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t e t r a f l u o r o b o r a t e .  J o u r n a l  o f  C h e m i c a l  &  E n g i n e e r i n g  D a t a  5 3 ( 1 ) ,  2 7 5 - 2 7 9 .

L i ,  Q . ,  Z h a n g ,  J . ,  L e i ,  z., Z h u ,  J . ,  W a n g ,  B . ,  a n d  H u a n g ,  X .  ( 2 0 0 9 )  I s o b a r i c  V a p o r -  
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M c L e e s e ,  S .E . ,  E s l i c k ,  J .C . ,  H o f f m a n n ,  N . J . ,  S c u r to ,  A .M . ,  a n d  C a m a r d a ,  K.v.
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s y s t e m s  w i t h  i o n i c  l i q u i d s  u s i n g  h e a d s p a c e  g a s  c h r o m a t o g r a p h y .  J o u r n a l  o f  
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m i x t u r e s  w i t h  [ M M I M ] [ D M P ]  i o n i c  l i q u i d .  J o u r n a l  o f  C h e m i c a l  &  
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J o u r n a l .
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t r i f l u o r o m e t h a n e s u l f o n a t e  io n ic  l i q u i d  w i th  m e t h a n o l ,  e t h a n o l ,  1- p r o p a n o l ,  

a n d  w a t e r  a t  s e v e r a l  t e m p e r a t u r e s .  J o u r n a l  o f  C h e m i c a l  &  E n g i n e e r i n g  D a t a  

5 2 ( 4 ) ,  1 4 6 8 - 1 4 8 2 .

V e r m a ,  V .K .  a n d  B a n e r j e e ,  T .  ( 2 0 1 0 )  I o n ic  l i q u i d s  a s  e n t r a i n e r s  f o r  w a t e r +  e t h a n o l ,  
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a p p r o a c h .  J o u r n a l  o f  C h e m i c a l  T h e r m o d y n a m i c s  4 2 ( 7 ) .  9 0 9 - 9 1 9 .

W e m e r ,  ร . ,  H a u m a n n ,  M . ,  a n d  W a s s e r s c h e i d ,  p .  ( 2 0 1 0 )  I o n i c  l i q u i d s  i n  c h e m ic a l

e n g i n e e r i n g .  A n n u a l  R e v i e w  o f  C h e m i c a l  a n d  B i o m o l e c u l a r  E n g i n e e r i n g  1, 

2 0 3 - 2 3 0 .
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W e s t e r h o l t ,  A . ,  L i e b e r t ,  V . ,  a n d  G m e h l i n g ,  J .  ( 2 0 0 9 )  I n f l u e n c e  o f  i o n i c  l i q u i d s  o n  

t h e  s e p a r a t i o n  f a c t o r  o f  t h r e e  s t a n d a r d  s e p a r a t i o n  p r o b l e m s .  F l u i d  P h a s e  

E q u i l i b r i a  2 8 0 ( 1 ) ,  5 6 - 6 0 .

X u e ,  Z . ,  M u ,  T .  a n d  G m e h l i n g ,  J .  ( 2 0 1 2 )  C o m p a r i s o n  o f  t h e  a  P r io r i  C O S M O - R S  

M o d e l s  a n d  G r o u p  C o n t r i b u t i o n  M e t h o d s :  O r i g i n a l  U N I F A C ,  M o d i f i e d  

U N I F A C ( D o ) ,  a n d  M o d i f i e d  U N I F A C ( D o )  C o n s o r t i u m .  I n d u s t r i a l  &  

E n g i n e e r i n g  C h e m i s t r y  R e s e a r c h  5 1 ( 3 6 ) ,  1 1 8 0 9 - 1 1 8 1 7 .

Y o o ,  B . ,  A f z a l ,  พ . ,  a n d  P r a u s n i t z ,  J .M .  ( 2 0 1 2 )  S o l u b i l i t y  P a r a m e t e r s  f o r  N i n e  Io n ic  

L iq u i d s .  I n d u s t r i a l  &  E n g i n e e r i n g  C h e m i s t r y  R e s e a r c h  5 1 ( 2 9 ) ,  9 9 1 3 - 9 9 1 7 .

Z h a n g ,  L . - Z . ,  D e n g ,  D . - S . ,  H a n ,  J . - Z . ,  J i ,  D . - X . ,  a n d  J i ,  J . - B .  ( 2 0 0 7 )  I s o b a r i c  v a p o r -  

l i q u i d  e q u i l i b r i a  f o r  w a t e r +  2 - p r o p a n o l +  l - b u t y l - 3 - m e t h y l i m i d a z o l i u m  

t e t r a f l u o r o b o r a t e .  J o u r n a l  o f  C h e m i c a l  &  E n g i n e e r i n g  D a t a  5 2 (  1~), 1 9 9 - 2 0 5 .

Z h a n g ,  L . ,  G e ,  Y . ,  J i ,  D . ,  a n d  J i ,  J .  ( 2 0 0 9 )  E x p e r i m e n t a l  m e a s u r e m e n t  a n d  m o d e l i n g  

o f  v a p o r -  l i q u i d  e q u i l i b r i u m  f o r  t e r n a r y  s y s t e m s  c o n t a i n i n g  i o n i c  l i q u i d s :  A  

c a s e  s t u d y  f o r  t h e  s y s t e m  w a t e r +  e t h a n o l +  l - h e x y l - 3 - m e t h y l i m i d a z o l i u m  

c h l o r i d e .  J o u r n a l  o f  C h e m i c a l  &  E n g i n e e r i n g  D a t a  5 4 ( 8 ) ,  2 3 2 2 - 2 3 2 9 .

Z h a n g ,  L . ,  H a n ,  J . ,  D e n g ,  D . ,  a n d  J i ,  J .  ( 2 0 0 7 )  S e l e c t i o n  o f  i o n i c  l i q u i d s  a s  

e n t r a i n e r s  f o r  s e p a r a t i o n  o f  w a t e r  a n d  2 - p r o p a n o l .  F l u i d  P h a s e  E q u i l i b r i a  

2 5 5 ( 2 ) ,  1 7 9 - 1 8 5 .

Z h a n g ,  L . ,  H a n ,  J . ,  W a n g ,  R . ,  Q i u ,  X . ,  a n d  J i ,  J .  ( 2 0 0 7 )  I s o b a r i c  v a p o r - l i q u i d  

e q u i l i b r i a  f o r  t h r e e  t e r n a r y  s y s t e m s :  w a t e r +  2 - p r o p a n o R  l - e t h y l - 3 -  

m e t h y l i m i d a z o l i u m  ‘ t e t r a f l u o r o b o r a t e ,  w a t e r +  l - p r o p a n o l +  l - e t h y l - 3 -  

m e t h y l i m i d a z o l i u m  - t e t r a f l u o r o b o r a t e ,  a n d  w a t e r +  l - p r o p a n o l +  l - b u t y l - 3 -  

m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e .  J o u r n a l  o f  C h e m i c a l  &  E n g i n e e r i n g  

D a t a  5 2 ( 4 ) ,  1 4 0 1 - 1 4 0 7 .

Z h a n g ,  L . ,  Q i a o ,  B . ,  G e ,  Y . ,  D e n g ,  D . a n d  J i ,  J .  ( 2 0 0 9 ) .  E f f e c t  o f  i o n i c  l i q u i d s  o n  

( v a p o r +  l i q u i d )  e q u i l i b r i u m  b e h a v i o r  o f  ( w a t e r +  2 - m e t h y l - 2 - p r o p a n o l ) .  T h e  

J o u r n a l  o f  C h e m i c a l  T h e r m o d y n a m i c s  4 1 ( 1 ) ,  1 3 8 - 1 4 3 .

Z h a o ,  J . ,  D o n g ,  C . - C . ,  L i ,  C . - X . ,  M e n g ,  H .,  a n d  W a n g ,  Z . - H .  ( 2 0 0 6 )  I s o b a r i c  v a p o r -  

l i q u i d  e q u i l i b r i a  f o r  e t h a n o l - w a t e r  s y s t e m  c o n t a i n i n g  d i f f e r e n t  i o n i c  l iq u i d s  

a t  a t m o s p h e r i c  p r e s s u r e .  F l u i d  P h a s e  E q u i l i b r i a  2 4 2 ( 2 ) ,  1 4 7 - 1 5 3 .
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Z h a o ,  J . ,  J i a n g ,  X . - C . ,  L i ,  C . - X . ,  a n d  W a n g ,  Z . - H .  ( 2 0 0 6 )  V a p o r  p r e s s u r e

m e a s u r e m e n t  f o r  b in a r y  a n d  t e r n a r y  s y s t e m s  c o n t a i n i n g  a  p h o s p h o r i c  io n ic  

l i q u i d .  F l u i d  P h a s e  E q u i l i b r i a  2 4 7 ( 1 ) ,  1 9 0 - 1 9 8 .



APPENDICES

Appendix A Solubility Parameter (Ôil) Values of Ionic Liquids

E x p e r i m e n t a l  v a l u e s  f o r  3 9  d i f f e r e n t  i o n i c  l i q u i d s  a t  2 9 8 .1 5  K  w e r e  u s e d  f o r  

t h e  d e v e l o p m e n t  o f  t h e  H i l d e b r a n d  s o l u b i l i t y  p a r a m e t e r  G C  m o d e l  ( M a r c i n i a k ,  2 0 1 0 ,  

M a r c i n i a k ,  2 0 1 1 ,  W e e r a c h a n c h a i  et a l ,  2 0 1 2 ,  Y o o  et a l ,  2 0 1 2 ) .  T h e  t o t a l  n u m b e r s  o f  

i n d e p e n d e n t  v a r i a b l e s  in  t h e  m o d e l  a r e  3 4  ( i n c l u d i n g  a  c o n s t a n t  t e r m ) .  T h e  d e v e l o p e d  

m o d e l  ( s e e  E q u a t i o n  ( 4 .1 )  p r o v i d e s  a  g o o d  f i t  o f  e x p e r i m e n t a l  d a t a  w i t h  a  v a l u e  o f

0 .3 1 9 % A A R D  b e t w e e n  t h e  p r e d i c t e d  a n d  e x p e r i m e n t a l  s o l u b i l i t y  p a r a m e t e r  v a l u e s .  

T h e  m a x i m u m  r e l a t i v e  d e v i a t i o n  o b s e r v e d  w a s  3 .2 9 .



Table Al The experimental and predicted solubility parameter (5il) values of ionic liquids

N o. Io n ic  liq u id A b b r e v ia tio n 0,1 ,/M P a0'5
(E x p )

ô IL/M P a ü-5
(C a lc )

R D % A A R D R e fe r e n c e s

1 1 - E t h y l - 3 - m e t h y l - i m i d a z o l i u m  
t r i f l u o r o a c e t a t e

[ C 2 m i m ] [ C F 3 C O O ] 2 5 .5 6 2 5 .5 6 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

2 1 - ( 3 - h y d r o x y p r o p y l ) p y r i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ N - C 3 0 H P Y ] [ T f 2 N ] * * 2 6 .0 0 2 6 .0 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 1 )

3 1 - ( 3 - h y d r o x y p r o p y l ) p y r i d i n i u m  
t r i f l u o r o t r i s ( p e r f l u o r o e t h y l ) p h o s p h a t e

[ N - C 3 0 H P Y ] [ F A P ] * * 2 5 .0 0 2 5 .0 0
1

0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 1 )

4 1 ,3 - D i h e x y l o x y m e t h y l - i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ ( C 6 0 C ) 2 i m ] [ T f 2 N ] 1 9 .6 0
/

1 9 .6 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

5 1 , 3 - d i m e t h y l i m i d a z o l i u m  
d i m e t h y l p h o s p h a t e

[ C l m i m ] [ D M P ] * 2 7 .0 8 2 7 .0 8 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

6 1 ,3 -D im e th y lim id a z o liu m
m e t h y l s u l f a t e

[ C l m i m ]  [ M e S 0 4 ] 2 6 .3 6 2 6 .3 6 0 .0 0 0 0 .0 0 0 P i y a r a t  e t  a l .  
( 2 0 1 2 )

7 1 - b u t y l - 1 - m e t h y l p i p e r i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 4 m P i p ] [ T f 2 N ] * 2 3 .4 0 2 3 .4 0 0 .0 0 3 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 1 )

8 * 1 - B u t y l - 1 - m e t h y l p y r r o l i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 4m p y r ] [ T f 2N ] 2 5 .8 1 2 5 .8 8 0 .0 6 7 0 .0 0 7 P i y a r a t  e t  a l .  
( 2 0 1 2 )

9 1 - b u t y l - 1 - m e t h y l p y r r o l i d i n i u m  
d i c y a n a m i d e

[ C 4m p y r ] [ N ( C N ) 2] 2 5 .5 4 2 5 .5 4 0 .0 0 0 0 .0 0 0 P i y a r a t  e t  a l .  
( 2 0 1 2 )

1 0 1 - b u t y l - 1 - m e t h y l p y r r o l i d i n i u m  
t h i o c y a n a t e

[ C 4m p y r J [ S C N ] 2 4 .9 6 2 4 .8 9 0 .0 7 3 0 .0 0 8 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

11 1 - b u t y l - 1 - m e t h y l p y r r o l i d i n i u m  
t r i f l u o r o m e t h a n e s u l f o n a t e

[ C 4m p y r ]  [ C F 3S O 3] 2 2 .8 3 2 2 .8 3 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

'O

I



Table Al The experimental and predicted solubility parameter (Sil) values of ionic liquids (Continued)

N o . Io n ic  liq u id  A b b r e v ia t io n  ô i i /M P a ü'S ô n /M P a 0'5 R D  % A A R D  R e fe r e n c e s
(E x p ) (C a lc )

1 2 1 - B u t y l - 3 - m e t h y l - m i d a z o l i u m  2 - ( 2 -  
m e t h o x y e t h o x y ) e t h y l  s u l f a t e

[ C 4m i m ] [ M D E G S 0 4] 2 4 .8 0 2 4 .8 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

13 1 - B u t y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 4m i m ] [ T f 2N ] 2 5 .6 9 2 5 .7 1 0 .0 1 6 0 . 0 0 2 P i y a r a t  e t  a l .  
( 2 0 1 2 )

14 1 - B u t y l - 3 - m e t h y l i m i d a z o l i u m  
c h l o r i d e

[ € 4m i m ] [ C l ] 2 4 .1 4 2 4 .1 4
1

0 .0 0 0 0 .0 0 0 P i y a r a t  e t  a l .  
( 2 0 1 2 )

15 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  
h e x a f l u o r o a n t i m o n a t e

[ C 4m i m ] [ S b F 6] 3 1 .5 0 3 1 .5 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

16 l - B u t y l - 3 - m e t h y l - i m i d a z o l i u m  o c t y l  
s u l f a t e

[ C 4 m i m ] [ 0 c S 0 4] 2 4 .8 0 2 4 .8 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

17 1 - B u t y l - 3 - m e t h y l - i m i d a z o l i u m  
t h i o c y a n a t e

[ C 4m i m ] [ S C N ] 2 4 .6 4 2 4 .7 2 0 .0 7 5 0 .0 0 8 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

18 1 - B u t y l - 3 - m e t h y l - i m i d a z o l i u m  
t r i f l u o r o m e t h a n e s u l f o n a t e

[ C 4m i m ] [ C F 3S 0 3 ] 2 2 .6 7 2 2 . 6 6 0 . 0 1 0 0 .0 0 1 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

19 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t n f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 4m i m ]  [ T f 2N ] 2 6 .7 0 2 5 .7 1 0 .9 9 4 0 .0 9 5 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

