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Abstract:
Several different kinds of extractive distillation agents were investigated to affect the separation of
three binary liquid mixtures, isopropyl ether - acetone, methyl acetate - methanol, and isopropyl ether -
methyl ethyl ketone. Because of the small size of the extractive distillation column, relative volatilities
were assumed constant and the Fenske equation was used to calculate the relative volatilities and the
number of minimum theoretical plates.

Dimethyl sulfoxide was found to be a good extractive distillation agent. Extractive distillation when
employing a proper agent not only negated the azeotropes of the above mixtures, but also improved the
efficiency of separation. This process could reverse the relative volatility of isopropyl ether and
acetone. This reversion was also found in the system of methyl acetate and methanol when
nitrobenzene was the agent. However, normal distillation curves were obtained for the system of
isopropyl ether and methyl ethyl ketone undergoing extractive distillation.

In the system of methyl acetate and methanol, the relative volatility decreased as the agents' carbon
number increased when glycols were used as the agents. In addition, the oxygen number and the
locations of hydroxyl groups in the glycols used were believed to affect the values of relative volatility.

An appreciable amount of agent must be maintained in the column to affect separation. When dimethyl
sulfoxide was an agent for the three systems studied, the relative volatility increased as the addition rate
increased. 
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ABSTRACT

S e v e ra l  d i f f e r e n t  k in d s  o f  e x t r a c t i v e  d i s t i l l a t i o n  a g e n ts  w ere 
i n v e s t i g a t e d  t o  a f f e c t  th e  s e p a r a t i o n  o f  t h r e e  b in a r y  l i q u i d  m ix tu r e s ,  
i s o p r o p y l  e t h e r  -  a c e to n e ,  m e th y l a c e t a t e  -  m e th a n o l, and i s o p r o p y l  
e t h e r  -  m e th y l e t h y l  k e to n e . B ecause  o f  t h e  sm a ll  s i z e  o f  th e  e x t r a c ­
t i v e  d i s t i l l a t i o n  co lum n, r e l a t i v e  v o l a t i l i t i e s  w ere assum ed c o n s ta n t  
and th e  F en sk e  e q u a t io n  was u se d  to  c a l c u l a t e  th e  r e l a t i v e  v o l a t i l i ­
t i e s  and th e  num ber o f  minimum t h e o r e t i c a l  p l a t e s .

D im eth y l s u l f o x id e  was fo und  t o  b e  a good e x t r a c t i v e  d i s t i l l a t i o n  
a g e n t .  E x t r a c t i v e  d i s t i l l a t i o n  when em p lo y in g  a p r o p e r  a g e n t  n o t  o n ly  
n e g a te d  th e  a z e o t ro p e s  o f  th e  above m ix tu r e s , b u t  a l s o  im proved  th e  
e f f i c i e n c y  o f  s e p a r a t i o n .  T h is  p r o c e s s  c o u ld  r e v e r s e  t h e  r e l a t i v e  
v o l a t i l i t y  o f  i s o p r o p y l  e t h e r  and a c e to n e .  T h is  r e v e r s io n  was a l s o  
found  i n  th e  sy s te m  o f  m e th y l a c e t a t e  and m eth an o l when n i tr o b e n z e n e  
was th e  a g e n t .  H ow ever, n o rm al d i s t i l l a t i o n  c u rv e s  w ere  o b ta in e d  f o r  
th e  sy s te m  o f  i s o p r o p y l  e t h e r  and m e th y l e t h y l  k e to n e  u n d e rg o in g  
e x t r a c t i v e  d i s t i l l a t i o n .

I n  th e  sy s te m  o f  m e th y l a c e t a t e  arid m e th a n o l , th e  r e l a t i v e  
v o l a t i l i t y  d e c re a s e d  a s  th e  a g e n t s '  c a rb o n  num ber in c r e a s e d  when 
g ly c o l s  w ere  u se d  a s  th e  a g e n ts .  I n  a d d i t i o n ,  th e  oxygen num ber and 
th e  l o c a t io n s  o f  h y d ro x y l g ro u p s  i n  th e  g ly c o l s  u se d  w ere  b e l i e v e d  to  
a f f e c t  th e  v a lu e s  o f  r e l a t i v e  v o l a t i l i t y .

An a p p r e c ia b le  am ount o f  a g e n t  m ust be  m a in ta in e d  i n  th e  colum n 
t o  a f f e c t  s e p a r a t i o n .  When d im e th y l  s u l f o x id e  was an  a g e n t  f o r  th e  
t h r e e  sy stem s, s tu d i e d ,  th e  r e l a t i v e  v o l a t i l i t y  in c r e a s e d  a s  th e  a d d i ­
t i o n  r a t e  i n c r e a s e d .



I

INTRODUCTION

A z e o tro p ic  And E x t r a c t i v e  D i s t i l l a t i o n

S e p a r a t io n  i s  an  im p o r ta n t  i n d u s t r i a l  p r o c e s s .  F r a c t i o n a l  d i s ­

t i l l a t i o n  i s  one o f  th e  commonest m ethods f o r  s e p a r a t i n g  l i q u i d  m ix­

t u r e s  . H ow ever, i t  i s  v e ry  d i f f i c u l t  o r  im p o s s ib le  t o  s e p a r a te  

a z e o t r o p ic  m ix tu re s  o r  m ix tu re s  whose com ponents b o i l  v e ry  c lo s e  

t o g e t h e r .  The s e p a r a t i o n  c a n  b e  som etim es g r e a t l y  f a c i l i t a t e d  by 

a d d in g  a t h i r d  com ponen t, c a l l e d  h e r e i n  an  " a g e n t" .  I n  t h e s e  c a s e s  

two m e th o d s , nam ely  a z e o t r o p ic  and e x t r a c t i v e  d i s t i l l a t i o n ,  have been  

d e v e lo p e d  c o m m e rc ia lly . I n  a z e o t r o p ic  d i s t i l l a t i o n  th e  a g e n t  h as  

a b o u t th e  same v a p o r  p r e s s u r e  a s  t h e  f e e d  com ponents and i s  removed 

w i th  th e  o v e rh e a d  p r o d u c t  w i th  w h ich  i t  fo rm s a m inim un a z e o t r o p e .

One k in d  o f  a z e o t r o p ic  d i s t i l l a t i o n  colum ns i s  shown i n  F ig u re  I  [ I ] .

I n  e x t r a c t i v e  d i s t i l l a t i o n  th e  a g e n t  h a s  a low v a p o r  p r e s s u r e ,  so  th e  

a g e n t  i s  added  n e a r  th e  to p  o f  th e  colum n and rem oved w i th  th e  b o tto m  

p r o d u c t .  The a g e n t  f lo w s  down th e  co lum n, w ash ing  th e  a s c e n d in g  

v a p o rs  and a b s o rb in g  one o f  th e  com ponents p r e f e r e n t i a l l y .  T h e re  a r e  

f o u r  s e c t i o n s  i n  an  e x t r a c t i v e  d i s t i l l a t i o n  colum n as  i l l u s t r a t e d  in  

F ig u re  2 [ 1 ] .

O b v io u s ly , f o r  a z e o t r o p ic  o r  e x t r a c t i v e  d i s t i l l a t i o n  t o  be  

e c o n o m ic a l ly  a t t r a c t i v e ,  th e  im provem ent i n  r e l a t i v e  v o l a t i l i t y ,  and 

r e s u l t i n g  s a v in g s  i n  colum n h e ig h t  and s team  and w a te r  c o s t s , sh o u ld  

m ore th a n  o f f s e t  th e  added  c o s t s  o f  r e c i r c u l a t i n g  th e  a g e n t ,  r e c o v e r in g
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i t  from  th e  p r o d u c t s , and p r o v id in g  makeup a g e n t  b e c a u se  o f  l o s s e s  i n  

r e c i r c u l a t i o n .  I n  e x t r a c t i v e  d i s t i l l a t i o n ,  a g e n t  r e c o v e ry  from  th e  

b o tto m  p r o d u c t  i s  e a s i l y  a f f e c t e d  i n  a s e p a r a te  s t r i p p i n g  colum n 

b e c a u s e  o f  th e  a g e n t 's  low  v a p o r  p r e s s u r e .  In  a z e o t r o p ic  d i s t i l l a t i o n  

an  a g e n t  im m is c ib le  w i th  th e  o v e rh e a d  p r o d u c t ,can  be  s e p a r a te d  by 

d e c a n t a t i o n ,  and w ith  a h y d ro c a rb o n  o v e rh e a d  p ro d u c t  a w a te r - s o lu b le  

a g e n t  can  b e  u se d  and  th e n  re c o v e re d  by  w ash in g  th e  o v e rh e a d  w ith  

w a te r .  The p r i n c i p a l  d i f f e r e n c e  b e tw een  th e  p r o c e s s e s  o f  a z e o t r o p ic  

and e x t r a c t i v e  d i s t i l l a t i o n  i s  t h a t  th e  a g e n t  i s  a lm o s t  e n t i r e l y  

r e c o v e re d  i n  t h e  d i s t i l l a t e  i n  a z e o t r o p ic  d i s t i l l a t i o n ,  and  in  

e x t r a c t i v e  d i s t i l l a t i o n  th e  a g e n t  i s  r e c o v e re d  i n  t h e  r e s id u e  o r  

b o t to m s . A ls o , t h e  optimum p o i n t  o f  a d d i t i o n  o f  th e  a g e n t  t o  th e  

colum n i s  d i f f e r e n t  f o r  th e  two ty p e s  o f  p r o c e s s e s .  G e r s te r  [2] 

i l l u s t r a t e d  th e  d i f f e r e n c e  b e tw een  th e s e  two m ethods by  th e  v a r io u s  

s p e c i a l - a g e n t  d i s t i l l a t i o n s  r e q u i r e d  a t  C e la n e s e 1s B is h o p , Texas 

p l a n t .  I f  th e  f e e d  i s  a c l o s e - b o i l i n g  h y d ro c a rb o n  p a i r ,  t h e  d i f ­

f e r e n c e  i n  t h e  n a tu r e  o f  th e  f e e d  com ponents a r e  u s u a l l y  c o m p a ra t iv e ly  

s m a l l ,  so  t h a t  th e  a g e n t  i s  r e q u i r e d  to  im prove th e  r e l a t i v e  v o l a t i l i t y  

o v e r  th e  e n t i r e  h e ig h t  o f  th e  colum n. T h is  i s  a c h ie v e d  b e s t  i n  e x t r a c ­

t i v e  d i s t i l l a t i o n  w here th e  a g e n t  e n t e r s  a t ,  o r  n e a r ,  th e  to p  and i s  

d is c h a r g e d  a t  th e  b o tto m  o f  th e  colum n. A z e o tro p ic  d i s t i l l a t i o n  i s  

p a r t i c u l a r l y  u s e f u l  when th e  fe e d  com ponent s e l e c t e d  t o  come o v e rh e a d  

a s  an  a z e o t ro p e  w ith  th e  a g e n t  i s  p r e s e n t  i n  th e  f e e d  i n  s m a ll  am ount. 

I n  su c h  an  in s t a n c e  t h e  am ount o f  a g e n t  n eed ed  to  be  c i r c u l a t e d  i s  

s m a l l ,  r e s u l t i n g  i n  o n ly  s m a ll  a d d i t i o n a l  s team  c o s t s  b e c a u s e  o f  th e  

p r e s e n c e  o f  th e  a g e n t  and  i n  a lo w -a g e n t  r e c o v e ry  c o s t .
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T re y b a l  [3 ] h a s  p o in te d  o u t  t h a t  e x t r a c t i v e  d i s t i l l a t i o n  i s  

g e n e r a l l y  c o n s id e r e d  t o  be  m ore d e s i r a b l e  th a n  a z e o t r o p ic  d i s t i l l a t i o n  

s in c e  ( i )  t h e r e  i s  a g r e a t e r  c h o ic e  o f  a g e n t  b e c a u se  th e  p r o c e s s  does

n o t  depend  upon th e  a c c id e n t  o f  a z e o t ro p e  fo rm a tio n  and ( i i )  g e n e r a l l y

‘ ■ \

s m a l le r  q u a n t i t i e s  o f  a g e n t  m ust be  v o l a t i l i z e d .  Due t o  th e  in c r e a s e  

i n  e n e rg y  c o s t s ,  e x t r a c t i v e  d i s t i l l a t i o n  i s  w o rth  c o n s id e r in g  even  

when th e  c o n v e n t io n a l  a p p ro a c h  i s  f e a s i b l e . S u ck sm ith  [4 ] h a s  shown 

t h a t  42 m i l l i o n  B tu /h  a r e  r e q u i r e d  t o  s e p a r a te  th e  m ix tu re  o f  n -h e p ta n e  

and  to lu e n e  by  c o n v e n t io n a l  d i s t i l l a t i o n ;  18 m i l l i o n  B tu /h  a r e  r e q u i r e d  

f o r  th e  same s e p a r a t i o n  by  e x t r a c t i v e  d i s t i l l a t i o n .  I f  an  a g e n t  

p r o v id e s  a p p ro x im a te ly  40% g r e a t e r  r e l a t i v e  v o l a t i l i t y ,  B o jndw ski and 

Hanks [5 ] s u g g e s te d  t h a t  th e  e x t r a c t i v e  d i s t i l l a t i o n  c o u ld  b e  con­

s id e r e d  i n s t e a d  o f  c o n v e n t io n a l  f r a c t i o n a l  d i s t i l l a t i o n .  Thus e x t r a c ­

t i v e  d i s t i l l a t i o n  w ould  b e  an  a t t r a c t i v e  m ethod t o  s e p a r a te  t h r e e  

l i q u i d  b in a r y  m ix t u r e s , i s o p r o p y l  e t h e r  -  a c e to n e ,  m e th y l a c e t a t e  -  

m e th a n o l , and i s o p r o p y l  e t h e r  -  m e th y l e t h y l  k e to n e .

S e l e c t io n  o f  A z e o tro p e s

One o f  th e  c o m m e rc ia lly  im p o r ta n t  ways to  m a n u fa c tu re  a c e to n e  i s  

by  th e  c a t a l y t i c  d e h y d ro g e n a tio n  o f  i s o p r o p a n o l . S in c e  a c e to n e  does 

n o t  form  an  a z e o t ro p e  w i th  is o p r o p a n o l  (n o ram i b .p .= 8 2 .4 ° C ) , a c e to n e  

i s  r e l a t i v e l y  e a s y  t o  s e p a r a te  from  th e  u n r e a c te d  i s o p r o p a n o l  by 

r e c t i f i c a t i o n .  H ow ever, a c o n c u r r e n t  r e a c t i o n  ta k e s  p l a c e  i n  w hich  

i s o p r o p a n o l  d e h y d ra te s  t o  form  i s o p r o p y l  e t h e r  ( IP E ) . A ce tone  and 

i s o p r o p y l  e t h e r  form  a minimum a z e o tro p e  [6 ] b o i l i n g  a t  5 4 .2 °C  a t  one 

a tm o s p h e re . I t  i s  t h e r e f o r e  im p o s s ib le  t o  p ro d u c e  p u re  a c e to n e  from
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One way t o  m a n u fa c tu re  m e th y l a c e t a t e  (MeAc) i s  by  th e  c a t a l y t i c  

e s t e r i f i c a t i o n  o f  m e th a n o l w i th  a c e t i c  a c id .  M ethyl a c e t a t e  and 

m e th a n o l (MeOH) form  a minimum b in a r y  a z e o t ro p e  [6] b o i l i n g  a t  53 .5°C  

a t  one a tm o s p h e re . M ethy l a c e t a t e  a l s o  fo rm s w ith  w a te r  a b in a r y  

a z e o t ro p e  w h ich  b o i l s  a t  5 6 . 1°C a t  one a tm o sp h e re . The b in a r y -  

a z e o t ro p e  c o n ta in s  95 w t.%  m e th y l a c e t a t e .  M ethy l a c e t a t e ,  m e th a n o l, 

and  w a te r  do n o t  fo rm  a t e r n a r y  a z e o t r o p e .  T h u s, i n  th e  e s t e r i f i c a ­

t i o n  o f  m e th a n o l w i th  a c e t i c  a c id  to  form  m e th y l a c e t a t e  and  w a te r ,  

t h e  r e c t i f i c a t i o n  o f  t h i s  m ix tu re  y i e l d s  t h e  lo w e s t  b o i l i n g  c o n s t i -  

t u t e n t ,  nam ely  th e  m e th y l a c e t a t e  -  m e th a n o l a z e o t r o p e .  I t  i s  t h e r e ­

f o r e  im p o s s ib le  t o  p ro d u c e  p u re  m e th y l a c e t a t e  from  m e th a n o l -  m eth y l 

a c e t a t e  m ix tu re  by  c o n v e n t io n a l  r e c t i f i c a t i o n  b e c a u se  t h e  lo w e s t  

b o i l i n g  a z e o t ro p e  w i l l  a lw ay s come o f f  o v e rh e a d  a s  th e  i n i t i a l  p ro d u c t  

T h is  m ix tu re  a l s o  m ig h t b e  e x t r a c t i v e l y  d i s t i l l e d .

