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ARTICLE INFO ABSTRACT

Keywords: Silica tetrahedron (also called siloxane) is an important structure of clay minerals, the percentage of which
Surface wettability influences the hydrophobicity, polarity and other surface properties on clay mineral surfaces. In this study, a
Modification novel method for surface wettability modification of talc through thermal treatment has been put forward. In
Siloxane

this method, the symmetrical siloxane structures on talc basal surfaces were broken by transforming the non-
polar siloxane structure into a polar structure during the thermal treatment process, thus to decrease the hy-
drophobic components on talc surfaces, and therefore achieve the goal of surface wettability modification. This
study was performed through the measurements of thermosgravimetric analysis and differential scanning ca-
lorimetry (TG-DSC), contact angle and wetting heat measurements, fourier transform infrared spectroscopy
(FTIR), and 2°Si-nuclear magnetic resonance spectroscopy (>°Si NMR) as well as molecular dynamic simulations
(MDs). The results indicate that the thermal treatment at 960 °C for only a very short time could greatly decrease
the contact angle of water on talc surfaces. The mechanism could be attributed to that the thermal treatment
leads to the disorder of some of the Si—O bond length and O-Si-O bond angle in talc silica tetrahedron structure,
which finally results in the disorder of the symmetrical siloxane structure and the formation of the amorphous
silica phase. And the decrease of hydrophobic siloxane structures on talc surface gives rise to the relatively
strong hydrophilicity on talc surfaces. This current method improves the wettability of talc without any addition
of modifiers, which would be helpful of many applications of clay minerals, such as clay-polymer composites,
filler materials, clay mineral dispersion in aqueous suspensions or mineral processing, etc.

Amorphous silica
Thermal treatment
Talc

delivery materials (Zhang et al., 2016, 2017). Despite that talc was
found to be hydrophilic and showed increased affinity to water mole-
cules when degassed at 100-400 °C, it was still hydrophobic in its

1. Introduction

Talc, as a typical clay mineral, has numberous applications due to

its specific properties such as thermal stability, hydrophobicity, orga-
nophilicity and adsorption properties (Claverie et al., 2018). Tradi-
tionally, talc has been extensively applied as fillers in industrial process
such as papermaking, ceramics, wall materials, plastics, rubber, paints
and cosmetics (Andric et al., 2014; Fonseca et al., 2015). Recently, clay
minerals have shown enormous potentials in preparing nanocomposite
materials and functions materials with excellent properties, such as
flame retardant materials (Bonati et al., 2013; Pack et al., 2010),
electrode materials (Adpakpang et al., 2016), environment fucntion
materials (Kang et al., 2018; Li and Peng, 2018a, 2018b) and drug

natural state (Michot et al., 1994). Besides, some studies have found
that talc was hydrophilic at low relative humidity while it showed
hydrophobicity when at saturation (Rotenberg et al., 2011). In this
work, talc was considered as macroscopically hydrophobic due to the
natural floatability and very poor dispersion (Liu et al., 2019b). Talc
particles with strong hydrophobicity are difficult to disperse in aqueous
solutions, which are detrimental to the application of talc (Yi et al.,
2018b). For example, in papermaking industry, the chemically inert
talc leads to a poor fiber-to-filler bonding, which results in a poor
properties of paper (Polowczyk and Kozlecki, 2017; Samyn, 2013). In
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the field of ceramics, the non-uniform mixtures of clay and others
constituents have adverse impact on the mechanical properties of
ceramics (Okada et al., 2009; Ptacek et al., 2014). In mineral proces-
sing, similar wettability of clays and other minerals results in a poor
flotation separation performance (Liu et al., 2019a, 2019c). As for
composite materials, the compatibility between clay minerals and other
components also affects the specific functional performances of com-
posite mateials (Li et al., 2018; Peng et al., 2016; Wang et al., 2018a).

