action of
water; clay is seldom pure, but the substance responsible for its characteristic properties is
usually called the clay mineral or clay substance; in addition to the clay mineral, which as
was said is the essential and preponderant substance, and so is responsible for the charac-
teristic properties, a number of adventicious minerals, such as quartz, mica and iron oxides
are present.

Wilson (1987), a soil scientist, considers that clays are “an important component
of soils, where they exert a dominant influence on soil structure and plant nutrition”;
also, he considers that one of the fundamental properties of clays is the electric
charge on their unit particles, responsible for cations and/or anions sorption, on a
reversible basis.

Gomes (1988), as said above, considers various clay concepts depending on the
academic education as well as on the technical and professional preparation of those
(geologists, pedologists, sedimentologists, mineralogists, petrologists, ceramists,
chemists, geotechnists, etc.) interested in this important natural material and
resource, either for its genesis, its properties, or for its diverse applications.

Weaver (1989) considers that the term “clay” should only be used in the textural
sense to indicate “a natural geomaterial that is finer than 4 pm”; he suggested the
term “physils” for the whole family of phyllosilicates (including palygorskite and
sepiolite) irrespective of grain size.

Millot (1964,1970, 1989) considers clay as

... avery complex geomaterial; even in the case of being monomineralic clay is composed
by a population of distinctive particles, in terms of composition and size, each particle
being a population of microdomains; if changes take place in the environment where the
particle occurs, each microdomain changes too and, consequently, that particle moves at a
proper rate towards a new thermodynamic equilibrium; the dynamics of populations could
be also applied to clays.

As mentioned above, in recent years the Nomenclature Committees of AIPEA
(Association Internationale Pour 1'Etude des Argiles) and of CMS (Clay Minerals
Society) have made attempts to achieve the unification of the basic criteria that
should be part of clay and clay mineral definitions.

For instance, those nomenclature committees through a joint report by
Guggenheim and Martin (1995) introduced the following clay concept: “natural
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geomaterial essentially composed of fine grained (e.s.d. < 2 pm) minerals, mainly
hydrated phyllosilicates, the so-called clay minerals, that exhibits plastic behaviour
in the wet state and that gets hard after drying and firing; associated to clay minerals
other minerals can occur, the so-called non clay minerals, composing the coarser
fractions, but they could be present in the fraction <2 pm too.”

One year later Guggenheim and Martin (1996) rationalized and reinforced the
concept of clay:

... a naturally occurring material composed primarily of fine-grained minerals, which is
generally plastic at appropriate water contents and will harden when dried or fired; although
clay usually contains phyllosilicates, it may contain other materials, the so-called “associ-
ated phases” that can impart plasticity and harden when dried or fired or may include mate-
rials that do not impart plasticity and organic matter.

The term clay mineral refers to “phyllosilicate minerals which impart plasticity
to clay and which harden upon drying and firing.”

It worthwhile noting that for the first time it is clearly said that plasticity is not a
specificity of clay minerals.

According to Harben and Kuzvart (1996) clay means different things to different
people, inferring that for the geologist the term “clay” may be used in three senses:
(1) to designate particle size <0.002 to 0.004 mm, (2) as a name for a group of min-
erals known as clay minerals, and (3) as a rock composed essentially of clay
minerals.

Moore (1996) and Moore and Reynolds (1997) consider that particle size should
be a key parameter in all definitions of clay, and consider that “in geology, sedimen-
tology, and geo-engineering the size limit is commonly set at less than 4 pm e.s.d.”

Paquet and Clauer (1997) consider that clay and clay minerals are synonymous
terms and distinguish two main types of clays and clay minerals on the basis of the
layer charge of clay minerals: “(1) low activity clays or clays of the kaolin group
containing phyllosilicates with neutral and slightly hydrated layers; (2) high activity
clays or clays of the 2/1 group containing phyllosilicates with charged and more
hydrated layers.” Other authors have the same understanding about the concepts of
clay and clay mineral, that is, they consider both terms synonymous.

Velde and Druc (1999) consider clay as “a natural material composed of about
80% clay minerals and other fine-grained material of different mineral species; this
material has a natural grain size of less than 2 pm in diameter.” Also, they consider
clay minerals, “those particles smaller than 2 pm in diameter which have a specific
structure, called a layer or sheet silicate; their grain size and particle structure gives
them special physical properties; clay mineral particles form plastic phase in most
materials used to make ceramics.”

Gomes (2002) distinguishes three concepts: clay, clay mineral, and clayey mate-
rial or clay-bearing material. He considers clay as being “a natural material, mostly
composed by fine-grained minerals, mainly hydrated phyllosilicates the so-called
clay minerals; clay, in general, exhibits plastic behaviour and hardens after drying
or firing; associated to clay minerals other minerals and non-minerals (inorganic
and organic cryptocrystalline or amorphous compounds) can occur in clay.” Also
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he considers clay minerals as being “phyllosilicates, essentially hydrous
aluminosilicates, fundamental constituents of clay and accessory constituents of
clayey rocks and clayey soils, responsible for clay plasticity and hardening after dry-
ing and firing.” Finally he considers clayey material or clay-bearing material as
being “those geologic materials, such as shale, slate, phyllite, marl, marly limestone,
lapilli tuff, hyalloclastic tuff, and soils that could bear clay minerals in significant
quantity. Despite of some of these materials do not exhibit plasticity in the natural
state they could be used, for instance, as ceramic raw materials after being finely
ground or blended with other adequate minerals.”

Since 2002 Clay Minerals, the journal of the European Clay Groups, has changed
its name to Clay Minerals: Journal of Fine Particle Science. With this title the jour-
nal extends the object of clay science to fine-grained minerals and nonminerals that
can occur in nature associated with clays other than clay minerals.

Bergaya and Lagaly (2006) consider that the terms “clay” and “clay mineral” are
difficult to define, and consider that there is, as yet, no uniform nomenclature for
clay and clay mineral.

As a first approximation they consider “clay mineral” as “a class of hydrated
phyllosilicates that participate in the fine-grained fraction of rocks, sediments, and
soils.”

Nonetheless, a consensus about the definition of the clay science objects, clay
and clay minerals, is being pursued by the Joint Nomenclature Committees of the
AIPEA and CMS.

Distinctive parameters for clay and clay minerals should be taken into account in
their concepts, well summarized by Bergaya and Lagaly (in Handbook of Clay
Science, Elsevier, 2006). For clay: “natural; fine-grained (<2 pm or <4 pm); phyl-
losilicates as main constituents; plastic; hardens on drying or firing.” For clay min-
eral: “natural and synthetic; any size; may include non-phyllosilicates; plastic;
hardens on drying or firing.”

Size is not a distinctive property of a mineral species, which is characterized by
a specific structure constructed on the basis of certain chemical elements (in some
circumstances these basic chemical elements can be isomorphously replaced).

The same mineral species, for instance, quartz, an associated mineral frequently
found in clays, can exhibit metric or submicron crystal sizes. It is well established
that crystal size in the same clay mineral species is variable. Therefore, size is a
parameter or criterion that should not be considered in clay mineral and clay defini-
tions. Considering clay as a fine-grained geological material would be sufficient.

Much of our understanding of clay mineral structures is derived from XRD anal-
ysis of macrocrystalline forms of phyllosilicates, such as muscovite, chlorite, and
vermiculite, These mineral species regardless of their crystal size are included in
clay mineral systematics. However, could a 10 cm x 5 cm X 1 cm crystal of phlogo-
pite or vermiculite that does not occur in any clay deposit be considered a clay
mineral?

Meunier (2006) considers that “clay minerals being the most abundant silicates
formed at the Earth surface, whatever their origin are always of small grain size.”
He puts forward the question of why the growth of clay minerals is limited to a few
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micrometers or nanometers. Based on his experience and on information from pub-
lished papers he considers that this specificity is related to particular structural
aspects (order—disorder and crystal defects).

Any clay has its own clay fraction in which the clay particles and clay miner-
als—the essential constituents of clay—are more concentrated. Conventionally
some disciplines set a maximum size for clay particles: pedology <2 pm; geology,
sedimentology, and geoengineering <4 pm; colloid science <1 pm.

2.3 Definition of Kaolin and Kaolinite: Inconsistencies
Shown in the Literature

2.3.1 Introduction

Concepts can be expressed differently by people from different educational back-
grounds and experience. Concepts can also evolve over time.

The concept or definition of kaolin is a good example of such evolution and is of
paramount importance for scientific, industrial, commercial, and legal purposes.

Kaolin, one highly valued industrial clay due to its specific functions, for
instance, in paper and white ceramics (porcelain, sanitary ware, and porcelain
stoneware tiles), could be one such weathering product. If the quantity of kaolin is
scarce, for example, not over than 5-8% it would be more appropriate to talk of
argillized rock or kaolinized rock instead of kaolin. However, if that quantity, for
example, is over 50%, the ultimate product would behave as real clay.

The term “kaolin” is often defined and used differently in science than in indus-
try and commerce. These differences may have legal implications.

In defining kaolin, some questions can be raised. Is kaolin a rock? Is kaolin a
mineral? Is kaolin a clay? Is the term kaolin synonymous with the term kaolinite? Is
the term kaolin synonymous with the term china clay? What properties must the
clay exhibit in order to be called kaolin? Is kaolin only a geological product? Is
kaolin a processed or an engineered product too? Is kaolin also a commercial good?
Are all kaolins equal? Is the white color of both bulk and processed kaolin a funda-
mental property? Could other clays rich in kaolin minerals, such as the so-called
flint clay, ball clay, and fire clay be considered kaolin as well? What definition of
kaolin would meet the joint approval of academia, industry, and the governmental
agencies competent to authorize both the exploration and exploitation of kaolin?

Attempts to answer these questions are presented in the following, as far as the
aim of this paper is getting fulfilled.

Science privileges the fundamentals of kaolin as a geological product such as
genesis, mineralogy, and chemistry.

Industry, on the other hand, privileges the properties of this important industrial
mineral and product, such as color, mean grain size and grain size distribution,
particle shape, chemical inertia, plasticity, viscosity, brightness, whiteness, opacity,
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gloss, abrasiveness, and refractoriness. These properties can condition kaolin’s
manifold uses, markets, and prices.

Kaolin is an industrial product and thus, naturally, a commercial product as well.
It is used in the form of certain functional grades, for instance, in ceramics, paper,
paint, rubber, fiberglass, medicine, cosmetics, food additives, and agriculture.
Commercial grades of kaolin are supplied and transported as dry powder, semi-dry
noodle, or as liquid slurry. Recently kaolin has been incorporated into formulations,
which as a spray, are applied to fruits and certain vegetables to repel or deter insect
damage or to prevent sun scald.

An extensive review of the historical evolution of kaolin definition, from the
launching of clay science up to the present time, is presented. This includes the
fundamental geological, mineralogical, and technological properties of kaolin as
defined by various authors, although not in a well-integrated way.

2.3.2 Background

In regard to kaolin geology, kaolin genesis is diverse and, consequently, the typol-
ogy of kaolin occurrences/deposits is diverse too. Also, the typology, the volume,
and the quality of a kaolin deposit determine the choice of both extractive and
industrial processes as well as kaolin economics.

The expressions kaolin deposit and kaolin occurrence should have different
meanings, kaolin deposit being applied only to a kaolin occurrence justified by vol-
ume and quality, at both industrial and economic scales, kaolin exploitation, pro-
cessing, and commercialization.

Kaolin mineralogy and chemistry are fundamentals of kaolin quality, being deci-
sive in terms of kaolin industrial applications and functions. Also their specific
properties determine kaolin bulk color.

The white or near-white color in bulk and after drying and firing could be a deci-
sive factor for many important industrial applications of kaolin. However, other
types of clay can exhibit a white color (e.g., some deposits of bentonite from
Kimolos Island, in the Cyclades, Greece). Even bulk kaolin can exhibit colors other
than white or nearly white without being impeditive of certain industrial applica-
tions. In mineralogy it is well established that color is not a discriminating property
of mineral species. Hence other basic arguments contemplating, for instance, kaolin
genesis, mineralogy, and chemistry, common to all types and varieties of kaolin,
should be considered.

The emphasis on one or more than one particular property greatly depends on the
academic education or professional experience and interest of the individuals seek-
ing a definition of kaolin able to deserve general acceptance.

As a result of all this, a consensual kaolin definition appears to be difficult to
achieve.

The volume and quality of a kaolin deposit could be appropriate for its exploitation,
but environmental, legal, and administrative factors could hamper such usage.
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In Portugal, for example, the concession for exploration and exploitation of
kaolin, a highly valuable special clay due to its multiple and specific properties as
well as manifold industrial applications, is presently regularized by the so-called
Mines’ Law issued in 1990. This law is applied to rare mineral resources of high
unit value such as gold, cassiterite, massive sulphides, and feldspar/quartz of peg-
matite, which are considered to belong to the public domain. The competent
authority that approves any proposal submitted for exploration and exploitation of
these resources, kaolin included, is the Central Administration through the
Department of Energy and Geology with headquarters in Lisbon. Such authority
classifies kaolin as industrial rock and as special clay. This same situation has been
in force since 1920.

Because in Portugal the adopted kaolin definition considers that raw kaolin is the
white or nearly white alteration product of feldspar-rich rocks, this simple fact could
be a decisive factor impeding kaolin exploration and exploitation.

On the other hand, the so-called Mineral Masses’ law, currently called Quarries’
law, governs or regularizes the exploration and exploitation of common mineral
resources of low unit value, such as limestone, marble, granite, sand, and common
clay, which are considered to belong to the private domain. The exploration and
exploitation of these resources, ball clay included, are regularized by the Quarries’
law and the competent authority that emits the required license is the local adminis-
tration, through the county’s municipality.

In several countries all mineral resources occurring in, on, or underneath the
Earth’s surface belong to the state. In China, for instance, a very important country
where mineral resources are concerned, both exploration and exploitation of min-
eral resources depend upon government authorization.

Due to legal regulations not all mineral deposits, including kaolin deposits,
despite their interesting reserves and quality, can be exploited, such as mineral
resources located inside the so-called protected areas (e.g., agricultural, ecological,
or cultural heritage areas), classified on the basis of their unique natural values, such
as fauna, flora, agricultural potential, and cultural heritage. When kaolin deposits
are not located inside protected areas, and even when the competent exploration and
exploitation licenses have been issued, either the potential hazardous environmental
impacts raised by nongovernmental environmental groups, or the protest of nearby
living populations, could impede any exploration and mining works. And, when
justice is involved any decision could be issued so late that the interest in kaolin
exploration and exploitation works would disappear.

Kaolin is commonly referred to as “china clay” inasmuch as it was first discov-
ered in China, the term kaolin being derived from Gaoling or Kao-Ling, meaning
“High Hill,” a site located near the town of Jingdezhen, in Jiangxi province. Use of
the terms china clay and kaolin is not well defined, but in our opinion similarly to
what happened in Kao-Ling, the term “china clay” should be restricted to primary
kaolin, the in situ alteration product of the action of hydrothermal and/or weathering
processes over feldspar-rich rocks.

All kaolin deposits and the corresponding industrial and commercial products
are different. In fact, individual kaolin deposits and natural kaolins vary particularly
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in many physical properties, which in turn influence kaolin end uses. For many
years kaolin’s white or nearly white color, both in the raw or bulk state and after
firing, was a decisive parameter for kaolin selection in certain industrial applica-
tions, particularly in fine ceramics and paper. However, new applications have been
found for kaolin, and new advances have been achieved in kaolin processing involv-
ing new refining and beneficiation methods, which made possible the use of raw
kaolin that exhibits colors other than white. Effectively, kaolin exhibiting yellow,
grey, and even other pale colors can be used in many other industrial applications,
such as certain types of ceramics (earthenware, stoneware, sanitary ware, as well as
wall and floor tiles of earthenware and stoneware), plastics (as filler), cement, paint
(as extender), rubber, silico-aluminous refractories, and certain types of pharmaceu-
ticals and cosmetics. Therefore, should the color be a limiting factor in kaolin defi-
nition? We do not think so. Properties other than color, such as genesis and
composition (mineralogical and chemical), plasticity, and firing behavior should be
decisive factors in kaolin definition.

The term kaolin has been applied not only to designate the rock-bearing kaolin
minerals, kaolinite and halloysite being the most common kaolin minerals, but also
to designate the industrially processed products in which kaolin minerals become
concentrated and beneficiated through refining and beneficiation processes, as well
as to designate the respective commercial products. However, other names are cur-
rently attributed to the rock-bearing kaolin minerals, including kaolinized granite,
kaolinized gneiss, kaolinized anorthosite, kaolinized arkose, and kaolinite-bearing
sand or clay.

The fundamental properties that make kaolin an industrially important mineral
resource, also called industrial mineral, are as follows: chemical inertia within a
wide range of pH (3-9), white or near-white color, low electrical and thermal con-
ductivity, easy dispersion in water, low hardness and abrasiveness, high coating
capacity when used as pigment, good binder capacity or adhesiveness, and high
refractoriness.

Kaolin minerals (kaolinite, halloysite, dickite, and nacrite) are clay minerals;
these are fine-grained hydrous phyllosilicates, characterized by planar or nonplanar
structures, which are the essential minerals of any clay.

There are no two kaolin exhibiting equal properties. Experience shows that
kaolin properties are influenced by the environmental formation and deposition
conditions.

A clay-bearing significant amount of kaolin minerals should be called kaolin.
Other kaolin minerals-bearing clays, such as ball clay, fire clay, and flint clay, could
show similarities to kaolin, in terms of composition (mineralogical and chemical)
and color (in the natural state or after firing), although in regard to other properties,
for instance, plasticity, viscosity, green-strength, and refractoriness, they could
show distinctive behavior. Some types and grades of these sedimentary clays could
be called sedimentary kaolin, because the parent or source rocks could be the same
as those in the original residual kaolin.

Ball clay deposits, in particular, are less abundant worldwide than kaolin deposits,
but ball clay could be as important as standard kaolin in industrial applications.
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In general, ball clay shows finer grain size and is of much higher plasticity than
standard kaolin; also, its color can range from off-white to black, but after drying
and firing, becomes white or near white.

The clays that have determined the origin of the term “ball clay” occur in depos-
its dating from the Lower Tertiary that fill sedimentary basins in Dorset and Devon,
in southwest England. The weathering products from the surrounding deeply weath-
ered uplands of Paleozoic granite and schist were washed and deposited in deltas
and lagoons. The layered deposits consist of sand, sandy clay, and clay. Also, clay
seams, more or less rich in carbonaceous matter, look brown or black. Kaolinite and
illite are the essential clay minerals, but small amounts of interstratified illite—smec-
tite, smectite, and chlorite can also be identified in some clay seams. The distinctive
clay mineral assemblages indicate a wide range of ball clay properties, depending
on the distinctive contribution of the sedimentation process of the weathering prod-
ucts of both granitic and schistose rocks, the kaolinite structural order being higher
or lower, respectively. Therefore, should ball clay deserve to be redefined too? The
Al,O; content of some ball clay seams is within the range 30-34%, values typical of
high-quality kaolin. Also the K,O content of ball clay is around 2%, whereas the
K,O content of kaolin is around 1%.

Also, in the Lower Tertiary, sedimentary kaolin of distinctive typology was
deposited in tectonic basins of northwestern Portugal, consisting of beds of sand
bearing kaolin-rich matrix and ball clay-like beds do occur. In some ball clay seams
pseudo-morphs of sillimanite and andalusite have been identified indicating the
major contribution of weathered Silurian schistose rocks as source rocks. Also, the
kaolinite found in these clay seams is classified as the D (disordered) type.

Ball clay and kaolin are essential components of formulations used in the manu-
facture of the same products, for instance, tableware, sanitary ware, and wall and
floor tiles. Ball clay due to its relatively higher plasticity helps to shape the ceramic
bodies, adding green-strength to the body before firing, whereas kaolin provides
extra whiteness.

Kaolin could be named special clay, a term attributed to a particular type of clay
only produced in a few countries from deposits of small to medium/large size, and
characterized as having specific markets and commercially high unit price. The
same happens with other kaolin minerals-bearing clays such as ball clay, fire clay,
and flint or hard clay, as well as with bentonite, fibrous clays (sepiolite and palygor-
skite), and Fuller’s Earth.

Some treated and modified clays, such as acid-activated and organophyllic ben-
tonite, acid-activated kaolin, and synthetic clays could also be classified as special
clays. But the so-called calcined kaolin, the product of heating natural kaolin at high
temperatures in a kiln, could not be called kaolin. In fact, calcination alters the size
and shape of natural kaolin, increases whiteness and hardness, and improves electri-
cal properties. Calcination at 700-750°C produces metakaolin that can be used
either to improve the dielectric properties of PVC cable insulation or used as a poz-
zolanic concrete additive. The product of kaolin calcination at around 1000°C can
be used, especially when coated with silane, to improve both the mechanical properties
and the chemical resistance of rubber.
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Also, for instance, could ball clay, fire clay (also called underclay due to the
geological position under coal seams), and flint or hard clay be considered kaolin
for scientific, industrial, and legal purposes? In our opinion some particular quali-
ties or grades of these clays, which are rich in kaolin minerals (consequently rich in
Al, O3, as a rule showing values higher than 30%), and poor in fine-grained staining
impurities (iron oxides/hydroxides, titanium oxides, organic matter), should be con-
sidered as so. The associated minerals found in these clays are the same as com-
monly found in kaolin: illite/mica, chlorite, quartz, feldspar, iron oxides/hydroxides
(hematite, goethite), titanium oxides (anatase and/or rutile), and organic matter.
Therefore, an actual kaolin definition able to integrate the properties common to the
above-mentioned geological products and raw materials, the object of many funda-
mental and applied studies and applications by academic and industrial profession-
als, would be rather convenient and interesting.

2.3.3 Retrospective of Kaolin and Kaolinite Definition

Concepts or definitions are never final. For instance, the definitions of mineral and
mineral species have frequently changed during the long history of mineralogy
(Povarennykh 1972; Nickel 1995, 1996). Therefore, changes of the kaolin definition
have to be considered too, in spite of the relatively short history of clay science, in
order to make the kaolin definition compatible with the advances achieved in both
fundamental and applied clay science.

According to Ross and Kerr (193 1) the name kaolin is a corruption of the Chinese
term kauling meaning high ridge, the name of a hill near Jauchou Fu in China where
the material was obtained for the manufacture of whiteware centuries ago. Also,
according to the same authors, Johnson and Blake (1867) appear to have first clearly
intended the name kaolinite for the “mineral of kaolin”.

The first appearance of the term “kauling earth” in a Chinese document was in
1604 AD (i.e., in the middle of the Ming dynasty), and the use of kaolin clay extracted
in the Kauling mines located near the town of Chingtehchien, Kiangsi province, for
whiteware (mainly porcelain) manufacture, has been documented since the seven-
teenth century (Chen et al. 1997). These authors consider that the name kaolin
would be very likely derived from the name of the actual village Gaoling (Kauling).
Also, the authors mention that the term kaolin was introduced in Europe by Pere
d’Entrecolles, a Jesuit missionary who, in 1712, sent kaolin samples to French
authorities (Kuzvart 1977). Kauling mines were abandoned long ago, and presently
kaolin is mined in the Dazhou residual deposits about 50 km to the northwest of
Gaoling.

Ross and Kerr (1931) defined kaolin as “a rock mass which is composed essen-
tially of a clay material that is low in iron and usually white or nearly white in
colour; the kaolin-forming clays are hydrous aluminium silicates of approximately
the composition 2H,0-Al,0;-25i0, and it is believed that other bases if present
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represent impurities or adsorbed materials; kaolinite is the mineral that character-
ises most kaolin.”

Grim (1968) defined kaolin as a “fine-grained rock having kaolinite as the main
constituent mineral, which containing low iron content shows white or near white
colour.”

Millot (1964) defined kaolin as “the clay rich in kaolinite, and that the true kaolin
deposits are hydrothermal, and that the term kaolin was extended to deposits of
sedimentary kaolin and kaolin resulting from atmospheric weathering.”

Patterson and Murray (1975) defined kaolin as a “clay consisting of substantially
pure kaolinite or related minerals, that is naturally or can be beneficiated to be white
or nearly white, will fire white or nearly white and is amenable to beneficiation by
known methods to make it suitable for use in white ware, paper, rubber, plastics,
paint, ink, and similar uses.”

Souza Santos (1975) defined kaolin as the “product of weathering or hydrother-
mal alteration of feldspar-bearing rocks.” The author stated that kaolin could be
either formed in situ, the so-called primary or residual kaolin, or transported and
redeposited, the so-called secondary or sedimentary kaolin. Also the author stated
that in Brazil raw kaolin shows color variations: white, cream, yellow, or rose.

Kuzvart (1977) defined kaolin as a “rock characterized by a useful content of
kaolin minerals.”

The AIPEA Nomenclature Committee (in Bailey 1980), in the classification of
phyllosilicates with 1:1 and 2:1 layer types, recommended division into groups on
the basis of electrical charge per formula unit, for instance, the group kaolinite-
serpentine for 1:1 phyllosilicates. The subdivision of the group into two subgroups:
subgroup kaolinite and subgroup serpentine, on the basis of dioctahedral and trioc-
tahedral characteristics, has also been recommended.

Worrall (1982) defined kaolin “as one of two main groups of clay mineral or
clays: kaolins and montmorillonites.” For the author the chemical composition of
these clays was coincident with the chemical composition of their main representa-
tive clay minerals, kaolinite and montmorillonite. Also, the author classified clays
into two types—residual and sedimentary—and considered other clays, ball clay
and fire clay, close to kaolin (china clay) in chemical composition, but differing a
great deal in other properties and application fields.

Wilson (1987) defined kaolin as “the clay which consists principally of the clay
mineral kaolinite.”

Lépez-Colmenar (1992) defined kaolin as “all massive rock containing a vari-
able percentage of clay minerals of composition equal or approximate to the com-
position of kaolinite — 2Si0,-Al,0;-2H,0 — easy to concentrate through the
separation of the associated minerals”; in the case of its being a clayey rock, making
the concentration of the hydrous aluminosilicates difficult and expensive, it is called
kaoliniferous or refractory clay in Spain.

Manning (1995) considered kaolin (or china clay), ball clay, and bentonite as
the “dominant industrial clays, due to their diverse and very important industrial
applications.” The author defined kaolin as “chemically inert material that can be
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prepared as a white powder specified (in part) according to its whiteness and bright-
ness; in terms of genesis the author distinguished primary and secondary kaolinite
deposits, including kaolin (china clay) in the primary deposits, and ball clay in the
secondary deposits".

Guggenheim and Martin (1995) made a clear distinction between clay and clay
mineral. These authors defined “clay as a natural geologic material mainly com-
posed of fine-grained (less than 2 pm) minerals essentially hydrous phyllosilicates,
the so-called clay minerals which, in general, show plastic behaviour and that
harden after drying or firing; associated to clay minerals other minerals can occur,
the so-called non clay minerals, more concentrated in coarse fractions, but that
could be still present in the less than 2 pm fraction.” Also, the same authors defined
“clay minerals as phyllosilicates, essentially hydrous aluminosilicates, which are
essential components of clays and accessory components of many other rocks,
being responsible for clay plasticity and for its hardening after drying or firing.”

The AIPEA Nomenclature Committee (Guggenheim and Martin 1996) recom-
mended that the term ‘“kaolin-serpentine” should be used instead of the term
“kaolinite-serpentine.”

According to Moore (1996) the term “clay” has been used as a mineral term, as
well as a size term and a rock term. Hence the term “kaolin” could be applied to clay
and to clay mineral.

Paquet and Clauer (1997) classified clays into three groups: low activity clays,
high activity clays, and intermediate activity clays. This classification was based on
the electrical charge (z) of the structural unit cell, and they defined kaolin, repre-
sented principally by kaolinite, “as low-activity clay, having a low layer charge,
nearly zero.”

Harben (1999) defined kaolin “as white, soft and plastic clay predominantly
composed of fine-grained platy kaolinite.” As regards the color, the author states
that kaolin can show white color, sometimes with red, brown, yellow, and blue tints.
Also, the same author classified kaolin as a clay belonging to the group of kaolinite-
bearing clays, a group that in addition to kaolin itself includes other special clays
also predominantly composed of kaolinite, such as ball clay (a fine-grained, highly
plastic kaolinite admixed with quartz, mica, illite, smectite, chlorite, and colloidal
carbonaceous matter); flint clay (a smooth, microcrystalline, hard-slacking rock
with a pronounced conchoidal fracture, composed mainly of kaolinite, which
becomes plastic when ground in water); and fire clay (a silico-aluminous clay com-
posed of a disordered variety of kaolinite capable of withstanding high temperatures
without deforming).

