CHAPTER 11
THEORY AND LITERATURE REVIEW
2.1 Clay and clay mineral

Clays and clay minerals are two terms which are easily confused. A natural
clay is not composed of one clay mineral only but composed of clay minerals and
non-clay minerals. Impurities su 1as calcite, quartz, feldspars, iron oxides and humic
acids are the most common eom nts/in afdition to the pure clay mineral. Calcite,
iron oxides and humic aeids.can | ‘éhemical treatments. Quartz and

feldspars can be remoyeé

icle size is bigger than that of
the clay minerals b
[Ammann, 2003; Mog

ound in the purified samples

Type of clay mical composition of clay

mineral. Clay mineralgfarg 'ml'l%%r ic contain tetrahedral silicate sheet
and octahedral aluminumgor a%}% “sheet. \\ are four important clay mineral

TN

groups, including kaolinites, i ites; s ermiculites which have different

structure and composition.

The clay * pos1t10n of cations which

’ yﬁ Table 2.1)

1) Kaolinites jg,1:1 type of layer silicate, cla ﬁmmerals in this group are

keolinite, dw*ﬂ tabrid and %M] INEINS
- ISR Tep £k et (2t r p

and cela onite

replace in octahedra

3) Smectites is 2:1 type of layer silicate, including montmorillonite,

beidellite, nontronite, hectrorite, saponite, and sauconite

4) Vermiculites is 2:1 type of layer silicate which has magnesium ion

compensate charge in interlayer



Table 2.1 Type of clay minerals

Kaolinites Illites Smectites Vermiculites
Structure
1:1 2:1 2:1 2:1
type
Octahedral Mostly di- di- or tri- Mostly tri-
di-octahedral
component octahedral octahedral octahedral
Principal
interlayer Mg
cations
Interlayer
Two layer
water
Variable,
Basal
) 14.4 A when fully
spacin
Paviag hydrated
Taken up § s two layers Takes one layers
Glycol )
' halloysite onl lycol 17A glycol, 14 A
. M2+ 2+,Y3+
Chemical - 0.66(Y )
(S1,AD)sO2(OH),
formula | (OH)Y . . .
= g
: Alterlation of
. erla@n of basic |
acid rocks, biotite flakes or
. . micas, feldspars rocks, or volcanic .
Paragenesis | feldspars, étees volcanic material,
T feanT |
it
dition homblende,etc.
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2.1.1 Smectite clay
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g

Smectite clay is the name for group of clay mineral which can be

expanded and attracted crystal structure when immerse in water or some organic

solvent. The clay minerals in this group are montmorillonite, beidellite, nontronite,

hectrorite, saponite, and sauconite with the main difference in chemical composition.



The clay mineral type 2:1 structural units including one octahedral sheet
of aluminium oxide, called alumina sheet, sandwiched between two tetrahedral sheets
of silicon oxide, called silica sheet, one unit layer is adjacent to another tetrahedral
sheet of another layer as showing in the Figure 2.1. The unit layers are stacked
together face-to-face to form the crystal lattice. The distance between the plane in one
layer and the corresponding plane in the next layer is called the basal spacing or c-
spacing. The sheets in the unit layer are tied together by covalent bonds; therefore, the

unit layer is stable. The layers in the lattice layer are held together only by Van der

increase of the c-spacig the laye he penetration of water. Thus
' i Ceswhere all the layer surfaces are available for
Tnierlay surface and cation hydration between

smectite structural i ique property of .-.. lays. The crystal structure of

hydration and cation

smectite clay can be ds

9.2 A and the ¢ axis is ;1 <154 Tl g on the water content [Deer et
al., 1996]. '

structural charge ongmatmg from the substltutlon of Mg2+ for AP’* in the octahedral

sheet. Mﬁﬁ Wj W’] ﬂ‘j‘ montmorillonite  is

M{nH,O(Al negative charge at surface of clay layers are

balan mﬁj Gﬁmmﬂmﬁ cations may be
alkalmeq: ions or the 1 metal such as Ca™ ,Mg”" and Na'. When Na* cations

are exclusively in exchange with the montmorillonite surface, the clay is known as
Na-montmorillonite is otherwise known as Bentonite especially in drilling fluid
literature. The expanding lattice may provide the clay with a specific area of as high
as 760 m2/g. The chemical formula for Na-montmorillonite is Nay 33[(Al; 67
Mgo33)(O(OH))x(8i0;)4] [Paul, 1999].
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Figure 2.2 Micrograph of bentonite by SEM at various magnifications



In commercial, smectite clay can be removed from nonclay particles by
sieve and sedimentation method as shown in Figure 2.3 [Grim, 1968] In water, the
clay particle can be separated to individual platelet which acts as a colloid particle
(particles less than 2 pum).

