
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Water Contents of the Solvents

T h e  w a te r  c o n te n ts  o f  th e  s o lv e n ts  a f fe c t  th e  e x t r a c t io n  o f  in c r e a s in g  th e  
e x t r a c t io n  s e le c t iv i ty .  T a b le  4 .1  s h o w s  th e  w a te r  c o n te n ts  o f  th e  s o lv e n ts  b e f o r e  a n d  
a f te r  th e  p r e p a r a t io n  o f  th e  s o lv e n ts  b y  s o d iu m  s u l f a te  a n h y d ro u s  to  k e e p  th e  a m o u n t  
o f  w a te r  o f  th e  s o lv e n ts  a t  th e  s a m e  le v e l. E th y le n e  C a r b o n a te  (E C )  c o u ld  n o t  b e  
d e te r m in e d  th e  a m o u n t  o f  w a te r  b e c a u s e  o f  it  c r y s ta l l iz e d  a t  th e  te s t  te m p e ra tu re .

Table 4.1 W a te r  c o n te n ts  o f  th e  s o lv e n ts  b e f o r e  a n d  a f te r  th e  s o lv e n t  p r e p a r a t io n

S o lv e n t
W a te r  c o n te n t  (w t. % )

B e f o r e  th e  p r e p a r a t io n A f te r  th e  p r e p a r a t io n
S u lfo la n e 0 .21 0 .1 2

D M  S O 0 .4 5 0 .1 2
E G 0 .1 2 0 .1 2
E C N /A N /A

3 M O P N 0 .1 7 0 .1 2

4.2 Critical Solution Temperature (CST)

4 .2 .1  S in g le  S o lv e n t
4.2.1.1 Benzene/Hexane/Solvent Systems

T h e  c r i t ic a l  s o lu t io n  te m p e r a tu r e  r e la te s  to  th e  m a x im u m  
o p e ra t in g  te m p e r a tu r e  fo r  e x t r a c t io n  th a t  s h o u ld  b e  2 5 ° c  lo w e r  th a n  th e  c r i t ic a l  
s o lu t io n  te m p e ra tu re .  F o r  th e  b e n z e n e - h e x a n e  s y s te m s ,  th e r e  w e r e  s o m e  s o lv e n ts  
th a t  d id  n o t  fo rm  c le a r  s o lu t io n  u p  to  9 5 ° c  w h ic h  w a s  th e  h ig h e s t  te m p e r a tu r e  u n d e r  
te s t ,  a s  s h o w n  in  T a b le  4 .2 . T h is  im p l ie s  th a t  e x t r a c t io n  c a n  b e  c a r r ie d  o u t  a t  le a s t  
2 5 ° c  lo w e r  th a n  9 5 ° c ,  th a t  is  a t  7 0 °C  o r  lo w e r . E lo w e v e r , th e  b o i l in g  p o in t  o f
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n - h e x a n e  is  6 8 .7  ° c  so  th e  e x t r a c t io n  te m p e ra tu re  l im i t  is  a t  th e  b o i l in g  p o in t  o f  th e  
n - h e x a n e .

Table 4.2 C r i t ic a l  s o lu t io n  te m p e r a tu r e s  o f  b e n z e n e /h e x a n e /s o lv e n t  s y s te m s

S o lv e n t S o lv e n t - to - F e e d  ra tio C S T  (°C )
S u lfo la n e 3 to  1 n o t  c le a r  a t  95

D M S O 3 to  1 75
E G 3 to  1 n o t  c le a r  a t  95
E C 3 to  1 n o t  c le a r  a t  95

3 M O P N 3 to  1 4 2

4.2.1.2 Toluene/Hexane/Solvent Systems
A s  m e n t io n e d  e a r l ie r ,  fo r  th e  s y s te m s  o f  to lu e n e /h e x a n e /  

s o lv e n t ,  th e re  a re  s o m e  s y s te m s  th a t  th e  s y s te m  d id  n o t b e c o m e  h o m o g e n e o u s  u p  to  
9 5 ° c  a s  s h o w n  in  T a b le  4 .3 .

