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Abstract — Butyl acetate is produced from acetic acid and butanol via an esterification reaction in a reactive distillation
column. Entrainer can be used for efficient removal of produced water from the reaction region, leading to significant
improvement of the column performance. Batch reactive distillation has clear advantages over continuous one in terms
of flexibility and adaptability in a small plant. We studied batch and semi-batch reactive distillation processes through
process simulation and pilot-scale experiments. We investigated process configuration and type of entrainer for improve-
ment of the column performance and suggested a novel cyclic operation strategy using the semi-batch reactive distilla-
tion column. The cyclic strategy was shown to give relatively high production rate and stable operation.
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Table 1. Kinetic parameters of esterification for the pseudohomogeneous

kinetic model [9]
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Table 2. Composition and temperature of the azeotrope involved in the system at atmospheric pressure
Components Water/BuOAc Water/BuOH Water/BuOAc/BuOH BuOH/BuOAc
BuOH 0.2483 0.1013 0.7802
BuOAc 0.2928 0.2095 0.2198
Water 0.7072 0.7517 0.6892
Azeotrope temperature (K) 334.05 365.76 363.23 390.13
Azeotrope Heterogeneous Heterogeneous Heterogeneous Homogeneous
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Table 4. Area and Volume Parameters for the UNIQUAC Equation [24]

Components r q
Water 0.92 1.4
Acetic acid 2.2024 2.072
Butanol 3.4543 3.052
Butyl acetate 4.8274 4.196
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Fig. 1. Ternary diagrams for (a) butyl acetate-water-butanol system
and (b) cyclohexane-water-butanol system.
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Fig. 2. Schematic diagram for entrainer enhanced batch reactive
distillation.
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Table 5. Geometry of batch reactive distillation and semi-batch reactive

distillation
Height 2m
Sump .

Diameter 2m

Diameter 2m
Stages Spacing 0.61 m
Weir height 0.05m
Diameter 0.7m

Decanter

Length 0.7m
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Nomenclature

HOAc : acetic acid
BuOH : n-butanol
BuOAc : n-butyl acetate
H,O : water
p.04c - Tate of reaction for BuOAc formation [kmol/kg-s]
m,, : mass of catalyst [kg]
k; : kinetic constant
k,-O : pre-exponential factor
a; : activity coefficient of component i
E, : activation energy
R : gas coefficient
P : pressure
T : temperature
U, : UNIQUAC interaction parameter between components i

and j
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