How to Cite: Nikulin, S., Verezhnikov, V., Bulatetskaya, T., & Nikulina, N. (2021) Investigation of the process of latex coagulation
by cationic surfactants. Bulletin of the University of Karaganda — Chemistry, 102(2), 63-68. https://doi.org/10.31489/2021Ch2/63-68

UDC 678.762.2 https://doi.org/10.31489/2021Ch2/63-68

S. Nikulin® 3, V. Verezhnikov?, T. Bulatetskaya, N. Nikulina*

'Russian Air Force Military Educational and Scientific Center “Air Force Academy
named after professor N.E. Zhukovsky and Y.A. Gagarin ”, Voronezh, Russia;
2Voronezh State University, Russia;
3Voronezh State University of Engineering Technologies, Russia;
4Voronezh Institute of State fire service of EMERCOM of Russia, Russia
(*Corresponding author ’s e-mail: tatyanabulatetskaya@yandex.ru)

Investigation of the process of latex coagulation by cationic surfactants

In the article the estimation of coagulating ability using cationic electrolytes is shown. It was found that in'the
case of using low molecular weight cationic electrolyte, the completeness of the release of rubber from latex is
achieved at their consumption of 20-30 kg/t of rubber. A feature of the behavior of cationic surfactants in the
latex coagulation has been established. It is shown that the consumption of cationic surfactants.corresponds to
the consumption of polymer cationic electrolytes. Also, a hypothesis was put forward that cationic.surfactants
violate the aggregate stability of latex systems and the mechanism of action, which is based on the interaction
of cationic surfactant micelles with latex globules carrying anionic surfactants on the<surface is.proposed. The
use of cationic surfactants can eliminate the use of sodium chloride in the industry of separating emulsion
styrene-butadiene rubber from latex, as well as solve some environmental problems. The final stage of the
investigation was to determine the parameters of rubber compounds and vulcanizates based on the rubber.
These rubbers, rubber compounds and vulcanizates correspond to standard parameters:

Keywords: latex, coagulation, cationic surfactants, rubber, rubber compounds, vulcanizates, parameters, envi-
ronment.

Introduction

The chemical and petrochemical industry has been actively developing in recent years. The introduction
of new technologies, hardware design of processes, catalytic systems and initiators makes it possible to in-
crease the productivity of the process, the quality of the products obtained, reduce environmental pollution and
make more complete and rational use of natural resources [1, 2].

Synthetic rubbers obtained by emulsion polymerization have a set of required properties and are widely
used in the tire and rubber industry, in composite materials for various purposes, etc. [3, 4]. However, their
production is in conflict with the regional ecology. One of the problematic stages in the production of rubbers
obtained by emulsion polymerization is the stage of separation from latex. This is due to the fact that in the
process of separating rubbers from latex, salt coagulating agents are used, the consumption of which is tens
(metal salts of the second group of the periodic system) and hundreds of kg/t of rubber (metal salts of the first
group of the periodic system). Therefore, at present, an important and urgent task is aimed at developing new
technologies and technical'solutions that can reduce the consumption of salts or completely eliminate their use
in the technology of production of emulsion rubbers [5]. Quaternary ammonium salts are promising in this
regard. The review paper [5] shows the prospects of their application in the technology of rubber isolation
from latex. The consumption of low-molecular and high-molecular quaternary ammonium salts is less than
that of sodium chloride and other salts. However, the high cost of these salts, as well as the impossibility of
their usage in some variants of latex technology largely deters from their integration in the synthetic rubber
industry.

In the literature there is no information about the use of cationic surfactants (CPAV) in the technology of
rubber isolation from latex [5]. CPAV are available reagents that are widely used in various industrial sec-
tors [6, 7].

The aim of this paper is to study the possibility of using CPAV in the production technology of styrene-
butadiene rubbers.

