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Abstract — The energy conservation and exergy loss of a fully thermally coupled distillation commercialized as the
divided wall column are compared with those of a conventional two-column system for ternary separation. The used
example for the comparison is the benzene-toluene-m-xylene separation process widely used in a petrochemical plant.
The design procedure of the fully thermally coupled distillation column is explained, and the energy requirement is com-
pared using the HYSYS. When the same numbers of trays are utilized, the fully thermally coupled distillation column
uses 28.2% less energy and 10.4% more exergy loss. The increase of the exergy loss is due to the additional mixing from
the bidirectional inter-linking and the temperature elevation in the reboiler from the increased pressure at the bottom of
the main column.
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Fig. 1. Schematic diagram of a conventional distillation system in direct
sequence for ternary separation.
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Fig. 2. Column profile in a conventional two-column system.
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Fig. 3. Residue curves of a ternary equilibrium distillation.
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Fig. 4. Schematic diagram of a fully thermally coupled distillation
column for ternary separation.
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Fig. 5. Column profile in a conventional two-column system.
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Table 1. Results of structural design and operating conditions for the fully themally coupled distillation column and conventional two-column
systems. Tray numbers are counted from the top

FTCDC Conventional
Name - -
Prefractionator Main Ist 2nd
Structural
Number of trays 21 89 60 50
Feed/side product 8 38 30 25
Interlinking stages 9/71
Operating
Pressure (kg/cm?) 122 1.18 118 133
Feed (kmol/h) 801.8 801.8 674.8
Overhead (kmol/h) 1272 127 488.8
Bottom (kmol/h) 185.78 674.8 186.0
Side (kmol/h) 488.8
Reflux (kmol/h) 290.8 1282 625.1 644.5
Vapor boilup (kmol/h) 603.8 1247 724.7 1049
Composition (mol frac.)
Feed (benzene/toluene/m-xylene) 0.1584/0.6098 / 0.2318 0.1584/0.6098 / 0.2318
Product - benzene 0.9935 0.9900
- toluene 0.9902 0.9905
- m-xylene 0.9755 0.9813
Vj Lj_l Table 2. Heat duty and exergy losses in the fully themally coupled
distillation column and conventional distillation systems
T ‘ FTCDC Conventional
Prefractionaor ~ Main Ist 2nd
—> S; Heat Duty (GJ/h)
Fi—— Condenser duty 42.8 229 37.1
J\W Q Reboiler duty 43.6 24.0 36.7
Exergy (GJ/h)
‘ \L Feed 1.815 1.815
Products 2.135 0.090 1.972
Vin L; Min. Work 0.320 0.247
Fig. 6. Streams around a tray. Condenser 0.992 231 1.80 2.00
Reboiler 0.128 1.93 0916 2.54
758 Farslol Tt Lol £ 5 ik o714 zhago] oxix| Column TOSI 123 0180
2zl Subtotal 0.602 5.49 2.536 2.98
Total 6.092 5.516
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: bottom product rate[kmol/h]
: overhead product rate[kmol/h]
: exergy[klJ/kmol]

: feed rate[kmol/h]

: Carnot factor[-]

: enthalpy[kJ/kmol]

: equilibrium constant[—]

: entropy[kJ/kmol K]

: absolute teperature[K]

: work[kJ]

: liquid composition[mol frac.]

xg—]mwm—h'-nmcm

J2lo|A =X}
n : efficiency[—]

SEXL
B : bottom product

D  : overhead product
F : feed
L : liquid
S : side draw
v : vapor
ol& X}
i : component i
j : component j or tray number
m  : minimum
n : tray number
Q : heat exchanger
T : thermal
0 : standard
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