Table 4.3 C r i t ic a l  s o lu t io n  te m p e r a tu r e s  o f  b e n z e n e /h e x a n e /s o lv e n t  s y s te m s

S o lv e n t S o lv e n t - to - f e e d  r a t io C S T  (°C )
S u lfo la n e 3 to  1 8 4

D M S O 3 to  1 83
E G 3 to  1 n o t  c le a r  a t  95
E C 3 to  1 n o t  c le a r  a t  95

3 M O P N 3 to  1 2 6

4.2.1.3 p-Xylene/Hexane/Solvent Systems
T a b le  4 .4  s h o w s  th e  c r i t ic a l  s o lu t io n  te m p e r a tu r e s  o f  

p - x y le n e /h e x a n e / s o lv e n t  s y s te m s . T h e r e  w e r e  s o m e  s y s te m s  th a t  d id  n o t  b e c o m e  
h o m o g e n o u s  u p  to  9 5 ° c  a n d  th e re  w a s  a  s y s te m  th a t  d id  n o t  fo rm  tw o - p h a s e  s o lu t io n  
e v e n  w h e n  th e  t e m p e ra tu re  w a s  a s  lo w  a s  2 5 ° c .
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Table 4.4 C r i t i c a l  s o lu t io n  te m p e r a tu r e s  o f /7 - x y le n e /h e x a n e /s o lv e n t  s y s te m s

S o lv e n t S o lv e n t - to - f e e d  r a t io C S T  (°C )
S u lfo la n e 3 to  1 83

D M S O 3 to  1 8 0
E G 3 to  1 n o t  c le a r  a t  95
E C 3 to  1 n o t  c le a r  a t  95

3 M O P N 3 to  1 n o t  c le a r  a t  25

4 .2 .2  M ix e d  S o lv e n ts
4.2.2.1 Benzene/Hexane/Mixed Solvent Systems

F o r  th e  m ix e d  s o lv e n t ,  th e  b e n z e n e /h e x a n e /s o lv e n t  s y s te m s  
p e r f o r m e d  p o in ts  o f  tu r b id i ty  a s  s h o w n  in  T a b le  4 .5 .

Table 4.5 C r i t ic a l  s o lu t io n  te m p e r a tu r e s  o f  b e n z e n e /h e x a n e /m ix e d  s o lv e n t  s y s te m s

S o lv e n t M ix e d  r a t io S o lv e n t - to - f e e d  r a t io C S T  (°C )
E C  /D M S O 5 0 / 5 0 3 to  1 n o t  c le a r  a t  95

1 0 / 9 0 3 to  1 n o t  c le a r  a t  95
E G  / 3 M O P N 7 0 / 3 0 3 to  1 n o t  c le a r  a t  95

5 0 / 5 0 3 to  1 n o t  c le a r  a t  95
3 0 /  7 0 3 to  1 82

4.2.2.2 Toluene/Hexane/Mixed Solvent Systems
F o r  th e  m ix e d  s o lv e n t ,  th e  to lu e n e /h e x a n e /s o lv e n t  s y s te m s  

p e r f o r m e d  tu r b id i ty  a s  s h o w n  in  T a b le  4 .6 .

Table 4.6 C r i t ic a l  s o lu t io n  te m p e r a tu r e s  o f  to lu e n e /h e x a n e /m ix e d  s o lv e n t  s y s te m s

S o lv e n t M ix e d  ra t io S o lv e n t - to - f e e d  r a t io C S T  (°C )
E C  /D M S O 5 0 / 5 0 3 to  1 n o t  c le a r  a t  95

1 0 / 9 0 3 to  1 n o t  c le a r  a t  95
E G  / 3 M O P N 7 0 / 3 0 3 to  1 n o t  c le a r  a t  95

5 0 / 5 0 3 to  1 n o t  c le a r  a t  95
3 0 /  7 0 3 to  1 7 6
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4.2.2.3 p-Xylene/Hexane/Solvent Systems
F o r  th e  m ix e d  s o lv e n t ,  th e  p - x y le n e /h e x a n e / s o lv e n t  s y s te m s  

p e r f o r m  tu r b id i ty  a s  s h o w n  in  T a b le  4 .7 .

