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Physical and chemical properties of clays depend on a group of factors determining energy potential on particle surface and
on factors forming particle specific surface.

Particle specific surface formation is directly related to issues of microaggregates formation in soil. Studies of influence of pressure
in aggregates formation in dispersive soils showed that at pressure up to 200 MPa slight alteration in aggregate composition is
observed in wet soils. At pressure 300 MPa in powdery soil content of thin sandy fraction increased from 13 to 51 %, powdery
fraction — from 5 to 23 %, and clay fraction — from 2,15 to 5,42 %. During test of covering loams with pressure P =2000 MPa and
P =3 660 MPa similar results were received. From the stated above it follows that issue of pressure influence on formation of
microaggregate composition and, as result, physical and chemical properties of clay are of substantial interest.

Regularities in alteration of composition of clays subjected to high pressure were studied. As result of experimental studies,
it is established that along with pressure increase general tendency of reduction of clay fraction content and increase of
powdery fraction content is observed. Together with this regularity, local alterations of clay fractional composition
depending on pressure in each class are found. Along with pressure increase, particle specific surface value of kaolin and
montmorillonite clays reduces. Alterations in granulometric composition are determined by particle aggregation and
dispergation processes. During aggregation process caused by high pressure coagulation, transition and phase contacts
between particles are formed. Breaking and wedging pressure of adhesive water film around particles are leading factors
determining process of their dispergation.

DU3NKO-XMMUYECKHE CBOKMCTBA TNIMH 3aBUCAT OT TIPYININbl (aKTOPOB, ONPEJNENAIONINX DHEPreTHYECKUH INOTEeHIMan Ha
MOBEPXHOCTH YaCTHIL, ¥ OT (haKTOPOB, QOPMHUPYIOLIHX YEIbHYIO TOBEPXHOCTh YaCTHIIL.

®DopmMupoBaHue yeIbHOM MOBEPXHOCTH YACTHI[ HANIPSAMYIO CBS3aHO C BOIPOCaMM 0Opa30BaHMS MHKPOArperaToB B IPyHTax.
HccrneoBaHust BIMSHUS JaBlIeHHS Ha ()OPMHUPOBAHHE arperaroB B JMCIEPCHBIX TPYHTAX MOKa3alH, 4TO MPH JABJICHUIX 10
200 MITa wnabmiofaeTcst HE3HAUMTENBHOE HW3MEHEHHE arperaTHOro cocraBa ChIpbIX rpyHToB. Ilpnm maenenmu 300 MIla
TBIIEBATOTO IPYHTAa COAEPKAHUE TOHKOI MecuaHoi (pakuuyu ysemmuuiaock ot 13 mo 51 %, meuteBatoii — ot 5 mo 23 %, a
TTIMHUCTOH — oT 2,15 mo 5,42 %. Ilpu uchbITaHMM MOKPOBHBIX CYITIMHKOB jaBieHneM P =2000 MIla u P =3 660 MIla
TOJTy4EHBI AHAJTIOTHYHbIC PE3YNbTaThl. M3 MPUBENEHHOTO BBIIIE CIEAYET, YTO BOIPOCHI BIIMSHMS JaBICHHS Ha oOpa3oBaHHE
MHUKpOArperaTHoro cocTaBa u, KaK CJIeACTBHUE, (PU3NKO-XUMUIECKUX CBOMCTB IVIMH NPEACTABIIAIOT 3HAYNTCIIbHBINA HHTEPEC.
HccnenoBaHbl 3aKOHOMEPHOCTH HM3MEHEHHMS COCTaBa IJIMH, IOJBEPIKCHHBIX BBICOKMM JIaBIECHUAM. B pesynbrare
9KCIIEPUMEHTAIBHBIX HCCIIE0BAHNH YCTAHOBJIEHO, YTO C YBEIMYEHMEM MaBJeHHMs HaOmojaercs oOmias TEeHASHLHs
CHIDKCHMS COZICpIKAaHMSI TIMHUCTOW M yBeNM4eHus mbuieBaToi (paxuuii. Hapsiny ¢ 5Toit 3aKOHOMEPHOCTBIO B KaXKIOM
KJIACCE BBIABJIEHB! JIOKAJIbHBIE M3MEHEHHs COJEePXKaHus (DPAKUMOHHOIO COCTaBa IJIMH B 3aBUCHMMOCTH OT JABJIEHMS.
C yBenuyeHHeM JIaBJIeHHMs IUIONIAAb YJEIbHOH MOBEPXHOCTH YACTHIl KAOJNMHOBOH M MOHTMOPMILUIOHMTOBOH IIMH
yMeHbIaercs. M3MeHeHus rpaHy/IoMeTpHYECKOro cOCTaBa 00yCIOBIEHbI MPOLECCAMH arperaluy 1 JUCIEpraluy 4acTuil.
B nporecce arperanuy, BbI3BAaHHOH BBICOKMM JaBJI€HHEM, (DOPMHPYIOTCS KOAryJAIMOHHBIE, IEPEXOHbIE U (a3oBbIe
KOHTaKThl MEXIy dacTuiamu. J[poOneHue M pacKIMHHBAIOIIEE JABICHUE IUICHKH CBS3aHHOW BOJABI BOKPYT YacTHIL
SIBJIAIOTCS BEAYIIMMH (paKTOpaMH, ONpe/IeIIOMMMH MPOIEcC UX ANUCTIEPraliy.
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Introduction

