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Abstract — In this study, thermally coupled distillation system and conventional two-column process were investi-
gated for extractive distillation. The two processes were simulated and optimized using Aspen plus. Objective function
for the optimization was energy consumption and optimization results to reduce energy consumption were used to get
guidelines for design and operation for the two extractive distillation processes. Comparison of these two processes
showed that thermally coupled distillation system provided better energy efficiency and lower capital cost than conven-

tional distillation system.
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Table 2. Specification of the two processes for M1 (conventional column

& ETCDS)
Conventional column ETCDS

1st Column pressure (atm) 1.14 1.14
2nd Column pressure (atm) 1.14 1.14
1st Column stage 24 33
2nd Column stage 12 3

1st Feed stage (feed ratio) 21(8:2), 18(5:5) 21(8:2), 19(5:5)
2nd Feed stage 6 -
Extractant stage 3 3
Interconnection stage - 28
Extractant make up (kmol/h) 0.1 0.1

Table 3. Specification of the two processes for M2 (conventional column

& ETCDS)
Conventional column ETCDS

1st Column pressure (atm) 1.14 1.14
2nd Column pressure (atm) 1.14 1.14
1st Column stage 24 33
2nd Column stage 12 3

1st Feed stage (feed ratio) 18(8:2), 21(5:5) 20(8:2),23(5:5)
2nd Feed stage 6 -
Extractant stage 3 3
Interconnection stage - 29
Extractant make up (kmol/h) 0.1 0.1
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Fig. 1. Extractive distillation processes: (a) conventional column, (b) extractive thermally coupled distillation system.

Table 1. Analysis of azeotropic mixtures

Mixture Feed composition Feed component flows (kmol/h) Extractant
Ml THF(tetrahydrofuran)/water 36.28/9.07(8:2) 1,2-Propanediol
M2 ethanol/water 36.28/9.07(8:2) EG(ethylene glycol)
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Fig. 2. Vapor composition profile in column (ETCDS).

Table 4. Variation of water purity and energy consumption of water with
the change of Fv stage

Stage Water purity Heat duty (kW)
30 0.9899986 1334.226
28 0.9900777 1083.018
26 0.9899965 1166.754
24 0.9900112 1459.830

Table S. Variation of component purities with the change of feed stage
(M1, feed ratio 8:2)

Feed stage THF purity Water purity 1,2-Propanediol
15 0.9890993 0.9889388 0.9999857
18 0.9891104 0.9889842 0.9999857
21 0.9891739 0.9890325 0.9999857
24 0.9870687 0.9801259 0.9999897
27 0.6894026 0.9182936 0.9999925
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Conventional Column

ETCDS

Optimization variables

Q1,Q2, D1, D2, FE

Q,FV,FE, DI, D2

Constraints

Low-boiling substances (99%)
Mid-boiling substance (99%)

Low-boiling substances (99%)
Mid-boiling substance (99%)
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Fig. 4. Variation of optimum vapor side stream flow (Fv) with feed com-
position ETCDS (M1).
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Table 7. Variation of recoveries and quantity of water for feed composition

Feed ratio Extractant flow rate (kmol/h) Recovered water flow rate (kmol/h) Recoveries of water(%)
9:1(40.82 : 4.53) 46.002 41214 90.9798
8:2(36.28 : 9.07) 42.360 8.6771 95.6749
7:3(31.71 : 13.59) 35.542 13.2592 97.4225
6:4(27.18 : 18.12) 33.332 17.8690 98.5062
5:5(22.65 : 22.65) 31.120 22.4223 98.9945
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Table 8. Comparison of energy consumption between ETCDS and conventional column

Optimum extractant flow

Feed ratio ETCDS (kW)

Conventional column Energy savings of ETCDS compared

rate (kmol/h) (kW) to the conventional column (%)
8:2, M1 42.36 1083.018 1414.647 23.44
8:2, M2 25.6 783.653 952.069 17.69
5:5,M1 31.12 986.049 1189.083 16.87
5:5,M2 104 775.876 831.709 6.71
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Table 9. Comparison of energy consumption between ETCDS and conventional column for the change of water purity constraint (kW), (feed

ratio 8:2, M1))

