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Abstract

The electrokinetic properties of aqueous suspensions of two kaolins were studied using the
acoustophoretic method by measuring the ultrasonic attenuation spectrum in a wide frequency range
(1-20 MHz). Then, the zeta potential is calculated according to the size distribution of grains.
A high state of crystallinity of the kaolinite platelets strongly influences the amplitude and
the variation of zeta potential versus the pH due to a high density of hydroxyl surface groups. It
was also shown that ion exchanges occur mainly with the hydroxyl surface groups of the platelet
edges by using strong electrolytes (NaOH and HCI) but also organic molecules (Tiron and sodium
salt of citrate) specifically adsorbed. The variation of the surface chemistry properties of platelets
during the amorphous phase formation after temperature treatment of kaolin powder is also
studied. The electrokinetic properties of kaolin suspensions treated between 200 and 800 °C
successively show an increase in the positive contribution to the zeta potential up to 400 °C for
the best-crystallized kaolinite and a decrease in the density of surface hydroxyl groups when the
sheets delaminate from 400 °C for the less-crystallized kaolinite. This study shows that the
characterization in aqueous suspension of surface properties of kaolinite complements other
studies carried out on powder and therefore it makes it possible to choose kaolin as a raw

material according to the intended application.
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1. Introduction

Kaolinite is one of the most studied mineral precursors because of its interesting characteristics. A
great thermal resistance, a high melting point, and electrical non-conductivity make it commonly
used in ceramic manufacturing (porcelain, bricks, potteries, and tiles). Furthermore, its natural
whiteness, chemical stability, fine particle size, and high readily dispersion in water and some
organic systems are used to produce suspensions combining a low viscosity with a proportion of
solid phase in many systems. It also has a wide variety of applications including as an adsorbent for
the removal of heavy metals and dyes including Pb**, Ni** and Cu?* from aqueous solutions, as a
chemical component in cement manufacturing, food additives, cosmetics, as a filler in the
manufacture of fiberglass and paper industry, etc [1]-[8].

However, the physicochemical characteristics of kaolinite, including the crystal order, specific
surface area, morphology, and surface properties vary depending on the source of kaolin [9]. Each
kaolin powder is specific depending on the deposit, which has its own chemical composition,
substitution in the sheets, grain shape, etc.

Kaolinite (Al2Si20s5(OH)s) is a 1:1 dioctahedral phyllosilicate, the main mineral of kaolins. The
ideal composition is Al2O3 39.53%, Si02 46.51%, and H20 13.96%. It generally crystallizes in the
form of pseudo-hexagonal platelets with a small thickness (from 1 um to 100 nm). The shape of
these grains, composed of stacks of several sheets associated with a structural anisotropy, promotes
complex surface properties with faces/edges of alumina (layers of octahedrons AlO2(OH)s) or silica
(layers of tetrahedrons SiO4) types. The hydroxyl groups in kaolinite exist in two forms connected

to Al in the aluminium sheet, inner-surface hydroxyl groups on the inner surface of the sheet



opposite the tetrahedral oxygen on the one hand, and on broken edges and upper surface of kaolinite
called outer hydroxyl groups on the other hand.

In aqueous media, the kaolinite has a heterogeneous surface charge which can be described by a
patch-wise model of kaolinite platelets [10]. It is based on the dissociation of the surface charge
contributions attributed to the basal and lateral surfaces of the platelets. Edges are generated as a
result of broken bonds and are composed of alternating alumina and silica sites. The electrical
charges developed onto the surface of the grains of kaolinite and their dispersion are affected by
several parameters including the density of reactive sites, the ratio between the site’s density on the
basal and lateral surfaces and the crystallinity of the sheets [11].

There are two types of charges: i) a permanent negative charge on the tetrahedral surface due to the
isomorphous substitution of silicon by lower valence cations. ii) a variable charge which can be
either positive or negative according to pH solution and the protonation/deprotonation reaction in
the aqueous phase. This variable charge is mainly affected by the silanol (Si-OH) and aluminol (Al-
OH) groups on broken edges, and the aluminol (Al-OH) groups on the octahedral surface [9]-[15].
The density of reactive sites of the edge surface is greater than that of alumina and silica faces ; as a
consequence, the variation of the zeta potential measured on the slipping plane of the electrical
double layer as a function of the pH is mainly due to the variation of the edges charges of the
kaolinite platelets [2], [14], [16].

