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Experimental Distillation Using a Fully Thermally Coupled
Distillation Column with Separated Main Columns
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Abstract : In order to improve the operability in a fully thermally coupled distillation column the main column is separated
into an upper and a lower column, and its design method is explained. With a distillation experiment using a two-inch column
the operability of the proposed column is examined. Readily available methanol, ethanol and propanol are used as the feed,
and the experimental result is compared with that of the HYSYS simulation. It is found from the experiment that the recovery
ranges between 58.8% and 68% and the distillation efficiency is lower than that of the simulation. consumes less energy than
an original column, it is not widely implemented in practice due to its operational difficulty. However, it is proved that the
proposed distillation column can be operated without compressors and it can be practically utilized.

Keywords : thermally coupled distillation, distillation operation, operability improvement, distillation experiment
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Fig. 1. A schematic diagram of a modified fully thermally coupled
distillation column.
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Fig. 2. Experimental setup.
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Fig. 3. Detail of the 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 alcohol process. Tray numbers are counted from top.

Name Proposed Original

Prefract | Upper I Lower Prefract [ Main
Structural
number of trays 10 24 ' 16 10 40
feed/side product 6 7 10 6 24
interlinking stages 7,34
Operating
feed (kmol/h) 100.0 232.7 2423 100.0
overhead (kmol/h) 3332 220.0 3329
bottom (kmol/h) 133.4 33.34 33.37
side (kmol/h) 3334 3326
reflux (kmol/h) 155.0 307.6 100.3 290.1 282.9
vapor boilup (kmol/h) 220.0 89.33 294.2 4929 272.1

heat duty (GJ/h) 12.3 114
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Fig. 4. Temperature variations of condenser and reboiler.
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Fig. 5. Temperature variations of upper and lower main columns.
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Table2. Experimental results of feed and product compositions and

recovery. Units are in mol %.
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Component | Feed | Overhead | Bottom | Side |% Recovery

methanol 529 75.1 333 | 22.7 61.0

ethanol 26.5 20.6 472 | 191 58.8

1-propanol | 20.5 43 195 | 58.1 68.0

total amount 43 33 24
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bottom product
overhead product

feed

prefractionator liquid flow rate [kmol/h]

lower main column liquid flow rate [kmol/h]
upper main column liquid flow rate [kmol/h]

feed tray

interlinking tray at upper main column

Ht of O]
= o

19743 49 2928 19993 79 sha
Al 20003 Foloigtm AAL 2006
WA Solthela s}aarst uiAl 7

3. Bk #971e

71 of 5}

19529 8¢ 21448 19763 Solds}
s sebEsk sl 10804 9}
Pl setEeta AL 19849 B
Lamar Univ. 354363} uixl. @A) %
ofiEm HEFET W BARol
£ SFRYA, A9TEAL

k=2

NS
NT
NT:

NT; =

V2

Vs

interlinking tray at lower main column

total tray number at lower main column
total tray number at prefractionator

total tray number at upper main column

side product

prefractionator vapor flow rate [kmol/h]
upper main column vapor flow rate [kmol/h]
vapor boilup rate [kmol/h]
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