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ABSTRACT

The flocculating effect of [(3-methacryloylamino)propyl]trimethylammonium chloride-
dimethylacrylamide (TMAPMACh-DMAA) copolymer samples at various molar ratios
on a kaolin suspension was studied. Varying the flocculant concentration from
0.01 g/L to 0.24 g/L revealed that 0.04 g/L was the most effective; at concentrations
below 0.04 g/L, the copolymer exerted a stabilizing effect on the kaolin suspension.
A study of the effect of pH on flocculation revealed that the maximum degree of
kaolin suspension clarification was achieved in the pH range of 5.0-7.0. This is due
to the neutralizing effect of the ammonium groups of [(3-methacryloylamino)propyl]
trimethylammonium chloride on the =SiO~ groups of kaolin particles. Electrophoresis
data demonstrated that although kaolin particles possess a negative charge in the pH
range from 3.0 to 9.0, the negative {-potential values decrease in an acidic medium.
Copolymer samples with TMAPMACh:DMAA molar ratios of 50:50 and 60:40 are
optimal for flocculation, providing a sufficient number of cationic groups to neutralize
the negative charge of kaolin particles. A relationship between the kaolin particle
{-potential and flocculation efficiency is demonstrated. The role of neutralization and
«bridging» flocculation mechanisms in the sedimentation of kaolin particles using the

TMAPMACh-DMAA copolymer is substantiated.

1. Introduction

Treatment of industrial wastewater remains one
of the most pressing environmental challenges due
to the increasing discharge of toxic and persistent
pollutants into natural ecosystems. Effective
purification of wastewater not only reduces the
negative impact on flora and fauna but also enables
the implementation of water recycling systems,
thereby conserving freshwater resources used for
drinking and agricultural purposes [1-3]. In this
context, flocculation-based methods are widely
applied due to their simplicity, cost-effectiveness,
and high efficiency in removing suspended particles
from aqueous systems [4, 5].

In recent vyears, considerable attention has
been devoted to the development of polymer-
based flocculants, which have largely replaced
conventional inorganic coagulants due to their
superior performance and tunable properties [6, 7].
Among them, polyacrylamide and its derivatives are

the most widely used, owing to their high molecular
weight and ability to form extended macromolecular
structures in solution [3, 8]. The efficiency of
polymeric flocculants is strongly influenced by their
chemical composition, charge density, and molecular
conformation, which determine their interaction
with dispersed particles [9, 10].

Kaolin suspensions are commonly employed
as model systems for investigating flocculation
processesdue totheir well-defined surface chemistry
and predominantly negative surface charge [11, 12].
Numerous studies have shown that flocculation
of kaolin particles is governed by a combination
of charge neutralization and polymer bridging
mechanisms, as well as adsorption interactions
between polymer macromolecules and particle
surfaces [5, 13-15]. However, despite significant
advances in understanding these processes, the
relative contribution of electrostatic and structural
factors to flocculation efficiency remains a subject of
ongoing discussion [8, 10].
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In particular, the influence of composition of
the flocculants on the balance between charge
neutralization and bridging mechanisms has
not been sufficiently clarified. Moreover, the
relationship between the -potential of dispersed
particles and the efficiency of flocculation under
varying physicochemical conditions requires further
investigation [10, 15]. A systematic analysis of
these factors is essential for optimizing flocculation
processes and improving the performance of
polymeric flocculants. It should also be noted
that the formation of large clay flocs is not always
desirable, as they can affect the viscosity of the
treated liquid. For example, the formation of
kaolinite polymer flocs during oil production hinders
oil displacement [16]. There are known cases of
flocculation involving the preliminary adsorption
of metal ions contained in the water being treated
onto the surface of bentonite, followed by its
aggregation with acrylamide derivatives [17]. To
enhance the flocculating properties of natural
polymers-citrus pectin and chitosan-their magnetic
composites have been synthesized [18], and known
industrial flocculants have been used in mixtures
with Ca* and Mg?* salts [19]. In this regard, when
studying the aggregation of dispersed particles by
polymer flocculants, it is necessary to account for
the influence of electrostatic interactions between
the polymer chains and the particles, as well as the
possibility of co-aggregation of the formed flocs
due to the adhesion of flocculant macromolecules
adsorbed onto the particles.

