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THE EFFECT OF POLYELECTROLYTES OBTAINED ON THE
BASIS OF ALLYL ALCOHOL AND ACRYLIC ACID
DERIVATIVES ON THE STABILITY OF BENTONITE
HYDRODISPERSION

Abstract. In connection with the increasing use of polyelectrolytic types of water-
soluble polymers in various spheres of life, scientific and experimental work has become
one of the most relevant problems of our time. In this regard, the needs for regulating the
properties of polyelectrolytes are increasing. The properties of polyelectrolytes vary
depending on the nature of its functional groups, ionization capacity. Therefore, the
solution of these key problems from a scientific and practical point of view, that is, the
regulation of the properties of polyelectrolytes in the target direction is carried out by
converting a number of functional groups by polymeranalogical reaction with
copolymerization of links-monomers differing in functional groups in different mole ratios.
For this reason, allyl alcohol (AA), which had a strong non-ionizing hydrophilic functional
group stable to the effect of the ionic strength of the external environment, pH and a
tendency to react with dispersing systems, was copolymered in the optimal way determined
in an aqueous medium with a high ability to enter into a chemical reaction, nitrylacrylic
acid (NA) or acrylamide (AA) in different mole ratios. The results of the experiment
showed that the yield and some chemical properties of copopolymerization products change
depending on the mole ratio of the joints —-monomers obtained for the reaction.
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Introduction. Due to the fact that polyelectrolytic types of water-soluble
polymers are increasingly used in various fields of production, agriculture, and life,
conducting scientific and experimental work aimed at obtaining new types of them,
identifying areas of application has become one of the most relevant tasks of our
time [1]. In this regard, the need for targeted regulation of polyelectrolytes’
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properties is increasing, depending on the direction of their application. Basically,
the properties of polyelectrolytes vary depending on the nature, types, degree of
hydrophilicity and ionization capacity of the active functional groups of the joints
included in its composition [2]. Therefore, the solution of these key problems from
a scientific and practical point of view, that is, the regulation of the properties of
polyelectrolytes in the target direction is carried out by converting a humber of
functional groups by polymeranalogical reaction with copolymerization of links-
monomers differing in functional groups in different mole ratios. For this reason,
allyl alcohol (AA), which was resistant to the influence of the ionic force of the
external environment, the pH index and had a strong tendency to interact with
dispersed systems, was copolymerized in an optimal way, determined in an
aqueous medium, with nitrilacrylic acid (NA) or acrylamide (AA), containing a
functional group with a high ability to enter into a chemical reaction.

Materials and methods. Materials: Allyl alcohol for synthesis (sigma-
aldrich). CAS No. 107-18-6, EC Number 203-470-7. Vapor pressure 24.3 hPa
(20°C), Quality Level-200, form-liquid, autoignition temp-375°C, potency-64
mg/kg LD50, oral (Rat), expl. lim.-2.5-18 % (v/v), bp-97°C/1013 hPa, mp-129°C,
transition temp-flash point 22°C, density-0.85 g/cm?® at 20°C.

Acrylonitrile for synthesis (sigma-aldrich). Vapor pressure-124 hPa (20°C),
quality Level-200, assay>99% (GC), form-liquid, autoignition temp-480°C,
potency-78 mg/kg LD50, oral (Rat), expl. Lim-2.8-28% (v/v), pH-6.0-7.5 (20°C,
50 g/L in H20), bp-77.3°C/1013 hPa, mp-83.55°C.

Acrylamide for synthesis (sigma-aldrich). Vapor pressure-0.009 hPa (25°C),
quality Level-200, assay>99% (GC), form-solid, autoignition temp-424°C,
potency-177 mg/kg LD50, oral (Rat),1141 mg/kg LD50, skin (Rabbit), pH-5.0-7.0
(20°C, 50 g/L in H20), bp-125°C/33.3 hPa, mp-84°C, transition temp-flash point
138°C.

Methods: Ph meter (sigma-aldrich). Manufacturer/tradename-Oakton,
measuring range-0-50°C, accuracy: 1°C (ATC), pH measuring range-0.00-14.99
pH unit, accuracy: 0.01 pH unit, resolution: 0.01 pH unit. Features toggle readout
of pH and temperature. Waterproof with unique double junction electrode design
that is ideal for most applications including tris buffers, organics, solutions with
heavy metals, sulfides, and dirty water. Push-button three-point calibration, 4.01,
7.00, 10.00. Double-junction gel pH electrode. Powered by four 1.5V alkaline
batteries.