Two o f  th e  m ost commonly u se d  s o lv e n t s  i n  th e  c h e m ic a l in d u s t r y  

a r e  i s o p r o p y l  e t h e r  and m e th y l e th y l  k e to n e  (MEK). N o rm ally  m ix tu re s  

o f  s o lv e n t s  a r e  r e c o v e re d  by  f r a c t i o n a t i o n  i n  a m u l t i p l a t e  r e c t i f i c a ­

t i o n  co lum n, and th e  e a s e  o f  s e p a r a t i o n  depends upon th e  d i f f e r e n c e  in  

b o i l i n g  p o i n t s  o f  th e  compounds to  b e  s e p a r a te d .  However i s o p r o p y l  

e t h e r  and m e th y l e t h y l  k e to n e  form  a m inim un a z e o tro p e  [7 ] b o i l i n g  a t  

65°C a t  one a tm o sp h e re . I t  i s  t h e r e f o r e  im p o s s ib le  t o  p ro d u c e  p u re  

i s o p r o p y l  e t h e r  from  i s o p r o p y l  e t h e r  -> m e th y l e th y l  k e to n e  m ix tu re  by 

c o n v e n t io n a l  r e c t i f i c a t i o n .  T h is  w ould be  th e  t h i r d  m ix tu re  to  be

the acetone -isopropyl ether mixture by conventional rectification.
This system is a good candidate for extractive distillation.
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ex am in ed . The p r o p e r t i e s  o f  th e s e  

a tm o sp h e re  a r e  as  f o l l o w s :

I s o p r o p y l  e th e r  

A cetone

M ethy l a c e t a t e  

M ethano l

M ethy l e th y l  k e to n e  

I s o p r o p y l  e th e r -A c e to n e  A z e o tro p e  

M ethy l a c e ta te - M e th a n o l  A z e o tro p e  

I s o p r o p y l  e th e r -M e th y l  e th y l  k e to n

compounds and a z e o t ro p e s  a t  one

B .P . , A z e o tro p e

°C C o m p o sitio n

6 8 .5

5 6 .5

5 7 .1

6 4 .7

7 9 .6

5 4 .2 39 wt.%  IPE

5 3 .5 81 wt.%  MeAc

A zeo . 6 5 .0 88 w t.%  IPE

R e se a rc h  O b je c t iv e s

The f i r s t  o b j e c t iv e  o f  t h i s  r e s e a r c h  was to  f in d  th e  a g e n ts  w hich 

( i )  w ould b re a k  th e  a z e o t ro p e s  l i s t e d  and ( i i )  w ere e a sy  t o  re c o v e r  

from  th e  b o tto m  p r o d u c t .  The a g e n t  c o u ld  be  a p u re  compound o r  a 

m ix tu re  o f  com pounds. A d e s i r a b l e  a g e n t  m ust m eet many r e q u i r e m e n ts , 

su c h  a s  low t o x i c i t y ,  n o n c o r r o s iv e n e s s , low v i s c o s i t y ,  h ig h  s t a b i l i t y ,  

low p r i c e ,  e t c .  The seco n d  o b j e c t iv e  was to  s tu d y  th e  e f f e c t s  o f  

a g e n ts  on r e l a t i v e  v o l a t i l i t y  in  e x t r a c t i v e  d i s t i l l a t i o n  and th e  

s t a b i l i t y  o f  th e  a g e n ts .
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THEORETICAL ASPECTS 

V a p o r-L iq u id  E q u i l ib r iu m

D i s t i l l a t i o n  i s  a m ethod o f  s e p a r a t i n g  th e  com ponents o f  a s o lu ­

t i o n .  I t  d ep en d s upon th e  d i s t r i b u t i o n  o f  th e  s u b s ta n c e s  b e tw een  a 

g a s  and a l i q u i d  p h a se  a p p l i e d  to  c a s e s  w here a l l  com ponents a r e  

p r e s e n t  i n  b o th  p h a s e s  a t  t h e  p r e s s u r e  and  te m p e ra tu re  o f  t h e  sy s te m . 

I n s t e a d  o f  i n t r o d u c in g  a new s u b s ta n c e  i n t o  th e  m ix tu re  i n  o r d e r  to  

p r o v id e  th e  seco n d  p h a s e ,  a s  i s  done i n  g a s  a b s o r p t io n  o r  d e s o r p t io n ,  

th e  new p h a se  i s  c r e a te d  from  th e  o r i g i n a l  s o l u t i o n  by  v a p o r i z a t i o n  o r  

c o n d e n s a t io n .  T h is  p r o c e s s  i s  c o n c e rn e d  w ith  th e  s e p a r a t i o n  o f  s o lu ­

t i o n s  w here a l l  t h e  com ponents a r e  a p p r e c ia b ly  v o l a t i l e .  When th e  two 

( o r  m ore) p h a s e s  a r e  i n  a s t a t e  o f  p h y s ic a l  e q u i l ib r iu m ,  th e  maximum 

r e l a t i v e  d i f f e r e n c e  i n  c o n c e n t r a t io n  o f  th e  m a t e r i a l s  i n  t h e  p h a se s  

o c c u r s .  T h e r e f o r e ,  a t t a in m e n t  o f  e q u i l ib r iu m  c o n d i t io n  i s  d e s i r a b l e  

i n  t h e  d i s t i l l a t i o n  p r o c e s s .  The a p p l i c a t i o n  o f  d i s t i l l a t i o n  m ethods 

d ep en d s g r e a t l y  upon an  u n d e r s ta n d in g  o f  t h e  e q u i l i b r i a  e x i s t i n g  

b e tw e e n  th e  v a p o r  and l i q u i d  p h a s e s  o f  th e  m ix tu re s  e n c o u n te re d .

V a p o r - l iq u id  e q u i l ib r iu m  d a t a ,  e x c e p t  i n  th e  s p e c i a l  s i t u a t i o n s  

o f  i d e a l  and r e g u l a r  s o l u t i o n s ,  m ust be  d e te rm in e d  e x p e r im e n ta l ly .  

P h a se  d iag ra m s  a r e  u se d  t o  d e s c r ib e  tw o-com ponent sy s te m s  by  p l o t t i n g  

two o f  th e  t h r e e  in d e p e n d e n t  v a r i a b l e s , c o m p o s i t io n , t e m p e r a tu r e , and 

p r e s s u r e ,  a t  a c o n s ta n t  v a lu e  o f  t h e  re m a in in g  p n e . I n  F ig u re  3 [ 8 ] ,  

t h e  a ,  e ,  i  d iag ra m s a r e  t y p i c a l  o f  r e g u l a r  o r  no rm al s y s te m s . The b ,
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TEMPERATURE CONSTANT

(b) (c)

PRESSURE CONSTANT

X

( i )
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X
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X
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X
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F ig u re  3 . P h ase  d ia g ra m s  f o r  v a r io u s  ty p e s  o f  b in a r y  sy s tem s
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f , j  d iag ra m s  a r e  t y p i c a l  o f  m in im u m -b o ilin g  hom ogeneous a z e o t r o p e s , 

t h e  c ,  g ,  k  d iag ra m s o f  m ax im um -bo iling  hom ogeneous a z e o t r o p e s , and 

th e  d , h ,  I  d iag ra m s o f  m in im u m -b o ilin g  h e te ro g e n e o u s  a z e o t r o p e s .  In  

th e  f i r s t  t h r e e  sy s te m s  o n ly  one l i q u i d  p h a s e  e x i s t s ; w h e reas  i n  th e  

f o u r t h ,  two l i q u i d  p h a s e s  can  e x i s t  a t  and below  th e  a z e o t ro p e  

t e m p e r a tu r e .
*

F o r  an  i d e a l  s o l u t i o n ,  th e  e q u i l ib r iu m  p r e s s u r e  p^  o f  a c o n s t i -

t u t e n t  a t  a f ix e d  te m p e ra tu re  e q u a ls  th e  p r o d u c t  o f  i t s  v a p o r  p r e s s u r e

p^  when p u re  a t  t h i s  te m p e ra tu re  t im e s  i t s  m ole f r a c t i o n ,  x ^ ,  i n  th e

l i q u i d  p h a s e .  T h is  i s  R a o u l t ’ s law

P* = P i  *  Xi  ( I )

I n  a n o n id e a l  s o l u t i o n ,  th e  e x t e n t  o f  d e v ia t i o n  from  n o n i d e a l i t y  o f

com ponents i n  l i q u i d  m ix tu re s  i s  m easu red  by  th e  a c t i v i t y  c o e f f i c i e n t ,

y . A p p ly in g  t h i s  c o r r e c t i o n  f a c t o r  t o  R a o u l t 1s law  r e s u l t s  i n  
*

P1 = Yi  *  x .  *  P i

H ere  we sa y  t h a t  th e  s ta n d a r d  s t a t e  f u g a c i t y ,  f ?  , can  b e  a p p ro x im a te d  

by  th e  p u re -c o m p o n e n t v a p o r  p r e s s u r e ,  p^  , a t  lo w - to -m o d e ra te  p r e s s u r e s  

and  t e m p e r a tu r e s . A t e q u i l ib r iu m ,  th e  f u g a c i t i e s  o f  any  com ponent i  

i n  th e  v a p o r  and l i q u i d  p h a s e s  m ust b e  e q u a l .  T h is  can  b e  e x p re s s e d  

a s :

(J)i  *  Yi  *  P = Vi  *  Xi  *  P i  (3 )

w here (J)i  i s  t h e  f u g a c i ty  c o e f f i c i e n t  o f  com ponent i ,

P i s  th e  t o t a l  p r e s s u r e  o f  th e  s y s te m , and 

y  ' i s  th e  m ole f r a c t i o n  o f  i  i n  v a p o r  p h a s e .

The g r e a t e r  th e  d i s t a n c e  b e tw een  e q u i l ib r iu m  c u rv e s  and  d ia g o n a ls  

o f  F ig u re  3 i ,  j , k ,  I ,  t h e  d i f f e r e n c e  i n  v a p o r  and l i q u i d  c o m p o s itio n s
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i s  g r e a t e r  and th e  e a s i e r  th e  s e p a r a t i o n  by  d i s t i l l a t i o n .  One n u m eri­

c a l  m easu re  o f  t h i s  i s  c a l l e d  t h e  s e p a r a t i o n  f a c t o r ,  o r ,  p a r t i c u l a r l y  

i n  th e  c a s e  o f  d i s t i l l a t i o n ,  th e  r e l a t i v e  v o l a t i l i t y ,  a.  T h is  i s  th e  

r a t i o  o f  th e  c o n c e n t r a t io n  r a t i o  o f  i  and j  i n  one p h a se  t o  t h a t  in  

t h e  o th e r  p h a s e  and i s  a m easu re  o f  th e  s e p a r a b i l i t y .

The v a lu e  o f  a  w i l l  o r d i n a r i l y  change a s  x v a r i e s  from  0 t o  1 .0 .  I f

by  c o n v e n t io n a l  r e c t i f i c a t i o n .  The l a r g e r  th e  v a lu e  o f  Cf above u n i ty ,  

th e  g r e a t e r  th e  d e g re e  o f  s e p a r a b i l i t y .

I n  an  i d e a l  c a s e  th e  r a t i o  o f  v a p o r  p r e s s u r e s  o f  th e  key  com­

p o n e n ts  i s  v e ry  c lo s e  t o  a c o n s t a n t ,  i . e . , t h e  r e l a t i v e  v o l a t i l i t y  i s  

c o n s ta n t .  I f  t h i s  c a s e  can  be  assum ed w i th o u t  in t r o d u c in g  e x c e s s iv e  

e r r o r  i n  a d i s t i l l a t i o n  p r o c e s s ,  th e  num ber o f  t h e o r e t i c a l  p l a t e s  

r e q u i r e d  a t  t o t a l  r e f l u x  may b e  c a l c u l a t e d  by  th e  F en sk e  e q u a t io n  [9]

w here N a r e  th e  minimum t h e o r e t i c a l  p l a t e s  a t  t o t a l  r e f l u x  and su b ­

s c r i p t s  0  and B d e n o te  th e  o v e rh e a d  and  b o tto m  p r o d u c t s .

Of may be  e v a lu a te d  a s  th e  a r i t h m e t i c  a v e ra g e  b e tw e en  th e  o v e r -  
av  J

h ead  and  b o tto m  te m p e r a tu r e s .

(4 )

^ i  = ( e x c e p t  a t  x  =0 o r  1 . 0 ) ,  a  = 1 .0  and no s e p a r a t i o n  i s  p o s s ib l e

The F en sk e  E q u a tio n

(5 )
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w here Cf̂ Q i s  th e  r e l a t i v e  v o l a t i l i t y  a t  th e  o v e rh e a d  te m p e ra tu re  and 

i s  th e  r e l a t i v e  v o l a t i l i t y  a t  th e  b o tto m  te m p e ra tu re .  

H ow ever, may a l s o  b e  e v a lu a te d  a s  t h e  g e o m e tr ic  a v e ra g e  o f  th e  

v a lu e s  o f  th e  o v e rh e a d  and b o tto m  p r o d u c ts  [ 3 ] .

The w e ig h t p e r c e n t  can  be  e x p re s s e d  i n  te rm s  o f  m o le c u la r  w e ig h t 

and  m ole f r a c t i o n  a s  f o l lo w s :  f o r  th e  v a p o r  p h a s e ,

W. m .y .
. = ------------- “ V .

y i  Wto ■iyi + mJyJ
w here i s  th e  w e ig h t o f  com ponent i  i n  v a p o r  p h a s e ,  

i s  th e  t o t a l  w e ig h t i n  v a p o r  p h a s e ,  and 

nK i s  th e  m o le c u la r  w e ig h t o f  com ponent i ;  

f o r  th e  l i q u i d  p h a s e ,

wXi = W.
IB  _ ” i Ki

m .x . + m .x . 
i  i  J J

w here  W^g i s  th e  w e ig h t o f  com ponent i  i n  l i q u i d  p h a se  and

Wrpri i s  th e  t o t a l  w e ig h t i n  l i q u i d  p h a s e .Iii

S u b s t i t u t i n g  E q . (6 )  and (7 )  i n t o  E q . (5 )  y i e l d s  

N W . W .

“ av  ‘  cWz i V v T ^ B  (8 )
y j  x i

E q . (8 )  was u se d  t o  do th e  c a l i b r a t i o n  o f  th e  r e c t i f i c a t i o n  

colum n and a l s o  to  c a l c u l a t e  th e  r e l a t i v e  v o l a t i l i t i e s  i n  t h i s  in v e s ­

t i g a t i o n .  Thus e v e r y th in g  was done on a c o n s i s t e n t l y  co m p arab le  

b a s i s .
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E f f e c t  o f  A dding An A gent

E x a m in a tio n  o f  E q . (4 )  i n d i c a t e s  t h a t  th e  r e l a t i v e  v o l a t i l i t y  may 

be  changed  b y  t h r e e  w ays:

1 . A l t e r  th e  r a t i o  o f  p u re -c o m p o n e n t v a p o r  p r e s s u r e s . T h is  r a t i o  

i n c r e a s e s  s l i g h t l y  a s  te m p e ra tu re  i s  re d u c e d , b u t  n o t  u s u a l l y  

enough  t o  en h an ce  s e p a r a t i o n  t o  a s i g n i f i c a n t  d e g re e .

2 . A l t e r  th e  r a t i o  o f  v a p o r -p h a s e  f u g a c i ty  c o e f f i c i e n t s .  T hese  a r e  

m ea su res  o f  th e  n o n i d e a l i t y  o f  th e  v a p o r -p h a s e  m ix tu re .  A t 

m o d e ra te  p r e s s u r e s , t h e s e  c o e f f i c i e n t s  a r e  u s u a l l y  c lo s e  t o  one 

and do n o t  p r o v id e  a p r a c t i c a l  means o f  c h a n g in g  r e l a t i v e  

v o l a t i l i t y .

3 . A l t e r  th e  r a t i o  o f  l i q u id - p h a s e  a c t i v i t y  c o e f f i c i e n t s .  Many 

l i q u i d  m ix tu re s  a r e  h ig h ly  n o n id e a l ,  and t h e r e f o r e  t h e s e  c o e f ­

f i c i e n t s  ca n  be  much g r e a t e r  th a n  o n e . The r a t i o  o f  th e  two 

c o e f f i c i e n t s  can  b e  changed  s u b s t a n t i a l l y  by  a d d in g  an  a g e n t  t h a t  

i s  c h e m ic a l ly  m ore s i m i l a r  to  one com ponent th a n  t o  th e  o th e r .  