Therefore, it is necessary to modify the surface wettability of talc
particles in order to improve their compatibility, especially at this
current time that clay minerals are playing more and more significant
role in materials area such as composites and two-dimension nano
materials (Barcelos et al., 2018; Wang et al., 2018b; Yi et al., 2019).
Thus surface wettability modification for clay minerals are desperately
needed and then these specific structural minerals can be better taken
advantege in materials. And some strategies have been introduced to
modify surface wettability, commonly used wettability modification
method is achieved by addition of modifiers such as surfactants and
polymers (Kaggwa et al., 2006; Krysztafkiewicz and Domka, 1997; K.
Liu et al., 2016a,b). In these existing surface modification technologies,
the contacts between the talc particles and modifiers are bad. Colloidal
clay minerals usually aggregate into large flocs (Chen et al., 2017), thus
many clay particles inside the flocs have no chance to contact with the
modifiers when being in modified stage, resulting in a part of clay
particles not being modified. In consequence, talc particles are gen-
erally not modified uniformly, which severely restricted the application
of clay minerals.

Considering that modification of wetting properties of clay minerals
is required in many applications, an attempt has been tried to introduce
a newly surface modification method thus to overcome non-uniformity
problem in existing modification process. It is well-known that the 1:1
layered clay minerals consist of the repetition of one tetrahedral and
one octahedral sheet, while one octahedral sheet is sandwiched be-
tween two tetrahedral sheets in the 2:1 layered clay minerals (Brigatti
et al., 2006; Underwood et al., 2016). What is particularly attractive in
clay mineral structure is the highly symmetrical and non-polar silica
tetrahedron structure (also called siloxane) (Xian et al., 2017). Studies
have showed that the neutral siloxane surfaces composed of silica tet-
rahedron, such as talc (001) surfaces and pyrophyllite (001) surfaces,
are the most nonreactive surface in all the surfaces of clay mineral
(Nalaskowski et al., 2007; Schoonheydt and Johnston, 2006; Wallqvist
et al., 2006). The apical oxygen atoms in the silica tetrahedron structure
are very weak electron donors, which has been turned out to interact
with water molecules very weakly (Schoonheydt and Johnston, 2006).
The basal surface wettability of kaolin, including the siloxane surface
and the hydroxyl surface, have been investigated through molecular
simulations, and the siloxane surface showed a microscopic contact
angle of about 105° while the water droplets are fully wetting the oc-
tahedral hydroxyl surface (Solc et al., 2011). Besides, the strong ad-
sorption of hydrophobic aromatic hydrocarbons from water demon-
strated the hydrophobicity nature of siloxane surface in smectites
(Jaynes and Boyd, 1991). Hence, the siloxane structure was proved to
be inactive, nonpolar and hydrophobic practically and theoretically.
The edge surface of talc is of hydrophilicity due to the broken bonds,
while the basal surface (001) is of strong hydrophobicity due to ex-
posure of siloxane plane (Yehia and Al-Wakeel, 2000). Thus it is the
hydrophobic siloxane structure, exposed on both basal surfaces of talc,
that determined the hydrophobic nature of talc particles due to the very
little percentage of edge surfaces. The wettability of layered talc par-
ticles is dominant by the basal surface consist of siloxane structure,
which provides the theoretically possibility to modify the surface
wettability by breaking the symmetrical siloxane structure.

