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Documentation of the use of clays as medicinal aids has been found in cultures as old as the
Ancient Egyptians. It has been estimated that over 200 cultures have used clays for
therapeutic purposes.
Today, with advances in science, the understanding of the benefits of clays has been
drastically increased. Specific clay products can reduce the harmful effects of ammonia and
urea in the atmosphere. In addition, high-quality clay products will adsorb* the moisture on
surfaces to reduce the development of molds, bacteria and fungi. It is time to take a fresh
look at clays and find out why they may be a useful addition to your management program.
Clays have been used in the animal industry for a variety of purposes, with the most common
application being an adsorbent for urea, ammonia and moisture. The efficacy of clays to
bind these molecules is well documented through many research trials. The attraction of
certain molecules to the clay is due to the electrical imbalance between the layers of the clay.
This electrical imbalance attracts these molecules and holds them firmly between the layers,
resulting in deactivation of the negative effects of urea and ammonia and the adsorption of
moisture.
Ammonia and urea are tightly bound to clay once these molecules are adsorbed. This is due
to the fact that the electrical imbalance, between the clay and the urea or ammonia, is great.
When a large imbalance exists, there is a strong attraction to any molecule that has the
appropriate electrical charge to balance the charge. Urea and ammonia are exactly what the
clay can use to correct the imbalance. Once the layers of the clay are balanced in their
charge, the clay will not release the molecules that balanced it. Therefore, the binding ability
of clay to urea and ammonia is strong and virtually permanent.
Water, unlike urea and ammonia, can pass freely in and out of the layers of clay. The ability
of water to balance the electrical imbalance of the clay is not as strong. Therefore, the clay
will allow the water to pass in and out of the layers.
In addition, when certain clays adsorb moisture, the chemical composition of the clay is not
changed due to the addition of the water. If the atmospheric humidity is lower than the
humidity within the clay, then the water will be re-released into the air. This allows the
product to be used repeatedly, because there is no chemical change when the clay adsorbs the
moisture. Not all clays react in this way, and therefore it is extremely important to use the
correct type of clay for the purpose of urea, ammonia and moisture adsorption.

When clays are discussed as a means to protect against the harmful effects of ammonia and
urea and reduce high levels of moisture, there is typically some confusion as to why they can
be a useful addition. Many over zealous claims have been made by some companies
producing clay products, resulting in producers being skeptical of the benefits of clays.
Confusing terminology and explanations have also caused the end user to be uncertain of
exactly what they are using and why.
*To more clearly understand how the clays remove ammonia, urea and moisture, the terms absorb
and adsorb should be defined. Absorption is when a substance is diffused into a liquid or solid to
form a different solution. An example of this is when sugar is absorbed into your coffee. Adsorption
occurs when a gas or liquid is added to the surface of a solid or liquid forming a film. In general,
clays adsorb urea, ammonia and moisture.

WHAT EXACTLY IS CLAY?
Clay is a substance that is present in most kinds of soils. Clays have certain properties that
have been developed by specific and long-term environmental conditions and cannot be
made by mechanically grinding up sand or silt. Clay has many uses today including, pottery,
ceramics, linings for landfills, computer chips, cosmetics, and pharmaceuticals.
In agriculture, the clay in soil provides a vital element for the farmer. Clay will slow the
seepage of water through soil to help the soil retain its moisture. However, too much clay
will make the soil heavy, stiff and will therefore prevent the movement of air and water
through the soil. Clay will adsorb ammonia and other gases needed for plant growth as well
as help to retain minerals for growth. Fertility from year to year will be better maintained
with some clay content to the soil.
Areas where clay is mined may contain many different variations of the same type of clay or
even several different clays in a small sample. In addition, samples from certain areas may
contain other elements such as micas, quartz, feldspars or carbonates. The color of clay
comes from a variety of other minerals, for example iron oxide will make the clay red.
In an attempt to simplify the large variation of properties within clays, it is often tempting to
group clays into general categories, even when their specific properties are not that similar.
The terminology used to describe clays is not always consistent between scientists,
manufacturers and salespeople and that causes further difficulty in understanding the
differences between the clays. (TABLE 1) Historical names for clays have sometimes been
changed as more information becomes available about the chemistry of the clay. Some
scientists will continue to use the historical name, while others will use the new name. Also,
the clay names may not be consistent worldwide and may have regional variations. A useful
site that categorizes all of the classes and subclasses of clays is www.galleries.com. Search
within the site’s database to find detailed information about the different types of clays and
related minerals.

