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Clays represent complex polymineral formations. The properties of clays, including sorption, are largely determined by
the structure of their crystal lattice, mineral composition and particle size distribution, as well as by environmental
conditions. The mineral composition of clays is represented by the energy on the surface of particles; and the particle
size distribution is represented by the active surface area of particles. These two complex parameters mainly determine
the sorption activity of clays.

To change the sorption activity of clays, the latter are subjected to mechanical treatments, thermal modifications, and chemical
activations with the use of chemical agents such as acids, alkalis, salts at various exposure times. Therefore, a study of patterns
of changes in the structure and sorption properties of clays subjected to pressure was conducted.

Experimental studies have shown that if kaolin is subjected to pressure, defects are formed in the structural pack of kaolinite
mineral due to the removal of Al**, Fe**/2*, Mg?*, Si** ions from it. In this case, pressure has the maximum influence on the
removal of AI** jons from the pack. As a result of the removal of ions, the formation of the defects deforms the crystal lattice of
kaolinite. Data obtained through IR spectroscopy confirm the increase of defectiveness (irregularity) of the structure of
kaolinite. It has been revealed that when kaolin is subjected to a pressure of 0-150 MPa, the sorntion activity mostly depends
on pH of the diffuse layer particle solution Z, = 73 % and crystallite defectiveness degree Z,, = 24 %. The specific surface
area of particles 4, = 1 % and kaolinite pack defectiveness Z, = 2 % do not have any significant influence on sorption. If
kaolin is subjected to a pressure of 150-800 MPa, kaolin sorption activity mostly depends on kaolinite pack defectiveness Z,
= 74 % and crystallite pack defectiveness Z, = 19 %. The specific surface area of particles Z, = 3 % and pH of the diffuse
layer particle solution Z,, = 4 % do not have any significant influence on sorption.

I'IMHBI ABJIAIOTCA CJIOKHBIMU TOJIMMUHEpaIbHBIMU 00pa3oBaHuAMU. CBOICTBA IJIMH, B TOM 4YHCJIe U COPOIIOHHbIE, BO
MHOTOM OIIpeJIeJIAI0TCA CTPOeHHEeM HX KPHCTa/UIN9eCKOl pelleTKH, MUHepaJIbHBIM U IPaHyJI0MeTPHUYeCKUM COCTaBOM,
yCJIOBUAMHU  cpefbl. MUHepasIbHBIF COCTaB [IJIMH peayiu3yeTcsi B BHAe OJHEPrMM Ha IOBEPXHOCTH 4YaCTHIl, a
rpaHyJIOMeTpUYeckuil — B BHJe IUIONIAAM aKTUBHOW MOBEPXHOCTHU YacCTUIl. OTH JABAa KOMIUIEKCHBIX IOKa3aTess B
OCHOBHOM U OTIpe/IeJIAIT COPOLMOHHYI0 aKTUBHOCTD TJIMH.

Jlna u3MeHeHHA COPOLMOHHON aKTHUBHOCTM TJIMH OCYLIeCTBJIAIOT MeXaHHW4eckylo 00paboTKy, TepMHYecKylo
MoANGUKAIMIO U XUMUYeCKyI0 aKTUBAIMIO C MOMOIIBI0 XUMUYECKUX PeareHTOB, TAKUX KaK KUCJIOTHI, MIeJI04d, COJIH, C
Pas3/IMYHOHN NPOAOJIKUTEBHOCTBIO BO3MEHCTBUA. B CBA3M C 3THM OCYIIECTBJIEHO HCCJIeZIOBaHHE 3aKOHOMEPHOCTEH
HU3MeHeHUs CTPYKTYPHI U COPOLMOHHBIX CBOICTB TJINH, NOABEPKEHHBIX JaBJICHUIO.

