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Abstract—MEK(methy! ethyl ketone) cannot be separated from water by normal distillation because of
the presence of minimum boiling azeotrope. However it can be separated by azeotropic distillation by adding
entrainer. The best entrainer was selected by considering the ratio between infinite dilute activity coefficients
of each eomponent for suggested entrainers and relative volatilities. From this method, acetone was selected
as the best entrainer for the MEK-Water system. When the distillation tower was simulated by the UNIFAC
equilibrium model for this MEK-Water-Acetone system, the minimum reflux ratio was observed as 0.6. Also,
the optimum feed-plate was calculated at each reflux ratio for various amounts of entrainer. Results indicated
the number of ideal plates decreases with the amount of entrainer. As the best results, 13 ideal plates were
required to obtain 95 mole% of MEK as the bottom product from 70 mole% of MEK of the MEK-Water
solution when the reflux ratio and the ratio of entrainer to feed were 0.85 and 2, respectively. In this case,
the optimum feed-plate location, which required the minimum number of ideal plates, was the eighth.
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Fig. 1. Criteria for entrainer selection for minimum boiling

azeotrope for (a) heavy entrainer, (b) intermediate
entrainer and (c) light entrainer.
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Table 1. Entrainer selection procedure for azeotropic dis-
tillation

Select the chemicals which can form the hydrogen bond-
ing if one of the component of solution can form the
hydrogen bonding.
Select the chemicals which can form the hydrogen bond-
ing if none of the component of solution can form the
hydrogen bonding.

i

Select the chemicals which have proper boiling temper-
ature.

For maximum azeotropic solution

boiling temperature of entrainer>azeotropic tempera-
ture

For minimum azeotropic solution

boiling temperature of entrainer<azeotropic tempera-
ture

!
Select the chemicals which form no azeotrope with any
component.

{

Compare the ratio of the infinite dilute activity coeffi-

cients of the entrainer with the components.
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Table 2. The calculation of infinite dilute activity coefficient for various entrainers(temperature: 65°C)
. . ater Solubility Boiling

No Entrainer Group-ass ent 7 oater Yo, o ter-ME|

B up-assignm YMEK Y wat - Quater-MEK (2/100gwater)  point(C)
1 acetaldehyde 1CH;, 1CHO 09776 17241 1.7636 0.7064 ® 20.2
2 acetone 1CHs;, 1CH,CO 1.0086 6.8195 6.7614 2.7083 © 56.5
3  dimethylamine 1CH;, 1CH;NH 0.9150 0.8733 0.9544 0.3823 very soluble 74
4  ethylformate 1CH;, 1CH,, 1HCOO 10335 3.2875 3.1809 1.2741 11 54
5 formaldehyde 1CHO 6.6654 1.0327 0.1549 0.0620 very soluble —21
6 isopropylamine = 2CH; 1CHNH; 11540 2.0447 1.7718 0.7097 n. a n a
7  methylalcohol 1CH;0H 20596 16634 0.8076 0.3235 o 64.5
8 methylamine 1CH;NH; 0.8433 0.5036 0.5972 0.2392 very soluble —6.7
9 propionaldehyde 1CH;, 1CH; 1CHO 09851 2.5859 2.6250 1.0515 16 49
10  propylamine 1CHs, 1CH;, 1CH:NH, 10182 1.2916 1.2685 0.5081 © 50
11 tetrahydrofuran 3CH, 1FCH,0O 14307 29168 2.0387 0.8166 soluble 65
12 trimethylamine  2CH; 1CH;N 14584 1.1275 0.7731 0.3097 41 35
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Fig. 3.

Equilibrium curves, (A): MEK-Water system with-

out acetone; (B): MEK-Water system with acetone.
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Table 3. List of specifications

Ay

Symbol  Specifications Value

xmex ,, MEK mole fraction of feed(f;) 0.7

Xuater 7 Water mole fraction of feed(f,) 0.3

xsex » MEK mole fraction of feed(f,) 0.00

Xuater i Water mole fraction of feed(fy) 0.00

xymex 0 MEK mole fraction of overhead 0.01
product

xurx 8 MEK mole fraction of bottom product 0.95
Xuater 5 Water mole fraction of bottom product 0.02

Rp reflux ratio 0.6-0.9
fi feed rate of MEK-water solution 100
(mole/hr)
ratio of entrainer(f;) to feed(f;) 2-25

fraction of feed which is liquid at the 1
feed tray temperature and pressure

25
o f/fy = 5
a f/fy = 10

$ m f/fy = 25
I
S
(sl 201
©
)
©
u—
)
o 15¢
o
O
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Fig. 7. Effect of reflux ratio on the required number of
ideal plates for 100 moles MEK-Water mixture
with 70 mole% MEK composition and 500, 1000
and 25000 moles acetone as entrainer(feed-plate
location=8).
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residue curve for 100 moles MEK-Water mixture
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(b): 25000 moles acetone as entrainer(feed-plate
location = 8).
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Fig. 9. Effect of feed-plate location on the required num-
ber of ideal plates for f,/f;=5, 10 and 25 with
70 mole% MEK composition in fi(reflux ratio=
0.6).

