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Improved Operability in a Fully Thermally Coupled
Distillation Column with an Intermediate Heat Exchanger

o 2 of
S S,

=T

=¥
TR

[

(Su Yeong Jeong and Young Han Kim)

Abstract :

Though a fully thermally coupled distillation column consumes less energy than an original column, it is not

widely implemented in practice due to its operational difficulty. A new fully thermally coupled distillation column is proposed
for the operability improvement, and its performance is investigated. The main improvement is the separation of a main
column to give an upper and lower columns and the installation of an intermediate heat exchanger between them to regulate
the fluctuation of product compositions. A proper manipulation of column pressure in the separated main columns made easy
vapor flow without a compressor. The operability improvement is examined in a hexane process from the dynamic simulation
using a commercial design software HYSYS. The simulation results indicate that the coupling among inputs and outputs is
loosened to make easy manipulation of product compositions in the proposed distillation system.
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Fig. 1. A schematic diagram of a fully thermally coupled
distillation column.
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Fig. 2. A schematic diagram of the proposed fully thermally
coupled distillation column.
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Table 1. Tray numbers from structural design and operating
conditions for the proposed and original fully thermally
coupled distillation columns of hexane process. Tray
numbers are counted from top.

Name Proposed Original
Prefract Upper Lower Prefract Main
Structural
number of trays 29 46 20 29 66
feed/side product 11 17 11 1t 32
interlinking stages 11
57
Operating
feed (kmol/h) 98.75 98.75
overhead (kmol/h) 57.52 5752
bottom (kmol/h) 2332 1791 1791
side (kmol/h) 23.32
reflux (kmol/h) 23.00 1466 7786 2500 1358
vapor boilup (kmol/h) 92.00 929 1740 9400 1724
top pressure (kPa) 85.5 67.0 101.0 762 82.0
heat duty (GJ/h) 5.6 5.5
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Table 2. Flow rates of feed and products of the proposed and original fully thermally coupled distillation columns of hexane process in kmol/h.

Component Feed Proposed Original
Overhead Bottom Side Overhead Bottom Side

(Light)
n-butane 3.0316 3.0316 0.0000 0.0000 3.0316 0.0000 0.0000
i-butane 0.6517 0.6518 0.0000 0.0000 0.6518 0.0000 0.0000
n-pentane 26.040 26.040 0.0000 0.0000 26.040 0.0000 0.0000
i-pentane 13.479 13.479 0.0000 0.0000 13.479 0.0000 0.0000
cyclopentane 1.4812 1.4811 0.0000 0.0001 1.4812 0.0000 0.0000
2,2-methylbutane 0.2666 0.2661 0.0000 0.0006 0.2664 0.0000 0.0003
2-methylpentane 7.5840 6.7635 0.0062 0.8138 6.9183 0.0030 0.6617
(Intermediate)
3-methylpentane 5.0856 3.3856 0.0261 1.6708 3.3224 0.0175 1.7435
n-hexane 21.182 22138 13514 17.615 2.1237 1.3148 17.707
1-hexene 0.0099 0.0076 0.0000 0.0022 0.0077 0.0000 0.0021
methylcyclopentane 2.6959 0.1169 0.6291 1.9523 0.1166 0.6778 1.9165
(Heavy)
cyclohexane 1.7874 0.0038 1.4822 0.3036 0.0004 1.4810 0.3183
benzene 1.2541 0.0787 0.2982 0.8782 0.0765 0.3206 0.8657
n-heptane 8.0516 0.0000 8.0289 0.0233 0.0000 8.0195 0.0308
2-methylhexane 1.6330 0.0000 1.6000 0.0333 0.0000 1.5933 0.0402
3-methylhexane 1.3632 0.0000 1.3421 0.0213 0.0000 1.3372 0.0262
methylcyclohexane 1.2355 0.0000 1.2305 0.0051 0.0000 1.2284 0.0067
cycloheptane 1.1786 0.0000 1.1786 0.0000 0.0000 1.1780 0.0000
toluene 0.7385 0.0000 0.7381 0.0004 0.0000 0.7376 0.0006
Total 98.750 57.519 17.911 23.320 57.520 17.909 23.320
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Fig. 3. AHYSYS flow diagram of dynamic simulation of the proposed fully thermally coupled distillation column.
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Fig. 4. AHYSYS flow diagram of dynamic simulation of the original fully thermally coupled distillation column.
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Table 3. Input changes in the proposed and original fully thermally
coupled distillation columns of hexane process for

operability comparison.
Proposed Original
Variable | Reflux Side | Reboiler Reflux Side | Reboiler
(kmol/h) draw duty (kmol/h) draw duty
(kmol/h) | (GI/h) (kmol/h) | (GJ/h)
Initial |\ 4355 | 2332 | 56 | 1501 | 2332 | 55
Value

Applied | 200 | 2367 | 557 | 1477 | 2367 | 547
Value

%
Change

-1.6 +1.5 -0.5 -1.6 +1.5 -0.5
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Table4. Comparison of process gain from step input change in the
proposed and original fully thermally coupled distillation

columns. (unit: mol %/% change).

Proposed Original
Product | Reflux (?rl:;:/ RE(:}:;oﬂer Reflux 3:;1; Redlzloﬂer
(kmol/h) 1Y | (kmol/h) Ly

(kmolh)| (GI/h) (kmoVh)| (GI/h)
Overhead | 0.708 | -0.003 | -0369 | 0.755 | 0.001 | -1.117
Intermediate | -0.040 | -0.011 | 0.054 | -0.135 | 0.001 | 0.234
Bottom | 0.081 | 0317 | 1.096 |-1264 | 0.278 | 2.280
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three are of side draw rate and the bottom three are of reboiler heat duty.
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7l &
D = overhead product S = side draw
B = bottom product V = vapor flow rate [kmol/h]
F = flow rate of feed [kmol/h] x = liquid composition [mol fraction]
K = equilibrium constant
L =liquid flow rate [kmol/h] AR}
NF = feed tray number i = component i
NP = side draw tray number j = component j
NR = location of upper interlinking tray n = tray number

NS = location of lower interlinking tray
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