Clean Technol., Vol. 22, No. 4, December 2016, pp. 241-249

| BTBLBIIS |

Dimethyl Sulfoxide2} Ethylene Glycol2 0| E56l0{ HIES =2 S Eq
IxE oE=ES dikolr| Rt FESFRSE
lt Ab Sk

o
750-711 73 Og—zr ] T7] g RO = 145

(201613 102 62 A< 20161 10Q 252 A A<= 20161 102 282 &)

Extractive Distillation Process for the Production of Highly Purified Ethanol
from Aqueous Solution using Dimethyl Sulfoxide and Ethylene Glycol

Sang-Gyun Noh*

Department of Chemical & Biomolecular Engineering
145 Dongyang-daero, Punggi-eup, Yeongju-si, Gyeongbuk, 750-711, Korea

(Received for review October 6, 2016; Revision received October 25, 2016; Accepted October 28, 2016)

2 o
H Lo A= oo A ZALo] = (dimethyl sulfoxide, DMSO)2} of| & dlZ2] Z(ethylene glycol, EG)S ©]-&3}o] ogh2 =&
Ho ZEE 99.7 wt% 0|49 A= o Th-ES AAtstr] Q15 =& 575 ol taliA 2719 SRE v 37] 9 F7E Hl
o Afolo] ZAHL wlmtah  7ba SuhE AFE3719] 2R ujo] BfshAL % Aul 7] 9] heat duty] Fo] 247}
= l-—_:ﬁ_7] _1?401]/\14 01]%%4 Z/H e} _,4;<4§]. ;<1—04 (] Eoﬂ/@] 7:17(40].011;]. ocloﬂ-d— Et—llu © 2= NRTL oﬂxﬂ E;q]zr\_
A AlS AF23}9 0 Schneider electrlc AFS] PRO/IT with PROVISION 9.4E AR&35t3ich &ufo] As2 EGHEU=
DMSO7] €] $:& 7103 tfetson), A2 8 2e| £13yo] 0| 57| sprolf 42 Fol Lgslol A o
Aol 59 dRE WG o= AASH] Wzel 3719 SR widol 2719 SRE ALt B 03 A G o AUSdTh

FHO: F2FF, AABEEAS B4, o), ARERAL T2 28

Abstract : In this study, comparative work has been performed between two-columns and three-columns configurations for an
extractive distillation process to produce highly purified ethanol with not less than 99.7 wt% using dimethyl sulfoxide (DMSO)
and ethylene glycol (EG) as extracting agents. Optimal ethanol concentration at a concentrator top stream which minimized the
total reboiler heat duties was determined for a three-columns configuration for two different solvents. For the thermodynamic
model, NRTL liquid activity coefficient model was used and PRO/II with PROVISION 9.4 at Schneider electric company was
utilized. DMSO was proved to be a better solvent than EG and three-columns configuration is better than two- columns
configuration in the total utility consumptions since some of the liquid water contained in the feed stream was removed at a
concentrator bottom liquid stream.

Keywords : Extractive distillation, Liquid activity coefficient model, Solvent, Computer simulation, Process optimization
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Figure 1. A schematic diagram of an azeotropic distillation for three column configuration.
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Figure 2. A schematic diagram of an extractive distillation for two column configuration.
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Figure 3. A schematic diagram of an extractive distillation for three column configuration.
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Table 2. Heat of vaporization for several organic solvents

Component Heat of vaporization (kJ kg'l)
‘Water 2,265
Benzene 394
Toluene 364
Methanol 1,101
Ethanol 839
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Figure 4. Vapor-liquid equilibria for tetrahydrofuran and water binary
system at two different pressures (1 atm and 7 atm).
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Figure 5. A schematic diagram of a pressure swing distillation.
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Figure é. Experimental data for ethanol and water binary system at
1 atm and its prediction with NRTL model.
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Figure 7. Experimental data for ethanol and DMSO binary system
at 14.665 kPa and its prediction with NRTL model.
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Figure 8. Experimental data for ethanol and EG binary system at
14.665 kPa and its prediction with NRTL model.
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Figure 9. Experimental data for water and DMSO binary system at
150 mmHg and its prediction with NRTL model.
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Figure 10. Experimental data for water and EG binary system at 1
atm and its prediction with NRTL model.

Table 3. NRTL binary interaction parameters built-in PRO/II data-
base for several binary systems

Component | Component A, An B, Bay .
1 2
Ethanol water ?:g?igiﬁ -;1352.;);)5(()) 0.1448
Ethanol DMSO - _'22245'.7;17294 0.7907
Ethanol EG - _812072352?)(()) 0.3704
Waer | pwso | .| ST [0
Water EG - _ll’iii';?]oo% 0.0773




246 AT

3. HARAL

31.27|2| ERE i

t}2-9] Table 40 99| Figure 20 Ueld 27]19] Z5H5
W GS AF&3 2= 2T Ao YA HAARAS 93 Y
Z271% ety ek Table 40 oJ3tH F&ZSFeat guf 3
SO o] BTk A °2719} SHE Aul7]E X
ttom ﬁx%o].OﬂOEt] 3hEH)e = 7)o 22 nE Q)
Al FLe 270 FAISH] 984 282 g3t of
EF2 O] Sl 99.7 wi% |4 O R Aalglow, guf 345
el A B 5] oflghZo] 2 500 ppm by weight o]}

Table 4. Process simulation input conditions for two columns con-

figuration

Item DMSO EG
TO1 tray number 25 25
TO02 tray number 25 25

TO1 reflux ratio

TO02 reflux ratio

Feedstock feed tray

location to TO1 column 13 13
Solvent feed tray 4 7
location to TO1 column
Rich solvent feed tray 12 12
location to T02 column
Ethanol purity 99.7 wt% 99.7 Wi%

at TO1 top product

Ethanol impurity

at TO2 top stream 500 ppm by weight | 500 ppm by weight

Water impurity at

T02 bottom stream 100 ppm by weight | 100 ppm by weight

Column bottom tem-

perature at T02 bottom 150 €

150 C

Table 5. Process simulation result summary for two columns con-
figuration to obtain a nearly pure ethanol from water th-
rough an extractive distillation process between DMSO
and EG solvents

Item DMSO EG
TO1 condenser duty, 10°kcal h" | -0.7749x10° |-0.7747x10°
T02 reboiler duty, 10° keal h! 2.1478x10° | 2.3534x10°
TO2 condenser duty, 10°kcal h" | -5.9103x10° |-5.8346x10°
T02 reboiler duty, 10° keal h! 5.6598x10° | 5.6865x10°

Total cooling water consumptions, ton h' 836 826
Total steam consumptions, kg h' 16,257 16,707
Solvent feed flow rate, kg h! 18,362 18,000
TO02 column top pressure, kPa 210 100
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Figure 11. Process flow sheet for two columns configuration for the separation of ethanol from water using an extractive distillation process.
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Figure 12. Process flow sheet for three columns configuration for the separation of ethanol from water using an extractive distillation process.
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Nomenclature

T : Temperature [K]

P : Pressure [kPa]

v : Molar volume [mS-mol"]

R : Gas constant [J -mol"-K'l]

zZ : Compressibility factor

Gi; : NRTL binary interaction parameter

G : Excess Gibbs free energy

P"(T) : Vapor pressure of component i at temperature T

a : Energy parameter in a cubic equation of state

b : Size parameter in a cubic equation of state

x; : Liquid mole fraction of component i

Y; : Vapor mole fraction of component i

Greek Symbols

@ : Alpha function

v : Activity coefficient

10) : Fugacity coefficient

T : NRTL binary interaction parameter
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