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Abstract—An optimization problem for an extractive distillation system composed of one extractive distilla-
tion column and one stripping column was formulated. Tray efficiency of each column was determined by
experiments for the separation of ethanol-water mixture where ethylene glycol was used as an extractive
solvent. Optimization was then performed to find optimum operating condition using a steady-state rigorous
model. Three optimization algorithms were tested to find the most effective algorithm for this system. An
objective function was established in terms of heat balance, make up of the extractive solvent, and overhead
product. The proposed optimization procedure yielded effectively not only the dependence of the objective
function upon the operation parameters but also, within given constraint regime, an optimum operating condi-
tion for an extractive distillation process.
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Fig. 1. Schematic diagram of extractive distillation process.
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Table 1. Distillation column specification

Section  Item Spec.
Extractive Trays 20
column Type of tray single-pass cross flow
sieve tray

Column diameter 7.62 cm
Tray spacing 30 cm
Active area 33.6 cm?
Hole area 44 cm?

Hole area/column area 0.10
Hole area/active area 0.131

Reboiler volumn 21
Electricity 6 kw
Stripping Height 2m
column Packing material Rachig ring(ceramic)
10 mmL X 6 mmd
Column diameter 5.08 cm
Electricity 4 kw
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Fig. 2. Murphree efficiency of plate column.
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Fig. 3. Vaporization efficiency of packed column.
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Table 2. Constraint and cost factor

Heat input to 0<Q,£2.16 X107 J/h
first column

Heat input to 0<Q.<1.08 X107 J/h
second column

Feed flow rate 0<F<113 mol/h

Flooding 0<£1.0X107 J/h

0<Q.£1.8X10° J/h

Ethanol product purity Xp299 wt%(97.4 mol%)

Ethylene glycol cost W 730/1

Ethanol(99 wt%) cost W 2500/1

Electricity W 60/Kwh

Cooling water cost W 100/ton
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Table 3. Performance test of three optimization techni-

ques

Optimization Computing Global
technique time convergence
SQP - 0% (0/20)
GRG about lhr 80% (16/20)
Complex about 10 hrs 100% (20/20)
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Table 4. Input parameters

Table 5. Optimization results

Section Item Parameter value
Extractive No. of sieve trays 20
distillation Feed trays EtOH +water 7
column Extractant recycle 2
EG make-up 1 mol/hr
Feed conc. 60 mol % EtOH
Feed flow rate 30-80 mol/h
Extractant recycle 60-100 mol/h
rate
Column pressure 760 mmHg

Stripping No. of equivalent 6
column trays
Feed tray 3
Column pressure 760 mmHg
Q,
{x 10°3A) PURITY COMSTRAMNT
20 2L 4022 g FLOCOING /7 L Z
1s - FLOCDNG
10 F
oemM ° \moo  \szec
05 ~
o . . e f ch %
3 4 5 [ 7 8

Q,(x 103m)

Fig. 4. Operating window and value of objective function
(F=40 mol/h, Rg;=100 mol/h, D,=24.5 mol/h).
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F FEG REG D1 J J/F
Q@ Q
mol moh mol mol Vh (X109 Won Won
/h /h /h /h /h /mol
(@) 30 1 100 194 363 048 2509 836
40 1 60 245 377 081 3363 841
40 1 70 245 388 073 3365 84.1
40 1 80 245 393 066 3366 842
40 1 90 245 402 062 3365 84.1
40 1 100 245 445 061 3364 84.1
5 1 100 305 586 093 4192 838
60 1 100 365 734 103 5009 835
70 1 100 425 882 126 5812 830
80 1 100 480 999 179 6584 823

(b) 40 1 781 245 392 067 3366 842

(c) 40 0.764 776 245 4.08 0852 3368 843

(d 30 05 743 194 30 064 2586 86.2

(a) F, Feg, Ree : given; Q;, Qu, D, : optimization variables
(Complex)

(b) F, Fgg : given; Qi, Qz, Dy, Rec : optimization variables
(GRG)

(¢) F:given; Q, Qo Dy, Reg, Fig : optimization variables
(GRG)

(d) F, Qi, Q2 Dy, Reg, Frc : optimization variables(GRG)

J(thousands W/h)
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Fig. 5. Maximum J versus recycle rate(F=40 mol/h).
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Fig. 6. Optimum heat input versus recycle rate(F=40
mol/h).
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Fig. 7. Optimum purity of recycled solvent for the change
of recycle rate(F=40 mol/h).
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MBS
B : flow of bottom product [mol/h]
Cinger @ cost or value factors
D : flow of distillate [mol/h]
E, : vaporization efficiency of jth section
F : feed rate [mol/h]

315158t M30H HSE 199244 103

23 -

Ao 0w

el

: objective function [W/h]

: column pressure [mmHg]

: reboiler heat duty [J/h]

: condenser duty [J/h]

: reflux rate [mol/h]

: recyle rate of extractant [mol/h]

: vapor rate [mol/h]

: molar flow rate at which component i leaves
the reboiler [mol/h]

: molar flow rate at which component i leaves
the column [mol/h]

g, g :functions defined by Eqs. (6) and (7), re-

spectively

Xp' : overhead product purity constraint

X; :mole fraction of component i in the liquid
phase

i :mole fraction of component i in the vapor
phase

ag|0|Aa 2}

o : activity coefficient

01, 6; :multipliers defined by Egs. (2) and (3)

SFY X}
1 : extractive distillation column
2 : stripping column
CW  :cooling water
EG : ethylene glycol
D : overhead product
B : bottom product
i : component no.
] : tray no.
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