TABLE 1
Chemical Names of Some Clays Used as Animal Feed Ingredients
Hydrated sodium calcium aluminosilicate, may also be listed as:
Hydrated sodium calcium alumino silicate
Hydrated sodium calcium silica-alumina
HSCAS = hydrated sodium calcium aluminosilicate
Hydrated calcium aluminosilicate
Hydrated sodium aluminosilicate
Sodium aluminosilicate, may also be listed as:
Silicic acid,
Aluminum sodium salt,
Aluminosilicic acid,
Sodium salt,
Sodium aluminum silicate,
Sodium silicoaluminate,
Aluminum sodium silicate, or
Sasil sodium aluminosilicate, a synthetic product
Montmorillonite
Calcium Montmorillonite
Sodium Montmorillonite
Bentonite
Calcium Bentonite
Sodium Bentonite

WHAT MAKES ONE CLAY DIFFERENT FROM ANOTHER?
Classes of clays are based on the minerals contained in the clay, logically referred to as Clay
Minerals. The two main ingredients of all clays are alumina and silica, bound together in
sheets to form layers. This may tend to imply that all clays have similar properties and can be
viewed as inert fillers, but this is quite untrue.
There is a wide variety in the exact chemical makeup of clays, therefore the physical
characteristics as well as the chemical and structural characteristics, are important in defining
the different clays. Four criteria must be met for a mineral to be considered a clay mineral.
First, clay minerals are very small in size (by definition less than 0.002 mm in size) and can
only be seen with the aid of an electron microscope. Particle size is an important
consideration when discussing the effectiveness of clays for specific purposes. A smaller
particle size will have more surface area available for adsorption and therefore will probably
be more effective for adsorption than a larger particle size of the same material.

Second, clay minerals are made up of particles that can slide across each other, which gives
them plasticity and makes them malleable.
Third, the particles must be able to form colloidal suspensions when mixed with water. There
are two general types of clay, based on how the substance reacts when mixed with water.
Expandable clay swells when water is added to it. Expandable clay can absorb so much
water that the clay itself becomes a liquid. The petroleum industry uses expandable clays to
make drilling mud. Nonexpandable clay becomes soft but not liquid when mixed with water.
The ceramics industry use nonexpandable clay for the manufacture of bricks, pottery, tile,
and many other products.
Fourth, the sample must have the chemical make up that will produce the first three
characteristics. The chemical make up of clays varies widely so there is large list of
chemical names that compose the clays. Sometimes only one molecule will be different, but
this difference can result in a large variation in the application of the clay.
The basic classifications of clays are somewhat complex because of the wide variety of clays.
Therefore, there are many crossovers between categories for some general clay names. For
example, the name Semecite can describe a clay mineral with 8 silicon ions or less than 8
silicon ions, making these two Semecites distinctly different. Therefore, more information
than just the name “Semecite” would be necessary to truly understand the nature of that
particular clay. The explanations below are based on the classifications used by the AIREA
(Association Internationale Pour l’Etude des Argiles) International Association for the Study
of Clays.
WHY ARE THE PHYLLOSILICATE CLAYS IMPORTANT TO AGRICULTURE?
Within the Phyllosilicate clays are the clays that are expandable and have adsorption
qualities. These adsorption qualities of the clay are important when the purpose of the
material is to attract moisture and/or mycotoxins.
The term Phyllosilicate designates one of the 6 subclasses of the rock-forming minerals
called the silicate minerals. (TABLE 2) The Phyllosilicates are also called the clay minerals
and have a distinct layered and crystalline structure (FIGURE 1). The term aluminosilicates
(or silica-alumina) is also used to describe some types of Phyllosilicates. Aluminosilicates
are an oxide-like combination of aluminum, silicon and oxygen, which are the major
components of clays.
Hydrated clays are also sometimes used to designate a specific clay. Hydrated simply means
that the clay contains water molecules that are either bound to a metal center or crystallized
with the metal complex.