As mentioned above, talc contains the relatively ideal dimensions of
siloxane sheet in the (001) plane, which leads to the strong hydro-
phbocity of talc surface. Therefore, breaking the symmetrical siloxane
structure on talc basal surface may be an excellent way to change
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polarity of talc surface thus to modify the surface wettability. According
to some previous studies, some phase changes of talc may occurr to the
crystal talc structure under high temperature. Richar Ward has in-
vestigated the kinetics of the dehydroxylation of talc by means of iso-
thermal weight-change determinations (Richard Ward, 1975). Besides,
the dehydroxylation and structure changes in heated talc has been
studied by NMR spectroscopy (MacKenzie and Meinhold, 1994) and
infrared spectroscopy (Zhang et al., 2006). A literature review has aslo
been presented concerning the application of thermoanalytical methods
for the examination of thermal decomposition of talc (Wesolowski,
1984). Also, controlled transtormation rate thermal analysis (CRTA)
has been used to study the thermal decomposition of a talc sample and
found two main decomposition steps at 500-650 °C and 650-1000 °C
(Belgacem et al., 2008). Some fundamental insights into the effect of
thermal behaviors on talc and kinetic analysis of the decomposition of
talc under high temperature has been studied, which showed that the
talc was decomposed with the formation of enstatite and amorphous
silica (Liu et al., 2014). Therefore, previous studies have found that the
decompostion of talc were accomponied with the transformation of
siloxane into amorphous silica. Thus thermal treatment may lead to the
structure changes on the siloxane structure and therefore can be used as
an surface wettablity modification method. Based on this hypothesis, an
attempt was made to destroy the symmetric siloxane structure through
thermal treatment method and to modify the surface wettability of talc.
For instance, by destroying a part of the siloxane structure in silica
tetrahedron plane through previous reported thermal treatment, the
surface wettability, surface energy, surface reactivity and so on can be
altered due to the transformation of hydrophobic siloxane into hydro-
philic amorphous silica.

Despite that some existing literatures have presented the effect of
thermal treatment on the phase changes of talc powder, the improved
effect of thermal treatment on the surface wettablity of talc have not
been tested yet. Therefore, the wettability behaviors of talc powder
before and after thermal treatment have been studied. In addition, a
surface wettability modification method has been put forward based on
the thermal treatment methods. Compare to previous modification
method, this thermal treatment modification method, without adding
any additional modifiers, is an easy and fast way to uniformly modify
the surface wettability of talc particles. Hence, the main goals of this
work are to investigate the wettability of talc before and after thermal
treatment and then introduce a new method to modify surafce wett-
ability through thermal treatment, and to reveal its mechanisms thus to
provide a comprehensive understanding of the surface modification
process.

2. Experiments
2.1. Raw materials and characterizations

Raw talc powders were obtained from Aladdin Industrial
Corporation, phase composition of this material was determined by a
D8 Advance X-ray diffractometer (XRD) (Bruker, Germany) with Cu-Ka
radiation. And the surface morphology as well as the size of talc par-
ticles was observed by using a S4800 scanning electron microscope
(SEM) (Hitachi, Japan).

2.2. Characterizations for thermal treatment

In the thermal treatment process, a certain amount of talc particles
was put in ceramic crucible firstly, then this crucible was placed into a
muffle furnace with the model of Vulcan 3-550 (Addlestone, Surrey,
UK). The temperature inside the muffle furnace was heated up to 960 °C
from room temperature in air, and the heating rate is 10 °C:min~'. All
the talc sample were thermal treated at 960 °C for a certain time ranged
from O to 12.5min. Subsequently, these calcined talc products were
cooled in air, these resulted products were used to measure the contact
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angle thus to investigate the surface wettability of talc sample before
and after thermal treatment.

In order to investigate the thermal decomposition property of talc,
thermogravimetry (TG) and differential scanning calorimetry (DSC)
measurements were carried out in air, with the heating rate of
10 °C:min !, by using sta409pc equipment (Netzsch, Germany). Middle
infrared transmission spectra in the range of 400 to 4000 cm ™! was
determined by using a Thermo Scientific Nicolet 6700 FTIR spectro-
meter (Thermo Nicolet, USA) to study the structure changes of talc
before and after heated. 2°Si nuclear magnetic resonance spectra (*°Si
NMR) were obtained by using a NMR spectroscopy (Bruker AVANCE III,
American) at 79.49 MHZ to investigate the siloxane structure alteration
before and after calcined. A KBr-pressed technique was used to prepare
talc sample for FTIR measurements, and the talc powder were directly
used to measure XRD, SEM, TG-DSC and 2°Si NMR without further
operation.