Bentonite

.'i l

P Crude bentonite
diSpersion

storage
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Figure 2.3 Flow chart ¢f bentonite pgeparation [Gri ﬁm.
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2.1.2 Properties of smectite clay

2.1.2.1 Specific surface area

The specific surface area is an intrinsic property of smectite clay. Form
the crystal structure and microstructure, they indicate that the smectite clay particle
possess a thin plate shape with a high aspect ratio, about 100 — 200 [Akelah, 1994]



The maximum specific surface area can be calculated from
crystallographic data. The basal plane surface of montmorillonite covers a specific
surface area of 760 m%/g. Depending on the particle size the edges contribute 40 — 50
m?/g, thus the resulting total surface area is about 800 — 810 m2/g [Ammann, 2003].
However, this value is valid only for a pure clay mineral whereas natural samples
always contain some impurities. Gas adsorption technique can be used to determine
the surface area from the relationship between applied pressure and volume of gas
’: Brunauer, Emmett, and Teller (BET) gas

ique is the absorption of molecules
solution onto a solid surfa as methylene blue. Additionally,

TE— T—
specific surface values C (

forced into the specimen as describe

thermodynamic properties, the
rate of dissolution of ¢ ' \) and the diffusiveness of X-ray
st echniques can be found in
Adamson (1990) and o ' I¢ gas adsorption and methylene blue
absorption techniqu ; idn of an ‘-\\ te onto the clay surface. The

methylene blue technigiie i '_ : bonding energy (ionic Coulombian attraction

ited to a monolayer. In the gas absorption
facted - 7 i& surface by van der Waals forces
(phy51sorpt10n) and multiple _@T— oy i Multilayer adsorption is considered in
the BET theory whenlit'is used to analyze the exp #alresults. Chan et al. (1999)
reported the spec i su ace ' anson between N, and
methylene blue adsorpfion method in Table 2.2. MetHylene blue adsorption method
get higher values than Nacadsorption method, as a result of clay layer delaminated

snder & wet ﬁ 58] AT T Eb S of g oo

procedure attaifts a dry conditiony Bentonite ers a similag, fate and causes a
reduct qu:ﬂ ﬁrﬂ%xﬁ%&%’}% Bq a'hg}pemﬁc surface
values% clay mineral especially montmorillonite is depending on the particle size,
measurement method and procedure. The methylene blue technique is a simple and
reliable technique for the determination of the specific surface of soils, including

swelling clays [Santamarina, 2002]



Table 2.2 A comparison specific surface of montmorillonite between N; adsorption

and MB absorption techniques
, Ss (m”/g)
Soil type
MB adsorption N, adsorption
Na-montmorillonite 700 31
Al-montmorillonite 509 37
Fe-montmorillonite ' 410 47

to determine the surface area of
ormula is Ci6HgN3SCl, with a

cthylene blue in aqueous solution

clay minerals for sev;
corresponding m
is a cationic dye hicH 2 S0 gatively charged clay surfaces
[Hang and Brindley 497 n & 1999]. Henes, the specific surface of particles
can be determined b ﬁfgﬁ a’f. ed methylene blue. The surface area
covered by one methyl ..'.f, 01 eculenis typically assumed to be 130 A% It is
important to highlight that -,: ‘done in water suspensions, thus expansive
minerals can ex pose 2 lable sur

The ‘.:R pot-1e

f[[ as explain by Santamarina
(2002), can relate te

&
i

mount of MB required reaching‘the end point is

Auging, u
ama&ﬁ%ﬁﬁwﬂm}ﬂw |

wheré] N is the number of MB increments added to the soil suspension solution,
A, is Avogadro’s number (6.02 x 10 s /mol), and
Aws is the area covered by one MB molecule (typically assumed to be 130 A%

The methylene blue molecule has a rectangular shape with The methylene
blue molecule has a rectangular shape with dimensions of approximately 17 A x 7.6 A

x 3.25 A This molecule may attach to the mineral surface in various orientations, the
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most common assumption is that the molecule lies flat on the mineral surface on its
largest face, so the area covered by one methylene blue molecule may is about 130 A2

per molecule [Hang and Brindley, 1970; Santamarina, 2002].