=2
FH4

F7h A2 By a o webs d5u)st

APA2E AT o 5 U3 24 Hebrl A
Hog 2L rectifying sectionoll A A ZZ ] o 2
43S Jetd & o 5 Uk E3] rectifying sectiono]
AlztEls gl il wel AAR d2vie
FHGETER ohet Ferledelx FAa& J¥ds
v} #Ha gFulEc) 24 054 4= o) F5r

Ale] 06 Wrch o gFog 234 Heg F ¢
o] 314 Hog Hshe © AR 2Ade| $Eslx]
2#E etd g gl

4-2. g5
Fig. 9= 702%<] MEK =42 717l &3b2o) ztz}t
5ufl, 100, 25882 H7}AlE =9¢lsk gHFw]7L 069

of W ol 221

> feed-plate jocation
increasing

Water MEK
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0.6).
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Table 4. The optimum feed-plate location and the number of ideal plate at each reflux ratio for various amounts of

entrainer
Ry 0.6 0.65 07

B/ opt. ideal opt. ideal opt. 1deal
2 _ R _ i R .

5 10, 11 17 9-11 16 9-11 15
10 10, 11 15 9-12 15 9-11 14
15 11 14 10-12 14 9-12 14
20 10-12 14 9-12 14 10, 11 13
25 11 13 10,11 13 10, 11 13

075 0.8 0.85 0.9
opt ideal opt. ideal opt. ideal opt. ideal
- - .8 13 610 13
7-10 15 7-11 14 89 13 6-10 13
8-12 14 9-12 13 81 13 6-11 13
10, 11 13 9-11 13 7-11 13 6-11 13
9-11 13 8-11 13 711 13 6-11 13
91 13 8-11 13 711 13 611 13

*opt.: the optimum feed-plate location
ideal: the number of ideal plate
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Fig. 11. Effects of quantity of entrainer(acetone) on the
required number of ideal plates for 100 moles
MEK-Water mixture with 70 mole% MEK com-
position and each reflux ratio(feed-plate loca-
tion=28).
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Fig. 12. Effects of quantity of entrainer(acetone) on distil-
lation lines through residue curves for 100 moles
MEK-Water mixture with 70 mole% MEK com-
position and each reflux ratio, (a): reflux ratio—
0.6; (b): reflux ratio=0.7; (c): reflux ratio=10.8;
(d): reflux ratio—0.9.
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am : UNIFAC binary interaction parameter

B :bottom product rate [mole/hr]

¢ :number of components in the system

D  :overhead product rate [mole/hr]

F  :total feed rate [mole/hr]

F# :excess partial molar Gibbs energy [kJ/mole]
F,wmiaeat © partial molar Gibbs energy at nonideal state

CkJ/mole]
Fiise » partial molar Gibbs energy at ideal state [kJ/
mole]
fi  :feed rate of MEK-Water mixture [mole/hr]
f,  :feed rate of entrainer [mole/hr]
L :liquid phase rate in rectifying section [mole/hr ]
L"  :liquid phase rate in stripping section [mole/hr]
1; : pure-component constant(see Fig. 2)
n  :required number of ideal plates
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N; :degrees of freedom ; number of design varia-
bles which the designer must arbitrarily spec-
ify

P  :pressure in distillation tower [kPal

P :saturated vapor pressure [kPa]

q :fraction of feed which is liquid at the feed tray
temperature and pressure

q; :pure-component area parameter of component
i

Q. :group area parameter for group k

R  :gas law constant [kJ/K-kgmol]

Ry :reflux ratio

R: :group volume parameter of group k

t; : pure-component volume parameter of compo-
nent 1

T :temperature [°K]

V  :vapor phase rate in rectifying section [ mole/hr]

V' :vapor phase rate in stripping section [ mole/hr]

x  :mole fraction of liquid phase

xr :mole fraction of liquid phase in feed(F)

X, :mole fraction of liquid phase in feed(f;)

X, :mole fraction of liquid phase in feed(f,)

Xp :mole fraction of liquid phase in overhead prod-
uct

Xz :mole fraction of liquid phase in bottom prod-
uct

y  :mole fraction of vapor phase

Z : lattice coordination number, a constant here set
equal to 10

agzloja 22X}

a;.; :relative volatility of i referred to )

y:  :liquid phase activity coefficient of component
i

I, :activity coefficient of group k

I : activity coefficient of group k in pure compo-
nent i

®, :segment fraction of component i

v;"" : number of groups of kind k in molecular species

1

0, :area fraction of component i

K : ratio of entrainer(f,) to feed(f,) defined by eq.
N

¥,. :UNIFAC parameter

AEX

w :infinite dilute state

3jstast H33 H2E 19954 4%

= .
LA

7] - geig -

oby

Hqz

E  :excess state
sat :saturated state
C  : combinatorial
R :residual
SR}

i i component

j

:j plate number

k,n, m:group k, m, n

1
2

10.

11

12.

13.

14.

15.

:one component in mixture
:one of other components except component 1
in mixture
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