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Abstract. In world practice, the process of structure formation of mineral dispersions with
polymers is one of the effective methods for solving many environmental problems. Patent
research over the past 15 years has shown that the developments available in this area relate mainly
to the structure formation of soils and soils with salts of low molecular weight substances and
polymers. The main disadvantages of modern structure formers are the high salt content in the
polycomplex formulation, insufficient water resistance, low aggregation ability and unsatisfactory
adhesive properties. Soil particles having a diameter of 12 microns, in the pH range 10.0 - 3.0, the
soil suspension should be practically stable, since the value of the energy barrier significantly
exceeds the energy of thermal movement of the particles and is 166 kT (pH 10.0), 125 KT (pH
8.0), 63 kT (pH 6.0) and 41KT (pH 5.0). A further decrease in pH leads to a natural decrease in the
barrier, which at pH 4.0 is 6 KT, and completely disappears at pH 3.0. Thus, for a fraction of a soil
suspension with a diameter less than 12 um, noticeable coagulation can be observed at pH £ 4.0.
It is easy to show that larger soil particles with a diameter of 30-33 microns should be practically
aggregatively stable even at pH 3.0, since the energy barrier in this case is 10-15 kT. When
interacting with the smallest particles (a = 1 um), the energy barrier values are: 44 kT (pH 10.0),
28 KT (pH 8.0), 18 kT (pH 6.0), 7 kT (pH 5.0) and 2 kT (pH 4.0) and only for these particles at pH
< 4.0 can one expect a noticeable loss of aggregation stability by the dispersion. However, the
experiment shows that significant coagulation of particles occurs already at pH 5.0 and
continuously increases as the pH decreases.

Key words: structure-forming agent; soil; flocculation; coagulation; interaction energy;
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Introduction. The formation of structure in clay (soil) suspensions is closely related to
the processes of coagulation and flocculation [1-5]. Coagulation adhesion of particles occurs
through the so-called short-range interaction (in the first potential minimum) along the most
lyophobic areas of the surface, which are least protected by the solvation shells of the medium,
and, as a result of further interaction of two particles, fixed at a distance of about 100 nm and
which corresponds to the second minimum at the potential crooked. In this case, a kind of
flexible connection is established - the so-called «pair» of particles, which cannot help but come
close, not separate, and perform joint Brownian motion. Moreover, the fixation of particles in the
second minimum with a sufficient concentration of the dispersed phase leads to the transition of
the system from a state in the form of a sol to a structured system.

The presence of bound water in places of coagulation adhesion [6-12] prevents further
convergence of particles, which causes a small adhesion force (speaking of adhesion force, we
mean contact strength — one of the most important characteristics of dispersed structures, which
determines almost all of its mechanical properties).
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Soil structuring is possible with both low molecular weight compounds and high molecular
weight reagents. Numerous studies show the advantage of using high-molecular substances:
surfactants, polymers, polyelectrolytes, compositions of high-molecular compounds with salts of
low-molecular compounds. In this regard, there is a new direction of colloidal chemical science,
based on the concept of soil as a complex micro heterogeneous disperse system, which makes it
possible to apply the principles of physicochemical mechanics of disperse systems using
polyelectrolytes and surfactants to the processes of structure formation in soil dispersions.

Surfactants are organic compounds, the molecule of which contains both a polar group and
anon-polar hydrocarbon chain, which has the property of surface activity. The presence of ionizing
groups in the polymer units determines its properties as a polyelectrolyte [13].

As is known, electrostatic forces act between the links of a polyelectrolyte chain, the
potential of which is determined by the degree of ionization [14-17]. If the degree of ionization is
low, then the chain of the polymer/polyelectrolyte macromolecule statically twists due to internal
rotations. lonization of the chain leads to the appearance of repulsive forces equivalent to the
external tensile force. As a result of this, macromolecules stretch, acquiring a helical transform.
Thus, internal rotation, exhibiting micro-Brownian thermal motion within the polymer chain, pH
changes can lead to all sorts of configurations. The state of the macromolecular chain that best
corresponds to the maximum entropy corresponds to its twisting into a ball. The unfolding of the
chain helps to reduce entropy, resulting in an elastic rotating force. Certain physicochemical
conditions and the variety of rotational isomeric configurations of high molecular weight
compounds provide additional opportunities for conformational changes. The presence of some
parts of isomers in polar groups of atoms capable of forming a hydrogen bond causes stabilization
by intermolecular interactions and leads to a fixed change in the configuration of the molecule.