The amount of absorption increases with surface area and surface charge
density, which is affected by pH and ionic concentration. Furthermore, absorption
involves ion replacement, which depends on the valence, size, and relative
concentration of ions [Mitchell, 1993]. The accuracy of this method is limited by the

size of adsorbates. The size shap a_rticles strongly affected to determine
7=

Additional . ; plainedsthe,relative of CEC and specific

the specific surface.

surface in equation [2
[m’/g] [2]
When CEC uni
and equivale 5 A/ charge

]
AULINENTNEINS
PRI TUAMINYAE



Geometry Equation Example

GPhear or Amorphous clay minerals
Allophana, hollow spherules

2 6 b =504, Gs - 2.65
S =— Ss - 453 m2/g
bp'GJ (axtreme case: b - 9.6 A,
than Ss - 235@ m2/9)

thinplate Sheet structure clay minerals
#Montmorillonite
{extreme case: fully swollen)
t - 9.64A Gs = 2.65
S8 - 706 m2/g
1>>t ; bast
Priam SChan structure clay mainerals
b Palygorskite, thread

b - 100 A, G, - 2.65
S, - 151 m/g

Figure 2.4 Illustratedthejelati : of] ape and specific surface area

. 2
The Figure!24 . n specific surface and the

size of a grain. The speclﬁc surface of a s01l made of spherical or cubical particles,

e TN |
amaﬂnimﬁgﬁﬁmmaﬂ

where C, is the coefficient of uniformity,
Pw is the mass density of water,
G; is the specific gravity of the minerals, and

Dsy is the particle diameter corresponding to 50% passing.
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The straight-line distribution assumption enforces the coefficient of
curvature to be C, = Cu‘m The coefficient of uniformity increases, a wider range of
particle sizes is present and the contribution of the smaller particles to the total surface

of the soil increases.

Expressions in Figure 2.4 show that specific surface is determined by the
smallest particle dimension. Equation [3] can be extended to platy particles
(dimensions b x b x f, where b is the length and width of the particle and ¢ is the

particle thickness), assuming t w
slenderness = b/t: :

—

the given specimen have the mean

[4]

This equation pérrdits computing t D s enderness from the measured
specific surface and grain*siz€ dist -,?»,- .--.z’s-
F i g

In natura@the crystals structure of smiectite clay usually has an
isomorphous substitutionfof-gertain atoms imtheir structure with others ions which has

owen velerice ﬂcl% E} quﬂdﬁi %@W:&Vt} f;}ged by trivalent cations

AP or Fe**, or @valent cations Mgzé or Fe?* may replace AP in the octahedral sheet.
o o QI SIS B A TR 5] e o
compensated by the adsorption of cations on the surface. Additional, cations and
anions are also held at the crystal edges when the crystal is broken. In aqueous
suspension, both sets of ions may exchange with ions in the bulk solution. They are
known as exchangeable cations. The total amount of cations adsorbed on the clay,
expressed in miliequivalents per hundred grams of dry clay (meq/100 g of clay), is
called the cation exchange capacity CEC. It is an important characteristic of clay

mineral. The cation exchange capacity is high for sodium montmorillonite, comparing

it to the other clay minerals.
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There are many ways to investigate the CEC values. The principle method
suggest by Rhoades (1982) is displacement of saturating index cation and then
displacement the saturating index cation after washing free from saturating salt. The
last step, detect the saturating index cation by many technique such as titration,

atomic emission spectroscopy depending on the type of index.

Methylene blue index is the simple method to detect the CEC values.
There is contain in the ASTM C 337-99 for characterize property of clays.