Experimental

The latex coagulation process (Table 1) was researched using cationic surfactants produced on an indus-
trial scale [8].
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Table 1
Characteristics of styrene-butadiene latex produced by emulsion rubbers (SBR)
Parameter Value
Dry residue, wt% 21.3
Surface tension, mH/m 57.1
pH latex 9.5
Content of bound styrene, wt. % 22.7

The coagulating process was carried out at 21+1 °C. Aqueous solutions of cationic surfactants: do-
decylpyridinium chloride with concentrations ~2 wt%, decylpyridinium chloride ~2 %, cetylpyridinium bro-
mide ~2 %, cetyltrimethylammonium bromide ~2 %, alkylbenzyldimethylammonium chloride ~2 %, and so-
dium chloride — 20 wt%, N,N-dimethyl-N,N-diallylammonium chloride — 5 wt%, poly- N,N-dimethyl-N,N-
diallylammoniumchloride — 2 wt% were used as coagulating agents. An aqueous solution of sulfuric acid
with a concentration of ~ 2.0 wt% was used as an acidifying agent. The resulting rubber crumb was separated
from the aqueous phase (serum), washed with warm water and dehydrated in a drying cabinet at 8085 °C.
The completeness of coagulation was assessed visually by the transparency of the.serum and gravimetrically
by the mass of the resulting rubber crumb. The following substances were used for the.extraction of rubber
from latex: dodecylpyridinium chloride (DDPC); decylpyridinium chloride(DPC); cetylpyridinium bromide
(CPB); cetyltrimethylammonium bromide (CTMAB); alkylbenzyldimethylammonium chloride (ABDMAH).

Results and Discussion

The conducted studies have established (Table 2) that the amount.of rubber crumbs released naturally
increases with an increase in the consumption of all the coagulating agents studied. However, a number of
interesting features were also noted in the behavior of CPAY during the coagulation of styrene-butadiene latex,
which was not previously noted when using other agents used.in the isolation of rubber from latex.

Results of the research are presented in Table 2.

Table 2
Experimental results obtained in the isolation of rubber from emulsion latex using various coagulating agents

TYPE OF COAGULANT Sodium chloride

Temperature, °C 20/60

Consumption of sodium chloride xg:t7! of rubber 10 30 50 70 100 120 150
Rubber outlet (20°C), mass % 34.5 56.3 74.7 80.5 85.6 90.5 97.1
Rubber outlet (60°C), mass % 22.7 50.9 72.2 80.2 83.6 89.9 95.6
Evaluation of complete coagulation icc icc icc icc icc icc cc
TYPE OF COAGULANT N,N-dimethyl-N,N-diallylammonium chloride
Temperature, °C 20

Consumption of coagulating agent, xg-t™' of rubber 1 3 5 10 15 20 25
Rubber outlet, mass % 34.7 58.9 67.2 78.2 87.6 90.9 96.3
Evaluation of complete coagulation icc icc icc icc icc icc cc
TYPE OF COAGULANT Poly- N,N-dimethyl-N,N-diallylammonium chloride
Temperature, °C 20

Consumption.of coagulating agent, kg-t™! of rubber 0.25 0.50 0.75 1.00 1.50 2.00 2.50
Rubber outlet, mass % 13.3 25.8 44.7 69.8 86.8 92.9 95.5
Evaluation of complete coagulation icc icc icc icc icc cc Cc
TYPE OF COAGULANT Dodecylpyridinium chloride

Temperature, °C 20

Consumption of coagulating agent, xg-t™! of rubber 0.25 0.50 0.75 1.00 1.25 1.50 -
Rubber outlet, mass % 12.7 20.9 42.2 80.2 89.1 93.6
Evaluation of complete coagulation icc icc icc icc icc cc -
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Continuation of Table 2

TYPE OF COAGULANT Decylpyridinium chloride

Temperature, °C 20

Consumption of coagulating agent, kg.t"! of rubber 0.25 0.50 0.75 1.00 1.50 2.00 2.50
Rubber outlet, mass % 27.3 37.8 59.9 85.0 914 92.1 944
Evaluation of complete coagulation icc icc icc icc cc cc cc
TYPE OF COAGULANT Cetylpyridinium bromide