Table 4.7 C ri t ic a l  s o lu t io n  te m p e r a tu r e s  o f p - x y le n c /h e x a n e /m ix e d  s o lv e n t  s y s te m s

S o lv e n t M ix e d  ra t io S o lv e n t - to - f e e d  r a t io C S T  (°C )
E C  /D M S O 5 0 / 5 0 3 to  1 n o t  c le a r  a t  95

1 0 / 9 0 3 to  1 n o t  c le a r  a t  95
E G  / 3 M O P N 7 0 / 3 0 3 to  1 n o t  c le a r  a t  95

5 0 / 5 0 3 to  1 n o t  c le a r  a t  95
3 0 /  7 0 3 to  1 81

4.3 Aromatics Extraction

4 .3 .1  S in g le  S o lv e n t
4.3.1.1 Ethylene Glycol (EG)

W ith  e th y le n e  g ly c o l  (E G )  a s  a  s o lv e n t  fo r  e x t r a c t io n ,  it  w a s  
fo u n d  th a t  b e n z e n e  c o u ld  b e  m u c h  b e t te r  e x t r a c te d  th a n  to lu e n e  a n d  
p - x y le n e .  A s  s h o w n  in  F ig u r e  4 .1 , th e  r a n g e  o f  m a s s  f r a c t io n  o f  a r o m a t ic  in  th e  
e x t r a c t  p h a s e  fo u n d  w i th in  0 .0 2 4  to  0 .0 3 6 , 0 .0 1 2  to  0 .0 1 5 , a n d  0 .0 0 7  to  0 .0 0 8  fo r  
b e n z e n e ,  to lu e n e ,  a n d  p - x y le n e ,  r e s p e c t iv e ly .  M o re o v e r ,  th e  p e r c e n ta g e  o f  a r o m a tic  
in  th e  e x t r a c t  w a s  fo u n d  to  d e c r e a s e  a s  th e  s o lv e n t - to - f e e d  r a t io  in c re a s e d .  T h is  is  in  
l in e  w i th  th e  fa c t th a t  a s  th e  a m o u n t  o f  th e  s o lv e n t  in c re a s e s ,  th e  e x t r a c t  a ls o  
in c re a s e s ,  a s  s h o w n  in  F ig u r e  4 .1 . T h is  k in d  o f  p h e n o m e n a  w a s  a ls o  f o u n d  in  th e  
e x t r a c t io n  b y  te t r a e th y le n e  g ly c o l  ( A l - S a h h a f  a n d  K a p e ta n o v ic ,  1 9 9 6 ). F ig u r e  4 .2  
s h o w s  th a t  E G  w a s  o b s e rv e d  to  h a v e  h ig h e r  s e le c t iv i ty  fo r  b e n z e n e  th a n  to lu e n e  a n d  
p - x y le n e .  In  F ig u r e  4 .3 , s o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  E G  h a d  g r e a te r  c a p a c i ty  
fo r  b e n z e n e  c o m p a re d  to  to lu e n e  a n d  p - x y le n e ,  r e s p e c t iv e ly .  In  a d d i t io n ,  it  w a s  
fo u n d  th a t  in  th e  te m p e r a tu r e  r a n g e  s tu d ie d , th e  te m p e r a tu r e  d id  n o t  p l a y  s ig n if ic a n t  
e f f e c ts  to  th e  e x t r a c t io n s .  S a m p le  o f  c a lc u la t io n  o f  th e  te r m s  a b o v e  is  s h o w n  in  
A p p e n d ix  B .
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Benzene @1:1 S/F Ratio
■ ■ ■ Benzene @ 2:1 S/F Ratio
1------ 1 Benzene @ 2:1 S/F Ratio
1 Toluene @1:1 S/F Ratio
CZZI Toluene @ 2:1 S/F Ratio

