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Abstract

Objectives. To create stable artificial polymer suspensions with a positive charge of particles
based on polycarbonate and polymethyl methacrylate using cationic surfactants and organosilicon
surfactants.

Methods. The size of droplets and polymer suspension particles was determined by photon
correlation spectroscopy (dynamic light scattering) using a Zetasizer NanoZS laser particle
analyzer (Malvern, UK).

Results. Domestic cationic surfactants Katamin-AB and Azol-129 were found to be capable of
producing stable artificial polycarbonate and polymethyl methacrylate suspensions. Based on
the polymer, the optimal surfactant concentration was 6 wt %. The effect of polymer concentration
in solution on the stability and particle size of final polymer suspensions was shown. It was
determined that the polymer concentration in the solution should not exceed 10%. When obtaining
a highly dispersed suspension during dispersion, a higher concentration causes an increase in
the viscosity of emulsions. As a result of a synergistic effect formation, we used mixtures of
cationic surfactants (Katamin-AB/Azol-138 and Azol-129/Azol-138) to enhance the stability of
the final polymer suspensions. The optimal surfactant ratio was 9:1. The total concentration of
the mixture is 10 wt %, based on the polymer. Polymer suspensions were stabilized with each of
2:1 mixtures of cationic surfactants Katamin-AB and Azol-129 withan organosilicon surfactant
U-851. The total mixture concentration was 9 wt %, based on the polymer.
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Conclusions. New methods of producing artificial polycarbonate and polymethyl methacrylate
suspensions in the presence of domestically produced cationic surfactants, as well cationic-
organosilicon surfactants mixtures, were proposed. The colloidal-chemical properties of the
obtained polymer suspensions were considered. It was found that using a 2:1 mixture of cationic
and organosilicon surfactants produces polymer suspensions that are stable during production
and storage.
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AHHOMAuus

Ienu. Co30aHue azpezamueHo YcmoluueblX UCKYCCMBEHHbIX NOJUMEPHBIX CYCneH3ull ¢ noso-
IKUMENbHbIM 3apsi0oM UaCMuUy HA OCHO8E NOAUKapboHama U NOAUMEeMUAMemaKpuiama ¢ uc-
Nnob308AHUEM KAMUOHHbBIX nogepxHocmHo-axmusHolx sewecms (KITAB), a marxoke ux cmeceil ¢
KpemMHUOp2aHUUeCKUM nogepxHOCmHo-akmugHoim seusecmaom (KOITAB).

Memooul. Pasmep kKanesb U 4acmuy NOAUMEPHBbIX CYCNEH3UT onpedessiii Memooom hpomoH-
HOU KOpPEeNSYUUOHHOU CNeKMpOoCKONUU (OUHAMUUECKO20 CBEMOPACCESHUSL) C NOMOULLIO IA3EPHO20
aHanuzamopa uacmuy Zetasizer NanoZS (Malvern, BeauxobpumaHusi).

Pesynomamelt. Bbuio YycmaHo8/1eHO, Umo O/t NOAYUEHUSL YCMOUUUBbLX UCKYCCMEBEHHbIX NOSU-
KapbOHAMHBIX U NOAUMEMUNMEMAKPUNLAMHBLX CYCneH3Uull mozym bblmb UCNOIb308AHBL Omeue-
cmeerHble KITAB KamamuH AB u A3on-129. OnmumaneHas KoHueHmpayusi IIAB cocmasguna
6 mac. % e pacueme Ha noaumep. ITokazaHo eausiHUE KOHUEHMpayuu noaumepa 8 pacmeope Ha
ycmotiuugocms U pasmep uacmuy KOHEeUHbLX NOJAUMEPHbLX cycneH3ull. OnpedeneHo, umo KOH-
ueHmpayust noaumepa 8 pacmeope He doaxHa npesviuwams 10%. [anvHelluiee nosvluieHue
KOHUEHMPAUUU NPU8ooUmM K NOBbLULEHUIO 8S13KOCMU IMYNbCUL NPU NOAYUEHUU 8bLCOKOOUCnepC-
HOUL cycneH3uu 8 npouecce oucnepauposaHrusi. Mcnoavzosarvl cmecu KITAB Kamamun AB/Ason-138
u Ason-129/Asz0n-138 0ns nogblUeHUsL Ycmoliuugocmu KOHEeUHbLX NOAUMEPHbLX CYcneH3ull 3a
cuem obpaszoeaHust cuHepzemuueckozo agpgpexma. OnmumansHoe maccogoe coomHowerHue [TAB
cocmasuno 9:1. Obwas kKoHueHmpayusi cmecu 10 mac. % e pacueme Ha noaumep. IlonyueHot
nosumepHwsle cycneHsuu, cmabunusuposarHole emecamu KIIAB Kamamun AB/KOIIAB U-851
u KITIAB A30n-129/KOIIAB U-851 8 coomHoweHuu 2:1 Ka»ooll cmecu 8 pacueme HaA noaumep.
Obwas KoHYUeHmpayus cmecu cocmasuna 9 mac. % e pacueme Ha noaumep.
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Bwi800bl. [IpedioskeHbl Ho8ble Cnocobbl NONYUEHUS. UCKYCCMBEHHbLX NOAUKAPOOHAMHBIX U NO-
AUMEMUAMEMAKPUNAMHBLX CYCNeH3Ul, noayueHHolx 8 npucymcemeuu KITAB omeuecmgeHH020
npouseoocmea, a maroke ux cmeceti u cmeceti KITAB ¢ KOIIAB. PaccmompeHbl KOMMOUOHO-XU-
MurecKkue ceolicmaa NONYUeHHbLX NOJUMEPHBLX CYCNEeH3Ull U NOKA3AHO, UIMo NpuU UCNO/Ib308AHUU
cmecu KITAB u KOIIAB, e3smblx 8 065bemMHOM coomHoweHuu 2:1, obpasyromest ycmotiuugole 8
npouecce noayueHusl U XxpareHus NoJauUMepHsle CYCneH3uu.

