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In general, reliability of industrial and civil units is determined by strength and deformation properties of foundation soils
of structures. On the one hand, calculated values of mechanical properties largely depend on technogenic load on a ground
base, and on the other hand, on content of bound water in soils, especially clays. Many Russian and foreign scientists were
engaged in evaluation of bound water in clays. Their works describe an effect of mineral composition, initial moisture and
composition of clay exchange cations on thermal dehydration of bound water. It was found that the smaller the size of clay
particles, the sharper dehydration curves diverge in a high-temperature area. The conclusion is drawn that there is no
significant discontinuity in values of energy, corresponded to active centers on basal facies and crystal chips. The paper
presents results of studies of change of properties of bound water in clays under influence of high temperatures and
pressures. To researchers' mind, during compaction of clays saturated with water, free water of large pores is first to be
removed, then under 1-3 MPa load osmotic water, and under pressure of more than 10 MPa structured hydrate layers begin
to be removed. Closest to a hard surface water layers, which determine moisture content in clays, are not squeezed out at
tens of megapascals, when monolayers at loads of hundreds of megapascals. As a result of studies conducted it was
experimentally established that in kaolinite and montmorillonite clays content of film and absorbed water of the colloid, as
well as surface water and water of hydroxyl groups of minerals varies with change in pressure magnitude. It is established
that studied parameters influence total water loss differently, which is confirmed by various mathematical models.
However, in all cases, except for montmorillonite subjected to pressure of more than 1000 MPa, the most important factor
determining the overall loss of water mass is adsorbed water of minerals.

HanexHOCTh POMBIIUICHHBIX M IPAKIAHCKAX OOBEKTOB OMpPENEISETCS B OCHOBHOM MPOYHOCTHBIMH U 1e(hOPMAIIHOHHBIMHI
CBOMCTBAMH TPYHTOB OCHOBAHHI COOpY:KeHHUI. PacueTHble 3HAYCHHS] MEXaHUUYECKHX CBOMCTB, C O/IHOM CTOPOHBI, BO MHOTOM
3aBUCAT OT TEXHOTCHHOM HArpy3KH Ha IPYHTOBOE OCHOBAHHE, a C IPYTOi — OT COZIepKaHUsI B TPYHTAX, OCOOCHHO B IIIMHUCTBIX,
cBs3aHHOM BOJbI. OIIEHKOH CBSA3aHHOW BOJIBI B IVIMHAX 3aHUMAJIMCh MHOTHE POCCHICKHE M 3apyOekHbIe yueHble. B nx padorax
OIMCAHO BIMSHHE MMHEPAILHOIO COCTaBa, HAYaJIbHOH BIAXKHOCTH M COCTaBa OOMEHHBIX KaTHOHOB INIMH HAa TEPMHYECKYIO
JIETHIPATALIMIO CBA3aHHON BOABI. [IpHBE/ICHBI JaHHbIC O BIMSHUH pa3Mepa YacTHI] Ha BUJ] KPHBBIX J€THApaTalny. Breissieno,
YTO YEeM MEHBIIE Pa3Mep TITHHUCTHIX YaCTHI, TeM pe3ue KPHUBbIC JETHAPATALNK PACXOIATCS B 00IACTH BBICOKHX TEMIIEPATyp.
CpenaH BBIBOJ] O TOM, YTO B 3HAYCHUSX YHEPTHi, COOTBETCTBYIOIINX aKTHBHBIM IIEHTPaM Ha 0a3aJbHBIX IPAHAX U Ha CKOJAX
KPHCTQJUIOB, HET OOJIBIIOrO paspbiBa. IIpescTaBIeHb! pe3ysIbTaThl HCCICAOBAHUNA 110 M3MEHEHHIO CBOICTB CBS3aHHOM BOJIBI
B MIMHAX TII0J JACHCTBHMEM BBICOKMX TeMmIepaTyp M jaBieHuil. [lo MHeHMIO wuccienoBaresieil, NpPH YIUIOTHCHUH
BOJIOHACHILICHHBIX TJIMH B HEPBYIO OYepelb yAaasercs: cBOOOIHAS BOAA KPYHHBIX IOP, 3aTeM mpH Harpyskax 1-3 MIla —
ocMOTHYeCKasi BojJa, a npu pgaineHuu Oonee 10 MIla HaumHaeTcsi ynajgeHHWE CTPYKTYPHPOBAHHBIX THAPATHBIX CIIOCB.
Bmwkaiiire Kk TBepHOil MOBEPXHOCTH CJIOM BOABI, OMpPEICISIONME BIAKHOCTh INIMH, HE OTKHUMAIOTCS MPH HArpys3kax
B JICCATKM Merarackalield, a MOHOCIION — IIPH Harpy3Kkax B COTHM Merarackajieil. B pe3ynbrare nmpoBeJeHHBIX HCCIICIOBAHMUI
OKCIIEPUMEHTAJIBHO YCTAHOBJICHO, YTO B KAOJHHUTOBBIX W MOHTMOPHIUIOHHTOBBIX TNIMHAX COACPIKAHHE PHIXIOCBI3aHHON
U TNPOYHOCBS3aHHOM BOJA KOJUIOW[A, @ TAKKEe BOABI MOBEPXHOCTH M THAPOKCUIBHBIX TPYHI MHHEPAIOB H3MEHSETCS
B 3aBHCHMOCTH OT BEJIMYMHBI JIABJICHUS. YCTAaHOBJIEHO, YTO B 0Opa3oBaHMM OOIIEH MOTEPHM Macc BOABI HCCIETyeMble
MOKa3aTeNI HPUHUMAIOT Pa3INYHOE Y4acTHe, YTO NMOATBEPXKAAIOT Pa3IMuHble MareMaThdeckue moaenan. OmHako BO Beex
cllydasix, KpoMe MOHTMOPWUIOHUTA, TOJBEp>KeHHOro nasienHuto Gosee 1000 MIla, Hambosnee cymiecTBeHHBIM (hakTopoMm,
OIPE/IEIISIOIIMM OO0 MOTEPI0 MACC BOABI, SIBIISIETCS] IPOYHOCBSI3aHHAsI BOJIA MHHEPAJIOB.
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Introduction

