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Abstract — Extractive distillation system can be used when the components to be separated have close boiling points
or form azeotropes. Extractive distillation is one of the most important and widely used separation methods in chemical
process industry. The main disadvantage of the distillation is its high-energy requirements. Thermally coupled distilla-
tion system (TCDS) can provide significant savings in energy consumption and capital cost over the operation of
sequences based on conventional distillation column. Despite such advantages of the thermally coupled distillation sys-
tem, the process is not widely used in industry because control and operation of the column are difficult. In this study,
we propose several control schemes for thermally coupled distillation system to overcome the difficulties and make the
column stable when the process is confronted with feed disturbances. Profile position control scheme shows best control
performance among the proposed control schemes.
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Fig. 2. Liquid composition profile in column (ETCDS).

2. 58 A

FEAE JeRIITE. AR 1,2-Propanediols AHE3H3S.
TH] ESE(THF: water), 9 52231](8:2)° thisle] E2l313
F

s
]

Fig. 10 2H] £35-2 Rajapr] 2§ 27149 %LZ—E— HERI T} Fig. 1(b)ell thsto] HA3kE s3] H2 o] 343 AAlet
R

t}h Fig. l(ay= 7P 7182490 7224 7 719 S571<F AvE o},
7ML Qe F7olet. o] 3 | el F WAl How A4 Fig. 2 5% 4 &% 57 3790lA ZF 2] A 2o tjs}o]
Sh= et § eholld WAl Ho R AdEE xR U g UERASIEE o] & vl o R A8 FYwhe: 2 ZEalls gl
U=H, Fig. 1(ay= & sHfollA 7 viA] o w Ads= 725 o] 04 A5l 243 7P vlsset 2AS UeEhls O E H2Y] do
B3 Fig. 1(0)2] % o 8 57 3782 3 wiA &+ i 7gsioict. wEb Rl EFES 215, A= 3pkoE At
A s ATAAEES AHESle] 571 Aul71e E SR %ﬂu}. T A HolA AdEE B AR E3E T S 24
EY T St} o] & Bl AA|u] H oA &nlE Y S Sl (water)®] F=7FAY =31 A0 E4o] S RV (side rectifier)
A A4 555 °—H%°]‘/]‘ Vs EoR A & 4 9lom, o] o F-Y=A] e 3002 FH V1A SETS A ol
= 7 A Selld A EE EHO sleadt el e =k HWH HoR 7h= 5559 S0 B0 st wonE 54U Y
JYEE AA Al s oqé sEor Ay 24 9 any & 710l A E A QA oA AREo] ads s3E A=
o] Z3EA] Ie= AABISITE Gt Rdl2 UNIQUAC 24 T Q7] wiEolth, EREe] Wgs 334, 7o EA T T 40
o] &3IATH9]. Table 19 71 F%& 7 T2 UL 7= 4 58 =+ Wi stk A A E“ﬂ T AR AR RALE B3] &
T 5ol g5t 3o EE] A7 28] 9 o) & ] ¥ A8 Fels)o] 2-3 daeql 330 Ayl on, F WA g

(@ O (b

1,2-Propanediol Water )

THF -~ Water_ Water

1,2-Propanediol

o_ § B2 THF + Water ||
0 1,2-Propanediol 0 1.2-Propax{ediol

Fig. 1. Extractive distillation processes: (a) conventional column; (b) extractive thermally coupled distillation system.
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Table 2. Optimization variables and constraints
ETCDS
Q, Fv, FE, D1, D2
Low-boiling substances (99%)
Mid-boiling substance (99%)
High-boiling substance (99%)

Optimization variables

Constraints

Table 3. Specification of extractive thermally coupled distillation for
azeotropic mixture

Variables unit value
total stage 40
1% column 33
2" column 7
Feed azeotropic mixture 21
extractant 3
interconnection stage 30
Pressure atm 1.14
1 column atm 0.09
pressure drop nd
2% column atm 033
azeotropic mixture kmol/hr 36.28/9.07
feed flow rate
Extractant kmol/hr 42.36
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Fig. 3. Temperature profiles: (a) 1st column; (b) 2nd column.
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Table 4. Pairing variables

Controlled variables Manipulated variables

Temp. of 2nd tray in Bl column  R(reflux flow rate in 1st column)

Temp. of 26th tray in B1 column Fv(vapor side stream flow)

Temp. of 31thtray in Bl column  Q(reboiler heat duty in 1st column)
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ETCDS : Extractive thermally coupled distillation system

SQP : Successive quadratic programming

ITC

: Invariant temperature criterion

RGA : Relative gain array

Q
Fv
FE

: Reflux flow rate [kmol/h]

: Heat duty of column i [kW]

: Vapor side stream flow [kmol/h]

: Amount of extractant [kmol/h]

: Distillate rate of column i [kmol/h]
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