Temperature, °C 20

Consumption of coagulating agent, xg-t™' of rubber 0.25 0.50 0.75 1.00 1.50 2.00 2.50
Rubber outlet, mass % 17.5 50.2 50.8 75.0 90.2 93.2 95.2
Evaluation of complete coagulation icc icc icc icc icc cc cc
TYPE OF COAGULANT Cetyltrimethylammonium bromide
Temperature, °C 20

Consumption of coagulating agent, kg.t"! of rubber 0.25 0.50 0.75 1.00 1.50 2.00 2.50
Rubber outlet, mass % 28.8 50.2 66.4 75.0 85.6 93.2 94.2
Evaluation of complete coagulation icc icc icc icc icc cc cc
TYPE OF COAGULANT Alkylbenzyldimethylammonium chloride
Temperature, °C 20

Consumption of coagulating agent, kg-t"! of rubber 0.50 1.0 15 2.0 25 3.0

Rubber outlet, mass % 40.3 57.7 71.6 83.8 93.9 93.0
Evaluation of complete coagulation icc icc icc icc cC cC

Notes. Abbreviations: icc — incomplete coagulation; cc — complete coagulation:. The pH of the aqueous phase (serum) — 3,0;
consumption of sulfuric acid — 15,0 kgt * rubber.

What is the peculiarity in the behavior of CPAV as agents of coagulation?

The results presented in Table 2 indicate a sharp difference in the efficiency of the coagulating action of
low molecular weight cationic reagents, which differ.in their colloidal characteristics: the consumption of mi-
celle-forming CPAV (DDPC, CPC, CTAB) is an order of magnitude less than the consumption of similar in
chemical structure DMDAAMH, which does not have the ability to micelle (2.0-2.5 kgt ™!, and 20.0-25.0 kgt !,
respectively). Micelle-forming low molecular weight CPAV are close to (and sometimes exceed) the high
molecular weight analog of DMDAAH the VPK-402 reagent in terms of their effectiveness in latex coagula-
tion. The high coagulating capacity of the palymer cationic reagent VPK-402 is due to the fact that in the case
of cationic polyelectrolyte, the combined effect of two astabilizing mechanisms acts — neutralization and bridg-
ing, the second mechanism enhances the effect of the first one.

The above-mentioned feature in the behavior of CPAYV is probably related to their micelle-forming abil-
ity. In this case, the coagulation process will be based on the interaction of latex globules carrying adsorption
layers of anionic surfactants on.the surface not with individual molecules of the cationic electrolyte, but with
CPAV micelles (Fig. 1), i.e;;a kind of polycondensation reaction will occur with the release of a low-molecular
product — an inorganic salt (sodium chlorides) and the formation of an unstable complex latex globule-CPAV
micelle.

The disintegration of this complex will be accompanied by the release of the water-insoluble product of
the interaction of CPAV with anionic surfactant into the sediment according to the scheme:

R + R-COOK(Na) —= - 4+ Kal
NQ R'- SOK (Na) N ooC - R NaCl
CiH

Cl'\H-\S I SOS-K

12

Or in general:
nR—COOK + n(EN+ —C(lo_le))C|— — ((EN+ —C(lo_le))—OOC—R)n + nKClI
where n is greater than 1.
In an acidic medium, the decomposition of low-stability polymer-complex structures occurs:
((EN+ —C(lo_le))—OOC—R)n + H,SO,; — (EN + —C(10.15))HSO4— + R—COOH
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A hypothetical model of the interaction of latex micelles with CPAV allows us to explain the observed
(Table 3) the effect of the length of the hydrocarbon radical of CPAV on the process of isolation of rubber
from latex. Thus, when the radical contains 10-12 carbon atoms, a bi-beam structure is most likely formed
(Fig. 1a), and when the radical contains 16 carbon atoms, the size of the micelle increases and the coagulation
process can occur with the formation of 3 and 4 beam structures (Fig. 1b, c). This is also reflected in the
consumption of cationic surfactants. These hypothetical considerations are supported by some simple calcula-
tions. Namely, we found how many micelles per 1 globule of latex are approximately at the time of the intro-
duction of CPAV in the full coagulation mode (for CTAB, CPC, DPC) (Table 3) [9, 10]. The data in Table 3
show that the number of micelles surrounding the globule at the initial moment of coagulation significantly
exceeds the number of latex globules, so there are sufficient grounds for the hypothetical scheme shown in
Figure 1.