Physical and chemical properties of clays depend
on factors determining energy potential on particle
surface [1-4] and on factors forming particle specific
surface [5, 6].

To form energy potential in clays various methods
for their processing (activation): thermal [7-10],
chemical, using acids [11], using alkali [12], using salts
with different exposure duration [13].

According to data of B.K. Kara-Sal et al. [8],
when heating clays to temperatures 400-600 °C their
sorption activity increases due to release of high
energy centers at mineral surface. By opinion of
Zh.A. Sapronova et al. [14], during ultraviolet clay
activation metallic ions move away from octahedral
positions due to weakening links in mineral matrix.
This aids to increase clay activity by 1,3 times.
Ultrasound clay processing leads to destruction of
aggregates and matrix completion, which increases
clay activity [15].

A limited number of works is devoted to study of
alteration of physical and chemical properties of
pressure-processed kaolin. In most details these
issues were dealt with by A. G. Kosovskaya et al.
[16], V.A. Eroschev-Schak et al. [17], E.A. Goilo et
al. [18], K.J. Rangeetal. [19], V.A. Frank-
Kamenetzky et al. [20], Lalglesia [21], Galan et al.
[22]. Lalglesia [21] established that action of
pressure (1002000 MPa) on kaolin does not lead to
substantial change of coherent scattering area dy;
(energy potential), and at pressures over Oomee
4 000 MPa these changes become manifested.

Particle specific surface forming is directly
related to issues of microaggregate formation in soil
[1, 23, 24]. Works [23, 25] provide information on
formation of granulometric and microaggregate
composition of wet clays in processes of their natural
formation and transformation. Works [5, 6] publish
information on clays subjected to man-made impact
with MgCl,, CaCl,, KCl and NaCl solutions. The
authors came to conclusion that aggregation process
is related to concentration of salt solution and
mineral composition of particles.

Issues of influence of a mechanical factor, for
example, pressure, on aggregate formation in
disperse wet soils were studied in works [25-27].
The studies performed [28] showed that at
pressures up to 200 MPa insignificant alteration of
aggregate composition of raw soils is observed. At
pressure of 300 MPa on powdery soil this sandy

fraction contents increased from 13 to 51 %,
powdery fraction — from 5 to 23 %, and clay
fraction — from 2,15 to 5,42 %. During tests of
covering loams with pressure P = 2000 MPa and P
= 3660 MPa similar results were achieved [28]. On
basis of experimental studies, forecasting methods
for granulometric composition were developed not
only for terrestrial [29], but also for lunar soils
[30].

During clay pressure processing together with
aggregation process also dispergation breaking
processes take place. For kaolinite [21, 31-33]
breaking changes particle size and form, and pores
distribution. Except that, breaking influences
physical and chemical properties of clays [34-38].
Breaking kaolinite does not lead to gradual increase
of defectiveness for all crystallites present in the
sample [39-42].

From the stated above it can be seen that issues
of influence of pressure on formation of
microaggregate composition, and consequently,
physical and chemical properties of clays are of
substantial interest.

