Polymer Bulletin 42, 411-417 (1999) Polymer Bulletin
O Springer-Verlag 1999

Polymerization of vinyl acdate in microemulsions stabilized
with a mixture of dodecyltrimethylammonium bromide
and didodecyldimethylammonium bromide

M. E. Trevifio’, R. G. LopeZ’, R. D. Peralta, F. Becerrd, E. Mendizabaf, J. E. Puig

! Centro de Investigacion en Quimica Aplicada, Blvd. Enrique Reyna 140, Saltillo,
Coah. México, 25100

? Departamento de Ingenieria Quimica, Universidad de Guadalajara, Blvd. Marcelino
Garcia Barragan 1451, Guadalajara, Jal. México, 44430

Received: 5 October 1998/Revised version: 12 February 1999/Accepted: 12 February 1999

Summary

Polymerization of vinyl acetate (VA) in three cponent d/water (o/w) microemulsions
stabilized with a mixture of two cationicugactants (DTABDDAB in a weight atio of

3), was carried out at 40, 50 and 60°C using atew soluble initiadr, V-50. In all cases

studied, stable latexes containing particles with diameters between 7Ql1&ndm were

obtained. Particle size increased witbneersion yelding uncommonly large particles for
microemulsion polymerizatn, probably bcause particle coagulati. Mutimodal molar

mass distributions with average molar masses between 1.2 to 2.@h@bl were

obtained. Chain transfer to polymer and bimolecular termination reactions plagrtamt

roles in the microemulsion polymerization of thismomer.

Introduction

Microemulsion polymerization is an alternativrocess to emulsion polymerization
because is possible to obtain latexes containing polymerimpadicles of high molar
mass (1). However, the latics of these twoprocesses are different (1). lolassical
emulsion polymerizatin, three-eaction rate intervals (i.e., nucleatj propagtion and
termination) are tyjally observed. Moreover, particles are generated odilying the
first interval and the final latexes contain particles usually greater flft#h nm (2). In
contrast, only two rate intervals have beemoréed in microemulsion polymerizatio(i).

In addition, continuous mleation of particles occurs and the final latexes contain
particles with diameters smaller than 50 (i

Because of the iportant applications of the pdvinyl acetate) latexes, the emulsion
polymerization of vinyl acetate (VA) has been investigated exhausti{@{y). However,

the microemulsion polymerization of thisomomer has been scarcely studied. Donescu et
al., reported the microemulsion polymerization of VA in transparent systems made of
VA, water, surfactant and albol and obained polymer of low molar mass: (10' g/mol)
because their systems were not true microemulsions but cosolubilized sygbeh?3.
Recently, we rported the polymerization of VA in true o/w microemulsions, using
cetyltrimethylammonium bromide (CTAB) as surfactant(13). We obbained latexes
containing particles with diameters smaller than 50 nm and molar massesd a2.0-
4.5x10 g/mol. We also found that gaale coagulation occurduring the eaction.
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In this work we report the polymeation of VA in o/w microemulsions stabilized with a
mixture of dodeciltrimethylammonium bromide (DTAB) and
didodecildimethylammonium bromide (DDAB) as a function of initiator ¢90)
concentration and temperature.

Experimental

DTAB (Aldrich) was recrystallizedfrom a 50/50 (v/v) mixture ofacetone and ethanol.
DDAB (Aldrich) was first recrysllized from a 90/10 (v/v) mixture ofacetone and ethyl
ether and then from ethylacetate. 2,/2azobis(2-amidiopropane) dihydrochloride or
V-50 (Wako Chem.) was recmgdlized from methanol. VA (Aldrich) was distilled at
30°C under reduced pressure and argoémosphere, stored in dark vials and used within
30 hours after dtdlation. Water was deionized triple-distilled grade. Microemulsions
containing 4 wt% VA, 1.2 wt% DDAB, 3.6 wt% DTAB and 91.2 wt% J®, were
polymerized in al00-mL glass @actor with magnetic stimg, at 40, 50 and 60°C, using
various V-50 concenditions (0.3, 0.5 and 0.9 wt% with regp to nonomer). Prior to the
reacton, VA and the aqueous solution of swatants and initiator were degassed by
cooling-and-pumping a@fes. Conversion to polymer was etermined by gravimetry.
Reaction ratesR, were calculated by numerical differentiation of thenwersion versus
time data. Particle size was determined in a Malvdii®0 qualastic light scattering
apparatus. Average molar masses and molar mass distributions (MMD) wei@edbin