2.3. Characterizations for surface wettability modifications

The contact angles of the calcined talc products were determined by
using a K100 surface tension meter (Kruss, Germany) at room tem-
perature, according to the Wilhelmy plate method, thus to characterize
the surface wettability of talc powder before and after calcination. In
contact angle measurement, 0.5 g talc powder were pressed to a plate
under 25MPa by using a YLJ-15T ... t press machine (KJ GROUP,
China). The temperature and relative humidity for contact angle mea-
surements were 20 °C and 70% RH, respectively. In addition, the dis-
persion test has also been carried out to observe the dispersion prop-
erties of talc particles before and after thermal treatment. In this test,
talc powders before and after thermal treatment were put in aqueous
solution, and images of the dispersion behaviors of talc in aqueous
solutions has been captured to study the surface wettability differences
between the raw and calcined talc. Furthermore, the wetting heat of
talc and calcined talc in water has also been measured to verify the
modification of surface wettability. The heat of wetting is measured
with SETARAM C80 Micro Calorimeter, talc and calcined talc without
further operation were placed in sample cell and then being isothermal
scanned by the micro calorimeter. All the water used in this work were
ultra-pure water with electrical resistivity of 18.2 MQ-cm, which were
distilled and deionized by Millipore Super Q system (Millipore,
America).

2.4. Molecular dynamic simulations

In this work, molecular simulation has also been performed to in-
vestigate the variation of the microstructure of talc (Ulian and Valdre,
2015). The Forcite module in Materials studio package was applied to
study the structure changes of talc at high temperature. First, the talc
model was built according to previous study (Du and Miller, 2007;
Larentzos et al., 2007), after which it was optimized based on the
CLAYFF force field (Cygan et al., 2004; Yi et al., 2018a). And then
molecular dynamics (MD) were performed to simulate microstructure
changes under the condition of high temperature. These MD simula-
tions were run in NPT ensemble for 5ns to fully equilibrate the talc
system (Yi et al., 2016). The potential energy was evaluated with a 15 A
cutoff for the short-range van der Waals interaction, and the Ewald
summation method was used to calculate the long-range Coulombic
interactions. After MD simulations, bond length distribution and bond
angle distribution were analyzed to characterize the variation of mi-
crostructure and surface properties.

3. Results and discussion
3.1. Surface wettability modification of talc through thermal treatment

Generally, in clay mineral structure, it contains adsorbed water
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Fig. 1. TG-DSC curves of the talc sample.

molecules (H,O) and structural water molecules (-OH). When under
thermal treatment, water molecules are being removed in different
stages because of different bonding energy between water molecules
and clay minerals. As shown in Fig. 1, the TG-DSC curves of the talc
sample indicated that the weight loss of talc took place in three stages.
In the first stage (©), a small weight loss and a endothermic DSC peak
were observed due to the removal of the physically adsorbed water.
This adsorption water only accounts for about 1% of the total talc mass.
The next stage occurred when heated to 600-700 °C (®), the constitu-
tion water (OH groups) were partly driven off in this stage accompanied
by a small endothermic effect. During the third stage (®), it displays an
enormous loss of mass and a great endothermic effect, which corre-
sponds to the liberation of the remaining structure water between 900
and 1100 °C. The loss of mass occupies approximately 4% in this stage.
From the TG-DSC curve, the main reaction is the dehydration in the
heating process, and these decomposition results are in accord with
previous study (MacKenzie and Meinhold, 1994; Pérez-Maqueda et al.,
2008). The first stage was the only removal of physical adsorbed water
molecules, and the mainly dehydration of structure water process is
being observed in the third dehydration stage when heated to
900-1050 °C. The removal of structural components may lead to the
breakage of structural symmetry of talc, thus the thermal treatment
temperature at 960 °C, around the endothermic peak in the third de-
hydration process, were chosen to treat with talc particles for surface
modification.