The aim of this studyis to optimize the flocculation
conditions of kaolin suspensions using a copolymer of
[(3-methacryloylamino)propyl]trimethylammonium
chloride and dimethylacrylamide (TMAPMACh-
DMAA), and to elucidate the relationship between
copolymer composition, suspension pH, {-potential,
and flocculation efficiency. This study provides
new insights into the combined role of charge
neutralization and bridging mechanisms in the
aggregation of clay particles and will facilitate the
development of more efficient flocculation systems
for industrial wastewater treatment.

2. Experimental section
2.1. Materials
2.1.1. Flocculant

The copolymer of [(3-methacryloylamino)propyl]
trimethylammonium chloride and dimethylacrylamide
(TMAPMACh-DMAA) was obtained by radical

copolymerization of [(3-methacryloylamino)propyl]
trimethylammonium chloride (TMAPMACh) with
N,N-dimethylacrylamide (DMAA) at a temperature of
333 K in the presence of ammonium persulfate as an
initiator.

The structural formula of the TMAPMACh-DMAA
copolymer is presented below:

CHj
|
%CH—CHZHCHz — c%—
| = | /m
| | T
N(CHs), NH—(CH,)3 —N*—CH;
cr
CHj;

The synthesis conditions and methods used for
copolymer identification are described in detail in [20].

2.1.2. Kaolin

Kaolin samples from the Alekseevskoe deposit
(Akmola region) were used for the preparation of clay
suspensions. The mineral composition of the kaolin
is as follows (wt.%): quartz — 67.3, kaolinite — 31.4,
and muscovite — 1.1 [21]. The clay was preliminarily
ground and sieved through a sieve with a pore size of
10 um. Then, 0.5% kaolin suspensions were prepared
by dispersing the powdered clay in deionized water
under continuous magnetic stirring for 60 min to
ensure homogeneous particle distribution.

2.2. Research Methods

2.2.1. Evaluation of the Flocculating Action of the
TMAPMACh-DMAA Copolymer

The efficiency of the flocculating action of the
TMAPMACh-DMAA copolymer was evaluated by
measuring the change in the optical density of
kaolin suspensions obtained in the absence and in
the presence of the flocculant. Copolymer samples
with different molar ratios of TMAPMACh:DMAA
were used as flocculants. The concentration of the
flocculant introduced into the kaolin suspensions
ranged from 0.01 to 0.24 g/L.

The optical density of the kaolin suspensions was
measured using a UV-7504 spectrophotometer at a
wavelength of 540 nm with a measurement accuracy
of £2%. All experiments were performed at least in
triplicate, and the obtained results were averaged.
The flocculation process was monitored for 60
min at 5-min intervals. For comparison, the optical
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density values of the kaolin suspensions obtained in
the absence and in the presence of the flocculant
were analyzed 60 min after the treatment of kaolin
with the flocculant. The pH of the suspensions was
adjusted using 0.01 mol/L HCl and NaOH solutions
within the range of 3.0-9.0. The pH values were set
prior to sedimentation and were not additionally
maintained during the 60 min settling period.

2.2.2. Determination of the Charge of Kaolin
Particles

The electrokinetic potential of kaolin particles
before and after flocculation was determined by the
light scattering method using a Malvern ZetaSizer
NanoZS (Malvern, UK) instrument according to
the procedure described in [22]. The T-potential
measurements were performed in deionized water
under varying pH conditions without additional
control of ionic strength. This is due to the need to
avoid the influence of electrolyte ions, introduced to
regulate the ionic strength of the medium, on the
surface charge of the clay particles.

3. Results and Discussion
3.1. Effect of suspension pH on flocculation efficiency

One of the important factors affecting the
efficiency of water purification is the pH of the
medium. Therefore, the flocculation activity of the
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TMAPMACh-DMAA copolymer was investigated at
different pH values.