2 0 1 - B u t y l - 3 - m e t h y l p y r i d i n i u m  
t r i f l u o r o m e t h a n e s u l f o n a t e

[ C 4m p y ] [ C F 3S 0 3 ] 2 2 .4 7 2 2 .4 7 0 .0 0 0 0 .0 0 0 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

2 1 1 - B u t y l - 4 - m e t h y l p y r i d i n i u m  
t h i o c y a n a t e

[ , ,4b m P Y ] [ S C N ] 2 4 .5 3 2 4 .5 3 0 .0 0 3 0 .0 0 0 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t

2 2 1 - B u t y l - 4 - m e t h y l p y r i d i n i u m  t o s y l a t e [ 114b m P Y ] [ T O S ] 2 3 .0 6 2 3 .0 6 0 .0 0 0 0 .0 0 0 M a r c i n i a k  
a l .  ( 2 0 1 0 )

e t



Table Al The experimental and predicted solubility parameter (8[l) values of ionic liquids (Continued)

N o. Io n ic  liq u id A b b r e v ia t io n 0 ,i7 M P a 0-5
(E x p )

ô i i /M P a 0-5
(C alc)'

R D % A A R D R e fe r e n c e s

2 5 1 - E t h y l - 3 - m e t h y l i m i d a z o l i u m  a c e t a t e [ C 2m i m ]  [A c ] 2 5 .1 6 2 5 .1 6 0 .0 0 0 0 .0 0 0 P i y a r a t  e t  a l .  
( 2 0 1 2 )

2 6 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  
t e t r a c y a n o b o r a t e

[ C 2m i m ] [ T C B ] 2 5 .9 0 2 5 .9 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  é t ­
a l .  ( 2 0 1 1 )

2 7 1 - E t h y l - 3 - m e t h y l - i m i d a z o l i u m  
t h i o c y a n a t e

[ C 2m i m ] [ S C N ] 2 5 .1 9 2 5 .1 9 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

2 8 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  
h e x a f l u o r o p h o s p h a t e

[ C 6m i m ] [ P F 6] 2 8 .6 0 2 8 .6 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

2 9 1 - H e x y l - 3 - m e t h y l - i m i d a z o l i u m  
t h i o c y a n a t e

[ C 6m i m ] [ S C N ] 2 3 .6 5 2 4 .2 4 0 .5 9 0 0 .0 6 4 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

3 0 1 - m e I h y l - 3 - o c t y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 8m i m ] [ T f 2N ] 2 5 .0 0 2 4 .7 6 0 .2 4 4 0 .0 2 5 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

31 1 - m e t h y l - 3 - o c t y l i m i d a z o l i u m  
h e x a f l u o r o p h o s p h a t e

[ C 8m i m ] [ P F 6] 2 7 .8 0 2 8 .1 3 0 .3 2 5 0 .0 3 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

3 2 1 - p r o p y l - 1 - m e t h y l p i p e r i d i n i u m  

b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 3m P i p ] [ T f 2N ] * 2 3 .8 0 2 3 .6 4

1
0 .1 5 9 0 .0 1 7 M a r c i n i a k  e t  

a l .  ( 2 0 1 1 )

3 3 N - o c t y l - i s o q u i n o l i n i u m  ' 

b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ C 8i s o q ] [ N T f 2]* 2 2 .5 0 2 2 .5 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  

a l .  ( 2 0 1 1 )

3 4 T r i e t h y l - s u l f o n i u m

b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

[ E t 3S ] [ N T f 2] 2 1 .0 5 2 1 .0 5 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  

a l .  ( 2 0 1 0 )

I



I

T a b le  A l  T h e  e x p e r i m e n t a l  a n d  p r e d i c t e d  s o l u b i l i t y  p a r a m e t e r  ( 8 i l )  v a l u e s  o f  i o n i c  l i q u i d s  ( C o n t i n u e d )

N o. Io n ic  liq u id
1

A b b r e v ia t io n ô ,L/M P a u'5
(E x p )

ô IL/M P a ü'5
(C a lc )

R D % A A R D R e fe r e n c e s

3 5 T r i i s o b u t y l - m e t h y l - p h o s p h o n i u m
t o s y l a t e

[ P l , i 4 , i 4 , i 4 ] [ T O S ] 2 4 .3 3 2 4 .3 3 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l  ( 2 0 1 0 )

3 6 E t h y l a m m o n i u m  n i t r a t e [ C 2A ] [ N 0 3]* 2 5 .1 7 2 5 .1 7 0 .0 0 0 0 .0 0 0 Y o o  e t  a l .  
( 2 0 1 2 )

3 7 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  
e t h y l s u l f a t e

[ C 2m i m ] [ E t S 0 4]* 2 4 .4 5 2 4 .4 5 0 .0 0 1 0 .0 0 0 Y o o  e t  a l .  
( 2 0 1 2 )

3 8 1 - B u t y l - 3 - m e t h y l - i m i d a z o l i u m  
h e x a f l u o r o p h o s p h a t e

[ C 4m i m ] [ P F 6] 2 9 .8 0 2 9 .0 7 0 .7 2 5 0 .0 6 2 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

3 9 1 - B u t y l - 3  - m e t h y l i m i d a z o l i u m  
t e t r a f l u o r o b o r a t e

[ € 4m i m ] [ B F 4] 3 1 .6 0 3 1 .6 0 0 .0 0 0 0 .0 0 0 M a r c i n i a k  e t  
a l .  ( 2 0 1 0 )

S u m m a tio n 3 .2 9 0 .3 1 9 7

* E x t r a p o l a t e d  v a l u e s  c a l c u l a t e d  u s i n g  l i n e a r  r e g r e s s i o n .

* * E x t r a p o l a t e d  v a l u e s  c a l c u l a t e d  u s i n g  p o l y n o m i a l  r e g r e s s i o n .

'-P-a
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A p p en d ix  B  S o lu b ility  o f  IL s an d  T a r g e t  C o m p o n en t

T h e  s o l u b i l i t y  (Xj) o f  I L s  i n  t h e  t a r g e t  c o m p o n e n t s  f o r  p o o r l y  m i s c i b l e  

l i q u i d s  c a n  b e  e s t i m a t e d  to  t h e  i n f i n i t e - d i l u t i o n  a c t i v i t y  c o e f f i c i e n t  ( B a t i s t a  et a l ,
2 0 1 1 ) b y

Xi =  ^  ( B l )

W h e r e ,  YÏ”  i s  t h e  i n f i n i t e - d i l u t i o n  a c t i v i t y  c o e f f i c i e n t  o f  t h e  c o m p o n e n t  i. 

T h e  Yi° h a v e  b e e n  t a k e n  f r o m  t h e  l i t e r a t u r e s  o r  c a l c u l a t e d  f r o m  p r e d i c t i v e  

t h e r m o d y n a m i c  m o d e l s ,  e .g . ,  U N I F A C  m o d e l s .  H o w e v e r ,  a u t h o r  t r i e d  to  a p p l y  t h e  

U N I F A C  m o d e l  f o r  i o n i c  l i q u i d s  ( U N I F A C - I L )  p r o p o s e d  b y  R o u g h t o n  e t  a l .  ( 2 0 1 2 )  

f o r  c a l c u l a t i o n  o f  t h e  Y 1“ , b u t  i t  c o u l d  n o t  b e  a c c u r a c y  a s  c o m p a r e d  t o  t h e  

e x p e r i m e n t a l  d a t a .  T h e r e f o r e ,  t h e  y “  a n d / o r  Xi h a v e  b e e n  c o l l e c t e d  f r o m  t h e  a v a i l a b l e  

l i t e r a t u r e s  a s  i l l u s t r a t e d  in  T a b l e  B l  a n d  B 2 .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  s o l u b i l i t y  is  

t h e  m o l e  f r a c t i o n  o f  t h e  t a r g e t  c o m p o n e n t  d i v i d e d  b y  t h e  t o t a l  m o l e  f r a c t i o n  o f  t h e  

m i x t u r e s .  I f  t h e  Xj i s  g r e a t e r  t h a n  1, i t  m e a n s  t h e  m i x t u r e s  a r e  t o t a l l y  s o lu b l e .

B .l  T h e  S o lu b ility  o f  IL s an d  W a te r  (A q u eo u s S y stem s)
T h e  e x p e r i m e n t a l  m o l e  f r a c t i o n  s o l u b i l i t y  o f  t h e  I L s  in  w a t e r  ( x expพ )  a t

2 9 8 .1 5  K  h a v e  b e e n  t a k e n  f r o m  ( K l à h n  et a l ,  2 0 1 0 ,  P e r e i r o  et a l ,  2 0 1 2 )  a s  s h o w e d  

i n  T a b l e  B l .

B.2 T h e  S o lu b ility  o f  IL s and B e n z e n e  (N o n -A q u eo u s  S y stem s)
F o r  n o n - a q u e o u s  s y s t e m s ,  t h e  i n f i n i t e - d i l u t i o n  a c t i v i t y  c o e f f i c i e n t  o f  t h e  

b e n z e n e  (Y b )  a t  2 9 8 .1 5  K  h a v e  b e e n  t a k e n  f r o m  ( K r u m m e n  et a l ,  2 0 0 2 ,  D a v i d  et 
a l ,  2 0 0 3 ,  L e t c h e r  et a l ,  2 0 0 3 ,  K a t o  a n d  G m e h l i n g ,  2 0 0 5 ,  F o c o  et a l ,  2 0 0 6 ,  H e i n t z  et 
a l ,  2 0 0 6 ,  D o m a n s k a  a n d  M a r c i n i a k ,  2 0 0 7 ,  M u t e l e t  a n d  J a u b e r t ,  2 0 0 7 ,  D o m a n s k a  

a n d  M a r c i n i a k ,  2 0 0 8 ,  D o m a n s k a  a n d  L a s k o w s k a ,  2 0 0 9 ,  D o m a n s k a  a n d  K r ô l i k o w s k i ,  

2 0 1 2 ,  K a n  et a l ,  2 0 1 2 ,  T u m b a  et a l ,  2 0 1 2 ,  P a d u s z y n s k i  a n d  D o m a n s k a ,  2 0 1 3 )  a n d
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t h e  e x p e r i m e n t a l  m o l e  f r a c t i o n  s o l u b i l i t y  o f  t h e  I L s  i n  b e n z e n e  ( x expB ) w a s  c a l c u l a t e d  

b y  E q .  B l .  A s  i l l u s t r a t e d  i n  T a b l e  B 2 .



Table B1 The mole fraction solubility of the ILs in water at 298.15 K
1

Io n ic  L iq u id Io n ic  L iq u id  N a m e S o lu b ility  P a r a m e te r calc v expA w R e fe r e n c e
C 8 m P y - C F 3 S 0 3 3 - m e t h y l - 1 - o c t y l p y r i d i n i u m  t r i f l u o r o m e t h a n e s u l f o n a t e 2 1 .5 2 0 .8 0 K l â h n  e t .  a l  

( 2 0 1 0 )
C 8 m i m - C F 3 S 0 3 1- m e t h y l - 3 - o c t y l i m i d a z o l i u m  t r i f l u o r o m e t h a n e s u l f o n a t e 2 1 .7 1

1
m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 3 P i p - T f 2 N 1 - m e t h y l - 1 - p r o p y l p i p e r i d i n i u m 2 2 .3 6 0 .2 1 K l â h n  e t .  a l

t r i f l u o r o m e t h a n e s u l f o n a t e ' ( 2 0 1 0 )
C 4 m i m - C F 3 S 0 3 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  t r i f l u o r o m e t h a n e s u l f o n a t e 2 2 .6 6 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 2 e i m - C F 3 S 0 3 1 , 3 - d i e t h y l i m i d a z o l i u m  t r i f l u o r o m e t h a n e s u l f o n a t e

1
2 2 .9 0 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 2 m i m - C H 3 S 0 3 1- e t h y l - 3 - m e t h y l i m i d a z o l i u m  m e t h a n e s u l f o n a t e 2 3 .1 4 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 8 m i m - C l  11 1 - m e t h y l - 3 - o c t y l i m i d a z o l i u m  c h l o r i d e 2 3 .1 9 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C l m i m - C F 3 S 0 3 1 ,3 - d i m e t h y l i m i d a z o l i u m  t r i f l u o r o m e t h a n e s u l f o n a t e 2 3 .3 7 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 6 m i m - C l 1- h e x y l - 3 - m e t h y l i m i d a z o l i u m  c h l o r i d e 2 3 .6 7 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 4 m i m - C l l - b u t y l - 3 - m e t h y l i m i d a z o l i u m  c h l o r i d e 2 4 .1 4 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 2 e m i m - C F 3  S 0 3 l - e t h y l - 2 - e t h y l - 3 - m e t h y l i m i d a z o l i u m

t r i f l u o r o m e t h a n e s u l f o n a t e
2 4 .1 7 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
' C 8 m P y - N ( C N ) 2 3 - m e t h y l - 1 - o c t y l p y r i d i n i u m  d i c y a n a m i d e 2 4 .2 3 0 .9 5 K l â h n  e t .  a l

(2010)



Table B1 The mole fraction solubility of the ILs in water at 298.15 K (Continued)

Ionic Liquid Ionic Liquid Name Solubility Parametercalc v exPA  พ Reference
C 2 m P y - E t S 0 4 1- e t h y l - 3 - m e t h y l p y r i d i n i u m  e t h y l s u l f a t e 2 4 .2 7 m i s c i b l e P e r e i r o  e t .  a l  

( 2 0 1 0 )
C 2 m m i m - C F 3 S 0 3 1- e t h y l - 2 , 3 - d i m e t h y l i m i d a z o l i u m  

t r i f l u o r o m e t h a n e s u l f o n a t e
2 4 .4 1 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 8 m i m - N ( C N ) 2 1 - m e t h y l - 3  - o c t y l i m i d a z o M u m  d i c y a n a m i d e 2 4 .4 2 m i s c i b l e K l a h n  e t .  a l  

( 2 0 1 0 )
C 2 m i m - E t S 0 4 l - e t h y l - 3 - m e t h y l i m i d a z o l i u m  e t h y l s u l f a t e 2 4 .4 5

l
m i s c i b l e P e r e i r o  e t .  a l  

( 2 0 1 0 )
C 4 m i m - A c 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  a c e t a t e 2 4 .4 7 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 8 P y - T f 2 N 1 - o c t y l p y r i d i n i u m  b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e 2 4 .5 7 0 .1 8 K l â h n  e t .  a l  

( 2 0 1 0 )
C 8 m P y - T f 2 N 3 - m e t h y l - 1 - o c t y l p y r i d i n i u m  

b i s ( t r i f ï u o r o m e t h y l s u l f o n y l ) i m i d e
2 4 .5 7 0 .1 6 K l â h n  e t .  a l

( 2 0 1 0 )
C 2 m i m - C l 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  c h l o r i d e 2 4 .6 1  1 m i s c i b l e P e r e i r o  e t .  a l  

( 2 0 1 0 )
C 8 m i m - T f 2 N 1- m e t h y l - 3 - o c t y l i m i d a z o l i u m  

b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e
2 4 . 7 6  ' 0 .1 9 K l â h n  e t .  a l  

( 2 0 1 0 )
C 4 e i m - C F 3 C O O 1 - b u t y l - 3 - e t h y l i m i d a z o l i u m  t r i f l u o r o a c e t a t e 2 4 .8 5 m i s c i b l e K l â h n  e t .  a l  