DKCIlepHMeHTaJIbHBle MCCJIeJOBAHMA IOKA3aId, 4TO Ipu oOpaboTKe KaoJMHA AaBJieHHNEeM B CTPYKTYPHOM IakKeTe
MUHepaJia KaoJMHUTA HOpPMUPYIOTCs AedeKTHl 3a cYeT yJaleHus U3 Hero MOHOB Al**, Fe?*/2* Mg?*, Si**. IIpu aToM
JlaBJIeHIe OKasbBaeT MaKCHMaJIbHOe BJIMsAHME Ha BBIHOC U3 IakeTa MOHOB Al®**. OGpa3oBaHue nedeKToB IpH yJaleHuu
HMOHOB BJIeUeT 3a co60il JedopManuio KpUCTAUINIeCKON pelleTK KaosuHuTa. [TosydeHHsle faHHble o MK-criekTpo-
CKOTIMH NOJTBEepKAAl0T yBeJndyeHne AedeKTHOCTH (HeynopsAJ04eHHOCTH) CTPYKTYPhl KAOJMHUTA. BhIABIEHO, YTO MpU
AaBjieHUAX o6paboTku kaosmHa 0-150 MIla rauGosibliee BAMSAHME HA COPOLMOHHYI0 aKTUBHOCTb KAOTHMHA OKAa3hIBAIOT
pH pactBopa nuddysHoro cnos yactuil Zy = 73 % U cTeneHb AePeKTHOCTH KPUCTAJUIUTA Zy, = 24 %. [liomanp
YAeJbHOM MOBEPXHOCTU YacTHl Zy,, = 1 % u fedeKTHOCTh makeTa MUHepasja KaoJuHWTa Z, = 2 % CyIeCTBEeHHOTO
BJIUAHUA Ha cOpOLMIO He oKasbBaloT. IIpu naBiieHusAx obpaborku kaonuHa 150-800 MIla nHaubosibllee BIMAHME Ha
COpPOIIOHHYI0 aKTUBHOCTh KAOJIMHA OKA3bIBAIOT ie)eKTHOCTh MaKeTa MUHepasia KaoJIMHUTA Z, = 74 % U KPUCTANMUTA
Zy = 19 %. Ilnomanp yeIbHON NOBEPXHOCTH YacThll Z, = 3 % u pH pactopa auddysHoro cios yactun Zy, = 4 %
CyIeCTBEHHOTO BJIMAHUA Ha COPOIMIO He OKa3bIBaloT.
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Relevance of the Study

Physical [1-5], mechanical [6-9], and
chemical [10-14] properties of clays, including
their sorption properties, depend on a number of
factors that determine the surface energy potential
of particles [15-17], and on factors that form the
specific surface of such particles [18].

To obtain a desired clay energy potential,
various methods of clay treatment (activation)
have been developed: thermal [19, 20], mechanic
[21-24], ultraviolet [25], alkaline [26], acid [27]
treatment, etc. So, based on information given by
Kara-sal et al. [20], when clays are heated up to
400-600 °C, their sorption activity grows as a
result of releasing high-energy centres on the
mineral surface. According to Sapronov et al
[25], during the ultraviolet activation of clays,
ions of metals leave their octahedral positions due
to weakening of bonds in the crystal lattice of the
minerals. This increases the sorption activity of
clays by 1,3 times. Ultrasonic treatments of clays
lead to the destruction of aggregates and
completion of the crystal lattice, thus, increase the
sorption activity of clays [18].

An immense number of scientific papers deals
with studying the alteration of physical and
chemical properties of clays subjected to pressure.
Kosovskaya et al [28], Goilo et al.[2], Range et al.
[29], Frank-Kamenetsky et al. [3], Lalglesia [30],
and Galan et al. [24] studied these issues in more
detail. For instance, Lalglesia [30] found that
exposure of kaolin to pressure (100-2000 MPa)
does not lead to significant changes in the
coherent scattering area size d, (of energy
potential), whereas such changes appear at a
pressure exceeding 4000 MPa.

Based on the above, we can come to a
conclusion that the influence of pressure on the
structure and sorption properties of clays are of
significant interest.

