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GY OF CLAYS

der a limited range of
logical space [time &
ated with depth)].

= Some clays form at the water-sediment
interface (at deep sea or lake bottom).



OLOGY OF CLAYS

of clays form as a result of the
solutions and rocks, either at some
ry sequence or in the late stages of
hermal alteration).

mal alteration often leads to the accumulation
eavy metals, such as gold, tungsten and

ve alteration of rocks due to hydrothermal

eration can produce which are
of economic interest, e.g. clays for ceramics.



LAYS FORM

- result of the interaction of



LAYS FORM

irst step of most water-rock

of the water input (rain or
issolution will occur.

0 of water to rock approaches , the
are more and more dominated by

nt dissolution, in which

| and



LAYS FORM

cenerally

d they have a

lifferent from that of the pre-
ed with the aqueous

ormed minerals (clay minerals) have a

olume due to their hydration than the
nerals.

e formation of clays results in an aggregates of lower
density than the initial rock minerals.

[=]



WHERE CLAYS FORM

ament is limited to a certain range
d limited in time.

o) ays is attained at the surface
arth (i.e., the upper several hundreds of
the earth’s crust).

mperatures exceed 50 to 80°C the clays
become unstable and they begin to change into
other minerals, either other clay minerals or
lifferent mineral structures such as micas,
eldspars, etc..



WHERE CLAYS FORM

EERRNEERee Of origin and evolution of clay and
ESSSEAPMIAIN time and temperature
coordinatesusieiven in the following figure.
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-RE CLAYS FORM

oe of clay is dependent upon

ature, the faster the change.

not hydrothermal fluids. These fluids heat
e rocks locally at approximately the same rates as
the intrusion of magma.



CLAYS FORM

rapid, and they create unstable
lages due to the high rate of

aSt, the normal sequence of sedimentation
al, the formation of sedimentary rocks from
lay rich sediments, take several millions or

indreds of millions of years.



CLAYS FORM

f clays at very surface of the earth

os of water such as littoral ocean



\Y FORMATION

HE CHEMICAL NECESSITY)

s is found in the interaction of

iIsonable starting point

he mechanism by which water “hydrates” silicate
minerals that of hydrogen exchange.



CLAY. FORMATION

‘THE CHEMICAL NECESSITY)

contain which
he mineral structure.

stry of the hydration mechanism is one of
of hydrogen ions instead of cations, such

| + hydrogen ions — Clay (kaolinite) +
1s + Solids (Silica) + water.



\Y FORMATION

{E CHEMICAL NECESSITY)

uces and other minerals.

-product of hydration reactions,
ution or it can form a solid
morphous silica”.

istry of the reverse (dehydration
m) can be written as:

inite) — Aluminosilicate + Qz + water



CLAY. FORMATION

‘THE CHEMICAL NECESSITY)

ne material of the initial anhydrous
e clay forms is lost to the

The altering olutic
often, into 16
dissolved io

minerals intc

of ereatest in abundance are Na, K and Ca



Y FORMATION

1E CHEMICAL NECESSITY)

essity of exchange of hydration for

cess is very often not fully achieved before
rips off the partially reacted material.

, iments are most often a mixture of different
bhases in different states of chemical equilibrium
with each other.



AY. FORMATION

1E CHEMICAL NECESSITY)

emical change is governed by two
in the reaction rate:

1 the temperature, the faster the reaction
nd the lower the temperature, the slower

| f temperatures in which clays form is

m 4°C (ocean bottom) to approximately 400°C
(under short thermal pulses during hydrothermal
alteration).



CLAY. FORMATION

JHE CHEMICAL NECESSITY)

ange from hours (laboratory

ons) to hundreds of millions

s of hydration of solids and clay formation

ocurs at the earth’s surface, but it is slow






ere initially defined on the basis of

They  weressSigtern ince
particle chism pie ] e

ly, the clay minerals were could not be

., but the advent of reliable X-ray
eters allow one to distinguish between
it mineral species found in the < 2 um
orain size fraction.

a . N

@ Today we know much more about clay mineral
XRD properties.



COMPOSI
OF C

ically & chemically active.

