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Abstract—MEK (methyl ethyl ketone) can be separated from MEK-Water-Toluene azeotropic mixture by azeotropic
distillation using the selectivity of entrainer. Acetone was selected as the best entrainer by comparing the ratio between
infinite dilute activity-coefficients. Depending on the added amount of acetone and the concentration of MEK-Wa-
ter-Toluene mixture, the presence of two phase was identified by UNIFAC model. When acetone was added more
than 3.14 times the amount of MEK-Water-Toluene mixture, the mixture formed a single phase and the azeotropic
point was eliminated. The optimum amount of entrainer to minimize the plate number was calculated through the
simulation of distillation process by UNIQUAC equilibrium model. The number of ideal plates increased with MEK
composition and was independent of water and toluene composition. Also, the optimum feed-plate location was calcula-
ted at each reflux ratio for various amounts of entrainer, and the minimum reflux ratio was identified as 0.6. For
the case that brought Acetone-Water as hottom product and MEK-Toluene as distillate from MEK-Water-Toluene
mixture where the composition of MEK, water and toluene compositions was 40, 30, 30 mole%, respectively, 14 ideal
plates were required for the best results when the reflux ratio was 0.9 and the ratio of entrainer to feed was 5.
The bottom product was composed of 56 mole% of MEK and 44 mole% of toluene and the optimum feed-plate was
located between the sixth and the eleventh in this case.
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Fig. 1. Schematic distillation diagram for the separation of MEK from
the MEK-Water-Toluene system with entrainer.
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Select the chemicals which can form the hydrogen bonding.

!

Select the chemicals which have proper boiling point.

For maximum azeotropic solution

boiling point of entrainer > azeotropic point

For minimum azeotropic solution

boiling point of entrainer < azeotropic point

|

Select the chemicals which form no azeotrope with any component.

l

Compare the.ratios of the infinite dilute activity coefficients of

the components with the entrainers.

Fig. 2. Procedure of entrainer selection.
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Fig. 3. Phase diagram of 100 mole MEK-Water-Toluene system for
the various amount of acetone as entrainer.
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Fig. 4. Effects of the amount of acetone as entrainer on the number
of ideal plates at each reflux ratio for 100 moles MEK-Water-
Toluene mixture with 40% MEK composition(the feed-plate

location: 11th plate).

Table 1. Calculation of the ratios of infinite dilute activity coefficients and relative volatilities for various entrainers(temperature: 65°C)

. - « o Y water-entrarner Yieater-entrainer Solubility Boiling
No Entrainer Yk Yo Yuater-entr Yitekomtrainr  Vowemeonrainer (/100 gwater)  point(C)
1 Acetaldehyde 0.9776 1.1803 1.7241 1.7636 1.4607 © 20.2
2 Acetone 1.0086 1.8311 6.8195 6.7614 3.7243 IS 56.5
3 Dimethylamine 0.9150 1.2051 0.8733 0.9544 0.7247 very soluble 74
4 Ethylformate 1.0335 2.0699 3.2875 3.1809 1.5881 11 54
5 Formaldehyde 6.6654 4.0857 1.0327 0.1549 0.2528 very soluble —21
6 Isopropylamine 1.1540 09741 2.0447 1.7718 2.0991 n. a. n. a.
7 Methylalcohol 2.0596 7.5020 1.6634 0.8076 0.2217 @ 64.5
8 Methylamine 0.8433 1.5768 0.5036 0.5972 0.3194 very soluble —6.7
9 Propionaldehyde 0.9851 1.1209 2.5859 2.6250 2.3070 16 49
10 Propylamine 1.0182 1.0348 1.2916 1.2685 1.2482 0 50
11 Tetrahydrofuran 1.4307 1.9542 29168 2.0387 1.4926 soluble 65
12 Trimethylamine 1.4584 0.6284 1.1275 0.7731 1.7942 41 35

B8 A8 M34A H2E 19964 48
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Fig. 5. Composition effects of 100 moles MEK-Water-Toluene mix-
ture for the amount of 314 moles acetone as entrainer and
reflux ratio=0.9(the feed-plate location: 8th plate).
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Fig. 6. Effects of water and toluene compositions in 100 moles MEK-
Water-Toluene mixture with 40 mole% MEK composition on
the number of ideal plates at each reflux ratio for the amount
of 314 moles acetone as entrainer(the feed-plate location: 10th
plate).
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f :component feed [mole/hr]

f, :feed rate of MEK-Water-Toluene mixture [mole/hr]
f, :feed rate of entrainer [mole/hr]

F :total feed rate [mole/hr]

: excess partial molar Gibbs energy [kJ/mole]

: equilibrium distribution ratio

: component liquid flow [mole/hr]

: liquid phase rate in rectifying section [mole/hr]
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: total number of components

: total number of stage in column

: pressure in distillation tower [kPa]
: gas law constant [KJ/K-kgmol]

: reflux ratio
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: liquid side-stream [mole/hr]

: vapor side-stream [mole/hr]

: temperature [°K]

: component vapor flow [mole/hr]

: vapor phase rate in rectifying section [mole/hr]
:mole fraction of liquid phase
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:mole fraction of vapor phase
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v: :liquid phase activity coefficient of component i
{ :stripping factor

AHx
o :infinite dilute state
E :excess state

sat : saturated state

X}
i :1 component
n :n-th stage in column
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