Materials and Research Methods

As to methods, the work was done in several
ways. At the beginning, samples of clay enriched
with clay particles were subjected to compression
and shear in the pressure range of 0 to 800MPa
in accordance with method [18]. Then, in one
group of the samples, the chemical composition

was determined by X-ray fluorescence analysis
[1] and, in the other group of samples, the
change in deformation vibrations and valence
vibrations of bonds and/or groups of bonds in
the crystal lattice of the minerals was studied by
IR spectroscopy [31, 32].

Infrared spectra were registered with the use of
IR Fourier spectrometer (FSM 1202 of Infraspek
manufacture) in the range of 400...4000 cm™ at
the resolution of 2 cm™ (FT-IR).

The diffractometric analysis of the samples was
made with the use of D2 Phaser X-ray powder
diffraction instrument according to NSOMMI
(Research Council for Mineralogical Methods of
Research) of VIMS (Russian National Minerals
Research Institute).

The research deals with enriched bentonite
and kaolin clays of the Zyryanskoye field (Kurgan
Oblast) and Nizhne- Uvelskoye field (Chelyabinsk
Oblast), respectively. The rarticle size distribution
and mineral composition of the natural and
enriched clays are given in [33].

Formation Principles of Kaolin
Structure Defectiveness

The influence of pressure on the change
in kaolin structure at the pack level. The
structural change at the pack level of kaolinite
treated with pressure, can be reached by
displacing AI**, Fe3*/2* Mg?*, Si**, which form
the octahedral and tetrahedral sheets of
kaolinite. To evaluate the defectiveness in the
structural pack, the change in the chemical
composition of kaolinite subjected to pressure
was studied. The defectiveness occurring due to
the displacement of atoms that form the
octahedral and tetrahedral sheets of kaolinite
was studied by the infrared spectroscopy.

The influence of pressure on the change in
kaolin chemical composition. The results of the
bulk chemical composition of enriched kaolin
clay are given in Table 1.

Data in Table 1 show that kaolin composition
mainly includes SiO, (59,48 %), AlL,O, (25,45 %)
and Fe,O, (2,42 %). Other components are of
secondary importance.

Experimental researches of enriched kaolin
clay subjected to pressure demonstrate that as the
pressure increases up to 800 MPa, the content
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Table 1
Chemical composition of enriched kaolin clay
Oxides, % wt
oy S0, TO, ALO, Fe0, MmO CaO  Mg0 NaO KO RO, Shon
Enriched kaolin 59,48 1,73 2545 242 001 031 031 029 049 0,02 9,49

of AlL,O; oxides decreases from 25,47 % to
23,49 % respectively, whereas MgO decreases
from 0,31 % to 0,24 %. The content of SiO,
increases from 58,95 % to 59,89 %, whereas the
content of other oxides (Fe,O, etc.) changes in
different ways.

The reduction in the content of ALO, is
probably caused by the removal of Al atoms
from the octahedral lattice of kaolinite
throughout the entire range of applied
pressures. The change in the content of Fe,O, is
in agreement with another pattern: as pressure
increases up to 150 MPa, the content of ferrous
oxides decreases. This can be interpreted as a
removal of Fe atoms from kaolinite crystal
lattice. During the subsequent pressure increase
(from 150 MPa to 800 MPa), Fe content grows,
which is probably caused by the incorporation
of iron atoms into the mineral’s crystal lattice.

The growth in the amount of silicon oxides is
probably caused by the increase in the content of
quartz [28], the source of which is represented by
Si atoms of kaolinite tetrahedral lattice. The
formation of quartz can occur in accordance with
the following scenario: at the moment of the clay
exposure to a pressure up to 150 MPa, Al atoms
are removed from the octahedral sheet, whereas Si
atoms are removed from the tetrahedral sheet,
which is consistent with data in [34]. As soon as
vacancies left by Si atoms are energetically strong,
Al atoms occupy them, whereas free Si atoms,
reacting with oxygen atoms, form new
tetrahedrons (quartz). In such a case, the content
of quartz increases by one percent.

