Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008, pp. 348-355

HIOI2QHERE 2|~E flet OIHA| 2o SHISRSE1 FESFSE
2I=5) . OIE‘lﬁd . :Z_Ac-’{ﬂ. . tl|FAol'x|_”

o
100- 715 Al FT IF 37t 26
(2007 112 54 <=, 2007 1€ 132 A

Process Design of Low Energy Azeotropic and Extractive Distillation Process for
Bioethanol Recovery

Jong Hwan Kim, Doug Hyung Lee, Sung Kyu Hong and Sang Jin Park’

Department of Chemical Engineering, Dongguk University, 26, 3-ga, Pil-dong, Jung-gu, Seoul 100-715, Korea
(Received 5 November 2007; accepted 13 November 2007)

Q of
A NAA = Bilo] 1xE AL Qli= Hpol e ollgh& o] Al A2 TR Tel Qo] wilg- Fastth i A
Holxl wol 2 ollek29] 34357 Oﬂ EHO}O% *Zwﬁl? SIRE Aot 8H 4% 53

V= e P g
3

o
AL 8&? 1@7}16101] gk 7]

[*] =
HISH, FE25, 9849 297 5ol stk & AelM= ‘%‘é"o—‘ﬁ’ 4 Oﬂ et SHRARE Eﬁﬂ ﬁ*ﬂ“ L
= B7rESIT Oﬂ A2 ZE o83 FETFol et F-ATE g ouA m&Ho)a Frolhe it
off glo] edEelE= l%f& FESTT A vl I A deS 1S 5 3l ol FHlSRe v
ek 7Py 2 ZPOI Holz Zlow rofahg 3)ol] glo] vhakdt 7ol Tk, oflekEd] BlaEE Sthste
T ks RS Zheth wd % 15 AAIS1EE clddEelE 5o A7Hle 349 Aesst w3l Ael7t
1 AME9 *°~'6HJJ} Stobr] 2750l 719] 100% 1577k 7Fssh 5748 QhaL gulEirell ula) vl $331s2oot.

ShE e T ol M= - ‘;l’w ollL1%](1.37198 kg steam/kg anhydride ethanol from 3.05 mol% ethanol)Z 99.85%
o] Follehe-S AL 4= glom, 2 AT Ay} dae ARRHE ] Foolebse] Ak FHlE A |9ls
agent®] MEE FQ 8k A0 E Aol whE G&olu oux] Fass dotrgla 379 duAE Hekslr] $
3 3s agror sl dalrE s & 5 Uitk

Abstract — Recently, an understanding of new sources of liquid hydrocarbons such as bio-ethanol is economically
very important. The present dissertation is also designed with purpose of developing the energy-saving process for the
separation of bio-ethanol. In order to illustrate the predictability of proposed process for the separation of bio-ethanol,
the experimental data from literatures and real plant data are used. Application of the thermodynamics of multicompo-
nent mixtures and phase equilibria to the extractive distillation process with syntheses of heat exchanger network has
enabled the development of energy-saving process for different separating agents. Developed process is capable of min-
imizing the energy usage and the environmental effect. This extractive process is also able to properly describe the effect
of impurities, the choice of separating agent. Simulation results of extractive distillation using ethylene glycol show that
impurities do not affect to extractive distillation operation and agent, ethylene glycol, was recycled without any loss. It is
possible that extraction distillation has various heat network for anhydride ethanol and recovery of ethanol is maxi-
mized. Ethylene glycol as separating agent has a high boiling point to eliminate azeotropic point and on the contrary sol-
ubility of agent is low to be almost completed recovered. Proposed process is also the energy efficient process
configuration in which 99.85mole% anhydride ethanol can be produced with low energy of 1.37198 (kg steam/kg anhy-
dride ethanol).
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Fig. 1. Experimental vs calculated equilibrium curves of ethanol/water
at 101.3 Kpa|2].
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Fig. 2. Experimental vs calculated equilibrium curves of ethanol/water
at 25.3 Kpa |[2].
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Fig. 3. Experimental vs calculated equilibrium curves of ethanol/water
at 344.74 Kpa [2].
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Table 1. Composition of beer (fermented ethanol mixture)

Component Molar basis Weight basis
H,0 0.96639 89.07828
Ethanol 0.03054 7.20014
Acetealdehyde 0.00003 0.00680
Acetone 0.00000 0.00070
Methanol 0.00002 0.00250
Propanol 0.00000 0.00150
I-Butanol 0.00003 0.01190
Acetic acid 0.00011 0.03350
Isoamil alcohol 0.00004 0.01750
Isoamyl acetate 0.00096 0.63853
Benzaldehyde 0.00001 0.00860
SLURRY 0.00186 3.00006
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Table 2. Design criteria of anhydride alcohol process using azeotropic distillation technique

Column Theoretical tray number

Top pressure

Design criteria

Pressure drop per tray

Pre-concentration column 15 trays

2.00 kg/em?
0.01 kg/em?

Ethanol composition at BTM is 10 PPM (mol basis)

Concentration column 40 trays

1.20 kg/em?
0.01 kg/em?

Ethanol composition at overhead is 88 mol%

Azeotropic column 30 trays

8.06 kg/cm?
0.01 kg/em?

Ethanol composition at BTM is 99.8 mol%

Recovery column 15 trays

8.06 kg/cm?
0.01 kg/em?