Toluene @ 3:1 S/F Ratio
■ ■ p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

Figure 4.1 M a s s  f r a c t io n  o f  th e  a r o m a tic  in  e x t r a c t  p h a s e  o f  a r o m a t ic /h e x a n e /E G  
s y s te m s  a t  th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3 :1  o f  s o lv e n t- to -  
f e e d  r a t io s .

m m Benzene @1:1 S/F Ratio
■ 1 Benzene @ 2:1 S/F Ratio
1------ 1 Benzene @ 2:1 S/F Ratio
m u Toluene @1:1 S/F Ratio
c = l Toluene @ 2:1 S/F Ratio
C ~ D Toluene @ 3:1 S/F Ratio
■ H p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio
■ ■ ■ p-Xylene @ 3:1 S/F Ratio

Figure 4.2 S e l e c t i v i t y  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e /E G  s y s t e m s  a t th e

te m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,  a n d  5 0 ° c  a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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Benzene @1:1 S/F Ratio
□ ฐร!! Benzene @ 2:1 S/F Ratio

Benzene @ 2:1 S/F Ratio
1 Toluene @1:1 S/F Ratio
E Z D Toluene @ 2:1 S/F Ratio
■ ■ Toluene @3:1 S/F Ratio
■ I p-Xylene @1:1 S/F Ratio
m am p-Xylene @ 2:1 S/F Ratio
m m p-Xylene @ 3:1 S/F Ratio

Figure 4.3 S o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e /E G  s y s te m s  a t  th e  
t e m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3:1 o f  s o lv e n t - to - f e e d  r a t io s .

4.3.1.2 Dimethylsulfoxide (DMSO)
T h e  e x t r a c t io n  o f  a r o m a tic  f ro m  h e x a n e  e m p lo y in g  D M S O , a s  

s h o w n  in  F ig u r e  4 .4  s h o w e d  s im i la r  r e s u l t  w i th  E G . A s  a t  h ig h e r  s o lv e n t - to - f e e d  r a t io  
th e  m a s s  f ra c t io n  o f  th e  a r o m a tic  e x t r a c te d  d e c r e a s e d  a n d  b e n z e n e  w a s  b e t te r  
e x t r a c te d  th a n  to lu e n e  a n d  /7 -x y le n e . H o w e v e r ,  it  w a s  o b s e rv e d  th a t ,  w h e n  u s in g  
D M S O  a s  th e  s o lv e n t  c o m p a re d  to  E G , th e  m a s s  f r a c t io n  o f  to lu e n e  e x t r a c te d  w a s  
c lo s e r  to  th a t  o f  b e n z e n e .  In  F ig u r e  4 .5 , th e  s e le c t iv i ty  o f  th e  e x t r a c t io n  o f  b e n z e n e  
w a s  c lo s e  to  th a t  o f  to lu e n e ;  b e n z e n e  in  th e  r a n g e  o f  1 5 .1 3  to  2 7 .5 0  a n d  to lu e n e  1 1 .8 5  
to  2 9 .2 6 , r e s p e c t iv e ly ,  w h i le  th a t  fo r  /7 -x y le n e  a re  in  th e  r a n g e  o f  2 .8 0  to  1 1 .6 7 . T h e  
s o lv e n t  c a p a c i ty ,  a s  s h o w n  in  F ig u r e  4 .6 , a g a in  c a n  b e  d i s t in g u is h e d  a m o n g  th e  th re e  
a r o m a tic s  s tu d ie d  th a t  b e n z e n e  w a s  b e t te r  c a p a c i t iv e  th a n  to lu e n e  a n d  
/7 -x y le n e , r e s p e c t iv e ly .  A s  m e n t io n  e a r l ie r ,  th e  e f f e c t  o f  t e m p e r a tu r e  d id  n o t  s h o w  
s ig n if ic a n t  e f f e c t  in  th e  r a n g e  s tu d ie d .
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Benzene @1:1 S/F Ratio
r~" j Benzene @ 2:1 S/F Ratio
n Benzene @ 2:1 S/F Ratio
E Z 3 Toluene @1:1 S/F Ratio
c z n Toluene @ 2:1 S/F Ratio
EKH Toluene @ 3:1 S/F Ratio
เม่: t':-J p-Xylene @1:1 S/F Ratio
H p-Xylene @ 2:1 S/F Ratio