a Perkin Elmer C30 gel pemeation t&iromatograph (GPC), equipped with a aetive
index detector and a multiangle light scattering detector (Wyatincéogy).

Results and discussion

Figure 1 shows conversion versusne for the microemulsion polymerization of VA
initiated with different initiator concentrations. Finalbrnversions are gater than 95%
and practically independent of -%0 concenttion. Reaction rates increase with
increasing initiator concentration (inset in Fig. 1) because the higher flux of free radicals
with increasing V-50 concerdtion increases the probhty of particle generation and of
radical entry innonactive particles. Only two reaction rate intervals are detected, with a
maximum in reaction rateR( ) occurring at about theame onversion, regardless of
the level of V-50 used (inset in Fig. l).in®lar results have been documentéor the
microemulsion polymerization of styreng14), tetréhydrofurfuryl methacrylate (15),
methyl methacrylate(16) and butyl methacrylate(17). R, ., varies with the concentration

of V-50 to the 0.5 power. This exponent isnaler than that(0.7) reported for the
polymerization of VA in CTAB microemulsiong13). Maximum eaction rates obtained

in this work (0.03-0.06 mdA.-min) are smaller than those perted for the CTAB
microemulsions (0.060-0.10 rdb-min) (13).

Table 1 shows that particle sizéd ) decreases with increasing V-50 concetion and
increases with conversion independently of V-50 coneéotr. In the microemulsion
polymerization of mnomers with rather low water solubility, such as styrene and butyl
methacrylate, particle size increases at earlier stages of reaction and then it remains
practically constant hroughout the eaction (17,18). A slight increase in pare size

during the course ofeaction has been perted for the polymézation of more water-
soluble monomers, such as methyl methacryléité). In our case the large increase in
particle size with onversion may be caused by cokagion.
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Figure 1. Conversion versus time as a function of V-50 concentration for the
micromulsion polymerization of VA. Inset: Polymerization rate versus conversion for
data shown in figure.

Table 1. Particle diameter and the number density of particles for the microemulsion
polymerization of VA with different V-50 concentrations and different temperatures.

T [V-50] Conversion Dy Npx 107
(°C) (wt %/VA) (%) (nm) (particle/mL latex)

60 0.3 23.2 49.9 --

60 0.3 523 68.6 --

60 0.3 98.8 110.0 0.05
60 0.5 20.9 44.9 -

60 0.5 41.2 54.6 --

60 0.5 97.6 102.0 0.07
60 0.9 18.3 41.0 -

60 0.9 329 48.0 --

60 0.9 98.3 101.8 0.06

50 0.9 35.1 49.6 --

50 0.9 52.9 58.5 --

50 0.9 86.4 79.7 0.13

40 0.9 56.7 57.8 --

40 0.9 80.1 69.5 0.19

Because of the higlpropagtion rate constants and the higheonommer concentrations at

equilibrium

in the particles of polar anomers,

Yeliseyeva(19) postlated that the

surface area of the particlegrows at a rate that may exceed the rate wffastant
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adsorption causing instability and coagulatidaring emulsion polyméation. VA is a
polar monomer with a especially highropagtion rate constantk( = 2300 dn¥mol-s)
(2) and a high monomer conceation within the particles - the volume fraction of VA in
the particles at equilibrium i9.85 at 60°C when the aqueous phase is adr with
monomer (2). Hence, from the arguments oéli¥eyeva, it is expected coagulation to
occur during themicroemulsion polymerization of VA. Moreover, iour case, the total
surface area of the particles decreases as trey, changing the compitisn of the
adsorbed suafctant layer due to the differences in water solubility of DTAB &MdAB.
This factor also may contribute to instability and particle coagulation.

