Korean Chem. Eng. Res., Vol. 44, No. 2, April, 2006, pp. 129-135

Sulfolane 0 0

-
vy
S
=
o
Az

X of
N
>
ofd
N
-

= FJ
ol

ity e

A Study on the Simulation of Toluene Recovery Process using
Sulfolane as a Solvent

Jungho Cho

Department of Chemical Engineering, Dong Yang University, 1, Kyochon-dong, Poongki-eup, Youngju, Kyungbook 750-711, Korea

(Received 22 October 2005; accepted 30 January 2006)

e o

& Aol SHlEA sulfolanes AFBSRIL 2719 TRES ol8sle] FF4lo] Ak el v WIS

%Ei AL £ FRele A s FESFdel ek AkAL 31‘{]—% f%* S}, Sulfolane -§HljE ©
%ﬁ_%x& o] IA E 015} o:lo:]fﬂ— DE“}\]O_FE__’_J::_ NRTL oﬂx] %’ 74] _g_ }‘% }.oﬂ ou:] tﬂ%/R §}§}

e

F5H-E 99.65% % LFEPES & 4= 9lgith.

Abstract — In this study, computer modeling and simulation works were performed to obtain nearly pure toluene prod-
uct from toluene containing non-aromatic compounds using sulfolane as a solvent through an extractive distillation pro-
cess. NRTL liquid activity coefficient model was adopted for phase equilibrium calculations and Aspen Plus release
12.1, a commercial process simulator, was used to simulate the extractive distillation process. In this study, it was con-
cluded that the toluene product with a purity of 99.8 percent by weight and a recovery of 99.65 percent was obtained

through an extractive distillation process.
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Table 1. The basic properties of toluene
Property Value

Normal boiling point (K) 351.470
Molecular weight 92.142
Standard liquid density (Kg/m®) 870.980
Critical temperature (K) 591.720
Critical pressure (kPa) 4,108.700
Critical volume (m*/k-mole) 0.316
Critical compressibility factor 0.26391
Acentric factor 0.2635
Heat of formation (kJ/k-mole) 50,032

122,240

Free energy of formation (kJ/k-mole)
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Fig. 2. Principles of extractive distillation process using sulfolane as a

solvent.
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Fig. 1. A schematic diagram of an extractive distillation process for toluene recovery from non aromatic components using sulfolane as a solvent.
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Fig. 3. Ternary liquid-liquid equilibria data and its prediction with
NRTL model for sulfolane/benzene/normal heptane component.
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Table 2. NRTL binary interaction parameters for each binary set

Component I Component J 28: ‘B gg” gfé Alpha

Toluene Benzene 2.1911 —863.7308 0.3000
—2.8852 1,123.9501

Toluene MCH 0.0000 4.0625  0.3000
0.0000 —43.2404

Toluene Octane 0.0000 265.2227  0.3000
0.0000 -142.116313

Toluene Ethyl benzene 0.0000 -369.4598  0.3000
0.0000 549.2948

Benzene MCH 0.0000 377.8787  0.3000
0.0000 -197.2841

Benzene Octane —7.2344 3,004.3057  0.3000
2.8325  —1,247.0682

Benzene Ethyl benzene -1.4701 642.1115  0.3000
1.1017 —515.4272

MCH Ethyl benzene 1.6942 -370.6175  0.3000
—1.8888 539.4158

Octane Ethyl benzene —-1.5859 —650.2850  0.3000
-2.3937 1,050.9279

Toluene Sulfolane 1.3984 71.4079  0.3000
—-0.3310 223.1410

Benzene Sulfolane 0.0000 498.8326  0.3000
0.0000 -50.4476

MCH Sulfolane —-15.9860 2,379.0299  0.3000
56.1830  —1,524.4739

Octane Sulfolane —134.5789 1,000.0000  0.1215
—43.2772 2,792.4300

Ethyl benzene Sulfolane 0.0000 649.1000  0.5810
0.0000 353.1500

DMCH Sulfolane 0.9709 1,192.1132  0.2000
-2.1132 1,401.0628
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Fig. 4. Schematic of a simple stage for the sum-rates algorithm.
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Table 3. Feed stream information

Component Flow rate (Kg/hr) Weight Percent
Toluene 660.581 98.32
Benzene 1.411 0.21
Methyl cylcohexane 2217 0.33
Dimethyl cyclohexane 4.470 0.67
Octane 1.747 0.26
Ethyl benzene 1.075 0.16
Temperature (°C) 35.00
Pressure (bar) 2.50
Flow rate (Kg/hr) 671.90
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Table 4. Input data, specified parameters and output data for the
simulation of extractive distillation column