Fig. 1 shows the sedimentation curves of kaolin
particles treated with solutions of the TMAPMACh-
DMAA copolymer at different concentrations as
a function of the pH of the suspension. It should
be noted that constant ionic strength was not
maintained in the kaolin suspensions. This is due to
the complex composition of the suspension, which
depends on the ionized groups of the clay mineral,
the concentration of H* and OH™ groups of the
introduced acid and alkali, and the concentration
of the flocculant, which contains a quaternary
ammonium salt with counterions in the form of Cl-
ions. Taking into account the low concentration of
HCI, NaOH and TMAPMACh-DMAA flocculant used
to regulate the pH values of the medium, it can be
assumed that the change in strength during the
study will be insignificant and, accordingly, its effect
on flocculation will also not be so significant. The
flocculant concentrations in kaolin suspensions are
0.01-0.24 g/L or 3.0-10° - 7.2-10* base-mol/L.

The most pronounced decrease in optical density
is observed at copolymer concentrations of 0.04-
0.08 g/L. The pH profiles of these curves indicate that
the most intensive sedimentation of clay particles
occurs in the pH range of 5-7, whereas under more
acidic or alkaline conditions the suspensions become
more stable. This behavior is associated with the
sensitivity of the surface charge of clay particles to
changes in the pH of the suspension [8].
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Fig. 1. Dependence of the optical density of 0.5% kaolin suspensions on the pH of the suspension in the absence of flocculant
and in the presence of TMAPMACh-DMAA copolymers with different molar ratios (TMAPMACh:DMAA = 80:20, 60:40, 50:50,
40:60). The flocculant concentration was (a) 0.01 g/L, (b) 0.02 g/L, (c) 0.04 g/L, (d) 0.08 g/L, (e) 0.16 g/L, and (f) 0.24 g/L.
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As can be seen from Fig. 2, in an acidic medium
the kaolin particles possess a relatively low negative
charge, which increases with increasing pH. At pH
< 5, protonation of a portion of the silanol groups
present in the clay structure may occur, leading to a
decrease in their negative charge:

=SiOH + n H* > =SiOH,*

In neutral and alkaline media, the abundance of
OH~ groups leads to the dissociation of =SiOH groups
on the surface of kaolin particles:

=SiOH + n OH™ - =Si0~ + n H,0

Subsequently, the efficiency of flocculation will
depend on the interaction of the flocculant with the
silanol groups on the surface of the clay particles
[23-25].

Similar pH-dependent flocculation behavior has
been reported for kaolinite dispersions treated with
cationic polymeric flocculants [5, 26]. Sun et al. [5]
emphasized that electrostatic interactions between
negatively charged clay surfaces and cationic
functional groups of polymer chains play a dominant
role in the initial stage of aggregation. Deng et al.
[26] also demonstrated that the conformational
flexibility and molecular characteristics of polymeric
flocculants significantly affect the aggregation
efficiency of kaolinite particles. The results obtained
inthe present work are therefore in good agreement
with recent studies on clay-polymer flocculation
systems.

The stabilization of suspensions at pH < 5
may be attributed to the mutual electrostatic
repulsion between positively charged =SiOH,*
groups of kaolin and [(3-methacryloylamino)propyl]
trimethylammonium chloride groups within the
macromolecules of the flocculant adsorbed on the
surface of clay particles [9].
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Fig. 2. Effect of the pH of a 0.5% kaolin suspension on the
{-potential of kaolin particles.

The high flocculation efficiency in the pH > 5
region can be explained by electrostatic attraction
between oppositely charged =SiO~ groups of the clay
and the ammonium groups of the TMAPMACh-DMAA
copolymer. At pH > 7, stabilization of the suspensions
is again observed, which is likely associated with
electrostatic repulsion between the =SiO~ groups
of the clay and the ionized groups of DMAA.

3.2. Effect of the Concentration and Composition of
the TMAPMACh-DMAA Copolymer on Flocculation

Analysis of the curves describing the dependence
of the optical density of kaolin suspensions on the
pH of the suspension obtained at different flocculant
concentrations shows that their general profile
corresponds either to increasing curves in the pH
range of 3.0-5.0 followed by a decrease in D values
as pH increases from 7.0 to 9.0, or to decreasing
curves followed by a subsequent increase in the
turbidity of the system.