Under temperature, the structure of kaolinite sheets undergoes several important transformations. A

first one is due to the dehydroxylation of the kaolinite structure as follows:

. 400 —700°C _
Al0Os. 2S5102. 2H, O ——— AlOs. 25102 + 2H20 (1)

This transformation is based on the removal of structural water leading to an amorphous phase. This
step occurs in stages: starting with the loss of the octahedron chain where the Al changes its
coordination from 6 to 4, then that of the tetrahedrons at a higher temperature [14], [17]-[22]. This

process is highly dependent on many factors such as kaolinite characteristics (crystallinity,



structure, particle size, and shape, etc.) and many experimental factors such as heating rate and
sample processing [23] [17].

A better understanding of the surface properties in aqueous suspension of kaolinite is required in
order to modify the platelets reactivity by thermal or chemical pre-treatment (acid washing, organic
modification, etc.) [7], [24], [25] to attempt more sophisticated applications [19], [20].
Electrokinetic properties of kaolinite suspensions can be characterized by acoustophoresis. This
technique can simultaneously measure the zeta potential and the particle size in colloidal systems
without dilution since it involves the measurement of a sound wave generated by the particles rather
than devices using optical techniques such as light scattering. Based on the Electrokinetic Sonic
Amplitude (ESA) effect, the dynamic mobility is extracted from ESA, the size distribution and the
zeta potential are calculated by fitting theory to the dynamic mobility spectra with the ESA or
attenuation. By using a wide range of high frequencies for the electroacoustic and ultrasonic
attenuation spectrum, the electrokinetic properties of colloids and the interactions between platelets
are better characterized (i.e. face/face, edge/edge face/edge). This method allows to compare raw
materials with different particle size, it is also possible to eliminate the Smoluchowski
approximation which gives an underestimation of the zeta potential because it is calculated from a
low frequency mobility magnitude using the thin double layer. Thus, the zeta potential can be used
to monitor and control the colloid stability and as an indicator of the particle surface chemistry.
Hence, in this study, two different kaolins very rich in kaolinite are used. They have different
characteristics in terms of crystallinity, grain shape, sheet stacking, and basal face/edge ratio. The
objective is to characterize the electrokinetic properties of aqueous suspensions of these two kaolins
by Acoustophoresis and to emphasize the relationship between the electrokinetic properties of
kaolin, the physico-chemical characteristics, and the thermal pre-treatment between 200 and 800
°C. Two specific molecules were also used to characterize the reactivity of the basal and lateral

faces according to the pH.



2. Experimental

2.1 Materials

Two commercial kaolins supplied by Imerys company (Limoges, France) were used in this study.
K1, a kaolin from Brazil (96 wt% kaolinite) and K2, a kaolin from the USA (93 wt% kaolinite). The
chemicals used in this study include: 4,5-Dihydroxy-1,3-benzenedisulfonic acid disodium salt
monohydrate (Tiron, C¢H4Na>OsS2.H>O) and trisodium citrate anhydrous 99% (CsHsNasO- 2 H-0)
purchased from ACROS Organics and ThermoFisher (Kandel) GmbH respectively. Hydrochloride
acid (HCI, IN) and sodium hydroxide (NaOH, > 98%) solutions purchased from Sigma-Aldrich

were used for pH adjustment.

2.2 Preparation of suspensions

All suspensions for acoustophorometric measurements are prepared with 2 vol% solid content.
First, distilled water and dispersant (Tiron/citrate) are mixed, then the kaolin powder is added and
the mixture is manually stirred. Hereafter the suspension was submitted to ultrasonic treatment
(Vibra-cell 75041, BioBlock Scientific) for 2 min to break particle agglomerates. Finally, the
suspension was let for 12 hours on a roller mixer operating before the measurement.

2.3 Techniques of characterization

2.3.1 Chemical and physical analysis

The chemical composition of raw materials was determined thanks to the X-Ray fluorescence
(XRF) method using a sequential X-ray fluorescence spectrometer, PANalytical, modele Zetium.
The specific surface area was determined by the BET method Micromeritics 3Flex using nitrogen

gas for adsorption. The measurements were carried out after two degassing steps, first at 90 °C for
30 min, followed by a second at 250 °C for 4 h.