Knroueesle cnoea: kxpemHuiiopzarHuueckue IIAB, uckyccmeeHHast NOAUMEPHASL CYCNeH3Usl,
KramuoHHble IIAB, noaukapboHam, noaumemuamemaxpuiam, cCmpyKkmypHo-mexaHuue-

ckuil bapvep

Jna yumuposanus: Cryxyk A.H., llIkonsaukos A.B., Top6aros I1.C., I'puiikoBa M. A. BiusiHue npupo/sl SMylibratopa u
KOHIIEHTPALUK TOJIMMEpPa Ha TUCIIEPCHOCTh U YCTOWYHBOCTH NCKYCCTBEHHBIX ITOJMMEPHBIX CyCIIeH3MIT Ha OCHOBE MOJIMKapOOHaTa
U TOJMMEeTHIIMeTaKkpuiiata. Toukue xumuueckue mexronozcuu. 2021;16(6):490-501. https://doi.org/10.32362/2410-6593-2021-16-

6-490-501

INTRODUCTION

Recently, artificial polymer suspensions have
become increasingly important because they are used in
a wide range of industries, including the rubber industry
(films, coatings, gloves, rubber threads, etc.), light
industry (adhesives and textile materials), food industry
(protective coatings on food), pulp and paper industry,
construction industry (binders, sealants, compounds),
agricultural industry (soil protection against erosion),
and other industries.

Artificial polymer suspensions (artificial latexes)
are obtained by emulsifying polymer solutions in an
organic solvent in the presence of different surfactants,
followed by replacing the organic phase with an
aqueous phase, solvent distillation, and concentration to
attain the required polymer content. In the preparation
process, it is essential to maintain stability at all stages.
For this, cationic surfactants of various structures
are used. It is well established in the literature that
combining different types of surfactants is the best
way of obtaining stable polar polymer suspensions.
The preparation of artificial polymer suspensions has
not been described in the literature. It was best to rely
on the fact that synthetic polar polymer suspension
stability is characterized by high stability when using a
mixture of different surfactants.

In this work, mixtures of different surfactants
were used to enhance polymer suspension stability.
This ensured the formation of structural-mechanical
and electrostatic stabilization barriers, according to
Rebinder [1].

This study aims at obtaining stable artificial
polycarbonate and polymethyl methacrylate
suspensions with a positive particle charge in the
presence of cationic surfactants and their mixtures with
other surfactants.

MATERIALS AND METHODS

The  feedstocks selected were  granular
polycarbonate from the Makrolon brand (Bayer,
Germany) and polymethyl methacrylate from
the Acrypet VH 001 brand (Mitsubishi Chemical
Corporation, Japan).

Without additional purification,
(reagent grade) was used as a solvent.