( 2 0 1 0 )
C 7 m i m - T f 2 N 1 - h e p t y l - 3 - m e t h y l i m i d a z o l i u m  

b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e
2 4 .9 9 0 .2 0 K l â h n  e t .  a l  

( 2 0 1 0 )
C 4 m i m - C F 3 C O O 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  t r i f l u o r o a c e t a t e 2 5 .0 9 m i s c i b l e K l â h n  e t .  a l

______________________________________________________________________________________________________ (2010)



Table B1 The mole fraction solubility of the ILs in water at 298.15 K (Continued)v

Ionic Liquid Ionic Liquid Name Solubility Param eter'31' v exp
A  พ Reference

C 2 m i m - A c 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  a c e t a t e 2 5 .1 6 m i s c i b l e P e r e i r o  e t .  a l  
( 2 0 1 0 )

C 2 m i m - S C N 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  t h i o c y a n a t e 2 5 .1 9
i

m i s c i b l e K l â h n  e t .  a l  
( 2 0 1 0 )

C 6 m i m - T f 2 N 1- h e x y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .2 3 0 .2 1 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 e i m - C F 3 C O O 1 ,3 - d i e t h y l i m i d a z o l i u m  t r i f l u o r o a c e t a t e 2 5 .3 2 m i s c i b l e K l a h n  e t .  a l  
( 2 0 1 0 )

C 4 m i m - N ( C N ) 2 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  d i c y a n a m i d e 2 5 .3 7 m i s c i b l e K l â h n  e t .  a l  
( 2 0 1 0 )

C 4 e i m - T f 2 N 1 - b u t y l - 3 - e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .4 7 0 .2 4 K l â h n  e t .  a l  
( 2 0 1 0 )

C 5 m i m - T f 2 N 1 - m e t h y l - 3  - p e n t y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .4 7 0 .2 2 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m i m - C F 3 C O O 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  t r i f l u o r o a c e t a t e 2 5 .5 6 m i s c i b l e K l â h n  e t .  a l  
( 2 0 1 0 )

C 4 m i m - M e S 0 4 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  m e t h y l s u l f a t e 2 5 .6 5 m i s c i b l e P e r e i r o  e t .  a l  
( 2 0 1 0 )

C 4 m i m - T f 2 N 1- b u t y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .7 1 0 .2 6 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 e i m - ( E t ) 2 P 0 4 1, 3 - d i e t h y l i m i d a z o l i u m  d i e t h y l p h o s p h a t e 2 5 .7 2 m i s c i b l e P e r e i r o  e t .  a l  
( 2 0 1 0 )

C 3 m P y - T f 2 N 3 - m e t h y l - 1 - p r o p y l p y r i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .7 5 0 .2 4 K l â h n  e t .  a l  
( 2 0 1 0 )

I



Table B1 The mole fraction solubility of the ILs in water at 298.15 K (Continued)

Ionic Liquid Ionic Liquid Name Solubility Parametercalc v exp
A  w Reference

C l m i m - C F 3 C O O 1, 3 - d i m e t h y l i m i d a z o l i u m  t r i f l u o r o a c e t a t e ' 2 5 .8 0 m i s c i b l e K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m i m - N ( C N ) 2 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  d i c y a n a m i d e 2 5 .8 4 m i s c i b l e K l â h n  e t .  a l  
( 2 0 1 0 )

C 4 m P y r - T F 2 N 1 - b u t y l - 1 - m e t h y l p y r r o l i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .8 8 0 .2 1 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 e i m - T f 2 N 1,3 - d i e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .9 4 0 .3 1 K l â h n  e t .  a l  
( 2 0 1 0 )

C 3 m i m - T f 2 N 1 - m e t h y l - 3  - p r o p y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .9 4 0 .2 7 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m i m - ( E t ) 2 P 0 4 l - e t h y l - 3 - m e t h y l i m i d a z o l i u m  d i e t h y l p h o s p h a t e 2 5 .9 6 1 .0 0 P e r e i r o  e t .  a l  
( 2 0 1 0 )

C 3 m P y r - T f 2 N 1 - m e t h y l - 1 - p r o p y l p y r r o l i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 6 .1 1 0 .2 3 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m i m - T f 2 N l - e t h y l - 3 - m e t h y l i m i d a z o l i u m
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 6 .1 8 0 .3 0 K l â h n  e t .  a l  
( 2 0 1 0 )

C l m i m - T f 2 N 1,3 - d i m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 6 .4 2 0 .3 5 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m i m - D M P 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  d i m e t h y l p h o s p h a t e 2 6 .8 4 m i s c i b l e P e r e i r o  e t .  a l  
( 2 0 1 0 )

C 2 e m i m - T f 2 N 1, 2 - d i e t h y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 7 .2 2 0 .2 8 K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m m i m - T f 2 N 1 - e t h y l - 2 , 3 - d i m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 7 .4 6 0 .3 3 K l â h n  e t .  a l  
( 2 0 1 0 )



'Table B1 The mole fraction solubility of the ILs in water at 298.15 K (Continued)

Ionic Liquid Ionic Liquid Name Solubility Param eter081' v exP
A  w Reference

C 8 m i m - P F 6 1 - m e t h y l - 3 - o c t y l i m i d a z o l i u m  h e x a f l u o r o p h o s p h a t e 2 8 .1 3 0 .2 1 K l â h n  e t .  a l  
( 2 0 1 0 )

C 6 m i m - P F 6 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  h e x a f l u o r o p h o s p h a t e 2 8 .6 0 0 .2 3 K l â h n  e t .  a l  
( 2 0 1 0 )

C 4 m i m - P F 6 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  h e x a f l u o r o p h o s p h a t e 2 9 .0 7 0 .2 7 K l â h n  e t .  a l  
( 2 0 1 0 )

C 4 m m i m - P F 6 1 - b u t y l - 2 , 3 - d i m e t h y l i m i d a z o l i u m  h e x a f l u o r o p h o s p h a t e 3 0 .3 5 0 .2 2 K l â h n  e t .  a l  
( 2 0 1 0 )

C 8 m P y - B F 4 3 - m e t h y l - 1 - o c t y l p y r i d i n i u m  t e t r a f l u o r o b o r a t e 3 0 .4 6 0 .6 8 K l â h n  e t .  a l  
( 2 0 1 0 )

C 8 m i m - B F 4 1- m e t h y l - 3 - o c t y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 0 .6 5 0 .6 3 K l â h n  e t .  a l  
( 2 0 1 0 )

C 4 m i m - B F 4 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 1 .6 0 m i s c i b l e K l â h n  e t .  a l  
( 2 0 1 0 )

C 2 m i m - B F 4 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 2 .0 7 m i s c i b l e K l â h n  e t .  a l
(2010)



Table B2 The mole fraction solubility of ILs in benzene at 298.15 K

Ionic Liquid Ionic Liquid Name Solubility
Parametercalc Yb X B Reference

C 2 m i m - S C N 1 - e t h y l - 3 - m e t h y l - i m i d a z o l i u m  t h i o c y a n a t e 2 5 .1 9 3 .4 3 0 .2 9 D o m a n 's k a  e t  a l .  
( 2 0 0 8 )

C 2 m i m - B F 4 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 2 .0 7 2 .4 2 * 0 .4 1 F o c o  e t  a l .  ( 2 0 0 6 )
C 4 m i m - B F 4 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 1 .6 0 2 .3 9 * 0 .4 2 F o c o  e t  a l .  ( 2 0 0 6 )
C 6 m i m - B F 4 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 1 .1 2 1 .6 3 * 0 .6 1 F o c o  e t  a l .  ( 2 0 0 6 )

1 C 8 m i m - B F 4 1 - m e t h y l - 3 - o c t y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 0 .6 5 1 .2 8 * 0 .7 8 F o c o  e t  a l .  ( 2 0 0 6 )
C 8 m i m - C l l - M e t h y l - 3 - o c t y l - l  H - i m i d a z o l i u m  c h l o r i d e 2 3 .1 9 1 .9 9 * 0 .5 0 D a v i d  e t  a l .  ( 2 0 0 3 )
C 4 m i m - S C N l - b u t y l - 3 - m e t h y l i m i d a z o l i u m  t h i o c y a n a t e 2 4 .7 2 2 .1 3 0 .4 7 D o m a n '  s k a  e t  a l .  

( 2 0 0 9 )
C l m i m -
C H 3 0 C 2 H 4 S 0 4

1 , 3 - d i m e t h y l i m i d a z o l i u m  m e t h o x y e t h y l s u l f a t e 2 5 .1 8 4 .5 5 ง . 2 2 D o m a n '  s k a  e t  a l .  
( 2 0 0 9 )

C l m i m - M e S 0 4 1, 3 - d i m e t h y l i m i d a z o l i u m  m e t h y l s u l f a t e 2 8 .5 0 7 .6 9 0 .1 3 D o m a n '  s k a  e t  a l .  
( 2 0 0 9 )

C 4 m i m - 0 c S 0 4 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  o c t y l s u l f a t e 2 4 .8 0 1 .4 3 0 .7 0 D o m a n '  s k a  e t  a l .  
( 2 0 0 9 )

C 2 m i m - C F 3 C O O l - e t h y l - 3 - m e t h y l i m i d a z o l i u m  t r i f l u o r o a c e t a t e 2 5 .5 6 2 .7 5 0 .3 6 D o m a n 's k a  e t  a l .  
( 2 0 0 7 )

C 8 m i m - M D E G S 0 4 1 - m e t h y l - 3 - o c t y l i m i d a z o l i u m  
2 - ( 2 - m e t h o x y e t h o x y ) e t h y l  s u l f a t e

2 3 .8 5 1 .3 9 0 .7 2 D o m a n 's k a  e t  a l .  
( 2 0 0 7 )

C 6 m i m - T f 2 N 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .2 3 0 .7 8 m i s c i b l e H e i n t z  e t  a l .  ( 2 0 0 6 )

C 6 m i m - T f 2 N 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .2 3 0 .7 5 * m i s c i b l e K a t o  e t  a l .  ( 2 0 0 5 )



Table B2 The mole fraction solubility of ILs in benzene at 298.15 K (Continued)

Ionic Liquid Ionic Liquid Name Solubility
Parametercalc Yb * XeXPB Reference

C 8 m i m - T f 2 N 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 4 .7 6 0 .6 3 * m i s c i b l e K a t o  e t  a l .  ( 2 0 0 5 )

C 4 m P y r - T f 2 N 1 - b u t y l - 1 - m e t h y l p y r r o l i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .5 2 0 .8 4 * m i s c i b l e K a t o  e t  a l .  ( 2 0 0 5 )

C 6 m i m - N 0 3 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  n i t r a t e 2 7 .3 2 1 .8 1 0 .5 5 S u p p o r t i n g  
I m  J C a n  ( 2 0 1 2 )

C l m i m - T f 2 N 1 , 3 - d i m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 6 .4 2 1 .3 3 0 .7 5 K r u m m e n  e t  a l .  
( 2 0 0 2 )

C 2 m i m - T f 2 N 1 - e t h y l G y r n e t h y l i m i d a z o i i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 6 .1 8 1 .1 8 0 .8 5 K r u m m e n  e t  a l .
( 2 0 0 2 )

C 4 m i m - T f 2 N 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .7 1 0 .8 7 m i s c i b l e K r u m m e n  e t  a l .  
( 2 0 0 2 )

C 2 m i m - E t S 0 4 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  e t h y l s u l f a t e 2 4 .4 5 2 .7 0 0 .3 7 K r u m m e n  e t  a l .  
( 2 0 0 2 )

C 6 m i m - B F 4 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 3 1 .1 2 0 .9 6 m i s c i b l e L e t c h e r  e t  a l .  
( 2 0 0 3 )

1 C 4 m P y - B F 4 1 - b u t y l - 3 - m e t h y l p y r i d i n i u m  t e t r a f l u o r o b o r a t e 3 1 .4 1 1 .6 3 0 .6 1 L e t c h e r  e t  a l .  
( 2 0 0 3 )

C 2 m m i m - T f 2 N 1 - e t h y l - 2 , 3 - d i m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 7 .4 6 1 .0 9 0 .9 2 L e t c h e r  e t  a l .  
( 2 0 0 3 )

C 6 m i m - P F 6 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  
h e x a f l u o r o p h o s p h a t e

2 8 .6 0 1 .0 5 . 0 .9 5 L e t c h e r  e t  a l .  
( 2 0 0 3 )

C 4 m i m - M D E G S 0 4 1 - b u t y l - 3 - m e t h y l i m i d a z o l i u m  2 - ( 2 -  
m e t h o x y e t h o x y ) e t h y l  s u l f a t e

2 4 .0 9 2 .0 4 0 .4 9 L e t c h e r  e t  a l .  
( 2 0 0 5 )



Table B2 The mole fraction solubility of ILs in benzene at 298.15 K (Continued)

Ionic Liquid Ionic Liquid Name Solubility
Parameter03'0 ■ Yb v e*p X B Reference

C 6 m i m - T f 2 N 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 5 .2 3 0 .6 7 m i s c i b l e L e t c h e r  e t  a l .  
( 2 0 0 5 )

C 2 m i m - C H 3 S 0 3 1 - e t h y l - 3 - m e t h y h m i d a z o l i u m  
t r i f l u o r o m e t h a n e s u l f o n a t e

2 3 .1 4 4 .4 3 * 0 .2 3 D o m a i n ' s k a  ( 2 0 1 2 )

3 C 6 C 1 4 P - P F 6 t r i h e x y l t e t r a d e c y l p h o s p h o n i u m
h e x a f l u o r o p h o s p h a t e

2 0 .5 0 0 .7 8 m i s c i b l e T u m b a  e t  a l .  ( 2 0 1 2 )  
e x t r a p o l a t e s  v a l u e

3 C 6 C 1 4 P - T f 2 N t r i h e x y l t e t r a d e c y l p h o s p h o n i u m  b i s  
( t r i f l u o r o m e t h y l s u l f o n y l )  i m i d e

1 7 .1 3 0 .3 7 * m i s c i b l e T u m b a  e t  a l .  ( 2 0 1 3 )

C 1 6 m i m - B F 4 l - h e x a d e c y l - 3 - m e t h y l i m i d a z o l i u m
t e t r a f l u o r o b o r a t e

2 8 .7 5 0 .7 9 m i s c i b l e
1

M u t e l e t  e t  a l .  
( 2 0 0 7 )

C 5 m P i p - N T f 2 1 - m e t h y l - 1 - p e n t y l p i p e r i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 2 .9 3
/

0 .7 0 m i s c i b l e P a d u s z y n '  s k i  e t  a l .  
( 2 0 1 3 )

C 6 m P i p - N T f 2 1 - h e x y l - 1 - m e t h y l p i p e r i d i n i u m  
b i s ( t r i f l u o r o m e t h y l s u l f o n y l ) i m i d e

2 2 .6 9 0 .6 7 m i s c i b l e P a d u s z y n '  s k i  e t  a l .  
( 2 0 1 3 )

C 2 m i m - F A P 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  
t r i f l u o r o t r i s ( p e r f l u o r o e t h y l ) p h o s p h a t e

2 5 .1 8 0 .9 9 * m i s c i b l e Z h i - C h e n g  T a n  e t  
a l .  ( 2 0 1 1 )

C 2 m i m - T C B 1 - e t h y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a c y a n o b o r a t e 2 5 .9 0 1 .3 1 * 0 .7 6 Z h i - C h e n g  T a n  e t  
a l .  ( 2 0 1 1 )

C 6 m i m - T C B 1 - h e x y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a c y a n o b o r a t e 2 4 .9 5 0 .7 3 m i s c i b l e D o m a n 's k a  e t  a l .  
( 2 0 1 2 )

C 1 0 m i m - T C B 1 - d e c y l - 3 - m e t h y l i m i d a z o l i u m  t e t r a f l u o r o b o r a t e 2 4 .0 0 0 .5 8 m i s c i b l e D o m a n '  s k a  e t  a l .  
( 2 0 1 0 )

C 4 m y r - T C B 1 - b u t y l - 3 - m e t h y l p y r i d i n i u m  t e t r a c y a n o b o r a t e 2 5 .6 0 0 .8 1 m i s c i b l e D o m a n '  s k a  e t  a l .  
( 2 0 1 1 )



Table B2 The mole fraction solubility of ILs in benzene at 298.15 K (Continued)

Ionic Liquid Ionic Liquid Name Solubility
Parameter**1' Y b

Yexp X B Reference
N M P N - M e t h y l - 2 - p y r r o l i d o n e 2 3 .1 6 1 .0 4 0 .9 6 D o m a n '  s k a  e t  a l .  

