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Surfactant-free emulsion polymerization of styrene using crosslinked 
seed particles 

A. Eshuis, H. J. Leendertse, and D. Thoenes 

Department of Chemical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands 

Abstract: The aim of this research was to prepare a monodisperse polystyrene 
latex without surfactants adsorbed at the particle surface. Conventional polym- 
erization formulations usually lead to large amounts of oligomers. Furthermore, 
they are characterized by a low reproducibility with respect to particle size. This 
was overcome by using a seed latex that was crosslinked in order to overcome 
dissolution in the monomer phase. By adjusting the seed concentration, any 
desired particle size in the range 0.5-1.2 #m could be obtained. The mono- 
dispersity was very good. 

Key words: Polystyrene; latex; monodispersity; seeded emulsion polymerization; 
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Introduction 

Emulsion polymerization is used extensively in 
industry to prepare a wide range of polymers. 
Compared to bulk processes, it has the advantage 
that more conventional equipment can be used and 
much higher concentrations can be handled than in 
solution polymerization. One disadvantage is the 
relatively large amount of surfactants required [1, 
2]. This adds to the cost of raw materials, may 
result in additional waste-water treatment, and, in 
some instances, it gives rise to undesired contam- 
inants in the end product. The latter aspect is 
important when the latex is used as a model colloid 
in coagulation research, especially because the sur- 
factants may subsequently be partly desorbed to an 
extent that is difficult to control [3, 4]. 

In the literature, some methods that seem to 
overcome this problem are described: 

a) In the method described first by Kotera et al., 
the "surfactant is left out completely and an 
excess of initiator is used, most often potassium 
persulfate. Oligomers containing sulfonic 
acid groups and radical functions will then act 
effectively as surfactants [5-7]. They are 

b) 

c) 

subsequently incorporated in the polymer 
molecules. The polymer particles formed are 
sufficiently stable and will not contain any 
"contaminants" that ~can be desorbed. How-  
ever, considerable amounts of oligomers may be 
formed, which results in a low overall yield to 
solid polymer. There is also a serious risk that 
even low amounts of solid contaminants 
("dust"), which are difficult to avoid com- 
pletely, will act as seed particles. This may 
result in a particle size distribution that is al- 
most impossible to control. The dust problem is 
a direct consequence of the absence of any 
surface-active agent during the initial stage of 
the polymerization. 
Polymeric surfactants that show a very low 
tendency to desorb can be used. The (kinetic) 
stability of particles prepared by this method is 
based on both electrostatic and steric effects [8]. 
This makes them less suitable as model systems 
in our coagulation experiments [3, 4]. 
The method developed by Ugelstad makes use 
of diluents and/or chain-transfer agents to im- 
prove swelling of seed particles [9]. Usually, 
these additives are insoluble in water, but dur- 
ing prolonged periods of time their migration 
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out of these particles cannot be dismissed. The 
use of a surfactant (polymeric or not) consti- 
tutes a further problem. 

d) If polymerizable surfactants are used, it is 
absolutely vital that the incorporation of these 
molecules in the polymeric chains is 100%. 
Otherwise, desorption of these surface-active 
agents is still possible. This is very hard to 
accomplish. 

Obviously, all these methods have serious dis- 
advantages. In the next sections we will describe a 
method by which all of these problems are largely 
overcome. 

Table 1. Typical formulations to prepare seeds and final 
products 

Seeds Final product 

Water 1800 ml 1800 ml 
Styrene 180 ml 200 ml 
Divinylbenzene 20 ml - 
Potassium persulfate 0.500 g 0.500 g 
Oleic acid 0.400 g - 
Sodium hydroxide 0.057 g - 
Seeds - 3.0 g 
Polymerization 

temperature 60 ~ 60 ~ 
Polymerization time 24 h 48 h 

Seeded surfactant-free emulsion polymerization 

Polystyrene can be polymerized with high yields 
without any surfactant by using suitable seeds. The 
relative amount of seeds may be on the order of a 
few percent of the total final product. Seeds can be 
made by emulsion polymerization using a sur- 
factant, because this will be included completely 
inside the final particles. However, the use of seed 
particles of polystyrene would not be practical, 
because these would dissolve in the monomer 
phase. Therefore, we prepared seed particles by 
copolymerizing styrene and divinylbenzene, which 
resulted in a crosslinked polymer that did not 
dissolve in styrene. It appeared that 1% (by vol- 
ume) of divinylbenzene was sufficient to render the 
polymer insoluble. 

