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Contributed Paper

Electrokinetic Properties of Kaolins, Sodium
Feldspar and Quartz

Sitthisak Prasanphan and Apinon Nuntiya*
Department of Industrial Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand.
*e-mail address; anuntiya@chiangmai.ac.th ;

ABSTRACT

Zeta potential of three kaolins (Ranong, Lampang and Narathiwat), sodium feldspar and
quartz were determined as a function of pH and in the presence of sodium silicate. From the
experimental results, it was found that the increase of the suspension pH resulted in an increase
in the negative charge of the three kaolins, sodium feldspar and quartz. Furthermore, when
sodium feldspar and quartz were added to either of the kaolins, it was found that the zeta
potential of the mixtures decreased (being less negative) as the concentration of sodium feldspar
and quartz increased. The results also indicate that the zeta potential of the 25wt% sodium
feldspar-25% w/w quartz-50wt% kaolin mixtures were more negatively charge than those of
sodium feldspar and quartz, but less negatively charge than that of the kaolins. The addition of
sodium silicate into the suspensions provided higher negative zeta potential. The three kaolins
and sodium feldspar did not show any isoelectric point, but quartz showed isoelectric points
at pH about 2.13 and 2.77 in the absence and presence of sodium silicate in suspensions,

respectively.

Keywords: isoelectric point, kaolin, quartz, sodium feldspar and zeta potential.

1. INTRODUCTION

The structure of a kaolinite is based on
the combination of two layer structures. One
layer, known as the silica layer, is composed
of silicon and oxygen atoms, and the second
layer, known as the gibbsite layer, is composed
of aluminium atoms and hydroxyl groups.
The kaolinite crystal consists of a large number
of two-layer units held together with
hydrogen bonds [1-5]. Kaolinite platelets have
negative charges on basal surface due to
substitution, positive and negative charges on
edge surface due to broken bond at the edge
[4,6].

The basic feldspar structure consists of
a ring of four tetrahedral unit; potassium and
sodium feldspar have three silicon tetrahedra
and one aluminium tetrahedron, while, in
calcium feldspar, half of the four tetrahedral

units are silicon-based and another half are
aluminium-based [7,8]. The surface of
feldspar is composed of positive and negative
sites. The positive charges are mostly Na* ions
in albite and K" ions in orthoclase, and the
negative sites are polar silanol groups or
nonpolar siloxane group [9,10].

The basic structure of quartz (SiO,)
consists of a tetrahedral with oxygen anions
atits apexes and a centrally positioned silicon
atom. A complete tetrahedron, then, has four
negative ions [11]. When quartz crystal is
crushed in a dry environment, broken Si-O
bonds will result in reactive surface sites, on
which atmospheric water molecules can
chemisorb to cover the surface with hydroxyl
group (silanol group) [7,11].

When placed in water, surface hydroxyl
groups of kaolinite, feldspar and quartz react
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with either H* or OH" at low and high pH,
respectively, creating either a positively or
negatively charged surface [7, 10-14]. There is
a pH known as the point of zero charge (pzc),
where the majority of surface sites are neutral
and the net charge on the surface is zero (Le.
the density of positive and negative sites is
equal). The zeta potential is the electric
potential measured at the shear plane. The
isoelectric point is the pH at which the zeta
potential is zero [15]. The zeta potential
measured by electrophoresis and streaming
potential are nearly identical in most situations,
particularly when the aqueous phase is adjusted
by addition of 0.1 M HCl or 0.1 M NaOH.

Kaolin, sodium feldspar and quartz are
typical constituents in clays. Electrokinetic
properties, such as the isoelectric point (iep)
and potential determining ions (pdi), of these
fine particles in an aqueous solution play a
significant role in understanding the adsorption
mechanism of inorganic and organic species
at the solid/solution interface. The principal
reason for determining the zeta potential is to
obtain an indication of the magnitude of the
potential at the beginning of the diffuse double
layer around the particles. This can then be
used to estimate the effect of the particle
charge on such behaviours as aggregation,
flow, sedimentation, and filtration. Besta et al.
[13] measured the zeta potential and specific
surface charge of kaolin as a function of pH
in 0.01 M KCl solution. They found that kaolin
was positively charged below pH 2.2 while,
above pH 2.2, it carried a net negative charge.
This is in agreement with Alkan et al. [12] which
reported that kaolinite has an isoelectric point
at about pH 2.35. Demir et al. [9] showed
feldspar surface charge character is mainly
governed by the ratio of the cations and
dissociated silanol groups as a function of pH.
Increasing the pH leads to an increase in the
negative centers and a decrease in pH results
in the positively charged centers. Karagiizel et
al. [10] determined zeta potential of feldspar
as a function of pH and found that increasing
pH for both albite and orthroclase results in
an increase in the negative charge and vice
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versa. Besra et al. [13] measured zeta potential
and specific surface charges of quartz as a
function of pH (in 0.01M KCI solution). It
was found that quartz attained a net negative
zeta potential/surface charge in the entire pH
range of 2 and above. The magnitude of
negative zeta potential was larger for higher
pH value compared to lower pH condition.
The point of zero charge of quartz from both
zeta potential and surface charge measurement
was found to be approximately at pH 2. In
this manner, some researchers have
investigated electrokinetic properties of
kaolinite, feldspar and quartz [15]. The surface
interactions when these materials are
incorporated into aqueous dispersion or
polymer system ate poorly understood, for
example, the development of charge in
aqueous systems and, consequently, the
electrical double layer propetties of the surface
as a function of pH and electrolyte [12].