Impurities at BTM is 10 PPM (mol basis)
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Concentration
column

Water

Feed

Azeotropic
Column Feed

Entrainer Recycle

Recovery
Column Feed

Recovery

Azeotrapic column

distillation
column

Ethanol

Fig. 4. Low energy azeotropic distillation process apparatus by Mes-
sic [3].
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Table 3. Design criteria of anhydride alcohol process using extractive distillation technique

Top pressure

Column Theorical tray number Design criteria
Pressure drop per tray
Low pressure concentration column 33 travs 0.2 kg/em’ Ethanol composition at BTM is 10 PPM (mol basis)
p Y 0.01 kg/cmz Ethanol composition at overhead is 88 mol%
. . 1.5 kg/em? Ethanol composition at BTM is 10 PPM (mole basis)

High pressure concentration column 33 trays 0.01 kg/cmz Ethanol composition at overhead is 88 mol%

e 5.2 kg/em’ Ethanol composition at overhead is 99.8 mol%
Extractive distillation column 55 trays 0.01 k g/cmz Ethanol composition at BTM is 0.1 mol%
Recovery column 35 travs 5.2 kg/em’ Water content at BTM is 0.1 PPM (mol basis)

Y Y 0.01 kg/cmz Agent content at TOP is 0.1 PPM (mol basis)

Table 4. Results of low energy extractive distillation process by Knapp

Steam-Kg per kg EtOH 1.63453
BTU per gal 10067.6
Water mole fraction at product 5.64803x107
Ethanol mole fraction at product 9.98576x10!
HC impurities mole fraction at product 1.36722x107
Production rate (kL per day) 92.8050
Production rate (Gal per day) 2.45166x104

Table 5. Extractive agent for low energy extractive distillation

Extractive agent
Ethylene glycol
Ethylene glycol+glycerin(8:2) mixture
Ethylene glycol+glycerin(6:4) mixture
Ethylene glycol+glycerin(4:6) mixture
Ethylene glycol+glycerin(2:8) mixture
Di-ethylene glycol
Tri-ethylene glycol
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Table 6. Results of new low energy extractive distillation process
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oM & = l5o] Tk F57) 81.56%~85.11%%2 &-8°]
vl Holx| =2 3 sl Bedk 7107 HRIT} Agent®] F

Agent Ethylene EG+gl)fcerin EG+gly'cerin EG+gly.cerin EG+gl}fcerin Di-ethylene Tri-ethylene
glycol (8:2) mixture (6:4) mixture (4:6) mixture (2:8) mixture glycol glycol
Steam-Kg per kg EtOH 137392 137213 137198 137199 1.37205 1.35483 1.34988
BTU per gal 8459.56 8450.64 8449.69 8449.78 8450.17 7917.04 7765.50
Water mole fraction at product 1.20641x107 6.43017x10° 8.84879x10® 5.01376x10® 4.02098x10® 1.47537x10"1 1.82435x10°!
Ethanol mole fraction at product 0.997453 0.998470 0.998471 0.998471 0.998471 0.851075 0.815698
HC impurities mole fraction at product 1.34017x10 1.52402x107 1.52907x107 1.52935x107 1.52938x107 1.38748x107 1.86637x107
Production rate (kL per Day) 92.8359 92.8180 92.8182 92.8182 92.8182 97.8221 99.3772
Production rate (Gal per Day) 2.45247x10% 2.45200x10* 2.45201x10* 2.45201x10* 2.45201x10% 2.58420x10% 2.62528x10"
Agent recycle stream flow rate (kgmol per h) 100.992 96.144 90.515 83.772 75.881 63.033 43.628
Ratio of agent to feed flow rate 0.04631 0.04408 0.04150 0.03841 0.03479 0.2890 0.02000
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Fig. 8. Ethanol-rich portion of the pseudo-binary VLE curve [8].
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Fig. 9. Results of low energy extractive distillation process.
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+ Fig. 9o YRS

6. &4

e

Knapp Jeffrey®] % 557379 BAR= agent? ethylene glycols A}
g3to] FHEANE TS A7 3ol AR U= 3.05 mol%S]
HFg 2 HE 1.63453(kg steam/kg anhydride ethanol)®] (4.2 mol%
ZHE|+ 1.4125kg steam/kg ethanol(8,534 Btu/gal ethanol)) hot
utilitys AFE-5EY] 99.86 mol%2] F-rollehE-S A = QlSiTh
Ethylene glycol 52] agent= & J°4 100%2] 3|75 1L Aledhs]
], FHSFE EAEA B Beel] TS A gtk
P&zt

£ AT agents NBAZH TS AHE-EE Z-F- 3.05 mol%
o] AT ZHE] 99.75 mol%S] FrollehES 137392 kg steam/kg
ethanol]l “1to] 7Fsdt 7ol tiste] ATt gk 1 kgs
ke u) oddlZE]lE B glycerin}?] mixtures agent® AR
S A5 99.75%~99.85%°] FellvkES AAaket & 9lom Di-
ethylene glycol®|t} tri-ethylene glycolEs agent@ ARE-3F Z4-9-ofli=
Lo ZA oAl FrellehEe] 557} 81.56%~85.11%% F&o] uf
Gojxjug 34 7o) Q3 Zlog Helrt

o

3|55t H46H H|2S 20084 48

1 AT FE
152 53 Qofxl nol o, ekl 353l tistol

7

AAE 919 QA S Fal A Qs THRAEAE
& % 9k, B 2R Folo] il YTHOZ ouix) ok 7]
B 3N 7P st

g : gibbs free energy

GE  : excess gibbs energy

R : ideal gas constant

X : composition in liquid
J2[o|A &K}

Y : liquid activity coefficient
O=HEXL

i : component i

j : component j
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