Materials and research methods. The soil of the Azgir test site was used as the object of
study. The soil cover of this territory is represented by brown and alkaline soils. The profile of
brown soils is characterized by a clear differentiation into genetic horizons: humus, carbonate
and salt. Due to the formation of complexes with solonetzes, salt-marsh and claypans, brown
soils are characterized by the absence of humus in their composition and strong salinity. The
thickness of the soil layer in the described area is very insignificant (2-10 cm).

The optical density of solutions was determined on an SF-46 spectrophotometer with an
accuracy of £2%. All experiments were carried out in cuvettes with an absorbing layer thickness
of 1 cm.

Potentiometric titration was carried out in a thermostated cell using an 1-500 ion meter with
glass and silver chloride electrodes with an accuracy of £0.2. The titration was carried out with
constant stirring.

The electrophoretic mobility of solutions of the complex was measured in a modified
Rabinovich and Fodiman device using the moving boundary method. The modification is that the
cell is devoid of any taps, which allows measurements to be taken under thermostatic conditions.
A potassium chloride solution with electrical conductivity equal to the electrical conductivity of
the solutions under study was used as a side liquid.

Results and Discussion. Issues of the structure and physicochemistry of soil, which
occupy one of the leading places among natural materials, are of great general scientific and
applied importance. The possibility of more rational use of it in various branches of agriculture
depends on their solution. However, the study of electrical surface properties and, especially, the
aggregative stability of soil dispersions have so far received insufficient attention, whereas they
often determine many other properties of soil dispersions.

To study the effect of pH on the electro surface properties and aggregative stability of an
aqueous soil suspension, soil particles with a diameter of less than 70 um were taken. The study
of the aggregative stability of the soil dispersion was carried out as follows: 0.5 g of soil was placed
in 100 ml of distilled water and then, by dilution, a working solution was prepared with a
concentration of 0.1% and a given pH value, which was regulated by introducing an acid or alkali.

@
C o ©




YESSENOV SCIENCE JOURNAL Me2 (45)-2023 /// YESSENOV SCIENCE JOURNAL 2023, Vol.45 (2)

The effect of pH on the aggregative stability of soil dispersion was characterized by the values
(AD/ D,)-100 %, where AD = D, — D, Do, and D- are the optical densities of the dispersion at time
t in water (pH 8) and in the presence of acid and alkali (pH 10.0, 6.0-3.0), respectively. The
electrophoretic mobility of soil particles (fractions smaller than 12 pum in diameter) was
determined by macro electrophoresis. The electro kinetic potential was calculated using the
Helmholtz-Smoluchowski formula.

The dependence of the interaction energy of soil particles on the distance between them
was calculated as follows. In the case of particles of equal diameter, the ion-electrostatic
component was calculated using formula (1):

U, - 8"3'1//2 ‘{In{ﬁeXp(—zc. H)]l_ In[l—exp(—ZKH)]} (1)

4 1-exp(—x-H)

In the case of particles differing in size (a1 and az), formula (2) was used:

N PN 2 -
U, = &8y g HeRCKH) | o CouH)] @)
2(a, +a,) 1-exp(-x-H)
¢ - the dielectric constant of the dispersion medium; a — the radius of the particle; v — Stern
2n-z% ¢’
potential; H — distance between particles; x — Debye parameter: k¥ = |——, where n —
£ &,

electrolyte concentration in solution; & — electrical constant; z — the charge of the electrolyte
counterion; e — electron charge. In the calculations it was assumed that the y potentials of the
particles are equal to their electrokinetic potentials.