A

- 2.1.2.3 Particle assoeiation in' ola¥ suspensionsons
SRS |

—d.

suspe ion%he interparticle double layer
afitg e, 10T :

nteracting on clay particles. The

Clay parti
fepulsion and Van der
double layer is made : S\Charge and the balancing cation
charge in Figure 2.5 Theslcgative .- geat surfs consequence of imperfections

within the interior o

ﬂ‘IJEJ’J‘VlEJWTWEJ’lﬂ‘i

Figure 2.5 a) structure of a diffuse electricakdouble laéer atithe surface of a

o W] @b o b Pl hions

anions n” with distance from the surface for a symmetrical
electrolyte with a bulk concentration of ng . [Paul, 1999],



The opposite charges, called counter-ions, are electrostatically attracted
to the surface of clay particle. Therefore, the concentration of the counter-ions near
the particle surface is high, and it decreases with increasing distance from the surface.
As two particles approach each other in suspension due to Brownian motion, their
diffuse double layers begin to interfere, leading to increase of the free energy of the
system. The amount of work required to carry out those changes and to bring the
particles from infinite separation to a given distance is the repulsive energy or
repulsive potential. The repulsi
computed from the diffuse

r between two clay platelets can be

where p is the co 0 he Beltzmann constant, 7 the absolute
temperature, ¥ the Steg ntialk

istance between the centre of two
Debye length.

cr D¢

particles, e the electron chz

************* { 7
[6]

ﬂ‘lJEJ’J‘VIEJWﬁWEJ’]ﬂ‘ﬁ

Theftepulsive potential gpcrease exponentlally with a&)ncreasmg particle
separa ?ﬂdoﬂmw ﬁw an electrolyte
concenzq:lmm eory assumes that the dispersed particles are not hydrated
and hence do not have an additional repulsive force when two particles approach one
another in aqueous solution. It appears that for Na* -montmorillonite, the total
interaction between the charged platelet surfaces should involve both short range
repulsion forces, due to partially bound hydrated cations and longer range repulsion

due to hydrated counter-ions in the double layer.
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Van der Waals attractive forces, there are three types of intermolecular
attraction that are recognized: dipole-dipole interaction; induced dipole-dipole
interaction and attractive forces between non-polar molecules London dispersion
forces. The London dispersion forces, which are due to the polarization of one
molecule by fluctuations in the charge distribution in the second molecule, account
for nearly all of the Van der Waals attraction in colloidal systems. The attractive
energy between two semi-infinite flat plates may be expressed by the following

equation:
V [7]
+1)?
where A4 is the Hamake between the surfaces of the
plates, and ¢ is the

A

Total interacti STEY, ¥ sum of the repulsive potential V3 and

The @L ------------ § form diffuse ionic layers
surrounding them afd on between the particles. The
addition of electrolytes in the system or an increase if temperature will reduce the
maximum ene ﬂif m tact with one another
and agglome mm m‘ﬁﬁ: as coagulation or
Sfocculation. The extent to which the particlesdecome flocculéitéd depends on the

B KUV Ak v i

and va.leﬁce of counter-ions.

If the concentration of clay is high enough, gel structures will build up
under the influence of Brownian motion, the concentration for Na-montmorillonite is
usually above 3% w/w. In suspension, plate-like clay particles associate three
different modes of particle: face to face FF, edge to face EF and edge to edge EE. The

various modes of particle association are illustrated in F igure 2.6. FF association leads
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to thicker and larger flakes, and EF and EE association lead to build gel structure,
called house-of-cards structures.

\ / 7 o=
R SN

(@

© ' @

Figure 2.6 Diffe modes of €lay partieleassociation in suspension:
¢ mQ edge-to-face EF; and

2.1.3 RheologicAl bgh:

Rheological bek o ispersion depends on the four factors
1) Viscosity of di
2) Particles

3) particles s1ze and shape and

4 %%JQ Tr]dm iwﬂMShaw 1980).
ﬁ"] NS TN TEE o ot o

relationship between the shear stress t and the shear rate )/ . The shear rate is defined
as the change of shear strain per unit time, and the shear stress as the tangential force

applied per unit area. The ratio of shear stress t to shear rate }’ is called viscosity 7 :

n= (8]

k)
Y
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Viscosity is a measure of the resistance to flow of the fluid. The plot of
the shear stress vs. the shear rate is called a consistency curve. Four different types of
flow may be distinguished: Newtonian, pseudoplastic, Bingham plastic, and dilatant,
as illustrated in Figure 2.7. When the shear stress is directly proportional to the shear
rate, the fluid is Newtonian and exhibits a constant viscosity. In the other types of
flow behavior, the viscosity varies with the shear rate and these are called non-
Newtonian fluids.