2.3.2 X-ray diffraction

The X-Ray diffraction (XRD) pattern of kaolin powders was recorded using a Bruker D8 Advance
diffractometer with Cu Ka radiation (Acu= 1.54056 A), at a step scan of 0.02 operated at a voltage

of 40 KV with an electric current of 40 mA and over the 20 range from 5 to 60°.



2.3.3 Scanning electron microscopy

Scanning electron microscopy (SEM) observations were performed using MEB-Env Quanta 450
instrument. The observation was operated at different accelerating voltages (5 to 10 kV). A layer of
about 15 nm of Au-Pd was deposited on the sample to ensure suitable electronic conduction at the

surface.

2.3.4 Acoustophoresis

Zeta potential measurements were conducted as a function of the pH on the raw materials dispersed
at 2.0 vol% in deionized water with an ESA analyzer (AcoustoSizer II S flow through system,
Colloidal Dynamics). The apparatus includes sensors for measuring pH, ionic conductivity, and
temperature.

The electroacoustic method used in the AcoustoSizer involves the application of an electric field of
very high frequency (MHz). This causes the oscillation of the electrically charged colloidal particles
in the suspension because of their surface charge and a sound wave of the same frequency is
generated. The motion of the particles is then calculated by sound wave analysis which is related to
the dynamic mobility. Dynamic mobility is a complex quantity characterized by the magnitude and
the phase angle at each frequency. Measurements were performed at thirteen different frequencies
(1-20 MHz), with the Enhanced Attenuation Sensor which allows the acoustic pulse to pass only
once across the colloid. The advantage of the enhanced attenuation cell is that it can measure much
greater attenuations, both because it has a shorter path length and because a much higher voltage is
applied across the transducer to generate the driving ultrasonic signal. The set of quantities is called
the attenuation spectrum and makes it possible to calculate the size distribution and then the zeta
potential by getting the best fit of the spectrum. This theory was initially developed for spherical
particles with a low surface conductance but can be applied for platelets if no agglomerates (house
of cards) are formed [26]-[28]. Furthermore, measurements take particle size in consideration to
calculate zeta potential by getting the best fit of the spectrum, which allows to compare between

raw materials with different particle size.



Zeta potential measurements versus pH were made with the automated AcoustoSizer II pH titration
system. All experiments were conducted with the pH progressing from basic to acidic solution
conditions. Firstly, the pH was fixed at 10 with 1.0 mol/L sodium hydroxide solution, then titrations
were carried out by adding 1.0 mol/L hydrochloric acid solution. The following conditions are met:
1) Particle size distribution is constant during the whole experiment in the studied range of
pH, which confirms that no agglomerations were formed.
ii) Tonic strength is constant during the titration (0.5 102 and 0.7 102 M for K1 and K2
respectively).
i) The electrolytes concentration is high enough to consider that the contribution of lateral

surfaces to the surface charge is not hidden by the basal one [10].

2.3.5 Thermal treatment and analysis of kaolin powders

K1 and K2 samples were placed in a furnace under air and submitted to a thermal treatment with a
heating rate of 3 °C.min"! to reach the maximum temperature in the 200 — 800 °C range, followed
by a plateau of 5 hours. The heated samples were then characterized by Acoustophoresis following
the same procedure as described in 2.2.

Setaram Labsys Evo was used to perform the differential thermal (DT) and thermogravimetric (TG)
analyses using the following thermal program: from 30 °C to 1400 °C with heating and cooling rate

of 5 °C/min, respectively.

3. Results and discussion

3.1 Mineralogy and chemical composition of the kaolin
The main characteristics of these kaolins are presented in table 1. The ratio of aluminium and
silicon (Al/S1) is approximately 1, small quantities of Fe;O3; and TiO are detected in the two
powders that could be due to substitutions of Al and Si in the layers. Some ppm of alkaline and

alkaline earth oxides is also detected.