In order to study the surface wettability changes before and after
thermal treatment, the contact angle of talc treated by calcination for
various time has been determined. Fig. 2 shows the contact angles of
talc products being thermal treated with different times. The contact
angle of the raw talc is 68.87°, which is consistent with many previous
studies (Mierczynska-Vasilev and Beattie, 2013; Wallqvist et al., 2006).
When calcined for 12.5 min, the contact angle of talc decrease to 55.34°
from 68.87°. In conclusion, with talc being heated at 960 °C, the contact
angle decreases with increasing calcination time. During thermal
treatment, the hydrophilic groups such as hydroxyl are being removed
little by little, but the surfaces becomes more hydrophilic gradually. It is
interesting that the calcined talc becomes more hydrophilic while the
hydrophilic hydroxyl groups are removed. Therefore, one possibility
was inferred as the decrease of hydrophobic components such as si-
loxane structures. Meanwhile, since siloxane content mainly determines
the surface wettability of talc, the decrease of contact angle values
stands for the decrease of the amount of siloxane on talc surface qua-
litatively.

It is to be noted that the measured contact angle of talc strongly
depends on the compactness, slab surface morphology and the porosity.
In this work, we have applied a very high pressure (25 MPa) to try to
produce a very compact talc slab with very smooth surface, and the
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Fig. 2. Contact angle of talc products as a function of thermal treatment time.

measured contact angle of talc in this work (68.87°) is in agreement
with many previous literatures. Besides, all the talc slabs are com-
pressed under the same conditions, so that all the talc slabs are believed
to be in similar compactness, roughness and porosity. As a result, the
tendency that contact angle of talc decreases with increasing calcina-
tion time is believed to be convincing. Besides, the measured value does
not represent the contact angle of a cleaved basal surface of talc because
our talc are powder samples. And the measurement of contact angle of
powder sample is usually Wilhelmy plate method, which may provide
the average surface wettability of the whole powder. It is hard to de-
termine the contact angle of a certain cleaved basal surface of a powder
sample. The measured average surface wettability can also demonstrate
the surface wettability changes before and after thermal treatment.
The wetting process often involves liquid spreading on solid surface
and energy change, thus wetting phenomena and thermal effect are
comprehensive representations of solid surface wettability (Liu et al.,
2016). A higher wetting heat value indicates a stronger interaction
between wetting agent and solid surfaces (Zhang and Wang, 2014).
Except contact angle, heat of wetting AH has also been used to provide a
characterization of surface wettability. As shown in Fig. 3, a great dif-
ference is found in the wetting heat between raw talc and calcined talc.
The wetting heat value of talc and heated talc are —0.416 mW/g
and — 0.777 mW/g, respectively. The larger released heat in the wet-
ting of calcined talc demonstrates the stronger interaction between
treated talc and water. Thus, it is verified that calcined talc is easier to
be wetted than raw talc. It is clear that the thermal treatment modified
the surface wettability of talc due to the different wetting behaviors.
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Fig. 3. Wetting heat of raw talc and calcined talc.
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Fig. 4. Dispersion property of talc before (a) and after thermal treatment(b-c).

Therefore, this wetting heat measurements also turned out the suc-
cessful surface wettability modification of talc particles after thermal
treatment. The results of wetting heat measurement are in agreement
with contact angle measurements, showing the same conclusion that
the talc becomes less hydrophobic after calcination treatment.

For further verification of the surface modification results, disper-
sion property experiments have been carried out. The dispersion results
of talc powder before and after thermal treatment in aqueous solution
were shown in Fig. 4. For the raw talc powder, all the talc particles float
on water due to the very strong hydrophobicity and the very small
particle size. Even after a long time, the talc particles have not dispersed
into the aqueous solutions. As for the talc powder after being thermal
treated 10 min, the talc particles can directly disperse in water even
without stirring. After sedimentation for 2 min, most of the talc parti-
cles dispersed into the aqueous solution spontaneously. It is obvious
that talc particles became hydrophilic due to the easily dispersion
property in aqueous solution after thermal treatment. The dispersion
differences in this experiment provided another evidence for the en-
hancement of hydrophilicity of talc after thermal treatment. Combined
with the contact angle results, it was demonstrated that surface wett-
ability of talc can be modified through thermal treatment.
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Fig. 5. FTIR spectra of talc sample before and after thermal treatment.
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Fig. 6. XRD patterns of the talc sample before and after thermal treatment.