The calculation of the molecular component of the interaction energy of particles of equal
size was carried out according to microscopic theory using formula (3):

Aizl'a'/I .
Uy =- H<15 3
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U, - -Awa(2454, X 7 inH>15am  (4)
7 \120-H? 1045.H° 562.10° H*

For particles differing in size, formula (2) was used:

A-a-a
U, =- 2 |
YT H- (A +ay)LLTTp) O PS2 (5)

M

_2Aad, (245 207 059 ) o5 o, (6)
H-(3 +4,)\ 60p 180p® 420p°

where p = 27-HI A, A121 — the Hamaker constant for soil particles in water; A — the characteristic
wavelength (1 = 100 nm). The Hamaker constant 4121 = 1,6-10™2 erg was calculated using the
formula:
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An = (A A )

where 411 — the Hamaker constant for soil particles (accepted according to (4) equal to 1.2x1013
erg); 42, — the Hamaker constant for water (accepted according to (3) equal to 4.38x10723 erg).

The obtained values of the electro kinetic potential depending on the pH of the medium are
presented in Fig. 1. As follows from Fig. 1, throughout the entire pH range ¢ - potential of soil
particles in water is negative. The isoelectric point of soil particles is at pH 2.0 (Fig. 1).
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Figure 1 — Dependence of the electro kinetic potential of soil particles on the pH of the solution

Dependences of AD/ D, on time 1 in the pH range 3.0 — 10.0 are presented in Fig. 2. At pH

8.0 and 10.0, the soil suspension is aggregatively stable (low values of AD/ D,) throughout the
studied time interval.
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Figure 2 — Dependence of AD/D, on time for a soil suspension (diameter less than 12 um) at
different pH values

A further decrease in pH leads to an increase in AD/ D,, which indicates the aggregation
of soil particles and an increase in the rate of their sedimentation. This effect naturally increases
as the pH decreases. To explain the results obtained on the effect of pH on the aggregative stability
of the soil suspension, calculations were carried out of the interaction energy of identical (2 um -

2 umand 12 pm - 12 pm) and different (33 pm - 2 um) particle diameters as a function of different
distances between them (Fig. 3, 4).

@
C o




YESSENOV SCIENCE JOURNAL Me2 (45)-2023 /// YESSENOV SCIENCE JOURNAL 2023, Vol.45 (2)

60
40

20

>
o] g 120 H, um
6
0 //‘6 30 ' 80 ) 120 H, umM -20
-40
-40 -
80
. b
1-10,0;2-8,0;3-60;4-50,5-4,06— 1‘10’0?2‘8’0?3‘3’8?4‘5’0;5‘4’0;6‘
3,0 ’

Figure 3 — Dependence of the interaction energy of soil suspension particles of equal diameter
on distance at different pH values. The average particle diameter is 12 um (a) and 2 pum (b)
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Figure 4 — Dependence of the interaction energy of soil suspension particles of different
diameters (33 um — 2 um) on distance at different pH values of the environment

From the results it follows that in the case of particles having a diameter of 12 microns, in
the pH range 10.0 — 3.0, the soil suspension should be practically stable, since the value of the
energy barrier significantly exceeds the energy of thermal movement of the particles and is 166
KT (pH 10, 0), 125 KT (pH 8.0), 63 kT (pH 6.0) and 41 KT (pH 5.0). A further decrease in pH leads
to a natural decrease in the barrier, which at pH 4.0 is 6 kT, and completely disappears at pH 3.0.
Thus, for a fraction of a soil suspension with a diameter less than 12 um, noticeable coagulation
can be observed at pH < 4.0. It is easy to show that larger soil particles with a diameter of 30-33
pum should be practically aggregatively stable even at pH 3.0, since the energy barrier in this case
is 10-15 kT. When interacting with the smallest particles (a = 1 um), the energy barrier values are:
44 KT (pH 10.0), 28 kT (pH 8.0), 18 kT (pH 6.0), 7 KT (pH 5.0) and 2 kT (pH 4.0) and only for
these particles at pH < 4.0 can one expect a noticeable loss of aggregation stability by the
dispersion. The experiment, however, shows (Fig. 3, a) that significant coagulation of particles
occurs already at pH 5.0 and continuously increases as the pH decreases.