They combine with™
& suspensiOEERV. ot {178
change g VST

- various chemical substances

) (vl ) Bonto their surfaces or into the inner
eir structures.

@ becoming chemical agents of transfer or
transformation.



POS.|
OF C

exchange these ions or molecules for
oromote such reactions.

INC ling clays is through a study
1fterent prope (0) §

The methS , thermal
> & infrared spectroscopy among

m The different methods of investigation give us a
composite understanding of the clay sample
properties.



l"’l '
OF C

oroperties can be divided into
three major grou

v;ro“._

surface area.

s of particle shape and

tallographic  structure & @ the
B0INof the constituent atoms in a clay

Bcrystal.
3. ™ determined by chemical
substitutions in the structures.



aturally occurring clay-sized assemblage.



d
Particles & Shapes)

e of the clay crystals automatically

L property; they have a large
ith the volume of the

erties of clays are determined by their

particles are not chemically active, they
W 111 behave as other minerals of the same grain size
and shape.



ormally near “20”.

1is makes the surface area of a clay particle nearly
that of a cube of the same volume.



PHYSICAL PROPE
(Particles & Shapes)

pe divided into three groups
e shape:

.in
& a thickness
he other.

Plate-like or Flaky Shape




3.

PHYSICAL

Laths: sheets of &
aspect where the w
great in one direction

much less i e o
The thickness

much less th
two directic

Needles: Twrc
are similar
WE

G

the
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'AYS & WATER

A

stals have very special effect on

n to incorporate water molecules into
eir structure.



YS & WATER

ges the dimension of the clay
into or out of the clay structure.

anding or swelling clays.

clays are called non- expanding or non-

oration of water molecules into the clay
reversible under atmospheric conditions,

ing directly related to the



CLAYS & WATER

id the air, the more water can be
in between the silicate layers of the clay
cture.

ing clays have
ic silicate
structural sheet - S S |ty minra
layer of 10A°. :

p )
5 }Clay mineral layer




CLAYS & WATER

troduced around a hydrated cation
‘two charge) forms either:

t layer of 2.5A° thickness under less humid
onditions or higher temperatures.



S & WATER

tion can produce 17A° three

can form 19.5A°.

1, hydration can vary the volume of

icles by 95%o.



VIIXTURES OF WATER & CLAYS

ded to an aqueous solution,
gradual Change in the as
> more abundant.

| , the clay acts as a carrier keeping
the other molecules homogenously dispersed in the
suspension.



TR
JTURES OF WATER & CLAYS

ustry, for example, clays are
sed to produce paint matrices, in which the
ment is dispersed and hold in suspension

clay particles.




VIIXTURES OF WATER & CLAYS

water to clay powder, the clay
and distributes it around the

elatively little ater is present, and the
e just covered with water layers,

veak forces of these aggregates allow the
‘particles to slide over one another, given a certain

plasticity and the mixture is called Mud.



VIIXTURES OF WATER & CLAYS

of  clay-water

basis of .
stries. """

osorption of water ‘\ “J‘

to model the rest
ial.

18 g g\-—a——.—

drying leaves a
bhere olid material of any
lape which when heated can be
sformed into useful rigid solid
product such as plate or mug.
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-water

of clay

different

n

useful to wus

from making bricks to

esses,
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EXCHANGE

A very important p

es are normally composed of charged

ecular species which can be
&



by the clays

nally accompanied by



e property of adsorbing &B
rbing ionic species in solution
alled

Hydrophilic clay
Contains adsorbed water

s This capacity Is measured In
terms of the

wedge into the interlayer




EXCHANGE ¢

of moles of ioni
clay.

Often “CEC” |
equivalent).

BRittraction of the ions onto clay
EnerRbor external) is not the same for all






EXCHANGE (

due to the




The selectivity or f
dissolved species ove
to the fate of erial as it t

Hence, the
solution rele







ental cause concerning the
ucture, or the bonding direction of the

dimensional array.

The stronger the bond the more tightly the hold
atoms & conversely, the weaker the bond the more
likely it will be broken.



