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Abstract — The aim of this study is finding the optimal design parameters and the optimal operation variables of a
reactive distillation column. Different from steady state optimization, dynamic optimization makes it possible con-
sidering operation ability as well as design problems at process design step. For performing dynamic optimization,
dynamic simulation should be done first. If dynamic simulation is already finished, dynamic optimization can be per-
formed with less effort than that of dynamic simulation.Reactive distillation systems involving reaction and separa-
tion in a single unit have the potential to reduce capital and operating costs, particularly when reaction have
conversion constraint or when azeotropes exist making conventional separation difficult and expensive. This study
here present work on the continuous distillation process, the homogeneous catalyzed esterification of methanol and
acetic acid, the synthesis of methyl acetate. Based on an equilibrium stage model of a reactive distillation column a
dynamic optimization problem was formulated and solved. And the results were verified by performing dynamic sim-
ulation and showing the variation of conversion and purity as the variation of the operation variables. As the results
of dynamic optimization, this study found optimal feed ratio, reflux ratio and reboiler duty of this system. And as this
study applied it to dynamic simulations the dynamic characteristics of a reactive distillation column are showed under
optimal operating condition.
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Fig. 2. Design of reactive distillation curve of ideal ternary mixture
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Fig. 1. Chemical equilibrium of the reaction A + B <> P (stoichiomet-

ric lines emerge from a pole [2]).
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Fig. 3. Residue curve maps of 4-component system [2].
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Table 1. Summary of optimization results
Start-up Steady-state
Time (s) 1833 11834.7
Feed Ratio AA:0.0132 mol/s AA:0.0107 mol/s
MeOH: 0.0100 mol/s  MeOH: 0.0100 mol/s
Reboiler Duty (W) 2,500 1,057
Reflux Ratio Total Reflux (o) 2.31
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Fyar : vapor inlet flow rate [mol/s]

Fliq : liquid flow rate over weir [mol/s]

Frea  :feed flow rate [mol/s]

h : liquid molar enthalpy [J/mol]

hv : vapor molar enthalpy [J/mol]

h,, : weir height [m]

: rate constant

K, : chemical equilibrium constant at Section 3.1

Ly, : liquid level in tray or Reboiler

L;, L, :liquid molar flow rate [mol/s]

M, : total hold-up of i component [mol]

M;, M, : total liquid or vapor hold-up [mol]

n : the number of time period within optimization program

Plia : liquid inlet pressure [Pa]

Pyar : vapor inlet pressure [Pa]

Q : heat duty in condenser or reboiler [W]

r,R,  :reaction rate per unit volume, unit time [mol/m>s]

R : reflux ratio

U : internal energy [J]

\Z : stoichiometry coefficient of i component

Viig : liquid molar volume [m?/mol]

Vyap : vapor molar column [m>/mol]

Vi Vo, : vapor molar flow rate [mol/s]

Viay : tray column [m?]

Wlia  :liquid inlet mass flow rate [kg/s]

Wy vapor inlet mass flow rate [kg/s]

X; : liquid mole fraction of i component

Xiin : inlet liquid mole fraction of i component

Yiin : inlet vapor mole fraction of i component

Z,X; :transformed mole fraction of i component

o : dry pressure drop coefficient

B : aeration factor

p : density [kg/m’]

€ : extent of reaction

) : liquid fugacity coefficient of i component

oY : vapor fugacity coefficient of i component
]
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