T h is  a p p ro a c h  i s  th e  b a s i s  o f  e x t r a c t i v e  d i s t i l l a t i o n .

S c h e ib e l  [10] h a s  p o in te d  o u t  t h r e e  m ain  id e a s  on s e l e c t i n g  a

p r o p e r  a g e n t :  ( i )  t h e  a g e n t  m ust n o t  form  an  a z e o tro p e  w i th  any  com-
i  •'

p o n e n ts  i n  th e  m ix tu re  t o  b e  s e p a r a te d ,  ( i i )  i t  m ust be  l e s s  v o l a t i l e  

th a n  any  com p o n en ts , ( i i i )  t h e  a g e n t  m ust have  a d i f f e r e n t  e f f e c t  on 

th e  p a r t i a l  p r e s s u r e  o f  e a c h  o f  th e  com ponents i n  m ix tu re .  B erg  [11] 

s u g g e s te d  t h a t  th e  b o i l i n g  p o i n t  d i f f e r e n c e  b e tw een  th e  compounds 

b e in g  s e p a r a te d  and th e  a g e n t  sh o u ld  b e - tw e n ty  d e g re e s  C e ls iu s  o r  

m ore.
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B e s id e s  th e  r e l a t i v e  v o l a t i l i t y ,  s e l e c t i v i t y  can  be u sed  to  

i n d i c a t e  th e  e f f e c t  o f  an  a g e n t  on s e p a r a t i o n .  Q u a n t i t a t i v e l y ,  

s e l e c t i v i t y  i s  d e f in e d  a s  th e  r a t i o  o f  th e  r e l a t i v e  v o l a t i l i t y  o f  th e  

key com ponents in  th e  m ix tu re  w hich  a r e  to  be s e p a r a te d  i n  th e  p r e ­

s e n c e  o f  th e  s e p a r a t i n g  a g e n t  to  t h e i r  r e l a t i v e  v o l a t i l i t y  b e fo r e  th e  

a d d i t i o n  o f  th e  a g e n t .  One e x p r e s s io n  u sed  t o  d e f in e  s e l e c t i v i t y  [8] 

i s

S. . =
laM 1P = lcV xI m W 1P = IYiPi OlZYiP iOi Ip (s)

’i j  "  [O1^ a "  K W W 7 V 1A "  W W W a

w here th e  s u b s c r i p t  P i n d i c a t e s  th e  p r e s e n c e  o f  a g e n t  and th e  su b ­

s c r i p t  A i n d i c a t e s  th e  a b se n c e  o f  a g e n t .

To o b ta in  th e  s e l e c t i v i t y  on a s t r i c t l y  com parab le  b a s i s , i t  

sh o u ld  be e v a lu a te d  f o r  th e  same r e l a t i v e  l i q u i d  c o m p o s itio n  o f  th e  

key c o m p o n en ts ; a n d , i f  th e  te m p e ra tu re  i s  w id e ly  d i f f e r e n t ,  th e  

a c t i v i t y  c o e f f i c i e n t s  and v a p o r  p r e s s u r e s  o f  th e  com ponents sh o u ld  be 

c o r r e c te d  to  th e  same b a s i s . I f  th e  a g e n t  u sed  in  e x t r a c t i v e  d i s ­

t i l l a t i o n  i s  added  a t  th e  b u b b le  p o i n t  o f  th e  a g e n t - f r e e  m ix tu re ,  and 

i f  th e  te m p e ra tu re  i s  f a r  below  th e  b o i l i n g  p o i n t  o f  th e  a g e n t  ( i . e . , 

i t s  v a p o r  p r e s s u r e  i s  lo w ) , th e  c o r r e c t i o n  i s  sm a ll and n e g l i g i b l e .

S e l e c t i v i t y  o r  th e  a b i l i t y  o f  a compound to  a f f e c t  th e  b e h a v io r  

o f  o th e r  compounds i n  s o l u t i o n  to  th e  e x te n t  t h a t  t h e i r  r e l a t i v e  

v o l a t i l i t i e s  a r e  changed  i s  th e  r e s u l t  o f  m o le c u la r  i n t e r a c t i o n .  The 

work o f  H ild e b ra n d  [ 1 2 ] ,  v an  A rk e l [ 1 3 ] ,  London [1 4 ] ,  and o th e r s  has 

r e s u l t e d  i n  th e  r e c o g n i t i o n  o f  two b ro a d  form s o f  m o le c u la r  i n t e r ­

a c t i o n ,  nam ely  p h y s ic a l  and c h e m ic a l f o r c e .
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The p h y s ic a l  f o r c e s  c a u s in g  m o le c u la r  i n t e r a c t i o n s  i n  w hich  

e n e rg y  e f f e c t s  a r e  th e rm o d y n a m ic a lly  p o s i t i v e  i n  s ig n  (e n d o th e rm ic )  

a r e  c l a s s i f i e d  by  H ild e b ra n d  [12] a s :

1 . D is p e r s io n  f o r c e s  w h ich  te n d  t o  c a u se  a p e r t u r b a t i o n  i n  th e  

e l e c t r o n i c  m o tio n  o f  one m o le c u le  a s  th e  r e s u l t  o f  i t s  b e in g  

w i th in  t h e  f i e l d  o f  i n f lu e n c e  o f  a n o th e r .  T h is  i s  c o n s id e re d  a 

n o n p o la r  e f f e c t .

2 . I n d u c t io n  f o r c e s  w h ich  a r e  e x e r t e d  by  one m o le c u le  on a n o th e r ,  

th e  f i r s t  h a v in g  a p e rm a n en t d ip o le  moment w hich  makes i t  c a p a b le  

o f  in d u c in g  a p o l a r i z a t i o n  o r  in d u c e d  d ip o le  i n  th e  o t h e r .  T h is  

i s  an  a t t r a c t i v e  f o r c e .

3 . O r i e n t a t i o n  f o r c e s  w h ich  a r e  e x e r t e d  by  th e  a c t i o n  o f  one perm a­

n e n t  d ip o le  on a n o th e r  p e rm a n en t d ip o le  c a u s in g  m o le c u le s  to  

o r i e n t  w i th  r e s p e c t  t o  one a n o th e r .

I t  h a s  b e e n  shown [1 2 , 13 , 14] t h a t  m o le c u le s  w h ich  a r e  n o n p o la r
■ ■ ■

i n  makeup o r  e l e c t r o n e u t r a l  -  su c h  a s  t h e  s a t u r a t e d  h y d ro c a rb o n s  -when 

fo rm in g  a n o n id e a l  s o l u t i o n  w ith  o t h e r  n o n p o la r  m o le c u le s  e v id e n c e  

o n ly  e n d o th e rm ic  e n e rg y  e f f e c t s  o r  p o s i t i v e  h e a ts  o f  m ix in g , s in c e  

o n ly  d i s p e r s io n  f o r c e s  a r e  in v o lv e d . Where n o n id e a l  m ix tu re s  o f  

n o n p o la r  and p o l a r  m o le c u le s  a r e  fo rm ed , b o th  d i s p e r s io n  and  in d u c t io n  

f o r c e s  a r e  in v o lv e d  w i th  th e  m ix tu re  f o rm a tio n  accom pan ied  by  an  

e n d o th e rm ic  h e a t  o f  m ix in g . When p o l a r - p o l a r  m ix tu re s  a r e  fo rm ed , a l l  

t h r e e  p h y s ic a l  e f f e c t s  o f  d i s p e r s i o n ,  in d u c t io n ,  and o r i e n t a t i o n  a r e  

e v id e n c e d  to  c o n t r i b u t e  t o  a p o s i t i v e  e n d o th e rm ic  h e a t  o f  m ix in g .

The c h e m ic a l f o r c e s  a r e  u s u a l l y  a t t r i b u t e d  to  h y d ro g en  b o n d in g  o r  

co m p lex in g  o f  th e  m o le c u le s  i n  a s o l u t i o n .  T hese f o r c e s  c a u se
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m o le c u la r  i n t e r a c t i o n s  i n  w h ich  th e  e n e rg y  e f f e c t s  a r e  therm odynam i­

c a l l y  n e g a t iv e  i n  s ig n  o r  e x o th e rm ic . E w ell e t  a l .  [15] c o n c lu d ed  

t h a t  h y d ro g en  can  c o o r d in a te  b e tw een  two m o le c u le s  o f  O^, a n d /o r  F , 

and can  c o o r d in a te  b e tw een  , F and C i f  a number o f  n e g a t iv e

atom s a r e  a t t a c h e d  to  th e  c a rb o n  atom . They s u g g e s te d  th e  fo llo w in g  

c l a s s i f i c a t i o n  o f  h y d ro g en  bonds a s  " s t r o n g "  o r  "w eak", and c l a s s i f i e d  

a l l  l i q u i d  m a t e r i a l s  i n t o  f i v e  c l a s s e s .

S tro n g

O-HO

N-HO

O-HN

Weak

N-HN 

HCCl
/

HCl -CCl 

. HCNO 

HCCN

P r a u s n i t z  e t  a l .  [1 6 , 17] q u a l i t a t i v e l y  c o n s id e re d  e v id e n c e  o f  

p h y s ic a l  and c h e m ic a l i n t e r a c t i o n  o f  compounds when m ixed a s  l i q u i d s ,  

and th e y  d i s c u s s e d  t h r e e  c r i t e r i a  -  h e a t  o f  m ix in g , volum e change on 

m ix in g , and change in  u l t r a v i o l e t  s p e c t r a  o f  th e  compounds a lo n e  and 

i n  s o l u t i o n .

F a c to r s  A f f e c t in g  S e l e c t i v i t y

The v a r i a b l e s  a f f e c t i n g  s e l e c t i v i t y  o f  one compound f o r  a n o th e r  

a r e  num erous, and th e  q u a n t i t a t i v e  e x t e n t ,  and in  some i n s t a n c e s  even  

th e  q u a l i t a t i v e  e x t e n t , and d i r e c t i o n  o f  th e  e f f e c t s  a r e  l i t t l e  u n d e r­

s to o d .  E x p e r im e n ta l  s tu d y  o f  th e  e f f e c t s  o f  some o f  th e  v a r i a b l e s  h as  

g iv e n  some i n s i g h t  to  th e  p ro b lem  f o r  some s y s te m s , b u t  i n  th e  s tu d y
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o f  some sy s te m s  th e  e x p e r im e n ta l  r e s u l t s  a r e  n o t  r e a d i l y  e x p la in e d  by  

a c c e p te d  th e o r y .

I

T e m p era tu re

T e m p era tu re  i s  b e l i e v e d  to  a f f e c t  s e l e c t i v i t y  i n  t h a t  an  in c r e a s e  

i n  te m p e ra tu re  te n d s  t o  i n c r e a s e  m u tu a l s o l u b i l i t y  o f  compounds i n  a 

l i q u i d  m ix tu re  and th u s  d e c re a s e  th e  s e l e c t i v i t y  o f  one com ponent f o r  

a n o th e r .  T h is  may b e  r e f e r r e d  t o  a s  a p h y s ic a l  e f f e c t  a s  c o n t r a s t e d  

t o  a c h e m ic a l e f f e c t .  I n  a d d i t i o n  t o  t h e  p h y s ic a l  e f f e c t  o f  s o lu ­

b i l i t y ,  th e  c h e m ic a l e f f e c t  o f  co m p lex in g  i s  g e n e r a l l y  c o n s id e re d  to  

b e  a f f e c t e d  by  te m p e r a tu r e .  P r a u s n i t z  [16] and o th e r s  o b s e rv e  t h a t  

t h e  com plex s t a b i l i t y  d e c re a s e d  w i th  an  i n c r e a s e  i n  te m p e ra tu re  a n d , 

t h e r e f o r e ,  th e  s e l e c t i v i t y  a t t r i b u t e d  t o  com p lex in g  was d e c re a s e d  by  

an  in c r e a s e  i n  te m p e r a tu r e .  T h is  i s  c o n s i s t e n t  w i th  th e  g e n e r a l i z a ­

t i o n  t h a t  e x o th e rm ic  r e a c t i o n s  a r e  f a v o re d  by  lo w er te m p e ra tu re  l e v e l .

P r e s s u r e

I n  g e n e r a l ,  t h e  s p e c i f i c  e f f e c t  o f  p r e s s u r e  on a c t i v i t y  c o e f f i ­

c i e n t s  i s  n e g l i g i b l e ,  and t h e r e f o r e  p r e s s u r e  can  be  s a id  t o  have  no 

e f f e c t  on s e l e c t i v i t y  a t  lo w - to -m o d e ra te  r a n g e .

Volume F r a c t i o n  o f  A gen t

The q u a n t i t y  o f  a g e n t  r e l a t i v e  to  th e  q u a n t i ty  o f  o r i g i n a l  m ix­

t u r e  ( a s  volum e f r a c t i o n ,  m ole f r a c t i o n ,  o r  w e ig h t f r a c t i o n )  can  e x e r t  

a s t r o n g  e f f e c t  on th e  s e l e c t i v i t y .  I t  i s  p o s s ib l e  f o r  t h e  d i l u t i o n  

e f f e c t  o f  f u r t h e r  a d d i t i o n s  o f  a g e n t  t o  b r e a k  com plexes form ed i n  th e
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m ore c o n c e n t r a te d  s o l u t i o n s ,  to  re d u c e  th e  a b s o lu te  v a lu e s  o f  

Cyi Zxi ) / (y ^ /X j)  t o  i n s i g n i f i c a n c e ,  and t o  re d u c e  th e  s o l u b i l i t y  o f  th e  

l e s s  s o lu b le  com ponent t o  th e  p o i n t  o f  im m is c ib i l i t y .

R e l a t i v e  S iz e  o f  M o lecu le

P r a u s n i t z  [17 ] p o in te d  o u t  t h a t  th e  lo g a r i th m  o f  th e  a c t i v i t y  

c o e f f i c i e n t  f o r  i n d iv i d u a l  p a r a f f i n  h y d ro c a rb o n s  m ixed w i th  a p o l a r  

a g e n t  in c r e a s e d  a p p ro x im a te ly  l i n e a r l y  w i th  th e  num ber o f  c a rb o n  

atom s i n  th e  p a r a f f i n  m o le c u le  w here t h e r e  i s  no h y d ro g en  b o n d in g  o r  

c h e m ic a l e f f e c t .  I n  a d d i t i o n ,  th e  l a r g e r  m o le c u le  w i l l  hav e  th e  

g r e a t e r  a c t i v i t y  c o e f f i c i e n t  o f  t h a t  o f  two d i f f e r e n t l y  s iz e d  p a r a f f i n  

m o le c u le s  i n  t h e  same a g e n t .

C hem ical E f f e c t  o f  H ydrogen  B onding

The h y d ro g e n -b o n d in g  th e o r y  a c c o u n ts  f o r  m o le c u la r  a s s o c i a t i o n  

b e tw e en  l i k e  and a l s o  u n l ik e  m o le c u le s , u s u a l l y  d e s ig n a te d  a s  th e  

c h e m ic a l e f f e c t  i n  n o n id e a l  b e h a v io r  o f  l i q u i d s .  H-bond e n e r g ie s  v a ry  

from  2 t o  8 K c a l/m o le  com pared to  r e g u l a r  bond s t r e n g t h  o f  87 K cal f o r  

C-H bonds and 84 K ca l f o r  N-H b o n d s . T h is  a c c o u n ts  f o r  e a s y  b re a k in g  

o f  H b o n d s .