Reliability of industrial and civil facilities is
determined mainly by strength and deformation
properties of soils that compose base of
structures. On the one hand calculated values of
mechanical properties of soils depend on artificial
load on soil base [1], on the other hand they
depend on content of bound water in soils
(especially clayish) [2]. Many Russian [3-5] and
foreign scientists [7-11] were engaged in
evaluation of bound water in clays. Several works
[5-6] describe an effect of mineral composition,
initial moisture and composition of clay exchange
cations on thermal dehydration of bound water.
Data on effect of particle size on shape of
dehydration curves are given in [7, 12]. It was
found that the smaller size of clay particles, the
sharper dehydration curves diverge in high-
temperature area. The conclusion is drawn that
there is no significant discontinuity in values of
energy, corresponded to active centers on basal
facies and crystal chips.

The papers [3-11] present results of studies of
change of properties of bound water in clays under
influence of high temperatures and pressures. To
researchers' mind, during compaction of clays
saturated with water, free water of large pores is
first to be removed, then under 1-3 MPa load
osmotic water, and under pressure of more than
10 MPa structured hydrate layers begin to be
removed. According to data of authors [4-11],
water layers closest to hard surface that determine
moisture of clays, are not squeezed out under loads
of tens of megapascals, and monolayers at loads of
hundreds of megapascals.

However, despite the high scientific and
practical value of the problem, there are not
enough experimental studies. Comparative analysis
of compression resistance of clays with different
mineral and structural type could be a field of
especial interest.

This paper describes changes in mass of bound
water in kaolinite and montmorillonite clays
under load.

A method for preparation of samples and
determination of loss of bound water mass in clays
is given in [5-6].

Following types of water mass loss are
considered, %: film water — MSrw, adsorbed water

in a colloid — MSwc, adsorbed water in a mineral —
MSawwm, hydroxyl groups in a mineral — MSygwm,
recrystallization of minerals — MSgrcy and total loss
of bound water mass — MSt. Normal stresses S,
MPa is used as a load parameter. During
processing of experimental data, statistical analysis
was used.

At the first stage, influence of pressure on
change in mass of bound water in clays was
studied. Mean values were estimated by ¢ criterion
for kaolinite and montmorillonite. A difference in
mean values is considered statistically significant
if ¢, > t,. Comparison of mean values of studied
parameters is given in Table 1. In this case
estimation ¢, = 1.98 is carried at n; = n, = 96 and
degree of significance (o = 0.05). In addition,
during statistical analysis of data studied, a
correlation analysis was used (Table 2). The
comparison showed that for the same loads, mean
losses for certain water categories for kaolinite and
montmorillonite are statistically different.