Viscosity (sigma-aldrich). Grade-certified reference material, quality Level-
100, shelf life-limited shelf life, expiry date on the label, packaging-pkg of 18 x
500 mL, manufacturer/tradename-Paragon Scientific Ltd, application(s)-cleaning
products, cosmetics, flavors and fragrances, food and beverages, personal care.

The regulation of the properties of polyelectrolytes in the target direction is
carried out by converting a number of functional groups by polymeranalogical
reaction with copolymerization of links-monomers differing in functional groups in
different mole ratios. For this reason, allyl alcohol (aa), which was resistant to the
influence of the ionic force of the external environment, the pH index and had a
strong tendency to interact with dispersed systems, was copolymerized in an
optimal way, determined in an aqueous medium, with nitrilacrylic acid (NAC) or
acrylamide (AA), containing a functional group with a high ability to enter into a
chemical reaction.

Preparation of copolymerization. Copolymerization preparation was
prepared by adding a mole ratio of 1.0 Mol to 2.0 Mol of nitryl acrylamide (NA) or
acrylamide (AA) to 1.0 Mol of allyl alcohol (AC). A polymeranalogical reaction
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was carried out to obtain a water-soluble polymer with polyelectrolytic properties
from the resulting copolymerization products.

Research results and discussion. The yield of the copopolymerization
product, formed mainly by an increase in allyl alcohol in the composition of the
reaction mass, is somewhat decreasing. The optimal mole ratio for which the
highest yield is formed begins when 2.0 moles of nitrylacrylacid (NA) or
acrylamide (AA) per 1.0 moles of allyl alcohol (AC). With a change in the mole
ratio of the reacting monomers, the chemical composition of the macromolecule of
copolymerization products differs from each other. At the same time, the content of
nitrogen,oxygen in the composition of the macromolecule of the copolymerization
product also changes (Fig. 1a, b).

The results of the findings show that with an increase in the content of
copolymerization products of nithyracryl or acrylamide, the nitrogen content
increases and the oxygen content decreases. With an increase in allyl alcohol in the
reaction mass, a decrease in the yield of copolymerization products and partial
differences in the amount of nitrogen and oxygen found by theoretical and
experimental methods occur due to the weak ability of the allyl alcohol link to form
a radical and cause a faster break of the growing radical. Thus, as the content of the
macromolecule of the copolymerization product formed by allyl alcohol increases,
the viscosity (1) with the chemical property of their solution in water also changes
somewhat . This is evidenced by the change in the specific (pmsh), given viscosity
(pcelt), optical density (E), electrical conductivity (), and PH indicators of
copolymerization products of acrylamide with allyl alcohol based on the
concentration of the solution. That is, the fact that the polyelectrolytic properties of
these copolymerization products are very weak can be seen from the small
electrical conductivity.
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Fig. 1. Changes in the content of nitrogen(N) and oxygen (O) in copolymerization
products depending on the Mole ratio of compounds in the macromolecule
(AC:NAG-a, AC:AA-B)

Therefore, a polymeranalogical reaction was carried out to obtain a water-
soluble polymer with polyelectrolytic properties from the resulting
copolymerization products. As a result, samples of polyelectrolyte containing a
functional group that had different chemical properties were obtained on the basis
of a product of copolymerization of nitrylacrylic acid or acrylamide with allyl
alcohol. The composition of functional groups of these polyelectrolyte samples, the
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ratio of which varies depending on the time of the polymeranalogical reaction.This
change in the functional groups of polyelectrolyte samples was explained by the
quantitative values of the acid number (A.n) , nitrogen content (N%) determined by
the method known from the literature of water-soluble polymers [3]. Basically, as
the polymeranalogical reaction is carried outthe nitrogen content of the
copolymerization product (N%) decreases, and the acid content (A.n) increases
(Fig. 2a, b). At the same time, their polyelectrolytic properties differ to a certain
extent from each other. It can be observed from the change in the quantitative
values of the measured viscosity (pcelt) and electrical conductivity(y) found by
looking at the concentration of the solution.