Therefore, in case of kaolin clay treatment
with stress pressure, defects are formed in the
structural pack of kaolinite as a result of
removal of Al, Fe, Mg, and Si atoms from the
octahedral and tetrahedral sheets. Vacancy-type
defects are represented by hole-type energy
centres, which mainly determine physical and

chemical properties of kaolin [15, 22]. The
removal of atoms causes deformation of
kaolinite crystal lattice.

To evaluate a degree of the pressure
influence on the chemical composition change
of kaolinite, a correlation analysis was applied.
If the stress pressure has a significant influence
on the chemical composition, the calculated
value of the correlation coefficient (r,) will be
higher than critical (r;) obtained at x = m?
degrees of freedom and a = 0,05 significance
level. The calculation results of paired
correlation coefficients are given in Table 2.

Based on Table 2 we can come to a
conclusion that in class 1 (2 = 0-150 MPa)
pressure has the most significant influence on the
change in ALO, (7, =-0,84>r = 0,34), MgO
(z, = -0,50 > >r, = 0,34), Fe,0; (5, = -0,53 >
> r, = 0,34) and SiO, (7, = 0,64 > r, = 0,34),
that is, on the formation of defects in the
octahedral and tetrahedral lattices of kaolinite. In
class 2 (P = 150-800 MPa) we see another
behaviour: stress pressure forms defects mainly in
the octahedral lattice of kaolinite, which is
evidenced by the statistical relation between
pressure and aluminium oxide content (7, =
= -0,85>r, = 0,34) and MgO (7, = -0,80>
>r, = 0,34). We did not manage to reveal the
tetrahedral lattice defectiveness, which is seen by
insignificant statistical relations between P and
Si0, (5, = 0,20 <r, = 0,34).

Therefore, at the moment of kaolin treatment
with the stress pressure, defects are formed in the
structural pack of kaolinite as a result of removal
of Al, Fe, Mg, Si from it. At the same time,
pressure has the most significant influence on the
removal of Al atoms from kaolinite.

Physically, the removal of atoms from the
octahedral and tetrahedral sheets shall be
accompanied by the reduction of bonds till
a complete destruction of bonds between
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Table 2

Correlation matrix

Class 1 Class 2
Parameter
Al,0, SiO, MgO Fe,O;,, Al,0,/Si0, Mk Al O, Sio, MgO Fe,05 Al,0,/Si0, Mk
P, MPa -0,84 0,64 -0,50 -0,53 -0,83 -0,70 -0,85 0,20 -0,80 0,52 -0,80 -0,69

atoms (ions) in the structural pack. Therefore,
below we are going to study the alteration in
the bond strength between 8Al-OH-Al atoms by
the infrared spectroscopy, which is rather
informative [35].

The assessment of structure defectiveness in
the octahedral sheet by J8Al-OH-Al. The
structure of the octahedral sheet is composed of
Al ions located in the centre of octahedron OH
hydroxyl groups. The experimental results of the
bond strength between 6AI-OH-Al at v = 914
cm™! wave number in kaolinite subjected to
stress pressure in the transmission mode showed
that as pressure increases up to P = 150 MPa,
the reflex area (S) and wave number decrease
significantly, and, at a pressure of 150-
800 MPa, it is rather difficult to reveal the
influence of P on the change in S and v. This
demonstrates that a pressure up to < 150 MPa
has a more significant influence on the decrease
in the bond strength between S8Al-OH-Al ions
than a pressure > 150 MPa.

Therefore, when kaolin clay is subijected to
a pressure up to 800 MPa, in the pack, due to
removal of Al and Si ions from the octahedral
and tetrahedral sheets, local Aole-type defects
are formed in the amount 2-3%. Ion
displacement (deformation) was seen in kaolin
pack, as evidenced by the reduced integral
intensity of transmission (S) at an increased
pressure. The results obtained are consistent
with the data [23, 36, 37].