( 2 0 1 2 )
S u l f o l a n e S u l f o l a n e 2 6 .1 1 2 .3 8 0 .4 2 D o m a n '  s k a  e t  a l .  

( 2 0 1 2 )

* e x t r a p o l a t e s  v a l u e

ooo
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Appendix c Thermodynamic and Physical Properties of Components 
Considered in PRO/II

T h e  I L s  w e r e  m o d e l  a s  a l i a s  c o m p o n e n t  in  t h e  P r o / I I  s i m u l a t o r ,  u s i n g  

p r o p e r t i e s  a s  s h o w n  in  T a b l e  C l  ( V a l d e r r a m a  a n d  R o j a s ,  2 0 0 9 ) .  T h e  h e a t s  o f  

v a p o r i z a t i o n  f o r  t h e  v o l a t i l e  c o m p o u n d s  w e r e  p r e d i c t e d  w i t h  t h e  e q u a t i o n  C l  

( H e r n a n d e z ,  2 0 1 3 ) .  T h e  p a r a m e t e r s  f o r  t h i s  e q u a t i o n  a r e  s h o w n  in  T a b l e  C 2  

( H e r n a n d e z ,  2 0 1 3 ) .  I t  s h o u l d  b e  n o t i c e d  t h a t  d u e  t o  t h e  n o n - v o l a t i l i t y  o f  t h e  i o n i c  

l i q u i d ,  t h e i r  e n t h a l p y  o f  v a p o r i z a t i o n  a n d  v a p o r  p r e s s u r e  w e r e  s e t  a s  z e r o .  T h e  V L E  _ 

d i a g r a m  o f  t e r n a r y  s y s t e m s  c o n t a i n i n g  I L s  a t  d i f f e r e n t  c o n c e n t r a t i o n  o f  I L s  a t  T  =  

3 0 0  K  a n d  P  =  1 a t m  w e r e  c a l c u l a t e d  u s i n g  I C A S — u t i l i t y  t o o l b o x  t o  c o n f i r m  t h e  

b r e a k i n g  o f  t h e  a z e o t r o p e .  T h e  N R T L  ( N o n  R a n d o m  T w o  L i q u i d s )  t h e r m o d y n a m i c  

m o d e l  ( R e n o n  a n d  P r a u s n i t z ,  1 9 6 8 )  w a s  u s e d  to  p r e d i c t  t h e  V L E ,  t h e  b in a r y  

i n t e r a c t i o n  p a r a m e t e r  a n d  n o n - r a n d o m  f a c t o r  w e r e  t a k e n  f r o m  t h e  a v a i l a b l e  

l i t e r a t u r e s  ( Z h a o  et a l ,  2 0 0 6 ,  C a l v a r  et a l ,  2 0 0 8 ,  H e r n a n d e z ,  2 0 1 3 ) .  T h e  l i q u i d  

e n t h a l p y  w a s  e s t i m a t e d  b y  L e e - K e s l e r  ( L K )  m e th o d  a n d  t h e  v a p o r  e n t h a l p y  w a s  

p r e d i c t e d  b y  t h e  S o a v e - R e d l i c h - K w o n g  e q u a t i o n  o f  s t a t e  ( S R K ) .

Table Cl P r o p e r t i e s  o f  s e l e c t e d  io n ic  l i q u i d s  ( V a l d e r r a m a  a n d  R o j a s ,  2 0 0 9 )

Ion ic  L iqu id s M o lar
m ass

PL
[g /cm 3] l £

Pc
[bar]

V c
[cm 3/m o l]

Zc . 0)

[C 2m im ][E tSO .i] 236.3 1.265 712.7 1067.5 40 .5 659 .8 0 .3008 0 .374 4
[C ,m im ][D M P ] 222.2 1.2587 590 816.8 27 .2 626 .8 0 .2509 0 .5973
[C 2m im ][A c] 170.2 1.0977 578.8 807.1 29 .2 544 0 .2367 0 .5 8 8 9
[C 2m im ][N (C N )2] 177.2 1.1019 737.2 999 29.1 597.8 0.2095 0.7661

A H vap [ k J m o f 1 ] T[K] N 
Tc[K],f ( C l )
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T a b l e  C 2  H e a t  o f  v a p o r i z a t i o n  p a r a m e t e r  f o r  E t h a n o l ,  W a t e r ,  a n d  E G  ( H e r n a n d e z ,  

2 0 1 3 )

C o m p o u n d A T c / K ท

E t h a n o l 6 0 .8 0 3 6 5 1 6 .3 0 .3 8

W a t e r 5 4 6 4 7 .1 0 .3 4

E G  * 8 8 .2 6 4 5 0 .3 9 7

T a b l e  C 3  N R T L  i n t e r a c t i o n  p a r a m e t e r s  f o r  t h e  t e r n a r y  s y s t e m  e t h a n o l  +  w a t e r  +  

E G .  D a t a  a r e  t a k e n  f r o m  H e r n a n d e z  ( 2 0 1 3 )

i E t h a n o l E t h a n o l W a t e r

j W a t e r E G E G

a ü 0  " 0 0

a ji 0 0 0

b i j - 5 5 .1 6 9 3 6 5 .3 1 3 9 7 6 9 .0 4 9 9

b j i 6 7 0 .4 4 4 - 8 8 .8 2 8 5 - 4 4 3 .9 6 4 9

d ij 0 .3 0 3 1 0 .4 0 .4

T a b l e  C 4  N R T L  i n t e r a c t i o n  p a r a m e t e r s  f o r  t h e  t e r n a r y  s y s t e m  e t h a n o l  +  w a t e r  +  

[ C 2m i m ] [ E t S 0 4 ] . D a t a  a r e  t a k e n  f r o m  C a l v a r  et al. ( 2 0 0 8 )

i E t h a n o l E t h a n o l W a t e r

j W a t e r [ C 2m i m ] [ E t S 0 4 ] [C 2 m im ][E tS 0 4 ]

a ij 0 0 0

a ji 0 0 0

b i j 5 3 6 .4 - 5 5 8 .9 7 6 - 2 1 0 .3 8 8

b ji - 3 7 2 .7 8 8 7 9 3 2 .0 4 2 - 4 8 6 .6 0 6

«บ - 0 . 4 0 4 0 .3 0 1 8 0 .9 9 6



I l l

Table C5 NRTL interaction parameters for the ternary system ethanol + water +
[Cimim][DMP]. Data are taken from Zhao et al. (2006)

i Ethanol Ethanol Water
j Water [Cimim][DMP] [Cimim][DMP]

a ij 0 0 0

a ii 0 0 0

b i i - 6 1 .4 3 8 1 5 8 4 .3 3 4 8 6 0 9 .2 6 6

b j i 6 7 5 .0 1 8 - 7 7 3 .0 1 3 - 4 4 5 0 .5 7 7

« ij 0 .3 0 0 8 0 .5 9 2 7 0 .4 1 1 6

Table C6 N R T L  i n t e r a c t i o n  p a r a m e t e r s  f o r  t h e  t e r n a r y  s y s t e m  e t h a n o l  +  w a t e r  +  

[ C 2m i m ] [ A c ] .  T a k e n  f r o m  ( H e r n a n d e z ,  2 0 1 3 )

i Ethanol Ethanol Water
j Water [C2mim][Ac] [C2mim][Ac]

a ij 0 0 0

a ii 0 0 0

bü - 5 5 .1 6 9 8 - 1 4 2 6 .3 8 6 2 - 1 5 0 5 .8 0 7 8

b ii 6 7 0 .4 4 4 2 - 9 6 5 .9 4 1 1 - 1 1 0 9 .3 1 3 1

t*ij 0 .3 0 3 1 0 .4 0 .4

Table C7 N R T L  i n t e r a c t i o n  p a r a m e t e r s  f o r  t h e  t e r n a r y  s y s t e m  e t h a n o l  +  w a t e r  +  

[ C 2m i m ] [ N ( C N ) 2] .  T a k e n  f r o m  H e r n a n d e z  ( 2 0 1 3 )

i Ethanol Ethanol W ater
■i Water [C2miml[N(CN)2 l [C2miml[N(CN)2l

a ij 0 .8 0 6 5 0 0
a,; 0 .5 1 4 3 0 0
bii - 2 6 6 .5 3 8 3 5 0 .1 3 2 - 2 8 9 .9 3 3
bi 4 4 4 .8 8 8 - 4 1 5 .3 8 4 - 2 2 2 .9 9 7z 0 .4 0 .3 0 .3
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Table C8 NRTL interaction parameters for the ternary system isopropanol + Water
+ [Cimim][DMP], Data are taken from (Wang et a l, 2010)

i Water Isopropanol Water
j Isopropanol [Cnnim][DMP] [Cimim][DMP]

au 0 0 0
a .i 0 0 0
bn 830.022 26297.200 609.266
b ii 9.320 -1172.105 -1150.578
«Ü 0.300 0.106 0.412

Table C9 N R T L  i n t e r a c t i o n  p a r a m e t e r s  f o r  t h e  t e r n a r y  s y s t e m  i s o p r o p a n o l  +  W a t e r  

+  [ C 2m i m ] [ N ( C N ) 2] .  T a k e n  f r o m  Z h a n g  e t a l. ( 2 0 0 7 )

i Water Isopropanol Water
j Isopropanol [C2mim][N(CN)2] [C2mim] [N(CN)2]

a 'i 0 0 0
a ii 0 0 0
b ii 830.022 273.719 -496.981
b ii 9.320 -172.865 109.297
ttij 0.300 0.300 0.300
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0.2 0.4 1 0ฯ6
X ethanol

No entraîner 

[C2mim][EtS04] 10% mol 

[C2mim][EtS04] 20% mol 

[C2mim][EtS04] 30% mol 

[C2mim][EtS04] 40% mol

0.8

Figure Cl V L E  d i a g r a m  o f  e t h a n o l  +  w a t e r  +  [ C 2m i m ] [ E t S 0 4 ] a t  d i f f e r e n t  

c o n c e n t r a t i o n  o f  I L s  ( u s i n g  I C A S )  a t  T  =  3 0 0  K  a n d  p  =  1 a tm .

X ethanol

Figure C2 VLE diagram of ethanol + water + [Cimim][DMP] at different
concentration of ILs (using ICAS) at T = 300 K and p = 1 atm.
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Figure C3 V L E  d i a g r a m  o f  e t h a n o l  +  w a t e r  +  [ C 2m i m ]  [A c ]  a t  d i f f e r e n t  

c o n c e n t r a t i o n  o f  I L s  ( u s i n g  I C A S )  a t  T  =  3 0 0  K  a n d  p  =  1 a tm .

0.2 0.4 0.6
X ethanol

0.8

Figure C4 VLE diagram of ethanol + water + [C2mim][N(CN)2] at different
concentration of ILs (using ICAS) at T = 300 K and p = 1 atm.
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Figure C5 V L E  d i a g r a m  o f  i s o p r o p a n o l  +  w a t e r  +  [ C i M I M ] [ D M P ]  a t  d i f f e r e n t  

c o n c e n t r a t i o n  o f  I L s  ( u s i n g  I C A S )  a t  T =  3 0 0  K  a n d  p  =  1 a tm .

0.2 0.4 0.6
X Isopropanol

Diagonol
No entrainer

[C2MIM][N(CN)2]
[C2MIM][N(CN)2]
[C2MIM][N(CN)2]
[C2MIM][N(CN)2]
[C2MIM][N(CN)2]
[C2MIM][N(CN)2]
[C2MIM][N(CN)2]

0.8

10%mol
20%mol
30%mol
40%mol
S0%mol
60%mol
70%mol

Figure C6 VLE diagram of isopropanol + water + [C2MIM][N(CN)2] at different
concentration of ILs (using ICAS) at T = 300 K and p = 1 atm.



Appendix D Azeotropic Separation Process Flowsheet and Stream Tables 
Implemented in PRO/II

D .l Conventional Extractive Distillation Process Flowsheet for Ethanol + 
Water Separation Using Ethylene Glycol (EG)

Figure D1 C o n v e n t io n a l  e x t r a c t iv e  d is t i l la t io n  p r o c e s s  f lo w s h e e t  u s in g  e th y le n e  
g ly c o l  ( E G ) .
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Table D1 E x t r a c t iv e  d i s t i l la t io n  c o lu m n  p r o p e r t ie s  u s in g  e th y le n e  g ly c o l  (E G )

Column Name Unit T1 T2
C o lu m n  D e s c r ip t io n
C o n d e n s e r  D u ty M M  W A T T -2.9303 -0.8568
R e b o i le r  D u ty M M  W A T T 3.959 0.681
C o lu m n  T o ta l  M o la r  F e e d K G -M O L /H R 432.167 272.4458
C o lu m n  T o ta l  W t. F e e d K G /H R 22489.58 15141.43
C o lu m n  C o n d e n s e r  P re s K P A 100 20
C o lu m n  C o n d e n s e r  T e m p c 77.9697 56.8818
C o lu m n  R e f lu x  R a te K G -M O L /H R 112.1374 26.3273
C o lu m n  R e f lu x  R a t io 0.7021 0.6389

Table D2 P u m p  p r o p e r t ie s  o f  th e  s e p a r a t io n  p r o c e s s

Pump Name Unit PD2 PB2
P u m p  D e s c r ip t io n

P re s s u re  G a in K P A 8 0 80
H e a d M 8 .3 4 6 8 .0 5 4 1
W o rk K W 0 .0 1 8 2 0 .3 9 3

Table D3 H e a t  e x c h a n g e r  p r o p e r t ie s  o f  th e  s e p a r a t io n  p ro c e s s

Hx Name Unit E-F E -D l E-D2 E-B2
H x  D e s c r ip t io n

D u ty M M  W A T T 0 .3 5 4 0 .3 0 7 0 .0 2 4 2 0 .8 9 6 8
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Table D4 S tre a m  ta b le  o f  th e  c o n v e n t io n a l  e x t r a c t iv e  d i s t i l la t io n  p r o c e s s  u s in g  e th y le n e  g ly c o l  (E G )

Stream Name Unit SI S4 S3 S l l S6 S10
S tr e a m  D e s c r ip t io n • เส ิเlü iw ®
P h a s e L iq u id  L iq u id L iq u id L iq u id L iq u id L iq u id
T e m p e r a tu r e c 3 5 .0 0 0  7 7 .9 7 0 1 5 6 .1 6 7 5 6 .8 8 2 1 5 0 .0 4 1 7 8 .0 0 0
P re s s u re K P A 1 0 0 .0 0 0  1 0 0 .0 0 0 1 0 0 .0 0 0 2 0 .0 0 0 2 0 .0 0 0 1 0 0 .0 0 0

T o ta l  M a s s  R a te K G /H R 8 0 9 1 .6 6 4  7 3 4 8 .1 4 8 1 5 1 4 1 .4 3 3 8 0 1 .1 9 2 1 4 3 4 0 .2 4 2 1 4 4 0 0 .2 8 8

F lo w r a te K G - M O L /H R  2 0 0 .0 0 0  1 5 9 .7 2 1 2 7 2 .4 4 6 4 1 .2 0 8 2 3 1 .2 3 8 2 3 2 .2 0 5
T o ta l  W e ig h t  C o m p . R a te s K G /H R i ? | >  ^ «4 '..-: ■ '̂ •ฟ*̂ »̂.® &  น ?พ«ร|S Ê Ê 2  •
E T H A N O L 7 3 7 1 .0 5 2  7 3 4 1 .5 6 8 2 9 .4 8 4 2 9 .4 8 4 0 .0 0 0 0 .0 0 0
W A T E R 7 2 0 .6 1 2  6 .4 7 5 7 1 9 .1 7 1 7 1 4 .1 3 6 5 .0 3 4 5 .0 3 4
E G 0 .0 0 0  0 .1 0 5 1 4 3 9 2 .7 7 9 5 7 .5 7 1 1 4 3 3 5 .2 0 8 1 4 3 9 5 .2 5 4
T o ta l  W e ig h t  C o m p . F r a c t io n s fe*. ’ï.<...,■ 1*■ ทุ!?-.j พ !