3.2. Characterizations of talc sample before and after thermal treatment

The FTIR spectra of talc sample revealed the variation of talc
structure after calcined at 960 °C, shown in Fig. 5. According to pre-
vious study (Jamil and Palaniandy, 2011), the peak at 669 cm ™! was
related to the stretching vibration of Mg—O, the peak at 426, 453, and
1020 cm ™' were originated from vibrations of Si—O bond in silica
tetrahedron. Two obvious changes of FTIR spectra for talc were taken
place after thermal treatment. First, the peak at 3676 cm ™' was on
account of the stretching vibration of hydroxyl group, and it is obvious
that dehydroxylation occurs in the heating process due to the dis-
appearance of OH stretching vibration of talc after calcination. Then,
the position shifted from 1020 cm ™! to 1078 cm ™! after calcination
was attributed to the formation of amorphous silica from siloxane,
which is consistent with previous study (Belgacem et al., 2008; Liu
et al., 2014). Combined with the TG-DSC results, it could be concluded
that the transformation of silica tetrahedron to amorphous silica took
place gradually accompanied by dehydroxylation, which perfectly ex-
plained the decrease of contact angle of talc after thermal treatment.
When calcined, the siloxane structure on talc basal surface (001)
transformed into amorphous silica, the symmetrical siloxane structure
was broken and the nonpolar talc surface became polar, resulting to the
enhancement of the hydrophilicity. With the increasing of thermal
treatment time, more and more siloxane transformed into amorphous
silica, the significant reduction of hydrophobic content of siloxane on
talc surfaces led to the decrease of contact angle gradually.
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Fig. 7. SEM image of the talc sample before calcination (a-b) and after calci-
nation (c).

Fig. 6 shows the XRD spectra of talc powder before and after
thermal treatment. The diffraction peaks appear at 26 = 9.47° (002),
18.98° (110), 28.64° (006) and 59.25° (060) well agree with the crystal
structure of talc (Yang et al., 2006), indicating that the raw materials
used in this work is talc. Besides, no impurities were observed, sug-
gesting that the purity of raw talc powder is very high. The intensity
and shape of the XRD reflections depend on the crystallinity, where
more intense and narrower XRD reflections indicate a higher degree of
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Fig. 8. 295 NMR spectra of talc before (a) and after thermal treatment (b).

talc crystallinity. Compared with the XRD pattern of raw talc powder,
the not very high intense XRD reflections of talc after thermal treatment
indicates the increase of amorphous degree, which is in agreement with
the results of FTIR.

The surface morphology and particle size of talc was observed
through SEM image, as shown in Fig. 7. The size of talc is as large as
several micrometers. Besides, the morphology of raw talc appears in
shape of flake, indicating that the basal (001) surfaces accounts for the
most of the outer surfaces of talc while the hydrophilic edge surfaces
occupy only a very small proportion. Compared with the SEM image of
talc before (Fig. 7b) and after thermal treatment (Fig. 7c), it is obvious
that the surfaces of calcined talc are not smooth as that of raw talc.
According to the FTIR results, it was found that the siloxane structure
on talc surface transformed into amorphous silica. Combined with SEM
images (Fig. 7b), the little rough surface of thermal treated talc may be
caused by the formation of amorphous silica. Thus, this SEM image of
thermal treated talc can also demonstrate the increase of amorphous
degree.

The 2°Si NMR spectra of talc before and after calcination has also
been determined to investigate structure variation of talc, the results of
which are shown in Fig. 8. The spectrum of unheated talc, with a
chemical shift of 97.475 ppm, is within the range of previously reported
values (—97 to —98.1 ppm) (Borges et al., 2016; Lippmaa et al., 1980;
MacKenzie and Meinhold, 1994). When heated to 960 °C, the spectrum
of the calcined talc still has a peak at about —97.0 ppm (Fig. 7b), which
still corresponds better to the talc structure. The negligible changes of
the chemical shift in 2°Si NMR spectra provide evidence that the talc
and calcined talc both are of Q3 phyllosilicate structure, indicating that
the coordination number of Si still keep the same. Thus it turns out that,
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except for some siloxane sites being transformed into amorphous silica,
no other structure changes have taken place in the heating process.
These 2°Si NMR results are in accord with the SEM image of calcined
talc, in which the shape of talc is still flake except the increase of
roughness.