TABLE 2

Class: SILICATES (Silicate Minerals)
The silicate minerals make up the largest and most important class of rock-forming
minerals. They are classified based on the structure of their silicate anion group.
Subclasses of the Silicates are:
1. Nesosilicates (or orthosilicates)
2. Sorosilicates
3. Cyclosilicates
4. Inosilicates
4.1 Single Chain
4.2 Double Chain

5. Phyllosilicates sheet silicates which form parallel sheets of silicate tetrahedra with Si2O5
6. Tectosilicates framework silicates which form a 3-D framework of silicate tetrahedra with SiO2
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FIGURE 1. Phyllosilicates: A layered structure. This illustration is of an
aluminosilicate.

A specific phyllosilicate clay is defined by its group, subgroup and species. The group (e.g.
2:1) is determined by the thickness of the layer, which is dependent on the number and type
of sheets that are joined together. The two main sheet types are tetrahedral sheets and
octahedral sheets. Individual tetrahedrons (FIGURE 2) make up the tetrahedral sheets
(FIGURE 3) and individual octahedrons (FIGURE 4) make up the octahedral sheets
(FIGURE 5).
The subgroup is determined by the density of the tetrahedral and octahedral sheets and on
the charge of the layer (which is mainly a concern for the 2:1 phyllosilicates). The higher the
chemical reactivity, the better the clay can attract and adsorb molecules such as mycotoxins.
The species depends on the substitution cations within the octahedral sheet that gives the clay
its specific characteristics. In addition, the species is dependent upon how many layers are
piled together, which can influence the clay’s stability (FIGURE 6) (FIGURE 7). Again,
there are several clays that have overlaps between the designations of group, subgroup and
species, which is another factor that makes it difficult to keep the classifications of the clays
distinct.

HOW ARE THE PHYLLOSILICATES BUILT AT THE MOLECULAR LEVEL?
The tetrahedrons and octahedrons are at the foundation of the structure of the phyllosilicates.
Individual tetrahedrons contain cations that are typically silicon and aluminum. (FIGURE 2)

FIGURE 2. Tetrahedron with silicon cation.
The individual tetrahedrons are joined together to form tetrahedral sheets. These tetrahedral
sheets are composed of many individual tetrahedrons that share every three out of four
oxygen ions. (FIGURE 3).
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FIGURE 3. Tetrahedral sheet with silicon cations. There is one remaining
electronegative charge per apical oxygen.

Individual octahedrons contain cations that are typically aluminum, magnesium or iron.
(FIGURE 4)

FIGURE 4. Octahedron with aluminum cation.
Octahedral sheets are composed of individual octahedrons. In contrast to the tetrahedral
sheet, the one remaining electronegative charge per oxygen is balanced by a hydrogen ion.
(FIGURE 5)
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FIGURE 5. Octahedral sheet with aluminum cations. Oxygen ions are balanced with
the addition of hydrogen protons (H+).

The arrangement of the tetrahedral and octahedral sheets into layers affects the electrical
charge of the layers. This electrical charge is an important factor that differentiates the clays.
(FIGURE 6 and 7).
In certain clays the arrangement of the sheets causes the charge of the layer to be unbalanced
(FIGURE 6). The example below is a Kalonite or 1:1 clay and shows the unbalanced oxygen
ions, which are located at the edge of the tetrahedral sheet.
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FIGURE 6. A layer of a 1:1 clay containing on octahedral and one tetrahedral sheet.
This combination produces one electronegative charge per oxygen within the
tetrahedral sheet.