P r e d i c t i n g  th e  e f f e c t  o f  an  a g e n t  on th e  com ponents i n  a m ix tu re  

n e e d s  to  know th e  a c t i v i t y  c o e f f i c i e n t s  o f  key  com ponents i n  l i q u i d  

p h a s e .  Some t h e o r e t i c a l  o r  e m p i r ic a l  m ethods w ere a p p l i e d  by  u s in g  

th e  v an  L a a r , M a rg u le s , o r  o th e r  e q u a t i o n s . U n f o r tu n a t e ly , th e  

. th e o r y  o f  n o n id e a l  l i q u i d  m ix tu re s  i s  n o t  s u f f i c i e n t l y  w e l l  d e v e lo p e d  

t o  a l lo w  a sound p r e d i c t i o n  t o  be  made on th e  p e rfo rm a n c e  o f  a
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p ro p o se d  e x t r a c t i v e  a g e n t .  Thus th e  c h o ic e  o f  th e  a g e n ts  i n  t h i s  

i n v e s t i g a t i o n  was b a s e d  on th e  e x p e r im e n ta l  d a ta .
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APPARATUS

E quipm ent f o r  E x t r a c t i v e  D i s t i l l a t i o n

I n  o r d e r  t o  c a r r y  o u t  th e  n e c e s s a r y  o p e r a t io n s  f o r  b a tc h  

e x t r a c t i v e  d i s t i l l a t i o n ,  an  a p p a ra tu s  was d e s ig n e d  i n c o r p o r a t in g  a 

c o n d e n s e r , a v a p o r - l i q u i d  e x t r a c t i v e  d i s t i l l a t i o n  c o n ta c t in g  s e c t i o n ,  

a h e a t  s o u rc e  f o r  in t r o d u c in g  v a p o r  t o  th e  b o tto m  o f  th e  c o n ta c t in g  

s e c t i o n ,  and a m eans o f  f e e d in g  th e  a g e n t  t o  th e  to p  o f  th e  e x t r a c t i v e  

d i s t i l l a t i o n  s e c t i o n .  The g e n e r a l  a sse m b ly  o f  th e  eq u ip m en t i s  shown 

i n  F ig u re  4 . I t  c o n s i s t e d  o f  e i g h t  p a r t s  a s  d e s c r ib e d  b e lo w .

( 1 )  . A C orad c o n d e n s in g  h e a d , A, co n d en sed  th e  v a p o r  t o  t h e  l i q u i d

p h a s e .  The v a p o r  was con d en sed  on th e  i n s i d e  s u r f a c e  o f  th e  

in n e r  tu b e .  The i n s i d e  s u r f a c e  o f  th e  i n n e r  tu b e  was d iv id e d  by 

means o f  v e r t i c a l  s t r i p s  i n t o  s i x  d i f f e r e n t  s iz e d  p a r a l l e l  p a r t s .  

The c o n d e n sa te  from  any  one p a r t  c o u ld , be ta k e n  o f f  a s  p ro d u c t  

w h ile  th e  re m a in d e r  was r e tu r n e d  a s  r e f l u x  to  th e  co lum n. A 

s id e a rm  sa m p lin g  p q r t  was su sp en d e d  from  th e  C orad co n d e n sin g  

h e a d .

( 2 )  . A c o n ta c t in g  s e c t i o n  w h ich  was 20 in c h  lo n g  and 1 .5  in c h  in

d ia m e te r ,  B, c o n ta in e d  f i v e  O ldershaw  p e r f o r a t e d  p l a t e s .  I t  was 

made o f  P y rex  g l a s s .  The a rra n g e m e n t o f  th e  g l a s s - p e r f o r a t e d  

p l a t e  i s  shown i n  F ig u re  5 . The t r a y  s p a c in g  was 1 .8  in c h  and 

th e  w e ir  was 3 /8  in c h  h ig h .  F ig u re  6 i l l u s t r a t e s  th e  d i r e c t i o n  

o f  l i q u i d  f lo w  on th e  p l a t e .  The colum n was e q u ip p e d  w ith  a
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PERFORATED PLATE

WEIR

Figure 5. Perforated plate arrangement
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p e r f o r a t e d  a r e a

F ig u re  6 . P e r f o r a te d  p l a t e  s c h e m a tic , 
f lo w .

Arrows show d i r e c t i o n  o f  l i q u i d



s i l v e r e d  vacuum j a c k e t  i n  a t h ic k n e s s  o f  1 .3  i n .  The s i l v e r e d  

vacuum j a c k e t  e f f e c t i v e l y  re d u c e d  h e a t  l o s s  from  th e  colum n to  a 

n e g l i g i b l y  s m a l l  v a lu e .

( 3 )  . A 5 - l i t e r  ro u n d -b o tto m  f l a s k  s e rv e d  a s  a r e b o i l e r  o r  s t i l l p o t ,  C.

I t  was f i t t e d  w i th  a th e rm o c o u p le  w e l l  and sa m p lin g  t u b e .

( 4 )  . Column h e a t  was s u p p l ie d  e l e c t r i c a l l y  by  means o f  a G la s -C o l

m a n t le , D, w h ich  was f u r t h e r  la g g e d  t o  re d u c e  th e  h e a t  l o s s  from  

th e  s t i l l p o t .

( 5 )  . A t r a n s f o r m e r ,  E , a d ju s t e d  th e  h e a t  in p u t  i n t o  th e  s t i l l p o t  and

c o n t r o l l e d  th e  b o i l - u p  r a t e .

( 6 )  . A gen t was s to r e d  i n  a c y l i n d e r ,  F , s te a m - ja c k e te d  s e p a r a to r y

f u n n e l .  . I t  was made o f  P y rex  g l a s s  and had  a c a p a c i ty  o f  200 m l. 

The s team  j a c k e t  was u se d  t o  c o n t r o l  th e  te m p e ra tu re  o f  th e  a g e n t  

e n t e r in g  th e  colum n.

( 7 )  . A f l u i d  m e te r in g  pump, G, a d ju s te d  t h e  a d d i t io n  r a t e  o f  a g e n t .

The pump was a m ic ro -b e llo w s  m e te r in g  pump made by  R e se a rc h  

A p p lia n c e  Company. I t  was a s ta n d a r d  m o d e l, 0 .5  in c h  I . D . , 

3 1 6 - s t a i n l e s s  b e l lo w s .

( 8 )  . T h ree  K -ty p e  th e rm o c o u p le s  w ere u se d  t o  m easu re  t h e  te m p e ra tu re s

a t  t h e  o v e rh e a d , s t i l l p o t  and a g e n t  e n tr a n c e  to  th e  colum n. 

A u x i l i a r i e s  n o t  shown on th e  d raw in g  in c lu d e d  a n i chrom e h e a t in g  

w ire  w rapped on th e  pump l i n e ,  a G la s -C o l m a n tle  c o n n e c te d  t o  th e  

h e a t in g  w i r e ,  a d i g i t a l  th e rm o m e te r , OMEGA 2176A,. c o n n e c te d  to  th e  

K -ty p e  th e rm o c o u p le s , and two b a l l - a n d - s o c k e t  j o i n t s .  The f i r s t  two 

w ere  u se d  t o  c o n t r o l  t h e  te m p e ra tu re  o f  th e  a g e n t  e n t e r in g  th e  colum n. 

The th e rm o m e te r  was u se d  t o  r e c o r d  th e  te m p e ra tu re s  a t  t h e  o v e rh e a d ,

24
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s t i l l p o t , and pump l i n e .  A 6 5 /4 0  fem a le  b a l l - a n d - s o c k e t  j o i n t  and 

6 5 /4 0  m ale  b a l l - a n d - s o c k e t  j o i n t  c o n n e c te d  th e  colum n w i th  th e  Corad 

c o n d e n s in g  head  and s t i l l p o t ,  r e s p e c t i v e l y .

A n a ly t i c a l  E quipm ent

A g as  c h ro m a to g ra p h  was u se d  t o  a n a ly z e  th e  sa m p le s . The a c tu a l  

a p p a ra tu s  in c lu d e d  an  A e ro g rap h  1800 i o n i z a t i o n  gas c h ro m a to g rap h  

hooked t o  a S a r g e n t  r e c o r d e r ,  Model SR. The colum n i n  th e  ch rom ato ­

g ra p h  was 15 f e e t  lo n g  and 1 /8  in c h  i n  o u t s id e  d ia m e te r .  The colum n 

p a c k in g  was made up a s  f o l lo w s :  0 .5  g . e a c h  o f  B en tone  34 (a n  o rgano  

c la y  com plex , N a t io n a l  Lead B a r io d  D iv i s io n )  and d i s s o d e c y l  p h t h a l a t e  

w ere  d e p o s i te d  on 9 .0  g . o f  chrom osorb  P u s in g  th e  c o n v e n tio n a l  

v a p o r i z a t i o n  and s l u r r y  t e c h n iq u e s .  The o p e r a t in g  c o n d i t io n s  u se d  

w e re : colum n te m p e r a tu r e ,  75°C; i n j e c t i o n  p o r t  te m p e r a tu r e ,  200°C; 

d e t e c t o r  te m p e r a tu r e ,  140°C; h e liu m  flo w  r a t e ,  20 -30  m l. p e r  m in u te ; 

h y d ro g en  f lo w  r a t e ,  2 0 -30  m l. p e r  m in u te ;  a i r  f lo w  r a t e ,  250-400  m l. 

p e r  m in u te .

E qu ipm en t f o r  A gen t R ecovery

The a g e n ts  w ere  r e c la im e d  by  s im p le  d i s t i l l a t i o n .  F ig u re  7 

i l l u s t r a t e s  th e  a sse m b ly  o f  th e  a p p a r a tu s .  A 2 - l i t e r  d i s t i l l i n g  f l a s k  

s e rv e d  a s  a s t i l l p o t .  A m ercu ry  th e rm o m e te r  was u se d  t o  i n d i c a t e  th e  

te m p e ra tu re  o f  v a p o r  i n  th e  s t i l l p o t .
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Figure 7. Diagram of the simple distillation system
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OPERATIONAL PROCEDURES

The o p e r a t io n a l  p ro c e d u re s  can  b e s t  be  e x p la in e d  i n  f o u r  s e c t i o n s .

Gas C hrom atograph  C a l ib r a t i o n

A s e r i e s  o f  known c o m p o s itio n  m ix tu re s  w ere made up and a n a ly z e d  

on th e  g as  c h ro m a to g ra p h . The p e a k  h e ig h t  p e r c e n ts  o f  th e  c h ro m a to ­

g ra p h s  t r a c i n g  o f  th e  com ponents i n  th e  m ix tu re s  w ere c o r r e l a t e d  to  

t h e  a c t u a l  w e ig h t p e r c e n ts  o f  th e  com ponents i n  th e  m ix tu r e s .  T hese 

c a l i b r a t i o n s  a r e  shown i n  F ig u re s  8 , 9 , and  10. From th e s e  f i g u r e s , 

we c o u ld  o b t a i n  th e  w e ig h t p e r c e n t s  o f  t h e  com ponents i n  t h e  sa m p le s .

C a l ib r a t i o n  o f  G la s s - P e r f o r a te d  D i s t i l l a t i o n  Column

The g l a s s - p e r f o r a t e d  p l a t e  r e c t i f i c a t i o n  colum n was c a l i b r a t e d  

w ith  a e th y lb e n z e n e  and p - x y le n e  m ix tu re  w h ich  p o s s e s s e s  a r e l a t i v e  

v o l a t i l i t y  o f  1 .0 6 . The colum n was fo und  t o  have  4 .5  t h e o r e t i c a l  

p l a t e s  [1 8 ] .

S tu d ie s  on th e  D i f f e r e n t  A gen ts

F o u r m ethods w ere u se d  t o  i n v e s t i g a t e  th e  e f f e c t s  o f  th e  a g e n ts  

on th e  s e p a r a t i o n  o f  t h r e e  a z e o t ro p e s  by  e x t r a c t i v e  d i s t i l l a t i o n .  The 

a g e n ts  w ere added a t  52±2°C , 48±2°C, arid 58±2°C f o r  th e  sy s tem s 

i s o p r o p y l  e th e r  -  a c e to n e ,  m e th y l a c e t a t e  -  m e th a n o l, and  i s o p r o p y l  

e t h e r  -  m e th y l e th y l  k e to n e , r e s p e c t i v e l y .  I f  th e  a g e n t  was a m ix tu re
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F ig u re  8 . C a l ib r a t i o n  c u rv e  f o r  th e  m ix tu re  I s o p ro p y l  e t h e r  -  A cetone 

N o te s : Column p a c k in g  was chrom osorb  P and column te m p e ra tu re  was 75°C.
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70 8 0  9 0  tOOIO 2 0  30  4 0  5 0  6 0
WL0Zo OF METHYL ACETATE

F ig u re  9 . C a l ib r a t i o n  c u rv e  f o r  th e  m ix tu re  M ethyl a c e t a t e  -  M ethanol 

N o te s : Column p a c k in g  was chrom osorb  P and column te m p e ra tu re  was 75°C .
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w r.°/o  o f  i s o p r o p y l  e t h e r

F ig u re  10. C a l ib r a t i o n  c u rv e  f o r  th e  m ix tu re  I s o p ro p y l  e t h e r  -  M ethyl 
e th y l  k e to n e

N o te s : Column p a c k in g  was chrom osorb  P and column te m p e ra tu re  was 75°C.



31
o f  two o r  t h r e e  com pounds, th e  w e ig h t r a t i o  o f  compounds was 1 :1  o r  

1 :1 :1 .  When r e f l u x in g  b e g a n , th e  a g e n t  was pumped i n t o  th e  to p  o f  th e  

co lum n. T h a t was th e  tim e  z e r o .  The te m p e ra tu re s  a t  th e  o v e rh e a d , 

b o t to m s , and a g e n ts  e n t e r in g  th e  colum n w ere re c o rd e d  e v e ry  t e n  

m in u te s .  The o v e rh e a d  te m p e ra tu re  c o u ld  b e  u se d  t o  ch eck  th e  tim e  

r e q u i r e d  t o  r e a c h  e q u i l ib r iu m .  A round 2 m l. sam p les  w ere ta k e n  from  

th e  o v e rh e a d  and s t i l l p o t  e v e ry  h a l f  h o u r .

M ethod I .  B erg  [1 9 , 2 0 , 2 1 , 22] had found  some e f f e c t i v e  a g e n ts  f o r  

th o s e  t h r e e  sy s te m s  by  means o f  a v a p o r - l i q u i d  e q u i l ib r iu m  

s t i l l .  D u rin g  th e  c o u rs e  o f  t h i s  r e s e a r c h ,  12 d i f f e r e n t  

a g e n t s ,  14 d i f f e r e n t  a g e n ts ,  and 11 d i f f e r e n t  a g e n ts  w ere 

i n v e s t i g a t e d  f o r  th e  sy s te m s  i s o p r o p y l  e t h e r - a c e t o n e , m e th y l 

a c e t a te - m e th a n o l , and i s o p r o p y l  e th e r -m e th y l  e t h y l  k e to n e , 

r e s p e c t i v e l y .  I n  th e  sy s te m s  o f  i s o p r o p y l  e th e r - a c e to n e  and 

i s o p r o p y l  e th e r - m e th y l  e th y l  k e to n e ,  o n e - a n d - a - h a l f  h o u rs  

w ere a llo w e d  f o r  th e  colum n t o  r e a c h  e q u i l ib r iu m .  I n  th e  

sy s te m  m e th y l a c e ta te - m e th a n o l ,  two h o u rs  To d e te rm in e  th e  

minimum t h e o r e t i c a l  p l a t e s  r e q u i r e d ,  t o t a l  r e f l u x  r a t i o  was 

a p p l i e d .  The a g e n ts  w ere added  a t  a r a t e  o f  20 m l/m in . The 

b o i l - u p  r a t e  was c o n t r o l l e d  a t  10-16  m l/m in . The fe e d  

c o m p o s itio n s  u se d  a r e  a s  f o l lo w s :

System  W eight o f  Components

IP E -A ce tone  40 g . IPE + 4 6 0 . g . A ce tone

MeAc-MeOH 75 g . MeAc + 425 g . MeOH

25 g . IPE .+ 475 g . MEKIPE-MEK
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M ethod 2 . The s t u d i e s  o f  th e  u n u s u a l  b e h a v io r  o c c u r r in g  i n  th e  sy s tem  

i s o p r o p y l  e th e r - a c e to n e  w ere made i n  a m anner o f  b a tc h  

e x t r a c t i v e  d i s t i l l a t i o n .  D im eth y l s u l f o x id e  (DMSO) was th e  

a g e n t . The a d d i t i o n  r a t e  and b o i l - u p  r a t e  w ere  th e  same a s  

th o s e  i n  m ethod I .  The r e f l u x  r a t i o  was 2 .5 : 1 .  The fe e d  

c o m p o s itio n s  a r e  shown i n  T a b le s  IV and V (p ag e  45 and 4 8 ) . 

Two s y s te m s , i s o p r o p y l  e th e r - a c e to n e  and i s o p r o p y l  e t h e r  -  

m e th y l e th y l  k e to n e ,  w ere s tu d i e d .  I n  t h e s e  s t u d i e s , th e  

sam p les  w ere ta k e n  o n ly  from  th e  o v e rh e a d . The w e ig h t o f  

d i s t i l l a t e  and  th e  changes i n  te m p e ra tu re s  a t  th e  o v e rh e a d  

and  b o tto m s  w ere re c o rd e d .

M ethod 3 . The p o s s i b i l i t y  o f  a z e o tro p e  fo rm a tio n  b e tw een  a g e n t  and 

f e e d  com ponents was s tu d i e d  by  a s e r i a l  o f  e x p e r im e n ts .

