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Abstract — In the present study, modelling and optimization of ethanol-benzene separation process were performed
using pressure-swing distillation. Order to obtain a reliable results, vapour-liquid equilibrium (VLE) experiments of eth-
anol-benzene binary system were performed. The parameters of thermodynamic equation were determined using exper-
imental data and the regression. The pressure-swing distillation process optimization was performed to obtain high
purity ethanol and high purity benzene into a low-high pressure columns configuration and a high-low pressure columns
configuration. The heat duty values of the reboiler from simulation were compared, and the process was optimized to

minimize the heat duty.
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Fig. 1. Vapor-liquid equilibrium diagram for the ethanol-benzene
system at low pressure and high pressure.
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Fig. 2. Schematic drawing of pressure-swing distillation for low-high
pressure column configuration (Case I).
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Fig. 3. Schematic drawing of pressure-swing distillation for high-low
pressure column configuration (Case II).

oA a 43} b Ale] B
A} b 4] FAIAIENE ol

;

skt

M

o] ] 7}

el
71Agst oA

APl A i

ﬂ/(Ta P’ y) = (,f):}},IP
fi(T,P,x,) = yx,P¥

2 A= AY SR

7} 1,000 kPa2. 7} Zdeilx] 2] EE}
71A1V&e] 7d5-olli= Soave-Redlich-Kwong (SRK)[6]

oﬂzﬂ/\]—/l O_,_oﬂ_‘: NRTL[ ] Oﬂxﬂ %]_—EE;"_/,: j=ge ﬂ)_q
33iet.

SRK 8] 742 4] ()9} 2o, w7 ad) b= od#] st
e 2} A}Olz JJrE‘rUlEii A=} AAE ] A 2
)5 A (6) 0= THE 4 9ot

_RT _ac
" v—b v(v+b) @
(RT,)’
a=042747—~ (5)
PC
RT,
b=0.08664— (6)

NAFS] A3 el Te BFEALE Fakel AHEE NRTL 284 &
2 (7 Eew, W 2k Gz A @pIA A (10 2ol
6L 2= Oh:].

zrszﬂXz ZXkaijj
Inr, = 2 + ijij s @)
COYGxe 5 > Gyxy > Gyxy
k k k
b;;
T; = a,ﬁ-?’ (8)

Korean Chem. Eng. Res., Vol. 53, No. 4, August, 2015



452 wsA -

G,-j = exp(—(x,-j‘t,-j Q)
oy = oy + BT (10)

2] )2 2 (100l T Arjemolu, 27ke] o) RAle] piato]
s @ by by 0 B2 ARG RSS2k ik,

K=
7]-9 35 E Aol AgE ol gh&(Aldrich, 99.8%)7 HlAl
(Aldrich, 99.9%) 571 73 A $lo] ARE3ISATE. Fig. 4= olleh&-1ll 7]
o R e Aldof ARE-E AR NEFEE 5 i-Fischer Engineering
GmbH AFe] VLE 6025 VFERASITE. A3 A21= A7 712471, mixing
chamber, separation chamber, 571, V71t ¥717], A7 1
Alg AYF-EOZ FA ] Qi) & A8 2 54 7t e W
91 0~400 kPaw X A4} 39t Geollx] 29 o] 7Fssitt.
of[ehE -1l o] Al EHE A5 FF
#9771, YL6100 GOl 2l H41513 2™, HT300A
autosamplers “g=eto] $ ARGSho mA A0 §87d, 2,
@A o] E =5 s3It

n
i1 [
o = 7
I ‘. ﬁ,,\J;, — s
| L | |
e “ | - ecurity cooler
| S——
Security coole s\ i = T/apor phase
liquid phase | % | !
|
|
[
|
‘Vapor sampler

Liquid sampler

Mixing chamber

Fig. 4. Apparatus for vapor-liquid equilibrium experiment.
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Fig. 5. Calibration curve for ethanol-benzene system.
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Table 1. Experimental Vapor-Liquid Equilibrium data for ethanol(1)-
benzene(2) system at 100 kPa

