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Abstract−− Time optimal monomer and reactor 

temperature set-point profiles were computed and 
implemented experimentally for the control of co-
polymer composition and minimization of reaction 
time in emulsion copolymerization systems. Iterative 
Dynamic Programming (IDP) was used for the off-
line calculation of the optimal profiles. This ap-
proach can deal with constrained optimization of 
systems described by complex mathematical models, 
as those needed for the emulsion copolymerization. 
The optimization procedure was applied to vinyl 
acetate / butyl acrylate emulsion copolymerization 
under industrial-like conditions, which includes 
safety constraints normally found in the operation of 
large-scale reactors. The dynamics of the reactor 
heat exchange system were also taken into account in 
the mathematical model. The optimal trajectories 
obtained by the IDP procedure were implemented in 
a jacketed reactor with automated control of tem-
perature and monomers feed flow rates. The real-
time implementation of the optimal trajectories was 
successfully carried out resulting in a significant re-
duction in reaction time and the production of ho-
mogeneous copolymer composition. 
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I. INTRODUCTION 
Emulsion polymerization is used in industry to pro-

duce a great variety of polymers of multiple uses (e.g. 
paints, adhesives, coatings). This process produces 
polymer via free radical in dispersed media resulting in 
polymer particles of 80-400 nm dispersed in an aqueous 
phase. The global mechanism of polymerization in such 
multiphase system is extremely complex due to process 
interactions that occur in each phase and diffusion 
mechanisms of the components between these phases. 
Many applications of polymer latex require a homoge-
neous copolymer composition as it may affect final 
properties as the formation of a continuous film. 
Monomers with very different reactivity ratios may lead 
to an undesired copolymer composition drift. In order to 
reduce such drift, emulsion copolymerization is fre-
quently carried out under starved conditions where both 
monomers are fed to the reactor at very low flow rates 

to assure a low concentration of monomers in the reac-
tor at any time. Another advantage of conducting an 
emulsion copolymerization at starved conditions is to 
keep the safety of operation as polymerization via free 
radical is usually very exothermic. Reducing the amount 
of monomer concentration in the reactor reduces the 
peak of heat generation. Although, starved conditions 
also leads to very large reaction time as monomers are 
fed at very low flow rates. 

Industrial semicontinuous emulsion copolymeriza-
tion, usually, does not take full advantage of the reactor 
heat removal capacity as the reaction conditions are 
often defined to control the peak of heat generation or 
copolymer composition (in starved conditions). Never-
theless, using a detailed mathematical model for the 
emulsion copolymerization system it is possible to cal-
culate the time varying control variables in order to 
minimize reaction time, taking the safety aspects into 
account, and to control copolymer composition (Araújo 
and Giudici, 2003, 2004). It is worth pointing out that 
the success of the open-loop strategy relies on the good-
ness of the mathematical model and the absence (mini-
mization) of unmodeled process disturbances (Vicente 
et al., 2002). Therefore, for a successful implementation 
of such optimal profiles the dynamics of the heat ex-
change system must be taken into account as the reactor 
temperature depends on it and may vary according to 
the heat exchange capacity. Any optimization strategy 
to be implemented in an industrial emulsion polymeri-
zation reactor has to include the dynamics of reactor 
temperature control as the reaction is, usually, very exo-
thermic and the reactor heat removal capacity is limited. 
Nevertheless, the complexity of the system increases 
when the dynamics of the reactor temperature control is 
included. This is one of the reasons for the scarce num-
ber of works in the literature dealing with the imple-
mentation and validation of this kind of procedure in an 
experimental emulsion polymerization system. 

The goal of the present work was the implementa-
tion and validation of optimal profiles for the controlled 
production of VA/BA copolymers with homogeneous 
composition (80/20 in weight basis) at minimum reac-
tion time including the dynamics of reactor temperature 
control and taking safety aspects into account by means 
of an open-loop control strategy. The process variables 
chosen to reach the simultaneous control of copolymer 
composition and minimization of reaction time were the 


