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Abstract — For batch distillation processes separating a binary mixture of benzene and toluene, we develop rigorous math-
ematical models of various process devices, physical properties and startup procedures, and simulate them dynamically. The
mathematical models include about 1200 differential algebraic equations, and the dynamic simulation includes discrete events
of startup procedures sequentially. To show the dynamic behaviors of distillation column internal rigorously following the star
up operation, the material and energy balances of every tray in distillation column contain lots of correlations sucls as Franci
weir equation, hydraulics and correlations of predicting weeping rate in sieve trays. The dynamic simulation of the target pro-
cesses starts with the initial condition of zero holdup of liquid phase at every tray and the reflux drum, and it coriltitheées unt
beginning of normal operation in which the two components start being separated by the reflux. As results, various dynamic
behaviors of thermodynamic variables, process variables and surrounding installations are observed, and the non-ideality of
column internal is revealed more rigorously with the prediction of the weeping rate of each tray. The numerical data from this
study are expected to be applicable to improving the safety and the efficiency of industrial design.
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Fig. 1. Overview of batch distillation process.
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Fig. 2. A sieve tray.
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Table 1. Physical property data of benzene and toluene
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| MODEL Column I
Benzene Toluene \\\
Molecular weight[kg/mol] 0.078 0.092 i
Boiling temperature[K] 353.2 383.8 MODEL Reﬂuxpum
Critical temperature[K] 562.2 591.8
Critical pressure[Pa] 48.9E+5 41.0E+5 \ v
Constants to calculate the isobaric A -3.392E+1 -2.435E+1
heat capacity the ideal gas B 4.739E-1 5.125E-1
C -3.017E-4 -2.765E-4
D 7.13E-8 4.911E-8
Reference temperature[K] 273.15
Reference pressure[Pa] 1.013E+5
Gas constant[J/mol K] 8.314
Liquid density of pure component[kgfin 885 867
Standard enthalpy of formation for the ideal.298E-+4 5.003E+4 Fig. 5. Hierarchical structure of batch distillation column model.
gas at reference temperature[J/mol]
Parameters for vapor pressure a —6.98273 —7.28607
correlation b 1.33213 1.38001 o] oY AAE FAY & Jon, JA mde] #4E Fig. 3t ol
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Fig. 4. Calculation scheme of ideal vapor model.
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Table 2. Process equipment characteristics

Data
Number of tray=18
Volume = 20 th
Area =10
Volume = 0.3 th
Weir height = 0.1 m
Weir length =0.3 m
Active plate area =1 fn
Holes area = 0.08n
Dry pressure drop coefficient = 0.003
Aeration factor =0.6
Heat exchange area=21 m
Overall heat transfer coefficient =1,700 /K
Friction factor = 0.1
Volume =5 th
Area=5nd
Valve constant = 7.6E-6
Density of reference fluid =1,000 kgim
Maximum power = 48 W
Volume = 1§ m
Area=3nd

Device

Column
Reboiler

Trays

Condenser

Reflux drum
Reflux valve

Reflux pump
Product storage tank

Table 3. Initial conditions

Device Data

Reboiler - Total holdup of liquid phase=1.8E+5 mol
- Mole fraction of benzene in liquid phase=0.5
* Pressure=1.146E+5 Pa
- Total holdup of liquid phase=0 mol
- Mole fraction of benzene in liquid phase=0.5
- Pressure=1.013E+5 + 780 Pa
(where,i =number of tray, 1;-,18)
- Total holdup of liquid phase=0 mol
- Mole fraction of benzene in liquid phase=0.58
- Temperature=330 K
Product storage tank Total holdup of liquid phase=0 mol
- Mole fraction of benzene in liquid phase=0.8
- Temperature=300 K
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556 AL - A - F o
C, :friction factor for pressure drop between the condenser and the out : outlet flow
reflux drum [-] p : plate of tray
F : molar flow rate [mol/sec] r : reboiler
Fr  :Froude number [-] ref :reference
h : specific enthalpy [J/mol] Sys :system
h, :clear liquid level [m] tot :total
K :valve constant [-] V  :vapor
L :liquid level [m] vap :vapor
L, :weir length [m] vessel: vessel
M :molar holdup [mol] W weir
P : pressure [Pa]
AP : pressure drop or pressure rise [Pa] Enas
Q : heat transfer rate or volumetric flow rate [W] orfsec]
T  :temperature [K] 1. Holland, C. D. and Athanasios, |. L'Computer Methods for Solving
t : time [sec] Dynamic Separation ProblethsMicGraw-Hill, New York(1983).
U :internal energy holdup [J] 2. Barton, P. I.: Ph. D. Dissertation, Centre for Process Systems Engi-
vV :molar volume [m/mol] neering, Imperial College, London, United Kingdom(1993).
W  :weeping rate [mol/sec] 3.0h, M.: Ph. D. Dissertation, Centre for Process Systems Engineer-
X  mole fraction of |iquid phase [.] ing, Imperial CoIIege, London, United Kingdom(1995).
y - mole fraction of vapor phase [_] 4. Oh, M. and Moon, J. KHWAHAK KONGHAK 36, 764(1998).
Z - valve p|ug position [_] 5.0h, M., Jang, E. J. and Moon, J. KWAHAK KONGHAK36, 109
(1998).
Jglo|A =X} 6. Oh, M. and Moon, J. KHWAHAK KONGHAK36, 196(1998).
a - dry pressure drop coefficient of tray [-] 7.0h, M. and Jang, E. HWAHAK KONGHAK35, 791(1997).
B :aeration factor of tray [-] 8. Hwang, D., Oh, M. and Moon, IHWAHAK KONGHAK 36, 151
K : heat transfer constraint [-] (1998).
p :density [kg/m] 9. Park, S.Y., Oh, M. and Moon, HWAHAK KONGHAK 34, 585
® :fugacity coefficient [-] (1996).
10.0Oh, S. C., Oh, Y. S. and Yeo, Korean J. Chem. Engl2, 366(1995).
AFHR} 11. Olsen, |., Endregt, G. O. and Sira, TComputers chem. Engn(,
lig :liquid S193(1997).
max : maximum 12. Furlonge, H. I., Sorensen, E. and Pantelides, C. C.: Paper presented
stat - static at the 1998 AIChE Annual Meeting, Florida, November(1998).
vap :vapor 13. Kister, H. Z.:“Distillation Desig§ McGraw-Hill, New York(1992).
14. Colwell, C. J. and O'Bara, J. T.: Paper presented at the AIChE Nation-
SHAIR} al Spring Meeting, Houston, April(1989).
h hole 15. Lockett, M. J. and Banik, 9nd. Eng. Chem. Proc. Des. Dge®5,
. 561(1986).
I : component . . . .
in - inlet flow 16. Reid, R.C., Pra}usnltz, J. M. and Poling, B. EThe Properties of
L liquid Gasgs & Liquid$ 4th eq., Mcgraw-HiII, New York(1987). .
g liquid 17. Jarvis, R. B.: Ph. D. Dissertation, Centre for Process Systems Engi-

El5t3s MI37H 45 19994 g8

neering, Imperial College, London, United Kingdom(1993).
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