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Abstract−− In a previous work of this group, 

theoretical studies and stability measurements were 
performed in order to describe the particle coagula-
tion provoked by electrolytes. The work of the cur-
rent paper concerns the development of mathemati-
cal models based on the DLVO theory and on popu-
lation balance equations (PBE), which involve highly 
complex integro-differential equations. This model 
includes particle coagulation, particle nucleation, the 
polymerization kinetics and monomer partitioning 
among the many phases of the system. The model 
ensured a proper description of butyl acry-
late/methyl methacrylate emulsion copolymeriza-
tions reactions, and related phenomena such as co-
agulation and particle nucleation in the presence of 
large seed particles. These latter systems are very 
important to the multimodal latexes production. Fi-
nally, simulation studies were performed in order to 
test the model ability to follow the competitive 
growth of polymer particles during semibatch opera-
tions. 
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I. INTRODUCTION 
Emulsion polymerization processes present a great 

importance as they allow the production of polymers 
with specific properties. Due to its multiphase and com-
partmentalized nature, the emulsion polymerization 
process offers the possibility of preparing polymers with 
unique properties that cannot be produced by other po-
lymerization techniques (El-Aasser and Sudol, 1997). 
One of the variables that determines the final latex 
properties (stability, film-forming ability, covering ca-
pacity, “brushability”, viscosity, opacity, and texture 
among others) is the particle size distribution (PSD) 
(Flores-Cerrillo and MacGregor, 2002). As a conse-
quence, in the design and study of emulsion polymeriza-
tion processes, knowledge of the factors governing the 
average size and size distribution of particles is an im-
portant consideration.  

The emulsion polymerization has been described as 
a three stage process involving, (i) particle nucleation, 
(ii) particle growth in the presence of monomer droplets 
and (iii) monomer depletion in the polymer particles 
once the monomer droplets have disappeared (El-Aasser 
and Sudol, 1997). In fact, the particle nucleation in 

emulsion polymerizations is a very complex process 
that depends on the particular set of operation condi-
tions, including the surfactant and initiator concentra-
tions, the temperature, and the monomer solubility in 
the aqueous phase. The formation of the initial particles 
occurs very quickly, and different mechanisms must be 
taken into account simultaneously (Gilbert et al., 1991; 
Gilbert, 1995; El-Aasser and Sudol, 1997). The nuclea-
tion step obviously plays an important role in determin-
ing the PSD of the final latex, which in itself constitutes 
an important parameter to be controlled in the final 
product. Besides, it has been recognized that a well-
defined PSD allows the synthesis of high solids content 
latices, with improved rheological properties and vis-
cosity (Chu et al., 1998). By correctly manipulating the 
PSD of the final product, one can achieve polymer vol-
ume fractions of well over 65% (Schneider et al., 2002). 
Actually, high solids content without undesirably high 
viscosity can be obtained when the PSD is multimodal. 
To achieve this, recent experimental studies have ap-
plied emulsion polymerization processes involving sev-
eral stages with different experimental conditions 
(Schneider et al., 2002; Boutti et al., 2004). In the final 
polymer PSDs present a strong dependency on several 
different, but interdependent phenomena, including par-
ticle nucleation, kinetics, latex stability, monomer type 
and concentration. There has been an incentive for the 
development of mathematical models that provide a 
complete description of the emulsion polymerization 
process considering all of these phenomena. These 
mechanistic models generally involve several dozens of 
differential and algebraic equations, demanding high 
computational effort. Besides, these models generally 
include a great number of parameters that must be esti-
mated through experimental data. Due to the complexity 
of the phenomena involved and the lack of experimental 
data, many simplifications and assumptions have been 
proposed, limiting the modeling scope (Immanuel et al., 
2002; Coen et al., 1998). Consequently, these models 
offered only limited fidelity in describing and extrapo-
lating behavior of industrial polymeric latices, espe-
cially with multimodal particle size distributions. The 
value of these models has been further diminished as 
they could only be used by model-developers.  

Even though significant progress has been made in 
understanding the mechanisms of particle nucleation 
and stabilization, much work remains to be done in 


