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Profile Position Control of Reactive Batch Distillation Column
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Abstract

: A new control scheme is proposed for the control of reactive batch distillation (RBD) column. A

nonlinear wave model captures the essential dynamic behavior of the RBD process. The proposed control
scheme is based on both Generic Model Control (GMC) and nonlinear wave model. The control scheme uses a
profile position of the column as a controlled variable. Ethanol esterification process using RBD is chosen as an
example process. Tight control of the distillate purity is obtained with the use of the proposed control scheme.
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Fig. 1. Schematic diagram of the reactive batch
distillation column.
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Table 1. Input data for esterification using reactive
batch distillation.

No. of ideal separation stages 8
Initial composition(mole fraction) | 0.22, 0.22, 0.28, 0.28
Vapor flowrate 2300 mol/h
Mg 5000 mol
M; (=2, 9) 12.5 mol
Mp 100 mol

Table 2. Kinetic data for esterlflcatlon.

Rate of reaction, gmol/(L - min) ;
ky CraCrpo
Reaction Constants (L/gmol - min)

r = #CaaCrron —

ky 29100exp(-7150/T(K))
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Table 3. Antoine equation.

Vapor Pressure (Torr) ;

B
log n(P)= 4, [T+ ¢,
Antoine’s Contstants
Components A, B, c,

Acetic Acid 8.02100
Ethanol 811220
Ethyl acetate 7.10179
Water 807131

1936.010 258451
1592.864 226.184
1244951 217.881
1730.630 233.426
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Fig. 2. Propagation of column composition Profile
(Ethyl acetate + Ethanol).
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Table 4. Parameters for the proposed control

scheme.
) KO = 400
Estimator
b = 100
K1l =20
GMC control constant
K2 =20
Kc = 20
PI control constant
r =03
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Table 5. Parameters for the other control schemes.
. . Ke = 20000
Distillate purity control
r =10
K =100.0
Tray temperature control
r =10
Ka = 100
Composition/temperature 71 =10
cascade control Ko = 1000
72 =10

Fig. 3. Proposed
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ALBI1S
D : overhead product flow rate
GMC : generic model control
K : GMC tuning constant
L : liquid flow rate
M : molar mass
PI : proportional-integral
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R  vector of reaction rates
r . molar holdup ratio of vapor to liquid
T : thermodynamic temperature
t © time
u 4 normalized shock wave velocity
V : vapor flow rate
X . vector of mole fractions (liquid)
x ° representative liquid mole fraction
y : vector of mole fractions (vapor)
a - relative volatility
* | setpoint
: derivative
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