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Abstract :

In the present study, modelling and optimization of ethanol-n-heptane separation process were performed using

pressure-swing distillation. The pressure-swing distillation process optimization was performed to obtain high purity ethanol and
high purity n-heptane into a low-high pressure columns configuration and a high-low pressure columns configuration. The results
of pressure-swing distillation process simulation and optimization using high-low pressure column configuration showed a
reduced total reboiler heat duty at 5.8% which confirmed a more economical energy consumption.
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Figure 1. Vapor-liquid equilibrium diagram for the ethanol-n-
heptane system at low pressure and high pressure.

[s6lelehs SRS 7 Qo] H2 relug FRFAHel
AEHT e web B 7ol AU 2RI

Low - High System

AbgSte] okt n-de o HEA BH] BT HelE
Slet AALEALS Sstas) gk

Figure 1> #]QK(100 kPa)3} 11¢H(1,000 kPa)2] Z 7oA o]
3} n-qeke] 4HYEE A 5] ehygic grelat
9o ohelo] uet BEBo] Fulwol Wsh: el
AL WA ol uet A HLEE oA
32 Beg golsh st Uels o 8% B

N

gl

x 2

ox o4 9 o
o

o o % 1 i
£ TS ok

0

e
rlot
olX
4
- of
ox
Mo
N
o
o nt
ftjo
N
ut)
-
_{
i_,
i_,

o
2

4 o 2
3R Aewe vz 1
o]l %= Figure 37}

m oo o

o] %= Figure 29} Z
Aokl £ A9 AL
24 AaEz yed 4

Flgure 14 :LPLH—Lé H]— oz *é%‘f?}fd,

rlo e o
o®
filo

zzﬂ gom FUEY A WA FRES Ao
7] ] e EAREE YU 0

EASEEER R

@A S, RS AR ngEe] A

Lo
o

N 2 o o v g®

— | Low P=100 kPa

=l

Ethanol

T

High P=1000 kPa

Heptane

Figure 2. Schematic drawing of pressure-swing distillation for low-high pressure column configuration.
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Figure 3. Schematic drawing of pressure-swing distillation for high-low pressure column configuration.
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Table 1. Feedstock information

Component mol%
Ethanol 70.0
Benzene 30.0
Contents Value

Total flow (kmol/h) 100.0
Temperature (K) 298.15
Pressure (bar) 2.0




220 AHA7)<&, A21A A43, 20159 129

34 M-t A ol et At AL S XX 5t
e FRTALS AFHO|ER ofekgoli} nglEt
o] &=2te]= oFo] HA| F4 A8 719 heat duty groll FF=
Soh wWebs Z7tel] SR A AR A e 24
o] Zash paz Ageich THnE 24 HHsre 98 A
oF A"t aQF A AHY oehEo] =4S W3 A 7HAE
Al K719 heat duty HIE Fol Rttt Figure 49 A&
A% A ofEhe o] 2AS AToIAle] Fu2 65.00 mol%
FE 67.55 mol%7kA] WSA7IHA FFE AH|7] 9| heat

5
duty HShS dobid Au} ofghE2] 240] 67.50 mol% A
heat duty”} 1.582 Mkcal/h®2 X AZHS UER QAT

Figure 5o 119} 29 A oeh& 9] 24 1gfolA Y &
B 2191 77.95 mol% €] 78.35 mol%7}*| HIB}A] 7] H A]
Z5% Au]7]9] heat duty H13}S Yol Aup, w1t AY A
B ook o] 240] 77.95 mol% 2 w] AH]7] <] heat duty7}

1.78 : : : ; : .
1.76 - .
1.74 .
172 + .
1.70 b .
1.68 - .
1.66 - .
1.64 - .
1.62 - .

X
160 | azeol d

1.58 |- \j/ 1

1.56 1 1 L 1 1 1
64.5 65.0 65.5 66.0 66.5 67.0 67.5 68.0

Total reboiler heat duty (Mkcal/h)

Mole fraction of ethanol

Figure 4. Total reboiler heat duty of low-high pressure columns
based on various mole percentages of ethanol in low-
pressure column.
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Figure 5. Total reboiler heat duty of low-high pressure columns
based on various mole percentages of ethanol in high-
pressure column.
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Figure 6. Number of theoretical stage base on various reflux ratios
at low-pressure column.
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Figure 8. Total reboiler heat duty based on various feed tray loca-
tions for low-pressure column.
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Figure 9. Total reboiler heat duty based on various feed tray loca-
tions for high-pressure column.
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Figure 10. Total reboiler heat duty of high-low pressure columns
based on various mole percentages of ethanol in high-
pressure column.
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Figure 12. Number of theoretical stage base on various reflux ratios
at high-pressure column.
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Figure 13. Number of theoretical stage base on various reflux ratios
at low-pressure column.
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Figure 14. Total reboiler heat duty based on various feed tray loca-
tions for high-pressure column.
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Figure 15. Total reboiler heat duty based on various feed tray loca-
tions for low-pressure column.
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Table 2. Results for optimized process

LP+HP HP+LP
Column Column

LP HP HP LP
Number of stage 35 30 30 35
Reflux ratio 0.030 | 0315 | 0.032 | 0.177
Feed stage location 11 25 23 5
Pump heat duty (kcal/h) 4379.536 4074.377
Total reboiler heat duty 1.566 | 2.624 | 2.976 | 0.971
(Mkcal/h) 4.190 3.947




Nomenclature

: absolute temperature [K]

: pressure [kPa]

TN

: gas constant [J/gmole K]

v : molar volume [mS/gmole]

x; and y;: liquid and vapor phase mole fraction of component i
fi and fﬁ: liquid and vapor phase fugacity coefficient of

component ? in mixture

r, @ activity coefficient of component i

)

. . fugacity coefficient
: energy parameter in SRK equation

: size parameter in SRK equation

N o =

a

: critical temperature

:U

. critical pressure

: alpha function

=2 ]

: number of data points
P : vapor pressure of component i
;5> @i by, by ;5 B;; ¢ binary interaction parameters in NRTL

model
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