Table 1

Comparison of mean values of clay parameters

Mean values and Student’s coefficient
variance of parameters
Parameter — y——— p -
kaolitine rillonite calcuplated f critical
Sp, MPa [665.0 +735.0 [665.0 £ 735.0 0.0000 < 1.98
MSew, % | 2.8+0.9 51+08 18.2857 > 1.98
MSawe, %o| 0.40+£0.22 | 0.96+0.24 16.5711 >1.98
MSawm, %| 7.5+1.3 46+19 11.5881 >1.98
MShem, %o| 1.46+0.81 | 2.98+1.07 11.0205>1.98
MSgrem, %0| 0.68 +0.47 - -
MSr, % 12.8+29 13.7+34 2.1187>1.98

At the same time, a statistical difference
for total water mass losses was also obtained,
but not so significant (see Table 1). This indicates
that when wvalues of S, are in the interval
of 0-2000 MPa losses in different types of
water for kaolinite and montmorillonite occur
according to different scenarios. In order
to look over dynamics of changes in water

loss parameters, it is needed to construct
functions of change in water mass losses
with increase in S, values. Quantitatively

these changes are estimated by calculations
of values of r. In addition, it is needed to find
values of r between analyzed types of water
losses. Changes in values of MSgy versus S, are
shown in Fig. 1, a.

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2017. T.16, Nel. C.23-32



ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2017. Vol.16, no.1. P.23-32

25

7.120
6.530
5.910

5.310
4.731

s 4.190
W
£ 3.640
3.060
2.480
1.750
1.190

%

9.860
9.190
8.518
7.760
7.020
6.350
5.630

4.960
4.290
3.620
2.920

2.200
1.520

MSAWMB %

23.317
22.030

19.350
18.080

16.790
= 15.540

14.120
12.880

11.621
10.360
9.090

MS,,

7.200

. ee ozoE :
R e it
5 B g B -
Q ; . o &g 8 -
E : Q : g o 4]
JRRTEE | LENES AR
o o g
§ !
g 8 2
0 400 800 1200 1900
200 600 1000 1500 2100
S,, MPa
a
g Fs i :
g g o B
3 5 g g & 2
¥ . 58
3 i I
. ° 8
. i ;
; :
0 400 800 1200 1900
200 600 1000 1500 2100
S,, MPa
c
’ g
B o
§
; g o
g o e o [} .
o0 ! i o 1 .
g H B g ﬂ oo e P ’ : )
g, B gag 8 3
§ 8 g g
- H 8 4 .
S 88 o
Y g ; . o
o ’ o8 o 8
0 400 800 1200 1900
200 600 1000 1500 2100
S,, MPa
e
o Kaolinite o Montmorillonite

1.49
1.33
1.14
1.00
0.86
0.72

0.57
0.43

0.29
0.15
0.01

MS e, %

5.91

4.09
3.40

2.77
2.23
1.67

1.12
0.57
0.01

MSHGM’ %

RETA :
; u @ g o %0 g 8 “ B
gae° R | 7 ]
B 8a 0 e’ B - o
1o =g ;
g i B o
i o Y 8 o
8 : 8, o °%
8
0 400 800 1200 1900
200 600 1000 1500 2100
S,, MPa
b
=} [: °
-
2] ’\= a -
g o i -: L
B ; 8 E °g Bg B8
g, g
E 8 ] 5
g é b g i : 8 8 8
i § g ¢ q o “
o -] g . g
0 400 800 1200 1900
200 600 1000 1500 2100
S, MPa

Fig. 1. Change for kaolinite and
montmorillonite vs. S,:

d— MSHGM; € — MST

a—MSgw; b —MSawc; ¢ = MSawm;

ISSN 2224-9923. Bectuuk [THUITY. I'eonorus. Hedrerazooe u ropuoe aeno. 2017. T.16, Nel. C.23-32



26 ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2017. Vol.16, no.1. P.23-32