The aims of this study are to examine
the electrochemical properties of kaolins,
sodium feldspar and quartz in distilled water
as a function of pH and to study the effect
of sodium silicate on the surface charge.

2. MATERIALS AND METHODS
2.1 Materials

Kaolin, quartz and sodium feldspar
powders were used in the experiments.
Kaolins were obtained from Narathiwat,
Ranong and Lampang (Thailand), the sodium
feldspar was obtained from Tak (Thailand),
and quartz was obtained from India. The three
kaolins, quartz and feldspar samples were
passed through 325 mesh sieve in a wet state,
allowed it to settle, and the supernatant was
discarded. The washed samples were dried
at 80°C for over 48 h and all samples were
grounded in a rod mill.

2.2 Chemical Analysis by X-ray

Fluorescence (XRF)

The three kaolins, sodium feldspar and
quartz powders were determined by using
Philips Magix Pro MUA /USEP T84005
XRF spectrometer. The powders were fused
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into a pellet prior to irradiation with x-rays.

2.3 Mineralogical Analysis by X-ray

Diffraction (XRD)

Panalytical model x’pert pro MPD X-
ray diffractometer was used to determine the
phases present in the three kaolins, sodium
feldspar and quartz powders. Powders were
placed in a flat glass holder and scanning was
taken, using CuKa radiation, over the 20
ranging from 5° to 95° at scan speeds 0.003
s and 0.008 s™.

2.4 Zeta Potential Measurements

The zeta potential of kaolins, sodium
feldspar, quartz, 25:75 wt% and 50:50 wt%
of sodium feldspar: kaolin mixtures, 25:75
wt% and 50:50 wt% of quartz: kaolin mixtures
and a mixture of 25 wt% of sodium feldspar-
25 wt% of quartz-50 wt% of kaolin were
evaluated using an automated micro-
electrophoresis instrument (Zetasizer 3000
HSA, Malvern). The unit automatically
calculated the electrophoresis mobility of the
particles and converted to the zeta potential
using the Henry’s equation [16];

U = 2608¢[1+ 1 (ka)]
E ‘_"'3”—

M

where C is the zeta potential, U, is the
electrophoretic mobility, &, is the dielectric
constant of free space , & is the dielectric
constant of medium, 7 is the viscosity and
flka) is the Henry’s function.

Each sample of 0.01 g of the three
kaolins, sodium feldspar, quartz and their
mixtures were dispersed into 100 ml distilled
water or distilled water containing 4 plsodium
silicate, and mixed homogenously with a

magnetic stirrer bar. The zeta potential of
prepared samples were evaluated using an
automated micro-electrophoresis instrument
(Zetasizer 3000 HAS, Malvern) as a function
of pH at 25 °C.

3. RESULTS AND DISCUSSION
3.1 Chemical Analysis
Chemical constituents of the three kaolins,
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sodium feldspar and quartz analyzed by XRF
are shown in Table 1.

Table 1. Chemical composition of the
three kaolins, sodium feldspar and quartz.

Compounds,%s R L N it Q
ALO, 35870 31.064 36.180 15.604 <0.0001
SiO, 46.252  53.047 44.755 71.075 98.734
FeO, 1.712 ¢ 1.327 \ 0.825 0.904 0.305
TiO, 0.075  0.066  0.835 0.106  0.008
NpO 17869 HOBTPOINE 6437 0478
K,0 2,05, 419391158 § 2442 = 0.031
CaO 0.397 0.208 0.132 1.099  0.084
MgO 052 G238 0.1 \P472° 0.093
MnO  0.052 0.057 0.005 0.074 <0.0001
PO, 0.027 0.014 0.061 0.097  0.009
LOI 12.037 17.855 12.821 1.690  0.258

R: Ranong kaolin L: Lampang kaolin

N: Narathiwat kaolin

Q: Quartz

F: Sodium feldspar
LOL Loss on ignition

3.2 MINERAL ANALYSIS

From the diffractograms in Figures 1-5,
the Ranong kaolin composes of halloysite,
kaolinite, illite, quartz and microcline. The
Narathiwat kaolin consists of well-ordered
kaolinite, illite and quartz. The major com-
positions of the Lampang kaolin are  dis
ordered kaolinite, illite,

quartz and albite. The diffractogram
of sodium-feldspar shows albite and illite as
major phases with quartz as the minor
composition. Quartz shows the strong
evidence of its d-spacing and intensity.