The halloysite-bearing clay, called halloysite clay, is also classified as kaolin,
being predominantly composed of halloysite, a clay mineral similar to kaolinite in
terms of chemical composition and structure, but whereas halloysite particles can
exhibit platy, rolled, or spheroidal shapes, kaolinite particles exhibit a platy shape.

Harvey (2000), based on studies carried out on industrial clays from various
worldwide deposits, classified such clays into four categories (three for special
clays, one for common clays), depending upon the sophistication and economics of
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the products manufactured with them, and the sophistication of the technologies
required for their development. In this classification kaolin could be included in the
three categories of special clays.

The first category includes high-quality kaolin, whose large-scale production and
processing require advanced and expensive technologies, and consequently high
investment; this type of kaolin has a large circulation in both national and interna-
tional markets, being represented, for instance, by kaolin from Cornwall, United
Kingdom, by kaolin from Georgia, United States, and by kaolin from Amazonia, in
Brazil.

The second category also includes high-quality kaolin whose production and
processing, although on a small scale, requires high technologies; this type of kaolin
is addressed to small markets, both national and international, and represented, for
example, by kaolin mostly consisting of halloysite from Maugaparerua, Matauri
Bay and Mahimali, in New Zealand. The third category includes medium-quality
kaolin, whose production and processing requires medium technologies and invest-
ment, represented, for example, by central and western European kaolin, from
Germany, Czech Republic, Ukraine, France, Spain, and Portugal.

Galan (2003) distinguished commercial clays from noncommercial clays, the
former being those with possible industrial application. The author defined “com-
mercial kaolin as a rock that contains a certain proportion of minerals of kaolin
group (kaolinite, dickite, nacrite and halloysite), and that could be economically
extracted and concentrated.” The author includes in commercial kaolin,

the kaolinite-bearing clays (ball clay, fire-clay and flint clay) predominantly composed of
kaolin minerals; raw kaolin, in general, is not a clay, but a rock (kaoliniferous sand or
arkose, and kaolinized granite, gneiss, rhyolite or anorthosite), reason why it needs to be
processed in order to concentrate kaolin minerals; on the contrary, kaolinite-bearing clays,
which in the natural state are, in general, richer in kaolin minerals than kaolin are not pro-
cessed, requiring only milling, sieving, atomization, etc.

With regard to the distinction between clay and clay mineral, in 2006 the actual
position of the INCs (Joint Nomenclature Committees) of both the AIPEA and the
CMS on using clay as a rock term was still indeterminate. Nevertheless, the litera-
ture often uses the term “clay” for clay mineral, for example, kaolin instead of
kaolinite, because the former name is shorter and less cumbersome.

Bergaya and Lagaly (2006) established the distinction between clay and clay
mineral based on the following parameters: genesis, granularity, mineralogy, plas-
ticity, and behavior on drying or firing. Clay is natural, fine-grained (<2 or <4 pm),
mainly constituted of phyllosilicates, plastic (except flint clays), and hardens on
drying or firing. On the other hand, clay mineral is natural or synthetic, without size
criterion, might include nonphyllosilicates, plastic, and hardens on drying or
firing.

Such concepts could be extended to the clay kaolin and to the clay mineral
kaolinite.
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2.3.4 Discussion

From the information above and from the evolution of kaolin definition over the
relatively short history of clay science the unconformity between the arguments
found relevant for academic and industrial scientists in what concerns kaolin defini-
tion becomes clear.

Primary or residual kaolin and secondary or sedimentary kaolin are distinctive in
terms of genesis, occurrence, and properties, and consequently in terms of industrial
processing methodologies, uses, and functions.

Frequently, ball clay, flint clay, and fire clay, while in the bulk state, contain
higher contents of kaolinite and/or halloysite than bulk kaolin, although after being
refined, certain size fractions of kaolin, compared to equivalent size fractions of ball
clay and fire clay, contain higher concentrations of kaolinite and/or halloysite.

Fire clays have very distinctive properties relative to ball clays. Fire clays occur
underneath coal seams from the Carboniferous, the reason why they are also called
underclays. Certain fire clays from Yorkshire, in England, contain dickite as an
important constituent associated with kaolinite (Gomes 1979), and the Al,O; con-
tent can reach values slightly above 30%.

In terms of industrial applications ball clay is more important than fire clay,
despite the participation of this clay both in silico-aluminous refractories and in
stoneware. As a matter of fact, ball clay is an essential constituent of ceramic pastes
used for the production of certain types of porcelain, sanitary ware, earthenware,
and stoneware (household ware and floor tiles of “porcellanic stoneware” or
“porcelanato”).

Considered as secondary kaolin, ball clay is geologically associated with pri-
mary or residual kaolin. In southwest England Lower Tertiary ball clay deposits
occur in small or medium sedimentary basins located near the kaolin deposits
derived from the alteration of Hercynian granite outcroppings in the counties of
Devon and Cornwall.

English ball clay is classified into groups according to their main properties:
chemical and mineralogical composition, content of carbonaceous matter, grain size
distribution, <2 pm content, unfired brightness, fired brightness, and viscosity
concentration.

High grades of ball clay contain: 65-75% kaolinite (60-70%); 15-20% mica/
illite (15-20%); 30-34% Al,05 (28-32%); 1-2% Fe,05 (1-1.5%); 2-3% C (0.1%);
and <2 pm 75-90% (65-70%). Inside the parentheses are the corresponding con-
tents of medium-grade ceramic kaolin.

Mitchell and Vincent (1997) considered four types of ball clay. Three of these
types are distinguished by their multilayered structure, thickness of ball clay layers,
and commercial value. Type 1 of ball clay is represented, for instance, by deposits
in the Bovey and Petrockstow basins in England, dated Lower Tertiary. Types 2 and
3 of ball clay are represented by the deposits in Westerwald in Germany, by the
deposits in Skalma in the Czech Republic, by the deposits in Tennessee and Jackson/
Purchase in the United States of America, and the deposits in Dorset in England,
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respectively, all dated Lower Tertiary as well. Type 4 ball clay corresponds to depos-
its of small to medium dimension and relatively small thickness, formed in lacus-
trine and lagoonar environments, and dated Pliocene—Pleistocene.

Kaolin definition is as difficult as clay definition. Indeed, clay definition differs a
great deal among people having diverse educational and professional experience
(Gomes 2002).

Similarly kaolin definition could show differences according to the educational
or professional background of people interested in this special clay. The only dis-
agreement we have with regard to the aforementioned definitions of clay and clay
mineral by Bergaya and Lagaly (20006) is the attribution of clay mineral to either
natural or synthetic products.

The designation clay mineral should be reserved only for natural, inorganic,
crystalline, hydrous phyllosilicates. Synthetic or artificial inorganic, crystalline,
hydrous phyllosilicates that could be produced in the laboratory, despite being ana-
logues of clay minerals, should not be considered as such.

The AIPEA Nomenclature Committee (Guggenheim et al. 1997) endorses the
use of both commercial names and synthetic names for the nomenclature estab-
lished by the Commission on New Minerals and Mineral Names (CNMMN; Nickel
1996). Therefore, synthetic minerals should be referenced by enclosing the name in
quotation marks, unless the synthetic mineral has been recorded as a trademark, in
which case the name starts with a capital letter.

Trying to integrate all that was said before we consider kaolin as:

a geologic material that is the outcome product of the alteration of rocks bearing significant
contents of feldspars (essentially aluminosilicates of potassium or sodium and calcium) and
micas (essentially aluminosilicates of potassium), alteration due to either weathering or
deuteric (essentially hydrothermal) processes, or due to both processes too. Those rocks
could belong to distinct genetic types: igneous rocks, such as, rhyolite, granite, granodiorite
and anorthosite; metamorphic rocks, such as, gneiss, migmatite and micaschist; or sedi-
mentary rocks, such as, feldspar-bearing sandstone (named arkose) and quartz sand con-
taining some feldspar, mica and a clayey matrix that could exhibit white, grey, and yellow
colours. The term kaolin would be attributed to the kaolinite-bearing rock as well as to the
products that would result from its refining and beneficiation in order to be commercialized
for specific industrial applications.

In clay mineralogy, taking into account the recent recommendations of the
AIPEA Nomenclature Committee (Guggenheim et al. 2006), the expression kaolin
minerals is applied to the subgroup kaolin minerals which with the subgroup ser-
pentine minerals constitutes the group kaolin-serpentine minerals.

Kaolin minerals are classified as hydrous phyllosilicates having planar structures
(platy crystal shapes) based on a layer type 1:1 of dioctahedral character, and com-
prising the following minerals: kaolinite, dickite, nacrite, and halloysite (in the case
where it has planar structure), the first three minerals having the same chemical
composition but distinctive structures called polytypes.

Halloysite, in addition to the planar structure, can also exhibit nonplanar struc-
tures (rolled or spheroidal shapes), and differs from kaolinite because it also has the
same amount of structural water as it has constitution water.
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There are kaolin deposits in which kaolinite is the predominating kaolin mineral,
represented, for instance, by Seilitz deposits of residual type, in Germany, by St.
Austell deposits of mixed hydrothermal/residual type, in Cornwall, England, by
Georgia deposits of sedimentary type in the United States, and by Rio Jari (tributary
of the Amazon river) and Rio Capim deposits of sedimentary type in Brazil.

Other kaolin deposits exist in which halloysite is the predominating kaolin min-
eral represented, for instance, by Maungaparerua, Matauri Bay, and Mahimali
deposits of hydrothermal/residual type in New Zealand. Also, there are kaolin
deposits, represented by Suzhou and Dazhou kaolin deposits of hydrothermal/resid-
ual type in China, in which kaolinite and halloysite occur in similar contents.

Finally, there are kaolin deposits of hydrothermal origin, well represented, for
example, in Guanajuato, Sdo Luis Potosi, and Nayarit deposits in Mexico, in which
dickite and nacrite are the predominating kaolin minerals. In Tragos (Mangualde,
Portugal) there is a small but interesting kaolin occurrence of hydrothermal type
related to uranium mineralization, in which dickite was the only kaolin mineral
identified as occurring in relatively long and perfect pseudo-hexagonal crystals
coating tiny bipyramidal quartz observable only through a microscope (Gomes
1979).

Kaolin and ball clay are mainly used in ceramics, rubber, plastics, and
agrochemicals.

Kaolin can occur in distinctive geological environments, either as residual depos-
its, or as redeposited or sedimentary deposits, as with any other special clay or com-
mon clay. Kaolin from one deposit has specific characteristics or properties (color,
chemistry, mineralogy, clay fraction content, grain size and grain size distribution,
plasticity, and rheology) that differ from the corresponding properties of kaolin
from any other deposit. Even in the same deposit the heterogeneity in terms of
kaolin characteristics is a common occurrence, and within kaolin properties color
variations from white to grey, yellow, brown, and red could be easily observable in
the field. Therefore, the results of studies carried out in the kaolin from a certain
deposit cannot be extrapolated to any other kaolin deposit.

The paper by Murray and Keller (1993) entitled “Kaolins, Kaolins, Kaolins” is a
clear indication that all kaolins are not equal, being distinctive in terms of genesis,
composition, and properties. Individual kaolins vary particularly in many physical
characteristics (e.g., particle size, particle size distribution, particle shape, particle
aspect ratio, viscosity, brightness, whiteness, abrasiveness, opacity, and gloss),
which in turn influence their end uses.

Is kaolin a mineral that is a natural (formed as a result of geological processes),
homogeneous inorganic solid, normally crystalline? The answer is negative
although, presently, some researchers consider the term kaolin equivalent to the
term kaolinite, a clay mineral commonly found in kaolin that is a real mineral spe-
cies represented by the chemical formula Al,Si,05(OH),. Experience shows that
kaolin is an association of clay minerals (essentially belonging to the kaolin sub-
group of minerals that comprises the mineral species, kaolinite, halloysite, dickite,
and nacrite), nonclay minerals (quartz, feldspar, mica, and iron oxides/hydroxides),
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and sometimes noncrystalline phases (organic matter, and noncrystalline iron or
manganese hydroxides).

Could we call kaolin a rock that by definition is a natural consolidated or uncon-
solidated aggregate or association of minerals and, within these, the so-called kaolin
minerals? Yes, it could be in particular cases when kaolin subgroup minerals are
predominating, even when the structure of the parental rock (e.g., granite or arkose)
is visible. In this situation, for instance, the expressions kaolinized granite or kaolin-
ized arkose are also currently used, and such expressions with good reason would
be applied if kaolin minerals do not predominate.

However, could the term kaolin be used if the kaolin minerals content of the
geological material is low? Yes, it could, because we know that kaolin mineral con-
tent around 8—10%, constituting the white or nearly white matrix of sand and low
consolidated sandstone deposits, could be sufficient for the economic extraction and
concentration of both the fine fraction and the coarse fraction to be feasible, particu-
larly if the coarse fraction (sand and pebble) could also be commercialized for
ceramics or civil construction works after being submitted to appropriate washing
and classification.

The designation “kaolin” attributed to the fine fraction (<0.074 mm or even finer)
is quite acceptable in mineralogical, industrial, and commercial terms.

On the other hand, could the term “kaolin” be attributed to the fine white powder
mainly consisting of kaolinite or halloysite identified by X-ray diffraction, and that
partially replaces the individual feldspar or mica crystals which constitute a certain
rock, such as granite, granodiorite, anorthosite, arkosic sandstone, and gneiss? No,
if the alteration product could not be industrially and economically concentrated in
order to be commercialized. Or could kaolin be the name of the very scarce white
powder present in the interior of feldspar crystals in apparently nonaltered or little
altered granite, powder that is just observable through an optical microscope or after
granite fragmentation and washing, and identified by XRD as being mainly com-
posed of kaolinite? The answer is negative as well.

On the other hand, the reddish kaolinite-bearing clay size component of a ferral-
litic soil that could be relatively abundant in some soils of this typology should not
be called kaolin. This type of soil, also called lateritic soil, is used as construction
material in civil works, for instance, bricks for housing and road pavement, should
not be called kaolin.

In this specific case the clay size component, in spite of its reddish color, could
be turned into white or nearly white color on a laboratory scale by dissolution of the
iron-staining pigment.

The three mineral products referred to, despite the existence in them of the min-
erals characteristic of kaolin, should not be classified as kaolin; it is not only the
scale (micro, meso, or mega) of the occurrences that matters, but also the feasibility
and economics of the industrial processing as well as the existence of markets for
the end products.

As the outcome of the preceding discussion the kaolin designation should con-
template and satisfy not only certain mineralogical requisites, but also industrial and
commercial requisites that depend on specific kaolin properties, such as color,



2.3 Definition of Kaolin and Kaolinite: Inconsistencies Shown in the Literature 25

brightness, mean particle size, particle size distribution, particle shape, viscosity,
plasticity, abrasiveness, and refractoriness; a particular kaolin has its proper identity
expressed by specific properties.

Up to the 1960s of the last century the main industrial use of kaolin was in
ceramics to produce diverse types of whiteware ceramics, such as porcelain, earth-
enware, sanitary ware, stoneware, and bone china, the last belonging to the phos-
phatic type of whiteware, whereas the others belong to the feldspathic type of
whiteware. At that time kaolin was defined as white or nearly white clay that after
being dried and fired gets increasingly hard maintaining the white color.

The referred products require kaolin of distinct brightness; for instance, porce-
lain and bone china require kaolin of higher brightness grades than the other prod-
ucts. Many of these products (household porcelain, art porcelain, vitreous porcelain,
electrical porcelain, and cookware porcelain) are glazed using adequate porcelain
glazes, some more opaque than others, glazes that could hide the color base of the
ceramic body. Therefore, distinctive kaolin brightness grades for distinct functions
have been established, corresponding to their distinctive unit prices. Thereafter, for
about 30 years kaolin became a fundamental raw material for the production of
certain types of white paper, incorporated as a white pigment applied either as coat-
ing or as filler. Kaolin grades characterized by higher brightness, better perfection
of particle shape, and lower abrasiveness are required more for coating grades rather
than filler grades.

Kaolin is characterized in general by its current white color, fine granularity, low
plasticity, and low viscosity compared to other special clays. Similar to any other
clay, kaolin is essentially formed and occurs in surface environments of the Earth.

Raw kaolin usually shows white color, its fundamental property when fabricat-
ing products that require raw materials with high brightness, such as porcelain and
high-quality printing paper. However, in its natural state kaolin frequently can show
colors with tints of yellow, red, and grey, that in the first two cases is attributed to
cryptocrystalline, weakly crystalline, or crystalline iron oxides/hydroxides, and in
the third case is attributed to the presence of finely divided organic matter.

None of these color tints hinders kaolin use in equally important applications
such as earthenware, sanitary ware, stoneware, rubber, thermoplastics, and certain
types of cement, mortar, pozzolana, and refractories. During the thermal processing
required for the manufacture of these products, the yellow and grey tints in particu-
lar change, depending upon the kiln atmosphere (reducing or oxidizing), into white
or near white tints.

On the other hand, there are beneficiation processes of current applications for
kaolin bleaching, for instance, chemical dissolution, selective flocculation, ultra-
flotation, froth flotation, delamination, and high-intensity magnetic separation, pro-
cesses whose application intends significantly to reduce or eliminate certain
contaminants or penalizers, such as iron oxides/hydroxides, titanium oxides, biotite,
and tourmaline.

Exceptionally kaolin does not require refining and beneficiation, such as the
kaolin from Mevaiela, Angola, that is the product of anorthosite alteration (Gomes
et al. 1994). The chemical composition of raw kaolin and of its <0.038 and
<0.002 mm fractions is almost invariable.
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Kaolin in a particular geological deposit can exhibit chromatic variations, either
laterally or vertically, and the kaolin showing these color variations could be selec-
tively exploited and processed in order for the output of specific commercial grades
for certain industrial applications and functions to be feasible. As a matter of fact,
color is not a distinctive property of kaolin. Other special clays rich in kaolinite,
such as flint clay, ball clay, and fire clay, can show in the natural state, or after firing,
white or nearly white color.

Even special clays in the natural state not bearing kaolinite, such as fibrous clays
(sepiolite and palygorskite), and bentonite and ball clay can show white or near-
white color. These chromatic variations are related to the above-mentioned con-
taminants and, as a rule, they are more common in secondary than in primary kaolin
deposits.

In actuality, the most distinctive properties of kaolin relative to other special
clays (ball clay, flint clay, and fire clay) are their mineral and chemical composition
and the grain size distribution.

Kaolin fine fractions (<0.063, <0.053, <0.045, and <0.010 mm), potentially
interesting for specific industrial applications, are mainly composed of the clay
minerals kaolinite Al,Si,05(OH),, and/or halloysite AL,Si,05(OH),, 2H,O. Illite,
chlorite, and smectite can occur as associated accessory clay minerals. Quartz,
mica, feldspar, and oxides/hydroxides of Fe, Al, and Mn are other associated miner-
als that can occur. Also, as associated phases, organic matter and other noncrystal-
line compounds can occur as well.

Kaolin being special clay occurs in deposits that, not being frequent worldwide
in the geologic environment, should be of medium to high dimension and volume in
order to allow its economic exploitation. Kaolin mining and technological process-
ing need extractive, refining, and beneficiation methods that require high financial
investment and sophisticated technological processes.

The final product of kaolin processing will have a higher or lower unit value,
depending upon either kaolin-specific natural characteristics, or the equally specific
properties of the final refined and beneficiated product. Essentially, through the
application of processes of hydraulic or aero-flotation treatment to the so-called
kaolin parent rock, refining promotes the concentration of finest particles, and con-
sequently the concentration of the clay minerals characteristic of kaolin. Therefore,
kaolin, having specific granulometric characteristics (grain size less than 0.045 mm
or less than 0.010 mm) and other specific properties, can be produced and
commercialized.

Refining modifies the granulometric or textural composition of kaolin, and also
modifies properties such as mineralogical and chemical composition. On the other
hand, beneficiation promotes the modification of properties such as color, bright-
ness, gloss, and rheology.

To be feasible, in economic terms, the exploitation of a kaolin deposit, the mini-
mum content of the industrially processed and commercialized kaolin fraction, that
is, the size fraction showing white or other colors showing grey, yellow, and other
tints, should be within the range 8—10%.
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Kaolin is, comparatively, one of the most important mineral resources in economic
terms, due to its diversity of application fields and functions, such as coating and
filler in paper, as an essential component of ceramic pastes to produce certain
ceramics (diverse types of porcelain, earthenware, sanitary ware, and stoneware), as
filler in rubber and plastics, and as important raw material to produce certain types
of paint, glass fiber, cement, mortar, mortar, pozzolana, refractories, pharmaceuti-
cals, cosmetics, and the like.

As said before, in terms of genesis and geologic occurrence, kaolin is classified
into four types: residual, hydrothermal, residual-hydrothermal, and sedimentary, the
first three included in the group of primary kaolin and the fourth in the group of
secondary kaolin.

2.3.5 Conclusions

From the aforementioned information, and the questions and proposed answers,
some conclusions may be drawn:

1. Kaolin in kaolin deposits, as a rule, is heterogeneous in terms of many relevant
properties required for industrial applications, such as: (a) color of the kaolin-
bearing materials shows changes, either laterally and vertically; (b) textural fea-
tures of kaolin-bearing materials show changes, either laterally or vertically; (c)
mineralogy and chemistry of both bulk kaolin and their size-fractions show
changes, either laterally or vertically; (d) kaolin mineral quality and quantity,
fundamental parameters in terms of deposit economics, show changes, either
laterally or vertically.

2. In the same kaolin deposit kaolin-bearing materials having distinctive origin or
genesis could occur in association; for instance, in a certain kaolin deposit, resid-
ual type kaolin could be overlaid by sedimentary type kaolin, and this last type
of kaolin could show layers of diverse textural facies, kaolinitic clay, or fine sand
and coarse sand both bearing kaoliniferous matrix.

3. Color of natural kaolin, despite being an important property for some industrial
applications and functions, is not an impeditive factor of kaolin use for other
important applications; raw kaolin colors other than white, such as beige, pink,
yellow, and grey can be attenuated, submitting the natural refined kaolin either to
adequate beneficiation treatment, or to adequate thermal treatment carried out
during the transforming process of common application, for instance, in ceram-
ics, refractories, cements, pozzolana, and metakaolin.

4. Color is not a necessary requisite to be included in a kaolin definition, as well as
other properties, such as plasticity and hardening after drying or firing, because
they are not exclusive to kaolin, and in addition, they are not common to all
kaolins. For instance, flint or hard clay, in the natural state, is already very con-
solidated and hard, and is nonplastic unless after being finely ground.
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5. Certain types of ball clay, an industrial clay having important applications in
common with kaolin, in the case of showing high kaolinite content, high alumina
content, low iron content, and near-white color after firing, should be considered
sedimentary kaolin for scientific, industrial, and legal purposes.

6. The presence of kaolinite (or its polytypes, dickite and nacrite) and/or halloysite,
either in the clay-bearing or argillized rock, or in its processed and commercial
products, is a fundamental requisite for kaolin classification.

A proposal for a new kaolin definition, characterized by its more comprehensive
character able to integrate its geology (origin and occurrence), mineralogy, techno-
logical properties, as well as the always decisive economic and legal criteria, is put
forward:

Kaolin is a fine-grained natural or engineered product predominantly composed of clay
minerals classified into the kaolin subgroup minerals; to fulfill the diverse and important
industrial functions kaolin is extracted from geologic deposits of previously assessed qual-
ity, economics, and legality; to be commercialized kaolin could undergo appropriate refin-
ing and beneficiation in order to achieve its required ultimate white or near-white color and
other relevant properties.

In conformity with this definition the term “kaolin” could be applied not only to
the special kaolin-bearing clay currently called kaolin, but also to other special
kaolin-bearing clays, particularly high-quality ball clay and flint or hard clay.
Therefore, for scientific, industrial, commercial, and legal purposes, ball clay and
flint clay deposits whose high quality and volume would have been recognized by
the competent administrative entity, based upon adequate field and laboratory inves-
tigation, and conformity to national legislation, should deserve the same classifica-
tion and treatment as kaolin deposits.

2.4 Evolution of the Definition of Illite

The concept of illite has also changed with time. Grim et al. (1937) proposed the
term illite as “‘a general term, not as a specific clay mineral name, for the mica-like
clay minerals.” The term illite includes both di-and trioctahedral structures, and has
been used worldwide for a long time as a name for clay minerals with d(go;, = 10 A
spacing that shows substantially no expanding-lattice characteristics, that is, no
swelling clay components.

Bailey et al. (1984) in the report of the Clay Minerals Society Nomenclature
Committee (in Clay Minerals, 32:239) have proposed a new definition for illite: “a
non-expandable dioctahedral clay mineral; ionic substitutions in both octahedral
and tetrahedral sites of the mica structure; contains a phengite component; the inter-
layer substitutions can include not only K* but also H;O* ions; and an interlayer
charge ranging between 0.8 and 0.6.”

Meunier and Velde (2004) following the investigation of illite from distinctive
natural systems (soil and other geological systems) and processes (diagenesis,
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supergene, and hydrothermal alteration) redefined illite as: “a low-potassium mica
(i.e., with a 10 A basal spacing); able to undergo crystal growth (what is proper of a
mineral species); with a K content per unit cell near 0.9 and Mg and Fe contents
depending upon the chemical system in which illite is formed; and that could occur
as IM and 2 M polytypes.”

Martin et al. (1991) in the report of the Clay Minerals Society Nomenclature
Committee classify the hydrous phyllosilicates structure into two types: planar and
nonplanar, illite being characterized by its planar structure.

Recently Guggenheim et al. (2006) in the report of the Nomenclature Committee
for 2006 of AIPEA maintain the classification of hydrous phyllosilicates into two
types: planar and nonplanar or modulated, and defined illite as “planar hydrous
phyllosilicate that belongs to the interlayer-deficient mica group, and has a diocta-
hedral character. In the classification of planar hydrous phyllosilicates illite is con-
sidered as being an interlayer-deficient mica having non-hydrated mono-or divalent
cations (~0.60-0.85).”
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Chapter 3

Historical Aspects of a Natural Pharmacopeia:
Clay in the Corpus of The Medieval
Pharmacopeia Written in Arabic

Abstract This chapter opens with an historical presentation of some translations of
Ancient Greek medical texts. They reached us partly thanks to translations into
Arabic carried out during the Middle Ages. These texts were progressively enriched
and thereafter evolved autonomously. Stories of conquests and religions, both
ancient and medieval, are superimposed on the evolution of this knowledge, without
being the exclusive causes. Therapies based on clay and its various daily uses are
described in the corpus of profane texts of pharmacy, pharmacopeia, medicine, and
rules for healthy living. In this chapter these points, disclosed in chronological order
and by topics, are dealt with, concentrated only on some fundamental studies in
medicine and pharmacy.

3.1 Introduction

The encountering of civilizations, Greek, Persian, Indian, and of many other cul-
tures and thoughts of the Near East, Africa, and Andalusia, made it possible to
establish a corpus of texts we here designate medieval pharmacy, written in Arabic.!
The theoretical background of therapy during that time was based on the medical
pathology of four humors systematized by Galen (131-216). For an historiography
of Arabic pharmacy, see Hamarneh (1973) and Katouzian-Safadi (2004).

The political, territorial, and social conquests of the seventh and eighth centuries
made it possible to elaborate a new Islamic and Arabic civilization, all the while
knowing that the actors and protagonists spoke Arabic and other languages and that
they practiced various religions. The linguistic instrument of these conquests, the
Arabic language, rapidly led to the syncretism of sciences of this period (fusion of
one or several cultures and religions into a common shared religion and culture), by
opening new domains of application and by facilitating the diffusion and exchanges
between peoples of various ethnic groups, religions, and languages.

Ever since the eighth century, works originating from remote geographical areas
were gathered and translated into Arabic. The main independent sources of Indian

' There are two points here: (a) the dates are given according to the Gregorian calendar; (b) for the
transliteration of Arab words, common nouns, or proper names, a simplified system is adopted to
avoid specific Arabic diacritic letters.

© Springer International Publishing AG 2017 33
M. Rautureau et al., Clays and Health, DOI 10.1007/978-3-319-42884-0_3



34 3 Historical Aspects of a Natural Pharmacopeia...

medicine and the Book on Poisons of pseudo-Shanaq translated into Persian and
Arabic were widely dispersed. Thus, Indian drugs were mentioned in texts related
to medical topics. The major works of Galen? (died around 216 CE) and the Treaty
of Dioscorides® De Materia Medica (first century CE) were translated into Arabic.
Moreover, the list of these medical products has been enriched over the centuries by
at least 400 additional “drugs”.