Table 2
Correlation matrix

Sy | MSpw | MSawc [MSawm|MShom|MSrem| MSt

g [L0010.53* | 0.56* |-021*[-0.23*/-0.39*| -0.01
" 11.00 | 0.54*% | 0.38*% | 0.71* | 0.61% | — | 0.75*%
MS 1.00 | 0.42* |-0.38*(-0.39*[-0.39*| 0.02
FW 1.00 | 0.37% | 024 | 0.26 - | 0.50*
MS 1.00 | 0.43* | 0.07 | -0.02 | 0.55*
AWC 1.00 | 0.41* | 0.36* | — | 0.52%
MS 1.00 | 0.71* | 0.69* | 0.69*
AWM 1.00 | 0.92% — | 0.95%
1.00 | 0.78* | 0.78*

MSnam 100 | — |093*
1.00 | 0.73*

MSgrem W —
1.00

MSt m

Remarks: * significant correlation links, kaolinite is a
numerator, montmorillonite is a denominator.

Changes in values of MSgw depending on S,
for kaolinite and montmorillonite are close, but
displaced from each other. The dependence for
kaolinite is located slightly lower than for
montmorillonite. Note that there are almost linear
trends of increase of MSpw both for kaolinite and
montmrillonite before values S, < 1000 MPa. Then
with increase in S, values of MSgw are maintained
almost the same. This allows concluding that to
extract the same mass of film water for kaolinite
there is a need of bigger values of S, than for
montmorillonite. This is also proved by the mean
values of MSgw for kaolinite and montmorillonite,
given in Table 1. It has to be noted that values of
coefficients of r between MSpw and S, are
statistically significant. There is a stronger bond
for kaolinite, than for montmorillonite. The
dependence looks like

— for kaolinite:

MSrw = 2.258 + 0.000837 S,,,
— for montmorillonite:
MSrw = 4.675 +0.000701 S,.

Note that these dependancies describe
relationship between MSpw and S, only
for S, < 1000 MPa, which is well described
on Fig. 1, a.

Dependence of change in values of MSawc on
S, is shown in Fig. 1, b. It is seen that the same
pattern as above is observed for MSawc, but with
less loss of water mass. Data on mean values,

given in Table 1, indicate that mass loss of water is
much lower. Values of coefficients » between
MSawc and S, are statistically important. There is
a tighter bond for kaolinite, than for
montmorillonite.

Dependance looks like:

— for kaolinite:

MSawc =0.266 + 0.000204 S,

— for montmorillonite:
MSawc = 0.863 + 0.000154 S,.

It should be noted that these dependences well
describe relationships between MSawc and S, also
only for values of S, < 1000 MPa, as seen in
Fig. 1, b.

Dependance of change in MSawm on S, is
presented on Fig. 1, ¢. According to MSaww there
are significantly different in direction and value
scenarios. There is a decrease in MSawm for
kaolinite at values of S, < 1000 MPa. There are at
first increase in MSawm for montmorillonite at
values of S, < 1000 MPa and then decrease. Then
there is a chaotic change in MSawm both for
kaolinite and montmorillonite. There are
fundamental differences for kaolinite and
montmorillonite under decrease of S, according to
MSawm. Value of r coefficient between MSawm
and S, for kaolinite is negative and looks like

MSawm = 7.775 — 0.000457 S,.

There is titgher
montmorillonite

MSam =3.129 + 0.00228 S,..

Value of S, = 1000 MPa devide selection into
2 classes that is seen on Fig. 1, c¢. Dependence
of change in values of MSygm on S, is shown
in Fig. 1, d.

Values of MSugu for montmorillonite
depending on S,, in general are higher, than for
kaolinite, especially when S, > 1000 MPa. MSygm
changes randomly for kaoplinite with increase of
S,. There is a complex change in MSygm for
montmorillonite with increase of S,. Here are
fundamental different changes for kaolinite and
montmorillonite with increase of values of S, as in
case for MSawwm. Values of r coefficients between
MSyueMm and S;, are negative for kaolinite. There is a

and positive bond for
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direct and tighter bond for montmorillonite.
A dependance for kaolinite looks like

MSsem = 1.673 — 0.000308 S,

Note that this dependence mainly describes
data obtained for values of S, < 1000 MPa, as is
seen in Fig. 1, d. The correlation for
montmorillonites is statistically straight, tight and
looks like

MShom = 2.665 + 0.00107 S,..

Note that this dependence, on contrary, describes
data better S, > 1000 MPa (see Fig. 1, d).

The dependence of change in values of MSgceum
on S, is shown in Fig. 2.