3.3 Zeta Potential
3.3.1 Effect of pH

Figure 6 illustrates the effect of pH on
zeta potential of three kaolins, sodium
feldspar and quartz. It can be seen that the
increase of the suspension pH resulted in an
increase in the negative charge of kaolins. This
can be ascribed to either the adsorption of
OH' onto the positive charges of kaolin or
deprotonation of surface hydroxyl groups. On
the other hand, the decrease of the suspension
pH resulted in a decrease of the negative
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Figure 1. XRD diffractogram of the Ranong kaolin.
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Figure 3. XRD diffractogram of the Narathiwat
kaolin.

potential due to the H* adsorption on the
negative charges or protonation of H* ions
[6,7,12,17]. The following description assumes
that the kaolin surface behaves as an
amphoteric oxide, where the electrical double
layer properties are due to different surface
site on the basal planes and edges. Kaolin has
a permanent negative charge on its basal
planes, due to isomorphic substitution [2,3,4,5,
18,19]. The electrical protonation/
deprotonation of the surface hydroxyl can be
ascribed as

-MOH+H* = -MOH,’
-MOH+OH" =-MO+H,0

@
©)

Comparing with the zeta potential of kaolin

Figure 2. XRD diffractogram of the Lampang kaolin.
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Figure 4. XRD diffractogram of the sodium feldspar.
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Figure 5. XRD diffractogram of the quartz.

determined by Besra et al. [13], it can be seen
that the increase of suspension pH resulted in
an increase in the negative charge of kaolin,
and vice versa, similar to the three kaolins from
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Thailand used in this study.

The surface of sodium feldspar is
composed of positive and negative sites. The
positive sites are mostly Na* ion in albite and
negative sites are silicic acid groups (Si-O).
The electrostatic charge is mainly a function
of pH. Increasing pH will increase the negative
species [7, 10,14] as follows;

=Si-OH + OH = Si-O + H O (4)
Conversely, the positive charges increase with
decreasing pH [7,10,14];

=Si-OH + H* — Si-OH," or
=Si-OH + H* = Si* + H,0

®)
©)

Figure 6 reveals that, with increasing pH, albite
surface acquires a similar charge profile,
indicating the relative abundance of negatively
charged silicic acid groups on the surface.
Quartz which showed in Figure 6 attains
a net negative zeta potential value at over pH
2.13. The magnitude of negative zeta potential
is larger for higher pH value compared to
lower pH conditions. From the other
experiments, quartz shows an isoelectric point
at pH 2.13 [11,13,20]. Comparing with the
zeta potential of kaolin determined by Besra
et al. [13], it showed the same similar manner.
Huang and Fuerstenau [11] have investigated
zeta potential as a function of pH for quartz
and talc. They were quite similar with the zeta
potential of quartz, being slightly more
negative than those of talc, possibly because
of more polar groups of silicic acid groups
on the quartz surface or because of the more
basic MgOH site at the edges of the talc
particles. The point of zero charge of both
quartz and talc occurred at pH about 2.

“In this experiment, the Ranong kaolin
was higher negatively charged than the
Narathiwat kaolin, Lampang kaolin, sodium
feldspar and quartz, respectively. The Ranong
kaolin composes of halloysite, which give the
highest isomorphic substitution in the structural
lattice and structure defects [18,19]. The three
kaolins and feldspar did not show any
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isoelectric point because the isomorphic
substitution remains independent of pH in the
acidic range. In the basic range, the edge
surface of kaolin, at which the octahedral sheet
is broken, may be compared with the surface
of an alumina or a silica particle. Hydroxyl
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% 20 el =
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g"m' e -4
iy
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-50 -4 - Lampang kaolin
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- @ Ranong kaolin
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1 2 3 4 5 6 7 8 é 1‘0 1"
pH
Figure 6. Zeta potentials of the three kaolins, sodium
feldspar and quartz as a function of pH.

ion acts as a potential-determining ion and
cause the edge surface to be negatively charged
[18]. The surface of sodium feldspar and
quartz are composed of positive and negative
sites. Increasing of pH then increase the
negative species.