เ. V 3a พ ^ ^  ไ . . ;  :
E T H A N O L 0 .9 1 1  0 .9 9 9 0 .0 0 2 0 .0 3 7 0 .0 0 0  / 0 .0 0 0
W A T E R 0 0 8 9  0 .0 0 1 0 .0 4 7 0 .8 9 1 0 .0 0 0 0 .0 0 0
E G 0 .0 0 0  0 .0 0 0 0 .9 5 1 0 .0 7 2 1 .0 0 0 1 .0 0 0
T o ta l  M o la r  C o m p . R a te s K G - M O L /F [R 1 «๙’'' ■ - / ■ 1 -LV ' ร ,  < - 1,  ̂'  K «4

E T H A N O L 1 6 0 .0 0 0  1 5 9 .3 6 0 0 .6 4 0 0 .6 4 0 0 .0 0 0 0 .0 0 0
W A T E R 4 0 .0 0 0  0 .3 5 9 3 9 .9 2 0 3 9 .6 4 1 0 .2 7 9 0 .2 7 9
E G 0 0 0 0  0 .0 0 2 2 3 1 .8 8 6 0 .9 2 8 2 3 0 .9 5 8 2 3 1 .9 2 6
C o m p o s i t io n 1, .ไ 1 ; 1 V * *  VvAj'T m ta a m e m m
E T H A N O L 0 .8 0 0  0 .9 9 8 0 .0 0 2 0 .0 1 6 0 .0 0 0 0 .0 0 0
W A T E R 0 2 0 0  0 .0 0 2 0 .1 4 7 0 .9 6 2 0 .0 0 1 0 .0 0 1
E G 0 0 0 0  0 .0 0 0 0 .8 5 1 0 .0 2 3 0 .9 9 9 0 .9 9 9

I



Table D4 S tre a m  ta b le  o f  th e  c o n v e n t io n a l  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  u s in g  e th y le n e  g ly c o l  (E G )  ( c o n t in u e )

Stream Name Unit S12 S13 S2 S5 ร? S8 S 9
S tr e a m  D e s c r ip t io n พ ? 'ร ,พ 1& ■ พร!B U M ' ■ ■ ร 1! ร^
P h a s e L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id
T e m p e r a tu r e c 5 6 .8 8 6 3 5 .0 0 0 7 8 .0 0 0 3 5 .0 0 0 1 5 0 .0 5 9 7 8 .0 0 0 7 8 .0 0 0
P re s s u re K P A 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 •1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0
T o ta l  M a s s  R a te K G /H R 8 0 1 .1 9 2 8 0 1 .1 9 2 8 0 9 1 .6 6 4 7 3 4 8 .1 4 8 1 4 3 4 0 .2 4 2 1 4 3 4 0 .2 4 2 6 0 .0 4 7
F lo w r a te K G - M O L /H R 4 1 .2 0 8 4 1 .2 0 8 2OO.O0O 15 9 .7 2 1 2 3 1 .2 3 8 2 3 1 .2 3 8 0 .9 6 7
T o ta l  W e ig h t  C o m p . R a te s K G /H R '■ fi * • 1  g g  g |J g g § ร® ฒ ่ฒ ฒ
E T H A N O L 2 9 .4 8 4 2 9 .4 8 4 7 3 7 1 .0 5 2 7 3 4 1 .5 6 8 0 .0 0 0 0 .0 0 0 0 .0 0 0
W A T E R 7 1 4 .1 3 6 7 1 4 .1 3 6 7 2 0 .6 1 2 6 .4 7 5 5 .0 3 4 5 .0 3 4 0 .0 0 0
E G 5 7 .5 7 1 5 7 .5 7 1 0 .0 0 0 0 .1 0 5 1 4 3 3 5 .2 0 8 1 4 3 3 5 .2 0 8 6 0 .0 4 7
T o ta l  W e ig h t  C o m p .
F r a c t io n s
E T H A N O L
W A T E R
E G

m i
0 .0 3 7  
0 .8 9 1  
0 .0 7 2

0 .8 9 1
0 .0 7 2

0 .91
0 .0 8 9
0 .000

ESh be n
0 .9 9 9  
0.001 
0 .0 0 0

0.000
0 .000
1.000

0 .0 0 0
0 .000
1.000

ŷ &iiiSsÊ.
0 .0 0 0
0 .0 0 0
1.000

T o ta l  M o la r  C o m p . R a te s  K G - M O L /H R S U f t r t  :§ § |§ j ^
E T H A N O L 0 .6 4 0 0 .6 4 0 1 6 0 .0 0 0 1 5 9 .3 6 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
W A T E R 3 9 .6 4 1 3 9 .6 4 1 4 0 .0 0 0 0 .3 5 9 0 .2 7 9 0 .2 7 9 0 .0 0 0
E G 0 .9 2 8 0 .9 2 8 0 .000 0 .0 0 2 2 3 0 .9 5 8 2 3 0 .9 5 8 0 .9 6 7
C o m p o s i t io n 7 ' t  ; I f f s t p i l W W 'W ’M เ ฒ ฒ แ ฒ ^ ||
E T H A N O L 0 .0 1 6 0 .0 1 6 0 .8 0 0 0 .9 9 8 0 . 0 0 0 ; 0 .000 0 .000
W A T E R 0 .9 6 2 0 .9 6 2 0 .2 0 0 0 .0 0 2 0 .0 0 1 0.001 0 .0 0 0
E G 0 .0 2 3 0 .0 2 3 0 .0 0 0 0 .0 0 0 0 .9 9 9 0 .9 9 9 1.000

I



COLUM N T1

Figure D2 Overview of temperature and flowrate of the extractive distillation process (column Tl) using [EG] vs. tray number.
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Figure D3 Overview of liquid fraction of the components in the extractive distillation process (column Tl) using [EG] vs. tray number.
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COLUM N T1

Figure D4 Separation factor in the extractive distillation process (column Tl) using [EG] vs. tray number.
K3



COLUMN T2

Figure D5 Overview of temperature and flowrate of the recovery process (column T2) using [EG] vs. tray number.
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C O LU M N  T2

Figure D6 Liquid fraction of EG the recovery process (column T2) using [EG] vs. tray number.
to
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D.2 Extractive Distillation Process Flowsheet for Ethanol + Water Separation
Using [C2inim][EtS04]

Figure D7 E x t ra c t iv e  d i s t i l la t io n  p r o c e s s  f lo w s h e e t  u s in g  [C 2 m im ] [ E tS 0 4 ].
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Table D5 E x t r a c t iv e  d i s t i l la t io n  c o lu m n  p r o p e r t ie s  u s in g  [C 2 m im ][ E tS 0 4 ]

Column Name Unit T1
C o lu m n  D e s c r ip t io n

C o n d e n s e r  D u ty M M  W A T T -3 .5 5 7 7
R e b o i le r  D u ty M M  W A T T 3 .4 4 5 4
C o lu m n  T o ta l  M o la r  F e e d K G -M O L /H R 2 8 5 .0 7 4 7
C o lu m n  T o ta l  W t. F e e d - K G /H R 2 8 1 7 9 .3 3
C o lu m n  C o n d e n s e r  P re s K P A 10 0
C o lu m n  C o n d e n s e r  T e m p c 6 2 .1 6 9 2
C o lu m n  R e f lu x  R a te K G -M O L /H R 1 3 6 .5 3 6 9
C o lu m n  R e f lu x  R a t io 0 .8 5 3 6

Table D6 F la s h  p r o p e r t ie s  o f  th e  s e p a r a t io n  p r o c e s s  u s in g  [C 2 m im ] [ E tS 0 4 ]

F la s h  N a m e Unit F I

F la s h  D e s c r ip t io n -
T e m p e r a tu r e c 251
P re s s u re K P A 10
D P K P A 9 0
D u ty M M  W A T T 0 .7 5 2 9

T a b l e  D 7  P u m p  p ro p e r t ie s  o f  th e  s e p a r a t io n  p ro c e s s  u s in g  [C 2m im ] [ E tS 0 4 ]

P u m p  N a m e Unit P I

P u m p  D e s c r ip t io n

P re s s u re  G a in K P A 9 1 .3
H e a d M 7 .6 7 3 2
W o rk K W 0 .4 1 9 9
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Figure D 8  R e b o i l e r  h e a t  d u ty  a n d  o v e ra l l  h e a t  d u ty  a s  a  f u n c t io n  o f  f e e d  s ta g e  
lo c a t io n  fo r  s e p a r a t io n  o f  th e  e th a n o l  +  w a te r  a z e o tro p e  u s in g  [C 2m im ] [ E tS 0 4 ] =
8 5 .0 7  k g - m o l /h r  ( f ix e d  N s  =  3 0  s ta g e s ) .
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T a b l e  D 8  S tr e a m  ta b le  o f  th e  e x t r a c t iv e  d i s t i l la t io n  p r o c e s s  u s in g  [C 2 m im ] [ E tS 0 4 ]

Stream Name Unit ' SI ■ ร2 S3 S4 S6 S5 S8 S9 SU S7 S10
Stream Description '‘พ ? ? ส *‘-พ ^ พ i i l  ฒ แ . ë  ..^
Phase Liquid Liquid Liquid Liquid Liquid Vapor Liquid Vapor Liquid Liquid Vapor
Temperature c 78.31 62.17 174.88 78.01 251.00 251.00 78.01 239.63 78.00 251.10 25.00
Pressure KPA 100.00 100.00 100.00 100.00 10.00 10.00 100.00 100.00 100.00 101.30 100.00
Total Mass Rate KG/HR 8091.66 7366.56 20812.76 20087.66 20102.79 709.98 20087.66 3813.06 0.00 20102 3797.93
Flowrate KG-MOL/HR 200.00 159.95 125.12 85.07 85.95 39.17 85.07 132.02 0.00 85.95 131.14
Total Weight 
Comp. Rates

KG/HR พ  ฒ  ■ !แแฒ น ; , . . V • -,

,ไ ^ * ? ? . เ แ แ ! ^
ETHANOL 7371.052 7363.686 7.366 0.000 0.184 7.181 0.000 0.184 0.000 0.184 0.000
WATER 720.612 0.719 719.892 0.000 17.098 702.794 0.000 17.098 0.000 17.098 0.000
AIR 0.000 2.159 0.000 2.159 0.000 0.000 2.159 3795 0.000 0.000 3797.933
EMIMES04 0.000 0.000 20085.503 20085.503 20085.503 0.000 20085.503 0.000 0.000 20085 0.000
Total Weight 
Comp. Fractions ■ IS ifl- IflÉiÉiillÉl พร?1̂ 1ms G■ H
ETHANOL 0.911 1.000 0.000 0.000 0.000 0.010 ; 0.000 0.000 0.000 0.000 0.000
WATER 0.089 0.000 0.035 0.000 0.001 ' 0.990 0.000 0.004 0.000 0.001 0.000
AIR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.995 0.000 0.000 1.000
EMIMES04 0.000 0.000 0.965 1.000 0.999 0.000 1.000 0.000 1.000 0.999 0.000
Total Molar Comp. 
Rates

KG-MOL/HR -y- ฟ ้^ ttfllË lsë® gggj8g|■ ■
ETHANOL 160 159.840 0.160 0.000 0.004 0.156 0.000 0.004 0.000 0.004 ~ 0.000
WATER 40 0.040 39.960 0.000 0.949 39.011 0.000 0.949 0.000 0.949 0.000
AIR 0 0.075 0.000 0.075 0.000 0.000 0.075 131.070 0.000 0.000 131.144
EMIMES04 0 0.000 85.000 85.000 85.000 0.000 85.000 0.000 0.000 85.000 0.000
Composition / : .■ รร ' ร ฺร * *tïTA SiiSi • เแรฺเรแ1' น -ร,lllllllllร . illiilMP
ETHANOL 0.800 0.999 0.001 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000
WATER 0.200 0.000 0.319 0.000 0.011 0.99*6 0.000 0.007 0.000 0.011 0.000
AIR 0.000 1 0.000 0.000 0.001 0.000 0.000 0.001 0.993 0.000 0.000 1.000
EMIMES04 0.000 0.000 0.679 0.999 0.989 0.000 0.999 0.000 1.000 0.989 0.000

tooo

l



COLUM N T1

Figure D9 Overview of temperature and flowrate of the extractive distillation process (column Tl) using [C2mim][EtS04] vs. tray
number.
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Figure D IO  O v e rv ie w  o f  l iq u id  f r a c t io n  o f  th e  c o m p o n e n ts  in  th e  e x t r a c t iv e  d i s t i l l a t i o n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C 2 m im ] [ E tS 0 4] 
tr a y  n u m b e r .
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Figure D ll Separation factor in the extractive distillation process (column Tl) using [C2mim][EtSC>4] vs. tray number.



COLUM N 12

Figure D12 Overview of temperature and flowrate in the stripping column (column T2) using [C2mim][EtS04] vs. tray number. Lk)NJ



133

D.3 Extractive Distillation Process Flowsheet for Ethanol + Water Separation 
Using [Cnnim][DMP]

[m ix e r

Figure D13 E x t r a c t iv e  d is t i l la t io n  p r o c e s s  f lo w s h e e t  u s in g  [ C im im ] [ D M P ] .