p-Xylene @3:1 S/F Ratio

Figure 4.4 M a s s  f r a c t io n  o f  th e  a r o m a tic  in  e x t r a c t  p h a s e  o f  a r o m a t ic /h e x a n e /  
D M S O  s y s te m s  a t  th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3 :1  o f  
s o lv e n t - to - f e e d  r a t io s .

Benzene @1:1 S/F Ratio
■ ■ Benzene @ 2:1 S/F Ratio
I---- 1 Benzene @ 2:1 S/F Ratio
c z n Toluene @1:1 S/F Ratio
CZZl Toluene @ 2:1 S/F Ratio
I— ๆ Toluene @ 3:1 S/F Ratio
■ ■ p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio
■ ■ p-Xylene @ 3:1 S/F Ratio

Figure 4.5 S e l e c t i v i t y  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e /D M S O  s y s t e m s  a t th e

te m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,  a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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Benzene @1:1 S/F Ratio
M Ê Ê Benzene @ 2:1 S/F Ratio

Benzene @ 2:1 S/F Ratio 
Toluene @1:1 S/F Ratio

□ Toluene @ 2:1 S/F Ratio
m m Toluene @ 3:1 S/F Ratio
M M p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio
■ ■ p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .6  S o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e /D M S O  s y s te m s  a t  
th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3:1 o f  s o lv e n t - to - f e e d  r a t io s .

4.ร. 13 Sulfolane
T h e  e x t r a c t io n  o f  b e n z e n e  b y  s u l fo la n e  w a s  f o u n d  to  b e  b e t te r  

th a n  to lu e n e  a n d  p - x y le n e  e s p e c ia l ly  a t  th e  s a m e  s o lv e n t- to - f e e d  r a t io ;  th e  m a s s -  
f ra c t io n  r a n g e  o f  b e n z e n e  e x t r a c te d  a re  0 .1 3 0  to  0 .2 9 3  w h i le  to lu e n e  a n d  p - x y le n e  
w e r e  in  th e  r a n g e s  o f  0 .0 9 0  to  0 .1 6 6 , a n d  0 .0 8 5  to  0 .1 4 4 , r e s p e c t iv e ly ,  a s  s h o w n  in  
F ig u r e  4 .7 . In  F ig u r e  4 .8 ,  th e  s e le c t iv i ty  o f  th e  e x t r a c t io n  w a s  fo u n d  to  b e  h ig h  in  
b e n z e n e  a s  th e y  a re  in  th e  r a n g e  o f  1 6 .7 6  to  5 0 .8 5  a n d  lo w e r  in  to lu e n e  a n d  p - x y le n e  
a s  th e  r a n g e  a re  10 .71  to  2 4 .8 1  a n d  7 .9 0  to  1 3 .3 7 , r e s p e c t iv e ly .  T h e  s o lv e n t  c a p a c i ty  
o f  b e n z e n e ,  a s  s h o w n  in  F ig u r e  4 .9 ,  w a s  h ig h e r  th a n  th o s e  o f  to lu e n e  a n d  p - x y le n e ,  
r e s p e c t iv e ly .  F ig u r e  4 .9  s h o w s  th e  r a n g e s  o f  s o lv e n t  c a p a c i ty  a s  th e y  a re  0 .3 2  to  0 .5 4  
f o r  b e n z e n e  a n d  0 .1 8  to  0 .3 2  a n d  0 .1 7  to  0 .2 0  fo r  to lu e n e  a n d  p - x y le n e ,  r e s p e c t iv e ly .  
F o r  th e  e f f e c t  o f  te m p e r a tu r e ,  it  w a s  fo u n d  th a t  te m p e r a tu r e  a ls o  d id  n o t  p la y  
s ig n if ic a n t  e f fe c t  to  th is  e x t r a c t io n  s y s te m .
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Benzene @1:1 S/F Ratio 
Benzene @ 2:1 S/F Ratio 
Benzene @ 2:1 S/F Ratio 
Toluene @1:1 S/F Ratio 
Toluene @ 2:1 S/F Ratio 
Toluene @ 3:1 S/F Ratio 
p-Xylene @1:1 S/F Ratio 
p-Xylene @ 2:1 S/F Ratio 
p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .7  M a s s  f ra c t io n  o f  th e  a r o m a tic  in  e x t ra c t  p h a s e  o f  a r o m a t ic /h e x a n e /  