Figure 2.7 C's g L typés f flow [Reed, 1987].

iy 3
ﬂm f tlvely high particle
concentratlonaﬁ) ﬁm }m:l o the Bingham theory
of plastic. The Bmgham model stlﬁates that lied to initiate
flow a‘a weqﬂafa ﬂ w uw ﬁﬁfﬁ gﬁﬁﬂ igure 2.7. The

resistancé of the suspension to flow can therefore be considered as consisting of two

parts: a Newtonian part in which the shear stress is proportional to the shear rate and a

non-Newtonian part in which the shear stress is constant irrespective of the shear rate.
The equation for the Bingham model is:

T=7,+7], 4 [9]
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where 77,; is the plastic viscosity, defined as the slope of the curve, and tg is the
Bingham yield stress normally taken as the intercept of the flow curve at high shear

rates.

Very dilute clay suspensions or drilling fluids that contain polymers
behave as pseudoplastic fluids, which may be described by the power-law equation:

[10]

2

'-..:‘ with shear rate. Other models

where K is a measure

and 7 the flow-behavior index,

which is a measure o oft
NN

have been consider 1 S \ \\ avior of clay suspensions, such

as the Casson equatioh: 24 ’ \\
ERT A
7z

F] !; J o J-f
and the Herschel-Bulkley equat; O

o i
AT

[11]

Iﬂ . @ [12]

Bcﬁ-j mn;]] M1niﬂeﬂﬂin jscnbe the consistency

curves of dnlhng fluids, with the Hérschel-Bulkley equation beifig' the most suitable.
e L VYD B 53 B e
afterwar8s presents pseudoplastic or ‘shear-thinning’ type behavior at higher shear
rates. In the last case, the viscosity decreases with shear rate. The parameters of the
above equations may be divided between two groups. The first group, the Bingham
yield stress, consistency coefficient and Casson yield stress are affected by changes in
the low shear properties. In the second group, the plastic viscosity, flow-behaviour
index and the Casson viscosity, reflect the high shear rate behavior of the fluid.
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Clay suspension§ freqtidsitly sl 2\ dependent flow behavior, known
; :

as thixotropy. After mixing the-su

spension,_the yield stress and plastic viscosity
.-'_'_,-'J__} i k

fithetime if left standing. Curve
1 represents the o in at-flow-behavior ¢ Xiny 6 jthe suspension displays a
eriod %rest, the initial Curve 1 will

flow behavior represeiited b

be obtained. Concenu'a’ltfcg:lay suspensiogs; are very sensitive to shear and their
theological pr es Wi lmq.\gg?jﬁ(ﬂﬁq ﬂﬂirheogram (shear stress
vs. shear rate)mjgsﬂar rate is ramped-up and then immediately ramped-down, the
stresses, recor \‘s iJh, Berl a“g resis loop’ is
ob@ncﬁl(ﬁ')jﬂ'ﬁﬁmmmm ﬂirk which are

broken under shear, need time to be linked again to a three-dimensional network. In

decrease as illustrated in F

addition, when the clay system is subjected to a constant rate of shear, the viscosity
decreases with time as the gel structure is broken down, until an equilibrium viscosity
is reached. In view of their shear and time dependency, the clay suspensions require
the same preparation, handling and measurement conditions if comparisons are to be

made between the rheological properties of different samples.
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Various factors affect the flow behavior of clay suspensions. Naturally,
the clay concentration will bring about an increase of all rheological properties. Due
to the negative particle charge and double-layer structure, the yield stress and
viscosity change with variations of the pH of the suspension and electrolyte
concentration. Also, differences in the rheological properties are observed depending
on the type of electrolyte in solution and on the nature of the exchangeable ions. A
rise of the temperature increases the interparticle attractive forces, which in turn, leads

to enhanced particle-particle int 'r affecting the yield stress and suspension

'viscositY- = Y /‘/Z’

The suspe

a great extent on the viscosity of
the medium, which i €. Pressure effects may also alter

the flow properties e exponential increase of liquid

\ \\
viscosity with pressi ial s\.‘.\ of clays and liquids.