At TMAPMACh-MAA concentrations of 0.01 g/L
and 0.02 g/L, the optical density reaches maximum
values in the pH range of 5.0-7.0. This indicates that
both acidification and alkalization of the suspension
medium reduce the flocculation efficiency. Such
behavior of the system at pH > 7.0 may be explained
with the enrichment of the surface of kaolin
particles with functional groups of the DMAA units
of the copolymer (—CONH,), which in the presence
of increasing amounts of OH™ groups in aqueous
medium may be converted into —COOH groups.
The dissociation of carboxyl groups enhances the
electrostatic repulsion between kaolin particles,
thereby preventing their aggregation and leading to
stabilization of the system.

At copolymer concentrations below 0.04 g/L,
incomplete surface coverage of kaolin particles by
copolymer macromolecules may lead to insufficient
charge neutralization and preservation of relatively
high negative absolute -potential values. Under
these conditions, electrostatic repulsion between
particles remains significant, resulting in stabilization
of the suspension. In addition, adsorbed polymer
fragments may form hydrated surface layers that
contribute to steric stabilization of the dispersion.
Therefore, the reduced flocculation efficiency at
low copolymer concentrations can be attributed
to the combined effect of electrostatic and steric
stabilization mechanisms.

When the concentration of the copolymer
introduced into the suspension increases to 0.04-
0.24 g/L, the D = f(pH) curves in the pH range of
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3.0-7.0 exhibit a decreasing trend. However, the D
values tend to increase again as pH rises from 7.0
to 9.0, which is particularly noticeable for copolymer
samples with the highest DMAA content, i.e., with a
TMAPMACh:DMAA molar ratio of 40:60.

Asnoted above, the most pronounced flocculating
effect is observed at copolymer concentrations
of 0.04 g/L and 0.08 g/L, which is associated
with an increase in the number of introduced
alkylammonium groups of the copolymer and a
higher number of =SiO~ groups on the surface of clay
particles. However, an increase in the concentration
of OH™ groups at pH > 7 leads to a higher degree of
ionization of acrylamide groups in the copolymer
structure, which results in a stabilizing effect on the
suspension. This is confirmed by the fact that the
strongest stabilizing effect on the system is observed
for the copolymer sample with the highest content
of dimethylacrylamide.

As for the composition of the flocculant, for
copolymer samples with TMAPMACh:DMAA molar
ratios of 50:50 and 60:40, a decrease in D values
down to 0.11 is achieved at a concentration of 0.04
g/L, indicating effective flocculation. Micrographs
of the suspensions obtained after treatment with
the flocculant solution show the formation of
large aggregates of clay particles with water layers
between them (Fig. 3b, c). In the absence of the
flocculant, kaolin particles are distributed uniformly
and do not exhibit a tendency to aggregate (Fig. 3a).

Thus, the most pronounced flocculating effect on
the kaolin suspension is exhibited by TMAPMACh-
DMAA copolymer samples with TMAPMACh:DMAA
molar ratios of 50:50 and 60:40 at a concentration
of 0.04 g/L.

3.3. Effect of the Ratio of TMAPMACh and DMAA
Monomer Units on Flocculation

Analysis of the relationship between optical
density and C-potential values revealed a clear

g e L ol il Y -
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correlation between the surface charge of kaolin
particles and flocculation efficiency. The minimum
values of residual optical density are achieved when
the C-potential is close to zero, whereas at high
negative or positive -potential values an increase
in optical density is observed, indicating insufficient
aggregation or stabilization of the dispersions (Fig. 4).

The high flocculation efficiency observed for the
copolymer with TMAPMACh-DMAA molar ratios of
50:50 and 60:40 is attributed to the optimal ratio of
its monomer units, which results in an appropriate
balance of cationic and anionic groups in the system.