Table D9 E x t r a c t iv e  d i s t i l la t io n  c o lu m n  p r o p e r t ie s  u s in g  [ C im im ] [ D M P ]

Column Name Unit T1
C o lu m n  D e s c r ip t io n

C o n d e n s e r  D u ty M M  W A T T -3 .0 9 9 7
R e b o i le r  D u ty M M  W A T T 3 .1 6 4 1
C o lu m n  T o ta l  M o la r  F e e d K G -M O L /H R 2 5 3 .4 8 7 6
C o lu m n  T o ta l  W t. F e e d K G /H R 1 9 9 5 9 .2 3 2
C o lu m n  C o n d e n s e r  P re s K P A 100
C o lu m n  C o n d e n s e r  T e m p c 6 8 .6 5 4 6
C o lu m n  R e f lu x  R a te K G -M O L /H R 1 0 3 .2 3 5 4
C o lu m n  R e f lu x  R a t io 0 .646 -

Table DIO F la s h  p r o p e r t i e s  o f  th e  s e p a r a t io n  p r o c e s s  u s in g  [ C im im ] [ D M P ]

Flash Name Unit FI
F la s h  D e s c r ip t io n

T e m p e r a tu r e c 182
P re s s u re K P A 10
D P K P A 9 0
D u ty M M  W A T T 0 .4 7 2 7

Table D l l  P u m p  p r o p e r t ie s  o f  th e  s e p a r a t io n  p r o c e s s  u s in g  [ C im im ] [ D M P ]

Pump Name PI
P u m p  D e s c r ip t io n

P re s s u re  G a in K P A 9 1 .3
H e a d M 7 .6 7 3 2
W o rk K W 0 .4 1 9 9
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Feed stage location

F i g u r e  D 1 4  R e b o i le r  h e a t  d u ty  a n d  o v e ra l l  h e a t  d u ty  a s  a  f u n c t io n  o f  f e e d  s ta g e  
lo c a t io n  fo r  s e p a r a t io n  o f  th e  e th a n o l  +  w a te r  a z e o tro p e  u s in g  [ C im im ] [ D M P ]  =  
5 3 .4 8  k g - m o l /h r  ( f ix e d  N s  =  3 0  s ta g e s ) .
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Table D12 S tre a m  ta b le  o f  th e  e x t r a c t iv e  d i s t i l l a t i o n  p r o c e s s  u s in g  [ C im im ] [ D M P ]

Stream Name SI S2 S3 ร4 S5 S6 S10 S7 S8 S9 SU
Phase Liquid Liquid Liquid Mixed Vapor Liquid Vapor Liquid Liquid Vapor Liquid
Temperature c 78 69 170 78 182 182 25 182 78 165 78
Pressure KPA 100 100 100 100 10 10 100 100 100 100 100
Total Mass Rate KG/HR 8091.66 7354.63 12604.60 11867.57 685.83 11918.77 2643.22 11918.77 11867.57 2694.42 n/a
Flowrate KGMOL/HR 200.000 159.808 93.680 53.487 37.340 56.341 91.271 56.341 53.487 94.124 -0.194
Total Weight Comp. Rates KG/HR ร , ? ^ ' ' ' ^  < ' ไ, ' l i S l 4. V

ETHANOL 7371.052 7348.939 22.113 0.000 21.594 0.519 0.000 0.519 0.000 0.519 0.000
WATER 720.612 4.335 717.009 0.732 664.237 52.771 0.000 52.771 0.732 52.040 0.000
AIR 0.000 1.357 0.000 1.357 0.000 0.000 2643 0.000 1.357 2641.860 0.000
C1MIMDMP 0.000 0.000 11865.479 11865.479 0.000 11865.479 0.000 1 11865 11865 0.000 -43.03

Total Weight Comp. 
Fractions

• • * ’ ' ' พ ^ ,:
'■ "น-:-"'.:' * i’? ’ ะ' เแ แ ;1i ..ะ.'.. .::.rliLi'.ะร์:■ ะ 4 เพ#: m  พ-,

ETHANOL 0.911 0.999 0.002 0.000 0.031 0.000 0.000 0.000 * 0.000 0.000 0.000
WATER 0.089 0.001 0.057 0.000 0.969 0.004 0.000 0.004 0.000 0.019 0.000
AIR 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.980 0.000
C1M1MDMP 0.000 0.000 0.941 1.000 0.000 0.996 0.000 0.996 1.000 0.000 1.000

Total Molar Comp. Rates
MOL/HR

พ? A?ร;- ; 1'’-''’' ^ ร ^ •$^0^ •
ETHANOL 160.000 159.520 0.480 0.000 0.469 0.01 i 0.000 0.011 ' 0.000 0.011 0.000
WATER 40.000 0.241 39.800 0.041 36.871 2.929 0.000 2.929 0.041 2.889 0.000
AIR 0.000 0.047 0.000 0.047 0.000 0.000 91.271 0.000 0.047 91.224 0.000
C1MIMDMP ' 0.000 0.000 53.400 53.400 0.000 53.400 0.000 53.400 53.400 0.000 -0.194

Composition . î 1 S S fi 1 - : 5«r
A 4»';: V'<',<■4'Vt ’ â ü & ü liÉÈfÉlïÉ

ETHANOL 0.800 0.998 0.005 0.000 0.013 0.000 0.000 0.000 0.000 0.000 0.000
WATER 0.200 0.002 0.425 0.001 0.987 0.052 0.000 0.052 0.001 0.031 0.000
AIR 0.000 0.000 0.000 0.001 0.000 0.000 1.000 0.000 0.001 0.969 0.000
C1MIMDMP 0.000 0.000 0.570 0.998 0.000 0.948 0.000 0.948 0.998 0.000 1.000

LOOS
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C O L U M N  T1

»

Figure D15 Overview of temperature and flowrate of the extractive distillation process (column Tl) using [Cimim][DMP] vs. tray
number.

Lk>



C O LU M N  T1

Figure D16 Overview of liquid fraction of the components in the extractive distillation process (column Tl) using [Cimim][DMP] vs.
tray number.
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Figure D17 Separation factor in the extractive distillation process (column Tl) using [C2mim][EtS04] vs. tray number.
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COLUMN T2

Figure D18 O v e r v ie w  o f  te m p e r a tu r e  a n d  f lo w r a te  in  th e  s t r ip p in g  c o lu m n  ( c o lu m n  T 2 )  u s in g  [ C |m im ] [ D M P ]  v s . t r a y  n u m b e r .  H-
o
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D.4 Extractive Distillation Process Flowsheet for Ethanol + Water Separation
Using [C2mim][Ac]

«ะ S 4

Ns = 30 Stages 
N f = 23

o - - - - - - - - - - - - -

Figure D19 E x t r a c t iv e  d i s t i l la t io n  p ro c e s s  f lo w s h e e t  u s in g  [C 2 m im ][ A c ] .
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Table D13 Extractive distillation column properties using [C2mim][Ac]

Column Name Unit T1
C o lu m n  D e s c r ip t io n

C o n d e n s e r  D u ty M M  W A T T -3 .9 3 3 3
R e b o i l e r  D u ty M M  W A T T 3 .6 2 1 1
C o lu m n  T o ta l  M o la r  F e e d K G - M O L /H R 2 4 8 .5 0 0 2
C o lu m n  T o ta l  W t. F e e d K G /H R 1 6 3 3 1 .6 0 1 8
C o lu m n  C o n d e n s e r  P re s K P A 2 5
C o lu m n  C o n d e n s e r  T e m p c 4 6 .5 1 4 1
C o lu m n  R e f lu x  R a te K G -M O L /H R 1 5 8 .8 3 0 3
C o lu m n  R e f lu x  R a t io 0 .9 9 6 3

Feed stage lo ca tio n

Figure D20 R e b o i le r  h e a t d u ty  a n d  o v e ra l l  h e a t  d u ty  a s  a  fu n c t io n  o f  f e e d  s ta g e  
lo c a t io n  fo r  s e p a r a t io n  o f  th e  e th a n o l  +  w a te r  a z e o t r o p e  u s in g  [C 2 m im ][ A c ]  =  4 8 .5 0  
k g - m o l /h r  ( f ix e d  N s  =  3 0  s ta g e s ) .



143

Table D14 Stream table of the extractive distillation process using [C2mim][Ac]

Stream Name SI S2 S3 S4
Stream Description ; | | § | g | ;  พ 1
Phase Liquid Liquid Liquid Liquid
Tem perature c  46.639 46.514 152.361 46.600
Pressure KPA 25.000 25.000 25.000 25.000
Total M ass Rate‘t f S 4 ' 'ร®-': .. ไ : ฟ ้? '-V : - ร KG/HR 8091 7333 8997ไ:* - -V" -';-3 ■ ■ไ1 ■ - - '-■ >'■ -̂ 8239
Flowrate KG-M OL/HR 200.000 159.417 89.083 48.500
Total W eight Comp. Rates K G /H R

ETH A N O L 7371.052 7326.796 44.256 0.000
W A TER 720.612 6.807 715.552 1.747
A IR 0.000 0.000 0.000 0.000
EM IM A C 0.000 0.000 8238 8238

Total W eight Comp.
./■ / ; 1

ETH A N O L 0.91 1 0.999 0.005 0.000
W A TER 0.089 0.001 0.080 0.000
AIR 0.000 0.000 0.000 0.000
EM IM AC 0.000 0.000 0.916 1.000

Total M olar Comp. RatesไA : ไ KG-M O L/H R . •ะ''- -■ - ‘ '/<■ ■ ■ ■ $  § m ' t§ff8 ::§>ฒ  H
ETH A N O L 160.000 159.039 0.961 0.000
W A TER 40.000 0.378 39.719 0.097
AIR 0.000 0.000 0.000 0.000
EM IM AC 0.000 0.000 48.403 48.403

C om position " i1 ' . 'V ?’• - A '4'; ' i m
ETH A N O L 0.800 0.998 0.011 0.000
W A TER 0.200 0.002 0.446 0.002
AIR 0.000 0.000 0.000 0.000
EM IM A C 0.000 0.000 0.543 0.998



COLUM N T1 l

Figure D21 Overview of temperature and flowrate of the extractive distillation process (column Tl) using [C2mim][Ac] vs. tray
number.
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COLUMN T1

Figure D 2 2  O v e r v ie w  o f  l iq u id  f r a c t io n  o f  th e  c o m p o n e n ts  in  th e  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  ( c o lu m n  T l )  u s in g  [C 2 m im ][ A c ]  
tr a y  n u m b e r .
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Figure D 2 3  S e p a r a t io n  f a c to r  in  th e  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C 2 m im ][ A c ]  v s . t r a y  n u m b e r .
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D.5 Extractive Distillation Process Flowsheet for Ethanol + Water Separation
Using [C2mim][N(CN)2]

Figure D24 E x t r a c t iv e  d is t i l la t io n  p r o c e s s  f lo w s h e e t  u s in g  [C 2 m im ] [ N ( C N ) 2 ].
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Table D15 Extractive distillation column properties using [C2mim][N(CN)2]

Column Name Unit T1
C o lu m n  D e s c r ip t io n

C o n d e n s e r  D u ty M M  W A T T -3 .2 1 0 1
R e b o i le r  D u ty M M  W A T T 3 .3 0 0 3
C o lu m n  T o ta l  M o la r  F e e d K G - M O F /H R 3 1 9 .8 6 5 2
C o lu m n  T o ta l  W t. F e e d K G /H R 2 9 3 1 6 .1 7 2 6
C o lu m n  C o n d e n s e r  P re s K P A 1 0 0
C o lu m n  C o n d e n s e r  T e m p c 5 3 .9 1 6 8
C o lu m n  R e f lu x  R a te K G - M O F /H R 9 8 .0 3 1 8
C o lu m n  R e f lu x  R a t io 0 .6 1 2 8

Table D16 F la s h  p r o p e r t i e s  o f  th e  s e p a r a t io n  p r o c e s s  u s in g  [C 2 m im ] [ N ( C N ) 2 ]

Flash Name Unit FI
F la s h  D e s c r ip t io n
T e m p e r a tu r e c 2 0 0
P re s s u re K P A 10
D P K P A 9 0
D u ty M M  W A T T 0 .6 1 8 1

Table D17 P u m p  p r o p e r t ie s  o f  th e  s e p a ra t io n  p r o c e s s  u s in g  [C 2 m im ] [ N ( C N ) 2 ]

Pump Name PI
P u m p  D e s c r ip t io n

P re s s u re  G a in K P A 9 0
H e a d M 8 .7 3 7 7
W o rk K W 0 .6 3 2 3
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Feed stage location

Figure D 2 5  R e b o i le r  h e a t  d u ty  a n d  o v e ra l l  h e a t  d u ty  a s  a  fu n c t io n  o f  f e e d  s ta g e  
lo c a t io n  f o r  s e p a r a t io n  o f  th e  e th a n o l  +  w a te r  a z e o tro p e  u s in g  [C 2 m im ] [ N ( C N ) 2 ]=  
120  k g - m o l /h r  ( f ix e d  N s= 3 0  s tag es).

O
verall heat duty, M

W
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Table D18 S tre a m  ta b le  o f  th e  e x t r a c t iv e  d i s t i l la t io n  p r o c e s s  u s in g  [C 2 m im ] [ N ( C N ) 2]

Stream Name SI S2 S3 S5 S6 S7 S8 S10 S ll S4 S9
Phase Liquid Liquid Liquid Vapor Liquid Liquid Liquid Vapor Liquid Liquid Vapor
Temperature c 78 54 170 200 200 200 78 25 78 78 191
Pressure KPA 100 100 100 10 10 100 100 1*00 100 100 100
Total M ass Rate KG/HR 8091.6 7367.4 21948 .7 682.2 21266 .4 2 1266 .4  21224 .5 8071.1 . n/a 21224.5 8113 .0
Flowrate KG-

M OL/HR
200.000 159.985 159.880 37.626 122.254 122.254 119.865 278 .698  -0 .248 119.865 281 .087

Total W eight Comp. Rates KG/I-IR . „  น น ่^ ............................................ « . r  ๒  ,  .V . น - ; , \  ฒ เ& เ______. I t  »
ETHANOL 7371.052 7363.681 7.371 7.268 0.103 0.103 0 .000 0 .000  0 .000 0 .000 0.103
WATER 720.612 0.721 . 719.891 674 .998 44.893 44.893 0 .000 0 .000  0 .000 0 .000 44.893
AIR 0.000 3.041 0.000 0 .000 0 .000 0 .000  3.041 8071.1 0 .000 3.041 8068.0
EM IM NCN2 0.000 0 .000 21221 0 .000 21221 21221 21221 0 .000  -44 21221 0 .000

Total W eight Comp. 
Fractions

น . ' ^ ^
ฒ ส ิเ แ i i i É ! น ร แ ร ฺ

fcjfe 1,. > V
ETHANOL 0.911 0.999 0 .000 0.011 0.000 0 .000  0 .000 0 .000  0 .000 0 .000 0 .000
W ATER 0.089 0.000 0.033 0 .989 0.002 0.002  0 .000 0 .000  0 .000 0 .000 0 .006
AIR 0.000 0.000 0.000 0 .000 0.000 0 .000  0 .000 1.000 0 .000 0.000 0 .994
EM IM NCN2 0.000 0.000 0.967 0 .000 0.998 0 .998  1.000 0 .000  1.000 1.000 0 .000

Total M olar Comp. Rates KG-
M OL/HR f' 'ร?! ■ พ . : แ ฒ แ โ  ” พรë ะ .

ETHANOL 160.000 159.840 0 .160 0 .158 0 .002 0 .002  0 .000 0 .000  0 .000 0.000 0.002
WATER 40.000 0 .040 39.960 37.468 2.492 2 .492  0 .000 0 .000  0 .000 0 .000 2 .492
AIR 0.000 0.105 0 .000 0 .000 0 .000 0 .000  0 .105 278 .698  0 .000 0.105 278 .593
EM IM NCN2 0.000 0.000 119.760 0 .000 119.760 119.760 119.760 0 .000  -0 .248 1 19.760 0 .000

Com position M l 'Mt- 5 * ün C t  h  '̂ * C ’

ETHANOL 0.800 0 .999 0.001 0.004 0 .000 0 .000  0 .000 0 .000  0 .000 0 .000 0 .000
WATER 0.200 0.000 0.250 0.996 0 .020 0 .020  0 .000 0 .000  0 .000 0 .000 0 .009
AIR 0.000 0.001 0.000 0 .000 0 .000 0 .000  0.001 1.000 0 .000 0.001 0.991
EM IM NCN2 0.000 0 .000 0.749 0 .000 0.980 0 .980  0 .999 0 .000  1.000 0 .999 0 .000

น 'ไ  O



COLUM N T1

0 6.0 12.0
Tray Number

18.0 24.0 30.0

Figure D26 Overview of temperature and flowrate of the extractive distillation process (column T l) using [C2mim][N(CN)2] vs. tray
number.