With the expansion of the geographical territory by Arabic and Islamic conquer-
ors, from the Indus to Andalusia, new types of clays were incorporated into medical
therapy resulting from local practices and medical empiricism.

The most important sacred text of Islam, the Koran,* frequently mentions soil
(Toelle, 1999)° and clay (tin ans tina).® The soil when contrasted with the sky is very
frequently designated ard’” and used more than 450 times. But when it is contrasted
with aqueous space, the term barr is employed (flora and humans emerged from
barr). Clay is specified by various terms®: tin, salsdl, hamd, turdb, sidjdjil.

Clay has various characteristics: it can be fine or sticky depending on the context.
During the creation of man, malleable clay (or mud), hamd’ in masniinin, was trans-
formed into salsdl (solid clay); matter then evolves, just as in the potter’s workshop.
The powdery consistency of mud (furdb) becomes a denser and sticky clay (tin
lazib), then a malleable mud (hama masniin), to be finally transformed without being
fired, as salsdl, a pottery that emits a sound (salsala) when it is sharply knocked.
Thus, during creation, a noble material was created from a more humble material
such as turab (dust), coagulated blood, and so on. Another material, sidjdjil, similar
to clay or marl, is used to produce stones or hadjar.

2Hunayn Ibn Ishiq (804-877) is one of the most important translators of his time. He developed a
scientific method of translation and gathered a group of translators around him; he wrote a missive
(letter) that proves that major works of Galen in medicine and pharmacology were translated into
Arabic by the ninth century.

3The treaty of Dioscorides, Materia Medica, translated by Stephan Ibn Basil, re-examined by
Hunayn Ibn Ishdq, was translated from Greek into Syriac and Arabic. This treaty comprises 800
drugs coming from the three kingdoms, plant, animal, and mineral. Andalusian scientists played a
major role in enriching this work. Ibn Djuldjul (died after 994) added 62 new drugs, mainly of
Indian origin. An example is the myrobolans or camphor, odorous and disinfecting products. Later,
Ibn al-Baytar (died in 1248) enriched this list by 400 new drugs that then reached 1400 drugs.
These new drugs (200 of plant origin and 200 of animal and mineral origins) were unknown to the
Greeks.

*Note: For the Arabic terms, simplified transliteration is used as described in Appendix H. In our
research, we have referred to the bilingual edition of the Koran, Essai d’interprétation du Coran
inimitable, French translation by D. Masson, Gallimard, ed. 1980. We thank Khadidja Guellil for
having indicated the salsal term to us, and for his revision of the Koranic terms.

SToelle H (1999) Le Coran revisité: le feu, I’eau, 'air et la terre, Damas, Institut francais de
Damas.

°See Encyclopédie de I’Islam vol. 10, articles “Tin,”and “Tina,” p. 568. For example see the term
“Tin” in the Koran, translated by D. Masson (op. cit.), verses 7, 12; 17, 38; 61, 76.

"Toelle H, “Terre” (or Soil) in Dictionnaire du Coran, Amir-Moezzi MY, ed. (2007), Robert
Laffont, Paris, 867-869.

$Porter Y “Argile” (or clay), in Amir-Moezzi MY, ed., op. cit, 89-90.
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With this vast range of terms, the Koranic text dealing with the history of reli-
gions and the rules of life does not mention any medical treatment making use of
this product. This concurs with the vision of Ibn Khald{in® (1332-1406) concerning
medicine in the Islamic and Arabic civilization. In his famous book, Mugaddima, he
describes the entire medieval society and in Chapter XXIV, under the heading of
“Medicine,” he exposes his extremely relevant vision. Ibn Khald@in distinguishes
the existence of various categories of medical practices: erudite medicine that asso-
ciates theory, practice, and empiricism; empirical medicine without theoretical
base; and medicine accepted as efficient [but not checked] thanks to our beliefs and
convictions.

Given the precision and relevance of this passage, an extract is presented here:

Medicine—It is an art dealing with the study of the human body from the point of view of
health and disease. The doctor endeavours to preserve health and to look after diseases
using remedies and food, after having identified the diseases related to each part of the
body, the causes generating them and the remedies appropriate for each of them. As for the
remedies, he guides himself on their composition and their strength, for the diseases, on the
signs that indicate their seriousness, and for the patient on his aptitude to accept or refuse
the remedies; this he does by examining the aspect of the patient, his excretions and his
pulse...

Galen is one of the greatest authorities in medicine of ancient times. His works were
translated into Arabic.

At the time of Islam, eminent physicians reached the top of this art, such as ar-Razi,
al-Majiist and Ibn Sina. There were also many eminent doctors in Andalusia, among them
the famous Ibn Zuhr. ... Medicine belongs to the arts that are required only by urban civili-
zations and by luxury. ... Men belonging to rural civilizations generally follow medical
practices based on the limited empirical experiences of a few individuals. ... Such medi-
cines can include valid elements but they rely neither on natural rules, nor on conformity
with the patient’s temperament.

Thus Ibn Khald@n places the activity of medieval physicians as a continuation of
their predecessors, such as Galen, and quotes some of the major representatives of
this science, to the East, Razi (865-925) and Avicenna (980-1037), and to the West,
Ibn Zuhr (1091-1161). To summarize, Ibn Khald{in recalls an erudite medical his-
tory in which teaching and oral transmission are marked by the elaboration of great
scientific and profane works. This “Art” is linked to urban civilizations and to all the
tools available.

Therapies based on clay and its various daily uses are described in the corpus of
profane texts of pharmacy, pharmacopeia, medicine, and rules for healthy living.
With progress in differential diagnosis!® and the discovery of “new diseases,” clay
became associated with new types of treatments. We examine these points in

Tbn Khaldtn (2002). “Medicine,” in Le livre des exemples, translated, presented, and annotated by
A. Cheddadi, Gallimard, Paris, coll. Library of the Pleiade, 966-968.

"The construction and the expansion of large cities (such as Baghdad, Basra, Shirdz, etc.), the
existence and construction of large hospitals (in Baghdad, in Ray close to Teheran), and the train-
ing of eminent physicians contributed very early to the definition and characterization of new dis-
eases. The scientist Razi, also known as Rhazes (865-925), is quoted for his critical judgment of
diseases, their evolution, and their differential diagnosis.
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chronological order and by topic. We concentrate here only on some fundamental
studies in medicine and pharmacy. A complete historical overview of the Middle
Ages on “clay” would require several essays on its own; such a study should be
undertaken.

3.2 Geographical Varieties and Physical Properties
of Various Clays

Empirically, medieval scientists differentiated various therapeutic qualities of clays
depending on their nature. This was achieved by indicating the origins of clays,
and—given the absence of modern technologies in physics—their physical charac-
teristics were described: color, touch, smell, and reaction to water.

In his essay on pharmacopeia, Al-Saydala fi al-tibb (Pharmacy in Medicine),"
the great scientist al-BirGni (973-1050) who lived east of the Iranian plateau
(present-day Afghanistan) listed eight categories of clay (#in, in Arabic). A few cen-
turies later, the botanist and Andalusian pharmacist of the thirteenth century, Ibn
al-Baytar (1197-1248)," listed nine categories of clays with very distinct therapeu-
tic qualities. Among them, some had been known since the time of Dioscorides
(first century CE) whereas others were discovered during the time of the Islamic
and Arabic empire, after the seventh century.

Ibn al-Baytar characterized clays based on where they came from, in order to
facilitate their identification required for their use in medicine. He distinguished the
following sources:

Island of Lemnos!'? (tin makhtim or terra sigillata)
Island of SAmos'* (Shamils tin)

Island of Chios® (tin djazira al-Mustaka)

From Egypt (tin Masr)

From Sijilmassa'®

From Spain

A

""BirGini Abl al-Rayhan Muhammad b. Ahmad, Kifdb al-saydala fi al-tibb. Al-Birini Book on
Pharmacy and Materia medica, Ed. with English translation by Said-Karachi HM, 1973; Ed. with
comments of Abbés Zaryab. Teheran, 1981 (publication of the University of Teheran, No 572,
Section History of Sciences, 3), article “Tin, 411-415.

2Tbn al-Baytar: Djami’ al-mufradat al-adwiya wa al-aghdhiya, re-ed. Beyrouth, 1492-1992,
Traité des simples, French translation of L. Leclerc, Beirut, 1412/1992, reprinted Institute of the
Arab world, articles of “Tin,” vol. 2: 421-427, No. 1488-1496.

3Lemnos or Limnos is a Greek island in the northeast Aegean Sea.

14Samos is a Greek island in the Aegean Sea, near Asia Minor; today it belongs to Greece.
15Chios or Chio: Greek island in the Aegean Sea, near Turkey.

16 Sijilmassa is a city located in the oasis of Todgha in Morocco.
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7. From Kimolos' (tin gimiiliyd)
8. From the town of Seleucia'® in Syria
9. From Armenia close to Cappadocia (tin armant)
10. From Neyshabir (or Nishabir, or Nishapiir), in the northeast of present-day
Iran
11. Soil or clay of vines (tin kermy), not related to geography but to cultivation of
the vine

Reading these texts encourages us to consider certain names and sources with
caution. The “clay of Kimolos” must be considered as a generic name, indicating
certain apparent properties of purity and certain therapeutic effects. This clay is
frequently called hurr by the inhabitants of Basra. Moreover, the “clay of Kimolos”
can come from the island of Kimolos (a Greek island) but other areas could produce
clay with the same properties. Thus the name of gimiiliya or “Kimolos” could be
attributed to material coming from Armenia or Sijilmassa (a city located in the oasis
of Todgha in Morocco) or from the Iberian Peninsula.'

Clays coming from the East were usually not employed in the West. In the thir-
teenth century Ibn al-H’achcha® edited a dictionary explaining the medical terms
used in Al-Mansiiri, a medical encyclopedia written by the eminent scientist Razi*!
who lived in Eastern Arabia (area of present-day Iran and Iraq). Ibn al-H’achcha
designated the following five types of clay:

1. Mulabban clay (or milky clay): It is consumable, but not very much
appreciated.

2. Clay qualified as hurr: It is clay sifted to remove sand and stones.

. Makhtim clay (or terra sigillata): It is known in the East but not in the West.

4. Akil clay (or clay to be consumed): It is clay to be orally consumed; there are
multiple kinds of clays with the same name, but they have similar qualities; none
is famous in the West where only children consume it.

5. Clay of Khurasan (clay from an area located in northeast present-day Iran); It
belongs to the consumable types, unknown in the West.

(O8]

7Tn Arabic Tin gimiliya: chimolea. Island of Kimolos or Cimolos (in: Islands of Greece, Lacroix
L (1853), Original from the New York Public Library, digitalized, p. 472) and in Précis de géogra-
phie universelle (1835), Paris, ed. Aimé André, of Malte Brun, p 135, one can read: “Cimolos,
re-elected for its clay: the soil cimolienne.”

18 Seleucia is the name of many cities that were founded during the Hellenistic period by the sov-
ereigns of the dynasty of Seleucid, in particular in Syria, Mesopotamia, and Anatolia.

A

See article “Tin kimuliyd” (Thin Kimolya, Terre Cimolée or cimolée soil), Ed. Leclerc L, 2:
423-424.,

2Tbn al-H’ Achcha (thirteenth century BC), Glossaire sur le Mansiiri de Razes, Ed. with introduc-
tion by G. S. Colin and H. P. J. Renaud, Rabat, Imprimerie Economique, 1941, see “Tin” (Clay),
po6.

2 Razi, Muhammad ibn Zakariyya B. Yahya al-, al-Mansiiri fi al-tibb, with ed., and comments by
al-Siddiqi HB, Manshiirdt ma’ had al-makhtiitdt al-‘arabiyya, Kuwait, 1987.
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It should be noted that according to this author, three types of clays frequently
employed in the East are rarely used in the West. Thus clays are approached by the
author Ibn al-H’achcha with precaution depending on their origins, and such an
approach demonstrates a high degree of accuracy in observation and practice.

A famous institution known as Hisba* was in charge of monitoring and verify-
ing the administration of cities: bridges, irrigation canals, roads, food, and so on. It
also had the responsibility of pharmacy supervision and of ensuring the quality of
drugs, particularly of expensive products that were imported or manufactured on the
spot. It had to fight against falsification. The muhtasib (inspector) used many chemi-
cal techniques to test the purity of the products. Abu al-Muna, living in the thir-
teenth century in Egypt, and known as Cohen al-Attdr, was one such
pharmacist-inspector, the author of a book written in 1260 that was intended to help
detect falsifications of drugs.? It provides precise details on clays, for example:

1. Among clays,* terra sigillata (tin makhtiim) is recognized by its alum smell; in
his book Cohen al-Attar states that it has a red to yellow color.”

2. Soil coming from Egypt (fin Masr) must be rich in ashes.

3. Clay from Kimolos (tin gimiiliyd) is white; it has a fatty aspect and feels cold
when touched; it is compact and difficult to mix with water. If it is black, it is not
appropriate for therapeutic use.

4. Soil from Neyshabir is white and does not become sticky in the mouth; it has a
good salty taste that disappears when in contact with fire.

3.3 Which Clays for Which Therapies?

According to the theory of the (four elements built up gradually over several centu-
ries in Egypt and in the ancient Greek civilization), the sublunary world is com-
posed of four elements common to both inert and living matter. These four
elements—fire, air, earth, and water—are characterized by their specific qualities:
hot, dry, cold, and moist.

22See “Hisba,” in Encyclopédie de I’Islam, ed. Brill Maisonneuve & Larose (1971), 3: 503-510.

*Some examples are: the stone lapis lazuli should not change color and aspect when burned, its
powder should not color water; balsam oil is very expensive (it is worth twice its weight in silver):
when deposited on a cloth, it does not spread but remains in the shape of a bubble (probably thanks
to its surface tension).

24 Abii al-Muna Dawi(d Ibn Abi Nasr al-ma’ rf bi Attar al-HarGni, Minhadj al-dukkdn wa dastir
al-a’yan fi a’mal wa tardkib, Ed., Hassan ‘Asi dar al-manahil, Beirut, Lebanon, (1412H/1992) 320
pp; see for clay, “Tin,” 246-247.

»Medieval authors give several indications: geographical sources, consistency when touched,
odor, and color. We know that the designations of clays according to their color (white, pink, green,
etc.) currently do not correspond to any particular structure or composition.
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The humoral theories,* known to the Egyptians, were clearly recognized by the
Greeks from the fourth century BC. According to the latter theory, circulation of the
four liquids (designated humors), phlegm, blood, yellow bile, and black bile, occur
in the human body. In each body, there exists a correspondence between humor and
the quality of the four elements; their imbalance causes disease.

Matter in general and medical substances in particular are composed of the four
elements. Their resulting qualities depend on their composition. The substances can act
on the balance of humors, and consequently on both health and disease states depend-
ing on qualities in excess. Each substance can reach four degrees of quality, the fourth
degree being as strong as poison. Today, this theoretical framework corresponds neither
to our scientific knowledge (in chemistry and physics) of matter, nor to human physiol-
ogy. However, on the basis of precise observations of patients and of the empirical
results obtained, the physicians of ancient times and of the Middle Ages managed to
prevent diseases and to cure patients. At a given time, a theoretical framework “very
distant” from the one that dominates our current scientific knowledge, could lead to
relevant empirical observations,” and to efficient treatment of pathologies (Grmek
1980, Gourevich and Grmek1985).

Thus, clay can be used alone, but very often it is part of a composition in which
it is associated with other drugs. As a simple product, clays are known to be moder-
ately dry and cold?® (in the second degree). In what follows, texts of certain famous
physicians illustrate their use of clay therapeutics. It is important to emphasize that
in no case did the physicians draw any conclusions on a general use of clays or
subscribe to their permanent use.

3.3.1 According to Hunayn Ibn Ishdq (804-877)

A famous translator of Galen’s texts, Hunayn Ibn Ishdq® produced several compila-
tions* as well as new texts. One of his original texts very frequently studied by
physicians is concerned with ophthalmology.®' In this text, Hunayn gathered the

%See humors, ‘Humeurs’ in D. Lecourt (Ed.), Dictionnaire de la pensée médicale, Presses
Universitaires de France, 2004, 598—-603.

*’Grmek, MD (1980) “A plea to free the history of scientific discoveries from myth.” in On
Scientific Discovery, 9-42, M. D. Grmek et al., Publishing Company, Boston, and D. Gourevitch
and M. D. Grmek, (1985) “Les expériences pharmacologiques dans I’antiquité,” Archives
Internationales d’Histoire des Sciences, 35, 3-27.

B There exist four qualities (hot, cold, dry, and moist). Each quality has four degrees as described
by Galen.

P op. cit.

0See, for example, Les questions sur la médecine, a book of propedeutics for physicians, by
Hunayn Ibn Ishdq, al-masa’ it fi al-tibb, Muhammad Ali Ab Riyan, Merci Muhammad Arab,
Djalal Muhammad Musa, Ed. Dar al-djami’at al-misrfyya, Beirut, Lebanon, 1978.

3'Hunayn Ibn Ishaq, Kitdb al-‘ashara al-magdlat fi al-Ayn al-mansiib li-Hunayn Ibn-Ishdq, The
book of the ten treatises on the eye ascribed to Hunain Ibn Ishdq (809-877 AD), ed. in Arabic with
translation into English by M. Meyerhof, Cairo, 1928, p. 222 Arabic, p 227, English.
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remarks of Greek physicians, especially of Galen, and enriched them with some
personal experiences. Chapter X of the book is devoted to compound drugs used to
treat the eye; clay is a component of these ointment.

Clay of Samos* is incorporated in a bandage for the eye to cool, reinforce and
drain the eye and to, increase the density of the oinment. Various creams are pro-
posed to treat ophthalmia, various keratitis with hypopyon, cornea ruptures, or iris
prolapses. One of them is attributed to the seventh century physician Paul or Bulos
(in Arabic), and is composed of cadmium, white lead, rose petals, Arabic gum,
“tragacanth,”® aloe, and clay from Sadmos.** It should be stressed that Hunayn gen-
erally used clays employed by Greek authors. On the other hand, the use of clay
from the Iranian plateau, annexed after the seventh century to the zone under Islamic
and Arabic influence, does not appear in these texts.

3.3.2 According to Razi (865-925)

Razi was born in Ray, a town close to present-day Teheran. He was Persian, wrote
in Arabic, and was given the name “Galen of Arabia” because of his knowledge of
medicine, his diagnoses, and his therapies including all the conditions of the patients
(environmental as well as psychological).

Medieval bibliographers mention a text of Razi specifically written on clay of
Neyshabir, a town of the region of Khurasan in eastern Iran. Sections of this lost
study entitled “The benefit of clay in tablets™ are quoted by other physicians. Thus
Ibn Samadjtin (end of the tenth century) recalls that this clay was prepared in the
form of tablets having sometimes the shape of birds; it was perfumed with camphor
or musk, and was eaten when drinking wine (as an appetizer); it gave a pleasant
smell and calmed stomach pains. It was known to decrease vomiting and to calm dif-
ficulty in digestion after sweet and fatty meals. Its consumption is more beneficial
if it is accompanied by ingredients appeasing the stomach and releasing a pleasant
smell such as that of rose petals, common galingale, or sedges (Cyperus longus),

32See the book by Hunayn Ibn Ishaq, Kitdb al-‘ashara magalat..., The book of the ten treatises on
the eye..., op. cit., p 198 Arabic, p 131 English, “al-tin al-mansii ‘ilad Samiis al-muqgallab bi
al-kawkab” (clay of Samiis considered as star-shaped clay).

¥ Adragante is a deformation of the word tragacanth. The gum obtained from plants of the genus
Astracantha (or Astragalus) in Kitdb al-ashara magqalat..., The book of the ten treatises on the
eye..., op. cit., p 211 Arabic, p 143 English.

#Keratitis with hypopyon is a form of infectious keratitis; there is often loss of substance of the
type of serpiginous ulceration of the cornea and presence of pus inside the front anterior
chamber.

39 Razi, Arabic title of the book: f7 an li al-tin al-mutinagqil bihi manafi’; no manuscript of this work
is to be found. For this passage we refer to the article in Persian of M. Mohaghegh, entitled “Razi
va al-tin al-Neychabiir?” (or Razi and the clay of Nichabur), in: Collected Texts and Articles on the
History of Medicine and Medical Ethics in Islam and Iran, Soroush Press, Teheran, 1995,

337-348.
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snap ring (Cymbopogon schoenanthus), cubeb (piper cubeba), or cardamom
(Elettaria cardamomum). Compared to other clays, it has the advantage of not pro-
ducing renal lithiases (renal stones); however, people with renal weakness, or a
fragile liver, that is, those who often appear thin and have a tanned, slightly yellow
or green skin should not consume this clay because it would diminish their appetite
and their skin would become more yellow.

The historic book testifies that some people liked to consume this clay in great
amounts and this gave them a yellow color and certain disturbances. This famous
clay constituted one of the prides of the population of Neyshabir in the Middle
Ages.’®

One of Razi’s works, addressed to medical students, is al-Mansiiri that was
translated into Latin several times and taught in the universities of Paris and
Montpellier during the Middle Ages. In this book, Raz1 often referred to clay, and
insisted that it should be carefully administered. He knew the dangers of intestinal
obstructions if administration was inadequate. Thus he specified that edible clay
could create occlusions of hepatic channels and serious indigestion,”” whereas the
same clay strengthened the cardia (upper opening of the stomach).’® Terra sigillata
and clay from Armenia were regarded as efficient against any abnormal rejection of
blood by hemoptysis* or melena.*® The author quoted clay as medicine with drying
capacity, but neither aggressive nor corrosive.*! Based on the work of Galen, Razi*
recommended this product accompanied by wine in the case of pestilentia.* For
purges, this physician proposed clays from Sdmos, Faritus, and Tas.*

In other major works, clays were included in compound drugs. The art of com-
posing drugs was considered difficult; physicians therefore explained these rules in
a specific book or in a chapter of their books related to medicine. One of their theo-
retical problems was the pathways the product should follow within the body to
reach the organ concerned; this implies passing all the barriers of digestion. It was
necessary to accompany the medicine (healing product) with another one acting as
a vector.¥® Clay is often used as a vector to transport an active product to the organ

3 Mohaghegh M, op. cit., p 341.

YTRazi, Al-Mansiiri op. cit., p 174.

% The cardia is the anatomical term for the part of the stomach attached to the esophagus.
¥Hemoptysis: Rejection of blood resulting from a cough, for example.

“0Melena: Evacuation of blood from the anus.

4 Razi, Al-Mansiiri, op. cit., p 193.

2Razi, Al-Mansiiri, op. cit., p 227.

“Pestilentia: generic term for all infectious diseases accompanied by high fevers, causing epidem-

ics and deaths. This term could at times indicate the particular case of plague. See M. D. Grmek
(1983) Les maladies a I’aube de la civilisation occidentale, Ed. Payot, Paris: 29-31.

“Tis, a city located in the region of Khurassan, a province in the East of Iran; the clay of this
region was not mentioned in the Greek medical texts.

S Avicenna describes this function of transporting a medicine in his book Qdniin (Canon); for
example, saffron binds to camphor, helps it reach the heart, and then departs. See al-Qdniin,
(op. cit) 3, p. 309.
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suffering from hemorrhage. In the case of lung or throat treatments, clay should be
accompanied by aromatic herbs.*®

Razi was the first to propose a differential diagnosis of two diseases, measles and
smallpox.*’ His book, written in Arabic, was translated into Greek,* Latin, and vari-
ous European languages.* In his original book, Measles and Smallpox (in Arabic,
al-hasba wa al-djudari), all the stages, etiology, symptomatology, and the patient’s
psychology, as well as the majority of the treatments were invented from the discov-
eries made by Razi; clay was one of the drugs used in health care. Thus, in the event
of smallpox, it required that the doctor pay special attention to the joints where the
bone, ligaments, and tendons were in danger. He proposed an ointment containing
clay from Armenia.*® In Chapter 13, a compound drug is administered®' to reduce
diarrheas and prevent patient fragility. One of its important ingredients is clay from
Armenia.

Razi used his general experience of medicinal therapy to treat the symptoms of
measles and smallpox. Clay was often used in these therapies.

#Al-Sulami quotes Rhazes on the rules of medicine composition. Al-Sulami, Abd al-Aziz,
Question and Answers for Physicians, a Medieval Arabic Study Manual, translated, Ed. with intro-
duction by G. Leiseir and N. R. al-Khaledy, Brill, Leiden, Boston, 2004, Arabic p 51, English
p. 79.

YTRAZY, Kitdb al-hasba wa al-djudari, or The book of measles and smallpox, translation into Persian
by Mahmid Nadjmabadi, University of Teheran, 1040, 3rd ed., 1992.

*Congourdou MH, “The Greek translator of the treaty of Rhazes on smallpox,” in Storia e ecdot-
ica dei testi medici greci, Atti del I Conv. Intern. (Paris, 1994), A. Garzya (Ed.) Napoli: M. D’ Auria
ed., 1996. 465 pp 99-111.

“1Tn the manuscript of the BNF, Paris 2228, the Greek translation attributed to Joannes Actuarius
(end of thirteenth century) seems to have been ordered by an emperor of Constantinople. In
Europe, this book was first known thanks to its Greek translation, which was then translated into
Latin. A Latin edition was produced in 1556 in Venice with the title De pestillentia. A first Latin
translation from Arabic was made by Mead in 1747. Other translations follow: that of Hunt (the
original manuscript is unknown), that of Iohannis Channing, De variolis et moribilis with the
Arabic text for the first time (1766), the translation of Greenhill, A Treatise of the Smallpox and
Measles, Rhazés (1848), and finally, the French translation of J. Leclerc and A. Lenoir, De la vari-
ole et de la rougeole (1866).

ORazd, The book of measles and smallpox (op. cit.), Arabic p 18, line 24, and p 19, line 1. This
ointment contains the following ingredients: sandalwood, Glaucium (in the family Papaveraceae),
clay of Armenia, rose petal, camphor, vinegar, and rosewater. It must be strictly applied to the
articulations only.

SIRAz1, The book of measles and smallpox (op. cit.), Arabic p. 27, line 5. This drug contains:
crushed rose petals, bamboo, sumac (Rhus Coriaria), spine barberry, Arabic gum, clay of Armenia
and terra sigillata, bark of poppy, and pomegranate; it is accompanied by concentrated acidic
quince. change OK
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3.3.3 According to Avicenna (980-1037)

Avicenna (Latin for the Arabic Ibn-Sind) was a philosopher and physician who
became famous through his book on medicine, Qdniin (Canon).” In this work he
described 12 types of clays in the chapter dealing with simple drugs.

For clays, qualified as “edible” or tin ma’kiil, Avicenna confirmed the remarks
made by his predecessor Razi.** This clay obstructed the digestive tract, and
Avicenna proposed avoiding it because its frequent consumption could even create
a harmful dependence for the patient.

The clay of “Crete,” fin agritash, regarded as less efficient than the other clays,
“decreases mental capacity.” It is efficient for pimples, redness, and itching of the
eyelids.

Qimiiliya clay can be white or purple. It loses its corrosive character once washed.
Mixed with vinegar, it is beneficial for burns, wounds (provided it is used before the
formation of abscesses), or blisters. It is beneficial for articulations and tumefac-
tions at the level of the joints.

Avicenna often mentioned terra sigillata as antipoisonous, referring back to
Galen, and proposed using this clay against dog bites and various other bites.
Authors preceding or succeeding Avicenna mentioned the antipoison quality of this
clay with the same rhetoric, such as Abfi al-Muna> when he writes about fin
makhtiim (or terra sigillata):

It can be found in a cave in an island of Byzantium. Before its use, the turbid part of its
water suspension is removed by decantation and it is clarified; mixed with goat blood,* it
is dried and stamped with a seal bearing the name of the king of the island. It is used in
theriaca [a compound drug]. Galen specifies that when he crossed this island he did not
observe the kneading of clay with goat blood. He therefore questioned people on this sub-
ject without obtaining an answer. On the other hand, he saw that after washing, the clay is
dried; a paste is made from this clay and water, and it is then transformed into tablets. It is
stamped, i.e. certified, in the same locations as stamping for kings. There is a difference
between this clay and the other clays: the use of other clays stops haemorrhages (ishal)
while this one facilitates evacuation by eliminating the poison.’” As with the others it is
astringent. I saw it only once, it was red turning to yellow and it carried the seal.