[(3-methacryloylamino)propyl]trimethylammonium
chloride contains a quaternary ammonium group and
serves as a source of a permanent positive charge
that does not depend on the pH of the suspension
[24]. The main function of TMAPMAChH is electrostatic
interaction with the negatively charged surface of
kaolin particles and the reduction of the {-potential,
which leads to a decrease in electrostatic repulsion
between similarly charged clay particles. At the same
time, an excess of such groups results in excessive
charge neutralization and inversion of the surface
charge sign [25].

The presence of DMAA unitsinthe macromolecule
provides chain flexibility and increases the effective
radius of the macromolecular coil. This promotes the
formation of extended free chain segments capable
of forming so-called «bridges» through hydrophobic
interactions of the «loops» and «tails» of copolymer
macromolecules adsorbed on the surface of clay
particles [26].

At a TMAPMACh:DMAA copolymer composition
of 50:50, the content of cationic groups is sufficient to
bring particles closer together through partial charge
neutralization, while the significant fraction of DMAA
prevents complete adsorption of the macromolecule
on the particle surface and ensures effective bridge
formation between particles. As a result, a synergistic
action of the charge neutralization and «bridging»
mechanisms of clay particle aggregation is realized,

Fil

Fig. 3. Micrographs of kaolin suspensions obtained in the absence (a) and in the presence of a 0.04% solution of the
TMAPMACh-DMAA copolymer with TMAPMACh:DMAA molar ratios of 60:40 (b) and 50:50 (c). Scale bar = 100 um.
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Fig. 4. Dependence of the optical density of 0.5% kaolin
suspensions treated with flocculant solutions containing
different TMAPMACh-DMAA ratios on the Z-potential of
the particles. T = 60 min.

leadingto maximumflocculation efficiency [27]. When
the composition shifts toward a lower TMAPMACh
content (TMAPMACh:DMAA = 40:60), flocculation
becomes limited due to the persistence of a high
negative {-potential. Conversely, with an increased
content of cationic units (TMAPMACh:DMAA =
80:20), the contribution of the charge neutralization
mechanism increases, which may lead to stabilization
of the system due to overcharging of the dispersed
particles, thereby narrowing the range of effective
flocculation.

The obtained results indicate that efficient
flocculation is achieved only under conditions
where partial charge neutralization is accompanied
by sufficient extension of polymer chains capable
of forming interparticle bridges. Excessive charge
compensation or insufficient polymer adsorption
may result in restabilization of the suspension due
to electrostatic or steric effects. Similar behavior
has been reported for other cationic polymer—clay
systems, where the balance between electrostatic
interactions and polymer conformation determines
the aggregation efficiency [5, 16, 25, 26].

Thus, flocculation of kaolin suspensions in the
presence of TMAPMACh-DMAA copolymers is
determined not only by the concentration of the
flocculant but also by its composition and the pH
of the medium, which control the Z-potential of
the system, the conformation of macromolecules,
and the balance between charge neutralization
and bridging mechanisms. In terms of its influence
on flocculation efficiency, the process of charge
neutralization of aggregating kaolin particles is
comparable to the stage of «bridge» formation

between copolymer macromolecules adsorbed on
the surface of clay particles.

4. Conclusion

This study systematically investigated the
flocculation behavior of kaolin suspensions in the
presence of TMAPMACh-DMAA copolymers, with
particular attention to the effects of copolymer
composition, concentration, and suspension pH.
The results demonstrate that flocculation efficiency
is governed by the interplay between electrostatic
interactions and macromolecular conformation.

Optimal flocculation conditions were identified
at copolymer concentrations of 0.04-0.08 g/L and
withinapHrange of 5-7, where a significant reduction
in optical density was achieved. Copolymers with
TMAPMACh:DMAA molar ratios of 50:50 and 60:40
exhibited the highest performance, indicating that
an optimal balance between cationic and nonionic
units is critical for effective particle aggregation.

A clear correlation between the {-potential
of kaolin particles and flocculation efficiency
was established. Minimum residual turbidity
was observed at C-potential values close to
zero, confirming the dominant role of charge
neutralization in destabilizing the suspension, while
polymer bridging contributes to the formation of
stable aggregates.