Table. 1. Chemical and physical characterization of kaolin powders K1 and K2

K1 K2
Oxide (Wt%)
AL2O3 40.36 40.02
SiO2 43.34 43.44
P20s 0.04 0.30
SOs 0.04 0.06
K20 0.07 0.22
TiO2 0.52 0.52
Fe203 0.62 1.00
7Zr0O: 0.03 0.00
CaO 0.00 0.32
SrO 0.00 0.02
Loss on ignition (LOI) 1541 15.08
BET specific area (m?*/g) 6 26

The SEM images of the raw kaolins (Fig. 1) show that the grains of the two kaolin powders have
different shapes and sizes. K1 grains are platelet-shaped and almost hexagonal with regular edges,
whereas the K2 sample is composed of blocky kaolinite agglomerates, the platelets have an
irregular shape and the edges are smooth. The average length of the K1 platelets is in a very large
range varying from 0.1 to 3 um with an average thickness of K1 platelets measured in the 30-35 nm
range. The K2 grains have a similar thickness but a smaller range of length (0.1-1 pm). The specific
surface area of K2 (26 m2. g'!) is around four times higher than K1 (7 m?. g'!); suggesting that the

crystallographic structure of the K2 sample kaolinite should have some defaults [29].



Figure. 1. SEM images of K1 (a) and (b), SEM images of K2 (c¢) and (d).

3.2 XRD patterns after thermal treatment (200 — 800 °C)
The XRD patterns were carried out on K1 and K2 samples after thermal treatment in the 200 — 800
°C range and are shown in Fig. 2. For the two kaolins, the kaolinite phase remains crystallized until
a temperature of 400 °C, well-defined peaks of diffraction are observed. For temperatures greater
than 400 °C, kaolinite diffraction peaks are not detected due to the destruction of the crystalline
structure caused by the dehydroxylation step. The removal of water leads to a destabilization of the
layer stacking and structure, followed by the delamination inside the layer between the silica
tetrahedra and the alumina octahedra, the bonds between octahedra and tetrahedra and within the
octahedra are broken which influences the structure of the octahedral layer: it finally leads to the
change of the coordination of aluminium from 6 to 4 [29], [30]. However, the tetrahedral layer

(Si04) remains stable during this transformation. The compound becomes amorphous for



temperatures around 600 °C where all the diffraction peaks of kaolinite disappear (zoom on 600 °C
et 800 °C (a) in supplementary information). Further increasing the temperature to 800 °C, the
diffraction patterns of calcined kaolinite shows no difference from that at 600 °C. Furthermore,
quartz peak in the K2 kaolin are always visible during the thermal treatment at different

temperatures.
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Figure. 2. XRD patterns of kaolin K1 (a) and K2 (b) heat treated at different temperatures
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3.3 Zeta potential analysis

3.3.1 Untreated kaolin powder
Fig. 3 shows zeta potentials of both kaolins as a function of pH. Whatever the pH, the electrokinetic
properties of these two kaolins are different. The highest potential amplitude (-75 and -55 mV,
respectively for K1 and K2) is measured at basic pH 10, the potential amplitude decreases with pH
to reach a value of -5 mV at pH 3 for K1, and -10 mV at pH 3.5 for K2. For kaolin K1, the
amplitude of the potential remains high until pH 6.5 (-70 mV), then decreases almost linearly to
reach nearly 0 mV at pH 3. For kaolin K2, the amplitude decreases progressively from -55 to -40
mV (pH 6) and more rapidly for lower pH but with a lower slope than for K1, the potential is still -
10 mV at pH 3.5. Since these kaolins are mostly composed of kaolinite, the measured potential
depends on the variations of charges on the surface of the kaolinite platelets.
At pH 10, the faces and edges are negatively charged and the overall potential of the platelets is
negative with a strong amplitude. This negative surface charge is due to the ionisation of OH
surface groups and to the permanent charge due to cationic substitution in the polyhedral layers.
The kaolinite of kaolin K1 contains fewer defects in the structure of platelets and in the stacking
assuming that the density of reactive hydroxyl sites should be higher which leads to higher
amplitudes and potential variations than for the kaolinite of kaolin K2.
The ionic conductivity is constant for each kaolin suspension during titrations, however, there is a
slight difference between both kaolins. We considered that ionic strength is quite similar between
the suspensions of the two kaolins and the differences of the zeta potential is mainly due to the
surface chemistry.
When the pH decreases, protonation reactions occur around aluminols and silanols sites: the silanols
of the edges become neutral and the contribution of the silica face is supposed to remain constant
and low over the whole range of pH. Then the negative contribution to the surface charge given by
silanol groups decreases. In a first time, the aluminols of the edges and of the alumina basal surface

become neutral and positively charged, generating a positive contribution to the surface charge of

12



the platelets. For these kaolins, that should occur around pH 6.5 where the potential slope changes.
This pH is critical for charge state of clay mineral platelets in various studies [10], [11] and could
correspond to IEP of edges. At very acidic pH, this positive contribution is nearly equal to the
negative one.