Input/output data and specified parameters Value

Input data

Feed flow rate (Kg/hr) 671.90
Solvent flow rate (Kg/hr) 2,418.50

Feed toluene composition (weight %) 98.32
Specified design and operating parameters

Theoretical number of stage 35
Operating pressure at column top (bar) 1.20
Feedstock feed tray location 21
Solvent feed tray location 7
Reflux ratio 40.51
Reflux rate (Kg/hr) 500.00
Output data

Condenser duty (Kcal/hr) -57,279.50
Reboiler duty (Kcal/hr) 124,459.73
Toluene recovery (%) 99.65
Toluene weight percent at raffinate 18.90
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Table 5. Input data, specified parameters and output data for the
simulation of solvent recovery column

Input/output data and specified parameters Value
Input data

Feed flow rate (Kg/hr) 3,078.00
Feed toluene composition (weight %) 21.38
Specified design and operating parameters

Theoretical number of stages 10
Operating pressure at column top (bar) 0.42
Feedstock feed tray location 5
Reflux ratio 0.5
Reflux rate (Kg/hr) 329.75
Qutput data

Condenser duty (Kcal/hr) —-106,441.79
Reboiler duty (Kcal/hr) 166,432.84

Toluene weight percent at top product >99.81
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Table 6. Material balance for the extractive distillation process
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1 2 3 4 5 6 7
Crude feed  Raffinate  Richsolvent FeedtoT-102 Toluene product T-102 bottom product Lean solvent recycled to T-101
Flow,Kg/hr  671.800 12300  3,078.000 3,078.000 659.500 2,418.500 2,418.500
Toluene 660.581 2.321 658.261 658.261 658.260 0.001 0.001
Benzene 1.411 1.263 0.147 0.147 0.147 - -
MCH 2.217 2217 <0.001 <0.001 <0.001 - -
DMCH 4.470 4.763 0.007 0.007 0.007 - -
Octane 1.747 1.736 0.010 0.010 0.010 - -
Ethyl benzene 1.705 1.075 1.075 1.075 <0.001 <0.001
Solfolane 0.00 <0.001 2,418.500 2,418.500 <0.001 2,418.499 2,418.499
Temp. (°C) 35.00 50.00 148.400 157.000 45.000 264.900 105.000
LR Aot} b2 AR5 g At olgjollA 7o) AEE] - : K-value of component ‘j’ at the plate p
A 9F8-S- ok = itk A, AA] Tl tiEk A5 Table 6 £, :molar flow rate of component ‘j’ feeding to the
ol Jelsisict plate p
L, : liquid molar flow rate of component ‘j” coming
5 A4 = out of the plate p
Vip : vapor molar flow rate of component ‘j> coming
2 o] 1{ Am A7 9 7 TAE A SO F2 A} out of the plate p
4531 9= 99, % o)l 5»-[«011% L1931 sulfoaleS AHg-31] Sip : side stream molar flow rate of component ‘) coming
%@Z— 7% —% HH el w7l f1st AAkRAL 29) S st out of the plate p
At} B Arola] A3k Xj{}ﬂ/\} 2115 E35}o] nggrgj hg, : total molar enthalpy feeding to the plate p
el QQV— grjjo] F|= A8 iy] 36181 w] <02 358 h, : total liquid molar enthalpy coming out of the plate p
L 99.56% oS IS 9,1%9}% E290] 5= 9981 wi% ©] H, : total vapor molar enthalpy coming out of the plate p
AHS oe- &= Qi) e : overhead condenser heat duty
hg : saturated liquid molar enthalpy of overhead product
Ag7IE
InE

g4

-

<

L

X, X

a,a.,b.,a,o

ip i S e

Xp» Yp» ZEp

: absolute temperature [K]

: total feed flow rate to tray i [Kmole/hr]

: total liquid flow rate from tray i [Kmole/hr]

: total vapor flow rate from tray i [Kmole/hr]

: heat added to tray I [MM Kcal/hr]

: temperature of tray I [K]

: number of components

: number of trays

: number of experimental data points

: activity coefficient of component i

: liquid mole fraction of component j and k

: binary interaction parameter in van der Waals
mixing rule

: total molar flow rate feeding to the plate p

: total vapor molar flow rate coming out of the plate p

:total liquid molar flow rate coming out of the
plate p

:total vapor side draw flow rate coming of the
plate p

:total liquid side draw flow rate coming of the
plate p

: mole fraction contained in L, V,, and F, respectively
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