In 1964 i Y 2 ' o, that rheological behavior of
concentrated Na mofitmgrille i SV pensio chaved according to the Bingham
model. A very low amot ( of the yield stress and viscosity,
while higher amounts i 7 s¢ values gradually. The results were
explained in terms of t!l_g_, it thetelay.platelets, which were assumed to be
positive on the & des and ve on the faces Jditially, edge-to-face EF type

association occurs*eWing to et Oon, which results in ‘internal

mutual flocculation’<¥pon the addition of small amousts of salt, the double layers are
'compressed the effective ch etefmini e tatic attraction between
edges and faﬁ ueﬂcg msﬁm mﬁﬁ(ﬁﬁng down, accompanied
by the loweriﬂé of the rheological properties. However, furtherscompression of the
oY Bk S A Fhl Bl s i
which i now greater than the face-to-face repulsion. In this region the rheological
properties were found to increase. At very high salt concentrations the yield stress of
the suspensions tended to decrease, as a result of association transition from EF to FF
association, the formation of thicker particles by which the number of links within the
clay structure is reduced.
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2.1.4 Surface modification of clay mineral

Clay and clay mineral involved in material science studies and parent of
organic-inorganic hybrid materials from the swelling behavior, adsorption properties
colloidal and rheology phenomena. There are many methods to modify smectite clay
minerals including (1) adsorption (2) ion exchange with inorganic cations and cationic
complexes (3) ion exchange with organic cations (4) binding of inorganic and organic
anions, mainly at the edges, (5) grafting of organic compounds (6) reaction with acids
(7) pillaring by different types. of pols xo metal) cations (8) interlamellar or
intraparticle and interparticie polymeriz hydroxylation and calcination (10)

delamination and reaggregation ot"smm minerals and (11) physical

230U ,:v [Bergaya, 2001].
LA

i % \ cationic complexes is the
‘\‘\, nophilic clay. The natural smectite

clay usually has an imp linse . jas .
they should be purify Befoge i .3-_;»._ acess.

X
L

Ion exchan$

principle reaction to coVesf cle

»\a tobalite, feldspar, calcite then

o
d

NAlels 1
P
2.2 Organophilic clay ;

P T
Organophillic clay ef orpan introduced in 1941 by Dr.Jhon W.
Jordan, father of o :"‘-‘-?“'ﬂ"_‘_fm: s"sponsored by NL Industry.
He tries to develop the-hig Y0 ntinite. Normally, bentonite
use as a gallant for water system but not simplify for organic system. Organoclay was
exchange the inergani : i i \fyﬂ i iC cations to convert the
clay into org%ﬁﬁﬁ:ﬂﬂm in igr:lmch suitable for use in
organic system.[Clarke 1989

AU INYAE
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Figure 2.9 / ral rez organic compound

Since 19 merg = arches \ organophillic clay, such as the
. 'qu al property, has been report.
How ever, the parameters atio process and rheological property

in organic system are inadequate.

2.2.1 Prepa * haracterizatic mcclay

The adso on of cationic surfactants on c at the solid-liquid interface

is of great te ce and has been
investigated WmﬁﬂﬁMﬂ 2]. The adsorption of
surfactants on lay surface involves the eleetrostatic interabtions between the
surfaca Wﬁaﬁ @mau mq& mnﬁjeaﬁ %J tails, and the
electrostétic repulsion between the head groups. Usually a “two-step” adsorption
isotherm of cationic surfactants was found for smectite surfaces [Xu, 1995]. At low
surface coverage, first stage surfactant cations adsorb on the negatively charged
surface sites, the cations exchange with protons or other counterions depending on the
properties of the solid—water interface and the type of surfactant. When the surface

charge has been compensated, the “electrostatic” driving force for surfactant



24

adsorption is annihilated and the adsorption will only increase if the affinity of
hydrophobic part of the surfactant is low.