The influence of pressure on the change in
kaolinite structure at the mineral level. The
influence of pressure on the change in kaolinite
structure was studied by the IR spectroscopy
methods. The change in crystallite (mineral)
structure is understood as rolling, slipping, and
rotation of kaolinite packs between themselves.
Such changes can be interpreted as kaolinite
mineral defectiveness. It is well known that
kaolinite packs are linked by the hydrogen bond,

that is, ions of surface hydroxyl groups (OH) of
the octahedral sheet of one pack are linked to
oxygen (O) atoms of the tetrahedral sheet of the
other pack. Therefore, if O-H-O bond is
destroyed, there is a big probability that rolling,
slipping, and rotation of kaolinite packs between
themselves occur. The experimental results
showed that at a pressure up to 150 MPa we see
an increase in the integral intensity of
transmission (S), and, instead, if pressure grows
up to 800 MPa, S decreases. Such trend evidences
that, if kaolinite is subjected to a pressure up to
150 MPa, kaolinite structure normalization is
observed, i.e. its defectiveness decreases. It can
be explained in the following way: at a pressure
up to 150 MPa, about 2% of Al ions are removed
from kaolinite pack through the destruction of
the bonds between Al and OH. Hydroxyl groups
dissociate and release hydrogen ions into the
space between the packs, thus strengthen the
bonds between the packs of kaolinite.

When pressure increases from 150 to 800
MPa, the bonds between H-O-H ions get
destroyed, thus, increase defectiveness of kaolinite
mineral due to the displacement of the packs
between themselves.

Therefore, when pressure increases up to
150 MPa, we observe the normalization of
kaolinite structure that leads to the structure
defectiveness reduction by 20 %, and, when
pressure increases up to 800 MPa, crystallite
defectiveness grows by 15-20 %, as compared
to the initial defectiveness.

The obtained result is consistent with data in
[38, 39, 40], where it is specified that the
defectiveness factor of crystallite, Mk,
(the coherent scattering area) increases when
kaolin is subjected to a pressure of up to
150 MPa, that is, kaolinite mineral
defectiveness deceases; whereas at a pressure of
150-800 MPa, Mk goes down, i.e. the
defectiveness grows.
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Statistical characteristics of clay suspensions’ pH

Table 3

pH value
Clay Diluent type Class 1 (P = 0+150 MPa) Class 2 (P = 150+ 800 MPa)
standard standard
range R average deviation & range R average deviation &
Distilled water 0,383 7,136 0,148 0,099 6,836 0,0372
Kaolin
KClI solution 0,840 6,694 0,291 0,272 6,088 0,0898
Distilled water 0,058 8,245 0,018 0,101 8,201 0,0402
Bentonite
KCl solution 0,129 7,877 0,037 0,181 7,778 0,0510

Therefore, when kaolin clay is subjected to a
pressure of up to 150 MPa, in the mineral
(crystallite) consisting of 20-40 packs, we see the
structure normalization, i.e. the defectiveness of the
structure decreases. At a pressure exceeding
150 MPa, we observe the increase in the
defectiveness of crystallite due to the displacement
of the packs between themselves.

The data obtained are consistent with results
of studies [41-45].

pH Alterations in Suspensions
of Clays Subjected to High Pressure

pH alterations in suspensions of clays
subjected to pressure in distilled water.
The experimental results regarding pH value
change in suspensions of kaolin and bentonite
clays subjected to pressure in distilled water
showed that, if pressure increases up to
150 MPa (class 1), in kaolin clay suspension, we
observe the reduction of pH value by
0,383 units at the average value of pH = 7,14
and the standard deviation of o = 0,148
(Table 3). When pressure increases from
200 MPa to 800 MPa (class 2), pH almost does
not change; its average value decreases by 4 %
and equals to 6,84 at 0 = 0,0372.

