The Colloidal Nature of Kaolin

Understanding the
colloidal nature of
kaolinite is critical to
developing a well-
controlled, repeatable

aolinitic clays are the foundation
of whiteware and traditional
ceramic industries. Clays acoount

95% of the specific surface
area of a typical whiteware batch (com-
posed of 45% kaolin and ball clays, 25%
quartz and 30% feldspar) and thus dominate
the batch rheology.

Since production of whitewares most fre-
quently begins in the slurry stage, under-
standing the colloidal nature of kaolinite is
critical to developing a well-controlled,
repeatable process. The commonly held
view that kaolinite possesses negatively

positively

of observed dispersant and rheology data

Based on the colloidal behavior of silicas
(isoelectric point of 2.0-3.5) and aluminas
(isoelectric point 8.5-10.4)," in the pH
range of 3.5-8.5, the silica-like basal plane
surface of a kaolinite particle must be nega-
tively charged, and the alumina-like basal
plane surface must be pesitively charged.

.

Kaolinite and Kaolins

Kaolinite and other clay minerals are

sequence, e.g.,
or orthoclase) usually found in a granite
source rock, can be written:?
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If the potassium is not properly removed
following the weathering process, illitic
clays are formed instead of kaolinite.

The term kaolin refers to a rock, or in this
case, a clay composed of at least
50% of the mineral kaolinite.? Kaolin
deposits are cither primary (i.e., deposited
where the weathering process occurs) or
secondary (i.e., transported a considerable

commonly
titania (rutile or anatase) and iron oxide>#
Beneficiation of the raw kaolin frequently
climinates all but a small percentage of the
Knh-nnul 1 sheet silicate composed
(SIIO!)‘3 tetrahedral layct and an

uuchasuk. mica,
bentonite, etc. are 2:1 sheet silicates in
which the octahedral layer is sandwiched
between two tetrahedral layers.S The pres-
ence of 2:1 sheet silicate impurities in com-
mercial clays is easily detected by powder
X-ray difiraction as peaks at ~6° and ~8.8*
26 (using Cu radiation) for montmorillonite
and mica, respectively. Similarly, it is rou-
tine to demonstrate that the amount of

To understand the colloidal nature of kaoli-
nite, it is essential to recognize that the basal
plane surfaces of a kaolinite particle are dif-



ferent. One will behave as silica does in
water and the other as alumina or, more
accurately, aluminum hydrate.

Direct evidence regarding the dual
uufmmundholnnnmded
by atomic force mcrowopy (AFM)

poly acrylic acid (PAA) dispersant nec-
essary to reach the minimum in a viscos-
ity vs. dispersant level curve is ~58% of
the amount needed to coat the surface of
an alumina powder (to also obtain a
m:-vhoudtym)’

em Kentucky and Tennessee. Major
kaolin deposits are located on the
southeastern side of the mountains in
central Georgia and South Carolina.
All commercial kaolins and ball clays
mdleUnnedSmummnedfmm

ences reside in remaining impurities,
usually quartz, montmorillonites,
titania and matter.

English china clays (also kaolinitic in
nature) are obtained from primary and
mydaposhmddmuthdﬂy
in the types of mineral impurities from
kaolins obtained in the United States.
Micas are common (almost no mont-
morillonites are found), and the titania
content is lower,

The lower titania content in English
clays corresponds to a high whiteness
after firing, even though the iron con-
tents are similar. A small amount of
ionic substitution of iron in the titania
lattice is responsible for the coloration
after heat treatment.

Kaolinite in Water

The prevailing perspective regarding
the nature of kaolinite in an aqueous
medium is that the basal plane surfaces
are negatively charged and the edges
are positively charged. This view is
supported in the literature by studies
demonstrating the agglomeration of
negatively charged gold particles to the
positively-charged edges of clay

the faces of the kaolinite particles has
been used to argue that the faces,
therefore, are negatively charged—a
conclusion subsequently drawn by
other authors.®

Several key concepts are essential to
deciphering the nature of kaolinite in
Whea an oxide

ates charged sites on the particle sur-
face. When the particle surface is in

surface is net
eqlinlelt
negative charges).
The pH at whi
achieved is called
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cept of a double layer of ions sur-

rounding a suspended to
compensate for the potential at the
particle surface. Close to the
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showing the relative spacing between layers (in
and morsmorillonite are 2:1 sheet silicates.

silicate, while the mica

kaolinite, mica and monmmorillonite,
The kaolinise cryssal is a 1:] sheet
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ous medium. The kaolinite particle
edge is composed of a mixture of alu-
mina and silica sites.

It is proposed here that one basal
surface should behave like silica while
the other behaves like alumina in

aquecus suspension.

It is well documented that silica has
an IEP of 2.0-3.5, and aluminum
hydroxide has an IEP of 8.5-10.4. At 3 10 () ) s 2 » “© “ 0
suspension pH levels above the IEP, »

the particle is net negatively charged;

mum'mm;uw_ Powder X-ray diffraction patierns for domestic boll clay and kaolin and English koolin. The
tively charged. Conservatively, then, MM’#JJ-&&‘NW»#W“M*.‘
the basal plane surfaces should be ‘M P _L'“.L—'.L;. on p.XX. The large reflection ot ~12.3° 20
oppositely charged from pH = 3.5 to rep the yer spacing for All three of the samples contain impure quarty,
pH=85.