Figure 1.The proposed scheme of interaction of negatively charged latex globules with micelles
of cationic surfactants (a) with a relatively short length of the hydrocarbon radical (nC = 10-12)
and (b), (c) a long radical length (nC = 16)
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Conclusion

Using cationic surfactants in the rubber industry makes it possible to achieve the complete latex coagulation
at the expense of the corresponding cationic polyelectrolyte. A hypothesis about the effect of cationic surfactants
on the destabilization of the latex aggregate stability is proposed. The process mechanisms occurring during the
introduction of a cationic surfactant in a latex system stabilized by anionic surfactants has been introduced.
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JlaTekcTi KaTHOHABI OeTTIK-0e/1ceH Il 3aTTApMEH KoaryJsius/Iay MpoueciH 3epTrey

Makanazia KaTHOHABIK DJIEKTPOJIMTTEP/IIH, KoaryJsiusiay KaOuieTi Typaibl TYCiHIK KeHeWTinreH. TeMeHri
MOJIEKYJIanbl KaTHOHIBI JJIEKTPOINTTEpAlI KOJJaHFAH Ke3/le, PE3eHKEAEH JaTeKCTepli Oeinm ayablH
TOJNBIKTHIFBIHA oNapAbIH 20-30 Kr/T pe3cHKe KyMmcay Ke3iHae KOJ )KETKI3IIeTIHAIr aHpIKTanapl. JKypriziareH
3epTTeyiiepAe CTUPON-OyTaueH KaydyKThl JIATEKCTEH ally MpPOLECIHAE 3epTTeNreH KaTHOHIBIK OeTTikK-
Oencenni 3arrapmen (BB3) acep etyi GapbicsiHa epekmenik Gaikanasl. Katrnonasl BB3 MWBFBHEL TOIAMEpITE
KaTHOHJIBI DJICKTPOJIUTTIH MIBIFBIHBIHA KAKBIH, all KeHOip skaFgaiiapia ofgaH a a3 0oJaThIHBI KOPCEeTiNTeH.
Karnonapik. 6eTTik-OeNCeH Il 3aTTapIblH JAaTEKC >KYHeNepiHiH JKUBIHTHIK TYPaKTBUIBIFBIHBIH OY3bUTYBIHA
BIKIAJIBI Typajibl THIIOTE3a ajfa TapTHUIBI, OHBIH CEp €Ty MEeXaHW3Mi YCBIHBUIABI, 0J1 KaTHOHABI bb3-1b1H
MHUIIEIUTAIapBIHBIH OCTIHAC aHHMOH/IBIK OSTTIK AKTUBTI 3aTTapP/IbI AJIBII KYPETiH JATEKC TI00yIalapbiMeH 3apa
opekerTecyiHe HerizaenreH. Ocpuiaiina, KaTHOH/B! OETTIK-OENCeH/Il 3aTTap/Abl KOJIaHy HATPUH XJIOPUAiH/e
KoHE <KbIMOAT KaTHOHABI MOJUMEPIl JJIEKTPOJIUTTI, SIMYJIBCHSUIBI CTUPOI-OyTamueH/i KaydyK eHAipiciHe
KOJJaHy bl OosbipMayFa MyMKiHAIK Oepeni. Karnonnel BB3-1b1 eHrizy kelbip SKOIOTHSIIBIK MocelenepIi
HICHIyTe MYMKIHIK TyFeI3aabl. OCHI 3epTTEYIiH COHFBI Ke3€HIH/Ie YCHIHBUIFAH TEXHOJIOTHIFA COUKEC pe3eHKE
HETI31HJE pe3eHKe Kocmajapbl MEH BYJIKaHW3ATTApIbIH MHINKATOPJIAPBIH aHBIKTAy OOJIbL. bapieIk Herisri
KopceTKimTep OOWBIHIIA 3ePTTENETIH YATIEp TalanTapra cai.