pH alteration in bentonite clay has another
trend. In class 1 it is rather difficult to understand
the influence of pressure on pH alterations. The
selection range is as follows: R = 0,058, average
pH = 8,25 and 0 = 0,018. In class 2, when pressure
increases, we see the reduction in pH value by
0,181, the average value decreases by 0,5 % and
equals to pH = 8,20.

pH alteration in suspensions of clays
subjected to pressure in KCl solution. The

experimental results regarding pH value change in
suspensions consisting of particles of kaolin and
bentonite clays subjected to pressure in KCl
solution showed that, if pressure grows, pH goes
down; at the same time, pH reduction rate at a
pressure of up to 150 MPa (class 1) is higher than
that at a pressure of 150 MPa — 800 MPa (class 2).
The comparison of statistics between the classes
demonstrated that the range, the average value,
and standard deviation of pH in class 2 is lower
than those in class 1 (see Table 3).

Another trend was revealed in bentonite clay:
as the pressure increases up to 150 MPa, pH goes
down, whereas at P = 150-800 MPa, it is vice
versa, and pH value goes up.

In the aqueous solution, the acidity of
kaolin clay is higher than that of bentonite clay.
When P = 0-150 MPa, it is higher by pH = 1,1,
and when P = 150-800 MPa, it is higher by 1,4.
In KCl solution we observe a similar trend, i.e.
the acidity of kaolin clay is higher than that of
bentonite clay. When P = 0-150 MPa, it is
higher by pH = 0,98, and when P = 150-800
MPa, it is higher by 1,7.

Therefore, when clays are subjected to
pressure, pH alters in different ways: at the
same time, pressure, in general, increases the
acidity of a suspension. The acidity of clay
suspensions in the aqueous solutions is lower
than that in KCI solution. Based on this we can
assume that, when clays are subjected to
pressure, their chemical composition changes,
and ions, that have left the crystal lattice of
kaolinite and montmorillonite minerals, as well
as K+ ions, act as adsorption centres of
hydroxyl groups, thus increasing the acidity of
the suspensions.

HEAPOTMOJIb3OBAHUE
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Table 4
Calculated values of the paired correlation coefficient
Correlation coefficient r,
. Class 1 Class 2

Clay Diluent type Parameter (P = 0-150 MPa) (P = 150.800 MPa)

AR pH APt pH
Distilled water P 0,23 0,41 0,83 0,90
Bentonite A" 1 0,37 1 0.8
KCl solution P 0,34 0,80 0,86 0,45
JNES 1 -0,40 1 —0,27
Distilled water P 0,86 0,56 0,85 0,80
Kaolin AP* 1 0,79 1 0,49
KCl solution P —0,86 -0,88 -0,86 -0,82
AP 1 0,86 1 0,64

pH value formation in the distilled water.
Let us determine the role of AlI** ions in the pH
formation of clay suspension in the distilled
water. To do this, we apply the correlation
analysis, the idea of which consists in the
following: if AI** ions have an influence on the
pH formation of the medium, statistical
relations should be observed between them.
Then we are going to assess such relations
through the correlation between the calculated
(r,) and table (r,) correlation coefficients. If
r,>r, = 0,63, we consider that the statistical
relations between Al** and pH are observed.

As the removal of AIP* ions from the
octahedral sheet to the diffuse layer increases
(with the reduction of AI** ion content in the
octahedral layer), the acidity of bentonite clay
suspension increases in the aqueous solution, as
well as in KCI solution.

The correlation analysis results show, that
at a pressure of up to 0-150 MPa, it is rather
difficult to reveal the influence of AI** ions on
the formation of pH, which is evidenced by the
insignificant correlation coefficient r, = -0,37 <
< r, = 0,63 (Table 4). At a pressure within
150-800 MPa, the influence of AI** ions on the
formation of pH is rather strong, which is
evidenced by the significant correlation
coefficient r, = 0,84 >r, = 0,63.

Therefore, as the content of Al** ions
increases in the diffuse layer of a clay particle, the
acidity of the suspension grows.