Thus, because the bc
one direction, a sheet

'* cryste growing, they tend to
the strongly bonded direction.



in Clays iS Clay Mineral Structure

represents half
present ions and the
&

najor constituents.

e Silica, Aluminum atom

¢ Magnesium atom

@ Oxygen atom
@ Hydroxyl group




s of clay structures are built of

ions & silicon, or aluminum cations
rahedral & octahedral layers)




TETRAHEDRA

The tetrahedron unit is composed of one
silicon ion 1s surrounded by four oxygen ions.

Polyhedra is the interlinking of tetrahedron



I'c ‘f AHEDRA

positive catios for silicon is



OCTAHEDRA

Inum, magnesium or ferrous ions form

olyhedral with six oxygens or hydroxyls.

number of present cations

’ Oxygen ‘ Magr?e.slum or Layer of octahedra
aluminium




OCTAHEDRA

ent is that a total positive charge

are fundamental to the

classification scheme of clay minerals.



RUCTURES THROUGH
LINKAGE

ructures the tetrahedral layers
ers are linked together in

nkage is done gh the apical oxygen.

ygen sharing occurs in the Z direction of
ture.



PEAT DISTANCES

& octahedral units, when
a sheet, give a constant



‘ Aluminiums

REPEAT DISTANCES

@® Silicons

Silica Layer

Octahedral Layer

@ Hydroxyls

© Oxygens

STRUCTURE OF A KAO

/

MODIFIED FROM GRIM (1962)

LINITE LAYER
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EPEAT DISTANCES




EPEAT DISTANCES

STRUCTURE OF CHLORITES
:A-AM~

AN A
NN

Octahedral

Brucite
Layer

MODIFIED FROM GRIM (1962)







MIN.

ferent properties of clays are used
y clay minerals:

1) Their swelling propertie
non-expandi \erals fc

" i
Basic cryst:
structures.

The layer
follow é
tetrahe ]



MODIFIED FROM GRIM (1962)




KAOLINITE ORIENTED-AGGREGATE MOUNT

mm UNTREATED
MACON, GEORGIA m» GLYCOLATED

mm HEATED (400 C)
mm HEATED (550 C)




Halloysite: B the

e le,
al water layer
the layers which
the sheet structure

r

ooooooooo



7 A°N

(Berth

Berthierine-Serpenti . -- have between 3 & 2.5 ions
these ions are divalent.

Hence, they are trioctahedra

The substitution o 3 {0
octahedral subst:

The composi

[(RR%*)3., s0¢t

= Electro



The various 10 A°® mineral types are listed below

Neutral Low charge High charge

Dioctahedral
Pyrophyllite (Al) Montmorillonite (Al.Mg) [llite (AL, Mg)

Beidellite (Al)
Nontronite (Fe*) Glauconite-Celadonite

Trioctahedral
Talc (Mg) Vermiculite (Mg,Al)

Saponite (Mg, Al)



en the group name of

terlayer distance for swelling minerals is
1 10A° due to the presence of hydrated ions.

his property gives these minerals a very special character.



normal basal spacings
are 12.5A° for one water
yer & 15.2A° for two water
ers.

thylene Glycol is used to
abilize a swelling state to a
basal spacing of 17A°.

= Ethylene Glycol is used in
laboratory to determine the
swelling clays.




° 20 CuKa. 20




DIOCTAHEDRAL EXPANDING
MINERALS

Beidellite g),(51,Al),0,,(OH),xH,O]

tetrahedral layers dominated by Si ions,
me substitution of Al.

The octahedral layer is mainly aluminous.



EDRAL EXPANDING
MINERALS

substitiitions for the trivalent

" jons in the octahedral site.



DIOCTAHEDRAL EXPANDING
MINERALS

Nontronite,
ie7") 4O,0(OH)xH,O]

ninor substitution of
0C
These sub as well as

ferric ions i give rise to
er charge.



IRIOCTAHEDRAL EXPANDING
MINERALS

Saponite 18)s.25 (S1,A1),0,o(OH),nH,O]

0,0(OH),nH, O]

lites can be described a high charge
~ smectites.

= Vermiculite do not expand nor contract fully under
conditions of hydration & heating.






