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Abstract — In this study, an optimization process design has been performed to separate 99.9 mol% of Isobutyl Ace-
tate from binary azeotropic mixture of Isobutyl Acetate and Isobutyl Alcohol system using a Pressure Swing Distillation
(PSD). PSD is used to separate binary azeotropic mixtures using the difference between the relative volatilities and azeo-
tropic compositions by changing the system pressure. Non-Random Two Liquid (NRTL) model for liquid phase and the
Peng-Robinson equation for vapor phase are used. An optimization study for the reflux ratio and feed stage locations
which minimize the total reboiler heat duties are studied. Since PSD process consists of two columns, i.e. high pressure
and low pressure, the effect of column sequence on the optimum conditions is reported.
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Table 1. Examples of binary azeotropic mixtures

No component
1 carbon dioxide - ethylene
2 hydrochloric acid - water
3 water - ethanol
4 water - acrylic acid
5 water - acetonitrile
6 water - propylene oxide
7 water - methyl acetate
8 water - propionic acid
9 water - 2-methoxyethanol
10 water - 2-butanone(methyl ethyl ketone(MEK))
11 water -tetrahydrofuran(THF)
12 carbon tetrachloride - ethanol
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Table 2. Optimized NRTL binary parameters
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ij
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i=isobutyl alcohol, j = isobutyl acetate
*AAD=Average Absolute Deviation
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Fig. 1. Isobaric experimental data of isobutyl alcohol/isobutyl ace-
tate azeotrope at 20 kPa and its prediction with NRTL.
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Table 3. Design conditions

Feed Temperature 25°C
High Column Operating Pressure 101.325 kPa
Low Column Operating Pressure 20 kPa
Number of Stages (HP & LP) 25 (Assumed)
Feed Flowrate 100 kgmol/hr
. Isobutyl Acetate 0.4
Feed Composition 1y Aleohol 0.6
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Fig. 4. Isobutyl Acetate Txy Graph.
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Table 4. Results for optimized process

Column HP Column LP Column
Number of Stage 25 25
Reflux ratio 2.15 3
Feed Stage Location 7 5
Total Reboiler Heat Duty 18.616 (10°Kcal/h)
Column LP Column HP Column
Number of Stage 25 25
Reflux ratio 2.65 1.78
Feed Stage Location 4 7
Total Reboiler Heat Duty 23.880 (10°Kcal/h)

o] HZ o] o] Ht}. o= Fig. 7l LRSI AL, Fig. 8olA &
AR7] A2 Q DS B WSkSS W, Casel: HP — LP ©] Case2: LP
— HP Bt} F Au7] 28 ggo] ¥ 22 A& A% = it
wp2bA] Casel: HP — LP o] ©f a&4oln A <] vjdl 31& &
A = ATt

2

4. =

N

L)
ol o B S

W3

= Fsto
S WY o] AY
ATk 3¢k A9t = wldo] 18.616x10° Keal/h@E A<t
Hl2] 23.88x10°Keal/h 1ok B &840 37dolet Alt= it
7)1 19k SES HA SR 2,15, A SHE 3.000.% 7
bR, HA P A9 19k e, Ak seho 2 AlakE
ATt o] A= o} Table 4ol 2]3Flct. 2 A= Isobutyl
Acetate and Isobutyl Alcohol®] 3H| &35 eSS/ 340
2A19] HAFGGA L TG0 ARERl =EA S8 7t

3t & e,

Isobutyl acetate®} Isobutyl alcohol &H| &35 o
3785 Folo] HElshe 38e BEARIL A3
Ao gHRH], FEe, 1Y A%

A
P
T

il

i

>

il

(2]
=
al

7t
=

At

o] =& FEF-] A7k FAAN| A HEQ1E AT
A% A aE s
Nomenclatures

T : absolute temperature [K]

P : pressure [kPa]

R : gas constant [J/gmole K]

N : number of moles

v : molar volume [m*/gmole]

x; and vy, : liquid and vapor phase mole fraction of component i
and j

£ : vapor phase fugacity coefficient of component i in
a mixture

Y : activity coefficient of component i

PP : vapor pressure of component i

by, by, o : binary interaction parameters in NRTL model
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HE - ook - upgl
a, : energy parameter in Peng-Robinson equation
b : size parameter in Peng-Robinson equation
o : alpha function in Peng-Robinson equation

T and T : experimental and calculated dew point temperature [K]
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