As the removal of AIP* ions from the
octahedral sheet into the diffuse layer (detached
water) increases, the acidity of kaolin clay
suspension grows in the aqueous solution, as well
as in KCl solution.

The correlation analysis results show, that
at a pressure of up to 0-150 MPa, the influence
of AI** ions on the formation of pH is rather
high, which is evidenced by the significant
correlation coefficient r, = 0,79 >r, = 0,63
(see Table 4). At a pressure within 150-800 MPa,
the influence of Al** ions on the formation of
pH is lower, although the trend remains:
r,= 0,49 <r, = 0,63.

Therefore, as the content of AI** ions
increases in the diffuse layer of a clay particle, the
suspension acidity grows. This means that AI**
ions, reacting with hydroxyl groups, bond them
(OH), and hydrogen ions form an acidic
environment.

pH value formation in KCl solution. The
experimental results showed, that pH of the
suspension of bentonite clay prepared based on
KCl solution, is by 0,3-0,4 units lower
(pH = 7,8-7,9) than pH of a suspension
prepared based on the aqueous solution
(pH = 8,2-8,3) throughout the entire range of
AI** ion content change. This is an evidence of
the fact that AI** ions have an insignificant
effect on the formation of pH of the suspension
based on KCl, as confirmed by the absence of
statistical relations between AI** and pH, which
is seen by insignificant coefficients of the
correlation between AI** and pH (see Table 4).

pH is most influenced by K" ions
which, reacting with hydroxyl groups, bond
them (OH). Hydrogen ions remained in the
diffuse layer and octahedral sheet of
montmorillonite mineral, form the acidic
environment of the suspension.

In the suspension of kaolin clay prepared
based on KCI solution, there comes another trend.
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As the removal of AI** ions increases up to 24,2 % -
which corresponds to 200 MPa — the suspension’s
pH changes within a narrow range: P = 5,95-6,1.
That means that the formation of pH is most
influenced by K* ions.

When the content of AI** ions decreases
from 25,5 to 24,2 % in the octahedral sheet of
kaolinite mineral, the influence of AI** on pH
rises sharply: for instance, the acidity of the
suspension grows from 7,1 to 6,1, respectively.
This is evidenced by statistical relations between
AIP* and pH (see Table 4).

Therefore, pH of the suspension is most
influenced by K* ions; AI** ions have a more
significant effect on pH at a pressure exceeding
150-200 MPa.

Principles of Kaolin Sorption
Activity Formation as Seen
with the Use of Methylene Blue

Clay sorption activities are much determined
by the structure, specific area, and other
characteristics of a sorbent [11]. It is well known
that these factors have an influence on clay
sorption all together, not separately. That is why a
research has been conducted to assess the joint
influence of the specific surface area (S,,), the
coherent scattering area (M), aluminium oxide
content in kaolin (C), and pH of a suspension of
clay (pH) on kaolin sorption.

Methodologically, the problem set was solved
in the following way: initially a multiple regression
equation was calculated where sorption index A
was a dependent variable (y), and S,,, M, C, pH
were independent variables. The equation can be
presented in a general view as follows:

A=b+ k-S.+ kM + k- C+ k,-pH,

where bis the
coefficients.
Then the selected average values of A, S,
M, C, and pH were calculated and inserted in the
multiple regression equation, followed by the
calculation of the degree of the influence of these
figures (Z; , Zy, Z, Z;) on the formation of

intercept, and &k - £k, are

kaolin sorption activity based on methylene blue.
For instance, the degree of influence of the
specific surface area (ZSsa) of particles on the

formation of sorption (A) was determined in
accordance with the following dependence:

Zy =k S,/ A-b.

Based on the foregoing and based on the
results of previously conducted studies [18],
we see that a pressure of 150 MPa is a
boundary pressure, at which the composition,
structure, and properties of clays are formed in
accordance with different scenarios. That is why
the degree of influence of Z; , Z,, Z, Z, on
the formation of kaolin sorption was separately
evaluated for each class.