Kinm cesoep: natekc, xoaryisiuus, OeTTiK-OelCceHAl 3aTTap, pe3eHKe KOCBUIBICTAp, BYJIKaHH3aTTap,
KacHeTTepi, KopIllaraH opTa.
C. Huxynun, B. Bepexxnukos, T. bynarenkas, H. Huxynuna
HccnenoBanue Ipoiecca Koaryjasdalluu JiaTekca

KATHOHHBIMH MOBEPXHOCTHO-AaKTUBHBIMHA BeIlIeCTBaAaMHU

B cTaTpe pacmmpeHs IpecTaBICHNS O KOarylIupyIOmei CltocOOHOCTH KaTHOHHBIX IEKTPOIUTOB. Y CTAHOB-
JIEHO, 4TO B CIydYae NMPUMEHEHUs] HU3KOMOJIEKYIIPHBIX KaTHOHHBIX JIEKTPOJINTOB IOJHOTA BBIIEICHHS Kay-
YyKa W3 JJATEKCOB JOocTUTaeTcs mpu ux pacxoae 20-30 kr/t xaydyka. [IpoBeileHHBIMI HCCIIEJOBAaHUSIMH ObITa
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OTMEYeHa 0COOCHHOCTh B MOBEIACHUH HCCIICIYEMbIX KATHOHHBIX MOBEPXHOCTHO-aKTHBHBIX BEILECTB B IPO-
Hecce BbIICNCHHsT OyTalHeH-CTUPOJIBHOTO KaydyKa U3 jaTekca. [IoKka3aHo, 9TO pacxoj KATHOHHBIX MOBEPX-
HOCTHO-aKTHBHBIX BEILECTB OJIM30K K pacxoay (a B HEKOTOPBIX CITy4asX [ake MEHBIIE) MOJMMEPHOTO KATHOH-
HOT'O 3JIEKTPOJINTA. BBIBUHYTA TUIIOTE3a EUCTBUSI KATHOHHBIX TOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA HApY-
[IEHKE arperaTUBHON YCTONYMUBOCTH JIATEKCHBIX CHCTEM, MPEJIOKEH MEXAHU3M €ro JIeHCTBHsS, KOTOPBIA 0C-
HOBaH Ha B3auMoeiictein Munesut KITAB ¢ gaTekCHbIMU II100yIaMu, HECYIIIMMH Ha TIOBEPXHOCTH aHHOHHBIE
TTAB. Takum 06pa3oMm, UCITOIb30BaHHE KATHOHHBIX TIOBEPXHOCTHO-aKTHBHBIX BEIECTB MO3BOJISIET HCKIIIOUUTh
NpPUMEHEHHE KaK XJIOPH/a HATPHS, TaK U 0oJiee JOPOTOCTOAMIEr0 KATHOHHOTO MOJMMEPHOrO 3JIEKTPOJIUTA B
MPOM3BOJICTBE SMYJIbCHOHHOTO OyTaMeH-CTHPOJIBHOTO Kayuyka. Baeapenne KITAB mo3BouT pennTs HEKo-
TOPBIE SKOJIOTHYECKUE MPOOIEMBI. 3aBepIIAIONINE 3TAll JTaHHOTO UCCIICIOBAHMS 3aKII0UAICS B ONPECICHUN
MoKa3areliell pe3NHOBBIX CMECEil U BYJIKAHH3aTOB HA OCHOBE KaydyKa, BBIICIECHHOTO MO MPEII0KEHHON TeX-
Hostorud. I10 BceM OCHOBHBIM IMOKA3aTEeNsIM KCCIIelyeMble 00pa3ibl COOTBETCTBOBAIH TIPEIBABISICMbIM TPE-
OOBaHHUSIM.

Knrouesvie cnosa: JIaT€KC, KoaryJsiiusi, NIOBEPXHOCTHO-aKTUBHBIC BEIICCTBA, PE3UHOBLIC CMECH, BYJIKAHU3AThI,
CBOﬁCTBa, OKpYy2Karouias cpeaa.
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