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Continuous polymerization reactors are widely used to produce various polymers in
the chemical industry. The polymer reactor is often operated under multiple conditions to
produce several different grades of the same polymer, depending on the demands of the
customers. In this thesis, we discuss the optimal quality control of polymer production in
a continuous stirred tank reactor (CSTR) from the viewpoints of steady-state operation
and grade-transition operation.

In Chapter 2, a mathematical model is developed for describing both static and
dynamic behaviors of general free-radical polymerization in the CSTR. Polymer quality is
represented by a set of concentrations of dead polymers with different chain lengths, and
this is called the molecular weight distribution (MWD) function. .

Chapter 3 discusses the optimal steady-state operating condition to produce polymers
with the best match to a specified MWD profile. The MWD profile is characterized by
three parameters: Mn (number-average molecular weight), Mw (weight-average
molecular weight), and PDI (polydispersity index).

In Chapter 4, the correlation between the MWD specifications and the operating
conditions is discussed. Through a case study of free-radical polymerization, an important
condition was found: An operating condition is determined uniquely by specifying two
MWD parameters, Mn and PDI. To be exact, the specification of Mn and PDI cannot
determine an operating point when the polymer reaction system does not involve
termination by combination reaction.

Chapter 5 discusses the optimal grade-transition operation to minimize the raw
material and energy costs during the grade transition as well as to shorten the transition
time. An optimal grade-transition policy becomes necessary when several grades of
polymers are produced in the same CSTR. A combination of feed-forward control, based
on the results of this dynamic optimization, and regulatory control systems is proposed
for a grade-transition operation. Through simulation, it is shown that the optimal
production of different polymer grades is achieved by applying the steady-state
optimization and the optimal grade-transition operation based on dynamic optimization.
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