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Abstract — Butyl acetate is produced from acetic acid and butanol via an esterification reaction in reactive distillation
(RD). The product, butyl acetate, has been used as an internal entrainer until now. In this case, butyl acetate and water
are removed at the top of column and separated into two different phases (organic and aqueous phases) after conden-
sation, and butyl acetate rich organic phase is refluxed into the RD. This method makes butyl acetate remain high at the
reactive zone, leading to lower equilibrium conversion and product yield. We introduced an extraneous entrainer to solve
the problem. The extraneous entrainer forms a new azeotrope with water. The proposed process provides lower concen-
tration of butyl acetate in the reactive zone than conventional RD processes using an internal entrainer. We compared the
yield and production rate of butyl acetate between the proposed and conventional processes through pilot-scale experi-
ments. Experimental and simulation results showed that the proposed process was more efficient than conventional pro-
cess using internal entrainer.
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Fig. 1. Entrainer enhanced reactive distillation systems using (a)
internal entrainer and (b) extraneous entrainer.
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Fig. 2. Ternary diagrams for (a) butyl acetate-water-butanol system
and (b) cyclohexane-water-butanol system.
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Fig. 3. Schematic diagram of experimental reactive distillation pilot
plant.
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3)(IGC 72002 o] &5}, 7k A2 nlE 189S o] g8 24, Table 1. ll((l;::zlcc r[::::;:leters of esterification for the pseudohomogeneous
HERS. HE] oMo E Mo|E 2 a8t Eo] SRR o]Fo]x] Al -
1‘0 a,;; Ee}j/j ];, }Oliiﬁu 5 3-4 E\_ HEEZLTT_& \j i k’_() (mol/g-s) EA (kJ/mol)
Zo] % = 3 MI Qo = 5 b
=2 APHE 2 BE 8 0.1 ulE GColl U - 4 Esterification 1 6.1084 % 10° 56.67
T AREEIEEE 2 AR & RS ARke Hydrolysis -1 9.8420 x 10* 67.66
Table 2. Composition and temperature of the azeotrope involved in the system at atmospheric pressure
Components BuOH BuOAc Water Azeotrope temperature (K) Azeotrope
Water-BuOAc 0.2928 0.7072 334.05 Heterogeneous
Water-BuOH 0.2483 0.7517 365.76 Heterogeneous
Water-BuOAc-BuOH 0.1013 0.2095 0.6892 363.23 Heterogeneous
BuOH-BuOAc 0.7802 0.2198 390.13 Homogeneous
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Table 3. Binary Interaction Parameter for UNIQUAC Equation (cal/mol)|21]

U,,=0.0

U, =581.1471 (a)
U, = 527.9269 (b)
U,, = 4614747 (¢)

U,, = 68.0083 ()
Uy, =00

U,s = 148.2833 (d)
U,, = 825336 (¢)

U,, =—343.593 (b)
Uy, =—131.7686 (d)
Uy =0.0

Us, =—298.4344 (f)

U,, = 685.71 (c)
Uy, =24.6386 (¢)
Uy =712.2349 (f)
Uy, =00

Table 4. Area and Volume Parameters for the UNIQUAC Equation [19]

Components r q

Water 0.92 1.4
Acetic acid 22024 2.072
Butanol 3.4543 3.052
Butyl acetate 4.8274 4.196
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Table 5. Experimental comparison of reaction yields between the two
processes using internal and extraneous entrainers based on
water removal rates

Feeding rate Reaction yield Reaction yield
(mol/hr) (internal entrainer) (extraneous entrainer)
1.278 0.5363 0.9290
0.852 0.5645 0.9384
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Fig. 7. Experimental column temperature profiles for internal entrainer
enhanced distillation column and extraneous entrainer enhanced
distillation column.

(a)

1.4

Number of stage

04 06 08

Concentration

00 02

(b)

" |

\

o

® ,
[=)]
o
w
‘G 131 2
| 5 ¢
@
=)
: /
S 184 ;
Z \
b
\
3
4
i
28_
00 02 04 06 08 10
Concentration
— aeiicadd
butandl V7
tutyl acetate // i i
- s /% Reactive section
— ——  gdohexare

Fig. 8. Simulated column composition profiles for (a) ERD using
butyl acetate as an internal entrainer and (b) ERD using
cyclohexane as an extraneous entrainer.

Korean Chem. Eng. Res., Vol. 54, No. 5, October, 2016



704 kol . A&t
1
o 7
=)}
&
o
4513 o
—_
©
o
g 18 o — —
= #
28 o
T T T T
-5 0 5 10 15 20

Generation amounts(kmol/hr)

internal entrainer (33.17 kmol/hr)
extraneous entrainer (35.74 kmal/hr)

% Reactive section

Fig. 9. Simulated generation rate profiles of butyl acetate for ERDs
using internal entrainer and extraneous entrainer.

Table 6. Comparison of simulated reaction yields between the two processes
using internal and external entrainers

Feeding rate
(kmol/hr)

Reaction yield
(internal entrainer)

Reaction yield
(extraneous entrainer)

72.00 0.9213 0.9926
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