Thisstudy provides newinsightsintothe combined
influenceofcopolymerstructureandphysicochemical
conditions on flocculation mechanisms. It is shown
that neither charge neutralization nor bridging alone
is sufficient to achieve maximum efficiency; instead,
their synergistic action determines the overall
performance of the system.

From a practical standpoint, the identified
optimal conditions and copolymer compositions
can be used in the design of efficient flocculants for
industrial wastewater treatment, particularly for
systems containing fine clay particles.

Future work should focus on extending the
proposed approach to real multicomponent
wastewater systems, as well as on evaluating the
influence of ionic strength and competing ions on
flocculation performance.
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OnTMMMU3aLMA YCI0BUI GIOKYAALMU CYCNEH3UI KaoJIMHA C MOMOLLbIO cononmmepa [(3-meTakpunonnamu-
HO)NPONUA]TPMMETUIAMMOHUA XJIOpUAA U AUMETUNAKPUAaMmmuga

M.T. TypcbiH6eToB", C.M. Taxxubaesa?, K.XX. A6gues?, b.5. Cagbikos?, K.b. Myca6ekos!

'KasaxcKkuii HaumoHanbHbIi YHUBepcUTeT M. anb-Papabu, np. anb-Papabu, 71, Anmatbl, KasaxctaH
2Satbayev University, yn. CatnaeBa, 22, Anmartsl, KazaxctaH

AHHOTALMNMA

M3yyeHo  nokynupylolee — gelicteue  obpasyos  conosiMmepa [(3-meTakpunonnammHo)nponun]
TPUMETUNAMMOHUA  XxNopuaa W aumeTtunakpunamuga (TMANMMAX-OAMAA) npu UX PasAUYHbIX  MOJbHbIX
COOTHOLLUEHMAX HA CYCMEH3MI0 KaoMHa. M3meHeHMe KoHueHTpauun dnokynsHta ot 0,01 r/n go 0,24 r/n nokasano,
yTo Hanbonee adpdeKTUBHON ABNAeTCA KoHUeHTpaumsa 0,04 r/n, npu KoHueHTpauun meHee 0,04 r/n cononmmep
OKas3blBaeT CTabuausuvpylolee AeNCTBME Ha CYCMEH3UI0 KaonuHa. Mpu uccnesoBaHuun BavaHuA pH cpeapl Ha
GNOKYNAUMIO YCTAHOBNAEHO, YTO MaKCMMa/lbHaA CTeMNEeHb OCBETNEHMA CYCMEH3MMN KaO/IMHA JOCTUTAETCA B UHTepBane
pH 5,0-7,0. 9To 060CHOBaHO HENTPAIN3YIOLLMM AEACTBMEM aMMOHMEBLIX rpynn [(3-meTakpuaouaammHo)nponun]
TPUMETUNAMMOHUA Xnopuaa Ha =SiO™ rpynnbl YacTuy, KaoanHa. MeTogom anekTpodopesa MoKasaHo, YTo XoTA
4YacTULbl KAaOJIMHA U UMEIT OTPMUATENbHbIM 3apas B uHTepsane pH ot 3,0 go 9,0, B KNCnol cpene 3HavyeHUA
oTpULaTeNbHOTO {-NOTEHUMaNA CHUXKatTca. ONTUManbHbIMK Ana GAOKynALMM ABaAoTcA 0bpasubl conoanmepa ¢
MO/JIbHbIM cooTHoweHnem TMAMMAX:AMAA 50:50 n 60:40, ob6ecneumnBatolime Haanyme 4OCTaTO4HOro KoAMYecTea
KaTUOHHbIX TFpynn Ans HeuTpanmMsaumm OTPULATENbHOrO 3apsda 4acTuu, KaonuHa. [lokasaHa B3aMMOCBA3b
MeXay 3HayeHuem {-noTeHUMana Yactuy, KaoavHa u 3ddekTUBHOCTbIO daokynsumn. OBocHoBaHa pPoJib
HEeNTPaNN3aLMOHHOIO U «KMOCTUYHOTO» MEXaHU3MOB GAOKYAALUM NPU OCAKAEHUMN YACTUL, KAOJIMHA C MOMOLLbIO
cononnmepa TMANMMAX-OMAA.