s u l fo la n e  s y s te m s  a t  th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 , a n d  3 :1  o f  
s o lv e n t - to - f e e d  ra tio s .

Benzene @1:1 S/F Ratio
■ ■ Benzene @ 2:1 S/F Ratio
1------ 1 Benzene @ 2:1 S/F Ratio
1 Toluene @ 1:1 S/F Ratio 

Toluene @ 2:1 S/F Ratio
H E Toluene @ 3:1 S/F Ratio
■ ■ p-Xylene @1:1 S/F Ratio
w tm p-Xylene @ 2:1 S/F Ratio
" " " p-Xylene @ 3:1 S/F Ratio

Figure 4.8 S e l e c t i v i t y  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e / s u l f o la n e  s y s t e m s  a t th e

te m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,  a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o l v e n t - t o - f e e d  r a t io s .
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Benzene @1:1 S/F Ratio
rawm Benzene @ 2:1 S/F Ratio
c m Benzene @ 2:1 S/F Ratio
c m Toluene @1:1 S/F Ratio
c m Toluene @ 2:1 S/F Ratio
s c Toluene @ 3:1 S/F Ratio
w arn p-Xylene @1:1 S/F Ratio

p-Xylene @ 2:1 S/F Ratio
■ ■ p-Xylene @ 3:1 S/F Ratio

Figure 4.9 S o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e /s u l f o la n e  s y s te m s  
a t  th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 , a n d  3:1 o f  s o lv e n t- to - f e e d  
r a t io s .  L i

4.3.1.4 Ethylene Carbonate (EC)
W ith  u s in g  E C  a s  a  s o lv e n t  fo r  e x t r a c t io n ,  th e  e x t r a c t io n  w a s  n o t  