These differences occur due to the gradual transition of the functional groups
of nitrogen, nitrile, imide and amide in the composition of copolymerization
products to the carboxide group with an increase in the time of the
polymeranalogical reaction. The differences in the chemical properties of the
obtained polyelectrolyte samples were also clarified by determining the effect on
the stability of bentonite hydrodispersion.As can be seen from the results of the
experiment, it is easy to see that the stability of bentonite hydrodispersion also
depends on the concentration of solutions of added polyelectrolyte samples and the
time of polymeranalogical reaction of these samples.
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Fig. 2. Changes in the nitrogen content (N) and acid number (A.n) of samples of
copolymerization products in the ratio of 1.0:4.0 moles depending on the time of
polymeranological reaction (AC: Nag-A, AC: AA-B)

It can be observed by the quantitative values of the sediment volume (Vml)
and the released liquid (h), which change in the presence of solutions of
polyelectrolyte samples of the same concentration of bentonite hydrodispersion. It
is observed that the stability of bentonite hydrodispersion increases somewhat with
a decrease in the amount of nitrogen, mainly due to an increase in the number of
acids contained in the attached polyelectrolyte samples. It is not difficult to see that
a polyelectrolyte sample with the highest stabilizing ability is formed when the
polymeranological reaction time ranges from 15 to 25 minutes. The reason for this
is that by the time of conducting a polymeranological reaction, the composition of
the polyelectrolyte macromolecule formed mainly leads to a change in the
functional groups of the carboxide, amide. Therefore, the increase in the carboxylic
functional group along the macromolecule chain initially ensures that the
conformational state of the macromolecule passes into a written form.
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For this reason, bentonite has a positive effect on increasing their stability
due to an increase in the ability to interact with hydrodispersion particles. It, in
turn, increases the compatibility of the solid phase of bentonite hydrodispersion
and the liquid medium. Due to this, the separation of a liquid medium from a solid
phase slows down,that is, the stability of hydrodispersion reaches a high level (Fig.
3a, b).
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Fig. 3. Change of bentonite hydrodispersion 0.25% in the presence of asnag-
3,asnag-5 polyelectrolyte samples after one day of precipitation (V) and the volume
of released liquid (H) by the time of polymeranological reaction (AC: nag-3-A,
AC: nag-5-B)

It can be observed from the change in the quantitative values of the sediment
volume and the height of the released liquid (h) in the presence of samples of
polyelectrolyte asnag-3, ASNAG-5 of the same concentration of bentonite
hydrodispersion.Such a change in the stability of bentonite hydrodispersion in the
presence of polyelectrolyte samples as:Nag-3 as:Nag-5 is associated with an
increase in the negative charge of the macromolecule of copolymerization products
due to an increase in the density of the carboxylic functional group along the chain,
which increases with an increase in the polymeranalogical reaction time.Because,
as the density of a carboxylic functional group with sufficient dissociating ability
of a negative charge increases along the macron chain, it becomes more difficult to
form bonds by interacting with bentonite particles with a negative charge [4]. As a
result, the hydrophilation of the surface part of small bentonite particles is
somewhat reduced. For this reason, the process of stabilization of bentonite
hydrodispersion is also not significantly ensured. Thus, as the time of a number of
polymeranalogical reactions increases, the number of nitrile, imide, amide groups
along the macro chain, which are stable under the influence of the external
environment and have a good ability to form bonds with bentonite fine particles,
and the increase in the carboxylic functional group increases the tendency of the
macromolecule to go into a wrapped form due to increased conformational
instability under the influence of the external environment [5].