COLUM N T1

T ray  N u m b e r

Figure D27 Overview of liquid fraction of the components in the extractive distillation process (column Tl) using [C2mim][N(CN)2]
vs. tray number.
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Figure D28 Separation factor in the extractive distillation process (column Tl) using [C2mim][N(CN)2] vs. tray number.

\



COLUM N T2
300.0 200.0

260.0 1 ไร. 0

220.0 150.0

I  I
180.0 125.0

140.0 100.0

100.0 25.0

Tray Number

Figure D29 Overview of temperature and flowrate in the stripping column (column T2) using [C2mim][N(CN)2] vs. tray number.
นท
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D.6 Optimal Extractive Distillation Process Flowsheet for Ethanol + Water 
Separation Using [Cimim][DMP]

■

Ns = 28 Stages 
N f = 22

p = 10 kPa
T  = 182 °c

Ns = 15 Stages 
N f = 1

Figure D30 E x t r a c t iv e  d i s t i l la t io n  p r o c e s s  f lo w s h e e t  u s in g  [ C im im ] [ D M P ] .
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Table D19 O p tim a l  e x t r a c t iv e  d is t i l la t io n  c o lu m n  p r o p e r t ie s  u s in g  [ C im im ] [ D M P ]

Column Name Unit T1
C o lu m n  D e s c r ip t io n

C o n d e n s e r  D u ty M M  W A T T -3 .1 0 1
R e b o i le r  D u ty M M  W A T T 3 .1 6 5 5
C o lu m n  T o ta l  M o la r  F e e d K G -M O L /H R 2 5 3 .4 8 7 6
C o lu m n  T o ta l  W t. F e e d K G /H R 1 9 9 5 9 .2 3 2 1
C o lu m n  C o n d e n s e r  P re s K P A 10 0
C o lu m n  C o n d e n s e r  T e m p c 6 8 .6 5 8 8
C o lu m n  R e f lu x  R a te K G -M O L /H R 1 0 3 .2 7 8 2
C o lu m n  R e f lu x  R a t io  0 .6 4 6

Table D20 F la s h  p r o p e r t ie s  o f  th e  o p t im a l  s e p a ra t io n  p r o c e s s  u s in g  [ C im im ] [ D M P ]

Flash Name Unit FI
F la s h  D e s c r ip t io n

T e m p e r a tu r e c 182
P re s s u re K P A 10
D P K P A 9 0
D u ty M M  W A T T 0 .4 7 2 7

Table D21 P u m p  p r o p e r t ie s  o f  th e  o p t im a l  s e p a ra t io n  p r o c e s s  u s in g  [C ]m im ] [D M P ]

Pump Name PI
P u m p  D e s c r ip t io n

P re s s u re  G a in K P A 9 0
H e a d M 7 .4 1 3 6
W o rk K W 0 .3 0 0 7



T a b l e  D 2 2  S tr e a m  ta b le  o f  th e  o p t im a l  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  u s in g  [ C im im ] [ D M P ]

Stream Name SI S2 S3 S4 S5 S6 S10 S7 S8 S9
Stream Description ร้ฟ้' .  ะ ü  Ë  ‘- ^ “ '  พ ร i ร  ฒ ร ร ร ่ส ิ^ ^
Phase Liquid Liquid Liquid Liquid Vapor 1 Liquid Vapor Liquid Liquid V apor
Temperature c 7 8 .0 7  6 8 .6 5 8 8 1 6 9 .9 5 3 7 7 8 .0 0 8 4 4 182 182 2 5 1 8 2 .1 0 3 8 7 8 .0 0 9 0 7 1 6 5 .2 7 3 4
Pressure KPA 1 0 0 . 0 0  1 0 0 1 0 0 1 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0
Total Mass Rate KG/HR 8 0 9 2  7 3 5 6 1 2 6 0 3 1 1 8 6 8 6 8 5 1 1 9 1 9 2 6 4 3 1 1 9 1 9 1 1 8 6 8 2 6 9 4
Flowrate KG"

MOL/HR
2 0 0  160 9 4 53 3 7 5 6

\
91 56 5 3 9 4

Total Weight Comp. 
Rates

KG/HR I 3 § § § . l l S t i l ^ ■ ■ พ
; -V '*̂  '

ETHANOL 7 3 7 1 .0 5  7 3 4 8 .9 4 2 2 . 1 1 0 . 0 0 2 1 .5 9 0 .5 2 0 . 0 0 0 .5 2 0 . 0 0 0 .5 2
WATER 7 2 0 .6 1  5 .5 2 7 1 5 .8 2 0 .7 3 6 6 3 .0 5 5 2 .7 7 0 . 0 0 5 2 .7 7 0 .7 3 5 2 .0 4
AIR 0 .0 0  1 .3 6 0 . 0 0 1 .3 6 0 . 0 0 0 . 0 0 2 6 4 3 .0 9 0 . 0 0 1 .3 6 2 6 4 1 .7 4
C1MIMDMP 0 . 0 0  0 . 0 0 1 1 8 6 5 .4 8 1 1 8 6 5 .4 8 0 . 0 0 1 1 8 6 5 .4 8 0 . 0 0 1 1 8 6 5 .4 8 1 1 8 6 5 .4 8 0 . 0 0

Total Weight Comp. 
Fractions ■ S B ร I p i s f i t t

ETHANOL 0 .9 1 1  0 .9 9 9 0 . 0 0 2 0 . 0 0 0 0 .0 3 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 o.ooo"
WATER 0 .0 8 9  0 .0 0 1 0 .0 5 7 0 . 0 0 0 0.'968 0 .0 0 4 0 . 0 0 0 0 .0 0 4 0 . 0 0 0 0 .0 1 9
AIR 0 . 0 0 0  0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .9 8 0
C1MIMDMP 0 . 0 0 0  0 . 0 0 0 0 .9 4 1 1 . 0 0 0 0 . 0 0 0 0 .9 9 6 0 . 0 0 0 0 .9 9 6 1 . 0 0 0 0 . 0 0 0

Total Molar Comp. Rates KG"
MOL/HR , 1 .  ' • 1’ -  ฯ * m  

' t m î S S ®
- ù Tf  ชุ t ; l

I t l i S f n พ : ^ 'jafeà. ï  h  ไ';' •ไ:โ' i p n m  

I l f M l
ETHANOL 1 6 0 .0 0  1 5 9 .5 0 .5 ’ 0 . 0 115 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
WATER 4 0 .0 0  0 .3 3 9 .7 0 . 0 3 6 .8 2 .9 0 . 0 2 .9 0 . 0 2 .9
AIR 0  0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 1 .3 0 . 0 0 . 0 9 1 .2
C1MIMDMP 0  0 . 0 5 3 .4 5 3 .4 0 . 0 5 3 .4 0 . 0 5 3 .4 5 3 .4 0 . 0

Composition '■ ■■«■ไ' -, ■ ■ ............................. - ........................................ ’ -, t s & m ฒ แ ร ฒ แ ฒ ร ฒ H
ETHANOL 0 .8  0 .9 9 8 0 .0 0 5 0 . 0 0 0 0 .0 1 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
WATER 0 . 2  0 . 0 0 2 0 .4 2 4 0 . 0 0 1 0 .9 8 7 0 .0 5 2 0 . 0 0 0 0 .0 5 2 0 . 0 0 1 0 .0 3 1
AIR 0  0 . 0 0 0 0 . 0 0 0 0 . 0 0 1 0 . 0 0 0 0 . 0 0 0 1 . 0 0 0 0 . 0 0 0 0 . 0 0 1 0 .9 6 9
C1MIMDMP 0  0 . 0 0 0 0 .5 7 0 0 .9 9 8 0 . 0 0 0 0 .9 4 8 0 . 0 0 0 0 .9 4 8 0 .9 9 8 0 . 0 0 0
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F i g u r e  D 3 1  O v e r v ie w  o f  t e m p e r a tu r e  a n d  f lo w ra te  o f  th e  o p t im a l  e x t r a c t iv e  d i s t i l l a t i o n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C im im ] [ D M P ]  
tra y  n u m b e r .
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Figure D32 O v e r v ie w  o f  te m p e r a tu r e  a n d  f lo w r a te  o f  th e  o p t im a l  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C im im ] [ D M P ]  v s . 
t r a y  n u m b e r .
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C O LUM N  EDC

Tray Number

Figure D33 Separation factor in the optimal extractive distillation process (column T l) using [Cimim][DMP] vs. tray number.



C O LU M N  STR IP P ER

o\Figure D34 Overview of temperature and flowrate in the optimal stripping column (column T2) using [Cimim][DMP] vs. tray number.



D.7 Extractive Distillation Process Flowsheet for Isopropanol + W ater 
Separation Using [Cimim][DMP]
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Figure D35 E x t r a c t iv e  d i s t i l la t io n  p r o c e s s  f lo w s h e e t  u s in g  [ C im im ] [ D M P ] .
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T a b l e  D 2 3  E x t r a c t iv e  d is t i l la t io n  c o lu m n  p r o p e r t ie s  u s in g  [ C im im ] [ D M P ]

C o lu m n  N a m e U n i t T 1

C o lu m n  D e s c r ip t io n

C o n d e n s e r  D u ty M M  W A T T -6 .1 4 7 4
R e b o ile r  D u ty M M  W A T T 6 .8175
C o lu m n  T o ta l  M o la r  F e e d K G -M O L /H R 4 1 0 .0 0 0 2
C o lu m n _ T o ta l W t. F e e d K G /H R 5 5 2 2 8 .9 8 1 7
C o lu m n  C o n d e n s e r  P re s K P A 100 .0000
C o lu m n  C o n d e n s e r  T e m p c 81 .9 7 8 2
C o lu m n  R e f lu x  R a te K G -M O L /H R 4 2 1 .5 4 3 4
C o lu m n  R e f lu x  R a t io 3 .5 0 0 6
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T a b l e  D 2 4  S tr e a m  ta b le  o f  th e  e x t ra c t iv e  d i s t i l la t io n  p r o c e s s  u s in g  [ C im im ][D M P ]

S tre a m  N a m e S I S2 S3 S4
S tream  D e sc rip tio n :V; S I W ; - £ ? ' i ü

P hase L iquid L iquid L iquid L iquid

T em p era tu re c 79 .75 19 81 .9782 196.3137 80 .0000
P ressu re K P A 100.0000 100.0000 - 100.0000 100.0000

T ota l M ass R ate K G /H R 8 6 52 .73 99 72 08 .98 50 4 8 01 9 .9 96 7 4657 6 .2 41 8

F lo w ra te K G M O L /H R 20 0 .0 0 0 2 120.4202 28 9 .5 79 9 210 .0000

T o ta l W eigh t C o m p . 
R ates

K G /H R
ไ-'

‘ ' V ^ l éMkf v" โ ;?: 7 ;  . V - ■

ISA.. 77

W A T E R 1441.2236 11.8930 1436.8970 7.5664
A IR 0 .000 0 0 .0000 0 .0000 0 .0000
IP R P A L C 7211 .5163 71 97 .09 20 14.4243 0 .0000
C 1 M IM D M P 0.0000 0 .0000 4 6 56 8 .6 75 4 4 6 56 8 .6 75 4

T o ta l W eig h t C o m p . 
F rac tio n s : . -, ' '£* ± โ ■ ■ : 1; Jf: ร,-: , 1-;

- ? p | | ; 7^5^
I ' v '  ï  § f  P  î  ï,

W A T E R 0 .1666 0 .0016 0 .0299 0.0002
A IR 0 .0000 0 .0000 0 .0000 0 .0000
IP R P A L C 0 .8334 0 .9984 0.0003 0 .0000
C 1 M IM D M P 0.0000 0 .0000 0 .9698 6.9998

T o ta l M o la r  C o m p . 
R a te s

K G M O L /H R .ไ-' '1 % f i 1* ‘ ร*+..♦ เ^ -̂'V 1 , ;* v  \ t , ¥ r

W A T E R - 80.0001 0.6602 79.7599 0 .4200
A IR 0 .0000 0 .0000 0 .0000 0 .0000
IP R P A L C 120.0001 119.7601 0 .2400 0 .0000
C 1 M IM D M P 0.0000 0 .0000 20 9 .5800 209 .5800

C o m p o sitio n
W A T E R 0.4000 0.0055 0 .2754 0 .0020
A IR 0 .0000 0 .0000 0 .0000 0 .0000
IP R P A L C 0.6000 0.9945 0 .0008 0 .0000
C 1 M IM D M P 0.0000 0 .0000 0 .7237 0 .9980
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F i g u r e  D 3 6  O v e r v ie w  o f  t e m p e r a tu r e  a n d  f lo w r a te  o f  th e  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C im im ] [ D M P ]  v s . t r a y  
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F i g u r e  D 3 7  O v e rv ie w  o f  l iq u id  f r a c t io n  o f  th e  c o m p o n e n ts  in  th e  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C im im ] [ D M P ]  v s . 
t r a y  n u m b e r .  _
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F ig u r e  D 3 8  S e p a r a t io n  f a c to r  in  th e  e x t r a c t iv e  d i s t i l l a t io n  p r o c e s s  ( c o lu m n  T l )  u s in g  [ C im im ] [ D M P ]  v s . tr a y  n u m b e r
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D.8 Extractive Distillation Process Flowsheet for Isopropanol + Water 
Separation Using [C2mim][N(CN)2 ] Fixed Condition As Ethanol + Water 
Separation

Figure D39 E x t ra c t iv e  d is t i l la t io n  p ro c e s s  f lo w s h e e t  u s in g  [C 2 m im ] [ N ( C N ) 2 ].
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Table D25 E x t r a c t iv e  d is t i l la t io n  c o lu m n  p r o p e r t ie s  u s in g  [ C 2 m im ] [ N ( C N ) 2 ]

Column Name Unit T1

C o n d e n s e r  D u ty M M  W A T T - 2 .7 2 1 9
R e b o i l e r  D u ty M M  W A T T 2 .5 4 4 1
C o lu m n  T o ta l  M o la r  F e e d K G -M O L /H R 3 2 0 .1 0 5 4
C o lu m n  T o ta l  W t. F e e d K G /H R 2 9 9 1 9 .7 9
C o lu m n  C o n d e n s e r  P re s K P A 1 0 0
C o lu m n  C o n d e n s e r  T e m p C 4 5 .2 9 2 6
C o lu m n  R e f lu x  R a te  
C o lu m n  R e f lu x  R a t io

K G -M O L /H R 8 7 .1 1 3 1
0 .7 2 8 7

Table D26 F la s h  p r o p e r t ie s  o f  th e  s e p a r a t io n  p r o c e s s  u s in g  [ C 2 m im ] [ N ( C N ) 2 ]

Flash Name Unit FI
F la s h  D e s c r ip t io n -

T e m p e r a tu r e C 2 0 0
P r e s s u r e K P A 10
D P K P A 9 0
D u ty M M  W A T T 1 .3 3 7 3

Table D27 P u m p  p r o p e r t ie s  o f  th e  s e p a ra t io n  p r o c e s s  u s in g  [C 2 im m ] [ N ( C N ) 2 ]

Pump Name PI
P u m p  D e s c r ip t io n

P r e s s u r e  G a in K P A 9 0
H e a d M 8 .7 3 7 7
W o rk K W 0 .6 3 3 5
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Feed stage location

4.12

3.92

3.72

3.52 

3.32

3.12

2.92

2.72

2.52

Figure D40 R e b o i l e r  h e a t  d u ty  a n d  o v e ra l l  h e a t  d u ty  a s  a  fu n c t io n  o f  fe e d  s ta g e  
lo c a t io n  fo r  s e p a r a t io n  o f  th e  e th a n o l  +  w a te r  a z e o tro p e  u s in g  [C 2m im ] [ N ( C N ) 2 ]=  
1 2 0  k g - m o l /h r  ( f ix e d  N s= 3 0  stages, N f  =  20).