1.82
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S i .
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Fig. 2. Dependance of MSrcy change
on S, for kaolinite

An analysis of change in MSgcwm values versus
S, for kaolinites shows that in case dependence is
consider as a whole, there would be a trend of
decrease of MSgrcm values with increase in S,.
Such correlation would be statistically significant.
However, if this dependence is considered in more
detail, there would be two sub-dependencies
observed. The first sub-dependence appear to be at
S, <1000 MPa, the second at S, > 1000 MPa.

Changes in MSt values as a function
of S,, presented in Fig. 1, d, show that with
increase of S, an MSt value varies randomly for
kaolinites which is proved by a low value
of r coefficient » =—0.01.

However, there is a regular decrease of MSt
values at S, < 1000 MPa at in-depth analysis.

Then there is a sharp increase in MSt values
with following decrease again. There is quite
complex change in MSty values for
montmorillonite with increase in S,. Neverthelles,
in general there is a tight positive trend, that is
described as follows:

MSt=10.934 + 0.00421 S,.

Consequantly, it was found that pressure affect
mass loss in variety of bound water types in clays
differently in direction. It was found that there is
sudden change in loss of bound water mass at
pressures of about 1000 MPa. Therefore, it can be
assumed that at pressures up to 1000 MPa bound
water is formed according to one scenario and to
another scenarion at S, > 1000 MPa.

Therefore, legitimacy of existence of proposed
hypothesis was studied in the second stage. The
hypothesis says that distinguished ranges of values
of S, are statistically different by a set of
indicators.

To do that a stepwise linear discriminant
analysis (SLDA) was used. Possibilities of using
such analysis to solve similar issues are given in
[13-15]. For development of models it was
assumed that the first sample (class 1) consists of
values of S;, < 1000 MPa and the second sample
(class 2) consists of values of S;, > 1000 MPa.

As a result of implimentation of this method,
following linear discriminant function was
obtained for kaolinite:

Zk =-11.6559 MSAWC +1.1717 MSAWM -
—0.9982 MSygm + 0.5777 MSpw — 4.186,

where R = 0.851, %> = 118.23, p = 0.000.
A mean value for the first class (sample)
is Z, = 0.923 and for the second Z;, = -2.77.

The probabilities of experimental data,
belonging to the second class P(Z,), were
calculated using the function given above [16-17].
For the 2™ class mean value and variance are
P(Z,) = 0.982 and o,” = + 0.059, P(Z,,) = 0.016
and 6,2 = + 0.022 for the 1% class. It has to be
noted that there was 100 % of right recognition by
this function.

As a result of this method implementation
following linear discriminant function was
obtained for montmorillonite:
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Zm =0.11299 MSAWC —1.07678 MSAWM +
+0.12472 MSygm + 2.863

at R =0.860, y* = 125.018, p = 0.000.
A mean value for the first class (sample) is
Zi, = 0.966, for the second class — Zy, = —2.90.

For this function, values of probability
of experimental data, belonging to the second
class, were calculated — P(Zy,). Mean value and
variance for the 2™ class are P(Z,) = 0.939
and 6,” =+ 0.117, P(Z,) = 0.029 and 6,” =+ 0.073
for the 1* class. It has to be noted that there was
100 % of right recognition for both classes by this
function.

Mean values of indicators for kaolinite and
montmorillonite, taking into account division of
samples into classes 1 and 2, obtained using LDF,

t, > t. Herewith, loss of bound water mass for the
second class is higher than for the first.

There are statistical differences in all of
indicators (¢, > t) for montmorillonite. Herewith
losses for the second class are much higher than for
the first. It should be noted that for kaolinite losses in
MSawwm for two samples (classes) statistically are not
different. A maximum statistical difference is
observed for montmorillonite. The values of r
coefficients between studied parameters for kaolinite
and montmorillonite with considered distinguished
samples (classes) are given in Table 4.

