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5.1 Conclusions

A  m e th o d o lo g y  for the s c r e e n in g  o f  IL s a s  en tra in ers and for th e  d e s ig n  o f  
IL s-b a sed  sep a ra tio n  p r o c e sse s  in v a r io u s  h o m o g e n e o u s  b in ary  a q u eo u s  a ze o tr o p ic  
s y s te m s  w a s  h ig h lig h te d  through tw o  c a se  stu d ie s: e th a n o l +  w a te r  and iso p r o p a n o l +  
w ater. T h e  u se  o f  en v iro n m en ta l fr ien d ly  en tra in ers c le a r ly  s h o w e d  a h ig h e r  en erg y  
sa v in g s  and p ro v id ed  better sep a ra tio n  p er fo rm a n ce  than th e c o n v e n tio n a l en tra in ers  
(E G ). A d d it io n a lly , an e x ten d ed  H ild eb ran d  s o lu b ility  p ara m eter  gro u p  c o n tr ib u tio n  
for IL s h as b een  d e v e lo p e d  to sc r e e n  th e m is c ib ility  o f  th e  IL s w ith  the target so lu te  
c o m p o n e n t  w h ic h  w a s  co n sid ered  a s  m ain  criter ia . T h e b est  c a n d id a tes  for  a q u eo u s  
s y s te m s  w e r e  s e le c te d  for fin a l e v a lu a tio n  as fo llo w s :  [C |M I M ][D M P ]  (S |L ~  2 7 .0 8  
M P a 1'2). [C 2 M I M ][N (C N )2] ( 5 , l =  2 5 .8 4  M P a l/2) , [C 2 M I M ][A c ]  ( 0 |L=  2 5 .1 6  M P a I/2), 
and [C 2 M IM ][E tSC X |] ( 0 1L=  2 4 .4 5  M P a 1'2). A c c o r d in g  to th e  ran k in g  o f  th e  s o lu b ility  
p aram eter, the o v e r a ll en erg y  c o n su m p tio n  o f  the w h o le  p r o c e s s  for e th a n o l +  w ater  
sep ara tio n  can  b e ranked  as [C ,M IM ][D M P ] ( 3 .1 6  M W ) <  [C 2 M I M ][N (C N )2] (3 .3  
M W ) <  [ € 2 M lM ][E tSC > 4 ] (3 .4 4  M W ). T h is  c o n fir m s that th e  so lu b ility  p aram eter is  
o n e  im p ortan t cr iter io n  for s c r e e n in g  ILs as entra îner. T h e  [C ]M IM ][D M P ] w a s  
c h o se n  as the f in a l can d id a te , a s  it p erfo rm ed  the b est IL s for  the sep a ra tio n  o f  
eth a n o l +  w a ter  a z e o tr o p e  b ased  o n  m in im u m  e n e r g y  req u irem en t, g iv in g  an en e r g y  
s a v in g s  o f  2 1 .5 5 %  com p ared  to  th e  E G . In a d d it io n , th e  u se  o f  [ € 2 M IM ][A c ]  as  
en tra in er w a s  u n fe a s ib le  du e to  the e x tr e m e ly  lo w  o p e r a tin g  p ressu re  and its 
r e la tiv e ly  lo w  d eg ra d a tio n  tem peratu re.

C o n s id e r in g  the d e s ig n  f le x ib ility  for the iso p r o p a n o l +  w a ter  a z eo tro p ic  
sep ara tio n  p r o c e ss  w ith  the sa m e  ILs en tra in er. p ro d u ct purity, and  d e s ig n e d  
p aram eters. [C |M IM ][D M P ] w a s  e x c lu d e d  s in c e  the e x tr a c tio n  w ith  [C |M IM ][D M P ]  
c o u ld  not g iv e  9 9 .8 % m o l p u rity  o f  the a lc o h o l w ith  a r e a so n a b le  n u m b er o f  
th eo retica l s ta g e s . T h e  [C 2 M I M ][N (C N )2] w a s  s e le c te d  to  s tu d y  the d e s ig n  f le x ib i lity  
o f  th e  a z eo tro p ic  sep ara tio n  p r o c e s s  w ith  the sa m e  IL en tra in er  and p rod u ct purity. It 
is  a im ed  to stu d y  the e ffe c t  o f  th e  s iz e  o f  th e  a lc o h o l to  o th e r  d e s ig n e d  p aram eters in
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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  a n d  s e p a r a t i o n  p r o c e s s e s .  F r o m  t h e  f in a l  a n a l y s i s ,  a n  

i n c r e a s e  o f  t h e  s i z e  o f  t h e  a l c o h o l  ( e t h a n o l  [ C H 3C H 2O H ]  to  i s o p r o p a n o l  