Therefore, the hydrophilizing property of the surface part of bentonite
particles of the polyelectrolyte macromolecule is also weakened. This, in turn,
leads to a significant decrease in the ability of polyelectrolyte samples with a high
polymeranalogical reaction time to regulate the stability of bentonite
hydrodispersion. It is shown by the change in the volume of sediment and the
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height of the released liquid (h), determining the separation of the solid phase of
bentonite hydrodispersion from the system in the presence of polyelectrolyte
samples that differ in the time of the polymeranalogical ReAction (Figure-3A, B).
Basically, as the stability of bentonite hydrodispersion increases, the height of the
liquid separating from the solid phase of the system decreases. The decrease in the
process of separation of the liquid medium from each other with the solid phase of
bentonite hydrodispersion is associated with an increase in its stability. The
regulation of the stability of bentonite hydrodispersion affects to some extent not
only the composition of the functional groups of polyelectrolyte samples, but also
the concentration of their solutions. For this purpose, changes in the stability of
bentonite hydrodispersion in the presence of different concentrations of solutions
of asnhag2-3 asnag2-5 and ASAAG2-3 polyelectrolyte samples obtained by
polymeranalogical reaction of copolymerized products in the optimal mole ratio
were studied. The results of the experiment show that the stability of bentonite
hydrodispersion varies per unit of time depending on the volume of the solid phase
and the height of the liquid. Changes in the numerical values of these
measurements showed that the separation of the two phases occurs rapidly, since
the stability of the bentonite hydrodispersion is insufficient without the addition of
polyelectrolytes. The process of separation of the phases of the dispersion system
initially proceeds at an accelerated pace, even with a small concentration of added
polyelectrolyte solutions. This is due to the fact that during periods of low
concentration of polyelectrolytes, the process of Flocculation in the system takes
precedence [6]. This is due to the fact that individual types of macromolecules are
enlarged, forming a relationship with small particles of the dispersion phase. As a
result, the separation of large and hydrophobized units from the system is
accelerated [7]. As a result , at these concentrations, the optical density (E) of the
liquid on the surface of the precipitate is also lower, that is, the degree of
transparency is higher, in the same series with the acceleration of the separation of
the dispersion phase from the liquid medium. With an increase in the concentration
of added polyelectrolyte samples, the separation of the dispersion phase and the
dispersion medium from each other gradually decreases,and the process of
complete separation from a certain concentration stops (Fig. 4 a, b).
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Fig. 4. Change in bentonite hydrodispersion after a day depending on the
concentration of the added polyelectrolyte solution of the precipitate(V) and the
volume of the released liquid (h)
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In this interval, the dispersion moves to the highest level of optical density
(D), along with the fact that the height of the released liquid (h) in the surface part
of the phase has the lowest numerical value. This is due to the increased stability of
the system. However, the ability of bentonite hydrodispersion to high stability and
the concentration required for it are closely related to the chemical composition of
the functional group of polyelectrolyte samples. The ability to ensure maximum
stability is shown by the samples ASNAG2-3 and ASNAG2-5 obtained in an
optimal way (Fig.4a). In comparison, differences in the ability to regulate the
stability of bentonite hydrodispersion occur due to the presence of a nitrile and
hydroxide functional group in the macromolecule of ASNAG2-3 ASNAG2-5
polyelectrolyte samples compared to ASNAG2-3, K-4 polyelectrolyte. It is not
difficult to see that these identified patterns are observed even when the regulation
of the stability of bentonite hydrodispersion in the presence of studied
polyelectrolyte samples is studied by changes in the relative filtration rate (Urel).
In addition, when analyzing the numerical values of the optical density (e),
viscosity (), electrical conductivity (), pH of the filtered liquid medium, it makes
it possible to make an assumption that the interaction of fine bentonite particles
with the macromolecule of polyelectrolyte samples occurs by a homogeneous
mechanism. This is due to the fact that the functional groups of the studied
polyelectrolyte samples are homogeneous in nature and chemical composition,
although they differ slightly in their ratio. Thus, through the conducted research,
new polyelectrolyte samples used in the regulation of the stability of bentonite
hydrodispersion were obtained, and by comparing its stabilizing properties, it was
found that their effectiveness is 2-2.5 times higher than that of K-4,K-9
polyelectrolytes, which are currently produced in industrial conditions and widely
used in practice, and the causal effects of its occurrence were explained by the
method of examination of the results presented in the work.