2 Qaniin (Canon) (op cit.) rapidly became a book to teach medicine in the East as well as in the West,
in particular in the universities of Montpellier and Paris; see D. Jacquart, “La réception du Canon d’
Avicenne: comparison entre Montpellier et Paris aux thirteenth and fourteenth siécles,” in: Actes du
110¢ congres national des societés savantes, Section of history of sciences, 1985, Paris, II: 69-77.

3 Qaniin (Canon), op cit. I: 328. The first chapter of the second speech of this book is reserved for
the current pharmacopeia. These simple drugs are classified according to a certain order of the
alphabet (abjad). In his introduction, the author states that he describes current and well-known
drugs and that he does not innovate. This is why this chapter is interesting: it gives a complete view
of the drugs and experience of physicians before Avicenna.

3 Qaniin (Canon), op. cit., p. 329.

3 Abu al-Muni, Minhddj al-dukkdn, p 247, op. cit.; this is based on our translation.

The addition of goat blood to clay is mentioned in many texts, but for the moment we cannot
explain this addition. According to this text, Galen raised the same question.

SBecause of its capacity of evacuation, clay is added to the “theriac,” a famous electuary against
poisons.
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3.3.4 From the Eleventh Century Onwards

The Jewish Andalusian Ibn Biklarish, of the eleventh to twelfth centuries, wrote a
book on simple drugs.® He enumerated five categories of clays and described how
to prepare one of them:

Certain soils also are stony and they should be washed until they are pure and the stones
totally removed. They still need to be more thoroughly washed when they are to be eaten or
prior to their use for rectal injection than before they are used to treat tumours. Thorough
washing is as follows: take a sample of the soil containing stones, add water, mix the fine soil
with water and stir the mixture strongly and continuously, and finally let it settle. Once the
deposit is formed, remove the water, take out the soft and viscous matter, abandon the stony
and sandy components concentrated at the bottom, and dry the tender and viscous matter.

This example of the washing and preparation of clay demonstrates the classical
and very efficient current method of separation of the various size components by
“decantation.”

The tradition of referring to clay in books on pharmacopeia continues in modern
and contemporary times. Thus in a work published in Persian at the end of the eigh-
teenth century by Aqili Khorasani,® under the heading Clay there is a general
description followed by 20 types of clays defined by their geographical origin, their
physical characteristics, their therapeutic qualities, and their various applications.

3.4 Clay and Daily Life

3.4.1 Omnipresence of Clay

The principal person in charge of the institution known as Hisba,%® the security
authority in charge of the administration of medieval cities, had to send inspectors
to all the markets of the city to supervise the various trade associations. Clay was
one of the products the inspector had to check because it was commercialized by
various merchants.

Weavers made special baskets to transport clay, known as #iniyydt.%' Craftsmen
used moulds of clay to produce duplicates from original keys. Clay vases were rec-
ommended for the conservation of rare and expensive electuaries (compound drugs

BRicordel J, Al-Musta’ni: Les tables des médicaments simples of Ishak Ibn Biklarish (letters alif a
zay), ed., translation and analysis. PhD thesis in epistemology and history of sciences, University
Paris 7, Denis Diderot, 25 November, 2004; for article “Tin” or clay; see the manuscripts folios
[72r=73v].

¥ Aqili Khurasani, MH, Makhzan al-adwiyya, or Pharmacopeia, Calcutta impression, 1844, offset
1375/1993, Teheran: 588-595.

%0 See Hisba (op. cit.).

1 Al-Sakati de Malaga, Un manual Hispanique de Hisba, Arabic text with notes and glossary, ed.
Colin GS and Levi-Provengal E, Paris, 1931, p 64, line 16.
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for drinking) for several years. Razl (who was also a chemist) proposed a particular
preparation of clay to improve the distilling equipment making it more hermetic:*
first it was mixed with triturated excrements, animal hair, and specific amounts of
various salts; then it was fermented in a moist atmosphere to obtain a new product
with a better sealing capacity.®

The food products were heavily supervised in the markets. Certain meals were
consumed on the spot and others were “to be taken away.” The container used to
roast meat could not be of lead or copper. For roasted meat intended to be sold, the
inspector had to verify that the interiors of the furnaces were properly coated with
clay of a satisfactory quality and kneaded with clean water, so as to guarantee the
quality of the cooked meat.*

Avicenna, in his Qdniin (Canon),® quoted uses of clay other than therapeutic.
The soil of Armenia was commonly used by goldsmiths to dye gold. In agriculture,
painting vines with “vine clay” or tin al-karm protected the leaves and buds from
attack by worms.

3.4.2 Clay: Often Present in Fakes

Craftsmen manufacturing laced boots, sandals, or slippers could cheat by placing
clay between two pieces of animal skin to thicken the material artificially;® it was
difficult for the market inspector to detect this counterfeit.

The use of red clay to falsify various therapeutic products was known to the
inspectors of pharmacies. False ointment was produced by certain ophthalmologists
by mixing colored products with red clay.®” Dragon’s blood (a red gum composed of
several species of plants),®® was an extremely expensive product. One way to pro-
duce false dragon’s blood was to heat liquefied resin® with powdered fired brick and
red clay.

©2Garcia-Sanshez E, “Les techniques de distillation de I’eau de rose a al-Andalus” in Res orien-
tales XI, Parfums d’Orient, Peeters ed, Bures-sur-Yvette, 1988:125-140.

93 Al-Razi, al-Madkhal al-ta’limi, ed. English transl. and comment by Stapelon HE, Azo RF and
Hedayat Hoseyn M, Mem. of the As. Soc. of Bengal, V111, 1927, p 414.

% Shayzari, al-‘abd al-Rahman, The Book of the Islamic Market Inspector: Nihdyat al-rutba, trans-
lated with an introduction and notes by Buckley RP, Oxford University Press, 1999, p 54.

% Avicenna, Qdniin (Canon; op. cit.).
% Al-Sakati de Malaga, Un manuel Hispanique de Hisba (op. cit.) p 64, line 16.
7 Shayzari, al-‘abd al-Rahman, 1999, op. cit., p 118.

%Dragon blood is a red gum that comes from the island of Socotra in Yemen; it is provided by
Calamus draco, of the family of palm trees; Ibn al-Baytar, ed. Leclerc, op. cit., vol. 1I, p 94,
No. 882.

9Tt seems to be the resin of Coccus or Carteria Laca, Shayzari, al-‘abd al-Rahman, 1999, op. cit.,
p 68 notes 31.
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3.4.3 Clay: Ingredient of Legendary Cures

As a curing agent, clay is legendary as also are honey and wine, and allowed more
than one physician to become wealthy.

One can quote, for example, the legend of Bakhtishd’ Ibn Jibra’ 1l, the physician
of the caliph al-Mutawakkil (847-861). When the caliph complained about stomach
burns, the physician put clay, water, and food in a calabash and slightly warmed the
entire mixture before it was consumed. Food then posed no more problems. Clay
provided this physician with three hundred thousand dirhams!

N.B.: This chapter was voluntarily limited to the corpus of the medieval texts translated
from Greek to Arabic and to the original writings in Arabic and Persian; this in no way
excludes knowledge and know-how from all the traditional civilizations that are dealt with
in many essays. Our aim is to show that a parallel can be drawn between elaborate contem-
porary scientific knowledge, and older empirical knowledge. This contemporary scientific
knowledge can provide some explanations. At times empiricism was built on a base that
seems inaccurate today; it was then necessary to note it and leave it to the scientific disci-
plines to try to look for new explanations. In life sciences and particularly in the care and
treatment of human bodies, ancient knowledge should be treated with the greatest respect
and relevance. One can then observe that civilizations that had no contact with each other
came to use the same clays: the roots of this knowledge are based on a great capacity of
observation during healing. Therefore, these treatments deserve the attention of contempo-
rary scientists. This is what can be described as the integration of tradition in science.

References
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Katouzian-Safadi M (2004) Pharmacie arabe. In: Lecourt D (ed) Dictionnaire de la pensée médi-
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Chapter 4
Description of Clay Materials

Abstract Clay origin and nomenclature and clay modes and conditions of forma-
tion are discussed in this chapter. Also the typology of clay deposits and the quality
of clay, in terms of purity, required for clay uses in the field of human health are
dealt with as well. In addition to the almost general beneficial effects of clay and
clay minerals it is acknowledged that some clay minerals could have real or poten-
tially harmful effects on the respiratory system if inhaled, due to the fibrous charac-
ter of their particle shapes. The study of clay and clay minerals' quality requires a
thorough knowledge of both principles and analytical methods (chemical, thermal,
textural, microscopic, diffractometric, and spectrometric) used in mineralogy in
order to identify and characterize the crystallochemical specificities of clay miner-
als, the crystallochemical formula of those natural clay mineral species utilized in
the field of health exhibited in the present chapter. Clay exploitation also takes into
account clay utilizations in various domains such as pedologic, crafts, and industrial
and chemical, all depending upon clay mineral crystallochemistry.

4.1 Definition of Clay

Through the ages clays have been received definitions adapted to the state of knowl-
edge at the time and the uses to which they were put. As universal materials they
cannot be limited to only one definition. The vocabulary of every language is rich in
characteristic and descriptive terms; all these minerals are common to all our activi-
ties. Close to the word “clay,” a generic universal name is that of “earth,” associated
with qualifying names such as potter’s clay, fire clay, or green clay. The term “clay”
comes from the Greek word argilla, the root of which, argos, signifies “white,” the
color of kaolin clay used in ceramics. A relation to purity was quickly established
with this color even though most clays are not white.

The attribution of a name to a clay material still remains an actual subject. A
nomenclature of systematic character exists corresponding to a classification devel-
oped by Caillere and Hénin (1963) and accepted by the majority of scientific com-
mittees who sometimes adapted it to specific technical and professional needs.
Nevertheless, the same clay often occurs in different geologically similar places.
Consequently, how can we avoid the attribution of the name of the place where the
deposit occurs or of the person who discovered or studied the clay deposit?

© Springer International Publishing AG 2017 47
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Moreover, within the same deposit, clay can have a variable composition depending
simultaneously upon the number and extension of the defects specifically related to
the substitution of the structural ions occurring in the clay minerals, the fundamen-
tal constituents of clays.

For more precise details about this subject the authors of this monograph advise
those interested to read the works of Caillere and Hénin (1963); Caillere et al.
(1982); and Millot (1964), as well as the recent treatise, Handbook of Clay Science
(2006), Bergaya F, Theng B, Lagaly G (Editors).

It would be preferable here to use the clay denomination based on the crystallo-
chemical characteristics of the principal clay mineral present in the clay.
Unfortunately it is not easy for the general public and, consequently, the current
names are sometimes useful because they are more easily recognized and remain
associated with these “more erudite” definitions.

The real state of clays, currently well known, is essentially described on a micro-
scopic scale. For this reason clays remained very difficult to study and understand
until the beginning of the twentieth century.

The concept of clay, when considered as a material constituted of microparticles,
should emphasize the properties related to variable size scales according to the type
of study:

1. Intrinsic properties of the crystalline structure and the chemical composition of
an elementary layer, and limited to an ideal unit cell (dimension of 1 or 2 nm)

2. Properties calling upon the stacking of elementary layers in the form of single-
crystal microparticles (dimensions of some micrometers)

3. Properties implying an important mass of material, and the macroscopic whole
of a very great number of particles assembled in more or less compact
aggregates

In the actual stage of our knowledge, it is still difficult to establish a theory of
unified modeling that allows easy passage between the properties suitable for each
of these scales. It seems that this difficulty will last for a long time because the
complexity, quite real, has several origins:

1. Of a physicochemical nature

2. On the other hand of a theoretical and mathematical nature

3. And related to the extreme variability of the real situations where these minerals
intervene

Nevertheless, sharing old empirical results and those already acquired by mod-
ern physicochemical sciences provides increasingly satisfactory achievements, and
allows, in many cases, justifying knowledge that hitherto was empirical.

In parallel to the description of clays, more exactly of the hydrous phyllosili-
cates, many finely divided minerals have, in certain aspects, similar behaviors.
Actually they are behaviors resulting from the characters imposed by the crystalline
structure or by the morphology (essentially the size) of the particles. Certain
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properties such as thixotropy! or rheology? are not specific to clays, but they often
justified the initial studies.

The presence of clays is closely associated with the geology of the surface layers
of the Earth. Their genesis and their constant evolution make them a source of raw
materials whose reserves are large and varied. This does not mean that they are
inexhaustible in the field of the specificity of the varieties or their quality. Clay’s
capacity of swelling in the presence of water acts in an important way on the soil
mechanics' stability. Regarding the use of clays in the field of health, homogeneous
deposits, basically untouched and relatively important, are necessary to ensure the
safety of therapeutic actions. Due to their microdivided state it is advisable to be
careful with the deposits because the treatments for clay purification are expensive
and not always possible. It is this uncertainty of provisioning that justifies the recent
preference for the synthesis of certain varieties, despite their high commercial
prices.

4.2 Geological Context: Origin of Clays and Formation
of Clay Deposits

Most clays have a geological origin; for this reason they are natural materials.
Users’ requirements are increasingly precise on the definition and purity of clay
minerals. Recent research led to the synthesis of some of these minerals; it paves the
way in the future for particularly precise applications. However, the price of artifi-
cial clays is certainly in favor of natural clays and will be for a long time.

Clay minerals’ components are not spontaneously and necessarily present in all
rocks. They are found close to the Earth’s surface where they develop primarily at
the time of weathering and hydrolysis of depth-formed silicate rocks. Consequently,
they are initially distributed in dispersed form in very small volumes of rocks (sur-
face outcrops, fractures, or cracks) subjected to natural constraints, in particular
with the action of water (hydrothermal origin or rainwater). After their formation at
the expense of the pre-existing altered rocks, they generally undergo transport via
the surface waters that gradually sweep them along. They accumulate finally in
more important sedimentary deposits, nearer or farther away from the formation or
source sites, at the bottom of lakes, seas, or oceans. The sedimentary layers are often
very thick. In the course of time and increasing burying, they are compacted by their
own weight and the matter mass that covers them little by little. In accordance with
the theory of the general geological cycle, today firmly established, and well-
described by Millot (1979), some layers will be able to undergo various reworkings
and sometimes rising or burial with movement of the tectonic plates. Hence, new
rocks are unceasingly formed, that will later be at the origin of new clays. The

'Thixotropy is the property related to the formation of gel.
2Rheology is the study of the plasticity of highly hydrated clay minerals.
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natural conditions of the cycle formation—transport—accumulation—burial-uprising
lead either to a mixture of minerals of various origins, or less frequently to very pure
deposits.

The existence of clay deposits is almost universal in the zones where water is (or
was) present. Note that the large silicate geological solid masses have allowed the
formation of thick sedimentary deposits,® where several mineral species are side by
side, some of them clay minerals. An analysis by X-ray diffraction and an observa-
tion by electronic microscopy allow the identification of the species that are simul-
taneously present. The use of these two techniques provides invaluable information
for eventual uses and for the purifications necessary before any marketing.

The composition and stability of clays are in direct relationship to their forma-
tion conditions. It is thus very important to know these factors if one wishes to
explain the reactions of clay placed in a situation that is not usual for it (eating, e.g.).
From this point of view it is necessary to require precise mineralogical information,
even structural, from the industrialists who provide the clays meant for medical or
paramedical use.

Without going into more precise detail, we must approach the description of the
various modes of clay formation. We retain three of them: heritage, transformation,
and neoformation.

e Heritage: When clays are exposed to rigorous weathering on their place of for-
mation, winds or the run-off waters move and transport part of them to the sea or
to lacustrine zones. The modifications are limited during this transport, thus
these clays are known as inherited clays. They have properties in connection with
the nature of the weathered bedrock and the climate of the continental areas of
formation.

* Transformation (degradation and aggradation): After transport and accumula-
tion in discharge points (detrital deposits), during a certain period of time the clay
particles can undergo transformations that induce a change of their mineralogical
state, and vary according to the context. Thus, an acid medium can destabilize the
initial structure of clay minerals and leave only one residual siliceous skeleton.
The eliminated octahedral cations could participate in the formation of other
composites. In other cases, it is the fixation of ions that prevails. For example, a
smectite or vermiculite that could fix an alkaline ion would reconstruct mica,
whereas the fixation of hydroxyl ions on the same smectite involves its transfor-
mation into chlorite (the structure of this clay mineral is shown in Fig. 5.7).

Transformed clays are frequent in the soils where the weathering fronts (con-
taining clay) located between nonweathered rock and weathered rock migrate
downward as the soil thickens at the expense of the parent rock. Some transfor-
mations, natural but more complex, can result from bioreactions. These complex
reactions have more or less expected effects. Pedology shows such evolutions in
soils where clays and organic matter are side by side and constantly interact. In
the subject that concerns us here and during clay’s use in connection with a living

3Impregnated thickness of a field in geology is the parameter that expresses how thick a geological
or mineral deposit is.
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organism, such transformations must not be neglected. In the event of ingestion,
for example, intestinal microorganisms can cause these reactions, and thus mod-
ify the type of mineral sometimes quickly, and simultaneously its properties.

* Neoformation: In nature, when an ionic solution that is present in the porosity of
the rocks reaches favorable concentration, pressure, and temperature conditions,
clay minerals can precipitate directly from the saturated solution:* this is called
neogenesis. The stability of the formed clay products depends strongly on the
environmental conditions at the time of this genesis. Therefore for health care it
is useful to know the origin and mode of formation of clays to judge their nature
and their properties. However, these conditions are not met in the physiological
media that are the subject of the present report.

4.3 Quality of Clay Deposits and the Harmfulness
of Certain Clay Minerals

Clay applications are quite numerous in the field of health but, in tonnage, they
represent a very modest quantity compared to that estimated for all clay industrial
applications.

N.B.: To avoid confusion between technically useful clay minerals, recognized as
such, with mineral species known as harmful or likely to be so, we voluntarily
use the name “phyllosilicate” in the case of the latter.

Sometimes there exists a certain ambiguity on the beneficial or harmful effects
of clays, with the image of all the therapeutic actions that act on living organisms in
pain. Actions in the field of one therapy may be detrimental for another. Thus, cer-
tain types of clay have textures® that can appear dangerous, such as the aforemen-
tioned case of chrysotile whose fiber action on the pulmonary or digestive
membranes leads to the appearance of mesothelioma. To reach such severe patholo-
gies implies that the action of the phyllosilicate was strongly concentrated over a
long period of time, as was the case for the workers who handled significant amounts
of asbestos under badly controlled conditions. We do not necessarily need to worry
people who have simply come near an object made of asbestos or had contained
some, but it is necessary to remain careful during such handling. On the other hand
it is wiser to eradicate these sources of contamination and modify the technologies
employing these materials. The important matter is that of the destination of the
products extracted during decontamination of sites containing asbestos. Dumping
chrysotile in specialized ground is only one very insufficient temporary solution.
The change of technology and the eradication of old wastes are neither always
simple nor feasible and can lead to true socioeconomic dilemmas. In spite of every-
thing, the usefulness of these materials remains indisputable in many technological
applications, even knowing that they are dangerous for health.

“Solution contained in the porosity of the rock.
>“Texture” refers to the shape of elementary clay particles: sheets, fibers, and the like.
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As a precautionary measure, and for the same reasons, the effects of other fibrous
phyllosilicates with pseudo-layers such as sepiolite and palygorskite must be atten-
tively supervised in their applications in relation to the organism.

By analogy with well-known diseases such as silicosis, prudence is also essential
for the physical status of certain clays, and it is then advisable to extend the precau-
tionary principles. If clays are used in the dry dust state (in powdery form, easily
dispersed in the air), it is dangerous to allow them pulmonary access. In all this
handling, the wearing of a mask is recommended. In fact, if silica is considered as
resulting from the attack of clay by an acid, clay particles of small sizes can be
comparable to the microparticles blamed in silicosis. In the same way, the specific
chemical bonds of the clay’s surface can generate overly strong affinities with the
membranes of the organisms they are brought next to, and they then are able to
upset the local balance. This is why any attempt at medication always results in put-
ting in parallel the beneficial effects and the doubtful or the harmful ones that result
from too repeated use. Only physicians are qualified to make these decisions; if
necessary they will require information from clay scientists and will draw the rele-
vant conclusions.

Our major focus in this book is health and the means of preserving it in the best
possible state. It is thus necessary, on these criteria, to point out very clearly the
danger in utilizing some phyllosilicates (at least in certain types of uses).

The clays and clay minerals utilized for health purposes must present a good
degree of purity and be able to be supplied systematically. This does not always
happen and many products are not sufficiently controlled. They often remain in a
rough state that can generate serious difficulties at the time of use. It is necessary to
say in fairness to the producers that the industrial demand for high quality raw mate-
rials is very strong. This makes it difficult to reserve certain deposits whose purity
is recognized for use in the field of health. It is not easy or may be impossible to set
up regulations in this field but it could become necessary. Scientific knowledge of
the properties should make it possible to reach that point.

4.4 Mineralogical Characterization

Although studied in detail for a long time by geologists, clay minerals remained
rarely studied by mineralogists and crystallographers. The Laboratory of Mineralogy
of the National Natural History Museum of Paris contributed a great deal to their
study, in particular due to Professor Lacroix.

In fact, the mineralogy of clays was dealt with in a satisfactory way only from the
years 1930 onwards, thanks to the development of the following.

1. Chemical analyses and research on the chemical bond (Caillere 1933; Pauling
1930, 1949)

2. Thermal analyses (Mackenzie 1957)

3. X-ray diffraction analyses (between 1930 and 1950, roughly)

4. Spectrometry analyses, using various techniques, particularly infrared
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The reliable classification of clays that resulted from these analyses was pre-
sented by Caillere and Hénin in 1959, and since then they have not undergone major
modifications.

For many years the essential character of clay description has been the size of
their constituent particles: in fact, the clay particles in general have an average size
less than 2 pm, the limit of the optical microscope's resolution. This definition, nec-
essary but too simple, has led to assigning to clays other materials of the same
dimensional class but of completely different composition, nature, and properties. A
common extraneous mineral in the sediments is finely divided quartz. Technically,
it is possible to separate the coarse particles mechanically but a very fine fraction
always exists.’ Certain minerals can be eliminated by chemical treatment as in the
case of magnesium or calcium carbonates, aluminum, and iron oxy-hydroxides
when they are subjected to a diluted acid attack.

Figures 4.1 to 4.4 illustrate the characteristics of the internal and external organi-
zation of microparticles of kaolinite, the principal clay mineral constituent of kaolin,
characteristics that were obtained through four types of scientific data. These tech-
niques of mineralogical determination of clays, resulting from physics, are considered
routine today. The power of the conclusions that they initially could bring was essen-
tial; it was used by mineralogists for the determination of the various species and for
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Fig. 4.1 X-ray diffraction pattern of a structurally well-ordered kaolinite

¢ Quartz exists in the form of very small particles smaller than one micrometer and often nanometer
size. Remember that the angstrom (whose symbol A) is a unit of length equal to 10-'° m, or one ten
millionth of a millimeter, very close to the magnitude of the distance between two neighboring
atoms in a nongaseous chemical compound. However, the legal unit in this area is the nanometer
which we strive to use although traditionally clay specialists use the angstrom.
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Fig. 4.2 Stereotype electron microdiffraction pattern of a structurally well-ordered kaolinite

Fig. 4.3 Kaolinite microparticles observed by transmission electron microscopy (TEM)

physicists to provide powerful bases of reasoning on the properties of clays.
Clarifying them for unspecialized users remains an open problem.

Methods initially using X-rays made it possible to highlight the crystalline
character of clay minerals. This fundamental character is illustrated in Fig. 4.1 by
an X-ray diffraction diagram obtained on a kaolin powder (rock). The peaks or
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Fig. 4.4 Kaolinite particles observed by scanning electron microscopy (SEM)

diffraction maxima unambiguously indicate the crystalline nature of a clay min-
eral: structurally very well-crystallized kaolinite. More recently electron micros-
copy made it possible to obtain solid confirmation of this character thanks to the
possibility of simultaneously reaching the microdiffraction of electrons on single-
crystal individual microparticles (Fig. 4.2) and the visualization of the micropar-
ticles (Fig. 4.3). Lastly, the regrouping of layers in the form of particles and the
association of these particles in aggregates are illustrated in Fig. 4.4 which was
obtained using scanning electron microscopy. All these characters are undeniable;
they opened the way to a scientific exploitation of the properties of clay minerals.
These characters offer important scientific prospects in clay utilization in the field
of human health; they are well known to modern specialists but they are not easy
to grasp for the general public.

Clays are thus truly minerals and they can be classified. However, the study
methods needed to become sufficiently accurate to adapt the determination tech-
niques to their very small dimensions. Scientists had to move towards multiscale
studies of the properties of the material. This concept of relationships between prop-
erties and particle dimensions is rather recent and, to exploit the physical and
chemical properties of clays, it is advisable always to bear in mind the scale of the
studied phenomena.

Without calling into question previous knowledge, these new approaches open a
scientific possibility of studying the properties of clays, particularly in the field of
health. We hope that this projection is a solid support to choose and develop the use
of clays in the medical or paramedical field.
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Structural and chemical formulas’ of principal minerals used for health care are
given below (for more details, consult Appendix D):

1. Kaolinite (Siy)"™(Al)Y'O,,(OH)s
2. Smectites:

. . L \IV Vi S
Montmorillonite (Siy) [A147yngJ 0,,(OH), .M, octahedral substitutions

Beidellite (Si;_,Al,)" [AL,]" 0,,(OH), M., tetrahedral substitutions
3. Tale (Si5)"¥(Mgs)*'05(OH),

4. ites [ Si_ AL " 0, (AL,)" (OH), (K), tetrahedral substiwutions

(8-x)

5. Sepiolite (Si,,)" [Mg,]" O,, (OH), (OHH") 8(OH,)

6. Palygorskites (SiAl)," (MgAlFe™) " 0,, (OH), (OHH") . 4(OH,)

N.B.: Sepiolite and palygorskite have structures with pseudo-layers; their formulas
are given for %2 unit cell.

They are the ideal formulas relative to theoretical crystallographic models for
pure clay minerals constituting what are called di- or trioctahedral “poles”. In the
majority of natural clay minerals, there are substitutions that are shown in the devel-
oped formulas described below.

For example, the crystallochemical formula of the model and that of a real sam-
ple analyzed in the laboratory are given below for the TeOc family of kaolinite.
These writings give a more documented approach than those presented in general
papers or on packaging. We clarify this case:

Ideal crystallochemical model:? (Siy)"V(Al,)Y'O,,(OH)g

Exploitation of this formula leads to the following ponderal contents:

46.55 % of Si0, 39.49 % of Al,0, 13.96 % for H,O

The formula can also be written in another form known as the “equivalent oxide
formula,” which represents the quantity of oxides likely to be analyzed:

48i0, 2A1,0, 4H,0

This formulation does not reflect the ordered state of the crystalline matter (and
sometimes results in wrongly regarding clays as sources of silica or alumina which
is partially false).

"The notation (Si**)"V means that the Si** ion has a coordination number 4 and is at the center of a
tetrahedron. In the same way (A1**)Y! means that the AI** ion has a coordination number 6 and is at
the center of an octahedron; M is a compensation ion.

8The Roman superscript numbers represent the state of coordination of the elements; the others
refer to their valence.
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In reality, there exist substitutions and analyses obtained, for example, for the
well-known kaolinite® of Saint-Austell (Cornwall), such as the following,

46.2 % of SiO, 39.2 % of ALO, 13.8% for H,O
with traces of : TiO, (0.09 %); Fe,0,(0.23 %); MgO(0.07 %); CaO(0.06 %);
Na,0(0.09 %) and K,0(0.21 %).

This leads to writing the formula detailed in the form:!'°

(Si A10.019 )IV (A13.96Tio.oanehomsMgo.om )VI Ozo (OH)4 ,Cao_oos Na

3.98

K

0.015 =0.023

This formulation shows the complexity of the problem of the structural attribution
of the chemical elements. However, a simplification appeared gradually through a
finer and more and more specific analysis. Thus the presence of calcium, sodium, and
potassium could be allotted to traces of coexistent mica beside kaolinite. Titanium
oxides such as anatase and rutile (TiO,), but also oxides of other metals such as
hematite (Fe,0;) are, as a rule, omnipresent in the exploited deposits, in the form of
micro- or nanoparticles. Hence, Ti and Fe in very low amounts could integrate the
structure of kaolinite. To consolidate clay minerals' chemical formula, a very fine
mineralogical analysis is thus necessary within the framework of pharmaceutical
industrial usage. In addition, very thorough analyses show that there is a segregation
of the various other minor elements,'! and that certain zones of the layers collect
titanium, for example, whereas magnesium is concentrated in other zones.