For kaolin, which was subjected to a pressure
of 0-150 MPa (class 1), the following regression
equation was solved:

= -0,178C + 16,909-pH - 0,161-M, +
+ 0,00037-S,, - 8,575.

By using the obtained equation and selected
average values (S, = 3706 mm? M, = 229,1 A
C = 251%,pH = 7,18, and A = 72,8 mg/g), the
degree of influence of these figures on the
formation of kaolin sorption activity was
calculated based on methylene blue and
equaled to the following: Z;; = 73 %, Z,, = -24 %,
Z. = -2%,and Z_=1%.

Therefore, if kaolin is subjected to a pressure
of up to 150 MPa, kaolin’s sorption activity, based
on methylene blue, is mainly determined by pH of
the solution that makes up a diffuse layer of
particles. As pH grows, kaolin sorption increases.
The opposite trend has been found for A: as the
thickness of a defect-free crystal grows, kaolin
sorption activity decreases (2, = -24 %).

Such conclusion does not contradict the
sorption process physics, as the thickness of the
defect-free crystal grows, the total defectiveness of
kaolin structure decreases and reduces the energy
potential on the surface of particles, thus, reduces
kaolin sorption activity.

The structure defectiveness at the pack level
and the specific surface area have practically no
effect on kaolin sorption activity Zc = -2 %,
Zg = 1%.

For kaolin, which was subjected to a pressure
of 150-800 MPa (class 2), the following regression
equation was solved:

HEAPOTMOJIb3OBAHUE



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

A =986C+ 1,324pH + 0,29-M. -
- 0,002-5, - 258,3.

By using the obtained equation and selected
average values (8, = 2327 Mm% M, = 203,4 A
C = 24,2%, pH = 6,8, and A = 44,4 mg/g), the
degree of influence of these figures on the
formation of kaolin sorption activity was
calculated based on methylene blue and equaled
to the following: Z . =74%, 2Z, =19%,
Zyy = 4%and Z; = 3 %.

Therefore, if kaolin is subjected to a pressure
of up to 150-800 MPa, kaolin’s sorption activity,
based on methylene blue, is mainly determined by
the structures’ defectiveness at the level of the
pack Z. = 74 % and crystallite Z,, = 19 %. pH of
the solution, making up a diffuse layer of
particles, and the specific surface area have
practically no effect on kaolin sorption activity:
Zy = 4%and Z,_ = 3 %.

Conclusions

1. When kaolin is subjected to stress
pressure, defects are formed in the structural pack
of kaolinite mineral due to the removal of AI**,
Fe3*/2+ Mg?*, Si**ions from it. At the same time,
pressure has the maximum influence on the removal
of AI** ions from kaolin.

2. When kaolin is subjected to a pressure of
up to 150 MPa, kaolinite, consisting of 20-40
packs, demonstrates the normalization of the
structure. At a pressure of >150 MPa, the
increase in kaolinite defectiveness was observed
as a result of the destruction of hydrogen bonds
between the packs and, as a consequence,
slipping, and rotation of the structural packs
between themselves.

3. The experiments demonstrate that at a
pressure of 0-150 MPa, to which kaolin was
subjected, kaolin sorption activity is most
influenced by pH of the solution of a diffuse layer
of particles Z,; =73 % and by the degree of
crystallite defectiveness Z,,, = —24 %. The specific
surface area of particles Z, = 1 % and kaolinite
mineral pack defectiveness Z. = 2 % do not have
any significant effects on sorption. At a pressure of
150-800 MPa, to which kaolin was subjected,
kaolin sorption activity is most influenced by the

defectiveness of the pack of kaolinite Z, = 74 %
and crystallite Z,,, = 19 %. The specific surface
area of particles Z,, = 3 % and pH of the solution
of the diffuse layer of particles Z; = 4 % do not
have any significant effects on sorption.
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