That is why purpose of the work is to study
regularities of alteration of composition of clays
subjected to high pressure.

Object of the study are quaternary kaolin clay
from Nizhne-Uvelskoe field in Chelyabinsk Region
and Lobanovskaya claystone-like montmorillonite
clay from Upper Permian Sheshminsky horizon.

Methodology

In order to pass pressure to clay sample high
pressure device was designed and built[43]. Its
working surfaces are made from hard alloy material,
their surface is S = 0,75 cm®. Press PLG-20 was used
as loading device.

Clay samples were prepared for granulometric
analysis using method described in work [5].
Maximal pressure was P = 2200 MPa. In total were
made 56 samples of montmorillonite clay and 65
samples of kaolin clay.

Granulometric composition of clays was deter-
mined using laser diffraction analyzer «Analyzette-22
according to method described in work [5].

Technical capabilities of the unit permit to
measure particle size from 0,08 to 20000 pm. In
work[25] it was noted that thin clay fraction less than
1 um substantially determines physical and chemical
properties of clays. That is why, basing on unit
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capabilities and substantial influence of finely
dispersed particles on soil properties, we have
studied the following fractions (um): Fo1, Fo.1-02
Foros, Fos-10, 12, Fos, Fs 5.

In total 319 determinations of granulometric
composition of montmorillonite clay and 385 —
kaolin clay were performed.

It is necessary to note that particle size
determination on this device was performed in the
following way: first dispergation takes place, then
particles are measured, so in result we should obtain
granulometric composition of soil. However, reduction
of F; fraction shows that not all particles during
dispergation process are destroyed to primary size, so
we actually obtain microaggregate composition of soil.
So, in the context of the issue being discussed, further
in the text we use terms «granulometric and
microaggregate compositiony.

Findings

Studies were performed in stages. In the first
stage influence of pressure and mineral composition

of clay on alteration of its fractional composition
was studied. Experimental data are given in fig. 1,
from which it is seen that correlation fields
have similar character of alteration for various
fractions. However, fields of fraction F; — Fas
of kaolin clay are above corresponding fields of
montmorillonite clay, and for fraction Fs_sq it is vice
versa. This is because mineral composition of
clays substantially influences on alteration of clay
fractions content in soil.

To confirm conclusion on influence of mi-
neral composition of clays on formation of
their granulometric composition statistical methods
[44] were used, calculation results are shown in
table 1. As it can be seen from table 1, calculated
values of Student’s coefficient (#,) for each studied
fraction are higher than ¢, = 0,03, so we may
consider that mineral composition exerts
substantial influence on formation of fractional
composition of pressurized soils. Student’s
criterion shows that sample population are
statistically segregated.
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Table 1
Statistical characteristics of clays
. Kaolin clay Montmorillonite clay Calculated value| Recognition of sample populations, %
Fraction, R - -
o Average Standard Average Standard of Stu@ent s Kaolin clay montmorillonite total
deviation deviation coefficient #, clay

Foos 0,449 0,139 0,180 0,120 25,911 80,0 85,9 83,0

Fo 02 0,787 0,148 0,471 0,122 29,197 93,4 85,0 89,1

Foz 05 2,184 0,938 1,508 0,397 11,801 42,3 83,4 63,3

Fos 10 6,961 2,291 4262 1,420 17,771 83,6 83,4 83,5

Fi, 14,637 4,538 9,673 2,798 16,526 67,5 82,1 75,0

F, 5 23,203 6,637 18,812 5,329 9,134 44,6 74,6 59,9

Fs so 49,961 13,960 62,695 9,197 13,511 58,4 81,8 70,4

A -1,759 1,020 1,682 0,980 —42,967 97,0 934 95,2
Linear discriminant analysis was used for In the third stage influence of pressure on

quantitative evaluation of segregation. Calculation
results are given in table 1. It is shown that maximal
difference between kaolin and montmorillonite is
observed for fractions Fy; ¢, and F;, and minimal —
for fraction F,_s.

Other fractions take intermediate position. For them
criterion #, changes from 9,1 to 17,8, and general
correctness of recognition — from 59,5 to 83,5 %. It is
necessary to note that in the predominant majority of
cases montmorillonite clay fractions are recognized
better than those of kaolin clay.

