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14148-G7 Optimal Control of Batch

Emulsion Polymerization Reactors

F. Joseph Schork, Georgia Institute of
Technology

A dynamic mathematical model of the
batch emulsion polymerization process has
been developed and is currently being test-
ed to evaluate its ability to adequately
simulate experimental results on the batch
emulsion polymerization of methyl methacry-
late stabilized with sodium lauryl sulfate
and initiated with ammonium persulfate.
Preliminary results are encouraging.

The model consists of a.set of
ordinary differential equations involving
balances over initiator concentration,
polymer concentration and particle number.
Monomer conversion and average particle
volume are calculated algebraically from
the above. Surfactant concentration is
assumed to remain in equilibrium, and
hence the number of micelles can be calcu-
lated from a steady-state surfactant
balance. Particle initiation is assumed
to take place via the classical micellar
initiation mechanism. A modification of
the Flory-Huggins Equation is used to
calculate the degree of particle swelling
with monomer. A modification of the gel
effect correlation of Hamielec and
coworkers (1) is employed.

It is anticipated that the modeling
work will be completed shortly. Work will
then begin on the development of a linear
quadratic optimal controller for this
system. Controller performance will be
evaluated by simulation employing the
mathematical model recently developed.

(1) Friis, N., Hamielec, A. E., Polymer
Preprints, p. 192, ACS Meeting, 1975.
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14149-G7  Optimal Control of Batch

!
!
Emulsion Polymerization Reactors %
; ;
: !

1
f. Joseph Schork, Georgia Institute of %

Technology

A dynamic model of the batch emulsion
po]ymer1zat1on process has been developed.
Comparison with laboratory data indicates |
that the model is capable of adequately :
describing the batch emulsion polymeriza- .
tion of methyl methacrylate. v
, The model consists of a set of ordinary
differential equations representing mass
balances over injtiator concentration,
Bo]ymer concentration, and particle number.

onomer conversion and average particle
volume are calculated algebraicly from the
above. Equilibrium particle swelling is
assumed, and is calculated according to
Morton (1). Gel effects for termination
and propagation are incorporated after
Jaisinghani (2) and Ross (3), respectively. :

Due to the nature of the emulsion
polymerization process, the model is highly
nonlinear. For a batch process, lineariza-
tion is not appropriate. It has been '
decided, therefore, to treat the optimal :
control of batch emulsion polymerization as
a multidimensional nonlinear optimization
groblem for which the solution is the open-

oop control policy by which initiator and
surfactant will be introduced into the
reactor during polymerization in order to
minimize some objective function involving
cost and product quality considerations.
The optimization is additionally constrain-
ed by the heat-removal capability of the
reactor. Current commercial practice
involves the application of empirical open-
loop policies. This work will develop such
policies directly from a knowledge of the
mechnism of polymerization.

The optimization is greatly complicated
by the existence of mathematical dis-
continuities in the model at the transitions
from Interval I to Interval II, and from
Interval II to Interval III. Computational
techniques for optimization of systems
containing discontinuities are not well
developed (4). Currently six computational
techniques are being evaluated. From these
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two techniques will be selected and

(1) Morton, M., Kaizerman, S, and Altier,
REPORT ON ACTIVITY ASSISTED BY M., J. Colloid Sci. (1954) 39, 300.
14149-G7 (2) Jaisinghani, R., and Ray, W., Chem.
GRANT,  FRE Eng. Sci. (1977) 32, 811.

(3) Ross, R., and Laurence, R., AIChE
Page 2 of 2 pages. Symp. Ser. (1976) 72, 74.

(4) Bryson, A., and Ho, Y., Applied
Optimal Control (1975) Wiley, N.Y.
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