A greater amount of atomic stacking defects in the sheets would lead to a lower density of surface
hydroxyl groups. It is assumed that the zeta potential of a kaolinite platelet is the resultant of both
the contributions of the surface charge of the faces and of the edges. For a higher defect rate, the
contributions are lower in intensity and if we consider that the contribution of the faces is constant
and negative for the silica face and very little variable for the alumina face, the variation of the
potential depends on that of the edges potential. For kaolin K2, the contribution of the edges is not
much higher than that of the faces because the kaolinite is less crystallized thus there are less
reactive sites and thus the amplitude variations are lower than K1. Several previous studies with
acoustophoresis as the main characterization method have been carried out [2], [13], [31], [32] but

few of them use the multifrequency option and the analysis of ESA or Attenuation spectra.
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Figure. 3. Zeta potential (mV) of K1 and K2 as a function of pH

3.3.2 Thermal treated kaolin powder
Fig. 4 reports the electrokinetic properties of the two kaolins at different treatment temperatures.
0<T°C<200°C
In this temperature range, the electrokinetic properties of the kaolins vary slightly and are similar to
those of the untreated powder. The value of the potential in basic medium is lower by 5 mV when
the powder is treated at 200 °C for both kaolins.
200°C<T°C<400°C
After heat treatment at 400 °C, the electrokinetic properties of both kaolins vary considerably. For
kaolin K1, the potential in basic medium is the same up to pH 8; for pH < 8, it decreases with a

steep slope to become positive from pH 4.5 and reaches the value of +12 mV at pH 3.5. For kaolin
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K2, the measured potential is much lower whatever the pH, it varies between -15 mV and +5 mV
and becomes positive for pH 4.5.

Treatment at 400 °C increases the positive contribution to the zeta potential. The evolution of the
permanent negative charge as a function of temperature should remain low or even decreases with
the destruction of the polyhedral. Even if the kaolinite of K1 and K2 keeps its initial state of
crystallinity according to the XRD (Fig. 2), the surface properties of the platelets in water are
significantly modified. The positive contribution to the zeta potential increases. For K1, the zeta
amplitude is very high, thus, there are a lot of reactive sites with either an increase of Al-OH sites or
a decrease in Si-OH sites. However, for K2, the zeta amplitude decreases sharply; there are less
reactive sites than K1 which confirms that the rate of atomic stacking defects is higher for kaolin

K2 and the dehydroxylation occurs earlier in temperature (see DTA in supplementary information).

T °C=600°C

For K2, the positive contribution decreases with increasing the temperature and the potential
remains negative over the whole pH range for a thermal treatment at 800 °C. The same
phenomenon is observed for K1 with higher potential values and variations due to its higher
crystallinity, even though from 600 °C, the kaolinite of both kaolins is amorphous (see XRD in Fig.
4).

This study is thus very original, while using electrokinetic properties as a function of temperature
treatment of kaolin powders to show the increase in atomic stacking defects during the
dehydroxylation process that occurs at lower temperatures for K2. It also shows an increase in the
positive contribution of the zeta potential compared to the negative one up to 400 °C for K1 and K2
and a decrease in this contribution for higher temperatures. This increase in positive contribution
may be due to the proton delocalization and predehydroxylation of kaolinite [13], [33].

