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Abstract — A thermally coupled distillation system is constructed using two columns used in a conventional two col-
umn system, and its operability is examined by investigating the dynamic behavior. For the control of three product
specifications, the step response test is performed and a 3x3 control structure using flow rates of overhead and side prod-
ucts and vapor boilup is suggested. The performance of the proposed control system indicates that the specification con-
trol of bottom product is the most difficult but the operation of the proposed system is available.
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Fig. 1. Schematic diagram of the proposed fully thermally coupled distil-
lation column.

o714 B ne ARRE A
Wolth % AR FEte Adsel Avdon g
oh ulsE dHow AR FRUTH srgele the Hew
Ay,

Xn+1,j Xn,]'/[Kn+1,jZ(Xn,j/Kn+l,j)] 2
J

f&‘%“?d" @ shoel Alzel i ol FES)
It} % 1% 3&%% Zﬂj *J%%% Az o

Table 1. Design results of the proposed distillation system

Proposed column

Name - - p -
Prefract. Up main Mid main Low_main

Structural

number of tray 45 15 38 35

feed/side product 25 19

Operating feed(kmol/h) 1574

overhead(kmol/h) 2219

bottom(kmol/h) 842.2

side(kmol/h) 509.8

reflux(kmol/h) 365.2 1672 1233 2731

vapor boilup(kmol/h) 868.8 1810 1020 1901

heat duty(GJ/h) 70.90
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Table 2. Specifications of feed and products 7= ZFE gjsk Ao = §’ AA ZRHEL BAO] A7 FS
Component Feed Products Akste] o}7|A AR SHEe] 208 AbgRE. ARt
Overhead-1 Overhead-2 ~ Bottom =elo] AATL. = o] 2 /‘é o] GAFEF HE ZA}SIe] &gl
(Light) = =
7H AA dAeR= 328 HAAshd #
n-Pentane 0.0011 00011 00000  0.0000 Piejo ‘]’:;;;Z ;’;} E]ELE} .
n-Hexane 0.2648 0.2640 0.0000 0.0000 s T AR ?’E; A ELJJF el j : /]LO;
ST = = Ie)
n-Heptane 0.0226 0.0196 0.0031 0.0000 G AlREE] ABrh, AXEEHY T ddd 55 99, A8
n-Octane 0.2005 0.0000 0.1996 0.0009 SHE A ZRORE AMESl] Q7 EE A TAE VSt
n-Nonane 0.4206 0.0000 0.0007 04199 T g 220 AR R Antel d 4 Qlck & AT
Benzene 222.44 221.67 0.7673 0.0000 oM 71E ZRE 2712 AFREIGY] wlie] Axeleky) Feek]
(Intermediate) FHEL] @ AES o WAEo] Table 191 A2let A7E A}
Toluene 508.72 0.0191 508.37 0.3318 %?—5]_93\1:]_ 2 %‘]__]E_I_El— X'“%,OJ Z A _% Table 2°ﬂ L]—E]—LH%E}-
(Heavy)
p-Xylene 117.89 0.0000 0.1471 117.74 -
m-Xylene 257.15 0.0000 0.2803 256.87 3. Zdu} gl pEt
0-Xylene 11256 0.0000 0.0134 112.55
E-Benzene 11.663 0.0000 0.0584 11.605 Ak o8F SRAIANELS JuEglg o7 AHE SREe] oS
n-PBenzene 0.3798 0.0000 0.0000 0.3798 A7) 98l FAEAS AW ESITE Fig 28 $5AS dolw
1M2-EBenzene 23.240 0.0000 0.0000 23.240 7] ¢3}e] HYSYSS /\]-»Q—z}_ ZA o) sELo|th =7 A|AHIS L
123-MBezene 261.23 0.0000 0.0000 261.23 ZA 229} SAMSTE Table 100 ArlEo] 9)on] AAAE &4
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Fig. 2. A HYSYS process diagram of the proposed fully thermally coupled distillation column.
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Fig. 4. A HYSYS process diagram of the proposed fully thermally coupled distillation column with three PI control loops.
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Fig. 5. Control results of product composition changes.
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K  :equilibrium constant [-]

x  :liquid mole fraction [-]
OH&Kt
j : component [-]
n :tray number [-]
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