3.3.2 Effect of Admixing

Zeta potential of sodium feldspar-
Ranong kaolin and quartz-Ranong kaolin
mixtures at weight ratios of 25:75 and 50:50,
and sodium feldspar-quartz- Ranong kaolin
mixtures at the weight ratio of 25:25:50 were
measured as shown in Figures 7-9. The results
indicated that the increasing of sodium
feldspar content in the Ranong kaolin
suspensions led to the decrease of zeta
potential (less negative), because of less
negative charge on sodium feldspar surface.

The zeta potential of the mixture of
quartz and Ranong kaolin showed similar
trend. As the concentration of quartz
increased, the zeta potential became less
negative. On the other hand, the zeta potential
of the mixtures became more negative when
the concentration of quartz decreased because
permanent negative charge of kaolin is higher
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than that of quartz due to the isomorphic
substitution or structure defects.

Furthermore, the zeta potential of
sodium feldspar-quartz-Ranong kaolin
mixtures at the weight ratio of 25:25:50 was
more negatively charged than sodium feldspar
and quartz, due to the highest isomorphic
substitution in the structural lattice of the
Ranong kaolin. On the other hand, the zeta
potential of their mixtures was less negatively
charged than that of the Ranong kaolin,
because sodium feldspar and quartz have less
negatively charged at surface. For the
Narathiwat and the Lampang kaolins, the
effect of admixing is similar to that found in
the Ranong kaolin (not shown).

Taubaso et al. [21] found that kaolinite-
illite-quartz mixtures at the weight ratio of
59.66:10.15:30.19 was more negatively
charged than kaolinite-illite-quartz mixtures at
the weight ratio of 23.45:26.14:50.42 and
17.38:45.27:37.35, respectively, due to the
highest isomorphic substitution in the structural
lattice of kaolinite. Compared with negative
charge of their mixtures determined by

&8

i

Zeta potential (mV)

—& — Sodium feldspar

50 | —6— Sodium feldspar:50% wiw + Ranong kaolin50% wiw

55 - A Sodium feldspar25% wiw ¢ Ranong kaollc75% wiw .

—%¥— Ranong kaolin

-80 i e Tar.o MR ek (i ORI (RN N TSR RN TR BE (AL
1 2 3 4 5 6 i) 8 9 10 1

Figure 7. Zeta potential of sodium feldspar-Ranong

kaolin mixtures.

Taubaso et al., it was found that increasing of
kaolinite content in illite and quartz suspensions
led to the increase of negative charge and vice
versa, which similar to the mixtures in this
study.
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Figure 9. Zeta potential of sodium feldspar-quartz-

Ranong kaolin mixtures.

3.3.3 Effect of Sodium Silicate (Na,SiO,)

As shown in Figures 10-12, the addition
of Na,SiO, into the Ranong kaolin, sodium
feldspar and quartz suspensions provided
higher negative zeta potential values due to
the specific adsorption of SiO,* ions onto
positively charges of the surfaces [22]. The
Ranong kaolin and sodium feldspar did not
show any isoelectric point because the
isomorphic substitution remains independent
of pH in the acidic range but quartz showed
an isoelectric point at pH about 2.77 in the
presence of sodium silicate in suspensions.
Compared with the addition of Na,CO, and
Na,SO, into kaolinite suspension by Alkan
et al. [ 12,23], it can be seen that the kaolin
suspensions provided higher negative zeta
potential values, similar to addition of
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NaSiO, into the Ranong kaolin, sodium
feldspar and quartz suspensions in this study.
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The same results were found from the
Narathiwat and Lampang kaolins (not
shown).

4, CONCLUSION

4.1 Zeta potential of three kaolins
(Ranong, Lampang and Narathiwat) and
sodium feldspar determined in distilled water
over a pH range from 2 to 10 showed all
negative charge, but zeta potential of quartz
indicated negative charge at over pH 2.13.

4.2 No point of zero charge of three
kaolins and sodium feldspar could be found
because its permanent negative charges due
to isomorphic substitution and/or structure
defects.

4.3 The Ranong kaolin gave the highest
negative charge due to the halloysite phase
which normally generates higher negative
charge.

4.4 The higher content of sodium feldspar
and quartz in the kaolin suspensions resulted
in the lower zeta potential (less negative).

4.5 Zeta potential of sodium feldspar-
quartz-kaolin mixtures at the weight ratio of
25:25:50 was more negatively charged than
those of sodium feldspar and quartz, but less
than that of kaolin.

4.6 The addition of sodium silicate in the
kaolin, sodium feldspar and quartz
suspensions generated higher negative zeta
potential values than in the absence of sodium
silicate and quartz showed an isoelectric point
at pH about 2.77 in the presence of sodium
silicate in suspensions.
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