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Optimal Control of Batch Distillation

oJoo Youp Lee, Sang Hun Jeong, Kwang Soon Lee

Dept. of Chem, Eng. Sogang University

ABSTRACT
Three different reflux policies are compared for a batch
distillation process in which a fixed recovery with a
given average purity of the distillate is required: the
the second,

first, for the constant distillate purity:

for the constant reflux ratio: finally, for the optimal
reflux policy which gives the minimum operation time.
The using

Pontryagin's maximum principle. Through the numerical

optimal reflux policy was obtained
simulations for the three different binary mixtures, it
was found that the time advantage of the optimal reflux
operation over the constant overhead composition
operation varies from 10.0 to 22.4% and the advantage
over the constant reflux operation varies from 11.6 to

36.6% in the three cases considered.
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NOMENCLATURES

English
B  The amount of material in the still (moles)
B0 The initial amount of material in the still (moles)

B! The final amount of material in the still (moles)
D The amount of material in the distillate receiver
(moles)



The final amount of material in the distillate
receiver (moles)

H Hamiltonian function
J  The cost functional
L Liquid flow rate (mole/hr)
N The number of theoretical plates in the column
R The reflux ratio
tf The minimum time necessary to effect the given
distillation (hr)
u The admissible control
V  The constant boil-up rate, equal to the vapor flow
rate (mole/hr)
x The state variable
xg The mole fraction of more volatile component in the
still material
xg? The initial mole fraction of more volatile component
in the still material
xp! The final mole fraction of more volatile component
in the still material
xp The mole fraction of more volatile component in the
material in the distillate receiver
xp! The final mole fraction of more volatile component
in the material in the distillate receiver
xn The mole fraction of more volatile component in the
liquid from plate n: xp = x3
yn The mole fraction of more volatile component in the
vapor from plate n: yo = yB
yn  The vapor composition from the top plate
Greek
o Relative volatility
A The costate variable
7p The time necessary to effect the given distillation
at constant overheads
7g  The time necessary to effect the given distillation
at constant reflux
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Table 1. Problem specification.

\umber Relative
System of wvolatil- V B¢ xg0 B! KBV
plates ity, o

: Cyclohexane 5 2.46 50 100 0.4 60 0.1

- toluene

: Pentane - 4 2.65 80 100 0.5 50 0.1
hexane

" Benzene - 4 3.63 100 100 0.6 40 0.05
octane

Retiux ratio
| —— Optimal R gperation
- Const. XD operation
151 Const R operation
i
i
10
5f\\\\\\\\__;.~;_\_____‘_._________R!__"N__-
ey
[ —l ——— L
[ Al 0.2 0.3 0.4 0.5

XB of pentane

Fig.2. Example 8. The reflux ratio as a
function of XB for the three poasasible
reflux policies.

Reflux ratio

i = Optimal R operation
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Fig.3. Example C. The reflux ratic aa a
function of XB for the three possible
reflux policiea.
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Fig.4. Example B. The costate variables
lambdat & lambda2 as functions of time.



Table 2. Simulation results of the more common operation method,

System Constant yn operation Constant R operation
k) R(0) R(tp) xp! k1l yn{0)  yx(TR) R
At Cyciochexane 3.178 1,483 11.056 0.90 3.037 0.965 0.525 2.796
- toluene
B: Pentane - 2,251 0.897 17.346 0.90 2.417 0.976 0.566 2.868
hexane
C: Benzene - 1.947 0.629 79.143 0.97 2.508 0.997 0.503 3.180
octane

Table 3. Simulation results of optimal reflux operation and
the comparison of operation time for the three possible reflux policies.

Optimal R Constant R Constant yx
System Excess time % Excess time %
R(0) R(te) A2(0) H(0) H(tf) tf TR over optimal Tp over optimal
¢ Cyclohexane 1,304 5,560 -587.46 39.29 38.85 2.722 3.037 11.6% 3.178 14, 3%
- toluene
: Pentane - 1.242 6.083 -364.56 20.66 20.57 2.047 2.417 15.3% 2.251 10. 0%
hexane
¢ Benzene - 0.827 8.543 -336.70 15.21 15,37 1.591 2.508 36.6% 1.947 22 4%
octane

I Given B0, xg?, Bl, xg!, a, V, number of platesj
)

—){ issume A2(t=0) by letting A1{t=0) =1 ]

L

i Assume R{t)

L

,—){ Assume y\(R,xs) during each time step ‘
L
} Calculate xg(t) using eq. (19) & (20) I

|

/)L\‘
| No Tre—
L_me/ﬁ
/,\ Yes

No T
— s 5 HR) - HR') | < ¢

/
!

Yes

Fig.1. Flowchart to obtain an optimal reflux policy.
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