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OPTIMAL TEMPERATURE CONTROL IN A BATCH POLYMERIZATION REACTOR
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ABSTRACT

In this study, Deadbeat control of a jacketed batch reactor in which styrene polymerization occurs under isothermal conditions
has been investigated experimentally and by simulation to achieve a specific constant number average chain length and
conversion in a minimum time. It was founded that Deadbeat control provided a good performance in maintaining the reactor
temperature at its set point at the isothermal conditions. It is obtained that desired final conversion and number average chain
length values were almost achieved.
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1. INTRODUCTION

Polystyrene is thermoplastic which is a clear, amorphous, nonpolar commodity. It is a good electrical
insulator, has excellent optical clarity due to the lack of crystallinity, and has good chemical resistance
to dilute acids and bases. According to these properties, they are used in different fields such as
insulation materials, pipes, auto parts and panels. But, physical, chemical and mechanical properties of
them are generally nearly related with their molecular weights. Low molecular weight polymers have
ineffectual molecular properties and they interact with different chemicals. The full molecular weight
distribution (MWD) of a specific polymer and ratio of moments of this distribution, such as the number
average (Mn) or the weight average (Mw) molecular weight, are effective on the mechanical properties
of the polymers. Polymers with small molecules whose molecular weight does not exceed a certain value
readily interact with various chemicals and have poor mechanical properties. Therefore, the molecular
weight of the polymers is very important according to the field of use [1-2]. Since polymerization
reactions are exothermic and complex, temperature control is very important for the desired polymer
quality [3]. Several control methods have been applied to the polymerization reactors to obtain high
quality polymer [4-5]. Although Deadbeat control method has been used in some studies [6, 7], the
application of Deadbeat control to polymerization reactor is very limited [z.zeybek, 2003].

In the present study, Deadbeat control method was applied experimentally at the constant temperature
to control a polymerization reactor.

2. MATERIALS AND METHOD
2.1. Experimental
Experimental studies were carried out in a 1.1 L glass jacketed cylindrical vessel as shown Figure 1.

There are three thermocouples and a mixer in the reactor. The polymerization reactor, the jacket inlet
and outlet temperatures were monitored on the computer during the styrene polymerization.
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Thermocouples were used to measure inside temperature of the reactor and transferred to the computer.
Commercial styrene and toluene solvent (30%) were first added to the reactor.
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Figure 1. Experimental System

The reactor was heated to the desired temperature before started the polymerization. Polymerization
reaction was started after the addition of the benzoyl peroxide solution as initiator into reactor and then
Deadbeat control was used to keep the reactor temperature at the desired value. Polymer samples were
withdrawn from the reactor for conversion and molecular weight analysis during the polymerization.
Optimal operating conditions to achieve a predetermined conversion and number of average chain length
in a minimum time were determined by applying Lagrange’s multiplier method for the mathematical
modeling of the reactor system [9] .

2.2. Deadbeat Control

The purpose of Deadbeat conroller is to obtain a desired condition by using the difference between the
measured output and the set point. Deadbeat control action can be described quantitatively by [8]
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Transfer function for a Deadbeat controller in z domain

I 5
B(z)= HG,(z)1-2" ®)

and
HGp(2) = i — ©)

1+a, z71+a, z72

The discrete time version of deadbeat is given as follows:

C(z) _ 1+ay;z '+a,z72
e(z)  bo(1-z71) 7
1 a a
Cpn—Cpq = [b_o] &n t+ [b_;] Ep-1t+ [b_(z)] En-2 (8)

The Deadbeat control algorithm has a sampling period of T=1 s. In the algorithm, the dead time is
accepted as zero. The estimated model was assumed as the discrete time version in the following form:

2

D(z) = 1+a.z Y +ayz™ )

byz~1
These coefficients (by, a; and a,) were obtained by using a pseudo random binary sequence as input

function. The system is defined and the model parameters, calculated using the least squares regression
method are shown as follows.

Regression coefficient (Ry) is found 0.96:

a1= 1.1202443x107, a,=-8.986674x10®, bp=7.02117x10%

2. RESULT AND DISCUSSION

Optimal operating conditions are shown in Table 1. The calculated optimal constant temperature (103.8 °C)
was used as set point to reach desired values (the monomer conversion, number average chain length
and average viscosity molecular weight) at minimum time (Table 1).

Table 1. Optimal operating conditions used in experimental studies

m*(%) Xn" Mo (mole I'Y) lo (mole IY) Tri(° C) tr (min)
50 500 6.092 0.0126 103.8 152

The polymerization reactor temperature was controlled by manipulating the power to the heater and
monitored to see the control perfomance. Figure 2 shows open-loop state that is when the reactor
containing only the solvent is at steady state condition, benzoly peroxide is added. Then the temperature
increaeses as an exothermic property of the reaction so control algorithms were used to bring the reactor
temperature to the set point (103.8 °C).
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Figure 2. Open-loop

Figure 3a shows the results of experimental and theoretical temperature response of Deadbeat control
for polymer system in the polymerization reactor with optimal condition (10=0.0126 mole.L?, Ts«=103.8
°C). Manipulated variable change with time during the control is also seen in the figure (Figure 3b).
While simulation result given in Figure 3(a) indicates that the reactor temperature follows perfectly the
temperature set point, some oscillations of reactor temperature is observed on experimental study. In the
experimental study, although the oscillations appear at the beginning of the experimental study, it is
observed that it catches the set point after 4000 s and follows the set point until the end of the experiment.
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Figure 3. (a) Temperature response and (b) the change of manipulated variable (experimental and theoretical) with time under
Deadbeat control

The monomer conversion, number average chain length and average viscosity molecular weight values
measured have been compared with target values (Table 2). It is observed from the table that the
experimental data are close to the desired values.

Table 2. Comparison of experimental results with target values

T(°C) 103.8

lo (mole LY) 0.0126
Desired conversion, m*(%) 50
Experimental monomer conversion, m(%) 57.1
Desired chain length, X,* 500
Experimental chain length, Xx 405.65
Desired average viscosity molecular weight, My,” 52000
Experimental average viscosity molecular weight, My 4224493

52



Giirer et al. / Eskigehir Technical Univ. J. of Sci. and Tech. A — Appl. Sci. and Eng. Vol.20 — 2019

3. CONCLUSION

In this study, Deadbeat control strategy was performed experimentally and theoretically to control the
temperature in a batch polymerization reactor. Some oscillations were seen the experimental result. This
is thought to be due to the polymerization gel effect. However, it was observed in the experimental study
that it caught the set point and followed it to the end of the experiment. It is obtained that desired final
conversion and number average chain length values were almost achieved. Based on the experimental
results, the implementation of a Deadbeat controller for temperature control of batch polymerization
reactors is encouraging.

NOMENCLATURE

a; parameters of A polynomial

C(z™h monic polynomial in z domain representing the zeros of the process noise, calculated
control output for Deadbeat algorithm

Gp(z) process transfer function at z domain

H Hamiltonian

Q heat power (kW)

Iy initiator concentration (mole L)

m* desired monomer conversion (%)

X, X0 number of average chain length, desired number of average chain length, respectively.

y(2) output variable in z domain

Vsp(2) set point in z domain

Greek letter

e(2) error in z domain
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