In the second stage influence of pressure on
general regularities of alteration of clay
granulometric composition (separation of classes —
pressure range) was studied.

Alteration of clay fractional composition at
increase of pressure is given in fig. 1. It is seen that at
pressure increase to P = 125 MPa significant
reduction of clay fraction content (F.s) and increase
of powdery fraction content (Fs s0) is observed. At
pressure increase toP = 750 MPa content of clay
fractions changes in different directions, and content
of powdery fraction increases. At further pressure
increase to 2200 MPa clay fractions content
increases, and powdery fraction content changes
chaotically.

To confirm assumption of presence of threshold
pressures P = 125 MPa and P = 750 MPa linear
discriminant analysis was used. Discriminant
functions calculations performed showed that correct
recognition of all samples is 100 %.

Therefore, it is proved that threshold pressure
values P = 125 MPa and P = 750 MPa are validly
selected. This shows that in each class intensity of
aggregation and dispergation processes is different,
and so conditions of forming clay fractional
composition also have their individual specifics.

alteration of clay granulometric composition within
segregated classes (inside classes) was studied.
Correlation analysis was used for this purpose.

In classl (P = 0-125 MPa) average content of
clay fractions is less than in initial sample. This
change is probably related to clay particles
aggregation processes resulting in increase of
powdery fraction Fs_so content.

Calculations showed that statistical links are
established between P and F, which is confirmed by
valid pair correlation coefficients (»). Presence of
negative » values between P and F.s confirms our
conclusion that along with pressure increase content
of clay fractions decreases. Positive values of r
between pressure and powdery fraction content, on
the opposite, mean that along with increase of
P content of F5_sq increases.

For evaluation of degree of pressure influence
on alteration of studied fractions content parameter
k — angle coefficient was used, being tangent of
straight line slope in equation of relation between
pressure and fraction. It may be interpreted as
follows: the higher are values of k, the greater
influence pressure exerts on alteration of content
of the studied fraction [32]. Calculation results are
given in fig. 2.

It is established that along with particle size
decrease influence of pressure on alteration of these
fractions content decreases, while the most
pressure-sensitive is powdery fraction Fs 5, and
least sensitive — clay fraction F ;. It is necessary to
note that from all clay fractions to the greater extent
sensitive to pressure are fractions F|, and F, s in
montmorillonite and kaolin clay respectively.

Speed of change of clay fractions content in wet
kaolin clay is higher comparing to montmorillonite
clay, which is proved by higher values of k& (fig. 2).
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Fig. 2. Dependence of degree of pressure influence on alteration of content of studied fractions of kaolin
and montmorillonite clays in classesl (@), 2 (b) and 3 (¢)

In class 2 (P = 150-750 MPa), as in class 1,
reduction of F.s clay fraction content and increase
of Fsso powdery fraction content is observed
(see table 1). Meanwhile for fraction Fy; other
regularity is observed: along with pressure increase
content of F.y; increases, which is determined by
dispergation processes of other fractions. Increase
of Fsso content is related to processes of clay
particles aggregation to powdery fraction sizes.

Of all clay fractions most pressure sensitive is
fraction F, s. Meanwhile pressure exerts greater
influence on kaolin clay than on montmorillonite
clay, which is proved by higher values of k
parameter.

In class 3 (P = 800-2200 MPa) influence of
pressure on alteration of fractional composition of
clays is crucially different from classes 1 and 2.
Along with pressure increase content of all
fractions except F, s increases, which is proved by
positive values of . Statistical links are established
between P and F, proved by valid pair correlation
coefficients. Maximal influence is exerted by
pressure on formation of Fsso fraction, and
minimal influence — on F ;.

Of all clay fractions, as in both previous classes,
most pressure-sensitive is fraction F, 5. Meanwhile
pressure exerts more significant influence on kaolin
clay that on montmorillonite clay, which is proved by
higher values of £ parameter.

In the fourth stage influence of pressure on
formation of particle specific surface of clay soils
was studied. Results of study are given in fig. 3.
Calculation of particle specific surface was made per
1 mm’ of clay.

From fig. 3 it is seen that along with pressure
increase area of particle specific surface of kaolin
(Sx) and montmorillonite (S,,) clay reduces.