The arrangement of sheets in FIGURE 7 shows the layer of a 2:1 clay that is electrically
neutral. All the oxygen ions located in the tetrahedral sheets have been electrically balanced
due to the addition of a hydrogen proton.
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FIGURE 7. A layer of a 2:1 clay containing one octahedral sheet and two tetrahedral
sheets producing an electrically balanced layer due to the addition of one hydrogen
proton per oxygen on the tetrahedral sheets.
There are three main groups of clays; 1:1, 2:1 and 2:1:1. The group designation of a clay is
based on the type and number of sheets that form the layers (TABLE 3).
TABLE 3
GROUP DESIGNATIONS OF THE PHYLLOSILICATES
The 1:1 clays

tetra:octa or TO

also called the 7 Å group

The 2:1 clays

tetra:octa:tetra or TOT

also called the 10 Å group

The 2:1:1 clays

(tetra:octa:tetra):octa or TOT:O

also called the 14 Å group

The most common group designations are 1:1 and 2:1. Clays that are 1:1 contain one
tetrahedral and one octahedral sheet (TO) (FIGURE 6). Clays that are 2:1 have one
octahedral sheet sandwiched between two tetrahedral sheets (TOT) (FIGURE 7). The 2:1:1
clays are a 2:1 order with an extra octahedral sheet (TOT:O). The combined sheets are called
layers, and it is this distinct ordering of the sheets into layers that is an important factor when
differentiating one Phyllosilicate from another.
The use of the terms “sheets” and “layers” is sometimes exchanged in the literature, which
again can lead to confusion. The technically correct terminology is, that a layer is comprised
of sheets.
The arrangement of the layers or piling of the layers is another important distinction between
the clays. Dioctahedral and trioctahedral are two of the piling options (FIGURES 8 and 9).
The difference between these two types of piling, is due to the number of sheets in the layers
and the type of bond that holds the layers together. The names of the piling options
(dioctahedral and trioctahedral) are easily exchanged with the names of the sheets
(tetrahedral and octahedral), which again can lead to confusion.
In FIGURE 8 the dioctahedral piling of the layers is held together with a hydrogen bond,
which is very strong making the substance stable and not easily changed in its chemical
makeup. In addition this type of clay offers no possibility to adsorb any chemical structure
into its layers. That is why this type of clay, referred to as a 1:1 type, does not make a good
adsorbent. This clay does not offer much to the agricultural industry due to its nonexpanding
characteristics. Kaolinite (Aluminum Silicate Hydroxide) is the mineral of this group that is
the most common.
Likewise, the 2:1:1 clays also have limited uses in agriculture because of their limited
adsorptive characteristics. The most common of the 2:1:1 clays are the talcs and vermiculites
In contrast, the trioctahedral piling of the layers are held together by an unstable bond
resulting in an interlayer space ( FIGURE 9). This interlayer space is an advantage that the
2:1 clays have over the other clays when adsorptive qualities are important. This clay,
referred to as a 2:1 clay, is well suited for agricultural applications as an adsorbent due to the
fact that it is an expanding clay. The interlayer space of the 2:1 clays is accessible to other
chemical structures.
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FIGURE 8. Dioctahedral piling of the layers found in a 1:1 clay. Contains a rigid and
strong ionic bond (hydrogen bond) between the protons H+ and the oxygen ions.
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FIGURE 9. Trioctahedral piling of the layers found in a 2:1 clay. Contains a weak
bond that produces an interlayer space.

The bonds formed between the layers of the 2:1 clays are directly related to the
characteristics of the structure which allow frequent and varied substitutions (FIGURE 10).
Substitutions occur based on the elements, which are available in the soil where the clay is
found. These substitutions occur most often within the octahedral sheet, but sometimes
appear in the tetrahedral sheet.
The substitutions are with the silicon ion in the tetrahedral sheet and with the aluminum ion
in the octahedral sheet. In the tetrahedral sheet, the silicon ion (Si 4+) is substituted by an
aluminum ion (Al 3+) or an iron ion (Fe 3). In the octahedral sheet the aluminum ion (Al 3+) is
substituted by an iron ion (Fe 3+or Fe 2+) or magnesium ion (Mg 2+). Other possible
substitutions in the octahedral sheet may include cobalt, zinc, lithium, chromium, etc.

Mg 2 +
Fe 2+

FIGURE 10. Substitution of aluminum ions (Al 3+) for magnesium (Mg 2 +) and iron
(Fe 2+) in the octahedral sheet of a 2:1 clay.