Conclusion. The stability of bentonite hydro-dispersion of polyelectrolytes
obtained on the basis of allyl alcohol and acrylic acid derivatives has been
successfully synthesized by copolymerization. The results of the experiment
showed that the yield and some chemical properties of copopolymerization
products change depending on the mole ratio of the joints —-monomers obtained for
the reaction. It can be clearly seen that the copolymerization product of
nitrylacrylic acid with allyl alcohol is insoluble in water. The yield of the
copopolymerization product, formed mainly by an increase in allyl alcohol in the
composition of the reaction mass, is somewhat decreasing. The regulation of the
properties of polyelectrolytes in the target direction was carried out by converting a
number of functional groups by copolymerization of binder-monomers that differ
in different mole ratios in functional groups by means of a polymeranalogical
reaction. As a result, samples of polyelectrolyte with a functional group with
various chemical properties were obtained based on the product of
copolymerization of nitrylacrylic acid or acrylamide with allyl alcohol.
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P.M. Kygaii6eprenosa?, E.A. Baiibasaposa?,
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IM.X. Aynamu ameiHdarsl Tapas yHusepcumemi, Tapas K., Kasakcma
2M. dyezosa amobiHAarsl OHMycmik KasakcmaH yHusepcumemi,
LLIeimKeHm K., KazakcmaH
3/1.M1. Mendenees amoiHOarbl Peceli XumMus-mexHOn02UAAbIK yHU8epcumemi,
Tapas K., KazakcmaH

ANNUN CNUPTI MEH AKPU KbIWKDbI/IbIHbIH TYbIHABINAPBI HETI3IHAE ANTbIHFAH
NONUINEKTPONUTTEPAIH BEHTOHUT TMAPOAUCNEPCUACBIHbIH,
TYPAKTbI/IbIFbIHA 9CEPI

Angatna. Cyga epuTiH noavmepnepaiH MNoANINEKTPOAUTTIK TYp/epiH emipaiH
9pTYpAi cananapblHAa KOAAAHyAblH apTyblHa 6ainaHbICTbl  FblNbIMU-TaXKipUbenik
KYMbICTap 6i34iH 3amaHbIMbI3AblH, ©3eKTi MacenenepiHib, bipiHe alHanapl. OcbiFaH
6aiNaHbICTbl NOAUINEKTPONUTTEPAIH, KacueTTepiH peTTey KaKeTTiniri apTbin Keneg,.
MonunanekTponnTTepaiH, KacuetTepi OHblH, QYHKUMOHANAbIK TOMTAPbIHbIH, CUNATbIHA,
NMOHAAHY KabineTiHe 6ainaHbICTbl ©3repin oTbipagbl. COHABIKTAH, OCbl Heri3ri macenenepai
FbINbIMU-NPAKTUKANBIK, TypfblAaH LWeLWy, AFHU MOJIMINEKTPONUTTEPAIH, KacueTTepiH
MaKcaTTbl OafbiTTa peTTey MONMMEPAHANOTUANBIK — peakuMs  apKplibl  Gipkatap
dYHKUMOHANABIK TONTapAbl TYPAEHAIPY apKblabl »Ky3ere acblpblnagbl. PyYHKUMOHANABIK,
TONTapaa  OPTYPAi  MObAIK  KaTblHAcTa  epeKkweneHeTiH  6ainaHbICTbIpyLWbI-
MOHOMEPEPAIH, cononnmepneHyi ysere acbipblngpl. Ocbl cebenTi CbIpTKbl OPTaHbIH,
MOHAbIK BGepiKTiriHiH, PH-HbIH *KaHe AMCNepCUANbIK XKyWenepmeH apeKkeTTecy YPAiCiHiH
acepiHe TypaKTbl KYWTi MOHAAH6aNTbIH rmapodunbai GyHKUMOHANAbIK Tobbl 6ap anaumn
cnupTi (AA) cononnmepneHreH. XMMUANbIK peakuuara, HUTPUAAKPUA KbilKbiabiHa (NA)
Hemece akpunamuake (AA) apTypAi MOAbAIK KaTblHacTa Tycy KabineTi sKofapbl cybl
opTaZa OHTaWAbl TypAe aHblKTanagbl. Toxipnbe HaTMKenepi  KepceTKeHAaew,
cononosiMepneHy OHIMAEPiHiH, LWbIFbIMABIIbIFBI MeH Kelbip XUMUANbIK KacueTtTepi
peakuma YWiH anblHFaH OyblH —MOHOMep/epAiH MO/bAIK KaTblHACcbiHA 6aliNaHbICTbI
e3repegi.