DMSO was u se d  a s  a t e s t  a g e n t  f o r  th e  t h r e e  s y s te m s . The 

a d d i t i o n  r a t e ,  b o i l - u p  r a t e ,  f e e d  c o m p o s i t io n s , and r e f l u x  

r a t i o  w ere th e  same a s  th o s e  i n  m ethod I . The e x p e r im e n ts  

w ere c a r r i e d  o u t  f o r  t h r e e  h o u rs  c o n t in u o u s ly .  D u rin g  th e  

f i r s t  and t h i r d  h o u r ,  th e  a g e n t  (DMSO) was a d d e d . D uring  

th e  seco n d  h o u r ,  th e  colum n was o p e ra te d  a s  an  o r d in a r y  

f r a c t i o n a l  d i s t i l l a t i o n  w i th  no a g e n t  ad d ed .

M ethod 4 . I n  o r d e r  t o  s tu d y  th e  e f f e c t  o f  th e  a d d i t i o n  r a t e  o f  th e  

a g e n t  on r e l a t i v e  v o l a t i l i t y ,  DMSO was u se d  a g a in .  The 

b o i l - u p  r a t e ,  f e e d  c o m p o s i t io n s , and r e f l u x  r a t i o  w ere th e  

same a s  th o s e  i n  m ethod I .  The e x p e r im e n ts  were, c a r r i e d  o u t  

i n  a s e r i e s .  F o r  e a ch  ru n  a f t e r  th e  f i r s t ,  DMSO was r e ­

c la im e d  and r e u s e d .  I f  i t  was n e c e s s a r y ,  a b o u t 2 wt.%
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m ake-up DMSO was a d d e d . T h e re  w ere f o u r  d i f f e r e n t  ru n s  made 

o f  2 0 , 10 , 5 ,  and 20 m l/m in . f o r  e a ch  o f  th e  sy s te m s  m eth y l 

a c e ta te - m e th a n o l  and i s o p r o p y l  e th e r -m e th y l  e t h y l  k e to n e . 

E ig h t  i n d iv i d u a l  ru n s  w ere made f o r  th e  sy s tem  i s o p r o p y l  

e th e r - a c e to n e  w ith  a d d i t i o n  r a t e s  o f  2 0 , 2 0 , 10 , 10, 3 0 , 30 , 

2 0 , and 20 m l/m in .

A gent R eco v ery

A f t e r  every , ru n  made i n  s e c t i o n  3 , t h e  a g e n t  was re c o v e re d  by 

d i s t i l l i n g  o f f  e v e r y th in g  b o i l i n g  be low  IOO0C i n  th e  s im p le  d i s t i l l a ­

t i o n  sy s te m . The o p e r a t io n  was t y p i c a l l y  c a r r i e d  o u t  i n  one h o u r f o r

e a c h  b a tc h .
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RESULTS

The d a ta  o b ta in e d  by  m ethod I a r e  l i s t e d  i n  T a b le s  I , I I ,  and  I I I . In  

t h e s e  t a b l e s ,  "B lan k "  means t h a t  th e  sy s te m  was o p e ra te d  by  o r d in a r y  

f r a c t i o n a l  d i s t i l l a t i o n  w ith  no e x t r a c t i v e  d i s t i l l a t i o n  a g e n t  em ployed , 

and  " (R )"  i n d i c a t e s  t h a t  th e  a g e n t  was r e c la im e d  and r e u s e d .  G e n e ra l ly  

t h e  a g e n ts  u se d  e f f e c t i v e l y  n e g a te d  th e  a z e o t ro p e s  and p e r m i t t e d  th e  

s e p a r a t i o n  o f  h ig h  p u r i t y  com ponents from  th e  m ix tu re s  by  e x t r a c t i v e  

d i s t i l l a t i o n .  DMSO was found  t o  be  a good a g e n t  f o r  th e  t h r e e  sy stem s 

s tu d i e d .  I t  o f f e r e d  a r e l a t i v e  v o l a t i l i t y  o f  5 .6 7  f o r  t h e  sy stem  

i s o p r o p y l  e t h e r  -  a c e to n e ,  7 .7 2  f o r  th e  sy s te m  m e th y l a c e t a t e  -  

m e th a n o l , and 9 .5 1  f o r  th e  sy s tem  is o p r o p y l  e th e r  -  m e th y l e th y l  

k e to n e . I n  th e  sy s te m  o f  i s o p r o p y l  e t h e r  -  a c e to n e ,  t h e  l e s s  v o l a t i l e  

i s o p r o p y l  e t h e r  came o f f  o v e rh e a d  when th e  sy s tem  was s u b je c te d  to  

e x t r a c t i v e  d i s t i l l a t i o n  w i th  th e  a g e n ts  s tu d i e d .  We a l s o  found  

s i m i l a r  phenom enon i n  th e  sy s te m  m e th y l a c e t a t e  -  m e th a n o l when n i t r o ­

b e n z en e  was th e  a g e n t .

F ig u re  11 and T a b le  IV show th e  d a ta  o b ta in e d  when th e  i s o p r o p y l  

e t h e r  -  a c e to n e  m ix tu re s  w ere s u b je c te d  t o  b a tc h  e x t r a c t i v e  d i s t i l l a ­

t i o n  w i th  DMSO a s  t h e  a g e n t .  F i r s t  no a g e n t  was a d d ed . The norm al 

d i s t l i l l a t i o n  c u rv e  was o b ta in e d  a s  shown i n  F ig u re  11 (p ag e  3 8 ) . The 

a z e o t ro p e  came o f f  o v e rh e a d  u n t i l  a c e to n e  was e x h a u s te d  and th e n  th e  

te m p e ra tu re  r o s e  a s  th e  o v e rh e a d  c o m p o s itio n  changed  t o  be  i s o p r o p y l  

e t h e r .  When m ix tu re  No. 2 , c o n ta in in g  30 w t.%  i s o p r o p y l  e t h e r ,  and
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T a b le  I .  R e c t i f i c a t i o n  d a ta  f o r  th e  sy s tem  I s o p ro p y l  e t h e r  -  A cetone

A g e n t
T e m p . , C Temp. , v C w t .  % o f  IPE REL..

VOL. SEL.S t a r t I .  5 h r s . Oh. B t .

B l a n k 49 53 53 2 6 . 3 7 . 0 1 . 4 1 —

DMSO 63 53 86 9 8 . 7 3 . 0 5 . 6 7 4 . 0 2

A d i p o n i t r i l e 62 53 85 9 8 . 1 3 . 1 5 . 1 6 3 . 6 6

S u l f o l a n e 62 53 84 9 5 . 5 3 . 1 4 . 2 4 3 . 0 1
E t h y l e n e  G l y c o l 56 53 77 7 2 . 7 3 . 5 2 .6 0 1 . 8 4

G l y c e r i n e 49 53 69 4 0 . 0 5 . 1 1 . 7 5 I .  24

DMSO(R)
4-

A d i p o n i t r i l e  (R)
62 53 87 9 7 . 2 3 . 5 4 .6 0 3. 26

DMSO(R)
4*

S u l f o l a n e  (R)
62 53 84 9 6 . 0 3 . 0 5 4 . 3 7 3 . 1 0

S u l f o l a n e  (R)
4-

A d i p o n i t r i l e ( R )
61 53 82 9 5 . 2 3 . 5 4 . 0 6 2 . 8 8

DMSO
+

G l y c e r i n e
57 53 70 7 6 . 3 3 . 3 2 . 7 5 1 . 9 5

S u l f o l a n e
+ 56 53 76 7 9 . 5 4 . 9 2 . 6 1 1 . 8 5

G l y c e r i n e
DMSO(R)

4-
S u l f o l a n e  (R)

4"
A d i p o n i t r i l e ( R )
DMSO(R)

4-
S u l f o l a n e  (R)

+
G l y c e r i n e  (R)

9 4 . 6  3 . 9  3 . 8 5  2 . 7 3

8 5 . 7  3 . 9  3 . 0 3  2.  15

N o t e s :  B l a n k  m eans  t h e  r u n  was  o p e r a t e d  w i t h  no  a g e n t  a d d e d .  
(R) i n d i c a t e s  t h e  a g e n t  was r e c l a i m e d  a n d  r e u s e d .
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T a b le  I I .  R e c t i f i c a t i o n  d a ta  f o r  th e  sy s tem  M ethyl a c e t a t e  -  M ethanol

O v e r h e a d  
T e m p . ,

S t i l l p p t  
Temp. , °C

w t .  % 
MeAc

o f
REL. 
VOL. SEL.u S t a r t 2 h r s . Oh. B t .

B l a n k 4 8 . 2 5 8 . 0 5 8 . 2 7 6 . 9 1 0 . 4 2 . 1 1 -

DMSO 5 7 . 2 6 0 . 8 1 0 3 .  2 9 9 . 9 9 . 2 7 . 7 2 3 . 6 6

E t h y l e n e  G l y c o l 5 2 . 2 6 1 .  2 9 3 . 8 9 9 . 4 2 . 2 7 . 2 3 3 . 4 3

P r o p y l e n e  G l y c o l 5 3 . 2 6 0 . 4 9 0 . 2 9 9 . 3 6 . 7 5 . 4 0 2 . 5 6

D i e t h y l e n e  G l y c o l 5 2 . 8 6 0 . 8 8 9 . 6 9 9 . 0 4 . 9 5 . 3 7 2 . 5 5

I , 4 - B u t a n e d i o l 5 1 .  8 6 0 . 8 8 8 . 6 9 9 . 2 7 . 2 5 . 1 5 2 . 4 4

T r i e t h y l e n e  G l y c o l 5 1 .  8 6 0 . 4 8 5 . 4 9 8 . 1 9 . 1 4 . 0 1 1 .9 0

D i p r o p y l e n e  G l y c o l 5 2 . 6 6 0 . 8 8 6 . 6 9 5 . 7 1 1 . 9 3 . 1 1 1 . 4 7

E t h y l e n e  G l y c o l  (R) 
4-

DMSO(R)
5 3 . 2 6 1 . 6 9 1 . 0 9 9 . 7 6 . 3 6 . 6 2 3 . 1 4

E t h y l e n e  G l y c o l  (R) 

P r o p y l e n e  G l y c o l (R)
5 2 . 4 6 2 . 8 9 1 . 8 9 9 . 0 8 . 0 4 . 7 8 2 . 2 7

P r o p y l e n e  G l y c o l  (R) 
+

G l y c e r i n e  (R)
5 1 . 6 6 2 . 8 8 6 . 2 9 8 . 5 7 . 1 4 . 4 9 2 . 1 3

E t h y l e n e  G l y c o l (R) 
+ 5 1 .  8 6 2 . 0 8 9 . 9 9 7 . 3 6 . 0 4 . 0 9 1 . 9 4

I ,  4 - B u t a n e d i o l  (R)
E t h y l e n e  G l y c o l  (R) 

+
DMSO(R)

+
G l y c e r i n e  (R) 
D i e t h y l e n e  G l y c o l  (R)

5 2 . 2 6 1 . 6 9 1 . 6 9 9 . 5 5 . 0 6 . 2 4 2 . 9 6

DMSO(R) 5 1 .  8 6 2 . 6 8 7 . 8 9 9 . 2 8 . 1 5 . 0 1 2 . 3 7
+

G l y c e r i n e  (R)
*

N i t r o b e n z e n e
*

N i t r o b e n z e n e  (R)

6 0 . 6

6 0 . 0

5 6 . 0  
5 3 .  2

9 0 . 2
8 9 . 6

2 3 . 5
2 2 . 8

8 9 . 0
8 7 . 7

0 . 4 8

0 . 4 9

0 . 2 3
0 . 2 3

* : The f e e d  c o m p o s i t i o n  w as  85 wt.% MeAc a n d  15 wt.% MeOH. 
B l a n k  : The r u n  was  o p e r a t e d  w i t h  no  a g e n t  a d d e d .
(R) : The a g e n t  was  r e c l a i m e d  a n d  r e u s e d .
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T a b le  I I I .  R e c t i f i c a t i o n  d a ta  f o r  th e  sy s tem  I s o p r o p y l  e t h e r  -  M ethyl 
e th y l  k e to n e

A gen t

Overhead S t i l l p o t  
Tem p.,°C  Temp., C w t . % o f  IPE REL. 

VOL. SEL.
S t a r t I .  S h r s . Oh. B t .

Blank 63 78 76 6 6 . 0 2 . 8 2 . 5 5 -

A d i p o n i t r i l e 64 78 115 9 9 . 8 1 . 5 1 0 .0 8 3 . 9 5

DMSO 6 3 . 6 7 8 . 2 1 1 5 . 8 9 9 . 7 I .  3 9 . 5 1 3 . 7 3

S u l f o la n e 64 78 112 9 7 . 1 1 . 7 5 . 3 8 2. 11

E th y le n e  G ly c o l 6 1 . 6 7 8 . 6 9 3 .  8 9 1 . 9 I .  3 4 . 4 9 1 . 7 6

DMSO
+

A d i p o n i t r i l e
6 3 . 2 7 5 . 8 1 1 5 . 8 9 9 . 7 1 . 3 9 . 5 1 3 . 7 3

DMSO(R)
4*

A d i p o n i t r i l e  (R)
6 2 . 6 7 5 . 6 1 0 9 . 2 9 9 . 6 1 . 0 9 . 4 6 3 . 7 1

DMSO
+

S u l f o la n e
6 3 . 0 7 6 . 8 1 1 6 . 2 9 9 . 0 1 . 7 6 . 8 4 2 . 6 8

S u l f o l a n e  (R) 
4-

A d i p o n i t r i l e
6 2 . 2 7 7 . 6 1 1 2 . 6 9 8 . 5 I .  2 6 . 7 5 2 . 6 5

DMSO(R)
+

S u l f o l a n e  (R)
4*

A d i p o n i t r i l e  (R)

6 2 . 8 7 7 . 8 1 1 2 . 0 9 8 . 8 1 . 1 7 . 2 4 2 . 8 4

DMSO(R)
4-

S u l f o l a n e  (R) 6 2 . 0 7 7 . 4 10 3.  8 9 7 . 0 1 . 2 5 . 7 7 2. 26
T

E th y le n e  G ly c o l  (R)
DMSO(R)

4-
G ly c e r in e 6 1 . 6 7 8 . 8 1 0 4 . 0 9 4 . 4 1 . 1 5 . 0 9 2 . 0 0

+
A d i p o n i t r i l e ( R )

N o t e s : B l a n k  m eans  t h e  r u n  was  o p e r a t e d  w i t h  no  a g e n t  a d d e d  
(R) i n d i c a t e s  t h e  a g e n t  was r e c l a i m e d  a n d  r e u s e d .



TE
M

PE
R

A
TU

R
E

,

38

6 4 . 0

6 2 . 0 -

6 0 . 0

5 8 . 0

5 6 .0

5 4 .0

5 2 . 0

5 0 . 0

4 8 . 0

4 6 . 0

-o-<%

I
I
I

O
I

'A
\ o — o

\

1I d

W\ I
O

OA

' I 
\ l

0  \i
'A

—O— /. /VO AGENT

- - 0 - -  2 . EXTR. DISTmy 
3 0  °/o IPE

- - A- - 3, EXTR. D IST .,  
7 OVo IPE

;
- O - O - 0 - ' 0 "'

0- 0'

2 0  4 0  6 0  8 0
DISTILLATE  , WT°/o

too

F ig u re  11. D i s t i l l a t e  wt.%  v s .  te m p e ra tu re  f o r  I s o p r o p y l  e th e r  
A cetone  sy s tem



39

T im e, T e m p e ra tu r e , 0 C C o m p o s it io n ( w t .%) In  O verh ead
m ini=  O vefE ead  S t T I I p o t  l I o P r o p y i =i t E e r =====l d i l 5 n i ==

M i x t u r e  I . : I P E ( 2 2 5 g . ) + A c e t o n e ( 9 0 g . ) ;  A g e n t i N o n e

Table IV. Compositions and temperatures vs. time for the system
Isopropyl ether - Acetone

40 4 8 . 4 5 1 . 8 4 5 . 4 5 4 . 6

190 5 2 . 0 6 3 . 2 6 5 . 9 3 4 . 1

205 5 8 . 2 6 4 . 6 7 6 . 1 2 3 . 9

210 6 0 . 0 6 4 . 8 8 8 .  8 11 .  2

220 6 2 . 2 6 5 . 2 9 7 . 4 2 .6

240 6 2 . 6 6 5 . 4 9 8 . 9 I .  I

305 6 3 . 0 7 0 . 8 1 0 0 . 0 0 . 0

M i x t u r e 2 . : I P E ( 30g . ) + A c e t o n e  ( 7 0 g . ) ; A g e n t : DMSO

13 6 3 . 4 1 1 5 . 2 9 9 . 7 0 . 3

24 6 3 . 0 1 2 8 .  2 9 8 . 9 1 . 1

37 6 0 . 0 1 4 0 . 2 9 1 .  8 8 . 2

43 5 6 . 2 1 4 5 . 6 2 1 . 5 7 8 . 5

47 5 8 . 6 1 5 1 .  2 3 . 9 9 6 . 1

50 5 9 . 2 1 5 7 . 4 0 . 8 9 9 . 2

95 5 9 . 4 1 8 4 . 4 0 . 0 1 0 0 .0

M i x t u r e 3 . : I P E ( 70gr . ) + A c e t o n e  ( 30g . ) ; A g e n t :  DMSO

35 6 3 . 6 1 4 1 . 6 9 9 . 4 0 . 6

65 6 3 . 0 1 6 9 . 8 9 7 . 1 2 .9

70 6 0 . 0 1 7 2 . 6 8 9 . 9 10. I

77 5 7 . 6 1 7 6 . 0 2 7 . 5 7 2 .5

83 6 0 . 0 1 7 9 . 2 3 . 7 9 6 . 3

95 6 0 . 2 1 8 2 . 4 0 . 1 9 9 . 9

100 6 0 . 4 1 8 5 . 4 0 . 0 1 0 0 .0
=========================================================



40
m ix tu re  No. 3 , c o n ta in in g  70 wt.%  is o p r o p y l  e t h e r ,  w ere s u b je c te d  to  

b a tc h  e x t r a c t i v e  d i s t i l l a t i o n  w ith  DMSO as  th e  a g e n t ,  th e  u n u s a l  

d i s t i l l a t i o n  c u rv e s  shown i n  F ig u re  11 w ere o b ta in e d .  The l e s s  v o l a ­

t i l e  i s o p r o p y l  e t h e r  came o f f  o v e rh e a d  f i r s t .  When th e  i s o p r o p y l  

e t h e r  d is a p p e a re d  from  th e  s t i l l p o t ,  th e  o v e rh e a d  te m p e ra tu re  and 

c o m p o s itio n  d ro p p ed  to  th o s e  o f  th e  a z e o t ro p e  and th e n  a c e to n e  came 

o f f  o v e rh e a d .