The emerging contradiction between the experiment and the calculation results can be
eliminated if we attract ideas about the possibility of the process of orthokinetic coagulation
occurring during the aggregation of rapidly settling large particles with smaller ones. As an
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example, Figure 4 shows the dependences of the interaction energy of soil particles of different
diameters (33 um and 2 um) on the distance between them. In this case, the value of the energy
barrier, determined by the size of the smaller particle, is significantly lower than in the case of the
interaction of two particles with a diameter of 2 um, and at pH 10.0, 8.0, 6.0, 5.0 and 4.0 are 75,
48, 31, 13 and 2 KT respectively. The calculation of the kinetic energy of settling soil particles
with a diameter of 33 um shows that it is ~ 50 kT and exceeds the energy barrier that exists during
the interaction of particles with diameters of 33 and 2 pm at pH < 5.0. Thus, in this pH range there
is a fundamental possibility of overcoming it and undergoing the process of orthokinetic
coagulation. The sharp drop in the Kinetic energy of particles with a decrease in their size (V. ~
a’) suggests that in the case of soil particles with a diameter of less than 50 pm, the effect of
orthokinetic coagulation should be insignificant. To confirm the last assumption, particles with a
diameter of more than 20 um were removed from the studied soil dispersion by settling. The results
obtained on the effect of pH on the aggregative stability of soil dispersion less than 20 um are
presented in Fig. 5.
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Figure 5 — Dependence of AD/D, on time for a soil suspension (diameter less than 25 um) at
different pH values

As follows from Fig. 5, the system is stable at pH 10.0 - 6.0 and begins to coagulate at pH
3.0, which is in good agreement with calculations of particle interaction energy performed on the
basis of the DLVO theory.

From the above experiments it follows that the stability of aqueous soil dispersions with
particle diameters less than 60 um significantly depends on the pH of the medium and their
behavior can be explained on the basis of the DLVO theory using the concepts of perikinetic and
orthokinetic coagulation.

Conclusion. From the results it follows that in the case of particles with a diameter of 12
microns, in the pH range 10.0 - 3.0, the soil suspension should be practically stable, since the
value of the energy barrier significantly exceeds the energy of thermal motion of the particles.
Thus, for a fraction of a soil suspension with a diameter less than 12 um, noticeable coagulation
can be observed at pH < 4.0.

The emerging contradiction between the experiment and the calculation results can be
eliminated if we attract ideas about the possibility of the process of orthokinetic coagulation
occurring during the aggregation of rapidly settling large particles with smaller ones. interaction
energy of soil particles differing in diameter (33 um and 2 um) from the distance between them,
the value of the energy barrier, determined by the size of the smaller particle, is significantly lower
than in the case of interaction of two particles with a diameter of 2 um. The calculation of the
Kinetic energy of settling soil particles with a diameter of 33 microns exceeds the energy barrier
that exists during the interaction of particles with diameters of 33 and 2 microns at pH < 5.0. Thus,
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in this pH range there is a fundamental possibility of overcoming it and undergoing the process of
orthokinetic coagulation. The sharp drop in the kinetic energy of particles with a decrease in their
size suggests that in the case of soil particles having a diameter of less than 50 um, the effect of
orthokinetic coagulation should be insignificant.

The stability of aqueous soil dispersions with particle diameters less than 60 um
significantly depends on the pH of the environment and their behavior can be explained on the
basis of the DLVO theory using the concepts of perikinetic and orthokinetic coagulation.
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bycypmanosa Axkkence
111 Ecenos amvinoazel Kacnuii mexuono2usanap HcaHe UHMCUHUPUHR YHUBepCUmemi
Axmay x., Kasaxcman
TOIIBIPAK TYPAKTBIFBIHA pH OPTACBIHBIH 9CEPI