Experiments 

Polymerizations were carried out in a stirred cylindrical 
vessel with 88 mm in diameter and 330 mm high. All products 
were prepared by batch processes and typical polymerization 
formulations are shown in Table 1. 

Water was distilled twice. The monomers were purified by 
distillation under reduced pressure. All chemicals were ob- 
tained from Merck Darmstadt, FRG. Oleic acid was used as a 
surfactant, because it was expected to copolymerize with the 
monomers so that it could not be desorbed. We were not able 
to prove experimentally if this took place. The seed latex was 
diluted with an equal volume of ethanol to prevent any 
coagulation during storage. Seeds preserved in this way were 
used in subsequent polymerization steps for over one year after 
their preparation. The particle-size distribution of these latex 
samples was measured by photon correlation spectroscopy 
(Malvern Autosizer 2C). 

The final polystyrene particles were washed and filtered over 
a nylon membrane with a pore size of 0 .2 / lm (NYLAFLO, 
Gelman Sciences, Ann Arbor, Mich., USA). Photographs of 
these spheres were made (after covering them with a thin gold 
film) using a scanning electron microscope (JEOL JSM 80A). 

Results and discussion 

The relative amount of divinylbenzene in the 
monomer mixture was varied between 1 and 10%. 
In all cases, a crosslinked polymer was formed that 
did not dissolve in styrene. In subsequent experi- 
ments, 1% of comonomer was used. 

By varying the amount of oleic acid between 0.4 
and 6.0 g (per 2 1 of reaction mixture), the diameter 
of the seeds varied between 100 and 300 nm (Fig. 
1). Based on the experiments of Goodwin et al., a 
particle size of 500 nm was to be expected with an 
emulsion-free formulation [6]. This point is also 
shown in Fig. 1. A scanning-electron-microscope 
picture of the seeds is shown in Fig. 2. The diameter 
of these particles is about 270 nm with a standard 
deviation of 43 nm (as determined by photon cor- 
relation spectroscopy). 

In the second step of the process, these seeds 
were used in various concentrations. A typical 
result is shown in Fig. 3. The particles in the end 
product appear to be quite uniform in size. In this 
example, the particle size is about 900 nm with a 
standard deviation of 100 nm. 

Of course the diameter of the final product fol- 
lows from a mass balance, given the amounts of 
seeds and monomer in the second step (~s and ~, 
respectively), as long as the particles are uniform in 
size. From Fig. 4 it follows that deviations from this 
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Fig. 1. Diameter of P.S. spheres as a function of the amount of 
oleic acid. �9 = our experiments; �9 = calculated from literat- 
ure data [5] 

Fig. 3. Particles obtained by seeded surfactant-free emulsion 
polymerization 

Fig. 2. Particles obtained by emulsion polymerization with 
0.4 g oleic acid 
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Fig. 4. Diameter of particles, as determined by SEM, prepared 
with crosslinked seeds as a function of the diameter resulting 
from a mass balance 

assumption occur at relatively low seed concentra- 
tions (i.e., large ~ / ~ s  ratios). Products made under 
these conditions are no longer monodisperse (Fig. 
5). Apparently,  other nucleating mechanisms have 
a change at low seed concentrations.  All experi- 
ments represented in Fig. 4 have been performed to 
obtain a final latex with a total  solid content  of 
10% by volume. 

Hayashi  et al. have recently prepared particles of 
polyvinylacetate by a similar process. During the 

preparat ion of their seeds they used very large 
amounts  of potassium persulfate. The resulting 
high surface charge on these particles prevented 
their dissolution into the monomer  [10]. 

When seeds were used with a higher degree of 
crosslinking (prepared with up to 10% divinyl- 
benzene), a somewhat  lower monodispersi ty of 
second-generation particles was obtained. This 
was reproduced several times, but we were not  able 
to explain this convincingly. 
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samples to be used in coagulation studies. It might 
also be promising for the industrial manufacture of 
emulsion polymers, because much less surfactant is 
needed compared to conventional processes. 

Fig. 5. Particles formed by seeded surfactant-free emulsion 
polymerization and by self association of ionized radicals 

Conclusion 

It was shown that a two-step polymerization 
process could be used to prepare a monodisperse 
polystyrene latex without any surfactant adsorbed 
on the particle surface. The first step was a copoly- 
merization with divinylbenzene using oleic acid as 
a surfactant. The resulting particles of about 
0.3 #m were used as seeds in the second step. The 
amount of seeds determined the final particle size 
and this could be controlled between 0.5 and 
1.2 #m. The method is practical for preparing latex 
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