The surfactants used were cationic surfactants
synthesized at Kotlas Chemical Plant. Katamin AB
(alkyldimethylbenzylammonium chloride, where alkyl
is a mixture of normal C10-C16 alkyl radicals); Azol-129
(quaternary ammonium base of coconut oil ferz-alkylamine
acids and benzyl chloride with a hydrocarbon radical of
coconut oil fatty acids C8-C14 as a substituent; active
substance content is 75%); Azol-138 (N,N,N-trimethyl-
-N-(alkyl 12-14) ammonium methyl phosphite);
Azo0l-139 (quaternary ammonium base from dicoco-
alkyldimethylamine and dimethyl phosphonate with a
hydrocarbon radical of coconut oil fatty acids C12—C14).
We also used an organosilicon surfactant (U-851 a,m-bis[3-
-methylsiloxy]polydimethylmethyl-(10-carboxydecyl)
siloxane) synthesized at the N.S. Enikolopov Institute of
Synthetic Polymeric Materials of the Russian Academy of
Sciences.

chloroform

Toukue xumudeckue TexHoaoruu = Fine Chemical Technologies. 2021;16(6):490-501

492


https://doi.org/10.32362/2410-6593-2021-16-6-490-501
https://doi.org/10.32362/2410-6593-2021-16-6-490-501

Aleksandr N. Stuzhuk, Aleksandr V. Shkolnikov, Pavel S. Gorbatov, Inessa A. Gritskova

The size of droplets and polymer suspension
particles was determined by photon correlation
spectroscopy (dynamic light scattering) using a
Zetasizer NanoZS laser particle analyzer (Malvern,
UK) [2].

Dynamic light scattering (DLS) is a combination
of the following phenomena: a change in frequency
(Doppler shift) and an intensity and in motion direction
of light transmitted through a medium of moving
(Brownian) particles. It is a method for measuring
particles that are up to 6 um in diameter. The Brownian
motion of particles is measured by DLS and correlated
with their size. Elastic (Rayleigh) scattering occurs
when a light beam passes through a suspension. In DLS,
coherent and monochromatic laser radiation is used.
The autocorrelation function, which is determined from
the time variation of scattered radiation intensity, is the
quantity being measured:

Glt) = VN SIIG, ~ 1) = DI~ 1),

where G(¢)) is the autocorrelation function; N is the
number of measurements performed at time 7; (7, — 1)
is the light scattering intensity after a certain delay
time 7.

Suspensions were prepared by combining a
hydrocarbon phase (a polymer dissolved in a solvent)
with a surfactant aqueous solution in a 1:1 ratio. The
first stage involved using a magnetic stirrer to prepare
a low-dispersed emulsion. The droplet size ranged
from 20 to 100 um. The second stage involves using
a rotor-stator homogenizer DIAX-900 (Heidolph,
Germany) to disperse a low-dispersed emulsion
to obtain a highly dispersed emulsion. Dispersion

speed: 24000 rpm, dispersion time: 7—10 min. A rotary
evaporator RV 10 (/KA4, Germany) was used to distill
the solvent.

RESULTS AND DISCUSSION

According to the published data, the emulsion
dispersity (expressed by the polydispersity index,
Pdl), average particle diameter (d,), and charge
(C-potential) are the main parameters that determine
suspensions stability [3-5].

Investigations began with the study of the
colloidal-chemical properties of the polycarbonate
(PC) and polymethyl methacrylate (PMMA)
suspensions obtained in the presence of different
cationic surfactants.

Artificial polymer suspensions were obtained
using a 5% polymer solution. For the polymer, the
concentration of the surfactant was 6 wt %.

Tables 1 and 2 and Figs 1 and 2 show the
colloidal-chemical properties of the polycarbonate
and polymethyl methacrylate suspensions obtained
using Katamin AB and Azol-129 in different
concentrations.

Table 1 and Fig. 1 show the number-average
particle diameters of polycarbonate artificial
polymer suspensions determined using Katamin AB,
Azol-129, Azol-138, and Azol-139. The polymer
suspension sample obtained using Katamin AB as a
stabilizer had great stability, a narrow particle size
distribution, and particle diameters ranging from 500 nm
to 700 nm (80% of the particles by number). The
samples stabilized with Azol-129 and Azol-138 had
the largest diameter and particle size distribution. In
the presence of Azol-139, it is impossible to obtain
stable artificial polymer suspensions. A significant

Table 1. Comparative analysis of the colloidal-chemical properties of artificial polycarbonate

polymer suspensions stabilized by Katamin AB,

Az0l-129, Azol-138, and Azol-139, taken at different concentrations

Polymer Surfactant d_,nm Pdl C-potential, mV Coagulum, wt %
Katamin AB 620 0.140 +30 -
Azol-129 830 0.290 +24 -
PC
Azol-138* 1050 0.330 +25 10
Azol-139 - - - 100