Substitutions in the sheets of the 2:1 clays are a desirable trait when adsorption is a preferred
characteristic of the clay. The substitutions break the electrical neutrality of the layer and the
induced charge imbalance is responsible for the low intensity force that attracts compensation
cations (a positively charged ion). These compensation cations enter the interlayer space and
can be exchanged (FIGURE 11). The main compensation cations are sodium, potassium,
magnesium and calcium.
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FIGURE 11. Cations are attracted into the interlayer space of the 2:1 clays.
WHAT SPECIFIC SPECIES OF CLAY HAS THE MOST ADSORBATIVE
QUALITIES?
As discussed previously, certain types of clays are more effective for use as adsorbents than
other types are. The chemical characteristics of the 2:1 clays have been shown to be the most
useful for these purposes, however there are specific 2:1 clays that are better suited than
others.
The Smectites are one of the 2:1 clays that have been used extensively for adsorption
purposes. The Smectites overlap categories and can contain both trioctahedral and
dioctahedral types. Smectite is in fact a general term that groups several clay minerals
together.
The Montmorillonite family falls within the Smectite category and is the most common of
the 2:1 clay family. The name Montmorillonite comes from the village of Montmorillon in
France where this type of clay was first chemically described in 1863.

In general, Montmorillonite clays contain plate-shaped particles that are approximately 1
micrometre in diameter and ~ 1 nm in thickness (FIGURE 12). Montmorillonite is
designated as hydrated sodium calcium aluminum magnesium silicate hydroxide with the
chemical formula of (Na, Ca)(Al, Mg)6(Si4O10)3(OH)6 - nH2O. The reason for the
variations found in this chemical formula is due to the variety of different Montmorillonites
that exist.

FIGURE 12. Physical structure of Montmorillonite clay.
The two types of Montmorillonite, which are the most common, are generally referred to as
Sodium Montmorillonite and Calcium Montmorillonite (TABLE 4)
TABLE 4
Common Montmorillonite Clays
Sodium (Na) Montmorillonite (also called Low-charge or Wyoming type)
Na0.3Al1.7Mg0.3Si4O10(OH )2
Calcium (Ca) Montmorillonite (also called High-charge or Cheto type)
Ca0.3Al1.6Mg0.3Si4O10(OH )2

Sodium Montmorillonite is so named because it has sodium as the predominant exchange
cation, and results in a swelling clay. Sodium Montmorillonite has high cation exchange
ability with thin and flexible crystallites. These characteristics produce a rapid dispersion in
water, high aqueous viscosities and exceptional film-forming abilities. This type is the least
common form of the Montmorillonites.
Calcium Montmorillonite, with calcium as the predominant exchange cation, does not posses
the same adsorbent qualities as sodium Montmorillonite. However the calcium cation can be
replaced by sodium if the sodium ion is available.
In much information about clays, the term Bentonite is used to designate one of the 2:1 clays
and is commonly used as a synonym for Montmorillonite. However, the term Bentonite is
actually a brand name, not unlike how the term Kleenex is used to designate facial tissue.
The name Bentonite came from the name of the site, Fort Benton in the eastern Wyoming
Rock Creek Area, where a large source of Montmorillonite was originally found in the US.
Bentonite actually belongs to the family of Montmorillonite. Bentonite contains mostly
Montmorillonite clay as well as other impurities found at the site where it is mined.
The substitutions that occur in the Montmorillonite clays mostly happen in the octahedral
layer where aluminum ions are substituted by magnesium ions. The substitutions result in
electrical imbalances that are compensated for by the attraction of cations into the interlayer
space. These cations are mostly calcium and sodium. The weak binding forces then allow
the easy exchange between the compensation cations and the polar organic substances of
urea and ammonia.
The affinity of the Montmorillonite clays to attract and bind urea and ammonia has been well
established in the literature. The urea and ammonia that are bound by the Montmorillonite
can physically enter into the interlayer space. The width of the interlayer space is 0.25 to 0.7
nanometers in the dry state and 1 nanometer in the hydrated state.
CONCLUSIONS
Over the years, the scientific understanding of what clays can do to improve animal health
and management has increased. As these products make their way into the market, the
benefits for the producer and consumer will be evident. The newest technology is now being
used in the animal industry to improve the natural qualities of clay, leading the way to
healthier and more productive animals. It is time to take a new look at what clays can do to
improve the health of your animals.

