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Abstract — Though afully thermally coupled distillation column-an energy efficient distillation system-consumes less
energy, it is not widely implemented in practice due to its operationd difficulty. A 3-column didtillation system having
improved operability is proposed here, and its energy saving performance and application related issues are investigated from
the implementation result to a practica hexane process. When an energy integration is employed, the proposed system reguires
18% less energy than a conventiona 2-column system, which is found from the HY SY'S simulation. Though more control
loops than the 2-column system are required, the proposed system has better controllability of product compositions and the

pressure control of the system is easier.
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Fig. 1. A schematic diagram of a fully thermally coupled digtillation

column.
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Fig. 2. A schematic diagram of a 3-column distillation system.
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Table 1. Flow rates of feed and products of FTCDC and 3-column systems of hexane processin kmol/h

Component Feed FTCDC 3-column

Overhead Bottom Side Overhead Bottom Side
(Light)
n-butane 3.0316 3.0320 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 26.051 0.0000 0.0000 26.040 0.0000 0.0000
i-pentane 13.479 13.484 0.0000 0.0000 13.479 0.0000 0.0000
Cyclopentane 14812 14818 0.0000 0.0000 14812 0.0000 0.0000
2,2-methylbutane 0.2666 0.2664 0.0000 0.0002 0.2666 0.0000 0.0000
2-methylpentane 7.5840 6.9219 0.0022 0.6217 7.2507 0.0015 0.3318
(Intermediate)
3-methylpentane 5.0856 3.3096 0.0145 1.7302 3.4113 0.0158 1.6586
n-hexane 21.182 21110 1.3207 17.789 1.7340 1.6676 17.780
1-hexene 0.0099 0.0077 0.0000 0.0021 0.0082 0.0000 0.0017
Methylcyclopentane 2.6959 0.1196 0.6783 1.9189 0.0984 0.6138 1.9837
(Heavy)
Cyclohexane 17874 0.0043 1.4605 0.3136 0.0017 1.2397 0.5459
Benzene 12541 0.0773 0.3239 0.8580 0.0648 0.2946 0.8948
n-heptane 8.0516 0.0000 8.0278 0.0224 0.0000 8.0205 0.0311
2-methylhexane 1.6330 0.0000 1.5957 0.0341 0.0000 1.5810 0.0520
3-methylhexane 1.3632 0.0000 1.3395 0.0218 0.0000 1.3309 0.0323
Methylcyclohexane 1.2355 0.0000 1.2301 0.0051 0.0000 1.2284 0.0071
Cycloheptane 1.1786 0.0000 1.1789 0.0000 0.0000 1.1785 0.0001
Toluene 0.7385 0.0000 0.7382 0.0004 0.0000 0.7379 0.0006
Total 98.750 57.519 17.910 23.318 57.520 17.910 23.320
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Table 2. Tray numbers from structural design and oper ating conditions for 3-column, the FTCDC and 2-column systems of hexane process. Tray

numbers are counted from top

3-coumn FTCDC 2-column
Name -
Prefract. Upper Lower Prefract. Main 1st 2nd
Structural
Number of trays 29 46 20 29 66 25 70
Feed/side product 10 17 1 1 32 1 a4
Interlinking stages 1
57

Operating
Feed(kmol/h) 98.75 71.00 27.75 98.75 98.75 41.22
Overhead(kmol/h) 71.00 57.52 9.840 57.52 57.53 23.32
Bottom(kmol/h) 27.75 13.48 17.91 17.91 41.22 17.90
Side(kmol/h) 23.32
Reflux(kmol/h) 34.00 73.00 61.00 25.00 1341 1323 74.39
Vapor boilup(kmol/h) 99.74 1235 65.93 94.00 169.3 1757 89.92
Hest duty(GJh) 3121 3.636 2.108 5.449 5.382 2.892
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Fig. 3. A HYSY S flow diagram of 3-column distillation system.
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Table3. Investment costs of proposed 3-column and conventional
2-column systems in thousand dollars

3-column 2-column
Prefr. Upper Lower 1st 2nd

Column 151.3 224.6 77.6 181.6 290.2
Tray 14.3 23.6 5.8 19.2 320
Condenser 145.7 146.4 915 208.9 141.3
Reboiler 107.0 69.3 69.1 1524 101.8
Subtotal 4183 463.9 244.0 562.1 565.3
Tota 1126.2 1127.4
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D : overhead product

B . bottom product

F : flow rate of feed [kmol/h]

L - liquid flow rate [kmol/h]

NF : feed tray number

NP : side draw tray number

NR  : location of upper interlinking tray
NS : location of lower interlinking tray

S : side draw
\Y, > vapor flow rate [kmol/h]
X > liquid composition [mol fraction]
y : vapor composition [moal fraction]
z : feed composition [mol fraction]
XL
I : prefractionator
Ot
A > lightest component
B : intermediate component
C . heaviest component
i : component
m : tray number
n : tray number
J2[0|A =&}
[of : relative volatility
B : intermediate component split ratio defined in Eq. (2)
v : transport ratio
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