The r e c t i f i c a t i o n  d a ta  f o r  th e  sy s te m  is o p r o p y l  e th e r  -  m ethy l 

e t h y l  k e to n e  a r e  shown i n  F ig u re  12 and T a b le  V. When no a g e n t  was 

em ployed a s  i n  m ix tu re  No. 4 , th e  i s o p r o p y l  e t h e r  -  m e th y l e th y l  

k e to n e  a z e o t ro p e  came o f f  o v e rh e a d  u n t i l  i s o p r o p y l  e t h e r  was e x h a u s te d  

and th e n  th e  re m a in in g  m eth y l e th y l  k e to n e  came o f f  o v e rh e a d  a t  i t s  

no rm al b o i l i n g  p o i n t .  In  m ix tu re s  No. 5 and 6 , th e  i s o p r o p y l  e th e r  -  

m e th y l e th y l  k e to n e  a z e o t ro p e  a p p e a re d  t o  be  n e g a te d  by th e  a g e n t 

(DMSO) and th e  more v o l a t i l e  i s o p r o p y l  e t h e r  came o f f  o v e rh e a d  u n t i l  

i t  was e x h a u s te d  in  th e  s t i l l p o t .  The te m p e ra tu re  r o s e  and m ethy l 

e th y l  k e to n e  was p ro d u ce d  in  a b o u t 100% p u r i t y .

The r e s u l t s  from  m ethod 3 a r e  l i s t e d  in  T a b le s  V I, V I I ,  and V I I I .  

D u rin g  th e  seco n d  h o u r th e  o v e rh e a d  te m p e ra tu re s  and r e l a t i v e  v o l a t i ­

l i t i e s  d ropped  and w ere v e ry  c lo s e  to  th o s e  o f  th e  b la n k  ru n s  in  ' 

m ethod I .

The v a lu e s  o f  r e l a t i v e  v o l a t i l i t y  o b ta in e d  by u s in g  d i f f e r e n t  

a d d i t i o n  r a t e s  o f  DMSO a r e  l i s t e d  in  T a b le s  IX , X, and X I. We found 

t h a t  th e  r e l a t i v e  v o l a t i l i t y  in c r e a s e d  a s  a d d i t io n  r a t e  in c r e a s e d .

T h is  showed th e  im p o r ta n c e  o f  u s in g  th e  p r o p e r  a d d i t i o n  r a t e  in

e x t r a c t i v e  d i s t i l l a t i o n .
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Table V. Compositions and temperatures vs. time for the system
Isopropyl ether - Methyl ethyl ketone

T im e, T e m p e r a t u r e , ° c C o m p o s i t i o n  ( w t .  %) I n  O v e r h e a d
m in . O v i ? H i 5 a " 5 t I I I p 5 t

= = = = = = =  = =:===:=====
I s o p r o p y l  e t h e r ----- MEK-----------

M i x t u r e 4 . : I P E ( 9 0 g . ) +MEK( 2 2 5 g . ) ;  A g e n t : N o n e

30 6 2 . 2 6 9 . 0 7 1 .  I 2 8 . 9

95 6 3 . 0 71 .  8 6 5 . 0 3 5 . 0

127 6 7 .  2 7 3 . 2 4 1 . 4 5 8 . 6

150 7 0 . 8 7 3 .  8 1 9 . 1 8 0 . 9

175 7 2 . 6 7 4 . 4 5 . 4 9 4 . 6

200 7 3 . 2 7 4 . 6 1 . 9 9 8 . 1

225 7 3 . 2 7 4 . 6 0 . 3 9 9 . 7

M i x t u r e 5 .  : I P E ( 30g . ) +MEK( 7 0 g . ) ;  A g e n t : DMSO

12 6 3 . 8 14 4 . 0 1 0 0 . 0 0 . 0

27 6 4 . 6 1 5 7 . 6 8 8 . 9 11 .  I

29 6 7 . 6 1 5 8 . 2 7 6 . 0 2 4 . 0

32 7 3 . 0 1 6 1 . 0 4 4 . 1 5 5 . 9

44 8 2 . 2 1 6 6 .6 2 . 0 9 8 . 0

58 8 3 . 2 1 6 9 . 6 0 . 5 9 9 . 5

68 83.  8 1 7 4 . 6 0 . 0 1 0 0 .0

M i x t u r e  6 . : I P E ( 7 0 g . ) +MEK( 3 0 g . ) ;  AgentiDMSO

55 6 3 . 8 1 7 4 . 2 1 0 0 . 0

OO

60 6 4 . 8 1 7 6 . 2 9 4 . 9 5 . 1

62 7 2 . 2 1 7 8 . 2 5 5 . 9 4 4 . 1

65 8 0 . 8 1 8 0 . 2 9 . 3 9 0 . 7

70 8 3 .  2 1 8 2 . 8 1 . 1 9 8 . 9

73 8 3 . 6 1 8 3 . 6 0 . 7 9 9 . 3

78 8 4 . 2 1 8 5 . 0 0 . 0 1 0 0 .0
======= ===========
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Table VI. The rectification data obtained by method 3 for the system
Isopropyl ether - Acetone

T i m e , D i s t i l l a t i o n O v e r h e a d  S t i l l p o t w t .  % o f  IPE REL.
h r s . M e th o d T e m p . , C T e m p . , C O h . B t . VOL.

*5 E x t r a c t i v e 6 1 . 2 6 9 . 6 9 6 . 0 3 . 9 4 . 1 3
I E x t r a c t i v e 6 2 . 8 7 7 . 2 9 8 . 7 2 . 9 5 . 7 1

I h No A g e n t 4 8 . 6 7 7 . 2 3 9 . 8 4 . 0 1 .8 5
2 No A g e n t 4 8 . 6 7 8 . 4 3 5 . 0 3 . 8 1 .7 9

2h E x t r a c t i v e 6 2 . 2 9 0 . 4 9 6 . 0 1 . 9 4 . 8 7
3 E x t r a c t i v e 6 2 . 8 9 7 . 6 9 8 . 2 1 . 9 5 . 8 4

T a b le  V I I .  The r e c t i f i c a t i o n  d a ta  o b ta in d  by  m ethod 3 f o r  th e  sy stem  
M ethyl a c e t a t e  -  M ethano l

T im e ,  
h r s .

D i s t i l l a t i o n
M e th o d

O v e r h e a d  S t i l l p o t  
T e m p . , C  T e m p . , ° C

w t .  % 
Oh.

o f  MeAc 
B t .

REL. 
VOL.

*5 E x t r a c t i v e 5 8 . 4 8 0 . 6 9 9 . 0 8 . 5 4 . 7 1

I E x t r a c t i v e 5 8 . 4 9 0 . 6 9 9 . 8 8 . 1 6 . 8 2

I h No A g e n t 4 8 . 6 9 0 . 8 7 9 . 0 8 . 6 2 . 2 7

2 No A g e n t 4 8 . 6 9 1 . 2 7 7 . 5 8 . 1 2 . 2 6

2% E x t r a c t i v e 5 7 . 2 9 9 . 8 9 9 . 8 5 . 1 7 .6 2

3 E x t r a c t i v e 5 8 . 6 1 0 6 . 2 9 9 . 8 5 . 0 7 .6 5

Table V II I .  The r e c t i f i c a t i o n  
Isopropyl e t h e r  -

data  obta ined  by method 
Methyl e th y l  ketone

3 fo r the  system

T im e , D i s t i l l a t i o n O v e r h e a d  S t i l l p o t w t . % o f : IPE REL.
h r s . M e th o d T e m p . , C T e m p . , C Oh. B t . VOL.

h E x t r a c t i v e 6 3 . 4 9 5 . 8 9 4 . 9 1 . 9 4 . 6 0

I E x t r a c t i v e 6 3 . 4 1 0 3 .  8 9 9 . 7 1 . 1 9 . 8 7

l h No A g e n t 5 7 . 8 1 0 4 . 4 7 7 . 2 I .  I 3 .5 6

2 No A g e n t 5 7 .  8 1 0 4 . 8 7 6 .0 1 . 0 3 .5 9

2h E x t r a c t i v e 6 3 . 4 1 1 2 . 8 9 8 . 2 0 . 6 7 . 5 7

3 E x t r a c t i v e 6 3 . 4 1 1 8 . 8 9 9 . 3 0 . 6 9 . 3 6
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Table IX. The e f f e c t  of the  a d d i t io n r a t e  of DMSO on the  system
Isopropyl e t h e r  - Acetone

Run No.
A d d i t i o n  R a t e  

m l / m i n .
O v e r h e a d  
Temp. , °C

wt.% O f  IPE REL. 
VOL. SEL.Oh. B t .

A R - I 20 6 2 . 8 9 8 . 7 3 .0 5 . 6 7 4 .0 2

AR-2 20 6 2 . 8 9 8 . 8 3 . 3 5 . 6 5 4 . 0 1

AR-3 10 6 0 . 8 9 0 . 9 2 . 0 3 . 9 6 2 . 8 1

AR-4 10 6 0 . 6 9 1 . 1 1 . 7 4 . 1 3 2 . 9 3

AR-5 30 6 2 . 6 9 9 . 4 2 .9 6 .90 4 . 8 9

AR-6 30 6 2 . 4 9 9 . 3 2 .0 7 . 1 4 5 . 0 6

AR-7 20 6 2 . 4 9 8 . 2 2 . 4 5 . 5 4 3 . 9 3

A R -8 20 6 2 . 6 9 8 . 3 2 . 4 5 . 6 1 3 . 9 8

Table X. The e f f e c t  of the  a d d i t io n r a t e  of DMSO on the
system Methyl a c e t a t e  - Methanol

Run No.
A d d i t i o n  R a t e  

m l / m i n .
O v e r h e a d  
Temp. ,  C

wt .% o f  MeAc REL.
VOL. SEL.Oh. B t .

B R - I 20 5 7 . 2 9 9 . 9  9 . 2 7 . 7 2 3 .6 6

B R-2 10 5 6 . 4 9 9 . 8  8 . 1 6 . 8 2 3 . 2 3

B R -3 5 5 4 . 6 9 8 . 9  8 . 2 4 . 6 5 2 .2 0

BR-4 20 5 7 . 8 9 9 . 9  8 . 4 7 . 8 9 3 . 7 4

Table XI. The e f f e c t  o f  the  a d d i t io n  r a t e  of DMSO on the 
system Isopropyl e th e r  - Methyl e thy l  ketone

Run No.
A d d i t i o n  R a t e  

m l / m i n .
O v e r h e a d  
T e m p . , ° C

wt.% o f  IPE 

Oh.  Bt .

REXi e 

VOL. SEL.

C R - I 20 6 3 . 6 9 9 . 7  1 . 3 9 . 5 1 3 . 7 3

CR-2 10 6 3 . 0 9 8 . 0  1 . 1 6 . 4 5 2 . 5 3

C R - 3 5 6 2 . 8 9 4 . 9  1 . 4 4 . 9 3 1 . 9 3

CR-4 20 6 3 . 2 9 9 . 7  1 . 3 9 . 5 1 3 . 7 3
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DISCUSSION

From th e  r e s u l t s  o b ta in e d ,  we c o u ld  s a y  t h a t  th e  a g e n ts  u sed  

n e g a te d  th e  a z e o t ro p e s  and made th e  s e p a r a t i o n  by  r e c t i f i c a t i o n  

p o s s i b l e .  F o r  e x a m p le , i n  th e  sy s te m  o f  i s o p r o p y l  e t h e r  and  a c e to n e ,  

th e  w e ig h t p e r c e n t  o f  i s o p r o p y l  e t h e r  in . th e  o v e rh e a d  was 2 6 .3  when no 

a g e n t  was a d d e d . A f t e r  a p p ly in g  th e  a g e n t  (DMSO), 9 8 .7  w t.%  i s o p r o p y l  

e t h e r  was o b ta in e d  i n  o v e rh e a d . W ith  DMSO a r e c o v e ry  o f  39 wt.%  

i s o p r o p y l  e t h e r  was p o s s i b l e ,  and th e  a z e o t ro p e  was b ro k e n ; t h u s . 

a llo w e d  th e  c o l l e c t i o n  o f  i s o p r o p y l  e t h e r  beyond th e  a z e o t ro p e  l i m i t .

T a b le s  X I I , X I I I ,  and XIV p r e s e n t  th e  r e s u l t s  o b ta in e d  w ith  th e  . 

4 .5  t h e o r e t i c a l  g l a s s - p e r f o r a t e d  r e c t i f i c a t i o n  colum n. Number o f  

p l a t e s  a r e  th e  t h e o r e t i c a l  p l a t e s  r e q u i r e d  t o  p ro d u ce  o v e rh e a d  and 

b o tto m  p r o d u c ts  o f  99.9%  p u r i t y  a s  c a l c u l a t e d  by th e  F en sk e  e q u a t io n .  