At a neutral pH, therefore, the silica-
like basal plane surface must be nega- ' v N
tively charged, and the aluminum °
hydroxide-like basal plane surface . .
must be positively charged. However,
2:1 sheet silicates possessing silica-
like surfaces for both basal planes will
have negatively charged basal-plane
surfaces above pH = 3.5, with the edge
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PAA dispersant required to disperse L o 1 m ol 5
puy Oispersant Level (mon?)

Comparison of viscosity vs. Na-PAA dispersant level for 30 vol% alumina and kaolin
“"’!P“:’- the m}‘("m suspensions af pH = 8.5 (£0.2), corrected for the specific surface area of the powders (9.6
d“?"m“’ d‘!"‘, nhohnm. mi/g and 21.4 m/g, respectively).®” The data indicate that approximately 58% as much
required to disperse alumina, dispersant is mecessary 10 reach the minimum in the viscosity curve for kaolin compared
based on suspension viscosity mea-  shar required by alumina.
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plane WC’?thh let thickn n, the silica-
like basal wmmmuwuummmm
charge should be positive over a broad pH range. The charge on the edge may be neutral.
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Aspect Ratio (W2L)
Calculated surface area ratios for a) f, {A,",.A.JMJMM + 4 A, 05 @
function of aspect ratio (W2L). These calebiationt assame Loy

suremeats. Other experimental results
InveimicmdMPMham

ticles is being coated by the M
sant. This explanation, however,
is inconsistent with the

of kaolinite particles, as will
demonstrated.

The Morphology of Kaolinite
Kaolinite particles have a hexagonal
muumdhm
uwmhm
particle. Well—crylullludholhlu
pmlclaueclu:‘y::lwwll;h
sharp corners a ges; poorly-
ized kaolinites have hexagons

'fl‘ hcu.e:l‘

a perfect

umed, dub.ulplllotox
:'nd.:‘ce areas can be calculated and
plotted as a function of the aspect ratio
of the pluele! thickness (h) to the
point-to-point dimeasion (2L) across
mmmmmum
surface area (A,,) of a hexagonal
platelet is:

S e

To calculate the ratio of edge 0 basal
plane surface arcas, L is defined as 1,
and the aspect ratio is defined a3 x =
h/2L. Thus, the fraction of surface
area due to the edge (f,,) is:

A . v ¢ ()
[" A 1214;3

If the dispersant addition only adsorbs
on the edge utfwu. significantly
thigker kaolinite particles are
necessary. For example, if a 50%
dispersant level is required to disperse
a kaolin sample compared to that
needed to disperse alumina,
producing a calculated edge
of 0.866L (or 0.433-2L),

Analysis of SEM images of well-
crystallized kaolinite indi-
cates the average edge thickness
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SEM photomicrographs of K-Galb, a well crystallized Georgia kaolin from the Clay Minerals Society. The well formed

and sharp corners and edges are indicative of well

hexagonal plaselets
kaolins. The measured edge thickness average is 103 nm (£30 nm), and the

average point-t0-point dimension is 1.1 pm (£430 nm). Using the average values for thickness and width, the calculated aspect ratio is 0.095,

(measured on 350 particles) to be 103
am (£30 nm) and the average point-10-
point dimension (measured on 250
particles) to be 1.1 pm (2430 nm).

Clearly, dispersant is adsorbing on a
surface other than the edge. With the
calculated aspect ratio of 0.095, the
area ratio of one basal plane to the
total surface area of a clay particle is
41%. The ratio of the edge area plus
one basal plane surface, however,
accounts for 59% of the total surface
area. This is consistent with the
observed dispersant demands for
kaolin compared to alumina (58%)

(kaolinite, a Georgia kaolin, an English kaolin and a Ball Clay)

Component (%) Kaolinite Kaolin Kaolin Ball Clay
Theoretical Georgia English Kontucky
46.55 45.30 46.77 4470
30.50 38.38 b r iy ] 38.30
&, 0.30 0.36 0.60
144 0.02 240
025 024 0.10
Ca0 0.06 0.13 0.10
:ZO 0.27 0.05 0.10
0.04 149 0.10
A X 1387 1297 1380

3
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h«0.1062)

! h = 0.43N2)

Schematic illustration of the aspect ratios of two kaolinite particles. The left drawing

shows an average

particle using a value similar to that obtained from the SEM images. The

drawing 1o the right shows the aspect ratio necessary to allow the edge to account for one-

half of the total particle surface area.

basad on viscosity measurements.

Summary and Conclusions
Kaolinite, a 1:1 sheet silicate, is
composed of a (Si,0,)* tetrahedral
layer and an (AL[O octahedral
layer, a structure requiring that the
basal planc surfaces be oppositely
charged over a broad mange of pH. It
also is observed that, when comrected
for specific surface area, onc-half as
much dispersant is necessary (o
disperse kaolins 10 alumina.
Finally, calculations of the basal
plane and edge surface area ratios for
idealized hexagonal platelets indicate
that significantly thicker kaolinite par-
ticles are necessary to justify adsorp-
tion of dispersants on the particle
edges alone. However, adsorption of
dispersions on one of the two basal
planc surfaces and the edge fits both
the dispersant data and the mineral-
ogy, supporting the proposal that there
are two distincly different basal plane
surfaces on kaolinite particles. "
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