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Abstract — Though a reactive distillation column reduces energy requirement and gives easy separation of azeotropic
mixture to result in wide practical applications in field, its design is difficult. On the other hand, a commercial design
software used largely in chemical process design and performance evaluation can solve the problem, but the addition of
reaction into the tray is not simple. In this study the addition is implemented to make the process simulation available,
and it is utilized in the design of a TAME process to find the following design guidelines. The addition of reactive trays
gives more composition elevation than the composition decrease from the reduction of the trays, and the increase of non-
reactive trays does not improve product quality. The elevation of reboiler heat duty lowers the product quality by the
reduction of residence time in reactive tray and conversion.
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Table 1. Kinetic parameters of the reactions in TAME process
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Fig. 1. A schematic diagram of a TAME process.

Reaction Ay (kmols kg ™) E, (kJ/mol) Ay (kmols kg ™) E,; (kJ/mol) AH,, (kJ/mol)
Rxn-1 1.326x10% 76.1 2.354x10" 147.1 -71.0
Rxn-2 1.372x10" 98.2 1.541x10™ 162.5 -64.3
Rxn-3 2.719x10'° 96.5 4293x10'° 102.8 6.2
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Table 2. Structural and operational variables in the reactive distillation
column
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Table 3. Feed and product specifications

Mole Flow (kmol/h) F1 F2 Bl D1
Value Methanol 187.7 190.414 5.67 248.07
Ny 33 2MI1B 12.98 0 0.004 0.3489
Ng 10 2M2B 121.1 0 1.223 1.235
Ny 4 TAME 125.4 0 248.6 0.208
Nien 19 n-Pentane 88.4 0 0.015 88.39
Ny 6 i-Pentane 501.2 0 0.024 5012
N 11 1-Pentane 38.06 0 0.011 38.05
D(kmol/h) 1,040 2-Pentane 161.7 0 0.171 161.5
B(kmol/h) 254.6 Total (kmol/h) 1227.54  190.414 25458 1,040.0
R(kmol/h) 4,160 Temperature (°C) 81.8 105.2 138.9 76.8
Q(GJ/h) 125.2 Pressure (bar) 4.00 3.99 4.00 3.95
P(bar) 4
D{(m) 15
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Vapour Fraction | . 0.0000 | 0.0000 0.0000 0.0000 |
Temperature [k | ssso0) 3784 | 4121 3500 |
Pressure | atm 3.997 3.987 3.997 3.948 |
Molar Flow | kgmolerh | 1228 | 190.4 2546 1040 |
Mass Flow [kgh | 8.415e+004 | 6101 | 2.560e+004 | 6.465e+004
Liquid Volume Flow | m3h | 1269 | 7.668 | 32.03 | 99.90
Heat Flow [k -2.007e+008 | -4.4560+007 | -7.068e+007 | -1.668e+008

Fig. 2. A process diagram and stream data on the reactive distilla-
tion column.
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Fig. 3. Composition profile in the reactive distillation column.
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Fig. 4. Temperature distribution in the reactive distillation column.
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Fig. 6. Variation of TAME concentration in bottom product with the
change of the lowest reactive tray number.
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A : collision factor [kmol/s kg]
B : bottom product flow rate [kmol/h]
D : overhead product flow rate [kmol/h]
D. : column diameter [m]
E : activation energy [kJ/mol]
N : feed tray number
Ny : total number of trays
Ng  :tray number of lower non-reactive section
Np  :tray number of upper non-reactive section
Ngy : tray number of reactive section
P : pressure [bar]
Q, : reboiler heat duty [GJ/h]
R : reflux flow rate [kmol/h]
or reaction rate [kmol/s]
X : liquid composition [mol fraction]
O2H& X}
f : forward reaction
r : reverse reaction
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