The evolution of kaolinite structure in temperature has been studied by NMR in many studies [21],
[30], [34]. Based on a study reported by Han [29] to analyse the changes in crystal structure during
dehydroxylation of kaolinite, NMR measurements have been performed on kaolinite samples

15



soaked with D>O during heating. At room temperature, all OH groups could be exchanged by OD
groups. According to their results, DO adsorbs in the inner-surface of the kaolinite. These authors
show that in the temperature range of 100-300 °C, two layers of kaolinite slip away from each
other, promoting a transformation of the inner surface OH/OD groups into outer OH/OD groups and
the release of intercalation water. Thus, the number of Al-OH sites increases during water-removal.
As the temperature increases, OD groups disappear until complete disappearance at 650 °C.
Kaolinite still has the same crystallinity in both kaolins until 400 °C (see XRD in Fig. 4), but the
electrokinetic properties are different as a function of temperature. For K2, variations of the zeta
potential are observed from 200 °C due to the presence of defects. Between the two kaolins, there is
always the same tendency but the temperatures are not the same. At 400 °C, the potential becomes
positive at pH 4, the positive contribution of Al-OH sites (face or edge) is more important, and as a
consequence, the defects in sheet stacking should lead to a higher AI-OH/Si-OH ratio than at 200
°C and without heat treatment. At pH 10, all OH sites are negative, so the decrease in potential
values with treatment temperature is due to the decrease of the density of reactive hydroxyl sites
with temperature, assuming that this is related to the loss of crystallinity and the increase in defects
(see XRD in Fig. 2).

At pH 3.5, the potential becomes less negative, then positive at 400 °C, the values are always lower
in absolute value with K2. At higher temperatures, the positive contribution continues to decrease in
both kaolins indicating a decrease in the positive contribution (Al-OH sites). According to Hann
[29], the slipping of the sheet should lead to a higher alumina basal surface exposed (Fig. 5).

In comparison with XRD and DTA/GTA (supplementary information), changes in the electrokinetic
properties of the powders occur at temperatures lower than the temperatures at which the
dehydroxylation can be observed. Hence, Zeta potential measurements by acoustophoresis
technique allow to detect changes in the surface chemistry properties of kaolinite aqueous
suspensions related to the modification of the atomic stacking and the increase of stacking defects at

temperatures lower than 400 °C. It also allows to determine the contribution of the Al-OH sites by

16



examining the properties in acidic medium (pH < 6.5). Since the protonation of AI-OH sites to Al-
OH?* occurs in acidic media, it is necessary to perform the measurements in this pH range to detect

the differences.
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Figure. 5. Kaolinite structure modification under thermal treatment

3.4 Study of the dispersant adsorption on kaolinite

3.4.1 Untreated kaolin powder

Tiron and citrate have two different chemical structures and different adsorption on kaolinite.
Citrate is a highly charged small anion commonly used with kaolinite thanks to its high surface
affinity at the solid/water interface [13], [35]. The molecule of Tiron complexes several cations
(APP*, Ti**, Zr**, Fe** etc...) in aqueous suspensions and it adsorbs onto the corresponding oxide
surfaces. It is a derivative of catechol with two sulfonate groups, its use with kaolinite has not been
mentioned in the literature [36]-[38],

Fig. 6 shows that the addition of Tiron or citrate does not modify the electrokinetic properties of
both kaolins in basic medium. The electrostatic interactions between the platelets and the anions are
not favourable to their adsorption and their contribution to the surface charge is negligible. It is
from pH 7 that the interactions with molecules become favourable, consequently, their adsorption
increases the negative contribution to the zeta potential. At pH 3, the maximum contribution is
measured in acidic medium.

Moreover, the ionization of the molecule influences the surface chemistry of the kaolinite. Tiron is

an anion whatever the pH. However, citrate is neutralized when the pH decreases. Without
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molecules, Al-OH sites become AIOH?* which makes a positive contribution to the surface charge.
When molecules are added, the -OH group is replaced by Tiron or citrate. This adsorption on Al-
OH sites which normally protonate leads to a decrease in the positive contribution of surface
charge.

The addition of these molecules modifies the electrokinetic properties of kaolin K1, especially from
pH 6.5. With 1 wt% citrate, at pH 3, the potential is measured at -40 mV instead of 0 without
molecules for K1. The potential difference with citrate is much higher than with Tiron even if more

Tiron is added.
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Fig. 7 shows the adsorption of these two molecules on kaolinite according to two hypotheses:

1) Citrate molecules should adsorb onto alumina surfaces but predominantly on the edge sites of the
platelet of kaolinite [38] which represent the major contribution of the global surface charge as
mentioned previously due to the high reactive sites.

i1) Tiron molecules should adsorb on the alumina basal surface of kaolinite thanks to the presence of
two hydroxyl groups derived from catechol [39]. The distance between two OH catechol groups
corresponds to that of two oxygens in the octahedral layer, which favours this adsorption.

