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

Sulfolane 20 0

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

Jungho Cho

(Received 22 October 2005; accepted 30 January 2006)

2 <
2 Al Sl sulfolaned ARS8kl 27]°] T %% o]83lod Eallo] Fg e W] WIS TgEE
TH I TR EFAE At i FESFe el tieh AARAR A9)E skI. Sulfolane SIS 018 5
Forre gl BARE f1st Aos mElA o= NRIL A %‘%Eﬁﬁ s P%;}“OU% W8 et B
AP7IS1 Aspen Plus 12.1% AFEISIT). BA} 2} ALAEO R Slojl Biele] 2w 908 wigbgloH, flue] o
3 B 99.65%% LeheS 2 5 A3ich

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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LA B WS ARS8 sulfolane 7S 0183 & (4] ol8-shd
A OT WIS JRERTE B YL 1o 05T 5
Holek galeln FUSES AU EA WIE & Yok
1=, 4%, 430 5 7 4 olsh 5ok o ol 2 ATONE A sulfolaned AHSRE 2EERTIS 5
529} Aol Wiikelol 7} 349 A5 S
SI5HA *F%[l = Ao oo tht 7]2ARl EAAES Table |
of] YeRAATE. Table 1. The basic properties of toluene
S0} L8 W RS WAl ol 53t e UE Propery Value
W A Rolu} vg] Afo| 2z slolL} ofE] A}-o]%iz‘_ﬂ]/}_ oo Normal boiling point (K) 351.470
LE JHRES} 720 o] 0|43k TR Bl RSy} B3 Molecular weight 92.142
glo] 9= A= Balsly] oj@ ) upeh ZRE] tls Sta..n.dard liquid density (Kg/m?) 870.980
S ol AL} SHEN|E Z7tale] Halat i ole] 7)) 2R Crftfcal temperature (K) 591.720
ek AL Selstolof 87 o] 7] B go] wo] A9 Crftfcal pressure (kfa) 4,108.700
- Critical volume (m’/k-mole) 0316
ek, e F7edlat deF o ko] et il sulfolane Critical compressibility factor 0.26391
|t} normal formyl morpholines AH8-3I4 FEFF[2, 3[3R= ¥ Acentric factor 0.2635
B Heat of formation (kJ/k-mole) 50,032
"To whom correspondence should be addressed. Free energy of formation (kJ/k-mole) 122240
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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 ] Component J ‘[:8: ‘B 38” gﬁi 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 4470 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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Fig. 5. Process flow sheet for the extractive distillation process of Aspen Plus 12.1.
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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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Fig. 8. A schematic diagram of the solvent recovery column.
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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

1 2 3 4 5 6 7
Crude feed  Raffinate  Richsolvent Feedto T-102 Toluene product T-102 bottom product Lean solvent recycled to T-101
Flow, Kg/hr 671.800 12.300 3,078.000 3,078.000 659.500 2,418.500 2,418.500
Toluene 660.581 2321 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
UERllE Flolth, The R5S ds FRUd ool A & i : K-value of component ‘j” at the plate p
] 9k2-5- <k &= AU}, 3HA, AA| FF o st E=X]= Table 6 £, : molar flow rate of component ‘j* feeding to the
ol “gelsiith. plate p
L, : liquid molar flow rate of component ‘j” coming
5.4 = out of the plate p
Vip : vapor molar flow rate of component ‘j> coming
B AFoa= dE AUk 9 2k 398 A4 508 F8 A} out of the plate p
L5371 9= 99.8 wi% o2 EFS 21Ql sulfoaleS AFE3E}0] Sip : side stream molar flow rate of component ‘j> coming
FESTS 8= Sl Eelal vir] fist AAkEAL A9) S 3st out of the plate p
At} B A oa] Addt AARAL 2R]S EElo] FEERECR hg, : total molar enthalpy feeding to the plate p
Folu]= gufo] k)= 28 ty] 36181 ] 302 358 h, : total liquid molar enthalpy coming out of the plate p
S 99.56% oS 9L S Qlgl o EFY] 5= 9981 wi% ©] H, : total vapor molar enthalpy coming out of the plate p
ALS AS 4= 9tk e : overhead condenser heat duty
hg : saturated liquid molar enthalpy of overhead product
==
Hnes
T : absolute temperature [K]
F, : total feed flow rate to tray i [Kmole/hr] 1. http://www.hyundaicorp.co.kr/global/prd_main.asp?sOffice_id=14
L, - total liquid flow rate from tray i [Kmole/hr] 2. http:.//l\:;vw.gtcl;oust;);l.com/articles/operational%ZOEXperience%
Vi - total vapor flow rate from tray i [Kmole/hr] 3. i(':tvg:l;/wivzvgiisze;f/balpyo/work19/23.pdf
Q - heat added to tray T [MM Kcal/hr] 4. http://www.uop.com/objects/55%20Sulfolane.pdf
T; : temperature of tray T [K] 5. Sungjin, L. and Hwayong, K., “Liquid-liquid Equilibria for the
NC : number of components Ternary Systems Sulfolane+Octane+Toluene, and Sulfolane+Octane
NT : number of trays +p-xylene at Elevated Temperatures, J. Chem. Eng. Data, 43,
N : number of experimental data points 358-361(1998).
v, : activity coefficient of component i 6. Renon, H. and Prausnitz, J. M., “Local Composition in Thermo-
4 - liquid mole fraction of component i and k dynamic Excess Functions for Liquid Mixtures, AIChE J., 14, 135-
X 1 ponent 144 (1968).
3j» &» by, &» 0 : binary interaction parameter in van der Waals 7. Larsen, B. L., Rasmussen, P. and Fredenslund. Aa., “A Modified
mixing rule UNIFAC Group Contribution Model for Prediction of Phase
Fp : total molar flow rate feeding to the plate p Equilibria and Heats of Mixing) Ind. Eng. Chem. Res., 26, 2274-
v, : total vapor molar flow rate coming out of the plate p 2286(1987).
L, :total liquid molar flow rate coming out of the 8. Russel, R. A., “A Flexible and Reliable Method Solves Sing-
plate p tower and Crude-distillation-column Problems, Chem. Eng., 90,
S, :total vapor side draw flow rate coming of the 53-59 (1983). ) ) )
plate p 9. http://www.gtchouston.com/articles/Aromatics% 20Design% 20-
S, :total liquid side draw flow rate coming of the % 20The% 20Future 20is% 20Now.pdf
v 10. Gerald, L. K., Refinery Process Modeling: A Practical Guide to
plate p Steady State Modeling of Petroleum Processes, 1st ed., Kaes
X Y ZEp : mole fraction contained in L,V, and F, respectively Enterprises, Inc.(2000).

Korean Chem. Eng. Res., Vol. 44, No. 2, April, 2006