Table 4

Correlation matrix

| Sa | MSkw [MSawc|MSawm|MSuou|MSrem| MSy

Kaolinite

(Table 3) are given below. o | LO0T 0.68% [-0.18 [-0.85% [0.50 [-0.44% [-0.56*
"] 1.00 | -0.68%* [0.74* | —0.58* | —0.77* | -0.93* | -0.78*
Table 3 MS 1.00 | 0.20 |-0.61* | 0.55%|_0.43%| —0.24
) .. FW 1.00 | 0.76* | 038 | 027 | 0.68* | 0.54
Comparison of mean values of kaolinite and 100 039 | 0.16 | 10.03 | 037
montmorillonite MSawe 100 | 0.87* | 0.69* | 0.90* | 0.92*
- 1.00 | 0.68* | 0.69* | 0.85*
Mean Vah;es Elmd Vanance i siudent's coefficient MSawm 1.00 | 0.85% | 0.83* | 0.96*
Parameter ot vaues P = MS 1.00 | 0.78* | 0.77*
class 1 class 2 » . HGM 1.00 | 0.88* | 0.92%
calculated | critical
— 1.00 | 0.82*
Kaolinite MSrem 1.00 | 0.95%*
S,, MPa | 3583 +£324.6 [1725.0+349.4] 12.3988 > 1.98 100
MSpw, % | 2.3£0.9 35+£05 3.1375> 1.98 MSy 1.00
MSawe, %| 030£0.11 | 0.69+0.15 9,0985 > 1.98 Montmorillonite
MSawm, %|  73+1.3 7.8+ 1.5 1.2126 < 1.98 1.00 | 0.55* | 0.48 | 0.53* | 0.38* 0.58%
MSuew, % | 1.45+0.75 | 1.54+0.98 0.3211<1.98 S {700 | -0.16 | ~047 | 0.48* | 0.83* 0.79*
MSrem, % | 0.71£0.47 | 0.57+0.44 0.8859 < 1.98 MS 1.00 | 0.02 | 0.69* | 0.80* 0.83
MSr, % 124+1.9 142+3.1 23477 > 1.98 w 1.00 | -0.29 | —0.20 | 0.01 0.06
Montmorillonite MS sy 1.00 | 0.41* | 0.19 0.36*
S,, MPa | 3583 £324.6 |1725.0 +349.4] 12.3988 > 1.98 1.00 | 0.75* | 0.54 0.72*
MSiw.% | 4.8+0.6 59404 6.3182> 1.98 MS suu % %Lg %;j:
MSawe, % | 0.90 £0.21 1.07 £0.25 2.3980 > 1.98 : o0 it
MSaww, %]  4.1+12 79+0.9 9.8450 > 1.98 MSham Too T
MSuew, % | 271048 | 4.01+1.70 4.1605 > 1.98 . .
MS % — — — MSgeum
RCM> 1.00
MS+, % 125+22 19.0+25 8.5910 > 1.98 MSy 100
Remarks: *- significant correlation bonds, in a

There is a significant difference in loss of water
mass in 1* and 2™ classes for kaolinite and
montmorillonite under different loads. Quantitative
evaluation of these differences was carried out
using Student's ¢ criterion [18]. Calculated values
of ¢ are given in Table 3, while the critical #, = 1.98
was calculated for n; = n, = 96 and a significance
level a = 0.05.

There are statistical differences in MSgw, MSawc
and MSr for caolinite, that is proved by the values of

nominator — class 1, in denominator — class 2.

Comparison of r values shows that there are
significant differences both during division of
kaolinite and montmorillonite into samples and
inside of samples. For instance, correlation
between S, and MSawy is statistically significant
and negative for the 1* and 2™ classes of kaolinites
(rp;=—-0.85>r,=0.21 and r,, = —0.58 > r,= 0.21),
significant  and

statistically positive  for
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montmorillonites (r,, = 0.53 > r, = 0.21 and
7p, = 0.48 > r,= = 0.21). The same differences are

observed for other parameters (see Table 4).

Thus, a pressure threshold S, = 1000 MPa is
established. This pressure divides the population
into two classes. Class 1 includes data obtained at
pressures of S, < 1000 MPa, and class 2 — at
pressures of S, > 1000 MPa.

Estimation of loss of various kinds of bound water
in clays showed that they differ quite strongly between
classes 1 and 2 in montmorillonite and kaolinite clays.
Hence it can be assumed that their formation proceeds
according to different scenarios.

Therefore, in the third stage, an effect of bound
water of different kinds on total loss of water mass
in clays was studied. To solve this problem,
stepwise regression analysis was used [19-21]. The
correlation coefficient () was used as the criterion
that helps to evaluate influence of studied
parameters on MSt values.