Temperature (K) X Y
351.12 1.0000 1.0000
350.02 0.9493 0.9898
348.71 0.8909 0.9701
348.18 0.8532 0.9583
347.42 0.8242 0.9384
346.62 0.7853 0.9167
346.22 0.7720 0.9074
345.97 0.7505 0.8993
344.74 0.7036 0.8652
344.04 0.6569 0.8464
343.29 0.6198 0.8000
342.41 0.5873 0.7621
342.13 0.5759 0.7435
341.99 0.5615 0.7275
341.71 0.5465 0.7097
341.53 0.5274 0.6847
34121 0.5101 0.6387
340.95 0.4760 0.5668
340.76 0.4627 0.4892
340.67 0.4510 0.4662
340.70 0.4409 0.4370
340.85 0.4194 0.3970
340.89 0.4110 0.3840
341.12 0.3930 0.2996
341.54 0.3780 0.2180
341.82 0.3653 0.1884
342.13 0.3502 0.1794
34239 0.3397 0.1607
342.98 0.3216 0.1333
343.50 0.2968 0.1099
344.39 0.2692 0.0901
345.64 0.2337 0.0677
346.17 0.2078 0.0523
347.05 0.1813 0.0482
349.04 0.1296 0.0318
350.59 0.0887 0.0170
352.73 0.0000 0.0000
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Table 2. NRTL binary interaction parameters for ethanol(1)-benzene(2)
system at 100 kPa

Thermodynamic Absolute Average Deviation (%)
Parameters
model Ethanol Benzene
B, =0.438
NRTL By = 1.551 0.233 0.043
o, =0.300
354 T T T
) ® Liquid mole fraction of ethanol
350 —— NRTL model prediction |

O Vapor mole fraction of ethanol
—— NRTL mole prediction

Temperature (K)
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Fig. 6. Comparison between experimental VLE data and model predic-
tion of NRTL at 100 kPa.
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Fig. 9. Number of theoretical stage base on various reflux ratios at
low-pressure column (Case I).
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Fig. 12. Total reboiler heat duty based on various feed tray locations
for high-pressure column (Case I).

Table 3. Feedstock information

Component mol%
Ethanol 60.0
Benzene 40.0
Contents Value

Total flow (kmol/h) 100.0
Temperature (K) 298.15
Pressure (kPa) 200
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Fig. 13. Total reboiler heat duty of high-low pressure columns based
on various mole percentages of ethanol in high-pressure col-
umn (Case II).
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Fig. 14. Total reboiler heat duty of high-low pressure columns based
on various mole percentages of ethanol in low-pressure col-
umn (Case II).
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Fig. 17. Total reboiler heat duty based on various feed tray locations
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Table 4. Results for optimized process

Column LP Column HP Column
Number of stage 25 20
Reflux ratio 0.423 0.108
Feed stage location 8 11
Pump heat duty (kcal/h) 2,862.941

Total reboiler heat duty (10 kcal/h) 1.243 1.523
Column HP Column LP Column
Number of stage 20 20
Reflux ratio 0.060 0.587
Feed stage location 12 9
Pump heat duty (kcal/h) 2,301.118

Total reboiler heat duty (10 kcal/h) 2.038 0.995

2 A1t A8 wld 34 1B}k ok 9.653% AE heat duty 7o)
/b= o Vet

A viF (Case ) 3792 & AV71€] heat duty @ 2.766 Mkcal/h,
J8E-A9 G (Case 1) &4 F A1) 719 heat duty #k2 3.033
Mkcal/h® #t-119t Zd vl 37goll oluA]7} oF 9.653% =

heat duty ko] Z28-E g1 5= ik RIS S S F

1= = H
Al 28 AH)719] heat dutys S W o BAIAYE
gRelgk 4= loict
Nomenclatures
T : absolute temperature [K]
P : pressure [kPa]
R : gas constant [J/gmole K]

Korean Chem. Eng. Res., Vol. 53, No. 4, August, 2015
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B - 2s

N : number of data points

v : molar volume [m?/gmole]

x; and y; : liquid and vapor phase mole fraction of component
i

f; and tA{ : liquid and vapor phase fugacity coefficient of
component 7 in mixture

Py : vapor pressure of component i

I; : activity coefficient of component i

&)f : fugacity coefficient

a;, a; bij, bj,-, ay, By binary interaction parameters in NRTL model

a : energy parameter in SRK equation

b : size parameter in SRK equation

T. : Critical temperature

P, : Critical pressure

o : alpha function

i

v and y : experimental and calculated dew point tem-

perature [K]
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