The replacement of inorganic exchange cations by surfactant on the
interlayer surfaces of smectite clays not only converts to match the clay surface
polarity with the polarity of organic system, but it also expands the spacing of clay
interlayer. The interlayer space by organic ions intercalation is depending on the
charge density of clay and the omum
surfactant, and the higher the

parameters contribute to in

ns size. In general, the longer chain length

the clay are a mainly force. These
u ied by the surfactant. Three type
of surfactant arrangem 1ay:! M a lateral bilayer, a pseudo-
trimolecular layer, or an o ¢ as 1llu9trated in Figure 2.10. At
very high charge densities / opt lipid bilayer orientations in
the clay interlayer. THE ogienié! of su m organoclay were deduced

based on infrared ang \
e

dynamics (MD) simulagion
rans-gauche conformer ratios. For

profiles, normal fomeé,
d-spacings of 13.2, 18.0 and 22.7

86]. More recent molecular

ar properties such as density

the mono-, bi- and psuedo-i

A, a disordered liquid-like arran ns was preferred in the gallery. In this
disordered arrangenﬁn the M } instead, overlap and co-
mingle with onium| 1988 in op ,_\ illeries. However, for the

trilayer arrangement, @ o . ar@ found within a span of two
layers and only occasibxp.lll& do they contia}e into the layer opposite to the positive

head group. mﬁeﬂnﬂ&%ﬁ %ﬂ ’%sf}x‘}d to reside nearer the

silicate surfaceqrelative to the ali hatlc portlon of the surfactant The highest

N i lﬁl& T e
just beae m ext est layering pattern s 1s expected

since the alkyl chains must be optimally packed under such dense surfactant

concentrations. The MD simulation experiments have agreed well with experimental
XRD data and FTIR spectroscopy for the stacked interlayer alkyl chains. However,

the inclined paraffin association is not addressed for < C;s surfactants with clays of
CEC less than 1.2 meq/g.
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"Ny ———?
I = —— 1
I C— —_— —1
L -
Monolayer

smectite with hexadecyl trimethyl

ammonium cations at 0.01-3.0',';;{@: ' CBE, show that a heterogeneous increase of

being developed ifiéreases a

cases interlayer regions by the
sufficient adsorption «.» Forganic surfactants beyond the

CEC value due to the tendency

AN NG

.2.2 Application

AR TUURINUIAY e

the gradgs which there are many different types on the market as shown in Figure
2.11. It usually use as a gallant or viscosifying agent in paint, printing ink, grease and
cosmetic industry [Gerry, 1989].
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2.3 Polymer-clay nanocomposite

The term “nanocomposite” describes a material which combining two or more
phase where at lease one of the phases is dispersed in the other one on a nanometer
(10°m) level. The behavior of these materials exhibits different from conventional
composite materials, due to the high surface-to-volume ratio. This term is commonly
used in ceramics and polymers. However, we will only consider nanocomposites

based on polymers. The polymer nangcomposites has attracted attention to achieve

by using nanoscale reinforcements.
The polymer nanocomposites is b: L5 matrices reinforced by nanofillers
such as precipitated silic itani \ des.synthesised by the sol-gel process,

silica beads, cellulose . =.~ ell“asycolloidal dispersion of rigid

2 i\‘t er in conventional composite

for long times ago. Sin . \ scovered new materials based
on polyamide 6 i #\ nown as “hybrid organic—
inorganic nanocomp ved __ amatic 1 provements of mechanical

properties, barrier prop esistance’ as compared with the pristine
_ : W% [Fukushima,1987]. Since then,
polymer-clay composites are divided gneral types: conventional composite
where the clay ac ., A conve ------------------ composite consisting of a
regular insertion of/the olyme olay layers and delaminated

nanocomposite wherg |1 nm-thic

Amatrix and this at low cl

ayers are dispersed in the matrix forming a

monolithic structure of #the microscale®és show mﬁure 2.12. The Ilatter
t

contguraion (1 3 Bk | bl ‘chlhe

interactions, mﬂmg the entire surface of the la yers available for the polymer This

oA 5 B W b

The nanolayers are not easily dispersed in most polymers due to their

ses the polymer-clay

preferred face-to-face stacking in agglomerated tactoids. Dispersion of the tactoids
into discrete monolayers is further hindered by the intrinsic incompatibility of
hydrophilic layered silicates and hydrophobic engineering plastics.



layered clay
monomer

Conventional TR Intercalated
Composite 2 Nanocomposite

ymer-clay composites.

