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Abstract— Design methods of composition control loops of a distillation column, which give small interaction ef-
fects, were proposed for two different cases, single- and dual-composition controls, through steady-state simulation
study. In case of the single-composition control, the operating conditions could be catagorized into two different ones,
on one hand where the desired product is completely recovered without loss and on the other hand where a certain
amount of the desired product is allowed to emanate through the other end of the column. Different control loops were
suggested depending on the operating conditions for each case. By extending the results of the single-composition con-
trols, design methods for dual-composition control loops were also proposed. In this case, the operating conditions
could be divided into four different ones and an appropriate control loop which give minimum interaction effects was
suggested for each case.
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Fig. 1. Distillation column with control loops for
material balance.
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Fig. 2. Black box representation of the distilla-
tion column with basic control loops.
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Table 1. Dual composition control-loops
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Table 2. Simulation conditions of the example
system

Total No. of stage=13'
Feed stage No.=7
xf=0.5

a,=1.68

ag=2.40

Constant molal flow rates
Total condenser
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tion.
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Table 3. Pairing of manipulated and control variables for composition control loops

Operating L. Composition control loops by graphical analysis
.. Chracteristics — — —
conditions Single composition control Dual composition control
P1 High purities in both ends xd-D/F, xb-B/F Y-U3 (U1
P2 Low impurity in xb xd-D/F, xb-V/B Y-U3
P3 Low impurity in xd xd-D/V, xb-B/F Y-US (U4)
P4 Low purities in both ends xd-D/V, xb-V/B Y-U4

Relative gains between y1 and ul

Pair P1 P2 P3 P4

Y-Ul 0.694 0.865 0.042 0.117

Y-U2 -1.993 -4.119 1.146 0.962

Y-U3 0.708* 0.905* 0.083 0.226

Y-U4 -2.472 6.295 1.066 0.982*

Y-U5 0.389 0.286 1.038* 1.063
where,

* = Pair with minimum relative gain

Y ={y1, y2], U=[ul, u2]

Y ={xd, xb]

Ul=[D/F, V/F], U2=[D/V, V/F), U3=[D/F, V/B], U4=[D/V, V/B], U5=[D/V, B/F]

LQC

Fig. 9. Dual composition control-loop, xd<D/V) and xb<{V/B) configuration with feedforward com-
pensation.
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NOMENCLATURE

B : flow rate of the bottom product stream

D : flow rate of the top product stream

F : flow rate of the feed stream

L : reflux flow rate

Qc: rate of heat removal from the condenser

Qr : rate of heat input from the reboiler

V : internal vapor flow rate

xb : mole fraction of low-boiling material in the bot-
tom product

xd : mole fraction of low-boiling material in the top
product

xf : mole fraction of low-boiling material in the feed

Greek Letters

a_: relative volatility in the rectifying section

r

a, : relative volatility in the stripping section
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