The ru n  d e s ig n a te d  "B lan k "  i n  e a c h  t a b l e  was o p e ra te d  w i th  no a g e n t 

p r e s e n t .  H ere th e  s e p a r a t i o n  was b e tw e en  th e  m in im u m -b o ilin g  a z e o tro p e  

a s  o v e rh e a d  and th e  e x c e s s  c o n s t i t u t e  a s  b o tto m s -  a c e to n e ,  m e th a n o l, 

o r  m e th y l e th y l  k e to n e . Thus i t  i s  im p o s s b ile  to  g e t  99.9%  p u r i t y  

p r o d u c ts  by  c o n v e n tia o n a I  f r a c t i o n a l  d i s t i l l a t i o n .  The c a l c u l a t i o n  

shows a r e l a t i v e  v o l a t i l i t y  o f  1 .4 1  f o r  th e  i s o p r o p y l  e t h e r  -  a c e to n e  

a z e o t ro p e  v e r s u s  a c e to n e ,  2 .1 1  f o r  th e  m e th y l a c e t a t e  -  m e th an o l 

a z e o t ro p e  v e r s u s  m e th a n o l, and 2 .5 5  f o r  t h e  i s o p r o p y l  e t h e r  -  m eth y l 

e t h y l  k e to n e  a z e o t ro p e  v e r s u s  m e th y l e t h y l  k e to n e , The re m a in d e r  o f  

th e  d a ta  i n  t h e s e  t a b l e s  a r e  f o r  th e  sy s te m s  o b ta in e d  i n  th e  e x t r a c t i v e
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T a b le  X I I .  T h e o r e t i c a l  p l a t e s  r e q u ire m e n t  f o r  th e  sy s te m  I s o p ro p y l  
e th e r  -  A cetone

A g e n t R e l a t i v e  
V o l a t i l i t y

Number o f  
P l a t e s

B l a n k 1 . 4 1 i m p o s s i b l e
DMSO 5 . 6 7 8 . 0
A d i p o n i t r i l e 5 . 1 6 8 . 4

S u l f o l a n e 4 . 2 4 9 . 6
E t h y l e n e  G l y c o l 2 . 6 0 1 4 . 5
G l y c e r i n e 1 . 7 5 2 4 . 7

DMSO(R)
+ 4 . 6 0 9 . 1

A d i p o n i  t r i l e  (R)
DMSO(R)

+ 4 . 3 7 9 . 4
S u l f o l a n e  (R) 

S u l f o l a n e  (R)
4* 4 . 0 6 9 . 9

A d i p o n i t r i l e ( R )
DMSO

+ 2 . 7 5 1 3 . 7
G l y c e r i n e
S u l f o l a n e

+ 2 . 6 1 1 4 . 4
G l y c e r i n e
DMSO(R)

+
S u l f o l a n e  (R) 3 . 8 5 1 0 . 2

A d i p o n i t r i l e ( R )
DMSO(R)

+
S u l f o l a n e  (R) 3 . 0 3 1 2 . 5

+
G l y c e r i n e  (R)

T h e o r e t i c a l  p l a t e  i s  d e f i n e d  a s  o n e  w h ere  th e
e f f l u e n t  p h a s e s  a r e  i n  e q u i l i b r i u m .
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T a b le  X I I I .  T h e o r e t i c a l  p l a t e s  r e q u ire m e n t  f o r  th e  sy s te m  M ethyl 
a c e t a t e  -  M ethano l

A g e n t R e l a t i v e
V o l a t i l i t y

Number
P l a t e s

B l a n k 2 . 1 1 im p o s s .
DMSO 7 . 7 2 6 . 8
E t h y l e n e  G l y c o l 7 . 2 3 7 . 0
P r o p y l e n e  G l y c o l 5 . 4 0 8 . 2
D i e t h y l e n e  G l y c o l 5 . 3 7 8 . 2

I , 4 - B u t a n e d i o I 5 . 1 5 8 . 4

T r i e h t y l e n e  G l y c o l 4 . 0 1 9 . 9
D i p r o p y l e n e  G l y c o l 3 . 1 1 1 2 . 2

E t h y l e n e  G l y c o l  (R) 
+ 6 . 6 2 7 . 3

DMSO(R)
E t h y l e n e  G l y c o l  (R) 

+ 4 . 7 8 8 . 8
P r o p y l e n e  G l y c o l (R)
P r o p y l e n e  G l y c o l (R) 

4" 4 . 4 9 9 . 2
G l y c e r i n e  (R)
E t h y l e n e  G l y c o l  (R) 

+ 4 . 0 9 9 . 8
I ,  4 - B u t a n e d i o l  (R)

E t h y l e n e  G l y c o l  (R) 
4*

DMSO(R) 6 . 2 4 7 . 5

G l y c e r i n e  (R)
D i e t h y l e n e  G l y c o l  (R) 

+
DMSO(R) 5 . 0 1 8 . 6

G l y c e r i n e  (R) 
N i t r o b e n z e n e 0 . 4 8 1 8 . 8

T h e o r e t i c a l  p l a t e  i s  d e f i n e d  a s  on e  w h ere  th e
e f f l u e n t  p h a s e s  a r e  i n  e q u i l i b r i u m .
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T a b le  XIV. T h e o r e t i c a l  p l a t e s  r e q u ire m e n t  f o r  th e  sy s te m  I s o p ro p y l  
e t h e r  -  M ethy l e th y l  k e to n e

A g e n t R e l a t i v e
V o l a t i l i t y

Number o f  
P l a t e s

B l a n k 2 . 5 5 i m p o s s i b l e

A d i p o n i t r i l e 1 0 . 0  8 6 . 0
DMSO 9 . 5 1 6 . 1
S u l f o l a n e 5 . 3 8 8 . 2
E t h y l e n e  G l y c o l 4 . 4 9 9 . 2
DMSO

+ 9 . 5 1 6 . 1
A d i p o n i t r i l e
DMSO(R)

+ 9 . 4 6 6 . 1
A d i p o n i t r i l e ( R )
DMSO

+ 6 . 8 4 7 . 2
S u l f o l a n e
S u l f o l a n e  (R) 

+ 6 . 7 5 7 . 2
A d i p o n i t r i l e ( R )

DMSO(R)
+

S u l f o l a n e  (R) 7 . 2 4 7 . 0
+

A d i p o n i t r i l e ( R )

DMSO(R)
4-

S u l f o l a n e  (R) 5 . 7 7 7 . 9
+

E t h y I e n e  G l y c o l ( R)
DMSO(R)

+
G l y c e r i n e 5 . 0 9 8 . 5

+
A d i p o n i t r i l e ( R )

T h e o r e t i c a l  p l a t e  i s  d e f i n e d  a s  on e  w h ere  th e
e f f l u e n t  p h a s e s  a r e  i n  e q u i l i b r i u m .
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d i s t i l l a t i o n  mode. R e la t i v e  v o l a t i l i t i e s  w ere c a l c u l a t e d  from  a c tu a l  

o v e rh e a d  and b o tto m s a n a ly s e s  u s in g  4 .5  t h e o r e t i c a l  p l a t e s . F o r 

e x am p le , when DMSO was th e  e x t r a c t i v e  d i s t i l l a t i o n  a g e n t ,  i t  a f f e c t e d  

th e  s e p a r a t i o n  o f  i s o p r o p y l  e t h e r  from  a c e to n e  w ith  a r e l a t i v e  v o l a ­

t i l i t y  o f  5 .6 7 ,  o f  m e th y l a c e t a t e  from  m eth an o l w i th  a r e l a t i v e  v o l a ­

t i l i t y  o f  7 .7 2 ,  and o f  i s o p r o p y l  e t h e r  from  m eth y l e th y l  k e to n e  w ith  a 

r e l a t i v e  v o l a t i l i t y  o f  9 .5 1 .

The e x t r a c t i v e  d i s t i l l a t i o n  a g e n t  was pumped i n t o  t h e  to p  o f  th e  

colum n th ro u g h  th e  C orad  h e a d , and th u s  th e  a g e n t  was c l o s e r  to  th e  

o v e rh e a d  p r o d u c t  th a n  i t  w ould be  i n  a com m erc ia l co lum n. However th e  

v a p o r  p r e s s u r e s  o f  th e  a g e n ts  u se d  w ere so  low , s e e  T a b le  XV [2 4 , 2 5 , 

2 6 ] ,  t h a t  t h e  c a r r y  o v e r  i n t o  th e  o v e rh e a d  p ro d u c t  was n e g l i g i b l e .

I n  e a c h  o f  th e  t h r e e  sy s te m s  i n  t h e s e  t a b l e s ,  th e  a g e n t s '  tem ­

p e r a t u r e s  w ere m a in ta in e d  c o n s ta n t  d u r in g  th e  r u n s .  A n a ly se s  w ere 

p e rfo rm e d  e v e ry  h a l f  h o u r  and th e  r e l a t i v e  v o l a t i l i t i e s  w ere  c a l ­

c u l a t e d .  When th e  r e l a t i v e  v o l a t i l i t y  and o v e rh e a d  te m p e ra tu re  became 

c o n s t a n t ,  th e  sy s te m  was deemed to  hav e  re a c h e d  e q u i l ib r iu m .  The 

o p e r a t i o n a l  h o u rs  w ere  k e p t  lo n g  enough t o  a llo w  th e  colum n to  r e a c h  

e q u i l ib r iu m .

B erg  e t  a l .  [23] have  shown t h a t  p a c k ed  colum ns a r e  a s  e f f e c t i v e  

a s  p l a t e  colum n i n  e x t r a c t i v e  d i s t i l l a t i o n .  Thus t h e s e  r e s u l t s , 

a l th o u g h  o b ta in e d  i n  a p e r f o r a t e d  p l a t e  co lum n, c o u ld  b e  v a l i d l y  

a p p l i e d  t o  p ack ed  c o lu m n s. E x t r a c t i v e  d i s t i l l a t i o n  m akes th e  s e p a r a ­

t i o n  o f  t h e s e  m ix tu re s  c o m m e rc ia lly  p o s s ib l e  by  r e c t i f i c a t i o n .
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T a b le  XV. M o le c u la r  s t r u c t u r e s  and p h y s ic a l  p r o p e r t i e s  o f  
th e  a g e n ts

Compound M o l e c u l a r
S t r u c t r e B . P .

°C
M . P . 

°C

V a p o r  
P r e s s u r e  
(mm Hg)

DMSO
h ^ s o
H3C ^

189 1 8 . 5
5 . 1 1  a t  
5 6 . 6°C

A d i p o n i t r i l e CH2CH2CH2CH2 

CN CN

30 8 1 . 0 10 a t  
15 4°C

S u l f o l a n e

0X 0

1I3 1 2

CH2----- CH2

285 2 7 . 6

G l y c e r i n e CH2CH-CH2 
OH OH OH

290 1 7 .9 1 . 0  a t  
1 2 5 . 5°C

E t h y l e n e  G l y c o l CH--CH0 
I 2 I 2 

OH OH

1 9 7 .6 - 1 3 3 . 0  a t  
70°C

P r o p y l e n e  G l y c o l CH-CH—CH0 
3 I I 2

OH OH

188 1 . 0  a t  
4 5 . 5°C

D i e t h y l e n e
G l y c o l

CH2CH2OCH2CH2 

OH OH

2 4 4 . 8 - 6 . 5 l e s s  t h a n  
0 . 0 1  a t
20°C

I ,  4 - B u t a n e d i o l CH2CH2CH2CH2 

OH OH

2 30 19 1 0 . 0  a t  
12 0°C

T r i e t h y l e n e
G l y c o l

CH0OCH0CH0OH
I 2  2  2

CH2OCH2CH2OH

290 - 5 1 4 . 0  a t  
165°C

D i p r o p y l e n e
G l y c o l

0 /C H 2CHOHCH3 

x CH2CHOHCH3

2 3 1 . 8 — 0 . 0 3  a t  
20°C

2 . 2  a t  
50°C

N i t r o b e n z e n e 2 1 0 . 9  5 . 7
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E f f e c t  o f  M o le c u la r  S t r u c t u r e

B la c k  e t  a l .  [27] hav e  found  t h a t  th e  a c t i v i t y  c o e f f i c i e n t  o f  a 

s o l u t e  i n c r e a s e s  a s  th e  c a rb o n  num ber o f  th e  s o lu t e  i n c r e a s e s . A 

s i m i l a r  phenom enon was fo und  i n  th e  sy s te m  m eth y l a c e t a t e  -  m e th an o l 

when g ly c o l s  l i s t e d  i n  T a b le  XVI w ere u se d  a s  th e  a g e n t s . The r e l a ­

t i v e  v o l a t i l i t y  d e c re a s e d  a s  th e  c a rb o n  num ber o f  th e  a g e n t  in c r e a s e d .  

We need  t o  c o n s id e r  o t h e r  f a c t o r s  when a g e n ts  have th e  same c a rb o n  

num ber. F o r  e x a m p le , b o th  d i e th y le n e  g ly c o l  and I ,4 - b u ta n e d io l  have 

f o u r  c a r b o n s . H ow ever, d i e th y le n e  g ly c o l  h a s  an  oxygen i n  th e  s t r a i g h t  

c h a in .  The oxygen c o u ld  form  h y d ro g en  bond w ith  a n o th e r  m o le c u le .

T h a t c o u ld  c a u se  d i e th y le n e  g ly c o l  to  b e  m ore a c t i v e  th a n  

I , 4 - b u ta n e d io l .  Thus d ie th y le n e  g ly c o l  p ro d u ce d  a l a r g e r  r e l a t i v e  

v o l a t i l i t y  th a n  I , 4 - b u ta n e d io l .  The s i m i l a r  phenomenon was found  

b e tw e en  t r i e t h y l e n e  g ly c o l  and d ip ro p y le n e  g ly c o l .  We a l s o  need  to  

c o n s id e r  th e  l o c a t io n s  o f  h y d ro x y l g r o u p s . In  t r i e t h y l e n e  g ly c o l ,  th e  

h y d ro x y l g ro u p s  a r e  l o c a t e d  a t  b o th  ends o f  th e  s t r a i g h t  c h a in ;  and 

th o s e  o f  d ip ro p y le n e  g ly c o l  a r e  l o c a t e d  i n  th e  s t r a i g h t  c h a in .  T h a t 

w ould  b e  a n o th e r  r e a s o n  to  c a u se  d ip ro p y le n e  g ly c o l  to  b e  l e s s  a c t i v e  

than t r i e t h y l e n e  g l y c o l .  T h e re fo re  t h e  m o le c u la r  s t r u c t u r e s  d id  

a f f e c t  th e  r e l a t i v e  v o l a t i l i t y  i n  e x t r a c t i v e  d i s t i l l a t i o n .

R e v e rs io n  o f  R e l a t i v e  V o l a t i l i t y

The c u rv e s  2 and 3 i n  F ig u re  11 and th e  r e s u l t s  l i s t e d  i n  T a b le  

IV seem t o  show t h a t  i s o p r o p y l  e th e r  came o f f  o v e rh e a d  a s  lo n g  as 

t h e r e  was any  i s o p r o p y l  e t h e r  i n  th e  s t i l l p o t .  The s e p a r a t i o n  t a k in g
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T a b le  XVI. The m o le c u la r  s t r u c t u r e s  and r e l a t i v e  v o l a t i l i t i e s  o f  th e
glyco ls  used

Compound

in  the  system Methyl

M o l e c u l a r  
S t r u c  t u r e

a c e t a t e  -  Methanol

R e l a t i v e
V o l a t i l i t y

E t h y l e n e  G l y c o l CH.r CH0I 2 I 2
OH OH

7 . 2 3

P r o p y l e n e  G l y c o l CH0CH-CH0 3 1 I 2
OH OH

5 . 4 0

D i e t h y l e n e  G l y c o l CH2CH2OCH2CH2 

OH OH

5 . 3 7

I ,  4 - B u t a n e d i o l CH0CH0CH0CH0I 2 2 2 1 2
OH OH

5 . 1 5

T r i e t h y l e n e CH0OCH0CH0OH 4 . 0 1
G l y c o l

CH2OCH2CH2OH

D i p r o p y l e n e ^CH0CHOHCH0 3 . 1 1
G l y c o l

CH2CHOHCh 3
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p la c e  a p p e a re d  t o  be  b e tw een  i s o p r o p y l  e t h e r  and th e  a z e o t r o p e .  When 

is o p r o p y l  e t h e r  d is a p p e a re d  from  th e  s t i l l p o t ,  th e  s e p a r a t i o n  became 

b e tw een  th e  a z e o t ro p e  and a c e to n e  and th e  o v e rh e a d  te m p e ra tu re  and 

c o m p o s itio n  d ro p p ed  t o  th o s e  o f  th e  a z e o t r o p e .  How ever, s in c e  

i s o p r o p y l  e t h e r  had  b e e n  e x h a u s te d  i n  th e  s t i l l p o t ,  th e  a z e o tro p e  

c o u ld  n o t  be  r e p le n is h e d  and was p u sh ed  o u t  by  a c e to n e .  The tem ­

p e r a t u r e  and c o m p o s itio n  in d i c a t e d  t h a t  a c e to n e  th e n  came o f f  o v e rh e a d  

u n t i l  i t  was e x h a u s te d  and some e x t r a c t i v e  a g e n t  beg an  to  a p p e a r  in  

th e  o v e rh e a d . The r e s u l t s  o b ta in e d  f o r  th e  sy stem  i s o p r o p y l  e th e r  -  

m e th y l e t h y l  k e to n e  w ere n o rm al d i s t i l l a t i o n  c u rv e s .  T h e re fo re  

e x t r a c t i v e  d i s t i l l a t i o n  som etim es c o u ld  r e v e r s e  th e  r e l a t i v e  v o l a ­

t i l i t y  o f  two compounds and b r in g  o u t  o v e rh e a d  w hat was n o rm a lly  th e  

l e s s  v o l a t i l e  compound, b u t  n o t  a lw a y s . The more v o l a t i l e  compound 

rem a in ed  i n  th e  colum n and s t i l l p o t  a t  a te m p e ra tu re  much above i t s  

norm al, b o i l i n g  p o i n t .  E w ell e t  a l .  [2 8 ]h a v e  shown s i m i l a r  d i s t i l l a ­

t i o n  c u rv e s  when r e c t i f i c a t i n g  t e r n a r y  m ix tu re s  c o n ta in in g  b in a r y  

a z e o t r o p e s .  B u e l l  e t  a l .  [29] have  r e p o r t e d  th e  r e v e r s io n  o f  th e  

r e l a t i v e  v o l a t i l i t y  o f  compounds when s e p a r a t i n g  h y d ro c a rb o n s  by. 

e x t r a c t i v e  d i s t i l l a t i o n .