, the modulus doubled, the
ion temperature increased by 80
°C compared to the pris r D , = IS0 demonstrated that organoclays

: : atlysimproved the dimensional stability, the
rdant propertics [Kojima et al., 1993a,b;

The use gorganoclays as precursors to nanocomposite formation has
been extendedy int 2 - Spi i poxys, polyurethanes,
polyimides, ﬁﬂﬂm:ﬂﬁ(nml ne and polysiloxanes,
¢ o s
3 WA EATN HNAFHE TR B vvicn conea

whetherja particular organo-clay hybrid can be synthesized as an intercalated or
exfoliated structure. These factors include the exchange capacity of the clay, the
polarity of the reaction medium and the chemical nature of the interlayer cations. By
modifying the surface polarity of the clay, onium ions allow thermodynamically
favourable penetration of polymer precursors into the interlayer region. The ability of
the onium ion to assist in delamination of the clay depends on its chemical nature
such as its polarity. The loading of the onium ion on the clay is also crucial for

success and it should be borne in mind that a commercial organoclay may not have
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the optimum loading for a particular application. For positively charged clays such as
hydrotalcite, the onium salt modification is replaced by use of a cheaper anionic
surfactant. Other types of clay modification can be used depending on the choice of
polymer, including ion-dipole interactions, use of silane coupling agents and use of
block copolymers. An example of ion-dipole interactions is the intercalation of a
small molecule such as dodecylpyrrolidone into the clay. Entfopically—driven
displacement of the small moleculés then provides a route to introducing polymer

molecules. Unfavourable interactions ay edges with polymers can be overcome

of ‘polymer-clay nanocomposite
including in situ polymeri#ati calation.

2.3.1.1 Insi \

In situ polymeéri .,---;,-'- € fifst method to synthe51s polymer-clay
nanocomposite in 1987 by toyoia hg [Eukushi ma, 1987]. The organoclay
is swollen in the wione DL, then 10 reaction ds initiate! by catalytic or increases

temperature.

2.3.1.2 Soluti¢ tercalatlon

QUﬂng y]. &J IJ EIS g‘lt;]no synthesis polymer-clay
nanocomp but it's dj aﬁmﬂ g ge amount of
solvent fal afl ﬁp, ofg lymer have to

dissolve in the solvent before mixing together. And the last step polymer-clay

composite is formed after evaporating the solvent.

2.3.1.3 Melt intercalation

Melt intercalation is a new method to produce the polymer-clay
nanocomposite, which introduce by Vaia [1993]. The strategy consists in blending a

molten thermoplastic with an organoclay in order to optimise the polymer-clay
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interactions. The mixture is then annealed at a temperature above the glass transition
temperature of the polymer and forms a nanocomposite the polymer chains
experience a dramatic loss of conformational entropy during the intercalation. The
proposed driving force for this mechanism is the important enthalpic contribution of
the polymer/organoclay interactions during the blending and annealing steps.

The melt intercalation process has become increasingly popular because
of its great potential for application in industry. Indeed, polymer-clay nanocomposites

have been successfully produce wide range of thermoplastics, from

strongly polar polyamide 6.t intercalated between clay layers.
However, polyolefins,

have so far only been s

Wolume of polymers produced,
i ted extent [Kormann, 2003].

2.3.2 Characteri

There are sz ‘ e the structure of polymer-
ay diffraction because it is a

ayers. The sample preparation is

clay nanocomposites. THe g

' \..

’ o ed within a few hours. However,

good way to evaluate the §ps
relatively easy and the X-ray's -;--';:'_; an b
one needs to be very careful wit 1 the 1 ferprétation of the results. Lack of sensitivity

of the analysis and limits ¥rong conclusions about the

nanocomposite structuge: T of.1r icroscopy is a necessary
complement to X—raﬂdi fral gives a diB;t measure of the spatial

distribution of the layers put it requires sub stantial skills in specimen preparation and

e ﬂ‘lJEJ’J‘VIEW]ﬁWEJ’]ﬂ‘E
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