[ C H 3C H 2C H 2O H ] )  r e s u l t e d  in  a n  i n c r e a s e  o f  t h e  r e f l u x  r a t i o ,  t h e  I L s  f l o w r a t e ,  a n d  

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

t h e  o p e r a t i n g  t e m p e r a t u r e  o f  t h e  f l a s h .  A s  a  r e s u l t ,  t h e  o v e r a l l  e n e r g y  c o n s u m p t i o n  o f  

t h e  w h o l e  p r o c e s s  s h o w e d  a  d e c r e a s e  o f  1 1 .3  %  a s  c o m p a r e d  t o  t h a t  o f  t h e  e t h a n o l  +  

w a t e r  s y s t e m  b e c a u s e  th e  i s o p r o p a n o l  +  w a t e r  h a d  a  w e a k e r  i n t e r a c t i o n  t h a n  th e  

e t h a n o l  +  w a t e r  l e a d i n g  to  t h e  e a s i e r  to  e x t r a c t  w a t e r  f r o m  i s o p r o p a n o l  t h a n  

e x t r a c t i n g  o f  w a t e r  f r o m  e t h a n o l .

T h o u g h  t h e  c o s t  o f  i o n i c  l i q u i d s  m a y  a p p e a r  p r o h i b i t i v e ,  c o s t s  c a n  b e  

r e d u c e d  b y  r e c y c l i n g  t h e  i o n i c  l i q u i d  t o  r e d u c e  t h e  m a t e r i a l  a n d  e n e r g y  i n p u t s .  A s  

m o r e  d a t a  b e c o m e s  a v a i l a b l e ,  i o n i c  l iq u id  p r o p e r t y  m o d e l s  w i l l  b e c o m e  m o r e  

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

r e l i a b l e  a n d  u s e f u l .

5.2 Recommendations

S o  f a r ,  t h e  p h y s i c a l ,  c o r r o s i v e  a n d  t o x i c o l o g i c a l  p r o p e r t i e s  o f  t h e  IL s ,  

p r e d i c t i v e  t h e r m o d y n a m i c  ( b i n a r y  i n t e r a c t i o n  p a r a m e t e r s )  a s  w e l l  a s  p h a s e  

e q u i l i b r i u m  p r o p e r t i e s  o f  a z e o t r o p i c  m i x t u r e s  c o n t a i n i n g  I L s  h a v e  b e e n  i n s u f f i c i e n t .  

T h e r e f o r e ,  m o r e  r e s e a r c h  e x p e r i m e n t  is  n e e d e d  t o  b e  d o n e  in  e a c h  o f  t h e s e  f i e l d s  to  

d e t e r m i n e  t h e  p r a c t i c a l  s u i t a b i l i t y  o f  t h e  I L s  in  i n d u s t r i a l  s c a l e  a p p l i c a t i o n s .

T h e  p i l o t  p l a n t  e x p e r i m e n t s  f o r  t h e  s e p a r a t i o n  o f  a l c o h o l  +  w a t e r  in  

e x t r a c t i v e  d i s t i l l a t i o n  p r o c e s s e s  a r e  r e c o m m e n d e d  to  t e s t  t h e  a c t u a l  b e h a v i o u r  a n d  

p e r f o r m a n c e  o f  t h e  b e s t  IL s .

F o r  f u t u r e  w o r k ,  t h e  p r o p o s e d  m e t h o d o l o g y  s h o u l d  b e  t e s t e d  a n d  a p p l i e d  f o r  

o t h e r  n o n - a q u e o u s  s y s t e m s ,  f o r  i n s t a n c e ,  a r o m a t i c s / a l i p h a t i c  s y s t e m s ,  o r  

a l c o h o l i c / a l i p h a t i c  s y s t e m s .  I t  is  r e c o m m e n d e d  t o  p e r f o r m  h e a t  i n t e g r a t i o n ,  e s t i m a t e  

t h e  c a p i t a l  e x p e n d i t u r e s  ( C A P E X )  a n d  o p e r a t i n g  e x p e n d i t u r e s  ( O P E X ) ,  a n d  p e r f o r m  

a  d e t a i l e d  e c o n o m i c  e v a l u a t i o n  in  o r d e r  to  f u l l y  e v a l u a t e  t h e  a p p l i c a t i o n  o f  I L s  in  

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