Optimum extractant flow Purity constraint of water ETCDS Conventional column Energy savings of ETCDS compared to
rate (kmol/h) (%) (kW) (kW) the conventional column(%)
42.36 99 1083.018 1414.647 23.44
42.82 95 1058.516 1220.757 13.29
39.76 90 1055.419 1158.484 8.90
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Fig. 7. Liquid composition profile in 1st column : (a) M1, ETCDS, (b)
M1, conventional column.

ok wEhA] S8 B2 (@) 5 ARl we F 722 e H]
W3I3ATE Table 9= ¥H| E3HE MI(THF : water)l thato] €
Z/gu] 8200 Hisl] 9] £5F 95, 90%= WIlE TS wH F
3782 euA] A& vlasiSict. FH1% 2 @E)e =527 99%Y
BgelE 71 5 S5 3740l vlEl ETCDS 7322] ou#] 4n]
e oF 23%% YR O, 2] SEE 95%CI4 90%E WES
=, o] 74n8] Zo] ol Z o= YElTh Fig. 72 & ¢
58 S 8T 71E FF TF 79004 7 dellA 2] A 24
o tiste] YRSt 71E 5 557 382 T EAE R '
E}LEM 7} st DW ezl

The E8ES Bt A% o Af 9l slekagellr
g AREE 31 Stk T2 ofuR] An7E 2 9E 7 AL 9l
7] wiel ol =] AREAZF AN F gt FAlolth # A
o= Aspen plus®] #H# 3} 7|55 ol&ato] F 7x2] 2 5hd
THE BRI, Hla 2RI o] & flste] HA st EAIE

@6}1, 7 AAFRES SQP WS ALgste] HA e S35}
ek 7F o] HA3E Ak o]gste] oA nla, thE ds
Z/dn], FEA9] ol Mt WekE g, oo AES &
=313

SHEe] AT AR 2 S e de®
sh= Zo] @apdlo|y ol dn EFEY @ Ul 98 I U

& AE] 23t oA A8 FHaslslke Ao 71 F
H s5H SR B E)Y A s AY w2 e A
ok 6}1:4 o= S9 577 (side rectifien)@ B2 ¥ SHIH &
1(THF : water), M2(ethanol : water)5 ©]8-3}] 2
7] 37 el st 98 i‘é‘ﬂOﬂ uhE #H A gk A4ls st
R HH o] FEA o] AL, HAe oy AHlE
ERCE, F5A409] o] S7FS oUA] A9t S 50 T
a3t ol FEA19 o Sk f58 Ao vlE T, =
AlL] o] TV oA A7 STV ek BRItk

SH 7A 552 &l %% 7 Ed@E) vt sreerE =
7heelth. 51 AR71E SHA B @& FEAR A B
o] w7} °‘°11)rX1“F T % FF 3 27 dnkE o ® 7] u)
ol 2 $HRn7t ashA gt webA FHlRl 23] ol o
3] e SH7E AAE Aee] S9 71A sFe] #HZo] "t 5
A WAsle] tisixE 4 AdS UeERA gt o= 59
7|A| B5-2 Agst 9] <tol] EAEHA HH Ak odx] An
= %\}k— HAE 7 7 W] wiiEeltt.

_4

13 22 vt S A4 % 9] F& gHasial
E}. ol Fuld w9 dol T7HETE B el el Aud =
Z(THF)2] o] Aot aL ofe] we} ##] ﬂw ol sl
A9 FEA = A2 541:} e 45 EE T SHIA

E)P] T7FEEE oux] 2v)E o157 Ht.

0] EHE ML, M2)s o83t s 2/4d1](8:2, 5:5)°] thsto]
HA oM 7 378E] ollUA] ARE HluslSlth 7|E 5 57 &
X*Cﬂl vl & 4 5% S 24Y u oA n)Eo] sk
e Bk 1 gk S BAE)S £EE 99, 95, 90%= WIS
£ o] T 349 oYA &n)E vlusisick. FH1H A E) &
T BSR4 58 TF 399 oluA 5ol 2 32

= e

Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012



276

ETCDS
SQP
Q;

Fv
FE

=

AE7|=

: Extractive thermally coupled distillation system
: Successive quadratic programming

: Heat duty of column i [kW]

: Total energy consumption [kW]

: Vapor side stream flow rate [kmol/h]
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: Distillate rate of column i [kmol/h]
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