High c

Illite,

i content is usually than 3.5 ions.

* The interlayer K ion holding the layers firmly
together.



trivalent iron

high iron content gives
these minerals a green colour.



low temperature
ironments chlorite
nerals are trioctahedral.

omposition of chlorite

is generally shown as:
(S1,Al)s(Mg,Fe)sOo(OH),

MODIFIED FROM GRIM (1962)




bstitutions of trivalent ions (Al’*

tetrahedral site to compensates the

tions in the octahedral site.

e chlorite compositions are the result of
. simultaneous substitutions.



lonic substitution are known to occur
2+ in chlorites.

in 14A° chlorites, in minor
of the octahedral sites.

common to the chlorite structure in the
al sites with percentage ranges from 10% to

dral-trioctahedral substitutions can occur up
to around 50%.

@ In general the chlorites that derived from
hydrothermal environment are more magnesian than
those from surface environment.



the mixed layer minerals are in fact a
present in the nature.



types of regular mixed-layer
rals are:

(a) Rectorite (sodic mica)
(b) Allevardite (potassic mica)

(Hydrobiotite)

Mixed Layering Mineral Types

REGULAR




Regular Mixed-Layer Minerals

REGULAR

7 Chlorzte /Smect |




om Mixed-Layer Minerals

em to be related to the RANDOM
sition between two different minerals.

pes of random mixed-layer
Is are:




SERIOLITE AND PALYGORSKITE

alygorskite

be clay
because they,

always sma 1 crysta

(most often

long) & bec

soils or sed

conditions

crystal shape s
pically that of fibers or

needles. Scanning electron micrographs
of palygorskite.



SELIOLITE AND PALYGORSKITE

They are hydrous with

crystalline water. APalygorskt
They have an absorbed

water in their structure. TATATA

/
NN/ @ 4Abye A NNV
/ANANAN/ AAN/

Water molecules &
exchange ions are found
in the inner sites inside
the linked chains of
tetrahedra-octahedra.

They can absorb organic Diagrammatic sketch of the structures of
molecules like smectites. palygorskite (A) and sepiolite (B).



SEPIOLITE AND PALYGORSKITE

The difference betwe
the composition of the






NTONITE

inly of montmorillinite,
g),(51,0,()(OH), nH,0

onite has an exchange

uivalents per 100 grams



BENTONITE

prised predominantly of
minerals.

f the applications in which the
inerals are used.



=NTONITE
LICATIONS

. PENCIL LEADS



I. DRILLING FLUIDS

B Sodium montmorillonite

(Na-bentonite) is the major

||I|}|||||
11
1

constituent of freshwater

drilling muds. s




LLING FLUIDS

the drilling mud is to:

e drill hole to keep formation

and cool the bit

impervious filter cake on the wall of the drill



NDRY BONDS

posed of silica sand
d extensively

e is used to pro

g strength and plasticity to the
mixture.

water is added to the mixture
to make it plastic and cohesive so that it
n be molded around a pattern.

m The tempering water is a small percentage
of the mix usually about 5%.






SORBENTS

s are very good absorbent clays.

surface charge and surface

e calcium bentonites will absorb up to
eir dry weight of water and up to about

7% of their weight of oil.
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5. Barrier Clays

ites are used extensively for water

of their high swelling capacity.

is incorporated preventing water or other
from moving through the barrier.

entonite is also used in landfills and toxic
aste dumps as liners to prevent water from
entering and liquids from exiting (Keith and Murray,

1994).






Medicines

en for absorbing poisons, controlling the

ch ache, fermenting and putrifyin
tson(1986) - e

a long time in the preparation of
1ents, and lotions

drothermal bentonite from Nevada has been used to
mobility and flexibility, i.e. arthritis

o used as a binder in making some pills.



encil Leads

composed of graphite which is

ery fine particle size

and a small amount of bentonite, which

the plasticity, green strength, and dry
(Murray, 1961).

ss of the lead is controlled by the
ercentage of the kaolin-bentonite mixture

incorporated into the graphite.






aper Industry

surface of the paper .



-

(2) Paint

for paper coating and

00,000 tons annually are
rldwide as extender
- pigments 1n paint.