Such formulas must be based on studies affirming that the elements taken into
account really belong to the structure of the clay mineral or that they come from
“polluting” grains. When these elements are present independently of the clay min-
eral, in the form of mineral impurities, their properties are clean and are thus poten-
tially usable in other respects.

When moving from the microscopic field to the macroscopic field (that which we
see with the naked eye), the material is perceived on different scales. If the material
is dry, then it is compact and hard but is nevertheless composed of very fine grains
gathering a great number of small particles such as those visible in Figs. 4.3 and 4.4.
From Fig. 4.4 one can then imagine a very vast clay mass characterized by con-
nected porosity'? between parallel stackings of elementary platy particles. This

Kaolinite of Saint-Austell, Cornwall, England (analyses realized at the Laboratory of Mineralogy
of the National Natural History Museum of Paris under the direction of Professor Simonne
Caillere).

10This type of writing corresponds to a natural mineral (and not to a model) and makes it possible
to reveal the existing substitutions highlighted by the chemical analysis. The reading of these for-
mulas must be understood according to a statistical ratio of distribution on the sites because it is
obvious that there cannot be fractions of atoms on a given position.

! Analyses by electronic microscopy (using the spectroscopy of the losses of energy).

2When the channels of the porous environment are joined to the others, it is said that they are con-
nected. In this case, a fluid can move easily in this porosity.
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porosity is accompanied by important capillarity properties. In the presence of a
liquid, most generally water, a mechanism of capillary forces causes the aspiration
of the liquid inside the clay mass. Water initially comes in contact with the packages
of layers and, according to their nature, creates various types of connections.
Initially the more easily accessible layer edges are hydrated and the interlayer ions
are hydrated later on. In the case of kaolinite which does not inflate, and where
water does not penetrate the interlayer space, absorption is limited only to the edges
of the layers and the porous space located between the particles. When the interlayer
space is penetrated by water, the properties of the particle change because water
allows the packages of layers to overlap each other: it is the plasticity characteristic
of wet clays. The clay mass becomes deformed and keeps its new form more or less
for a long time according to the quantity of water it contains. It can even pass from
a malleable medium to a thixotrope gel. Obviously these characters are important in
geology and pedology. They are less so in the field of health. For many years they
were the cause of difficulties in understanding the behavior of clays; we also find
characters of plasticity and of thixotropy again in medical care applications.

Now we know better that these properties and the clay minerals typically seem to
have multiscale properties. Each application is in relation to a dimensional scale
that is clear for it. To make an error of assignment of scale at the time of use of these
minerals can lead at best to failure, but sometimes to dangerous situations. Prudence
is essential and requires the intervention of specialists in clay minerals and, if neces-
sary, a probatory time of experimentation.

We must draw the attention of the reader to another essential characteristic of
clay minerals: that of the existence of mixtures of layers of various types within the
same particle. By convention these minerals are known as interstratified. Their exis-
tence reflects the natural changing conditions of genesis. The particles characteristic
of an “interstratified” clay mineral do not represent a mixture of various clay miner-
als, but a succession of layers whose order of stacking is variable. In this form, it is
impossible to separate the layers from the different varieties and we must take the
mixture into account in its globality. This situation is current and during the collec-
tion of clay minerals on the ground, it is possible to find such minerals interstratified
in the rocks. They are not immediately recognized and only complex analyses make
it possible to identify them. We do not approach interstratified clays in detail; it is
necessary to know they exist and represent an important stock for the future but that
thorough studies are needed to use them in the field of health. This work is already
being seriously advanced by specialized laboratories.

4.5 Exploitation of Clays

Faced with the multiple industrial employment of clays, the big question remains as
to the quality and quantity of the supplies of raw material. For a long time geologists
indexed the localization of the clay layers and studied their conditions of formation
in detail (Millot 1964, 1979). The mineralogists and crystallographers then learned
how to specify more and more finely the nature of clay minerals (group, family,
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variety). Later on crystallographers and geochemists were able to define the posi-
tion of the ions and substitutions, making it possible today to study the physico-
chemical properties users hope to develop (Handbook of Clay Science, 2006, 2013).
Users more often do not have access to correct information. Reading the specifica-
tions of the contents on a package of clays shows that improvements are possible
with up-to-date knowledge.

To mitigate the uncertainties related to natural provisioning, some difficult
experiments requiring know-how but already promising, were carried out in the
field of clay synthesis. Compared to the therapeutic needs, they aimed at combining
better control of the properties of clays and those of the surroundings or added mol-
ecules. The main difficulty was in controlling the formation conditions, but progress
is being made. Economic conditions still lead to the use of “natural” products,
always available in sufficient quantities and inexpensive to exploit; a disadvantage
lies in their mineralogical variability resulting from the conditions of their genesis.
Let us remember that although these minerals are natural they are not inexhaustible.
Great attention is absolutely necessary so that their employment is most judiciously
possible for the benefit of all.

4.5.1 Pedological Field

Clay minerals are essential components of soils; their physicochemical properties
confer determining roles on them. Soils are media that contain many living microor-
ganisms. The presence of clays is useful for their development thanks to their proper-
ties of fixation of water and ions. This remark constitutes a notable aspect in favor of
the harmonious coexistence of living organisms and clays (or at least of the majority
of them). The idea is indeed tempting within the framework of the exploitation of the
presumably beneficial natural functions, but one must remain careful on this point.

1. First, clays present properties of adsorption allowing the fixation of ions or mol-
ecules possibly followed by exchange phenomena with ions or molecules from
the environment. The reversible retention of water by clays is an essential and
vital property for human activities, because it supports the development of plants
on soils (Hénin et al. 1969).

2. Second, the electric balance of the crystalline structure of clay minerals is
ensured by compensation ions fixed on the layers. These ions play a big role in
pedology. Their mobility supports the development of plants in their function of
consumption. In this process, many mechanisms are put in action so that the soil
reaches a dynamic stability, such as the ionic exchanges by dialysis or diffusion
through the membranes which come into play when living tissues and clays are
put into contact.

3. Soil clays also constitute an oxidation agent of the humic components found
there.

Many studies of tropical soils showed that an inappropriate exploitation of the
soil involves an impoverishment of essential components and sets up a dangerous
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imbalance by increasing the relative concentration of unutilized components. Thus
intensive agriculture causes the accumulation of chemical elements due to leaching
or destruction of various minerals. In the health field, great geographical areas seem
associated with the pathologies generated by excesses or deficiencies of chemical
elements in the soil such as fluorine, iodine, arsenic, or nitrates (this list is by no
means exhaustive). In the majority of the zones concerned, clays are affected by
alternations of rainy and dry periods that wash and disaggregate the ground. A
review of these phenomena was carried out by Dissanayake and Chandrajith (1999).
These effects on human health are beginning to be better understood and analyzed;
they still have to be taken into account and controlled if possible. In this context of
the raisoning, clays play a very important part.

In the animal world, it should be noted that, in extreme or difficult situations,
certain animals can find rock salt which is formed or settles on the walls of the
caves, for example. They also know spontaneously how to find water by trampling
the ground and thus causing water to swell by capillarity from ground containing
fine particles and clays, as is shown with elephants. Termites are also experts in this
search for biogenic salts associated with water.

The field of pedology is rich in lessons. The contact between the earth and living
organisms is one of the most natural. There is still much to be learned and under-
stood in this relation. The biomineral interface is a true physicochemical factory.

4.5.2 Craft Industry and Industrial Field

Clays constitute one of the very first raw materials used by craftspeople and indus-
try. Natural or transformed they permit innumerable applications. We consider here
only those that refer to health.

In general, the industrial field employs clays that are transformed by heating.
These clays or derivative products are not directly related to health. However, very
many medical and tableware utensils are part of our health concerns because they
make it possible to obtain a general hygienic quality. Humanity is certainly much
indebted to these utilitarian ceramic products containing clay that have been manu-
factured for many years. It is a reminder in the field of health and a very important
aspect of the applications of transformed clays.

We can also indicate high-tech ceramic products initially resulting from phyllo-
silicates used in dental or osseous prostheses.

Without being in direct contact with the organisms, clays are used on a large
scale in their natural state by the food industries, first of all, in both filtration and
purification processes. The smoothness of their particles makes it possible to obtain
a porous environment able to retain extremely fine particles. Thus, the first effec-
tive filtration cures, for the water provisions of big cities, were carried out on sand
cushions and clays:'® it was then a question of fighting against cholera-type

3Dehérain P (1892) Traité de chimie agricole. Ed. Masson, Paris 1, 640-650.
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diseases. The effectiveness of this filtration results not only from low dimensions
of the clay particles but also of the activity due to their walls. This technique is still
in use today. For more controlled performances, a special porous ceramic based on
clay makes it possible to constitute candle filters, which are very effective in pro-
viding drinking water, but in small quantity.

In certain food manufacturing industries, oil purification and discoloration are
usually carried out using smectite-type clays. Talc, phyllosilicate without atomic
substitutions, therefore neutral, is used to avoid adherence and in particular to pro-
duce “unsticky” rice. Perfectly stable and safe gels are produced in the manufacture
of some foods (and also animal food).

4.5.3 Chemical Field

The modern chemical industry is an important user of clay on a twofold basis:

1. As araw material to carry out mineral loads.
2. As areactive agent. Clays are catalyst supports, even effective catalysts as well
as ionic or molecular exchange supports.

These particularly interesting surface properties of clays justify the essence of
their use by industrial or even fine chemistry. The oil industry and petrochemistry
use huge quantities of clays for drilling and oil cracking.

As regards our subject, clay is part and parcel of a chemical reaction cycle where
it acts as a reactive component. When it is found in digestive processes where it
decreases the rate of acidity, it can also be dislocated itself if the medium is suffi-
ciently acid. It acts, on two planes, by a buffer role to fight against stomach acidity
(required effect) while the residues, resulting from clay after having been attacked
by this acidity, can have a considerable secondary role in the case of repeated and
abusive use (an associated effect of which one must be aware). It is the case of the
colloidal silica that can then be formed. It is thus necessary to balance the beneficial
effects against those of the generated ailments. Undoubtedly it is the too-frequent
recourse to their use that can become harmful by accumulation.

In the manufacture of perfumes clay is sometimes included for its adsorption and
fixation properties. On the same principle, unpleasant odors can be trapped, for
example, when clay powder is placed inside a refrigerator.
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Chapter 5

Clay Reactivity Depending Upon

the Crystallochemical Properties of Clay
Minerals

Abstract The crystallochemical models of clay mineral structures are described in
this chapter because clay properties and inherent reactivity depend entirely on the
specificities of those structures. Clay reactivity is strongly conditioned by the sur-
face properties of clay mineral particles that are basically dependent on the particle
global electric charge and its spatial distribution pattern, different from basal sur-
faces to edge surfaces. Particle electric charge results mainly from atomic substitu-
tions that occur in both the octahedral and tetrahedral layers. In clay minerals
bearing interlayer spaces chemical reactivity also possibly occurs on internal
surfaces.

The reactivity of the clay—water system is quite common in natural clays. It is
often used in mud therapy and peloid therapy in the form of paste for topical thera-
peutic and cosmetic applications, and it is also studied as well as the clay—water
system that in the form of dispersion (“‘argillic water”) is used for internal therapeu-
tic purposes. Clay’s ionic exchange capacity and color, two important properties
whenever clay is used in the field of health, are also discussed.

5.1 Clay Mineral Structures

5.1.1 Ideal Crystalline Configuration of Clay Mineral
Structure

Properties of clays can be approached and studied differently according to their
use. These properties are very different from clay to clay, its composition and the
scale of use.

The ionic crystalline structures of clay minerals are presented in the form of
planes of atoms gathered in sheets that in turn build superimposed layers: phyllosili-
cates. This aspect is essential to understanding clay mineral properties that differ
according to whether the basal or edge faces of their particles are considered.
Finally, we especially note that clays are always microcrystallized minerals whose
reactivity is primarily conditioned by the surface properties of the particles. The
reactivity on a macroscopic scale, conditioned by the presence of water, generates
typical thixotropic properties specific to gels, muds, or pastes.
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To understand the current applications of clays, or to find new ones, it is neces-
sary to know and understand the crystalline structures of the clay minerals that
compose them. Thus it is necessary to start by defining this concept of structure. In
a general and very brief manner, two large families of compound materials can be
identified:

1. The first corresponds to compounds having a known number of atoms connected
to each other in a limited volume: these are molecules.

2. The second is that of the crystals where the position of the atoms or ions that
compose them are repeated periodically according to an elementary unit cell; in
theory one cannot define a limit in a crystal; it extends at infinitum. In reality, the
size of the crystals is always largely dependent on the conditions of formation
and their associated defects. Clay minerals, which we deal with here, are crystal-
line particles that generally occur under heterogeneous and variable natural con-
ditions; thus they have many defects.

The presence of clay minerals in the crystallized world makes it possible to
explain most of their properties. To begin, we present those elements essential to
understanding this.

First it is a question of describing the ideal theoretical framework without using
overly technical details but being precise enough to present the elementary bricks of
the fundamental structure. The latter is articulated around two structural entities
always present: tetrahedrons (Fig. 5.1) and octahedrons (Fig. 5.2).

More generally [Rz“"}* OGJ

R* = AI’",Fe’* ... R* =Mg”" Fe’",Ni**...

The tetrahedrons join to give a “tetrahedral layer” plane (Fig. 5.3) including in its
thickness three planes of ions (respectively, O°",Si**,0% ). This arrangement leads
to a hexagonal plane symmetry characterized by the existence of a basal zone empty
of ions called the “hexagonal cavity,” which is fundamentally important in clay
properties. In effect, this zone allows a molecule or an external ion that is near the
surface to feel the anomalies of the electric field developed by the internal ions of
the structure. For this part of the presentation, we retain only the silicon (Si*) and
oxygen (O*) ions. It is obvious that electric balance is not acquired under these
conditions but our objective concern for the moment is only the essential entities
that constitute the layer. Their formulations are discussed after this description.

Fig. 5.1 Schematic
representation of a
tetrahedron [SiO4]
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Fig. 5.2 Schematic
representation of an
octahedron [R™Og]

Fig. 5.3 Diagram representing the tetrahedral sheet and showing the hexagonal hole (represented
in gray)

. R 3t or R2*

O Oxygen
Hydroxyl

Fig. 5.4 Diagram representing the octahedral sheet

On the same principle, the octahedrons join to form an “octahedral layer”
(Fig. 5.4) that also contains three planes of ions (O*~ or OH~, AI** or Mg?*, O*~ or
OH") in its thickness.

R* = A", Fe’" ... R’ =Mg*" Fe’" Fe’" Ni’*...

These two structural units (tetrahedral layers and octahedral layers) cannot remain
in this state; they join together to form phyllosilicates that are more stable on the
energy level.

By gathering a layer of tetrahedrons and a layer of octahedrons, we obtain a first
unit that is the basic crystalline structure of the clay minerals of the group to which
kaolinite belongs (Fig. 5.5). In brief, it is a mineral whose elementary layer is of the
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B R¥or R”
@® Silicon

O Oxygen
@ Hydroxyl

Fig. 5.5 General diagram representing a TeOc-type clay mineral layer

type named TeOc (a layer of tetrahedrons and a layer of octahedrons). This type of
structure has a particular characteristic: the two higher and lower faces of the same
layer are completely different. One is constituted of oxygen whereas the other is
formed only by hydroxyls. The hydrogen ions present in the hydroxyls make this
unit electrically neutral. The hydroxyls located between the tetrahedral and octahe-
dral layers, placed in the middle of the layer and subjected to strong connections,
are thus not very mobile. The hydroxyls located on the external octahedral basal
surface of the layer are more easily mobile and immediately evoke the mobile pres-
ence of water.

R* = Al ,Fe** ... R* =Mg*" ,Fe’" Ni*"...

aolinite when is aluminum
Kaolinite when R** is al

A contrario, we do not find this diversification for the TeOcTe-type phyllosilicate
layers for which the two basal faces are equivalent (Fig. 5.6).

The representation adopted for Figs. 5.6 and 5.7 clearly shows the possibility of
a plane extension of the mineral and symmetries associated with it. One also
observes the planes of atoms there (here in their ionic form) and their organization
in the form of a sheet (of tetrahedrons and octahedrons). According to the case, the
gathering of two or three layers constitutes an elementary layer, and the standard
perpendicular superposition of the same type of layers allows the development of
particles in the third dimension. In the drawings we have shown distance “c”
between two layers: it is the fundamental distinctive lattice parameter of the various
families of phyllosilicates (called the “interlayer specing or interlayer parameter”).

When the TeOc layer is supplemented by a new tetrahedral layer on the other
side of the octahedral layer, we obtain a TeOcTe mineral whose standard model
is that of the illites (small grain size micas), of the smectites (various ions in
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Tetraedrons

Octaedrons

TN

Fig. 5.6 (a) Structural diagram representing the structure of a TeOcTe clay mineral; (b) high-
resolution electron microscopy image of talc whose structural diagram is represented in the image
on the left

octahedral positions as well as compensation cations situated in an interlayer
position), or talc (magnesium in octahedral position). Figure 5.6 shows this com-
prehensively for talc complemented with a high-resolution electronic micro-
scopic image that allows us to visualize the tetrahedral and octahedral entities
represented in the diagram. This powerful method of observation in electronic
microscopy allows us to prove the reality of the arrangement of the chemical
elements constituting the clay minerals’ structure.
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A third type of layer, a bit special, exists in the TeOcTe mode with intercalation
between each layer of an additional octahedral layer, called the “hydroxide layer”!
by mineralogists. Then we obtain the chlorite family whose structure is shown sche-
matically in Fig. 5.7.

a

Layers
TeOcTe-Oc¢

(chlorites)

e Silicon
m R¥*or R*
O Oxygen

© Hydroxyl

b FWr g mr g g W g W e mwra

P . R O s 3 T A Y g
arovazzzopoto.ooo
_ R e T R S e i

SRSty Ny N W gy ity
a2 A 2 TR s

Fig. 5.7 (a) Structural diagram of a chlorite made of TeOcTe—Oc layers; (b) high-resolution elec-
tron microscopy image of chlorite whose structural diagram is represented by the image on the left

"Mineralogists qualify this layer as the “brucite layer” by analogy with brucite, magnesium
hydroxide. Various atomic substitutions can exist in the layer, in particular Mg substituted by Al.
The classification table and general formulas are given in the appendix.
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Very high resolution electron microscopy makes it possible to visualize clay
minerals' structural details; it gives an experimental visual proof of the constitution
of the layers, which is very useful for nonspecialists.

These three big families present the main part of the crystalline structures indis-
pensable to describing the entirety of clay minerals. However, it is necessary to
supplement the general outline by descriptions of certain derived forms that have
very specific properties but sometimes prove extremely dangerous to health (as in
the case of chrysotile, a fibrous phyllosilicate and the current component of
asbestos).

5.1.2  Structural Configurations of Natural Clay Minerals

The structures of the phyllosilicates that we have just defined are pedagogical and
established on the basis of a geometrically perfect model, where the octahedrons
and tetrahedrons constitute the framework of the structure by presenting an ideal
occupation of their ionic sites. They make it possible to set up a precise classifica-
tion of the various families, groups, species, and varieties of clay minerals (Rautureau
et al. 2004). Tables 5.1 to 5.5 containing the classifications of clay minerals pro-
posed by these authors, as well as Tables 5.6 and 5.7 containing the classifications
of clay minerals proposed by the Joint Nomenclature Committees of AIPEA and
CMS in a Guggenheim et al. (2006) report are shown at the end of this chapter.

We have already pointed out several times that natural clays contain defects in
the nature and position of the ions composing them. As regards ionic substitutions,
it is necessary to distinguish those localized in the octahedral sheet and those in the
tetrahedral sheet.

The nature of the ions that compensate for these defects directly influences the
properties of clays and particularly those of the smectites. Their charges control the
local anomalies resulting from the electric charges induced by disturbances of the
electric potential in the vicinity of the substitution sites. These disturbed zones are
favorable for the trapping of ions and molecules from the external medium. The
mechanisms are complex and more varied; it is especially necessary here to know
their existence, because clay properties depend on them. For more information read-
ers can consult Caillere et al. (1982) or the Handbook of Clay Science (2013).

In addition, clay particle growth is generally limited to very small dimensions:
they are microcrystals, even nanocrystals. This reduced size partly results from the
presence of the crystalline defects that constitute one of the essential characteristics
of clays.

We take stock of these various characteristics in order to establish bonds with
recognized therapeutic properties, to the extent possible.
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Table 5.1 Classification based on the layer structure, the di- or tri-cation occupation of the

octahedral sheet, and the electric charge per unit cell

Type of layer TeOc (2/1)
Real thickness of unhydrated layer = 0.7 nm

Dioctahedral Trioctahedral

COc =4/6 COc = 6/6

Te=4Si Te <4 Si Te=4Si Te <4 Si
Oc =12/12 Oc > 12/12 Oc =12/12 Oc > 12/12
Apparent Apparent Apparent Apparent Apparent

equidistance variable

equidistance
stable

equidistance
stable

equidistance
stable

equidistancestable

Halloysite Kaolinite No known Antigorite Berthierine
species Chrysotile

TeOcTe (2/1) layer type

Real thickness of unhydrated layer = | nm

Trioctahedral COc = 6/6

Te =8 Si Te < 8 Si

Apparent Apparent equidistance variable Apparent

equidistance stable equidistance stable

Oc =12/12 Oc < 12/12 Oc =12/12 Oc > 12/12 Oc =12/12

Talc Smectites Phlogopite
Hectorite Saponite Vermiculite

— Increasing electric charge —

TeOcTe (2/1) layer type

Real thickness of unhydrated layer = | nm

Dioctahedral COc = 4/6

Te =8 Si Te < 8 Si

Apparent Apparent equidistance variable Apparent

equidistance stable equidistance stable

Oc =8/12 Oc < 8/12 Oc =8/12 Oc > 8/12 Oc =8/12

Pyrophyllite Smectites Dioctahedric | Illite (muscovite)
Montmorillonite Beidellite | vermiculite

— Increasing electric charge —
Te for tetrahedral sites et Oc for octahedral sites

Coc signified “octahedral cation” and Oc signified “octahedral charge”

Notes: We use the nanometre, legal unity: 1 nm = 10 A

5.1.2.1 Ionic Substitutions

There are many possibilities of substitutions; they can be arranged in three

categories.

1. Isomorphic homovalent substitutions: The usual ions presented in the models we
have just described can be replaced by ions of the same co-ordination number.
The modification then relates only to the nature of the ion. Thus in the octahedral
situation, Mg?* can be substituted by Fe?*. Because the charge is preserved, it
does not have any external compensation with the layer. However, the diameters
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Table 5.2 Classification of TeOcTe phyllosilicates relative to the electric charge per unit cell
Charge for cell
(in electron) Dioctahedral Trioctahedral
0 Pyrophyllite Talc
(Sig)" (ALy)Y" Ox(OH), (Sig)" (Mgs)"" Oz9(OH),
Smectites
0.4-1.2 Montmorillonite Hectorite
(Sig)"V (Al,,Mg,)¥' Oy(OH),, (Sip)" (Mg, Li,)"' Oy(OH),, MY,
M, Saponite
Beidellite (Siz_ AL)"Y (Mge)"" O5(OH),, M*,
(Sig- AL)Y (AL)Y! Ox(OH)s,
M+,
Vermiculites
1.2-1.8 (Sig_ AL)Y (AL M* )V Oy (Sig_ ALY (Mge,R**,)" O5(OH),
(OH), 1
l K+x+y
Micas
2 Muscovite Phlogopite
(SicAL)"Y (AL)Y Oy(OH),, Ky | (SigAL)"™Y (Mge)"' Ox(OH)s, K,
4 Margarite Clintonite
(Si,Al)" (Al)Y" Oy(OH),, Ca, | (S, ALY (Mgs)w O5(OH),, Ca,
Table 5.3 Classification of chlorites
TeOcTe-Oc ou (2/1/1)
Real thickness # 1.4 nm
(Sig ALY (M*6)"" O5(OH)4(R**5,, R*520) (OH),,
Pseudochlorites Trues chlorites (clay facies, leptochlorites)
Equidistance Equidistance stable
variable Hydroxide sheet continue
Hydroxide sheet
more or less
complete
Mica sheet 2/1
Dioctahedral Trioctahedral
Hydroxide sheet Hydroxide sheet
Deficit de charge Dioctahedral | Trioctahedral Dioctahedral | Trioctahedral
partially balanced Dombasite Manandonite No know Are divided taking
by exchangeable (some example into account the
cations substitutions of Si importance of
List the nature of by B) sudoite Si—Al substitution
the two octahedral cookeite and the nature of
layers with octahedral cations
reference to trues constituting the
chlorites layers

To define varieties it is necessary to consider the level of oxidation (substitutions Fe** to Fe**) and

the succession of various layers, 1T, 2T, 3T and unordered X
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Table 5.4 Classification of interstratified clay minerals

Interstratified
Type to I nm Type to 1 or 1.4 nm Type to 1.4 nm
1 nm stable 1 nm 1 nm 1.4 nm 1.4 nm variable
1 nm variable variable variable stable 1 nm stable
1.4 nm 1.4 nm 1 nm
variable stable variable
Irregular Hydro micas
stacking
Regular Rectorite Corrensite Sangarite
stacking Allevardite Tosudite
Types 1.4-0.7 nm Divers types
1.4 nm stable | 1.4 nm variable —silica
0.7 nm stable | 0.7 nm stable

Table 5.5 Classification of pseudo-layer clay minerals

Pseudo-layer minerals: discontinue octahedral sheet

Trioctahedral

Partially dioctahedral

Sepiolite

(Si;)" [Mgs]V! O3 (OH),4 (OH H*), 8(OH,)

Palygorskites

4(OH,)

(Si A)g" (Mg Al Fe*)s"! O (OH), (OH H*),

Note: These two formulas are given for %2 crystallographic cell

Table 5.6 Classification of planar hydrous phyllosilicates (in Guggenheim et al. 2007)

Layer | Interlayer Octahedral
Type | Material® Group Character Species®
1:1 None or H,O only | Serpentine— Trioctahedral Lizardite, berthierine,
(x~0) kaolin amesite, cronstedtite
Dioctahedral Kaolinite, dickite, nacrite,
halloysite (planar)
Di,trioctahedral Odinite
2:1 None (x~0) Talc— Trioctahedral Talc, willemseite, kerolite,
pyrophyllite pimelite
Dioctahedral Pyrophyllite,
ferripyrophyllite
Hydrated Smectite Trioctahedral Saponite, hectorite,
exchangeable sauconite, stevensite
cations Dioctahedral Montmorillonite,
(x~0.2-0.6) swinefordite, beidellite,
nontronite, volkonskoite

(continued)
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Table 5.6 (continued)
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Layer | Interlayer Octahedral
Type | Material® Group Character Species®
Hydrated Vermiculite Trioctahedral Trioctahedral vermiculite
exc{hangeable Dioctahedral Dioctahedral vermiculite
cations
(x~0.6-0.9)
Hydrated mono-or | Interlayer- Trioctahedral Wonesite®!
divalent cations deficient mica | Dioctahedral None¢
(x~0.6-0.85)
Nonhydrated True (flexible) | Trioctahedral Phlogopite, siderophyllite,
monovalent mica aspidolite
cations (>50% Dioctahedral Muscovite, celadonite,
monovalent, paragonite
x~0.85-1.0 for
dioctahedral)
Nonhydrated Brittle mica Trioctahedral Clintonite, kinoshitalite,
divalent cations, bityite, anandite
(=50% divalent, Dioctahedral Margarite, chernykhite
x~1.8-2.0)
Hydroxide sheet Chlorite Trioctahedral Clinochlore, chamosite,
(x=variable) pennantite, nimite
Dioctahedral Baileychlore
Di-,trioctahedral | Donbassite
Tri-,dioctahedral | Cookeite, sudoite
None
2:1 Regularly Variable Trioctahedral Corrensite, aliettite,
interstratified hydrobiotite, kulkeite
(x=variable) Dioctahedral Rectorite, tosudite,
brinrobertsite
1:1, 2:1 Trioctahedral Dozyite

x is net layer charge per formula unit, given as a positive number.
"Not an exhaustive list of species; in general, listed in order of abundance.
‘Net layer charge may be <0.6, but this is an exception.
d“Series”names are given in Rieder et al. (1998) as a convenient way to describe incompletely
investigated micas. For example, biotite is a trioctahedral true-mica series name for certain dark
micas that may be used as a field term, and illite is a dioctahedral interlayer-deficient series name
to describe certain micas after only optical microscopic data become available. Other dioctahedral
interlayer-deficient micas of a series type are glauconite and brammallite.

of the initial ions and the substitution ions are different.? This new situation will
involve distortions inside the crystalline mesh.
2. Isomorphic heterovalent substitutions:* The replacement ions may not have the
same electric charge. For example, in montmorillonite octahedral Mg** is
replaced by Al** which creates an electric charge defect. The most current

2For example, the diameter of the ion Fe?* is 0.148 nm, whereas that of Mg?* is 0.132 nm.