3.3. Molecular dynamic simulations

MDs were performed in order to verify the structure changes of talc
structure at high temperature from a microscopic perspective. Fig. 9a
and b display Si—O bond length distribution as well as O-Si-O bond
angle distribution equilibrated at different temperature, respectively. It
was found that, when at room temperature, the Si—O bond length
distribution shows a peak at approximately 0.16 nm while the bond
angle of Si-O-Si distribution displays a peak at nearly 110°. These re-
sults are in accordance with the bond length of Si—O and bond angle of
0-Si-O in theory (Tesson et al., 2016). When at high temperature, the
relatively sharp peak of Si—O bond length distribution (Fig. 9a) and O-
Si-O bond angle distribution (Fig. 9b) becomes less sharp, indicating
that the number of normal Si—O bond and O-Si-O bond angle in silica
tetrahedron structures accord with experimental and theoretical results
are decreasing. After thermal treatment, a small percentage of the Si—O
bond length as well as Si-O-Si bond angle do not correspond to known
crystalline siloxane structure in talc, demonstrating the destruction of
some symmetrical siloxane structure in talc. This simulation results
agree well with experimental studies and provide another proof for the
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Fig. 10. Schematic representation of thermal treatment of talc for surface wettability modification.

existence of amorphous silica transformed from the destruction of si-
loxane in calcined talc.

With temperature increasing, especially up to 1300 K, the vibration
strength for all the atoms increases. As it continues to absorb energy,
some atoms even displace out of the equilibrium position in talc
structure due to excessive amount energy uptake from environment of
high temperature. Thus the bond length, bond angle is getting ab-
normal, and the silica tetrahedron structure becomes distorted and fi-
nally transformed into amorphous silica. These occurrences of dis-
ordered structure and amorphous state result in the decrease of the
symmetry of the siloxane structure at talc surface, leading to the en-
hancement of the polarity at talc surface. As a consequence, the pro-
moted polarity on clay surface leads to a relatively strong affinity of
water molecules, resulting in the improvement of hydrophilicity on talc
surface after thermal treatment.

3.4. Mechanism and schematic illustration for surface wettability
modification of talc

Taken the above results into consideration together, it turned out
that thermal treatment is an easy and fast way to modify surface
wettability of talc. Through thermal treatment, the symmetrical si-
loxane structure on clay surface transforms into amorphous silica, the
hydrophobic component decreases and the polarity improves, thus
gives rise to the enhancement of hydrophilicity on talc surfaces. High
temperature environment provides excessive energy thus the atoms
move out of the equilibrium position in siloxane structure, the silica
tetrahedron structure becomes distorted and finally transformed into
amorphous silica. With the increase of thermal treatment time, more
and more nonpolar siloxane transformed into polar amorphous silica,
the talc surfaces showed a more and more strong affinity to water
molecules. As a consequence, it is reasonable that the surface wett-
ability of talc is promoted after thermal treatment. This mechanism of
surface wettability modification is schematically depicted, as shown in
Fig. 10. This destruction of siloxane structure in clay minerals may have
enormous potential application in surface wettability modification due
to its easiness, convenience and uniform modification features.

4. Conclusions

It has been found that thermal treatment is an easy and convenient
method for the uniform surface wettability modification of clay mi-
nerals practically and theoretically in this work. And modification
mechanism of this method is to transform hydrophobic siloxane struc-
ture on clay mineral surfaces into hydrophilic amorphous silica through
calcination. Some atoms displace out of the equilibrium position
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because thermal treatment provides excess kinetic energy for the vi-
bration of the atoms in talc, leading to the disorder of symmetrical silica
tetrahedron and the occurrence of the amorphous phase. The destruc-
tion of siloxane symmetry and enhancement of polarity give rise to the
relatively strong affinity to water molecules and leads to a hydrophilic
basal surfaces of talc. This novel surface wettability modification
method of clay mineral may have tremendous potential in taking better
advantages of clay minerals.
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