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Abstract: The azeotropic

composition  of  ethyl-
acetate/n-hexane azeotropic
system dramatically shifts

with pressure. Therefore, this

system can be effectively
separated by pressure-swing
distillation (PSD). In order to
save the total annual cost
(TAC) and energy, the
partially and fully heat-integrated pressure-swing distillation (HIPSD) between condenser and reboiler of two columns

were used in this process. The simulation and optimization of different heat-integrated PSD processes were carried out
by using Aspen Plus software. The results showed that the energy cost, equipment cost and TAC of the fully HIPSD
process had further reductions of 12.24%, 4.38% and 8.60% compared with partially HIPSD process. On the basis of
the best optimal process, feed flowrate and composition disturbances with several different degrees were introduced to
test the dynamic characteristics of different control structures for partial and fully HIPSD processes by Aspen
Dynamics. For partially HIPSD process, three kinds of control structure including basic control structure, proportional
control structure and pressure-compensated temperature control structure were developed to test the effectiveness of
control structures. The results of the dynamic response showed that the pressure-compensated temperature control
structure could handle the feed flowrate and composition disturbances with different degrees and effectively maintain
the purity of ethyl acetate and n-hexane products at 99.9wt%. For fully HIPSD process, the composition/temperature
cascade control structure could effectively handle the small disturbances (5% and £10%) and achieve robust control,
but this control structure cannot effectively maintain the product purity of 99.90wt% and realize robust control when
subject to +20% feed and composition disturbances. Compared with the partially HIPSD mode, the fully HIPSD mode
could handle much smaller feed flow rate and composition disturbances despite of a little economic benefit. Therefore,
the selection of energy-saving modes for the separation process should weigh economy against controllability.
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Table 1 Comparisons of operation parameters and economic indicators between different PSD processes
. o Conventional PSDI!¥) Partial HIPSD Fully HIPSD
Operation parameter and economic indicator

LPC HPC LPC HPC LPC HPC
Total number of stages, Nt 24 22 27 23 29
Feeding location of raw materials, Ny 9 7 10 8 12
Feeding location of recycle materials, Ng 14 11 13
Reflux ratio, RR 1.300 1.500 1.300 1.600 1.114 1.608
Heat duty of condenser/kW 718.370 528.403 735.920 0 673.794 0
Heat duty of reboiler or auxiliary reboiler/kW 613.210 696.603 61.080 737.980 0 737.020
Total energy cost, TAC./(10°$/y) 3.190 1.960 1.720
Total equipment cost, TAC../(103$/y) 1.800 1.690 1.616
Total annual cost, TAC/(10$/y) 4.990 3.650 3.336

Note: LPC: Low pressure column; HPC: High pressure column
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(a) Ratio control structure
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(b) Control panels
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Fig.4 Ori/F and QOro/F ratio control structures and control panels
3R 2 Ori/F W1 Oro/F LLBERIZER IS R B 9 MEHIZR
Table 2 Nine controllers of Ori/F and Qro/F ratio control structures
Controller Controller symbol Set point Controller action
Flow controller FC 1000 kg/h Reverse acting
Level controller LCI,LC2,LC3,LC4 1.33,1.34,1.18,1.60 m Direct acting
Temperature controller TC1, TC2 74.45,136.42°C Direct acting/reverse acting
Pressure controller PC1, PC2 0.101, 0.607 MPa Reverse acting
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(b) Control panels

Constraints - Flowsheet EIIEI

[CONSTRAINTS
// Flowsheet variables and eguations...
BLOCKS ("T2") .Condenser (1) .0=-1%.4297400641%0.0020448% (BLOCKS("T2") .5tage (1) .T-BLOCKS {"T1"} .TReb) ;
BLOCES ("T1") .QReb=-BLOCKS ("T2") .Condenser (1) .0+BLOCKS ("sum") .Qutput_;

BLOCKS("Bl2") .Input =BLOCKS("I2").Stage(l9).T- (BLOCKS("I2").5tage(l).P-6.0795)*7.9702;
END

o A e L b

(c) Program
K7 EI—AMER RS HI 420 PR e

Fig.7 Pressure—compensated temperature control structures, control panels and program
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Fig.9 Composition—temperature cascade control structure, control panels and program
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