Therefore, Tiron adsorption on the basal alumina face contributes slightly to zeta potential

Citrate

® o ® L
Al Si H O s C

Figure. 7. Molecules specific adsorption on kaolinite in aqueous medium

amplitude (less reactive sites).

3.4.2 Thermal treated kaolin powder
The effect of Tiron on the electrokinetic properties was also studied after thermal treatment of K1 in
Fig. 8. At 400 °C, Tiron adsorbs also in neutral medium 6 < pH < 8 and increases the potential by

20 mV. At 600 °C, Tiron adsorbs over the whole pH range and still has the same effect as the 400
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°C treated powder indicating the high density of Al-OH sites on basal surface according to the
previous hypothesis, even if the kaolinite is amorphous at this temperature. When the powder is
treated at 800 °C, the curves are quite similar in basic medium, the potential increases slightly in
acidic medium by almost 10 mV. The molecule does not adsorb a lot showing that the kaolinite
surface is mainly populated by Si-OH sites. If Tiron molecules adsorb only on the alumina basal
face, the 400 °C and 600 °C treatment increases the accessible surface of the alumina faces because
of water-removal during the dehydroxylation process which confirms the previous results.

The adsorption of citrate was only studied for 400 °C treated K1 (Fig. 9). The contribution of citrate
increases the potential by -20 mV at pH 6 with a maximum of -58 mV around pH 5. It seems that
there are many more adsorption sites available with heat treatment even on the edges because of

beneficial electrostatic attractions of AI-OH»*.
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Figure. 8. Zeta potential of thermal treated kaolin K1 with the addition of Tiron
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Figure. 9. Zeta potential of thermal treated kaolin K1 at 400 °C with the addition of
citrate

4 Conclusion
This research work carried out on the study of the electrokinetic properties of aqueous suspensions

of kaolinite highlights:

- The interest of the acoustophoresis technique used which measures the amplitude and the
phase shift of the acoustic wave according to a wide frequency range without suspension
dilution. This technique allows to study the behaviour of different grain populations of a

powder according to their size and therefore to evaluate their state of dispersion. It also
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allows to compare the surface chemistry of two powders of the same material but with

different particle size distributions.

The influence of the crystallinity of kaolinite platelets on their surface chemistry in aqueous
suspension. The density of surface hydroxyl groups is higher when the stacking defaults of
the atoms in the polyhedral layers are lower. Therefore, the amplitude of the measured zeta

potential is greater.

The possibility of differentiating the faces and edges contributions to the zeta potential of
the platelets by studying the electrokinetic properties as a function of the pH but also by
specifically adsorbing molecules either on the alumina faces (Tiron and citrate) or on the
edges (citrate). It has been confirmed that the contribution of the edges is preponderant on

the zeta potential variation of the platelets.

The variation of platelet surface chemistry properties during the amorphous phase formation
process after temperature treatment of kaolin powder. The electrokinetic properties of kaolin
suspensions treated between 200 and 800 °C successively show an increase in the positive
contribution to the zeta potential up to 400 °C for the best-crystallized kaolinite and a
decrease in the density of surface hydroxyl groups when the sheets delaminate from 400 °C
for the less-crystallized kaolinite. The adsorption of specific molecules such as Tiron on
temperature pre-treated kaolinite platelets confirms an increase in the density of aluminol

sites compared to silanols.

The kaolinite properties have been mainly studied, in powder form, at temperatures higher than 500

°C after the dehydroxylation step with the following characterization techniques; XRD, DTA,

FTIR, RMN) [24], [30], [40], [41]. This work, conducted with aqueous suspensions, shows that the

zeta potential of kaolinite platelets completes the characterization of their surface properties in the

200 — 800 °C range.

25



As kaolin is a raw material for ceramic shaping, this work makes it possible to control the
dispersion and the reactivity of kaolinite in a mixed system (i.e. with alumina) and then the
crystallization of the mullite according to the starting formulation (crystallinity state, pre-treatment,
addition of molecules, etc...), presenting a variety of physico-chemical properties converging

towards a wide range of applications.
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