3They are substitutions between ions bearing different electric charges.
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Table 5.7 Classification of nonplanar hydrous phyllosilicates (in Guggenheim et al. 2006)

Unit
Layer,
Layer | Modulated |Linkage csing | Traditional
Type Component | Configuration | Value | Affiliation Species
Modulated Structures
1:1 Tetrahedral | Strips 7A Serpentine Antigorite, bementite
Layer | sheet Islands 7A Serpentine Greenalite, caryopilite,
pyrosmalite,
manganpyrosmalite,
ferropyrosmalite, friedelite,
megillite, shallerite
Other None None
2:1 Tetrahedral | Strips 95A | Talc Minnesotaite
Layer | sheet 125 A | Mica Ganophyllite, eggletonite
Islands 9.6— Mica/complex | Zussmanite, caryopilite,
125A manganpirosmalite,
ferropyrosmalite, friedelite,
megillite, schallerite,
nelenite
Other 12.3 A | Other Bannisterite
14 A Chlorite Gonyerite
Octahedral | Strips 12.7—0 Pyribole Sepiolite, loughlinite,
sheet 134 A falcondoite, palygorskite,
yofortierite
Rolled and Spheroidal Structures
1:1 None Trioctahedral | — Serpentine Chysotile, pecoraite
layer Dioctahedral | — Kaolin Halloysite (nonplanar)

compensation of this charge anomaly is done outside the layer, in interlayer
space, with an ion called the “compensating ion”.

(a) Compensation can also occur inside the layer, in the same layer, or in the
adjacent layer. In vermiculites the tetrahedral charge anomalies are compen-
sated by octahedral opposite charges. The determination of the position of
the ions that are at the origin of the charge anomalies is very complex; it
requires thorough knowledge of the physicochemical properties of the min-
eral. This work belongs to the field of physics.
According to the specific case, the compensation ions are strongly associ-
ated with the layers and they can be separated with difficulty (e.g., micas,
some illites, glauconite, etc.) or they are rather slightly dependent on the
layers and in that case easily mobilized and thus exchangeable or hydratable
(in the case of smectites).

(b)

3. Substitution of oxygen: The crystallochemical models of clay minerals are estab-
lished by making the assumption that all the anions constituting the polyhedrons
(tetrahedrons and octahedrons) are oxygen and/or hydroxyl. This hypothesis aims
for simplicity. However, the chemical analyses almost always indicate a consider-
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able quantity of fluorine which can only replace for the oxygen or hydroxyls ions.
Very often, by analytical facility, this chemical element is not measured out as fluo-
rine and is thus generaly not taken into account in the calculation of the structural
formulas of clays and clay minerals but as oxygen, and is thus not taken into account
in the calculation of the structural formulas. In fact, this aspect is rarely approached
within the framework of the crystallochemical studies of the mineral structures
because it does not change the results to a significant degree. Nevertheless, the
existence of fluorine* ions cannot be disregarded, because this element has many
implications with respect to the living organisms that have an essential need of it.

5.1.2.2 Distortions of the Crystal Lattice and the Particle Shape

When a single clay mineral is observed in electron microscopy, we see that certain
species have well-defined shapes, such as kaolinite, whereas others are deformed
and poorly defined, such as smectites. Very quickly a rather obvious relationship is
established between the existence of structural defects and crystal shapes. There is
then a logical tendency to conclude that their structure and texture confer properties
specific to minerals. Thus, the smectites have properties specially induced by their
exchange capacity whereas kaolinite or talc are recognized for their neutral charge
as well as for their crystal edge charge effect of the layers.

Imaging of clay particle deformation may be done with electron microscopy but
with difficulty. The specimen needs to be frozen but that disturbs it from its original
liquid state. An Environmental Scanning Electronic Microscope (ESEM) allows for
minimal disturbance of a specimen, however, the availability of these devices is
relatively limited.

The image of sepiolite fibers® from Ampandrandava (province of Tulear,
Madagascar) selected for its particularly impressive length illustrates this subject
(Fig. 5.8). It can easily be seen that the distortions of the crystal lattice of this
fibrous mineral made up of pseudo-layers can induce tensions which can be locally
important. If they are too strong, the network does not resist and the fiber breaks.
The same happens with layered clays when these reach great lateral extension.

This observation must be associated with the plasticity property of concentrated
clay pastes.

Thus, if the mineral can bear such distortions, it is logical to relate them to local
structural properties or to variations of these properties where these curves appear;
this is very delicate basic research to carry out.

The precise fitting of ions in real natural structures sometimes imposes an impor-
tant differentiation compared to the ideal models we have just described. A remark-
able structure having a significant impact on the properties is the rolling up of the
layers in the form of tubes. The result is then a very particular phyllitic mineral: the

4As with some other ions such as Br*, Cl-, and so on.

>The sepiolite is made of pseudo-layers that give it a truly three-dimensional structure. A well-
known variety of sepiolite is “sea foam,” often carved to manufacture bowls of pipes. Still a use
close to the field of health!
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Fig. 5.8 Sepiolite from
Ampandrandava
(Madagascar) observed by
electron transmission
microscopy (TEM)

Fig. 5.9 Chrysotile tubes observed on sections perpendicular to the fiber axis. Image obtained by
high-resolution electron transmission microscopy (TEM)

chrysotile that is made of hollow microtubes and presents a fibrous macroscopic
aspect. A section of these tubular fibers is shown in Figs. 5.9 and 5.10 that shows
their lengthening. Everyone knows the industrial product that largely uses this min-
eral under the French name—amiante—and in English—asbestos— which is car-
cinogenic and contains chrysotile, a phyllosilicate (crystalline structure proper to
clay minerals, strictly speaking).
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Fig. 5.10 Chrysotile fibers observed by electron scanning microscopy (SEM)

This important remark leads us to insist on the fact that clays are not automati-
cally favorable products for health; the truth is really far from it. The “natural” ori-
gin of a product should never be regarded as a systematic factor of harmlessness.

5.1.2.3 Stability and Fragility of the Crystal Lattice and Clay Mineral
Particles

Up to now we have been describing clays in a stable mineral form. We nevertheless
evoked degradations likely to deteriorate them. These are frequent, because as we
have specified in the foreword of this book, clay minerals are also to some extent
“structures in constant evolution,” if changes occur in their environmental medium.
The requests and constraints imposed by the surrounding medium can degrade clay
minerals by releasing their constituents. The most current situations are the hydrolysis
and acid attack that preferentially act starting from the layer edges. In other words, we
say these reactions corrode the particles. To show this effect, it is necessary to produce
very high magnification images using electron microscopy, which is not always easy to
obtain. Figure 5.11a shows kaolinite particles whose edges still sharply delimit the
unaltered layers. On the other hand, Figs. 5.11b,c show the same mineral under attacks
of variable intensity; as the attack proceeds, particle edges become less and less sharp
and increasingly sinuous relative to the original material. The elements that compose
the released matter pass to the surrounding external medium. In a suitable context
(in the case, e.g., of a water—ground—plant type system in nature or of a food—
clay—intestine system with clay ingestion by a human or an animal) these elements
become available for a possible transfer to the cells of the living organisms if the
requirements for this reuse are met. Apart from a precise context, we cannot detail this
evolution which is naturally controlled by the local physicochemical conditions.
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b c
- 1:‘--

Fig. 5.11 Deterioration of kaolinite particles shown in transmission electron microscopy (TEM):
(a) nonfaded kaolinite particles; (b, ¢) kaolinite particles having undergone deterioration (by
hydrolysis) on the edges of the layers

Other constraints coming from extremely violent physical actions, such as
intense mechanical crushing, divide the particles into smaller and often poorly crys-
tallized fragments. The entire surface of the basal faces of the layers is practically
unmodified, but on the other hand the edges of layers are redrawn, which increases
deterioration possibilities.

During deterioration (acid attack, hydrolysis, etc.), the released chemical ele-
ments are almost free and independent. They are, however, quickly mobilized by the
cells of the organism into new assemblages to form new assimilable compounds.
We consider here only the clay particles, without taking into account the mineral
impurities inevitably present.

Among the chemical elements likely to be released from clay minerals according
to their composition, the following deserve to be mentioned.

1. Silicon is present in all clay minerals and is universal and dominating; it can be
found in various forms of siliceous nanominerals.

2. Traditional elements of the octahedral sheet with the prevalence of aluminum,

magnesium, and iron.

Then come the compensation elements from substitutions.

4. Finally oxygen and hydroxyl groups are in certain cases substituted by fluorine
that is also mobilized in considerable quantities.

(O8]

5.2 Physical and Physicochemical Properties

5.2.1 Importance of the Physical Status of the Clays
Being Used

We start by treating physical properties. In effect, clays are microcrystalline solid
minerals. To put them in a chemical reactivity context, it is initially necessary to
make sure their interparticle spaces are accessible.®

Let us recall, avoiding any confusion, that the clay particle in general has several layers separated
by an interlayer space; these groups of named layer particles are themselves separated by a broader
space, known as interparticle space, easily accessible to a fluid that remains free of all restraints
compared to the mineral.
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Natural clay is compact under the normal conditions of a dry layer. The large
blocks are dense and hard, mechanically resistant, and not easily penetrable by flu-
ids up to the microscopic scale where the layers have a natural tendency to set
themselves in parallel one upon the other, as we have just seen. This texture explains
mainly why clay layers are impermeable to water.

If one wishes to discuss reaction properties of clays, which is not really our aim
here, it is necessary to reach the level of the layers. This requires crushing, then
finely dividing the large blocks before using them for medical ends. The dimension
of the end products can go from the small block (nearest centimeter) for rough clay
delivered as “ghassoul,” to the powdery form for the majority of commercial clays
of the smectite type or talc, for example.

A mechanical treatment is often associated with a purification process that
depends on the nature of the natural products associated with the clay mineral. Any
handling by crushing can influence the continuity of the crystal lattice.” Thus vari-
ous “qualities” of clays are marketed and it is necessary to pay attention to the
description of the product, when specified. In effect, the rupture of the crystal lattice
creates anomalies comparable to new board layers equipped with the properties
associated with them.

Another point is the comparison of the specific reactivity to each clay family. A
currently quoted case is that of the compared reactivity of a smectite and an illite,
both abundantly used by suppliers. Knowledge of the structural data (atomic orga-
nization) and textural data (shape and dimension of the particles made of one or
several layers) is essential to understanding that two basically different materials
can have comparable reactivity: active sites are more numerous in the case of smec-
tites but more accessible in illites (lower dimensions that give larger specific
surfaces).

In clays other minerals and nonminerals are commonly associated with clay min-
erals. If a suitable treatment has been made in order to market a product, nearly all
of them are eliminated. However, there remains a category that because of its dimen-
sions can practically never be completely extracted: it is the majority of associated
minerals present in the form of very small particles, smaller than a micrometer, even
approximately a nanometer. These particles have a very important specific surface.®
Thus, quartz and silica, inter alia, can remain in marketed products. Their properties
thus will play their part with those of the clay fraction itself.

Let us take the case of silica which is absorbent because its surface ions sponta-
neously form connections with water. It is hydrated all the more easily as its dimen-
sions are very small. This property is often used to eliminate water and thus to
maintain anhydrous small spaces (in the case of certain conditionings of drugs in the

"Electronic microscopy in transmission and the diffraction of X-rays make it possible to check that
after an extremely strong crushing the clay microparticles lose their crystalline character to become
almost amorphous. Dispersion by very powerful ultrasound has the same effect (Gouami 1996).
8<“Specific surface” is defined by the ratio of the surface of a particle to its mass. When a body has
increasingly smaller dimensions, its specific surface becomes increasingly larger, conferring on the
material a prevalence of its surface properties relative to its volume properties.
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form of tablets sensitive to water); it is then useful. However, this desiccant action
can appear harmful in certain uses, for example, in beauty care. The colloidal silica
particles can be too drying for the skin, and excessive water fixed on silica can sup-
port the development of well-known negative effects such as silicosis. It is advisable
to be careful in the choice of a commercial product and thus to refer to an experi-
enced specialist, or require a medical leaflet including the necessary mineralogical
information and the evidence of complete analyses.

5.2.2 Importance of the Dispersing Medium
5.2.2.1 Fluid Continuous Medium

Generally water is the dispersing liquid, to which medically active components will
possibly be added. We deal with the most common simple case, that of water.

Setting clay and liquid in contact starts a process of absorption that conditions
the wettability of the blocks. By capillarity, water gradually penetrates the materi-
al’s porosity, that is, the open space left between the solid particles, making it pos-
sible for the mass to pass from the state of “slightly wet solid” to that of “paste.” At
the same time, the process of hydration of the interlayer ions can gradually develop.
The hydration of the medium stops spontaneously when the paste becomes imper-
meable. A mechanical action is then necessary to allow water penetration and to
pass in a fluid, called “mud” and also called “barbotine” in French by specialists in
ceramics and “gel” by physicists. We are in the presence of two types of water that
have very distinct particle binding energies.

The mixtures obtained are malleable or fluid; their properties then obey the prin-
ciples of thixotropy and rheology. They are the properties of a macroscopic set of
particles. It is very difficult, at least in the state of current theories, to define a single
model that makes it possible to explain the passage of specific microparticle proper-
ties with those of particles in partnership with water. Consequently, we consider that
these two scales are distinct.

We do not develop overly precise concepts here that can be consulted in other
more specific works, if necessary. However, a very simple analysis allows us to
estimate and understand the importance of the force of the connections between
water and clay in the various situations we have just examined. This method is
thermogravimetric analysis: the sample is weighed while its temperature is gradu-
ally increased. We note weight losses; here water is lost in successive steps. Distinct
energies are needed to cause the withdrawal of the various categories of water mol-
ecules: the binding strengths with the structural framework are higher when the
temperature of these withdrawals rises.

Figure 5.12 shows the curves of thermogravimetric analyses obtained for various
clays. These curves indicate the weight loss (here due to the loss of water) according
to the temperature. Recording the entire range of temperature is necessary to deter-
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Fig. 5.12 Thermogravimetric analysis curves of various phyllosilicates: A-—antigorite;
B—kaolinite; C—montmorillonite; D—illite; E—chlorite; F—sepiolite. Note: Only the zone
located between 0 and 100°C (zone grayed on the diagram) is interesting for health purposes

mine the type of clay studied. Therapeutic clays are employed at room temperature
(or close to it) in order to be supported by the organism. In this case, the only
mechanisms in question are in connection with interstitial free water. However, it is
absolutely necessary to know the other types of water. In effect, if the water is
mobile according to thermal energy, it is the same for chemical or physics interac-
tions that bring the water molecules near certain reagents. The energy transfer can
cause a rupture of chemical bonds and a new assignment of the roles of the different
components. In this reaction pathway, the interlayer ions have a key role because
they can become active again; the ionic exchange mechanism is an application of it:
it intervenes, for example, in the use of cataplasms.

Many methods give access to the binding energies that constitute a solid basis for
knowing the mineral and the state of the real structure in the associated aqueous
medium and thus to consider its reaction behavior.

At low temperatures (definitely lower than 100°C) used for body contact, we
observe that the phenomena which develop are reversible and do not destroy the
mineral’s crystalline structure. The thermal analyzed curves depend on the state of
the clay (blocks, dry powder, mud, paste, or suspension) and reflect connections
between the clay mineral and the chemical elements associated with it. They are
very useful in understanding the reaction mechanisms.

For low temperature withdrawals, the water associated with clay is not very
dependent. Thus we find interstitial water or free water located between small crys-
tallites, the water bound by weak hydrogen bonds, and finally the zeolitic water
that occupies some small empty spaces of the structure (vacuoles due to deforma-
tions of the layers; central channels of rolled up fibers of halloysite and chrysotile;
phyllosilicate channels with pseudo-layers of sepiolite or palygorskite).
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5.2.2.2 Gas Continuous Medium

Air is the most common continuous gas medium, often wet, containing water in the
form of vapor. In this case, clay is in an almost dry situation and contains only ambi-
ent residual moisture. Water is then partially related to the structure (edges of the
layers) or trapped in porosity.

This situation is not exceptional; talc powder that we use daily is in this state.
The properties are then those of the particles themselves. The layers of talc, magne-
sium phyllosilicate, are electrically neutral; they have no surface forces of attraction
between the particles. With the slightest effort they slide softly over each other. This
property of sliding is used, for example, in physiotherapy to avoid irritation due to
the friction of the hands on the patient’s skin.

We have just introduced a property using the interactions between particles. We
can also observe the particles themselves. Their low dimensions can give some of
them abrasive properties when they are plunged into air or water (field of tribology).
That can seem contradictory to the better-known properties of plasticity of wet
grounds. Actually, they are two properties that utilize scales of very different sizes.
The kaolinite microparticles, for example, are very rigid on a micrometer scale; they
typically present crystallized forms, that is, with faces and edges well defined
(Fig. 5.11). This property is largely used in cosmetic and aesthetic care for skin
gumming and exfoliation, for example.

5.3 Various Types of Water

The essential thermal properties of water are well known. Pure water freezes at 0°C
and boils at 100°C; these reference temperatures change if water contains dissolved
elements. Between the two, it evaporates slowly, starting from its free surface if it
exists and if the external medium allows it. The connections that it can contract
modify these figures.

When interested in the reactivity of water in a water—clay system, it is thus neces-
sary to differentiate several types of water.

5.3.1 Interstitial Water

Interstitial water or free water is free of any connection (with a clay particle, e.g.).
The connections that it can develop modify the figures given above.

The water located between the clay layers is almost free but all the same, evacu-
ates itself completely only above 100°C which is usual for free water. It is a slightly
dependent zeolitic-type water, that is, by hydrogen bonds, for example, or being in
cages such as the sepiolite channels. In all cases, molecular water is always com-
pletely released as soon as the temperature reaches approximately 105°C.
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Any withdrawal at higher temperatures implies that water has stronger connec-
tions with minerals or that this water enters the structure itself (water of crystalliza-
tion and hydroxyl structural groups). These types of dependent water are implied in
the behavior of pastes and oxilic water. For example, in the case of calcic clay
(containing calcium as interlayer compensation cations), water withdrawal is
between 120 and 125°C.

5.3.2 Water Integrated into the Structural Layers

Let us return to clay minerals themselves. We previously specified that they are
hydrated phyllosilicates. Their crystalline structures contain internal hydroxyl ions
within the layers; they are known as “structural.” In Figs. 5.5 and 5.6 these hydroxyl
groups are denoted by the symbol OH™ located in a circle. The structural balance of
the unit cell imposes the presence of these hydroxyl ions which are thus “structural
ions.” They are very strongly related to the octahedral cations of the layer and can
be eliminated only by one strong rise in temperature, which is not the case for medi-
cal uses.

However, important variations of pH in the stomach medium, for example, can
deteriorate the structure almost completely and thus move these OH™.

5.3.3 Water Integrated into the Structural Layers

We know that clay minerals are made up of small particles of less than two microm-
eters constituted of layers forming packages similar to a book. The particle has a
contact surface with the external medium in which it is contained. The external sur-
face of the particle (made of a higher layer surface and another of the lower layer as
well as the side surfaces of the layers) is directly accessible to the liquid. The charges
of the ions that are on the edge of these layers are not compensated and cannot
remain in this situation. One of the most current cases of neutralization of these elec-
trical charges is the fixation of H" ions or OH~ (of which we give one possible con-
figuration in Fig. 5.13). This makes it possible to have a great activity of water fixed
by hydrogen bonds on the layer edges and infinite possibilities of later bindings.

5.3.4 Hydration Water of the Interlayer Cations

Heterovalent ionic substitutions internal to the layers are at the origin of electric
anomalies of charges (with defects and excesses) compensated in interlayer space
by ions of opposite charge that can join water molecules known as “hydration
water” solvating the interlayer cations.
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Fig. 5.13 Schematic representation (on the /eft) of the edges of TeOc and TeOcTe layers important
to supplement and assure neutrality

The spontaneous behavior of these products depends on the importance and
accessibility of the contact surface between the particles and continuous medium,
which is generally air for dry products.

In the presence of water, the interlayer cations can be hydrated gradually by fix-
ing a growing number of layers of water. The clay properties evolve with the num-
ber of interlayer water molecules (see Fig. 5.14). We can easily envision that the
attraction forces between close layers decrease while the space between them is
growing: water forms a screen which is, starting from a certain thickness, sufficient
to release the adjacent layers of the mutual constraints that maintain them closer.
Progression of this mechanism is measured by absorption isotherms and we note the
step by step swelling of the material related to the variation of the distance between
the layers.

5.4 Various Hydration States

Thermal spring water has a more complex action. This water is charged with anions
and cations inherited from the various rocks through which it circulated. It contrib-
utes not only to the hydration of clay layers, but also allows other chemical
exchanges.

In the presence of a liquid, clay reacts according to its ionic exchange capac-
ity. In a very general way, this exchange capacity is important for the cations and
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Fig. 5.14 Schematic diagrams trying to explain the swelling caused by hydration of an ion com-
pensating the interlayer located opposite the charge deficit of the adjacent octahedral layers (in this
case, aluminum substituted by magnesium)

much weaker for the anions, meaning that if clay is placed in a thermal spring,
the concentration of the anions in the solution does not vary significantly. At the
same time, some cations of the solution can pass in the clay’s compensation posi-
tion or be exchanged with those already in compensation position. These mecha-
nisms are well known but very complex because the local situations are very
diverse. Even if they are difficult to study, use in a thermal establishment must
take them into consideration.

Table 5.8 gives an idea of the average cation and anion exchange capacity’® of
various clay minerals. It is noted that the anions are poorly exchanged in the case of
current commercial clays. It should be remembered that the development of thera-
peutic activities envisaging the exchange of anions preferentially leads to the use of
synthesis minerals easier to control in this field. However, the exchange capacity
imposes properties that cannot be developed by ignoring the textural properties and
the access complexity of the material’s active ionic sites. It depends on many param-
eters such as compactness, tortuosity, temperature, dilution, and so on, which are to
be taken into account in the product applied to the patient at the time of therapeutic
use. These parameters describe and actually manage the conditions of accessibility
to the reactive sites. All these characteristics influence the realization time of the
exchanges and perhaps make it possible to understand their effective blocking by
infinitely slow kinetics. Under this extreme condition of inefficiency, the product
must be mixed again, modified, or renewed.

°Classically, the exchange capacity is expressed in milli equivalent grams for 100 g of clay. In the
case of cations it is named CEC (cation exchange capacity); currently, it is expressed in Cmol/kg
(centimole™/kg).

These measurements are carried out on “dried” clay previously heated up to 100°C (up to
125°C if it is clay-Ca). Thus, all the water that does not belong to the layers is eliminated.
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Table 5.8 Some values of Mean Exchange Capacity
cation and anion exchange (in meq gram for 100 g of
capacities (in Caillere et al. calcined clay)
1982; Rautureau et al. 2004) Mineral Cations Anions
Kaolinite 3-5 7-20
Halloysite 5-10
Montmorillonite 80-150 23-30
Hectorite 44
Palygorskite 20
Tllite 1040
Vermiculite 100-150 4
Chlorite 10-40
Sepiolite 20-30

Natural clays are almost always polycationic; it is the result of their genesis.
Under such conditions it is not easy to find identical clay layers, while at the same
time the security standards regarding health, however, require reaching that point.
By chance, very large rather homogeneous layers exist but they are not inexhaust-
ible. Consequently, a time will come when for significant amounts, a direct inter-
vention on the structure of clays will be necessary. For the moment such an
intervention is not to be considered. To make a monocationic clay, it is necessary to
carry out successive exchanges in a solution containing the ion one wishes to use,
for example, sodium, calcium, or potassium.

We insisted a great deal on the privileged relation between clay and water without
entering a precise description. We must pay this relation particular attention here.

The behavior of clay changes considerably according to the water content. In
fact, we should no longer speak about clay in a strict sense but rather of the water—
clay mixture and consider its state of hydration. For low levels of hydration, thermal
analysis can contribute to specifying the state of the clay and thus to improving
comprehension of those phenomena. For the definitely hydrated states (mud, gel,
and suspension), the facts are more complex and require technical concepts familiar
to specialized laboratories.

The skin or the mucous membranes of a living organism are likely to be in contact
with clay. The states that clay can present (dry powder, paste, or mud) generate answers
quite different from the zone of contact. Many ionic or molecular settings come into
play implying various energy values. There are no quantitative studies in vivo in this
field yet. However, general studies can be used for the analysis of these mechanisms,
particularly of adsorption and desorption, transfer, and mechanical effects.

5.4.1 Dry Clay

This state is delicate to define because even the concept of clay implies the presence
of water.
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The phrases “dry clay” and “anhydrous clay” should not be confused. Clay that
has become completely anhydrous has lost all its structural water molecules and
structural hydroxyl functions: it is no longer a clay but an anhydrous product said to
be of “high temperature.” This point is beyond the frame of the present work.
Therefore, in any case, only dry clay still contains bound, or not completely free,
water that belongs to the crystalline structure of minerals.

When clay is naturally dry, it is generally in the form of hard solid blocks or, after
conditioning, more or less fine powder. The occupied volume is very sensitive to the
quantity of water (dependent or free). A proof can be found in a very well-known
phenomenon: cracks in clay soils that appear in the dryness period. The cracks in
the ground are due to the lack of water. However, under normal atmospheric condi-
tions, the temperature never reaches that of the boiling point of water which could
justify a fast withdrawal. In addition, when clay is hydrated, its volume increases: it
is said that it is “swelling.” These two completely opposite aspects of the behavior
of clay are moreover highly important in understanding its practical applications.

When all the water of the clay has been eliminated, the rehydration is not imme-
diate; it can be slow, even very slow. The phenomenon is reversible but with differ-
ent kinetics (start and return speeds of water). A dry clay is a complex building of
microcrystalline particles allowing a porosity (macroporosity compared to the size
of the particles) to appear, responsible for a strong capillarity. Water undergoes the
effect of capillarity and penetrates the mass by macroporosity. We might think that
hydration is finished but it is not the case because a nanoporosity remains consti-
tuted by the interlayer space of clay (see Fig. 5.3).

This great complexity of the hydration mechanisms also applies to the hydration
of the compensation ions. The speed of progression of water is not similar in all
interstices. It is one of the reasons for the well-known practical stage of “maturation
of the peloids,” which makes it possible to pass from the dry clay state to that of
uniformly hydrated pasty clay (Veniale et al. 2004).

Clays are practically never used in a dry state. We could think the same of appli-
cations such as exfoliation of the skin, but the desiccating effect is in general too
strong: the affinity of clay for water can lead to dehydration of the skin.

There remains a universal use which is that of talc. The chemical constitution of
talc practically does not comprise defects: it does not present electric compensable
charges. In fact, the layers are not attracted by electrostatic forces and can slip easily
over each other with the least request. Talc is soft and facilitates gliding by attenuat-
ing friction, justifying its current use for body care.

5.4.2 Clay in Paste

For health care, paste often prepared with water is used primarily for its plasticity
which enables it to adapt to the shape of the treated body. Clay particles contained
in the paste are rather strongly related to one another but without the whole structure
being “completely fixed” akin to a solid block. During the application of a force the
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deformation of the paste causes friction between particles. (It is characterized by the
index of plasticity.)

The introduction of polar molecules into a clay paste influences its plasticity
considerably. The contribution of water is the first example, most important in the
field we deal with but many other molecules are used. Their influence on the organ-
ism must be carefully controlled.

All clay mineral properties are found in the paste and reflect in particular the
presence of the interfoliaceous compensation ions. The stability of their state and
the permanence of their position in the clay crystalline structure obey the rules gov-
erning traditional chemical exchanges and their balances. They confer on clay its
capacity of anion and/or cation exchange: these ions can be exchanged by others
respecting total electric balance. This situation is at the origin of the use of the
pastes for many treatments.