The possibility to apply this indicator is as
follows: the higher r value, the more significant
effect of this type of water on the total mass loss of
MSt [22-23]. In our case MSt plays a role of
dependent feature and MSgw, MSawc, MSawwm,
MSuom, MSrem  —  independent.  Following
scenarios are considered:

— first (for kaolinite) — total selection, formed
at pressures S, = 0-2000 MPa;

—second (for kaolinite) — selection 1, formed at
pressures S, < 1000 MPa;

— third (for kaolinite) — selection 2, formed at
pressures S, > 1000 MPa;

— fourth (for montmorillonite) — total selection,
formed at pressures S, = 0-2000 MPa;

— fifth (for montmorillonite) — selection 1,
formed at pressures S, < 1000 MPa;

—sixth (for montmorillonite) — selection 2,
formed at pressures S, > 1000 MPa.

Built models are given in Table 5.

An analysis of data given in Table 5 shows that
the formation of multidimensional models for
calculation of MSt values occurs in a different
sequence. For joint sampling in kaolinite clay
(scenarion 1), the process of model formation begins
with adsorbed mineral water (» = 0.867) and continue
with parameters that characterise film colloidal water
(r = 0.945), hydroxyl groups of a mineral (» = 0.993)
and recrystallized mineralization (» = 0.998).
A similar pattern was identified in scenario 2.
Major part in variation of MS; in 3 sce
nario (at S, > 1000 MPa) is brought by the index of
adsorbed mineral water (» = 0.846). At the second
step, unlike option 1, an indicator that characterize
mass loss during recrystallization of the mineral
(r=0.991). At the third step — MSygm (¥ = 0.993)
and the fourth — MSgy (» = 0.999).

Thus, adsorbed water of mineral is major
reason of total loss of mass of bound water [24].
Depending on pressure, second place belongs to
film water (at S, < 1000 MPa) and recrystallization
of minerals (at S, > 1000 MPa).

Table 5
Multidimensional models for calculation of M St
. Types of bound water
Scenario Free term
MSew MSawc MSavm MShem MSgeum
. 1.13632* 1.16559 0.98018 0.80678
First coefficients —1.05413 0.945 0.867 0.993 0.998
order to build the model 2 1 3 4
. 1.07218 1.12806 0.92678 0.91262
Second coefficients ~0.65403 0.916 0.847 0.990 0.999
order to build the model 2 1 3 4
) 1.05074 1.08152 0.90393 1.23638
Third coefficients ~0.093371 0.999 0.846 0.993 0.991
order to build the model 4 1 3 2
. 1.02352 0.62194 0.34881 2.01826
Fourth coefficients 0.008447 0.922 0.998 0.867 0.864
order to build the model 2 4 3 1
) 1.09253 1.09294 0.82505
Fifth coefficients 0.581344 0.989 0.923 0.995
order to build the model 2 1 3
. 0.82877 2.11214
Sixth coefficients 4.214447 0.872 0.862
order to build the model 2 1

Remarks. *Nominator — coefficients at indexes in equations, denominator — value of correlation coefficient R.
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Pressure influence formation of MSt much in
montmorrilonite than in kaolinite clay.

Adsorbed mineral water has the most
significant effect on formation of MSr in scenarion
5 (r = 0.923) in scenario 6 water of hydroxyl
groups (» = 0.862). Second place by the influence
on formarion of MSt according to scenarios 5 and
6 is taken by film water.

Thus, taking into account class division and
depending on pressure studied parameters
influence formation of MSr in kaolinite and
montmorillonite differently. That fact is proved by
different mathematical models [25-28].
Neverthelles, in all the cases (except scenario 6)
the most significant factor that determines
formation of MSt is adsorbed mineral water. For
6" scenario that is water of hydroxyl groups.

Conclusion

1. It is determined that at the pressures less
that 1000 MPa there is different in directions

change in total mass of loss water. Total mass of
loss water is decreased with increase in pressure in
kaolinite clay and is increased in montmorillonite
clay [29-30]. Under the pressures of 1000 MPa
such laws do not work. The mathematical models
that help to understand a mechanism of mass loss
of water in clays depending on pressure are
developed.

2.1t is determined and proved mathema-
tically that threshold equals to 1000 MPa, at
which mass loss of water in clays between
classes 1 and 2 are different. Taking into account
class division and depending on pressure studied
parameters influence total mass loss of water
differently in caolinite and montmorillonite.
That is proved by different mathematical
models. Neverthelles, in all the cases except
for montmorillonite affected by 1000 MPa,
the most significant factor that determines
change of total mass loss of water is adsorbed
water of minerals.
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