= The largest use is as a pigment
extender in water-based interior
latex paints.



) Ceramics

s a wide range of

olins are

dinner itary

ectrical porcelain,

refractories .

amic refers to the

hen materials by the

application of high temperatures .



4) Rubber

rubber because of its reinforcing and

s and it is relatively low cost in

goods which are black, the favored pigment

black, but in non-black rubber goods, kaolin

o types of kaolins, hard clays which are
ine in particle size and soft clays which are relatively

coarse in particle size.



(4) Rubber

d in non-black rubber goods where wear

t. Examples are shoe heels and soles,
s, and bicycle tires.

nt in the manufacture of rubber hose, tubing, jar
extruded stocks to prevent sagging or collapsing
anufacture. Hard clay is also used to eliminate
molding troubles in hard rubber goods, household
oods, toys, and novelties.

= Other applications for hard clay in rubber are gloves,

adhesives, butyl inner tubes, reclaimed rubber, and neoprene
compounds.



5) Plastics

a filler in plastics because it aids in

surface finish, reduces cracking

esistance to chemical action and
eathering, and helps control the flow thermal
stability, contributes to a high impact strength,

improves properties .



atalysts

ineral used in the manufacture

t use of kaolin is in catalyst substrates in

tic cracking of petroleum.



Portland cement

Ixing materials containing lime,
umina, and iro ide. This mixture is sintered

ulverized at which time a retardant,

added.

olin is an ideal source of alumina and silica and also

makes the cement whiter.



ABPIIGATIONS OF
AUYCORSKITE
ANDISEPIGLNY E




undry Washing Powders

e of their high

rbency, palygorskite and
lite are used as additives
undry washing powders
tb salts and dirt

particles and to keep the soap

fo a

ingredients uniformly

dispersed.



2. Medicines

and sepiolite are

sed in certain liquid medications e —
keep the Compounds 1N Potent(o!on(Ieajnser&l)etoxiﬁer

| | %
ension and uniformly

= Restore Healthy pH levels™
- Refieve Occasional Diarrhea & Heartbum™
~Remove Harmful Bacteria & Toxins from yous Digestive Tract™

tributed.

because of their high active
surface, drugs such as
hydrocortisone can be retained

REMIER

RESEARCH LABS

and subsequently released at an

2 ™
Medi-Clay-FX
Premier (.ﬂcnrﬂen(omte ClL
Advanced Detoxification
Support**

Altimes
Moater,
fene
(hon the
Teanc
8 fresh
:u-
=g
{odaren.
=
0.
BY
e

appropriate rate (Forteza et al.,
1988).

ADIETARY SUPPLEMENT
90 VEGETARIAN CAPSULES




3. Cosmetics

ic formulations are
iverse chemical
elongate

1olite keep these ~ fresh
: . Y UMBRIAN CLAY
als in suspension and equally nmnmg yASR

ed. B
clays, because of their high

a ncy for water and oil, make
- excellent face packs to cleanse the
~ skin.

- They are used to give the skin
opaqueness, eliminate shine, and
cover up imperfections.




4. Asphalt

1t
emulsion stabilizer

a protective colloid.

t when emulsified is

with aggregates.




Anlmal Feed Binders

and/ for All ANIWAS

e Red Desert Clay 5
(:: 3 % o : 3

’ 1

|

e
“)ETOXIFICATION # LIVING MINER/“S

ese clays are excellent

nts for aflatoxin.

CLAY-CAI
—-1 - o
Bentonite Clay Supploment
Supplément de bontonite

« Some preliminary studies also
indicated that dioxin is absorbed

and is not release in the stomach or

intestines of poultry or animals.



gricultural Carriers

capacity of palygorskite and
inerals very useful as

for pesticides, insecticides, and

S.

ny of these chemicals are liquids or sticky
astes which would be difficult or impossible

to use.



Tape Joint Compounds

1zed palygorskite and sepiolite are
mix with adhesives used to

wall board.

d joint or crack must be level and

and not shrink during drying.

he elongate clay particles form a network

which does not shrink as the adhesive dries.