O
verall heat duty, M

W



Table D28 Stream table of the extractive distillation process using [C2mim][N(CN)2]

Stream Name SI S2 S3 S5 S6 S10 S7 S9 S8 S11 S4
Stream Description ■ ■ ' ■ ร ' - ' ' - ' '-,~G ร ‘ f i * *  '  '  '■ ไ f î " ‘ 5 > * r »  '' ร ^  ̂f '
Phase Liquid Liquid Liquid Vapor Liquid Vapor Liquid Vapor Liquid Liquid Liquid
Temperature c 79.75 45.26 138.41 168.00 168.00 25.00 168.04 153.11 78.00 78.00 78.00
Pressure K.PA 100.00 100.00 100.00 10.00 10 00 100.00 100.00 100.00 100.00 100.00 100.00
Total Mass Rate KG/HR 8652 7174.77 22745.61 1385 21360 * 6192 21360 6285. 21267 n/a 21267
Flowrate KGMOL/HR 200.00 119.58 200.56 75.22 125.34 213.84 125.34 219.04 120.14 -0.16 120.14
Total Weight Comp. 
Rates

KG/HR . ' : .TA ■
i i S i

WATER 1441.22 3.48 1438.34 1342.25 96.09 0.00 96.09 95.50 0.59 0.00 0.59
AIR 0.00 3.05 0.00 0.00 0.00 6192.68 0.00 6189.63 3.05 0.00 3.05
IPRPALC 7211.52 7168.25 43.27 42.82 0.45 0.00 0.45 0.45 0.00 0.00 0.00
EMIMNCN2 0.00 0.00 21264 0.00 21264 0.00 21264 0.00 21264 -27.97 21264

Total Weight Comp. 
Fractions I g l P '  ร :*■ &ï W p / ■ ' t a i l l l l i l

It?; ■ * ‘ ■ ๙ $ $ : .

a  J W *
' 'VxV ' 1 :I I I P

WATER 0.17 0.00 0.06 0.97 0.00 0.00 0.00 0.02 0.00 0.00 0.00
AIR 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.98 0.00 0.00 0.00
IPRPALC 0.83 1 00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EMIMNCN2 oqo 0.00 0.93 0.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00

Total Molar Comp. 
Rates MOL/HR

,  K  พ ร * i1
*  ■ '  W i m m

i  " ' ' ' ' • ร 1 - 1

f .

f w

A  '■ '/* ’ IL ■
, « *t -- ■>. ; a  ?] - - ■ โ ' . :

§ a :  ■■ v;
ร &  ไ Éæfra» k  % . * î

WATER 80.00 0.19 79.84 74.51 5.33 0.00 5.33 5.30 0.03 0.00 0.03
AIR 0.00 0.11 0.00 o!oo 0 00 213.84 ,0.00 213.73 0.11 0 00 0.11
IPRPALC 120.00 119.28 0.72 0.71 0.01 0.00 0.01 0.01 0.00 0.00 0.00
EMIMNCN2 0.00 0.00 120.00 0.00 120.00 0.00 120.00 0.00 120.00 -0.16 120.00

Composition ;  ' . a . ■ ! . a  ; . a  :
WATER 0.400 0.002 0.398 0.991 0.043 0.000 0.043 0.024 0.000 0.000 0.000
AIR 0.000 0 001 0.000 0.000 0.000 1.000 0.000 0.976 0.001 0.000 0.001
IPRPALC 0.600 0.998 0.004 0.009 0.000 0.000 0.000 0.000 0.000 0.000 0.000
EMIMNCN2 0.000 0.000 0.598 0.000 0.957 0.000 0.957 0.000 0.999 1.000 0.999

I
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F ig u re  D41 Overview of temperature and flowrate of the extractive distillation process (column Tl) using [C2mim][N(CN)2] vs. tray 
number.
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F ig u re  D42 Overview of liquid fraction of the components in the extractive distillation process (column Tl) using [C2mim][N(CN)2]
vs. tray number. "
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F ig u re  D43 Separation factor in the extractive distillation process (column Tl) using [C2mim][N(CN)2] vs. tray number. 4ะะ
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F ig u re  D44 Overview of temperature and flowrate in the stripping column (column T2) using [C2mim][N(CN)2] vs. tray number. นก
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D .9  E x tra c tiv e  D istilla tio n  P ro cess  F lo w sh ee t fo r  E th a n o l +  W a te r  S ep a ra tio n  
U sin g  [C 2m im ][N (C N )2] F ixed  R eflu x  R a tio  eq u a l to 0 .7 2 9

F ig u re  D 45 Extractive distillation process flowsheet using [C2mim][N(CN)2].

T a b le  D 29 Extractive distillation column properties using [C2mim][N(CN)2]
C o lu m n  N am e U n it T1
Condenser Duty MM WATT -3 .42 3
Reboiler Duty MM WATT 3 .5 1 3 6
Column Total Molar Feed KG-MOL/HR 3 2 0 ,1 0 5 4
Column Total Wt. Feed KG/HR 2 9 3 5 8 .7 1 0 3
Column Condenser Pres KPA 100
Column Condenser Temp c 53 .845
Column Reflux Rate KG-MOL/HR 116 .6057
Column Reflux Ratio 0 .7 2 9
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T a b le  D 3 0  Flash properties of the separation process using [C2inim][N(CN)2]

F la sh  N a m e U n it F I
Flash Description
Temperature c 2 0 0
Pressure KPA 10
DP KPA 90
Duty MM WATT 0.6185

T a b le  D 31 Pump properties of the separation process using [C2mim][N(CN)2]

P u m p  N a m e
-

P I
Pump Description
Pressure Gain KPA 90
Head M 8.7377
Work KW 0.6335

1.000 
-  0 .9 9 9  
J  0 .9 9 9  
2  0 .9 9 8
1  0 .9 9 8
2  0 .9 9 7  

1  0 .9 9 7
3  0 .9 9 6

0 .9 9 6
85 9 0  95 100 105  110  115  120  125

ILs f lo w r a te

F ig u re  D 46 Comparison of the flowrate of [C2MIM][N(CN)2] versus liquid molar
fraction of the ethanol in EDC.
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Table D32 Stream table of the extractive distillation process using [C2mim][N(CN)2]
Stream Name SI S2 S3 S5 S6 S7 S8 S10 S ll S4 S9
Stream Description c. «Îร ^ น- Î* ii  เฒ เ! เฒ เ
Phase
Temperature c

Liquid
78

Liquid
54

Liquid
170

Vapor
200

Liquid
200

Liquid Liquid 
200 78

Vapor
25

Liquid
78

Liquid
78

Vapor
191

Pressure KPA 100 100 100 10 10 100 100 100 100 100 100
Total Mass Rate KG/HR 8091.66 7366.87 21991.84 682.76 21309.08 21309.08 21267.05 8087.28 n/a 21267.05 8129.31
Flowrate

MOL/HR
200.00 159.95 160.15 37.65 122.50 122.50 120.11 279.26 -0.14 120.11 281.65

Total Weight Comp. 
Rates

KG/HR J ■ ; - v £ 1 Mil> |l|§
ETHANOL 7371.05 7363.68 7.37 7.27 0.10 0.10 0.00 0.00 0.00 0.00 0.10
WATER 720.61 0.14 720.47 675.49 44.98 44.98 0.00 0.00 0.00 0.00 44.98
AIR 0.00 3.05 0.00 0.00 0.00 0.00 3.05 8087.28 0.00 3.05 8084 23
EMIMNCN2 0.00 0.00 21264.00 0.00 21264.00 21264.00 21264.00 0.00 -24.87 21264.00 0.00

Total Weight Comp. 
Fractions . ! ' ÜÜS . f e i i เฐแฐ

ETHANOL 0.911 1.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000
WATER 0.089 0.000 0.033 0.989 0.002 0.002 0.000 0.000 0.000 0.000 0.006
AIR 0.000 0.000 0.000 0.000 0 000 0.000 0.000 1.000 0.000 0.000 0.994
EMIMNCN2 0.000 0.000 0.967 0.000 0.998 0.998 1.000 0.000 1.000 1.000 0.000

Total Molar Comp. 
Rates MOL/HR

พ^พ^
éÊm n  - |C;|ÏS13§II ■ "i-gl พ .S ISETHANOL 160.000 159.840 0.160 0.158 0.002 0.002 0.000 0.000 0.000 0.000 0.002

WATER 40.000 0.008 39.992 37.496 2.497 2.497 0.000 0.000 0.000 0.000 2.497
AIR 0.000 0.105 0.000 0.000 0.000 0.000 0.105 279.257 0.000 0.105 279.152
EMIMNCN2 0 000 0.000 120.000 . 0.000 120.000 120.000 120.000 0.000 -0.140 120.000 0.000

Composition ' > 1-'iH' - ■ 'V;. ". t MllIBBMjMMBพ^^^^^ ร . a n? inï
ETHANOL 0.800 0.999 0.001 0.004 0 000 0.000. 0.000 0.000 0.000 0.000 0.000
WATER 0.200 0.000 0.250 0.996 0.020 0.020 0.000 0 000 0.000 0.000 0.009
AIR 0.000 1 0.001 0.000 0.000 0.000 0.000 0.001 1.000 0.000 0.001 0.991
EMIMNCN2 0.000 0.000 0 749 0.000 0.980 0.980 0.999 0.000 1.000 0.999 0.000

\ oo
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D .10  O p tim a l E x tr a c tiv e  D istilla tio n  P rocess F lo w sh ee t fo r  I so p r o p a n o l +  
W a te r  S e p a r a tio n  U sin g  [C2m im ][N (C N )2]

F ig u re  D 4 7  Extractive distillation process flowsheet using [C2mim][N(CN)2].
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T a b le  D 3 3  Optimal extractive distillation column properties using 
[C2mim][N(CN)2]

C o lu m n  N a m e T 1
Column Description
Condenser Duty MM WATT -2.7137
Reboiler Duty MM WATT 2.5305
Column Total Molar Feed KG-MOL/HR 320.1374
Column Total Wt. Feed KG/FIR 29920.3625
Column Condenser Pres KPA 1 0 0
Column Condenser Temp c 45.125
Column Reflux Rate KG-MOL/HR 86.7855
Column Reflux Ratio 0.7287

T a b le  D 3 4  Flash properties of the optimal separation process using 
[C2mim][N(CN)2]

Flash Name FI
Temperature c 168
Pressure KPA 10
DP KPA 90

Duty MM WATT ไ. 1684

T a b le  D 3 5  Pump properties of the optimal separation process using
[C2mim][N(CN)2]

P u m p  N a m e P I
Pump Description
Pressure Gain KPA 90
Head M 8.7377
Work KW 0.6335
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T a b l e  D 3 6  Stream table of the optimal extractive distillation process using [C2mim][N (CN)2]

Stream Name SI ร2 S3 S5 S6 S10 S7 S9 S8 S l l S4
Stream Description ‘ 'V ’น,/ ‘ > - f ' : if ̂ “' I 4? V
Phase Liquid Liquid Liquid Vapor Liquid Vapor Liquid Vapor Liquid Liquid Liquid
Temperature c 79.75 45.12 137.47 168.00 168.00 25.00 168.04 153.16 78.01 78.00 78.02
Pressure KPA 100.00 100.00 100.00 10.00 10.00 100.00 100.00 100.00 100.00 100.00 100.00
Total Mass Rate KG/HR 8652 .74 7145.89 22774.47 1414.19 21360.28 6198.53 21360.28 6291.19 21267.62 n/a 21267.62
Flowrate KGMOL/HR 200.00 119.10 201.04 75.73 125.32 214.04 125.32 219.22 120.14 -0.21 120.14
Total Weight Comp. Rates KG/HR 

WATER 
AIR
IPRPALC
EMIMNCN2

Total Weight Comp.
Fractions

WATER
AIR
IPRPALC
EMIMNCN2

Total Molar Comp. Rates KGMOL/HR 
WATER 
AIR
IPRPALC
EMIMNCN2

Composition
WATER
AIR
IPRPALC
EMIMNCN2

, ■ • V -i / .น/ / / il,;.. Æ P i f i i  HP ร®1,!พ ?̂?* นน ■นุ'. ; " ; ■
1441.22 3.44 1438.36 1342.81 95.55 0.00 95.55 94.97 0.58 0.00 0.58
0.00 3.05 0.00 0.00 0.00 6198.53 0.00 6195.48 3.05 0.00 3.05
7211.52 7139.40 72.12 71.38 0.74 0.00 0.74 0.74 0.00 0.00 0.00
0.00 0.00 21264.00 0.00 21264.00 0.00 21264.00 0.00 21264.00 -36.46 21264.00

kv: l&r • ■ ’นุ/  !> if ร่ : J น ' • ■ •M ïs h . c l in i c  ¥ _ $ } ■ ’0.17 0.00 0.06 0.95 0.00 0.00 0.00 0.02 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.98 0.00 0.00 0.00
0.83 1.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.93 0.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00

» ». / : *̂ '''-' พ̂ /น?น'* น' นุ/ .นุ
80.00 0.19 79.84 74.54 5.30 0.00 5.30 5.27 0.03 0.00 0.03
0.00 0.11 0.00 0.00 0.00 214.04 0.00 213.93 0.11 0.00 0.11
120.00 118.80 1.20 1.19 0.01 0.00 0.01 0.01 0.00 0.00 0.00
0.00 0.00 120.00 0.00 120.00 0.00 120.00 0.00 120.00 -0.21 120.00

โ ■ ' ' ^ rw■■ ; ! m m mmi ■ '
0.400 0.002 0.397 0.984 0.042 0.000 0.042 0.024 0.000 0.000 0.000
0.000 0.001 0.000 0.000 0 .000 1.000 0.000 0.976 0.001 0.000 0.001
0.600 0.998 0.006 0.016 0 .000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.597 0.000 0 .958 0.000 0.958 0.000 0.999 1.000 0.999



C OLUM N T1

440.0 1400

J60.0 170.1

Î  ?o รË I
200.0 so.o

120.0 00.0

40.0 40 0

.̂ '.............A"-

//,. I \  : V : f\
\

\I
!

Figure D48 Overview o f temperature and flowrate o f the extractive distillation process (column T l) using [C2mimJ[N(CN)2] vs. tray
number.
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COLUMN T1

Figure D49 Overview o f liquid fraction o f the components in the extractive distillation process (column T l) using [C2mim][N(CN)2]
vs. tray number.
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Figure D50 Separation factor in the extractive distillation process (column T l) using [C2mim][N(CN)2] vs. tray number.
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Figure D51 Overview o f temperature and flowrate in the stripping column (column T2) using [C2mim][N(CN)2] vs. tray number.
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