Andamna. OneMmIik ToKipuOene TMOIUMEPICPMEH MHHEPAIABl TUCTIEPCUSIApABIH
KYPBUIBIMBIH KAJIBIIITACTBIPY MPOLIECI KONTEreH JKOJIOTHUSIIBIK MaceseNepal MIeHIyaAiH THIMII
onicrepiniH Oipi 60nbn TaObUIaAbl. COHFBI 15 KBUIIAFBI MATEHTTIK 3epTTEYNIEp KOPCETKEHICH,
OCBHI caJlaiarbl d3ipeMeliep HEeTi31HeH TOMEH MOJIEKYIIAJIbIK 3aTTap MEH MOJUMepIepIiH Ty31apbl
Oap TombIpaKTap MEH TOIBIPAKTAPABIH KYPBUIBIMBIH KATBIITACTHIPYFa KaThICTHI. Ka3ipri 3aMaHFbl
KYPBUIBIMIBI KQJIBIITACTHIPYIIBUIAPABIH HET13r KEeMIIUIIKTEPl IMOJMKOMIUIEKCTI KYpaMIaFrbl
TY3/bIH JKOFapbl OOJIYBI, CYABIH >KETKUIIKCI3 TYpaKTBUIBIFBI, TOMEH arperanus KaOijeTi >KoHe
KaHaFaTTaHAPJIBIKCBI3 KaOBICKAK KacuerTepi Oousibin TaObLaaabl. Jwmamerpi 12 mMxM OonathiH
tomnbipak Oemmektepi, pH 10,0 — 3,0 quana3oHbIHAA TOMBIPAK CYCIIEH3USACHI IC )KY31HE TYPAKThI
00JTyBI KEpPEK, OUTKEH1 SHEPTETUKAJIBIK KEJICPTiHIH MOH1 OOJIIEKTEeP/IiH KbUTYIIBIK KO3FAIBICBIHBIH
SHEPrUsChIHAH alTapibIKTail ackin Tyceni sxone 166 kT (pH 10,0), 125 kT (pH 8,0), 63 xT (pH
6,0) xxone 41 xT (pH 5,0) xypaiinsl. pH-HBIH omaH opi TeMeHAEYl TOCKAybUIIbIH TaOUFu
teMmenzeyine okeneni, on pH 4,0 kesinge 6 kT, an pH 3,0 ke3iHIe TONBIFBIMEH KONBLIAJIBI.
Ocpinaiiima, auamerpi 12 MKM-ZIeH a3 TOMBIpAK CycHeH3HsChIHBIH Oip Oemiri ymin pH < 4,0
Ke3iH/e aWTapibIKTall KoaryJsaiusHbel Oaiikayra Oomanmel. duamerpi 30-33 mMkM OonaThiH
yJikeHipek Tomnbipak oemmektepi pH 3,0 ke3inge fe ic )Ky3iH/Ie arperaTThIK TYPaKThl 00IYybl KEpeK
€KeHIH KepCceTy OHal, oiTKeH1 Oy karmaiga sHepreTukaibik keaepri 10-15 kT. Ex kimkeHTai
OemmiektepMeH (a = 1 MKM) opeKeTTecy Ke3iHJe sHepreTHKanblK keaepri monaepi: 44 kT (pH
10,0), 28 kT (pH 8,0), 18 kT (pH 6,0), 7 xT (pH 5,0) xone 2 kT (pH 4,0) xoHe Tek Ockl OoIIIeKTEP
ymin pH < 4,0 ke3inme nucnepcus apKbUIbl arperanusi TYPaKThUIBIFBIHBIH alTapibIKTai
JKOFATYBIH KYTYTe 001a1b1. JlereHMeH, SKCIEpUMEHT OOJIIEKTEP 1iH AUTapJIBIKTal KOaryJIsIIHsICHI
pH 5,0 xe3iHae OpbIH anaThIHBIH jkoHE pH TOMEHIereH cailbIH Y3/IIKCi3 apTa TYCETiHIH KOpCeTe .

Kinm ce30ep: KypbUIBIM TY3YIIi; TONBIPAK; (QIOKYJIISAIMS; KOATYISIHNS; 03apa SPEKETTECy
DHEPTHUSCHI; ONTHKANBIK TBHIFBI3ABIK, MMOTCHIHOMETPUSIBIK TUTpIEY; d3IeKTpodopesdik
KO3FaJIFBIIITHIK.