Table 2
Correlation matrix
Kaolin clay Montmorillonite clay
Parameter Sx, SK2 sz SM1 SMZ SM3
Pressure P, 1 98 | —0,55 | 025 | -0.88 | -0,61 | 0,70
MPa

Note: SK.’ SM1 — area of specific (active) surfaces of particles

in classes 1, 2, 3.

Meanwhile the highest speed of S reduction is
observed in class 1 (at pressures up to 125 MPa).
At pressure over 125 MPa its influence on change
of S is less significant. In case of montmorillonite
clay on qualitative level interrelation between
pressure and surface is observed, while in kaolin
clay the relation is not expressed.

For quantitative evaluation of interrelations
between P and S correlation and regression
analyses were used. Correlation analysis results are
given in table 2.

From table 2 it is seen that statistical links are
established between pressure and area of clay particle
specific surface, which is proven by valid pair
correlation  coefficients. Calculated value of
coefficient of correlation between area of clay
particle specific surface in class 3 and pressure equal
to r, = 0,25 is greater than critical value », = 0,17 at
level of significance a = 0,05 and number of freedom
degree n = 160.

In the fifth stage conditions of forming
granulometric composition of clays subjected to
pressure were studied. During processing clays with
pressure particle breaking and aggregation processes
are observed in studied samples. Aggregation process is
determined by forces of particle interaction between
themselves being of physical and chemical nature, and
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breaking process — by deformations of particles. Let us
study influence of pressure on aggregation and
dispergation of particles in aspect of their size.

5500
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Fig. 3. Alteration of specific surface area in kaolin (a)
and montmorillonite () clays depending on pressure

In crystallites aggregation process takes place
according to the following scenario: at pressure
P =0 MPa (in natural clays) crystallites are interlinked
by molecular bonds (through cations of diffuse water
layers), i.e. link between crystallites is performed by
coagulation contacts. At pressure on soil from 0 to
125 MPa adsorbed water films (diffuse layers) on
crystallite surface [45] partially break, that is why
crystallites contact between themselves, on one part, in
a point-like manner (transition contacts), and on the
other part, through diffuse layers (coagulation contacts).
At pressure increase from 125 to 2000 MPa
aggregation process is changed by crystallite
dispergation process, due to which partial destruction of
chemical bonds between crystallites occurs. Reason of
this destruction is wedging pressure of adhesive water
film, formed by increased energy potential on crystallite
surface. That is, we observe reduction of influence in

aggregate of point-like contacts (electrostatic and
chemical bonds) and increase of weaker coagulation
contacts (molecular bonds), and number of contacts
between crystallites breaks fully.

In fine colloids (size of 0,1-2,0 um) at pressure
up to 125 MPa aggregation processes follow the
above scenario. At pressure from 125 to 2 200 MPa
intensity of aggregation and dispergation processes is
insignificant, the compensate each other, that is why
content of these fractions changes rather weakly.

In coarse colloids (size of2—5 pm) at pressure from
0 to 2200 MPa only aggregation processes happen, with
different formation mechanism and intensity. At
pressure increase from 0 to 125 MPa number of break-
through points in adsorbed water films (diffuse layers)
on crystallites surface increases, leading to reduction of
coagulation contacts and increase of transition contacts.
Therefore, we see reduction of molecular and increase
of chemical bonds between colloids. At further increase
of pressure from 125 to 800 MPa number of transition
contacts increases and individual phase contacts appear.
That is, role of chemical bonds between colloids
increases. At further pressure increase from 800 to
2200 MPa role of chemical contacts between colloids
(phase contacts) prevails. The obtained results do not
contradict to nature of forming microaggregate
composition of clays.

Conclusions

It is experimentally established that along with
pressure increase general tendency of reduction of clay
fraction content and increase of powdery fraction
content is observed. Together with this regularity, in
each class local alterations of clay fraction composition
depending on pressure are found. With pressure
increase, area of particle specific surface in kaolin and
montmorillonite clays decreases. Alterations in
granulometric composition are determined by particle
aggregation and dispergation processes. In aggregation
process, caused by high pressure, coagulation, transition
and phase contacts between particles are formed.
Breaking and wedging pressure of adsorbed water film
around particles are leading factors determining process
of particle dispergation.
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