*The size of the coagulum-free polymer suspension.
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Table 2. Comparative analysis of the colloidal-chemical properties of artificial

polymethyl methacrylate PS stabilized by Katamin AB,
Az0l-129, Azol-138, and Azol-139

Polymer Surfactant d_,nm Pdl C-potential, mV Coagulum, wt %
Katamin AB 260 0.270 +39 -
Azol-129 300 0.359 +28 -
PMMA
Azol-138 310 0.375 +23 -
Az0l1-139 - - - 100
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Fig. 1. The number-average particle size distributions of polycarbonate artificial polymer suspensions when used
in the production process as a surfactant: (a) Katamin AB, (b) Azol-129.

part of the polymer coagulated when the solvent was
removed under vacuum. This could be due to the poor
stability of the particles in the presence of the atypical
cationic surfactant with two alkyl radicals with a
chain length of C12—C14 in the hydrophobic part of
the surfactant molecule. The most stable suspensions
were obtained using Katamin AB. The fact that it has
a higher surface activity than the other stabilizers
presented [6] explains this outcome.

Data on the stability of the polymethyl
methacrylate polymer suspensions using different
surfactants revealed that Katamin AB allows for the
narrowest particle size distribution (Table 3 and Fig. 2).

The polymer concentration effect in the initial
chloroform solution at all the preparation stages was
evaluated using the final properties of the polymer
suspensions. The polymer concentration in the solution
was varied from 5% to 20% (Table 4).

As shown, the suspensions obtained using
polymer solutions with concentrations of 5% and
10% are stable. The average particle diameters and
PdI increase as polymer concentration increases.

The viscosity of solutions with a polymer
concentration of more than 10% was high. As a result,
polymer suspension emulsification, degassing, and
concentration was difficult.

According to the literature, a synergistic effect,
which significantly affects the colloidal-chemical
properties of polymer suspensions, can occur when
using mixtures of surfactants in a certain volume ratio of
components [6].

Azol-129/Az01-138 and Katamin AB/Azol-138
were selected as the surfactant mixtures. The colloidal-
chemical properties of the polymer suspensions obtained
in the presence of these mixtures are presented in
Tables 5 and 6 and Fig. 4.
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Fig. 2. The number-average particle size distributions of polymethyl methacrylate artificial polymer
suspensions when the following surfactants were used in the production process:
(a) Katamin AB, (b) Azol-129, and (c) Azol-138.

Table 3. The stability of artificial polycarbonate and polymethyl methacrylate polymer

suspensions depending on the polymer concentration

Stability in time
Polymer concentration in solution
PC PMMA
5 + +
10 + +
20 +/- +/=

The conducted study reveals that it is necessary
to use a mixture of surfactants Azol-129/Azol-138 and
Katamin AB/Azol-138 in a ratio of 9:1, respectively,
to achieve the maximum effect (to reduce the particle
diameter). When using Azol-129/Azol-138 and
Katamin AB/Azol-138 mixtures, there is a significant
increase in stability compared to polymer suspensions
where these surfactants are wused separately.

Polymer suspensions stabilized with Azol-129 were
characterized by low stability and an average particle
diameter of about 800 nm. By adding one mass part
of Azol-138 to the system, the polymer suspension
stability was greatly improved, and the particle
diameter was reduced to 580 nm. The addition of AB
Azol-138 to Katamin AB allowed for a reduction in
the average diameter (from 620 nm to 400 nm).
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Table 4. Colloidal-chemical properties of polycarbonate suspensions stabilized using
Katamin AB and obtained at various polymer concentrations in solution

Concentration, % d_,nm Pdl Coagulum, wt %
5 620 0.140 -
10 1260 0.330 -
20 840 0.270 50
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Fig. 3. Numerical distributions of particle size in polymer suspensions for the suspensions
presented in Table 3: (a) 5%, (b) 10%, and (c) 20%.
Table 5. Colloidal-chemical properties of polycarbonate polymer suspensions obtained
using varied ratios of the surfactants Azol-129/Azol-138
Surfactants Surfactants ratio d ,nm Pdl C-potential, mV Coagulum, wt %
Az0l-129/Az0l-138 9:1 588 0.101 +22 -
Azol-129/Azol -138 3:1 770 0.331 +16
Azol-129/Azol -138 2:1 1510 0.255 +6 10
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Table 6. Colloidal-chemical properties of polycarbonate polymer suspensions

stabilized with Katamin AB/Azol-138 in different mass ratios

Surfactants Surfactants ratio d _,nm Pdl C-potential, mV Coagulum, wt %
Katamin AB/Azol-138 9:1 402 0.136 +32 no
Katamin AB/Azol-138 3:1 607 0.320 +13 5
Katamin AB/Azol-138 2:1 694 0.382 +7 10
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Fig. 4. Numerical distributions of polymer suspension particle size for suspensions
presented in Table 4: (a) 9:1, (b) 3:1, and (c) 2:1.