Bycypmanosa Axkenaice
Kacnutickuu ynueepcumem mexuonocuti u unscunupunea um. Ll Ecenosa.
2.Axkmay, Kazaxcman
BJIUSHUE pH CPEJIbI HA YCTOMYMUBOCTH IMOYBBI

Annomayus. B MUpOBON NpakTHKE MPOLECC CTPYKTYpOoOOpa3OBaHHS MHUHEPATbHBIX
JUCTIEPCUN TOJMMEpaMM  SBISETCS OJHUM M3 A(PQPEKTHUBHBIX METOJOB PELICHUS MHOTHUX
sKoJIoTMYecKuX mpooOsieM. [lareHTHble  uccienoBaHMs MOCHEAHMX 15 JeT mokasaid, 4To
UMeEIoIIMECs B JaHHON 001acTH pa3pabOTKU KacaloTCsl, B OCHOBHOM, CTPYKTYpOOOpa30BaHus MOYB
U TPYHTOB COJIIMHU HU3KOMOJIEKYJISPHBIX BEIIECTB U moiuMepaMu. OCHOBHBIMH HEIOCTaTKaMH
COBPEMEHHBIX CTPYKTypoOoOpa3zoBareseil SBISIOTCS BBICOKOE COAEp)KaHHWE Ccojled B TOJH-
KOMIUIEKCHOU pelenType, HeI0CTaTOYHas BOJIOCTOMKOCTh, HU3Kasl arperupyromias CiocoOHOCTh
Y HEYJIOBJIETBOPUTEIbHBIE aIN€3MOHHBIE CBOKMCTBA. YacTHIIbI TOYBHI, UMEIOLIUE AUAMETpP 12 MKM,
B uHtepBaie pH 10,0 — 3,0 cycnen3us mouyBbl AOKHA ObITh MPAKTHUECKH YCTOWYUBOM, TaK Kak
BEJIMYMHA SHEPreTUYECKOro Oapbhepa 3HAUUTENIBHO MPEBBIIIAET YHEPIUIO TEIIOBOTO JIBUKECHUS
gactull u coctasisier 166 kT (pH 10,0), 125 kT (pH 8,0), 63 kT (pH 6,0) u 41kT (pH 5,0).
JanbHeiiee nonmxkenne pH npruBoAXT K 3aKOHOMEPHOMY YMEHBIIEHHIO Oapbepa, KOTOPBINA pu
pH 4,0 cocrasnsier 6 kT, a mpu pH 3,0 momHocThio Hcue3aeT. Takum oOpazom, Wit Hpakiuu
CYCHEH3UH TMOYBBI JUAMETPOM MEHbIIe 12 MKM 3aMeTHast KoaryJyslus MOKeT HaOIr01aThCsl IpU
pH <4,0. Jlerko noka3zath, 4To 60Jiee KpyIHbIE YaCTUIIBI TOYBHI ¢ JHaMeTpoM 30-33 MKM JOJKHBI
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OBITH MPAKTHYECKHU arperaTuBHO ycroiuuBbiMU U Tipu pH 3,0, Tak Kak sHEepreTHUeckuii bapbep B
atom cirydae coctabisger 10-15 kT. [Ipu B3auMoaeiicTBUN caMbIX MEJKUX 4dacTull (a = 1 MKM)
3HaueHUs dHepreTudeckux 6aprepoB coctarisiioT: 44 kT (pH 10,0), 28 kT (pH 8,0), 18 kT (pH
6,0), 7 kKT (pH 5,0) u 2 kKT (pH 4,0) u Tosnbko st 3Tux yactuiy npu pH < 4,0 MOXHO 0KHMIIaTh
3aMETHYI0 TMOTEpPI0 JUCHEpPCHE arperaTMBHOM ycTOMYMBOCTH. OJHAKO, HSKCIEPUMEHT
MOKA3bIBAET, YTO 3HAYUTENbHAS KOAryJIsLUs YacTUll mpoucxoaut yxxe npu pH 5,0 u HenpepsiBHO
BO3pacTraer 1o Mepe noHmxenus pH.

Kntroueswvie cnoea: ctpykTypooOpazoBaTelib; Mo4Ba; GIOKYISIIHS; KOAryIsaius; SHeprus
B3aUMO/ICUCTBUS; OnTHYECKast MJIOTHOCTb; MOTEHIIMOMETPUUECKOE TUTPOBAHUE;
anexkTpodopeTudeckas MoABUKHOCTb.
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