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bei der Bewältigung der Alltagsprobleme in Deutschland behilflich waren und somit

indirekt zu meinem Erfolg beigetragen haben. Besonders groß war die Unterstützung
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Abstract

The particle size distribution (PSD) is a key feature of a latex that strongly influences

the viscosity and other attributes of the product which are critical in applications.

The modeling of an emulsion polymerization process along with the PSD is very

complex and still a challenging endeavor. The objective of this thesis is to establish

a rigorous model for the simulation of the PSD and eventually use this model to

perform optimal control of the PSD.

The established model consists of two major parts: a lumped and a distributed sub-

model. The lumped part is a kinetic submodel that describes the reaction kinetics,

mass balances, the average number of radicals per particle and the thermodynamic

relations between the concentrations of components in the different phases. This

submodel provides the growth rate kernel which connects the two submodels. The

distributed part makes use of a population balance equation (PBE) to compute the

evolution of the PSD. The PBE is solved numerically using the method of orthogonal

collocation on finite elements.

The validation of the model is investigated and demonstrated using simulation versus

experimental data. The details about the experimental setup, the procedures and the

required instruments are elucidated and discussed. A good agreement between the

model and experimental data was observed albeit with some discrepancies between

the experiments and distributed submodel.

In the optimization section, the computation of the monomer feed rate is performed

in frame of a constrained optimization problem where the batch time is the perfor-

mance index which is minimized and the difference between the specified and obtained

particle size distributions (error) and the heat removal capacity of the reactor jacket

enter as constrains. To solve the infinite dimensional optimization problem, the opti-

mal control problem is transformed into a nonlinear programming problem using the

control vector parametrization technique. The different aspects of the solution of the

optimization problem are reported and discussed.
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