Kntouesble cnosa: d)l'lOKynFILI,MH, nonanmepHble dJI'IOKyJ'IFIHTbI, CyCcneH3nA Kao/sInHa, OYNUCTKa BOAbl, A3€Ta-NoTeHLUan,
HEVITpaﬂMSaLLMﬂ 3apAaja, MOCTUYHbIA MEXaHU3M

[(3-meTakpunonnamumHo)nponualylwimeTMNaMMOHUI XN0PUAI KAHe AMMETUNAKPUNAMUL CONOIMMEPIHIH
KaTbICbIHAA KAaO/IMH CycneH3uanapbliHbiH GNOKyNALUA KaFgalinapbiH OHTaliNnaHAbIPpY

M.T. TypcbiH6eToB", C.M. Taxkubaesa?, K.X. A6gues?, b6.5. Cagbikos?, K.5. Mycabekos!
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2Satbayev University, CaTnaes K., 22, Anmartbl, KasakctaH

AHOATMA

[(3-meTaKkpuaonnammHo)nponualywmeTUAaMmMOHNM Xnopuai-gumeTunakpuiammg, (TMANMAX-AMAA)
conoMmepi yArinepiHiH KaoJMH cycneHsunacbiHa GAOKYAALMANDBIK 3Cepi apTYP/li MONbAIK KaTbiHacTapAa 3epTTenai.
®NoKyNAHT KoHueHTpaumAcbiH 0,01 r/n-aen 0,24 r/n-re peiin e3repty 0,04 r/n eH TMimAai ekeHiH kepceTTi; 0,04
r/n-AeH TOMEeH KOHLUEeHTpauuanapaa Conoammep KaoamnH CyCcneH3nacbiHa TypaKTaHAbIpFbiW peTiHae acep eTTi. pH-
TbiH, GNIOKYNALMAFA 9CEPiH 3ePTTeY KAOIMH CYCMEH3UACBIHbIH, MeAiIPAEHYiIHIH, MaKkCcMManabl aapexeciHe 5,0-7,0 pH
[OManasoHblHAa KeTyre 60n1aTbiHAbIFbIH KepceTTi. byn TMAMMAX aMMOHMI TONTapPbIHbIH, KAOINMH BeNleKTepiHiH,
=SiO~ TonTapbiHa GelTapanTaHAbIPFbIW 3cepiHe GaMnaHbICTbl. dNeKkTpodopes daici KaonuH benweKkTepiHib, pH
3,0-9,0 apanbifbiHAA Tepic 3apAATbl BONFaHbIMEH, KbILWKbIA OpTaja Tepic (-noTeHuMan MaHAepPiHiH ToMeHAeNTiHiH
kepcetti. TMANMMAX:OMAA monbaik KatbiHacbl 50:50 kaHe 60:40 60n1aTblH cononumep vyAarinepi ¢paokynayms
YWiH OHTalnbl 60sbIN TabblNagbl, 0N1ap KAao/MH BenweKTepiHiH Tepic 3apaabiH 6elMTapanTaHAbIpy YLWiH KeTKIiNiKTi
KaTUOHAbIK TONTapAbl KamTamacbl3 etefi. KaonuH b6enwektepiHiH, {-noTeHunanbl meH GAOKyAauma Tuimginiri
apacblHAafbl 6aiinaHbic KepceTinreH. TMAMMAX-OAMAA cononvmepiHiH, KaTbiCbiHAA Kao/MH 6e/eKTepiHiH
weryiHaeri 6eMTapanTaHAbIpy *KaHe «Kenipaik» GNOKYAALUMA MEXaHU3MAEPIHIH penaepi HerisgenreH.

TyiiH cesgep: dnokynaumsa, nonnmepni GAOKYNAHTTap, KAOJMH CYyCneH3uAChl, Cyabl Ta3apTy, A3eTa-noteHuuan,
3apAaTbl berTapanTaHAbIpy, KONipAiK mexaHusm