Recently, there have been interests in water-
insoluble organosilicon surfactants, owing to the
possibility of obtaining aggregate-stable polymer
suspensions through the polymerization of vinyl
monomers [7, 8].

The formation of an interfacial adsorption layer
on particle surfaces in their presence was found to be

different from that observed in the presence of water-
soluble surfactants.

This difference is due to the formation of a thick strong
interphase layer, which is due to the adsorption of a water-
insoluble surfactant from the monomer phase. These results
were demonstrated when studying the colloidal-chemical
properties of different organosilicon surfactants [9—-16].
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Carboxyl-containing  organosilicon  surfactant
a,m-bis(trimethylsiloxy-oligodimethylmethyl-(10-
carboxydecyl)siloxane (U-851) and its mixture with the
cationic surfactants Azol-129 and Katamin AB were used.

The surfactants mixture had a concentration of
9 wt % calculated for the polymer, with a cationic
surfactant/organosilicon surfactant ratio of 2:1. The
concentration of U-851 was calculated to be 3 mass
fractions for the polymer.

In these works, it was found that the formation of
an interfacial adsorption layer on the surface of particles
in their presence is fundamentally different from that
observed in the presence of water-soluble surfactants [3,7].

To obtain stable polymer suspensions, we used a
mixture of the cationic surfactants Katamin AB and
Azol-129 with the carboxyl-containing organosilicon
surfactant U-851.

The surfactants mixture had a concentration of
9 mass fractions calculated for the polymer, with a
cationic surfactant/organosilicon surfactant ratio of
2:1. The concentration of the surfactant U-851 in
the suspension stabilized only with it was 6 mass
fractions calculated for the polymer.

The stability properties of the obtained
suspensions and their colloidal-chemical properties
are presented in Tables 7 and 8 and Fig. 5.

Table 7. Stability of polycarbonate suspensions over time when a mixture

of a cationic surfactant and an organosilicon surfactant is used

Surfactant

Stability over time

Katamin AB/U-851

Azol-129/U-851

U-851 _
Table 8. Colloidal-chemical properties of artificial polycarbonate suspensions
obtained using U-851 and its mixture with a cationic surfactant
Surfactant d _,nm Pdl C-potential, mV Coagulum, wt %
Katamin AB/U-851 360 0.240 +32 -
Az0l-129/U-851 410 0.287 +25 -
U-851 - - 100
L1 R R T p : 407 T
dai. = 360 nm 410 nm
2 L]0 S Dol B0 gl
o}
e}
Eoofi M Bl
pd
10 -------- ------------------------------------------------------------------------
1 100 1000 10000 1100 1000 10000
d, nm d, nm
a b

Fig. 5. Numerical distributions of polycarbonate suspensions particle sizes
depending on the choice of surfactant mixtures: (a) Katamin AB/U-851 and (b) Azol-129/U-851.

Toukue xumudeckue TexHoaoruu = Fine Chemical Technologies. 2021;16(6):490-501

498



Aleksandr N. Stuzhuk, Aleksandr V. Shkolnikov, Pavel S. Gorbatov, Inessa A. Gritskova

Both suspensions were characterized by a rather
narrow particle size distribution, with an average
particle diameter of 360 nm and a charge of +32 mV
for the Katamin AB/U-851 mixture, and an average
particle diameter of 410 nm and a charge of 25 mV
for the Azol-129/U-851 mixture.

CONCLUSIONS

The article proposed a methodology for obtaining
stable artificial polycarbonate and polymethyl
methacrylate polymer suspensions with a positive
particle charge. It was shown that to obtain them,
domestically produced cationic surfactants with a
concentration of 6 wt % calculated for the polymer
can be used. It is proposed to use a 9:1 mixture of
surfactants: Azol-129 and Azol-138; Katamin AB
and Azol-138, with a total surfactant concentration
of 10 wt % calculated for the polymer to form a
more durable electrostatic stability barrier in the
interfacial adsorption layers. It is possible to increase
stability over time using Katamin AB/U-851 and
Azo0l-129/U-851 mixtures because of the formation
of structural-mechanical and electrostatic stability
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