To give an idea of the behavior of clay in a situation where an exchange of ions,
sodium, and calcium is possible:!'°

Smectite Ca+2Na<==>Smectite 2Na+Ca

This reaction allows reversible ionic transfers between the body and the paste. All
kinds of ions can be considered, which makes it possible to approach a great number
of pathological situations by so-called “soft” therapies. The control of these mecha-
nisms is not, however, easy, and empiricism or experience still plays an important
part. Nevertheless the diffusion of scientific knowledge gradually allows better
comprehension of these mechanisms, and allows increasingly more rational
explanations.

When a paste is desiccated it retracts until the well-known cracks appear as in the
case of dry clay soils. When a peloid is applied directly to the skin, side forces can
result from this drying; a close eye has to be kept on what is happening because too
long an exposure would cause damage due to dehydration of the paste involving that
unsought-for the skin.

5.4.3 Clay in Suspension

Some applications in the field of health require clays with a great quantity of water.
As mentioned above, we pass then from the concept of paste to that of suspension.
However, the situation is not simple because the clay particles have surfaces that
support the compensation ions. Some have an aptitude for being hydrated in more
or less complex ways. These structures are built starting from the surface of the clay
and induce anomalies of local electric potential that imply the existence of attraction
or repulsion forces according to the nature of the charges. The passage of the paste

'The notations Clay-Ca or Clay-Na mean that the internal charges of the layer are compensated
by calcium or sodium ions in interlayer positions; they are called, respectively, calcic or sodium
clay.
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or viscous mud stage to that of fluid suspension can be extremely fast, a calamitous
change of physical status.

A very interesting state of the strongly hydrated water—clay systems is that of gel.
Many types of clay, and particularly smectites, have the aptitude to form a gel that can
possibly be used to transport ions or molecules useful for health, such as for traditional
stomachic bandages containing clay. Those have primarily the role of “load” or
“plug”. This gel can in certain cases be formed even with very small quantities of clay.

Many suggestions were made by distributors to carry out clay suspensions in
water that can then be elutriated. The liquid floating on the surface is often called
“clay milk™; it is then recommended as a drink with various virtues. Analysis of this
liquid is very complex. It is formed by two types of components: clay particles,
isolated layers or small agglomerates of layers, which are found in suspension and
cannot leave this state because they are in electric balance with the liquid, and a
multitude of ions coming from clay and found in the suspension. These are compo-
nents that can be active but, to explain the nature of this activity, it is necessary to
know their chemical composition precisely.

In practice, in laboratories a method of decantation is employed to separate the
various phases (mineralogical and dimensional) of which natural clay is always
constituted. For that a suspension (not gelled) of clay in a liquid, generally of water,
is carried out. This suspension is placed in a separating funnel that is kept away
from any mechanical or thermal disturbance. Particles present in the liquid fall
towards the bottom of the funnel more or less quickly according to their mass. We
thus find a stacking of layers containing the various “mineral classes” present. They
can be recovered for studies specific to each of them. On the other hand, there exists
a fraction that never elutriates and remains in suspension; it is that which interests
us under the name of “clay milk”.

5.5 The Color of Clays

The color of clays is often evoked during their marketing and constitutes a param-
eter of choice for their use. What does the color of these minerals represent and what
is its relationship to their properties or their purity? Dependent on the first visual
perception that one has of clay, the color is often used in connection with its proper-
ties. In a certain sense this proposal is acceptable, but it is not always supported by
scientific reality.

5.5.1 Importance of Color

The color of clays is a very important parameter in the applications we deal with
here. There is a very great visual incidence of color on the relation between a person
and a product used for personal body care. Commercial qualifiers cannot be more
explicit: thus one usually sells green or white or brown clay, and so on; the
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mineralogical and crystallographic characters follow when they are known. In this
case the color is a criterion of a primarily visual reference mark for the purchaser.
Often this color criterion is almost a parameter of quality but many users cannot
explain the reason for their choice.

What does the color of these minerals represent and what is its relationship to
their properties? This delicate subject deserves an all the more detailed approach as
it relates to a very personal phenomenon of perception. A great many works deal
with this question in the most varied fields; for more general information readers
may consult Zuppiroli and Bussac (2002).

Many types of clay have a white color. They are then in general required because
of the absence of ion dyes that could disturb the processes for which they will be
used.

The white color is often synonymous with purity, which justifies its use in the
field of health and beauty care. White clays are often minerals close to the ideal
structural models undisturbed by defects at the time of their genesis. This char-
acteristic requires a great uniformity of the initial formation conditions. They can
be found in large deposits (kaolinite, talc, smectites, e.g.) or in microscopic
transformation sites in bedrock (kaolinite of Saint-Austell in Cornwall).

White is reassuring because it testifies to cleanliness; green is associated with
calm, nature, balance, and rest. It stimulates spiritual activity; it is the sign of hope,
even of immortality. Progressively all these characteristics have been embedded in
the psychological depths of people. There is no doubt that the relationship between
the color of clay and its use has a psychic dimension. If it is a positive contribution,
why should it be rejected?

5.5.2 Origin of the Color

Note: Here we approach only the case of clay that is considered sufficiently pure
that its color depends only on itself. In the rather frequent case of mixture with other
organic minerals or molecules, the color can result from their presence (as is the
case, e.g., when an alumina or iron oxide is present).

The color of clays results from their crystalline structure in a given state and
context. It is thus their chemical composition, indissociable of the crystalline struc-
ture in question. The state of oxidation of the structural cations is a crucial factor of
the “original” color. To understand these colors, it is necessary to associate them
with the state of ionic charge and their position (tetrahedral, octahedral, or interlayer
compensation ions) in the structure.

A very low ionic level or degree of substitutions is sufficient to disturb the color
of white clay. For example, negligible iron traces color kaolinite (but also kaolin)"!

""Two very distinct situations lead to coloring. In the case of “kaolin rock,” very fine particles of
oxides or metal hydroxides intervene in mixture with the other components. For kaolinite, internal
substitutions for the crystalline structure can exist simultaneously with the small particles external
to the structure.
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towards an ochre color and consequently considerably minimize its industrial use
for paper coating. In the same way, white bentonite is sought for ceramics during
liquid paste manufacturing because it does not disturb the color with cooking. These
small particles in the field of health, sometimes of nanometric sizes, mixed with
clay, can have an undesired incidence, thus it is appropriate to be careful.

In the field of clay synthesis, control of the chemical composition allows mastery
of the color. Thus “talcs of various colors” were obtained in 2007 by F. Martin of the
Laboratory of the Mechanisms and Transfers in Geology, CNRS/IRD Toulouse-III
University, by introducing specific ions in octahedral positions, cobalt (pink), nickel
(green), or copper (blue). Their introduction into paramedical applications is thereby
possible.

For a more complete scientific approach to this question, readers may refer to the
work coordinated by Decarreau (1990). It must be said that a clay extracted from its
natural environment can evolve slowly by change of the oxidation state of certain ions
under the atmospheric conditions of temperature, pressure, and hygroscopy. Thus
samplings of clays can lead to erroneous identification conclusions (e.g., halloysite is
dehydrated quasi-spontaneously; glauconite and nontronite turn progressively red by
simple exposure to the sun because of the change of iron’s state of oxidation).

A significant amount of water can completely modify the color aspect. The pres-
ence of water, even in a small quantity, modifies the color aspect of clay and it
becomes brighter and more saturated.

The origin of color of clays is not unique. It is often in the type of structural
defects, but it can also come from matter associated with clay, and reflect the
presence of chromophoric functions and colored centers.!> The presence of associ-
ated compounds can influence the visual aspect considerably, and in certain cases,
it is advisable to remain very vigilant, because the color can come from impurities
whose properties cannot be easily examined.

Removing structural ions from silicate layers within the mineral is very difficult
in practice, even impossible. The natural or forced modification of their state of
oxidation influences the electric potential and thus causes a change of their charac-
teristics with respect to the visible spectrum of their color. Heat often modifies the
color; however, it should not be forgotten that, in the case of high temperatures used
by the ceramics industry, one gets very different types of structures compared to
those of the original clays; it is not the subject of the present work.

Clays contain a second type of ions, known as compensation ions, described
previously. They are located in interlayer positions or on the edges of the layers.
Their connections with the layers are much weaker; they are thus easily exchange-
able. Their action on the color is important and more or less controllable. They
allow many applications in the research of visual effects.

The combination of effects of the structural and compensation ions on the color
can lead to difficulties of interpretation at the time of mineralogical determinations
(Table 5.9).

12Certain functional groups of atoms are colored; the color can also come from local electronic
defects.
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Tﬁ}ble 5.9 Color of clay Colorations of Clay in
minerals depending on the Natural State Structural Ions
nature of the structural ions White
A13+ , M g2+
Blue W
Fez+,cu2+’(Niz+ )
Yellow Fe*
R
08¢ Li*,Mn*",Co*
Red Mn3+,Fe3+,C03+,Ti4+
GI'CBI] Fe“,Fe”,Cr“,Niz*
Violet Mn®,Cr**
Note: This table gives only essential indications; it is not
exhaustive.

Geologists and mineralogists always locate the colors in the field, because the
lines of isocoloration in general testify to similar phenomena of evolution during or
after formation. These observations can be made directly in the field or in samples.
The homogeneous zones and the intermediate transition zones can thus be separated
and differentiated to get a first approximation of the local chemical composition in
minor elements and differences of the oxidation step between zones. From one
place to another, it is then possible to measure the variation of composition and,
possibly, to establish its history. This stage is essential in the selection of useful
clays for health.

With respect to patients, the use of the color of clay by those in charge of health
concerns an extremely complex field that requires great caution.

5.5.3 Evolution of the Color

Two physical parameters have important effects on clays: the temperature and the
state of hydration. We consider only the conditions of temperature adapted to the
living world.

The color of clay changes when it is heated gradually. At a low temperature, we
have seen that water begins to separate from the mineral. When the temperature
rises, the oxidation changes of some ions (often iron) cause irreversible color
changes. The color is a witness to the mineral history. In fact, the rise in temperature
accelerates only the phenomenon that can occur at room temperature in adapted
circumstances (dehydration or after dispersion, e.g.), but over definitely longer peri-
ods of time. For example, the passage of Fe?* to Fe** in the octahedral layer of a
smectite preserves its clay character.
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Nevertheless the strongly heated products—even if the structural framework of
the initial clay remains—can no longer be considered as clays because they have
become dehydroxylated.

Color also evolves with the state of hydration. For low levels of hydration the
color becomes brighter. For strong rates, for example, for a suspension containing
small quantities of clay (a few percent) the clean color of clay is replaced by that
caused by the phenomenon of diffusion of light on the microparticles which gives
an opalescent aspect.

A good observation of the color of clay should be conducted under conditions of
rather strong moisture. The colors are then brighter. That does not mean in any way
that they are more representative, but that the contrasting effects are enhanced.

5.6 Classification of the Phyllosilicates

We present some simple tables that the authors hope may be helpful to the greatest
number of readers. Tables 5.1 to 5.4 were extracted from Caillere et al. 1982 and
Rautureau et al. 2004 and correspond to an historical teaching approach of the clas-
sification of phyllosilicates based on three parameters: layer structure, electric
charge per unit cell, and di- or tri-cation occupation of the octahedral sheet.

For readers who would like more up-to-date and official information, it would be
useful to consult the report showing the official nomenclature and classification of
clay minerals (hydrous phyllosilicates) produced by the Joint Nomenclature
Committees of AIPEA and of the CMS.

“Summary of Recommendations of Nomenclature Committees Relevant to Clay
Mineralogy™: Report of the International Association Internationale pour 1'Etude
des Argiles (AIPEA), Nomenclature Committee for 2006, by Guggenheim et al.
(2006), published in Clay Miner 41:863-877 and in Clays Clay Miner 54:761-772.
This report has undergone minor changes, disclosed in a later report published in
Clay Miner 42:575-577 (2007). For comparison with Tables 5.8 and 5.9 that have
been extracted from this report exhibited here, although showing a larger number of
clay mineral species they are based on the same three parameters referred to earlier:
layer structure, electric charge per unit cell, and di- or tri-cation occupation of the
octahedral sheet.
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Chapter 6

General Information on Clay Applications
for Health and Well-Being

Abstract This chapter reports on the ordinary clay applications in the field of
health: first, the function of the nature of the pathologies to be treated, second, the
function of the clay potentialities to treat certain pathologies, and third, the function
of the principal reactivity domains pertaining to clay and living organisms.
Adsorption and absorption are the clay properties that most justify both the
ingestion of clay (in powders or water dispersion) to treat internal health disorders
of the gastrointestinal tract promoting the neutralization of stomach acidity or the
fixation and posterior elimination of toxins or other toxic compounds or even the
supplementation of deficient bioessential chemical elements (e.g., Fe, Zn, Ca, Mg)
and the cutaneous applications of clay for skin care purposes. Heat capacity is
another property related to clay pastes when, for example, mud packs are used topi-
cally to treat some skeletal-muscular rheumatic pathologies and skin inflammatory
disorders (e.g., psoriasis). Clay reactivity and the specificities of the distinctive
modes of application and action that can occur in clay—human body interaction,
emphasizing various effects, such as the barrier effect, the fixation and transfer of
essential or toxic chemical elements, as well as heat transfer are dealt with as well.

6.1 Principal Domains of Clay Application

There are several ways to approach this subject:

1. We can use a classification according to pathologies or of types of care; it is the
method generally found in papers concerned with alternative medicines.

2. We can define the potentialities of a clay vis-a-vis pathology.

3. We can also index the large reactivity fields specific to clays and living organ-
isms to find the reciprocal interactions based on the concept of balance.

There is much written that would lead us to believe that “clay” is a universal
answer to all sorts of health problems, which is particularly naive and sometimes
erroneous. In fact, as has already been specified, the term clay indicates a group of
minerals comprising a large number of species and varieties (the so-called clay
minerals being fundamental constituents) that all have specific properties. In some
cases, it is obvious that clay does not cure the body, but helps it to overcome a dif-
ficulty, and it is the organism which cures itself. Moreover, clays do change with
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time, or according to the way they are used. While trying to adapt to the conditions
of the medium that surrounds them, they can acquire distinctly different properties
from those of the initial clay mineral. In general, vague notions of the real nature
and origins of the products being used' are found in the literature and medical pre-
scriptions or the packaging of commercial products. This uncertainty should not be
allowed to persist. This absence of information makes it impossible for medical
people to know the precise reasons for therapeutic successes or failures and should
be denounced. Maintaining vague notions verging on obscurantism is open to criti-
cism; it is even unacceptable.

It is now necessary to insist on the importance of a “scientific” approach that
makes it possible to define the basic foundations of knowledge of clays. To this end,
remember that the advance of knowledge only very lately has allowed comprehen-
sion of the crystallographic fitting of clays, and consequently that of their
mineralogy.

The authors of this book are much indebted to Caillere in regard to mineralogy
starting in 1930, followed by Millot in regard to geology starting in 1948, for their
fundamental works on the subject of clay. These two authors made a decisive step
in the knowledge of the phyllosilicates, more commonly called “clay minerals.”
Their works remain recognized references, inescapable reference works for
researchers and models for students.

Before going into scientific detail, let us recall the principal known uses. We treat
health here and human well-being but it is obvious that the animal world is also
concerned with this practice; animals have recourse to it instinctively and veterinary
surgeons use it successfully. We could extend certain conclusions to plants; how-
ever, this field, which concerns pedology? and botany (Hénin et al. 1969; Duchaufour
1997), is not dealt with here.

Water is associated with clays at all stages of their existence and uses. Because
of this very great affinity with water, clays have always been close to hydrotherapy
activities. Before such use, thermal waters circulated for a long time through impor-
tant masses of porous and fissured rocks. Most “mineral water”” has been in contact
with clays. This water, carrying ions coming from the degradation of rocks, has
been used for centuries in thermal treatments. Practically, they are often added to
clays for the preparation of pastes used in the preparation of peloids. Hydrotherapy
experts also use clays in the form of muds to cure rheumatism, arthritis, various
traumas, and skin diseases.

Kaolinite, smectite, illite, talc, sepiolite, and palygorskite are employed for their
particular properties of adsorption and absorption. They make it possible to make
stomachic bandage, cutaneous treatments, and care for burn damage. Cutaneous
treatments use clays with a strong capacity of ionic exchange.

'"Two complementary pieces of information: the dimension of clay particles may be reduced by
crushing during preparation: thus clay can become dangerous because of the presence of very
small crystallites. The same type of clay can contain different compensation ions and be better
adapted to certain uses.

2The object of pedology is the study of soils.
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Heat storage capacity is another important parameter. Heat contained in a paste
causes the perception of a softening effect, which has an unquestionable psycho-
logical impact and acts on the results. Numerous physical and physicochemical
properties take part in this function (Yvon and Ferrand 1996).

Natural clays are often associated with other finely divided minerals, and it is this
mixture that is put in contact with water. A traditional method of preparation con-
sists in putting clay powders in a great quantity of water; clay is then in suspension
in water. This suspension or dispersion named clay milk is often used as a drink but
it can also be used for body ablutions. There is a strong similarity between this lig-
uid and thermal spring water loaded with elements present in the geological layers
through which they have made their way (on this point the book by Pomerol and
Ricour, 1992, may be consulted). The elements present can be released in the form
of ions or dissolved molecules (they are then in a degraded form), or in the form of
particles (crystalline or paracrystallines) in suspension.

In drug manufacture or products intended for body comfort and health, clays are
often used particularly for their adsorption surface properties which make it possi-
ble to fix active chemical groups. The slowly developing selective release of these
groups allows their use with a “delay effect.” Clay minerals' surfaces constitute a
simple vector of the therapeutic molecules used. The duration and speed of reten-
tion or separation between active group and mineral support can often be controlled;
one thus obtains delayed actions, very useful within the framework of certain drug
therapies. Numerous molecules such as vitamins, antibiotics, enzymes, or hormones
can be adapted to this technique of fixing by adsorption or absorption on the surface
of the clay mineral layers.

The same property of fixing on the surface of the layers can be used to trap or
eliminate undesirable molecules. Some deodorant actions or purifying clays are
well known, such as collecting those molecules responsible for nauseating odors
from some wounds, fixing of tar of tobacco smoke, and deodorization of litters for
small pets. Clays can fix a large variety of molecules, some of which are toxic: they
prove to be very effective natural filters. It is advisable, however, to be vigilant that
the applications do not have an indirect and undesired harmful action, in particular
on the respiratory system (mineral atmospheric dust fixed first by the fur of the cats
using the litter, e.g.).

Massage techniques practiced with muds, gels, or clays in suspensions in liquids
also exploit their light abrasive effect (gumming and exfoliation). Beauty care also
uses this property for shampoos and soaps. Manufacturers of toothpaste containing
clays optimize the effectiveness of their product by possibly combining the light
abrasive effect and the properties of absorption or exchange.

Dealing with relationships to health, clays cannot be neglected in the food field.
They are mainly present in the “grounds or earth” used in geophagia, and this
animal and human tradition dates back to antiquity. Sometimes they are used as
mineral fillers, to manufacture gels or suspensions, or to purify liquid foods (water,
oils, wines, etc.). They are also used very effectively in cooking to preserve food
from contact with air and by coating food with clay to ensure tender cooking.
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The clays transformed into ceramics also take part in the make-up of kitchen
utensils.

Clays are often close to daily life and consequently the benefits that can be
expected from them seem to be well known. But, although they are really efficient,
traditions often convey inaccurate information. Consequently we deal with concepts
aiming at improving this knowledge. For that, it is necessary to learn how to distin-
guish pathologies themselves and the properties from clays associated with their
treatments. Comparison of these two concepts makes it possible to determine a
more efficient therapeutic action. This field is very vast and sometimes debatable.
Nevertheless, what is unquestionable is the effect felt by patients, whether real or
psychological (because even in this case, this effect can reinforce the action of other
therapeutic acts). Perception by the individual of a pain, or a sensation of discom-
fort, is often difficult to connect to its pathological cause. The result of this may
produce confusion between causes and effects, and this has a role in the use and the
result of the traditional uses of clays. All this can be complicated by how the clay is
implemented.

Let us recall some uses among the most current:

1. External uses:

— Envelopments, cataplasms or poultices, compresses, realized with a clay
paste

— Clay milk or clay water, mud baths

— Cosmetics

2. Internal uses:

— Gargle and mouth baths
— Digestive tracts
— Rectal injections

3. Other uses:

— Food, kitchen
— Purification (water, other liquids)

Appendix C shows the potential applications in the medical field of clay and clay
minerals that have been reported and surveyed in the literature; it is advisable on
this point to be careful with respect to the stated possibilities because the majority
of them do not have scientific support. However, some have already received confir-
mation by scientific studies or private clinics; they are then recognized as effective
and can be validated. Others, less relevant or also less financially profitable, some-
times remain incorrect in the way they are presented or justified. At times, it is even
necessary to give up the application because these assertions are simply groundless.
Various proposals of this list and various methods of classification must be planned
in order to join each type of need to a type of real physicochemical clay property
and justify the choice of the most suitable mineral. In this way, a simple vision is set
up which makes it possible to eliminate inaccuracies that often accompany the ther-
apeutic use of clays in the absence of scientific data.
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We have to specify here that in all the current applications, even if they are quali-
fied as “internal,” the use of clays is not necessarily made inside a living organism
itself. It implies a direct physical contact of accessible zones on the exterior of the
body in natural ways (skin and mucous membranes of the digestive system). The
mineral itself always remains external to the treated tissue. Moreover, in the actual
position of medical practices and knowledge, lungs and their respiratory tracts for
which the fine clay particles are comparable to generally harmful (even sometimes
fatal) mineral dust are completely excluded from our study. Hearing and ocular
methods are also excluded from these applications.

However, it is physically possible during the applications considered here that
very small clay particles, groups of atoms, certain atoms, or ions can diffuse indi-
rectly in tissues and even reach the mucous membranes of the respiratory tract. This
situation will need special attention in the case of very long and intense, or abusive
or unconscious treatments (work or places of residence where the atmosphere is
contaminated). The most severe contraindication relates to the use of fibrous phyl-
losilicates, such as chrysotile which is indisputably responsible for serious pulmo-
nary mesothelioma. These heavy pathologies, rather close to those better known of
silicosis, imply that these minerals are inhaled. Their ingestion must be strictly lim-
ited, and in any case reduced to a strict medical indication. The same safety-first
principle and of preventive measure also requires being careful with two other
fibrous clay minerals, sepiolite and palygorskite, whose applications are appreci-
ated, but which remain potentially dangerous.

6.2 Complexity of the Interactions

If planning to focus attention on the mechanisms concerned when using clay
intended to improve the health condition or comfort of an organism, the following
course of action should be observed.

1. Those of physical or energy types such as the diffusion of heat through the con-
tact surface

2. Those of chemical types bringing into play transfers of matter of one medium to
the other (e.g., by osmosis)

3. Those that act via the consciousness of the patient and are essential for him on a
psychological level (e.g., concept of well-being or that of relief compared to a
pain)

Those applications having usually recognized favorable effects can only validate
one positive interaction between the mineral medium of clays and that of living
organisms. However, bringing these two apparently very distinct and opposite king-
doms of matter closer is not obvious. Without wanting to justify a priori a cause-
and-effect relationship between the properties of clays and their positive applications
to living organisms, one can evoke some comparative data that can contribute to an
understanding on the key aspects of this interaction.
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In spite of their differences, there are many common or convergent points that
make it possible to look in a similar way at certain reactivities of living organisms
and clay minerals.

In terms of differences, it can be seen that living organisms and clays have very
different chemical compositions and structures: the living one is primarily made up
on a carbonaceous basis, whereas the clay minerals have a siliceous basis. Thus the
connections between the chemical elements are primarily covalent for the organic
molecules of the living world whereas they are especially ionic for clay minerals.?
A living organism is formed by a community of molecules, extraordinarily complex
and organized in cells communicating between them by chemical signals. In the
mineral world, a clay particle is formed by many individual layers more or less
strongly dependent between them because of physicochemical laws. The basic
entity is described by an elementary mesh that contains a crystalline unit cell the
size of a few Angstroms. (Note: the nanometer must now be adopted.) This unit cell
is repeated to form a rather simple crystal, of nanometric size, and whose defects are
at the origin of the principal physicochemical properties.

In terms of similarities, one can recall the following aspects.

1. Just as a mineral microcrystal has, a living cell has an external surface character-
ized by specific properties that ensure part of their relations with the external
medium

2. Atoms constituting these matters have their own reactivity

. The magnitude of the implicated bonding strengths is nearly similar

4. The two types of matter contain water, the molecule fundamental to life. A living
organism, whether human or animal is composed of water for 60% of its weight.
Clay minerals,* under the conditions of natural ambient conditions, also contain
an important percentage of water of about 20% or more and variable according
to the species, but never zero

5. The reactions of adaptation compared to the modification of the physical condi-
tions of temperature and pressure are not very far apart, in particular regarding
the action on water (hydration, dehydration)

6. Clays and living organisms have an important activity under normal conditions
of temperature and pressure

7. The interactions between clays and living organisms take place at the interface
between these two media, the results measured by the diffusion of atoms, ions,
or molecules and very often implying a liquid phase and water molecules

(O8]

*In a connection between two ions of opposed charges, the negative ion brings an electron to
supplement the external layer of the positive ion. In a covalent bond, generally between atoms of
similar electronegativity, each dependent atom shares an electron of one of its external layers to
form a doublet of common electrons binding the two atoms.

*The quantity of dependent water contained in a clay is measured on a sample whose initial mass
is stabilized at 20°C before any rise in temperature. For certain very absorbing clays, it is necessary
to specify the pressure and the ambient water content.
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In terms of assessment of the relations with ambient conditions, their behav-
iors are definitely different while remaining comparable. A living organism always
tries to limit a disturbance and avoid its destruction; it “fights” for its existence, its
survival, either by reflex or consciously. The cells have an aptitude to be mobilized
collectively and hierarchically to control an intruding element such as a microbe or
to repair a broken bone. For that, certain cells can reproduce themselves. In the case
of a clay, its survival or its safeguarding in time (passive in this case, but neverthe-
less satisfying the laws of balance and stability of the system) imply a structural
evolution giving access to a more stable energy state. In this evolution, clay platelets
most often divide themselves parallel to the shape of the elementary layers produc-
ing increasingly thinner and thinner platelets or crystals.

The concepts of consciousness and memory deserve special attention because
it is possible to confuse them. Although being very comparable, at the same time
they make it possible to separate and bring closer the two worlds considered. Living
organisms and clays are reactive media able to evolve and adapt or conform them-
selves to a new environment. Consciousness influences the reactivity of the living.
The chemical and structural memory of the clay minerals, which depends on their
conditions of formation, is a determining parameter that does not imply the concept
of will. It is the energy of the system and the physicochemical conditions that
impose their laws and condition their successive evolutions.

We thus very often note that a mechanism acts on another and that there is a
priority in the succession. To recognize a mechanism, it is necessary to be able to
distinguish the cause from the effect clearly, both being able to be dependent by a
concept of reversibility. This delicate point is at the origin of the majority of bad
interpretations and hasty assertions met in daily life in connection with the action of
clays.

Some phenomena, such as the perception of heat, can be perceived as something
pleasant or definitely unpleasant. Their perception is not really definable; in any
case it is hard to quantify. These are well-known facts that should not be neglected
in the total analysis of the product. It is also necessary to be wary of many other
aspects, such as that temporary relief can make it possible for other mechanisms to
exert a repairing role, a relief expected by the patient, but entailing a possible confu-
sion of causes.

6.3 Reactivity and Mode of Clay Action

Before ruling on a mechanism of action of a specific application and selecting clay
for the organism that profits from the application, it is important to know the reac-
tive potential of clays in the light of current knowledge.



102 6 General Information on Clay Applications for Health and Well-Being
6.3.1 Various Types of Reactive Surfaces Related to Structure

It is a rule that the smaller the dimensions an object has, the more important its
surface becomes in relation to its volume.> Microparticles of clay minerals have the
characteristic of being formed by the stacking of very fine and of very small size
layers, each with two plane basal surfaces. The external surface of the particle
includes an upper surface, a lower surface, and side surfaces. All these surfaces are
particularly active in fixing ions and/or molecules more or less strongly.

Figure 6.1 schematizes these concepts for a particle consisting of a single layer
(Fig. 6.1a) or for a particle consisting of a stack of several layers (Fig. 6.1b).
Dimensions of elementary layers® piled up in parallel one upon the other are about
a micrometer in the direction of the plan of the layers, but their thickness is thinner,
about some nanometers (these dimensional ratios are not respected in the
drawing).