Figure 2 defcts mnversion versustime for the polymeization of VA carried out at
different temperatures.Conversion eaches 100% in less than 10 minutes at 60°C;
however, at 40°C, conversion is only 80% after 40 minutes eafctbn. Reaction rates
become faster as temperature increases; moreover, only two intervals are detected at all
temperatures (inset in Fig2). The increase in emnction rate with temperature is a
consequence of the increase in both the V-50 decatiggosrate constant and the VA
propagtion rate constant. Maximum reaction rate follows arrhénius behavior with
temperature. The overall activation empe is 64.0 kJ/mol, which is imilar to those
reported for the polymeration of VA in CTAB microemulsions initiated with V-50
(69.0 kJ/mol) (20) and for the polymeation of VA in emulsions stabilized with
poly(vinyl alcohol) and irtiated with a relox sysem (65.6 kJ/mol) (21).

Table 1 shows that particle size increases with increasing temperature. Inasmuch as the
rate of coagulation is enhanced with increasing tempera@2@® the increase in pacle
size with reaction temperature also givegport to the coadation hypothesis.

A representative molar mass distributionne (MMD) is shown in Fgure 3. Qearly, the
distribution is, at least, bimodal. The number average molar masses range from 1.2-
2.0x10 g/mol, depending on reaction temperature (TaB)e The average molar masses
obtained here are smaller than those typically obtained in emulsion polymerization of this
monomer, especially at high omversions. The high molar masses in emulsion
polymerization are the result of chain transfer reactions to polymer due to the large size
of the particle and the high number density of polymer molecules within the particles,
which lead to highly branched macromolecul@s6). By contrast, poly(vinylacetate) of
lower average molar mass (2.0-4.5%16/mol) was synthesized by polymerization in
CTAB microemulsions initiated with 30 (13). In this case, we argued thatchuse of

the high probaitity of desorption of the monomeric radical due to the small size of the
particles and the lower number density of polymer particles, compared to @mulade
particles, chain transfer to anomer (and desorption) becomes the dominar@chanism

of chain termination. Here, elcause the Ilarger particle size aur paticles, the
monomeric radicals stayotger within the pdicles and so, theprobahlity of chain
transfer to polymer increases. Nevertheless, we can not distinguish whether chain transfer
is to the same macromolecule ("selfbitting™) or to a different macromolecule.
Bimolecular termination caused by collision and coagulation of active particles can not
be ruled out. In fact, the increase in molar mass with increasing temperature (Table 2),
suggests that binkecular termination after coagulation is taking place, since the rate of
coagulation increases with increasing temperg22e
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Figure 2. Conversion versus time as a function of temperature for the microemulsion

polymerization of VA. Inset: Polymerization rate versus conversion for data shown in
figure.
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Figure 3. Molar mass distribution of PVA obtained at final conversion in microemulsion
polymerization at 60°C, using 4.0 wt% VA and 0.90 wt% V-50 with respect to monomer.
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Table 2. Average molar masses as a function of temperature at
final conversions for the microemulsion polymerization of VA.

T [V-50] M, %10
(°C) (Wt %/VA) (g/mol)
60 0.9 2,011
50 0.9 1,490
40 0.9 1,239

Conclusions

The polymerization of vinyl acetate in o/w microemulsions stabilized with a mixture of
the cationic srfactants, DTAB andDDAB in a weight atio of 3, exhibits the typical
features of microemulsion polymerizari, i.e., fast eaction rates, two polymerization
rate intervals and theprodiwction of stable latexes. However, because of coagulation,
particles are bigger than expecteidr microemulsion polymerizath. Average molar
masses are substantially smaller than thgserted for emulsion polymezation.
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