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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.
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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
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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.

B Y] #isto] o Au]7] 9] heat duty 7S Yot 2
1, A PR SR AY AY Aol 11dolA
1.566 Mkcal/h®] heat duty Zh-2 11t 23S 25¢ho] A 2.624
Mkcal/h®] ke Hoom, A¢h-asgt Ay wjd FAA &
Q== & Y719 heat duty FH2 4.190 Mkcal/ho] it}

3.2. n-Me ZH HiEol CHer HMZAL R XX 5}
ne-AYL A7 W FHe] HAs e AT A
Wl gge] 2Asiol] AHgH T FUshA Aastoct
09k AR A AW A olgo] 24 WA 1)
S5 4917120 eat duy WS Figue 1038 100 22
Efich 39 AR AR ofehge] 248 ngtolAel 2]
A A2 76.50 mol%o A F-E 78.00 mol%7tA| HIA|Z 7
2 of B9 24 76.60 mol%of| A A8]7] 2] heat duty 7ol

285 4
2.80 B
275 B

270 ¢ Xazeo2

|

265 1 1 1 1 1 1 1 1
76.4 766 768 770 772 774 776 718 780

Total reboiler heat duty (Mkcal/h)

Mole fraction of ethanol
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based on various mole percentages of ethanol in high-
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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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