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" Abstract

A scheme of dynamic optimization for batch reactor has been
developed and applied to a semi-batch esterification reactor. To
obtain optimal operating conditions for the given semi-batch reactor
system with complex reaction kinetic and process constraints, a
general nonlinear programming solver and finite element techniques
have been introduced. The optimization results for the complex
reactor system have been compared with those of Kumar et al {1984)
to show better optimization performance. The proposed optimizing
scheme has been applied to the free end time problem to obtain the
realistic -opera(ing condition. The results can supply valuable
information for economic operation of the given batch esterification

reactor. .
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Ry = &y (2HEJIG] - [EJIWIK )

Ry ks (1E ]I Egl - 2/Z]IWIKy)
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m ()= [ fidt WD) =[ .
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where ¥, (t)=a(t)/ N.(t)
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olelt HFH MY AE THFE HEHA TA g3t =
O& AW ol Jang et al. [1989]°0 &3¢ A= S UG D 2152
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splineg ol eJ¥ TAAE AHgsto] HHYA A9 HE
FHIAE Yol o] Azl AW PAAT (Lynn et
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6. 3 &2
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3 AARVESE 2 HHI EAE Fo9H
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Z, ol AMRE WErl dAYd J1E wg ol

Mzof ol 2 2 Yol g Hojrt

7. A3 3

[1} Bapat, S, and J C. Heydweiller, "Adaptive Polynomial
Approximations for Process Design", Paper 18b., AIChE Nat. Meetr.,
Chicago (Nov. 1985).

{2] Cawthon, G. D. and K.S. Knaebel, "Optimization of Semibatch
Polymerization Reactions”, Comp. Chem. FEngng., 13 (1/2), 63-72
(1989).

[3] Cuthrell, J.E. and L.T. Biegler, "Simultaneous Optimization and
Solution Methods for Batch Reactor Control Profiles”, Comp. chem.
Engng., 13, (1/2), 49-62 (1989).

[4] Denn, M., "Optimization by Variational Methods", McGraw Hill
(1969).

{5] Farber, J.N. and R.L. Laurence, "The Minimum Time Problem in
Batch Radical Polymerization: A Comparison of Two Policies”,
Chem. Fng. Commun., 46, 347-364 (1986)

[6] Gupta, SK. and A, Kumar, "Reaction Engineering of Step
Growth Polymerization”, Plenum Press, New York and London
(1987).

[7] Jang, S$.S and W.L. Yang, "Dynamic Optimization of Batch
Emulsion Polymerization of Vinyl Acetate—an Orthogonal
Polynomial Initiator Policy", Chem. kngng. Sci., 44 (3), 515-528
(1989).

[8) Jang, S.S., B. Joseph and H. Mukai, "Online Optimization of
Constrained Multivariable Chemical Processes”, AIChE J., 33 (1),
26-35 (1987). .

[9] Kumar, A., V.K. Sukthankar, C. P. Vaz and S K. Gupta,
"Optimization of the Transesterification Stage of Polyethyiene
Terephthalate Reactors", Polym. Engng. Sci., 24 (3), (1984).

{10} Kumar, Aand AE. Sainath, “"Optimization of the
Polycondensation Step of Polyethylene Terephthalate Formation in
Semibatch Reactors", Polym. Engng. Sci., 27 (10),741-752 (1987).
[11] Kwon, Y.D, and Evans, L.B., "A Coordinate Transformation
Method for the Numerical Solution of Non-linear Minimum-time
Control Problems”, A/CHE J., 21, 1158 (1975)

[12] Lynn, L.L, and E.S. Parkin, and R. L. Zahradnik, "Near-optimal
Control by Trajectory Approximation”, Ind. Eng. Chem. Fundam.,
9(1). 58 (1970).

[13] Lynn, L.L., and R. L. Zahradnik, "The Use of Orthogonal
Polynomials in the Near-optimal Control of Distributed Systems by
Trajectory Approximation®, Int. J. Control, 12 (6), 1079 (1970).

[14} Neuman, C. P., and A. Sen, "A Suboptimal Control Algorithm
for Contrained Problems Using Cubic Splines”, Auromatica, 9. 601
(1973).

[15] Neuman, C. P., and A. Sen, "Weighted Residual Methods and
the Suboptimal Control of Distributed Parameter Systems", /ns. J.
Control, 18 (6), 1291 (1973),

[16] Ravindranath,K. and R. A. Mashelkar, "Modeling of P.E.T.
Reactors — 1. A semibatch Ester Interchange Reactor®, .. Appl.
Polym. Sci., 26,3179, (1981).

[17] Sage, A. P. and C.C. White,"Optimum Systems Control”,
Prentice-Hall, Englewood Cliffs, NJ. (1977).

[18] Schittkowski, K., "Nonli Progr ing Codes, Lecture
Notes in Economics and Mathematical Systems”, 183, Springer-
Verlag, Berlin, Germany (1980).

{19] Stengel R. F., "Stochastic Optimal Control", Wiley, New York
(1986).

{20] Wong, K. T., and R. Luus, "Time Suboptimal Feedback Control
of Systems Described by Linear Parabolic Partial Differential
Equations”, Opt. Control Appl. Meth., 3, 177 (1982).

— 588 —