The m o le c u la r  s i z e  o f  a c e to n e  i s  much s m a l le r  th a n  t h a t  o f  i s o ­

p r o p y l  e t h e r .  In  a d d i t i o n ,  t h e r e  i s  one c a rb o n y l g ro u p , C=O, in  

a c e to n e .  Due to  th e  c a rb o n y l  g ro u p , a c e to n e  had a h ig h e r  p o l a r i t y  

th a n  i s o p r o p y l  e t h e r .  The oxygen i n  i s o p r o p y l  e th e r  h a s  e l e c t r o n i c  

i n t e r f e r e n c e  by  o th e r  atom s and i s  l e s s  a c t i v e  i n  fo rm in g  hy d ro g en  

bonds th a n  t h a t  i n  a c e to n e .  Thus a c e to n e  was more a c t i v e  th a n  

i s o p r o p y l  e t h e r .  I n  t h e  e x t r a c t i v e  d i s t i l l a t i o n  colum n th e  a g e n t
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f lo w ed  down th e  co lum n, w ash in g  and a b s o rb in g  th e  a s c e n d in g  v a p o r s . 

B ecause  a c e to n e  was more a c t i v e ,  th e  a g e n t  w ould a b s o rb  a c e to n e  

p r e f e r e n t i a l l y  and b r in g  i t  down th e  s t i l l p o t .  T h is  c o u ld  e x p la in  why 

i s o p r o p y l  e t h e r  came o f f  o v e rh e a d  i n  th e  e x t r a c t i v e  d i s t i l l a t i o n s  

s tu d i e d .  H ow ever, we n eed  f u r t h e r  e x p e r im e n ts  to  v e r i f y  th e  c a u s e .

I n  e x t r a c t i v e  d i s t i l l a t i o n ,  th e  a g e n ts  u sed  sh o u ld  n o t  form  an  

a z e o t ro p e  w i th  any  o f  th e  f e e d  co m p o n en ts . T a b le s  V I, V I I ,  and V I I I  

p r e s e n t  t h e  d a ta  t o  d e m o n s tra te  t h i s  w i th  th e  t h r e e  sy s te m s  s tu d i e d .  

DMSO was th e  e x t r a c t i v e  d i s t i l l a t i o n  a g e n t  em ployed . !For th e  f i r s t  

h o u r  w i th  e x t r a c t i v e  a g e n t  b e in g  pum ped, th e  o v e rh e a d  was e s s e n t i a l l y  

h i g h - p u r i t y  i s o p r o p y l  e t h e r ,  a s  shown by  th e  b o i l i n g  p o i n t  o f  61 -  

6 2 .S0C. F o r  th e  se co n d  h o u r ,  th e  e x t r a c t i v e  a g e n t  was tu r n e d  o f f  and

th e  colum n was o p e ra te d  a s  a c o n v e n tio n a l  r e c t i f i c a t i o n .  The te m p e ra ­

t u r e  d ro p p ed  t o  48 .6 °C  w hich  c o rre s p o n d e d  to  th e  i s o p r o p y l  e th e r  -  

a c e to n e  a z e o t r o p e .  F o r  th e  t h i r d  h o u r ,  DMSO was a g a in  pumped i n  and 

th e  o v e rh e a d  a g a in  becam e h i g h - p u r i t y  i s o p r o p y l  e t h e r  b o i l i n g  a t  

6 2 .2  -  6 2 .8°C . T a b le s  V II and V I I I  show s i m i l a r  pheonom ena f o r  m eth y l

a c e t a t e  -  m e th a n o l and i s o p r o p y l  e t h e r  -  m e th y l e th y l  k e to n e  s y s te m s . 

D u rin g  th e  seco n d  h o u r  t h e r e  was DMSO i n  th e  s t i l l p o t .  I f  DMSO form ed 

an  a z e o t ro p e  w ith  any  o f  th e  f e e d  c o m p o n en ts , th e  o v e rh e a d  te m p e ra tu re s  

d u r in g  th e  f i r s t  and seco n d  h o u rs  w ould be  th e  same o r  v e ry  c lo s e  to  

e a c h  o t h e r .  T h e re fo re  we c o u ld  sa y  t h a t  DMSO d id  n o t  form  an  a z e o tro p e  

w ith  any  o f  th e  f e e d  com ponen ts.

The e x p e r im e n ts  a l s o  i n d ic a te d  t h a t  DMSO c o u ld  be  s e p a r a te d  

e a s i l y  from  th e  m ix tu re  o f  DMSO and th e  f e e d  com ponents due t o  th e  low 

v a p o r  p r e s s u r e  o f  DMSO. D u rin g  th e  seco n d  h o u r , no DMSO was m a in ta in e d
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i n  th e  colum n and th e  r e l a t i v e  v o l a t i l i t i e s  w ere v e ry  low . O b v io u s ly , 

an  a p p r e c ia b le  am ount o f  DMSO o r  a g e n t  m ust be  m a in ta in e d  i n  th e  

colum n to  a f f e c t  th e  s e p a r a t i o n  by  e x t r a c t i v e  d i s t i l l a t i o n .

S t a b i l i t y  o f  th e  A gen ts  .

The s t a b i l i t y  o f  DMSO can  be  s e e n  from  T a b le s  IX , X, and XI (page  

4 4 ) .  I n  th e  sy s te m  i s o p r o p y l  e t h e r  -  a c e to n e ,  DMSO had  b e e n  re c la im e d  

se v e n  t im e s  w i th o u t  l o s i n g  i t s  e f f e c t  on s e p a r a t i o n .  I n  th e  sy stem s 

m e th y l a c e t a t e  -  m e th a n o l and i s o p r o p y l  e t h e r  -  m e th y l e t h y l  k e to n e , 

DMSO had  b e e n  r e c la im e d  t h r e e  t im e s  w i th o u t  l o s in g  i t s  e f f e c t  on 

s e p a r a t i o n .  Thus DMSO c o u ld  b e  r e c la im e d  and re u s e d  i n  e x t r a c t i v e  

d i s t i l l a t i o n .  O th e r  a g e n ts  u se d  i n  t h i s  s tu d y  had b e e n  r e c la im e d  and 

r e u s e d  a s  shown i n  T a b le s  I , I I ,  and I I I  (p ag e  35 , 3 6 , and  3 7 ) .  They 

d id  n o t  l o s e  t h e i r  e f f e c t  on s e p a r a t i o n .  T h e re fo re  we c o u ld  s a y  t h a t  

th e  a g e n ts  u se d  c o u ld  b e  r e c la im e d  and re u s e d .

E f f e c t  o f  A d d i t io n  R a te  o f  DMSO

The r e l a t i v e  v o l a t i l i t y  was found  t o  in c r e a s e  a s  th e  a d d i t io n  

r a t e  o f  DMSO in c r e a s e d  i n  th e  t h r e e  sy s te m s  s tu d i e d .  U nder th e  c o n d i­

t i o n s  s tu d i e d ,  t h r e e  e q u a t io n s  w ere d e v e lo p e d  to  e x p re s s  th e  r e l a t i v e  

v o l a t i l i t y  i n  te rm s  o f  a d d i t i o n  r a t e  u s in g  l i n e a r  r e g r e s s i o n  [3 0 ] .

The s t a t i s t i c a l  a n a ly s e s  a r e  l i s t e d  i n  T a b le s  X V lI, X V II I , and XIX. 

The e q u a t io n s  f i t  t h e  e x p e r im e n ta l  d a ta  a r e  a s  fo l lo w s :

F o r  th e  sy s te m  o f  i s o p r o p y l  e th e r  and a c e to n e , th e  e q u a t io n  was 

Cf = 1 .4 1  + 0 .5409V 0 *6861 (10 )

w here V i s  t h e  a d d i t i o n  r a t e  i n  m l/m in .
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T a b le  X V II. S t a t i s t i c a l  a n a ly s i s  f o r  th e  sy s tem  I s o p r o p y l  e th e r  -
A cetone  to  e x p re s s  r e l a t i v e  v o l a t i l i t y  a s  a f u n c t io n  o f  
a d d i t i o n  r a t e  o f  DMSO

F i t :  V a r  R - P a r t  B Se (B) T P - V a l u e

4 0 . 9 9 6 9  0 . 6 8 6 1  0 . 2 2 2 3 E - 0 1  3 0 . 8 7  0 . 0 0 0

I n t e r c e p t  = - 0 . 6 1 4 6  
R - S q u a r e d  = 0 . 9 9 3 7

A n a l y s i s  o f  V a r i a n c e :
S o u r c e DF S . S . M. S . F - V a l u e P - V a l u e

R e g r e s s I 0 . 5 8 7 7 0 . 5 8 7 7  9 5 3 . 0 0 . 0 0 0
R e s i d u a l 6 0 . 3 7 0 0 E -0 2 0 . 6 1 6 7 E -0 3
To t a l 7 0 . 5 9 1 4

T a b le  X V II I . S t a t i s t i c a l  a n a ly s i s  f o r  th e  sy s tem  M ethyl a c e t a t e  -  
M ethano l to  e x p re s s  r e l a t i v e  v o l a t i l i t y  a s  a f u n c t io n  
o f  a d d i t i o n  r a t e  o f  DMSO

F i t :  V a r  R - P a r t  B Se  (B) T P - V a l u e

4 0 . 9 6 0 9  0 . 5 5 4 3  0 . 1 1 2 9  4 . 9 0 8  0 . 3 9 E - 0 1

I n t e r c e p t  = 0 . 1 1 7 8
R - S q u a r e d  = 0 . 9 2 3 3

A n a l y s i s  o f V a r i a n c e :

S o u r c e DF S . S .  M . S . F - V a l u e P - V a l u e

R e g r e s s I  0 . 4 0 6 0  0 . 4 0 6 0  2 4 . 0 8 0 . 3 9E -01

R e s i d u a l 2 0 . 3 3 7 1 E - 0 1  0 . 1 6 8 6 E - 0 1

T o t a l 3 0 . 4 3 9 7
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T a b le  XIX. S t a t i s t i c a l  a n a ly s i s  f o r  th e  sy stem  I s o p ro p y l  e t h e r  -
M ethyl e th y l  k e to n e  to  e x p re s s  r e l a t i v e  v o l a t i l i t y  a s  a 
f u n c t io n  o f  a d d i t i o n  r a t e  o f  DMSO

F i t :  V a r  R - P a r t  B Se  (B) T P - V a l u e

4 0 . 9 9 9 2  0 . 7 7 9 7  0 . 2 2 3 8 E - 0 1  3 4 . 8 3  0 . 0 0 0

I n t e r c e p t  = - 0 . 4 0  32 
R - S q u a r e d  = 0 . 9 9 8 4

A n a l y s i s  o f  V a r i a n c e :
S o u r c e DF S . S . M . S . F - V a l u e P - V a l u e

R e g r e s s I 0 . 8 0 3 1  0 . 8 0 3 1  1 2 1 3 .0 0 . 0 0 0
R e s i d u a l 2 0 . 1 3 2 4 E -0 2  0 . 6 6 1 9 E - 0 3
T o t a l 3 0 . 8 0 4 5
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F o r th e  sy s te m  o f  m e th y l a c e t a t e  and m e th a n o l , th e  e q u a t io n  was 

Oi = 2 .1 1  + 1.125V 0-5543  (11 )

F o r  th e  sy s te m  o f  i s o p r o p y l  e t h e r  and m eth y l e t h y l  k e to n e , th e  

e q u a t io n  w as:

a  = 2 . 5 5  +0.6682V 0-7797  (12 )

The e x p e r im e n ta l  m easu rem en ts and c o r r e l a t e d  c u rv e s  o f  r e l a t i v e  

v o l a t i l i t i e s  f o r  t h r e e  sy s te m s  a r e  shown i n  F ig u re  13. The c o r r e l a t e d  

c u rv e s  f i t t e d  th e  e x p e r im e n ta l  d a ta  v e ry  w e l l . . U nder t h e  c o n d i t io n s  

s tu d i e d ,  a g e n e r a l  fo rm u la  e x p r e s s in g  r e l a t i v e  v o l a t i l i t y  i n  te rm s  o f  

a d d i t i o n  r a t e  o f  DMSO was found  t o  be

Oi = c + a V^ (13)

w here a ,  b ,  and c a r e  e m p i r ic a l  c o e f f i c i e n t s .
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I R E -ACETONE SYSTEM

MeOH-MeAc SYSTEM 

IPE-MEK SYSTEM

5 IO 20 '
ADDITION RATE%ML/M I N

F ig u re  13. R e la t i v e  v o l a t i l i t y  a s  a f u n c t io n  o f  a d d i t io n  r a t e  o f  DMSO.
O  , A  , and O  r e p r e s e n t  th e  e x p e r im e n ta l  m easu rem en ts and 
s o l i d  l i n e s  a r e  c a lc u l a t e d  from  e q u a tio n  ( 1 0 ) ,  ( 1 1 ) ,  and 
( 12)
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SUMMARY AND CONCLUSIONS

1 . E x t r a c t i v e  d i s t i l l a t i o n  when em p lo y in g  a p r o p e r  a g e n t  n o t  o n ly  

n e g a te d  th e  a z e o t r o p e s ,  b u t  a l s o  im proved  th e  e f f i c i e n c y  o f  

s e p a r a t i o n .

2 . The m o le c u la r  s t r u c t u r e s  o f  g ly c o l s  had an  e f f e c t  on s e p a r a t i o n  

by  e x t r a c t i v e  d i s t i l l a t i o n .

3 . E x t r a c t i v e  d i s t i l l a t i o n  som etim es c o u ld  r e v e r s e  th e  r e l a t i v e  

v o l a t i l i t y  o f  two com pounds.

4 . D im eth y l s u l f o x i d e (DMSO) was a good a g e n t  f o r  s e p a r a t i n g  th r e e  

l i q u i d  b in a r y  m ix tu r e s , i s o p r o p y l  e th e r - a c e to n e ,  m e th y l a c e t a t e -  

m e th a n o l, and i s o p r o p y l  e th e r - m e th y l  e th y l  k e to n e , b y  e x t r a c t i v e  

d i s t i l l a t i o n .

5 . The a g e n ts  u se d  c o u ld  be  r e c la im e d  and re u s e d  w ith o u t, l o s i n g  

t h e i r  e f f e c t  on s e p a r a t i o n .

6 . An a p p r e c ia b le  am ount o f  a g e n t  m ust be  m a in ta in e d  i n  t h e  colum n
.

t o  a f f e c t  th e  s e p a r a t i o n  by  e x t r a c t i v e  d i s t i l l a t i o n .

7 . A g e n e r a l  fo rm u la  was found  to  d e s c r ib e  th e  r e l a t i o n s h i p  betw een

r e l a t i v e  v o l a t i l i t y  and a d d i t i o n  r a t e  o f  DMSO f o r  th e  t h r e e

sy s te m s  s tu d i e d .  I t  can  be  e x p re s s e d  as

bOf = c + aV
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RECOMMENDATION FOR FUTURE RESEARCH

A s y s te m a t ic  s tu d y  on th e  c o m p o s itio n s  and te m p e ra tu re s  on each  

p l a t e  i s  s u g g e s te d .  T h a t w ould be  a good way t o  s tu d y  th e  b e h a v io r  o f  

a g e n ts  i n  an  e x t r a c t i v e  d i s t i l l a t i o n  colum n. T h is  in fo r m a t io n  can  be 

th e n  u se d  f o r  com m erc ia l d e s ig n .
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ABBREVIATIONS

A zeo . : A z e o tro p e  

B : S lo p e  C o e f f i c i e n t  

B t . : Bottom

B . P . : B o i l in g  P o in t

C . W. : C o o lin g  W ater 

DF : D egree  o f  Freedom  

DMSO : D im eth y l S u lfo x id e

EXTR. DIST. : E x t r a c t i v e  D i s t i l l a t i o n

IPE : I s o p r o p y l  e th e r

MeAc : M ethy l a c e t a t e

MEK : M ethy l e th y l  k e to n e

MeOH : M ethano l

M .P. : M e ltin g  P o in t

M .S. : Mean o f  S q u a res

n o rm al b . p .  : n o rm al b o i l i n g  p o i n t

Oh. : O verhead

R - P a r t  : P a r t i a l  C o r r e l a t i o n

REL. VOL. : R e l a t i v e  V o l a t i l i t y

Se(B ) : S ta n d a rd  E r r o r

SEL. : S e l e c t i v i t y

S .S . : Sum o f  S q u a res

T : t - t e s t s  f o r  z e ro  s lo p e s

V ar : V a r ia b le
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