Tipek ce3gep: anAuMA  COUPTI, HUTPWUAAI AKPWUA  KbIWKbIAbl, aKpunamug,
cononMepNeHy, TYTKbIP/bIK,.
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P.M. Kypaii6epreHosa?, E.A. Bait6asaposa’,
A.T. Ucmaiint, E.T. botawes?, K.b. Bynek6aesa?

1Tapasckuli ynusepcumem umeHu M.X. flynamu, 2. Tapas, KasaxcmaHx
2loxmcHo-KasaxcmaHckull yHusepcumem umeHu M.Aye3o8a, 2. LLlbimkeHm, KazaxcmaH
3poccutickuli xumuko-mexHonozu4eckul yHusepcumem umeHu .M. MeHdeneesa,
2. Tapas, KasaxcmaH

B/IMAHUE NOJIUSNIEKTPOJINTOB, NOJIY4EHHbIX HA OCHOBE NPOU3BOHbIX
ANNIMNOBOrO CMUPTA U AKPUIOBOM KUCNOTbI, HA CTABU/IbHOCTb
rmaPoOAUCNEPTUPOBAHUA BEHTOHUTA

AHHOTauMA. B CBA3M C pPOCTOM MCMO/Mb30BAHMA MNOUINEKTPONUTHBIX Hopm
BOAOPACTBOPUMbBIX MNOSIMMEPOB B PasnyHbIX cdepax MHKU3HW HAyYHO-MPAKTUYECKUe
paboTbl CTanuM oAHOW M3 aKTyanbHbIX Npobnem coBpemeHHOCTU. B cBA3M c 3Tum
BO3pacTaeT HeobXoAWMOCTb PeryiMpoBaHMA CBOWCTB NONM3NeKTponnToB. CBOMCTBA
NOAN3NEKTPO/IUTOB Pas/NMYAOTCA B 3aBUMCMMOCTM OT Xapaktepa WX (YHKLMOHANbHbIX
rpynn, CcnocobHOCTU K MOHM3aUMK. [103TOMY Hay4yHO-NPaKTUYECKOe pelleHue 3TUX
OCHOBHbIX 33434, TO eCTb Lie/sieHanpaB/ieHHasa peryaauma CBOWCTB MOJIMINEKTPO/IUTOB,
ocyllecTBnAeTcA nyTemM npeobpasoBaHMa paga OGYHKUMOHANbHBIX FPynn NocpescTBOM
NOAMMeEpPaHanorMyeckon peakuun. B PyHKLMOHANbHBLIX rpynmnax ocyLiecTBaAnach
CONoIMMepm3aL A CBA3bIBAIOLLMX MOHOMEPOB, PA3/INYAIOLLMNXCA B PA3/IMYHbIX POAUBHBIX
OTHOWeHusAX. Mo 3TON NMpPUYMHE COMOAMMEPU3YETCA annuaoBbiii cnupT (AA) ¢ cuibHOM
HenoHusupyowen rmapodunbHol GYHKUMOHANBHOM FPYNNON, YCTOMYMBOM K BAUAHUIO
WMOHHOW CWAbl BHELWHeN cpeapbl, PH U TeHAEHUMN B3aUMOAENCTBUA C AUCNEPCUOHHbBIMM
cuctemamu. CnocobHOCTb BCTYNATh B XMMMUYECKYIO PeaKLmio, HUTPUNAKPUAOBYHO KUCIOTY
(NA) wnn akpunamug (AA) B PasAUYHbBIX MOJIbHbIX COOTHOLIEHUAX ONTUMAasbHO
onpeaenseTcA B BOAHOW cpefle C BbICOKMM COAep}KaHuem Mmonei. PesynbTaTtbl
9KCMepMMeHTa MOKas3ann, YTo BbIXOAbl U HEKOTOpble XMMWYECKUe CBOMCTBA NPOAYKTOB
cononoanmepusaumMm U3MeHAITCA B 3aBUCMMOCTM OT MONeBOro COOTHOLIEeHUA
COeIMHEHUN — MOHOMEPOB, NMOJIYYEeHHbIX ANA PeakLuuu.

KnioueBble cnoBa: annunoBbli CNUPT, HUTPUNAKPUAOBAA KUCAOTA, aKpuiamug,
CONoNMMepPU3aLMA, BASKOCTb.
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