Each of these layers is made up of very simple structural elements whose pattern
is valid for all the phyllosilicates. Initially let us consider the layer of kaolinite. It is
constituted by the stacking of two well-defined layers, composed of ions; one is
formed by tetrahedrons centered on an ion Si** and the second one by the octahedral
centered on an ion AI**. Kaolinite belongs to the family of phyllosilicates the layers
of which are composed of a tetrahedral layer and an octahedral layer, named TeOc
for short (Figs. 6.2 and 6.6).

upper basal
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particle formed 0.7to2 nm
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About 2 micrometers

Fig. 6.1 Various types of particle surfaces; (a) for a single layer particle (on the leff): one upper
basal surface, one lower basal surface and side or edge surface (made up of several facets); (b) for
a particle constituted by N layers (on the right): one upper basal surface, one lower basal surface
(2N-2), inner surfaces, and N side or edge surfaces

Let us take the case of a cube on side a: its volume is a® and its surface is 6a%. The relationship

between surface and volume is equal to 6/a. This ratio takes a high value as “a” is smaller. See
Appendix D.

®The thickness of the layers, by including free space between two layers, is 0.7, 1 or 1.4 nm,
according to the type of clay; refer to Sect. 5.1.1.
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Fig. 6.3 Composition of talc layer, TeOcTe type
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The second case we must consider is that of talc whose layer is constituted by
stacking three layers, one made of octahedrons centered on an ion Mg?** and sur-
rounded by two identical layers formed by tetrahedrons centered on an ion Si**. Talc
belongs to the phyllosilicate family whose layers are named TeOcTe for short (Fig. 6.3).

Because of their very small size and structure, clay particles have a very reactive
large surface compared to their volume. As an order of the value of reactive clay
surfaces we note that in the case of a smectite (layers of TeOcTe type), the maxi-
mum surface accessible for 1 g from minerals reaches the enormous value of 845 m?.
This figure alone clearly justifies the importance of the surface properties regarding
accessibility to the two basal faces of each layer of most TeOcTe clays.

This is not the case of kaolinite, quoted above, from which the internal basal
faces of the layers are not very accessible because there are no compensation ions;
consequently it remains in the shape of particles made up of several layers, which
decreases the reactive surface.

6.3.2 Various Reaction Scales

At this stage of our explanation we must note that the main part of the reactive prop-
erties of clays is in relation to their surfaces. This basic concept of surface reactivity
depending on the electric charge must be approached by several steps:

1. The elementary microcrystalline particle
2. Interactions between particles
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3. The association of a very large number of particles forming a paste
4. Interactions within a complex medium (gastric, e.g.)

The great difficulty in interpreting and exploiting the properties of clays is under-
standing the effective scale of the considered mechanisms: nanoscopic (some nano-
meters), microscopic (dimension of the micrometer), macroscopic (of the millimeter
to several centimeters), or mesoscopic.” Scientific work on these changes of scale is
far from being complete: physicists and mathematicians endeavor to come up with
models that make it possible gradually to get a good explanation of the properties at
the passage between each dimensional scale.

When a large quantity of clay microparticles is rearranged in a dispersing
medium, there remains between them an interparticle porosity where various mate-
rials can be inserted that are then applied at the same time as the clay mineral. In
addition, the very small dimensions of the pores are at the origin of the physical
properties that supplement those of the mineral itself.

Figure 6.4 schematizes some fittings of layers and particles, in weak concentra-
tion, in water and the various associated types of porosity.

three layers particle

single layer particule

interlayer water

free water

Fig. 6.4 Schematic representation of the various types of porosity. Observed in a plan of a section
perpendicular to the plan of the layers

"Mesoscopic: Belonging to an order of magnitude located between the limits of the macroscopic
world and that of atoms and molecules; on a scale where the structural description of the matter
presents characteristics and properties which concern both quantic and traditional physics.
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A clay particle is a crystallized solid body that occupies a well-delimited volume
in space, very small but not negligible. This microscopic volume is structured in
layers of great side extension and low thickness. Inside the mineral structure, the
components are subjected to the crystallographic order and ionic connections. On
the level of the external surface of the particle, the relations controlling the cohesion
forces between the ions of the mineral skeleton itself become nonexistent. This field
constitutes a major accident for the crystal which does not have any existence
beyond this limit. Its result is a strong energy imbalance in the vicinity of the exter-
nal surface. The material is unable to be satisfied with this situation; the clay parti-
cles are naturally supplemented by hydroxyl groups (OH™) or by protons (H")
ensuring a temporarily stable situation.® Starting from this surface and with a grow-
ing distance compared to the particle and beyond, other types of connections are
created with ions, atoms, or molecules in the vicinity; they allow the return in a
more stable energy state, better adapted to the nature of the medium. This state is
only transitory: at any moment it is likely to be modified according to a variation of
the composition of the medium where the particle is located.

Taking into account the low dimension of the particles, one can compare clays to
materials with colloidal behavior (the analysis of the mechanisms is complex; read-
ers can refer to the publication of Van Damme 1994). Space, time, and energy bal-
ance are three nondissociable parameters of the life and state of clay.

Note: It is important to understand clearly that the reactivity of clay is based primarily on
mechanisms of a physicochemical type which find their origin in the larger side extension
of the elementary layers and in the existence of the structural defects. For clay to be active
it is necessary that the selected mineral, the medium in which it is dispersed, and the organ-
ism to which it is applied, can interact. In other words, so that the reactions are possible, and
carried out, it is necessary that each of the two media (clay mineral and living organism)
should be prepared to give maximum accessibility between the active sites of the mineral
and that of the organism.

6.3.3 Various Modes of Action

For a therapeutic use, we consider clay in its largest sense which includes the min-
eral particles themselves as well as the elements or associated molecules and are
fixed on the clay particles thanks to their surface properties or are dependent on the
continuous medium used for the selected application (powder, paste, mud, or sus-
pension). According to the case, ions, atoms, or molecules unrelated to clay but
present in this medium also take part in the reactions and contribute to the effective-
ness of the application. We approach the origin of these various elements by initially
describing in this section the process of mobilization of the material permitted by
the clay structure. It should be noted, however, that the opposite mechanism is also
possible thanks to fixing and compensation possibilities.

81t is obvious that these two ions are not the only ones able to intervene; nevertheless they are most
common.
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6.3.3.1 Mobilization and Transfer of Elements from Clays

The structural characteristics of clay minerals that are advanced briefly here were
presented in more detail in Chapter 5.

Let us initially consider the elementary clay layer, that is, the single layer (with
two or three sheets), and the associated compensation ions. The electric surface
charge of the layer is stabilized primarily by the fixing of ions, ions hydroxyls or
protons, whose connections can easily be broken. The proximity of an active group
that develops an electric potential around it able to ensure a delocalization of elec-
trons or an electronic transfer is enough to break such connections. The acid or basic
character of the medium or the presence of polar molecules (such as water or alco-
hol) determines the type of physicochemical reaction. Two mechanisms are then
possible: fixing or exchanging, primarily on the higher and lower faces of the layers,
but it is also advisable not to neglect the side faces of the layers.

If one considers a microparticle formed of several layers, interlayer elements can
be mobilized and moved between these layers. Their diffusion is slower than on the
level of the external surface, but it is carried out all the same with the assistance of
the hydration water molecules of the compensation interlayer ions, and the mecha-
nism of swelling.

Finally if one considers a group of particles dispersed in a fluid, the element,
whose connections with the clay support are broken, becomes mobile in interparti-
cle porosity. Its circulation is then possible and its displacement occurs in the direc-
tion of the zones of weaker concentration if the clay medium is almost in contact
with the skin of the patient (or mucus re-covering the intestinal membrane); gradu-
ally the clay medium undergoes a modification on a low thickness and a gradient of
concentration is established. It allows the continuation of the process of diffusion,
or on the contrary, its arrest.

6.3.3.2 Fixing and Trapping of Elements on Clays

The surface of clays has properties of adherence and fixation that can intervene in
extremely varied ways:

1. The particle can adhere on a surface and be fixed on it (skin, intestinal surface,
etc.)

2. The particle itself can fix different and more or less complex entities (ions, mol-
ecules, very small particles, etc.)

When the clay layers are fixed on a support, the adherence that results is effective
and the concerned forces can be of various types:

a. Simple Van Der Walls type attractions

b. Action of the compensation ions acting as centers of attraction

c. Electric charge of the side faces of the layers that allow fixing on the sides of the
particles
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These properties of adherence and fixing make it possible for clay to cover an
uninterrupted exposed surface while acting as a protective bandage, or more or less
completely enrobe the small ailing element to insulate it from the harmful organism.
The target can simultaneously be a continuous surface such as the skin and small
more or less mobile objects such as intestinal microorganisms or toxic bacteria.

From their structures, clays present a certain proportion of external surfaces cor-
responding to the border or edge faces of the layers. For the majority, the edge sur-
face (fixed by the thickness of the layers) has a low value compared to that of basal
surfaces of the layers. However, there are particular clays, such as the fibrous spe-
cies sepiolite (see Fig. 6.5) and palygorskite, that are made of pseudo-layers; they
have a very important proportion of side surfaces compared to basal surfaces: two
thirds for the sepiolite and one half for the palygorskite.

Figure 6.5 shows the structural channels, the importance of the side faces or
edges of the layers, and the various accessible sites. Under normal conditions these
channels contain water.

We voluntarily gave examples of the basic idealized models that are very close to
reality. Each case is particular and must be studied specifically. It should be remem-
bered that the elementary layers are not all independent and individualized (the
extreme case we have just treated above). They are gathered in “packages of layers”
again called “particles” in our text, bound between them by attractions due primar-
ily to charge imbalances. The number of layers superimposed in a particle is char-
acteristic of the origin of the clay and constitutes an important parameter for the
examination of its properties.” These particles themselves are gathered in aggre-
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Fig. 6.5 Diagram of the section perpendicular to the axis of lengthening of a sepiolite fiber

°The number of associated layers to form a particle answers a statistical law, suitable for the sam-
ple, known as the function of distribution of the number of layers. This law is in close relationship
to the conditions of genesis of the mineral kaolinite.
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gates. Using high-resolution electronic microscopy we show some stereotypical
examples of the natural stacking of layers within a particle of kaolinite (Fig. 6.6)
and a smectite contained in a bentonite!® (Fig. 6.7). These two stereotypical pictures
were obtained on ultramicrotomy cuts of 50 nm thickness of hardened clay in a
resin, carried out perpendicular to the direction of the plans of the layers, which thus
makes it possible to visualize the layers in the form of parallel lines.

direction
—

of layers

0.71 nm

Fig. 6.6 Visualization by high-resolution electronic transmission microscopy (TEM) of kaolinite
structural layers; (a) the structural layers of kaolinite from Charentes (one distinguishes the kaolin
that represents the extracted raw rock and kaolinite, the main clay mineral that constitutes this
rock) are plane and rigid and the interlayer distance was estimated at 0.7 nm, 1990; (b) very high-
resolution electronic microscopy shows the octahedral and tetrahedral sites, 2008

Fig. 6.7 Smectite: Montmorillonite of Wyoming; transmission electron microscopy image of
montmorillonite shows that the structural layers are flexible, and that the interlayer distance was
estimated at 1 nm

'0Bentonite is a rock (and not clay) that mainly contains clay minerals of smectite type.
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6.4 Specificities of the Modes of Application

6.4.1 Complexity of the Relations “Need—Application—Effect”

Specific papers mention many applications of clays in the field of health or well-
being. The list of pathologies, given in Appendix C, is not exhaustive and can still
be supplemented, because some reviews, works, or practices concerned with oral
traditions can have escaped us. It is scientifically very difficult to accept such an
inventory from the start, which led us to adopt an alphabetical classification rather
than a thematic one.

First of all we consider that the applications must be close to a property (or a type
of properties) of the clay mineral. The relation between the precise health need and
well-defined clay is not unique. Indeed, vis-a-vis the demand it is initially necessary
to consider a “family” of clay rather than a “type” of clay, and among the members
of this family to specify the character adapted to the need. From another point of
view, all organisms are different and cannot react in the same way to the same type
of clay mineral. We specify this step using examples:

1. To carry out a body gumming and exfoliation, it is necessary to have clay whose
particles are rigid, which excludes the smectites but preferentially uses illites or
kaolinite.

2. To manufacture shampoos the effects of gumming and absorption are necessary
but cannot always be used simultaneously. In this case a mixture of two clays, for
example, kaolinite and smectite can be used.

3. To facilitate the softness of a dry contact, the sliding effect of the layers or par-
ticles over each other is sought, an important property of talc.

4. To make a stomachic dressing, the different roles of absorption and adsorption
are essential; smectites are then appropriate.

5. For people with metal prostheses this point must be taken into account because
the ionic exchanges can have an action on these materials.

Before choosing an application it is necessary systematically to carry out a pre-
cise analysis of the needs of the organism that will be treated, but this analysis is not
enough by itself: it is also necessary to associate knowledge of the properties of
available clay minerals. Then, keeping in mind the results obtained is obviously
very important. Updates of these results will eventually determine the change of
certain treatments that one could develop but which appeared dangerous. There was
the dramatic case when molecules were added to talc (classically used for the care
of babies and that by itself is not harmful at all); these molecules used as disinfec-
tants diffused like poison in the blood of the babies.

Clay has only exceptionally a direct action. In general, there is an intermediate
factor that intervenes between clay and the object to be treated. It can be an ion, an
hydroxyl, water, a molecule, or a complex, generally placed in an interlayer situa-
tion. All kinds of situations are imaginable; they make it possible to foresee a very
large field of applications.
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Sometimes clay already contains in itself the useful element whose action is
wished. For example, if the compensation ion sodium is already present in inter-
layer space, it can be exchanged because the requirements are carried out. When this
exchangeable element is not there or not appropriate, it should voluntarily be intro-
duced during the preparation of the clay before being used.

Clay is neither easily nor quickly permeable with a flow of molecules. Its prepa-
ration requires long and often complicated processes, which are reflected in the
marketing price. We must once again point out a concept that has become current:
the “time of maceration.” It gives access to “the suitable state of maturation of the
mixture containing the clay” for which one hopes that the reactions of fixing are
favorable to the envisaged applications. Many physical methods make it possible to
ensure the validity of a preparation. In particular, the position, the nature, and the
force of fixing an agent can be located to ascertain the structure of the layers of clay.
Unfortunately, too often it is not possible financially to assume such research. One
thus sticks to an empirical solution, often good, but not giving any pertinent cer-
tainty of the origin of the properties.

Many factors intervene in the maturation of the preparation:

1. The water quality employed that presents a charge in dissolved chemical ele-
ments (often in the ionic state), in organic compounds and microorganisms, and
has a given pH

2. The concerned clay, whose nature and composition condition the physicochemi-
cal properties

3. The maturation time and the maturation method being employed (with agitation
and/or rest)

This stage brings unquestionably important modifications to the nature of the
involved elements. The crystallochemical properties of clay evolve until a new state
of balance and in fine confer to it notably modified aptitudes of exchange and trans-
fer. Because of its complexity this objective is always uncontrolled.

The various elements present initially in the mixture constituting the peloid can
be assembled very differently and thus constitute undesirable compounds or have
undesired physical properties (residual radioactivity, e.g.). These elements can
travel through the organism by the mechanisms of diffusion that we discussed. Very
great care must be taken in the course of this process; it must be accompanied by
suitable analyses imposed on the establishments of care. This excludes the individ-
ual use of these applications.

In the fields of health or well-being, clay experts must permanently consider
various approaches that we have already presented. At this stage our scientific role
is to connect empirical aspects between them (which are always associated with
expressions of relief or satisfaction, therefore subject to human perception) and pro-
posals for scientific models based on always improved and renewed knowledge.

Clays can act in two ways:

1. As a physical interface or a mechanical barrier
2. As achemical interface and an exchange site
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These two modes of action can be simultaneous, but with distinct kinetics:

1. An immediate effect is associated with direct physical contact and a mechanical
or thermal action: for example, the case of talc when used dry, whose electrically
neutral layers slide over each other without friction, which confers real and
incomparable softness to it.

2. A slower effect is associated with a chemical action implying, by adsorption or
absorption, the properties of exchange and fixation ions or molecules that can
then be released, fixed, or exchanged for medical care. This effect is valid for the
adsorption of microorganisms by particles.

In the natural layers, geological conditions can subject the particles' clays to a strong
pressure compacting them in very resistant blocks when they are dry. To benefit from the
presence of the many elementary particles constituting this compact mass, it is initially
necessary to separate and individualize them (this is the role of the preparation process
and packaging of marketed clays; see Chapter IX). But these minerals also exist in
nature in the form of pastes, muds, and suspensions in water, and natural reserves can
then be used directly in the field of interest. A preparation is generally necessary; it can
be accompanied by purification, an operation concerning the elimination of nonclay
compounds (such as sands, oxides, or other impurities) that are often present in the natu-
ral products. Organic compounds can accompany clays but more rarely.

Purified clay is then more or less strongly diluted in water according to the envis-
aged use and objectives to be reached. The various presentations of the clay are thus
differentiated: dry powder, paste, or suspension according to the importance of dilu-
tion or more exactly the rate of hydration. These three states must be defined to
exploit their possibilities to the maximum. Although these empirical concepts are
generally well understood, it is desirable to refine our knowledge. In fact, the affin-
ity of clay for water is so strong that any variation of the water content acts consider-
ably on its physicochemical properties.

In the space where the interaction must be carried out, the mineral phase and the
associated liquid phase have variable relative proportions defining that which is
included in the other. Moreover, the clay phase has an aptitude for the swelling that
can result in certain cases in justifying a strong action on the associated medium
(dispersion of the latter, installation of a gel compression with the contact, inversion
of the concept thinned/diluted).

We must recall that the majority of uses of clays in medicine and alternative
medicine always imply a direct contact between clay and the organism. This zone
of contact corresponds to an interface between two distinctly different media, one
mineral and the other biological. Obviously, the organism itself can also be prepared
to obtain better effectiveness. Different exchanges occur through this surface:

1. Those of physical nature: transfer of heat, transfer of the forces of pressure and
tension

2. Those of chemical nature: exchanges of ions or molecules between the two
media

Certain chemical exchanges correspond to the phenomenon of dialysis or osmo-
sis through a permeable membrane, such as skin. The exchanged ions or molecules
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can be naturally present in the water—clay system or be artificially fixed beforehand
on or between the clay layers (by the mechanisms described further down), or be
mixed with the substrate used to constitute the paste or the suspension.

These considerations should be omnipresent at the time of the use of clays.

6.4.2 Fundamental Knowledge for Users

We have just described the simplest elementary applications where clay is in direct
contact with a well-defined target and intervenes with a reduced number of param-
eters. A simple example of a situation is the direct application of clay on skin.

Often reality is much more complicated, in particular in the case of a use that
brings into play the digestive function, because in this case, introduced clay is mixed
with an alimentary bolus which moves from the mouth to the anus, and this
extremely complex situation makes the reaction mechanisms very delicate to inter-
pret. Another complex situation is to be found in beauty care: it results from the
addition of many molecules to the clay (necessary for obtaining the properties
wished in this field). The interactions with minerals are then not always well known
or easily controllable.

Facing such complexity it is advisable neither to give up nor to leave routine and
empiricism to deal with the situation. This complexity compels us to return to basic
analytical concepts. As the description of this medium is difficult when considered
in its entirety, the concept of scale becomes of major importance. Some of all the
factors present simultaneously can be described on a dimensional scale adapted to
them. It is the case of clay particles whose crystallographic size and characteristics
are known and consequently its average nature of the reaction interface. It is then
advisable to analyze the phenomenon considering the adapted scale to specific
dimensions of these particles. Gradually, it is then possible to define a “field of
coherence.”!! This basic concept makes it possible to take into account, using the
local scales thus defined, a zone where the reaction properties of clay are known and
can be correlated with those of the medium in contact with them. Beyond this zone
of coherence, another field of coherence is essential and the properties can vary
according to this new local context.

6.4.3 Time of Application

We often used the terms transfer, exchange, diffusion, or fixation which all imply
the time parameter. Indeed the length of time has great importance in the use of
clays with therapeutic purposes.

"'"The “field of coherence” defines the zone inside which the parameters controlling the properties
remain the same. It is thus necessary to add a qualifier to define a field of coherence. This field of
coherence is also where a homogeneous reaction mechanism prevails; beyond this limit it can vary
(e.g., if the local composition in exchangeable ions is different).
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This concept is easy to understand in the case of thermal evolution. Heat
moves in the direction of the coldest material, and the speed of diffusion is
dependent on the quantity of heat and of the thermal conductivity. It is some-
times more difficult to define the length of optimal action during matter diffu-
sion, in the form of ions or molecules, for example. This is why we point out a
basic principle that governs these phenomena: it is the law of mass action!> which
stipulates, if possible, that an unbalanced system evolves so that the higher con-
centration decreases in order to approach a state in steady balance. Thus if the
organism in contact with clay can absorb ions, these ions diffuse through the skin
in order to decrease their difference in concentration on both sides. In general
there is an exchange of ions, sometimes of molecules. Displacement can be done
in two directions: increase or extraction.

In our case the mass of the treated organism, as well as the quantity of clay used,
is well known. The evolution during the time of application can then lead to a bal-
ance; thus it is unnecessary to prolong the action indefinitely. For example, there is
no more action when the chemical concentration is the same in the organism and the
clay mass with respect to a determined element. It is identical for heat. That leads us
to renew clay material when the use implies a chemical compound whose concen-
tration is becoming exhausted by transfer in tissues, meaning its potential of action
is exhausted. Obviously when it is a question of insufficient heat, it is always pos-
sible to warm up the clay mixture, by simultaneously carefully supervising the state
of hydration.

The estimate of application time is controlled by the practitioner. For the patient,
this duration often implies a very different psychological concept and brings per-
ception into play, which is initially that of relief, of well-being brought about during
medical care but also that of tiredness generated during those periods of care (all
users report this simultaneous sense of relief and tiredness). This relaxation is also
a factor facilitating the action of the selected therapeutic method but this is a ques-
tion beyond the field of exact sciences, even if the interaction between these two
aspects is in fact very important and cannot be neglected in any case.

6.4.4 Determining Stages for the Optimization of Clay Effects

We expressed in the foreword that the various clay mineral species are comparable
with “structures in constant evolution” whose properties vary according to the
geological context of the deposit (natural source) and in the way in which the mate-
rial is exploited (extraction and application). We must thus distinguish various
periods or stages during which big changes take part in the setting of the character-
istic properties for the use of clays:

2The law of mass action determines the balance of systems in contact with one another and
between which an exchange of matter is possible.
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1. The stage of investigating the origin, localization, and nature of clay: The local
geological history and the context of formation of the deposit (age, localization,
nature of the surrounding rocks, climate) control the nature (crystalline structure,
chemical composition, relative abundance) of the clay mineral species present
and their potential of physicochemical reactivity.

2. The stage of exploitation of the deposit and packaging of the product before any
decision of the type of use: Some of these operations may not be quite harmless
(purification, crushing, etc.).

3. The stage of preparation with a well-defined aim: Edible clay ingestion to fight
gastro-intestinal ailments, or peloid/mud to be used in balneotherapy to treat, for
instance, osteoarthritis and other muscular—skeletal ailments. Their preparation
sometimes implies some complex mixtures with liquids, active compounds
(ionic, polar, etc.), and of neutral or living bio-organic compounds. In addition
there are physical temperature variations and a period known as adapted “matu-
ration,” justified by the long experience of practitioners. Much can be said to
describe the complex evolution of the mixture during the time of maturation.
There are very many parameters that intervene and their analysis is complex.
However, scientific experimenters manage gradually to obtain some important
data from their experiments (Veniale 1996; Veniale et al. 2004; Droy-Lefaix and
Tateo 2006). The preparation can usually take several months to obtain changes
and a new balance. Despite everything, practice remains the leading guide to
determine the moment when the product is ready. However, some quantified
indicators gradually come to help the decision, for example, measurements of
viscosity, elasticity, or measurements of affinity by adherence to the receiving
media. These measurements are useful indicators but they still require many
studies to become applicable in all cases and even in everyday use.

4. The stage of marketing: With packaging operations, storage, and transport.

5. The stage of preparation preliminary to the application: It must be carried out
with the greatest care. Contamination must be avoided at any cost (water or
liquid employed, containers, mixing tools, application spatula, etc.). The
nature of materials constituting the container and the tool being used to carry
out the mixture are often evoked. It is often recommended not to use metallic
recipients or tools; this could be connected to the ionic constitution of clay
minerals but actually nothing is really proved. It is better if possible preferen-
tially not to use metal objects.

6. The methodology of mixing: Particular attention must be paid here and especially
to the exactitude of the quantities of clay and water present; the physical status
of the mixture is indeed very sensitive to the rate of hydration. The rest period of
the preparation is also important data.

7. The stage of application on the organism: The simultaneous coordination of
the receiver (skin or mucous membrane) and of the clay mixture can be ranked
with a new stage of maturation, where the organism intervenes to accept or
provide ions. This application time is often brief compared to that of the matu-
ration of the peloid. However, we cannot basically distinguish these two stages
of reorganization and evolution of the media.
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6.5 Principal Mechanisms of Action and Application

According to what has just been presented, clay intervenes in mechanisms of action
that can be divided into some general groups:

. Barrier effect more or less impervious

. Import of matter by clay

. Exchange matter between clay and organism

. Matter fixed on clay and its elimination

. Transport of matter between clay particles

. Physical action: heat transfer or mechanical (e.g., pressure)
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Note: “Matter,” depending on the specific case, could be molecules, atoms, or more or less
complex ions that have, by their composition, a reactive affinity with clay; it can also be
microorganisms.

The modes of action suggested here compel us to recognize the fundamental
existence of a physical border that separates the organism’s interior and exterior and
constitutes the skin or the mucous membranes. This barrier allows transfers of
energy (heat, pressure) or of matter (water in the example of hydration/dehydration)
in both directions. The preparation of a curative method employing clay implies
taking into account these data and assessment of the probability of their effective-
ness. In this field of traditional methods (presumably soft, but unfortunately some-
times harmful), special attention must be brought to distinguish perceived symptoms,
causes, and effects. The application of clay can often reciprocally act on one or on
the other, independently or simultaneously. A true analysis of the possible effects
must be made, which imposes in this case recourse to the only possible and accurate
interlocutor, the physician. The latter will make sure there are no hidden pathologies
hard to detect and dependent on other curative methods.

6.5.1 Role of Barrier’®

Clay is relatively watertight when it is applied in a continuous pasty layer. The
quasi-parallel arrangement of the elementary particles one upon the other justifies
the impermeability of clay paste to liquids and gases. Therefore air crosses this bar-
rier only with difficulty and aerobic microorganisms can be fought directly by
deprivation of gas, generally of oxygen, with a sufficient time of application.

This barrier effect could be assimilated to the particular beneficial effect observed
on skin surfaces when covered with clay. Effectively superficial infections can be
controlled by application of clay. It is necessary to note that people who work with
clay, for example, potters, are rarely subjected to wound infection that they can
contract (provided external causes do not bring germs to them). In addition to the

B1n scientific papers one also finds the “barrier effect” which re-covers the same concept.
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barrier effect, bacterial germs present on the skin can be adsorbed and trapped on
the surface of the clay in contact with the skin which allows their elimination when
clay is taken away.

More serious damage such as burns or ulcers'* can also be fought thanks to appli-
cation of clay taking good care of interposing gauze, fine paper, or sterile linen
between the skin and clay. Doctors recommend that burns should be treated as soon
as possible with cold water; the contribution of the clay pack can come only later.
However, for second-degree burns or ulcers about to burst open, a medical approach
is imperative: the doctor may recommend the use of clay, but it is especially inadvis-
able to resort to it a priori without medical opinion. Much medical evidence has
proved the effectiveness of these treatments. In fact, clay does not cure wounds
directly but provides a protection that reinforces natural defenses in two ways. The
barrier effect is initially a physical mechanical effect: clay isolates from the external
medium and maintains the humidity level necessary for tissues but without macera-
tion. The second effect, less easy to describe, utilizes the reserve of exchangeable
chemical elements from which the body can possibly benefit when it is locally in a
very disturbed situation or chemically imbalanced. In this type of use, some perse-
verance is necessary until the wound is beginning to heal so that the surface part of
the damaged tissue builds up a new barrier.

The same role can be visualized for the uses of clay by the digestive tracts. Two
processes coexist and cannot be separated. A first action is to cover the walls of the
digestive system and isolate them from the acid fluids that cause suffering. A second
action is the constitution of a very complex gel with material contained in the stom-
ach, then in the intestines. Clay then is in a very acid m