p o s s ib l e  a t 3 0 ° c  b e c a u s e  th e  m e l t in g  p o in t  o f  E C  is  3 6 .2 ° c  (L i a n d  B a lb u e n a ,  1 9 9 9 ). 
I t w a s  f o u n d  th a t  b e n z e n e  w a s  h ig h e r  e x t r a c te d  th a n  to lu e n e  a n d  /7 -x y le n e . T h e  m a s s  
f ra c t io n  r a n g e s  o f  th e  e x t r a c t  p h a s e  w e r e  0 .1 2 2  to  0 .2 2 9  f o r  b e n z e n e ,  0 .0 6 5  to  0 .1 1 5  
f o r  to lu e n e ,  a n d  0 .0 2 5  to  0 .0 9 2  fo r  /7 -x y le n e , r e s p e c t iv e ly  a s  s h o w n  in  F ig u r e  4 .1 0 . 
T h e  s im i la r  b e h a v io r  o f  lo w e r  a r o m a t ic - e x t r a c te d  a m o u n t  a t  h ig h e r  s o lv e n t - to - f e e d  
r a t io  w a s  a ls o  fo u n d  w i th  E C  s y s te m s . T h e  s e le c t iv i ty  o f  b e n z e n e  w a s  b e t te r  th a n  
th o s e  o f  to lu e n e  a n d  /7 -x y le n e , i .e . 3 3 .5 7  to  5 7 .7 3  fo r  b e n z e n e ,  1 3 .8 6  to  2 5 .9 1  fo r  
to lu e n e ,  a n d  9 .2 6  to  10 .91  f o r  /7 -x y le n e  a s  s h o w n  in  F ig u r e  4 .1 1 . In  s o lv e n t  c a p a c i ty ,  
a s  s h o w n  in  F ig u r e  4 .1 2 ,  E C  p e r f o rm e d  g r e a te r  c a p a c i ty  w i th  b e n z e n e  th a n  th o s e  o f  
to lu e n e  a n d  /7 -x y le n e ; th e  r a n g e s  a r e  0 .2 2 3  to  0 .3 2 5  fo r  b e n z e n e ,  0 .0 7 9  to  0 .1 6 3  fo r  
to lu e n e ,  a n d  0 .0 3 3  to  0 .1 2 0  fo r  /7 -x y le n e . H o w e v e r ,  th e r e  w a s  n o t  m u c h  d i f f e r e n t  in  
e x t r a c te d  a m o u n t  a n d  s o lv e n t  c a p a c i ty  o f  to lu e n e  a n d  /7 -x y le n e . In  th is  s y s te m , th e  
te m p e r a tu r e  a ls o  d id  n o t  p l a y  s ig n i f ic a n t  e f fe c t  in  th e  r a n g e  s tu d ie d .
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Benzene @1:1 S/F Ratio
■ H Benzene @ 2:1 S/F Ratio
1----- 1 Benzene @ 2:1 S/F Ratio
c m Toluene @1:1 S/F Ratio
1 = 1 Toluene @ 2:1 S/F Ratio
โ— cl Toluene @ 3:1 S/F Ratio
■ ■ I p-Xylene @1:1 S/F Ratio

p-Xylene @ 2:1 S/F Ratio
■ ■ p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .1 0  M a s s  f r a c t io n  o f  th e  a ro m a tic  in  e x t r a c t  p h a s e  o f  a r o m a t ic /h e x a n e /E C  
s y s te m s  a t  th e  te m p e r a tu r e  o f  4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3:1 o f  s o lv e n t - to - f e e d  
ra t io s .

BBH Benzene @1:1 S/F Ratio
จ ฒ Benzene @ 2:1 S/F Ratio
c m Benzene @ 2:1 S/F Ratio
c m Toluene @1:1 S/F Ratio
c m Toluene @ 2:1 S/F Ratio
■ ■ Toluene @ 3:1 S/F Ratio

p-Xylene @1:1 S/F Ratio
H I p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

Figure 4.11 S e le c t iv i t y  o f  th e  e x tr a c t io n  o f  a r o m a t ic /h e x a n e /E C  s y s t e m s  a t th e

te m p e r a tu r e  o f  4 0 ° ,  a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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1B B Benzene @1:1 S/F Ratio
warn Benzene @ 2:1 S/F Ratio
1------1 Benzene @ 2:1 S/F Ratio
1------ 1 Toluene @ 1:1 S/F Ratio
r u n Toluene @ 2:1 S/F Ratio

Toluene @ 3:1 S/F Ratio
■ ■ p-Xylene @1:1 S/F Ratio
warn p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .1 2  S o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  a r o m a t ic /h e x a n e /E C  s y s te m s  a t  th e  
t e m p e r a tu r e  o f  4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3 :1  o f  s o lv e n t - to - f e e d  r a t io s .

4.3.1.5 3-methoxy propionitrile (3MOPN)
T h e  e x t r a c t io n  b y  3 M O P N  c o u ld  b e  c a r r ie d  o u t  a t  o n ly  2 

c o n d i t io n s  b e c a u s e  it w a s  l im i te d  b y  th e  t e m p e r a tu r e  th a t  th e y  f o rm e d  h o m o g e n e o u s  
s o lu t io n s  a s  m e n t io n e d  in  th e  e a r l ie r  s e c t io n , c r i t ic a l  s o lu t io n  te m p e r a tu r e  ( C S T ) , th a t  
a re  th e  C S T  o f  h e x a n e /b e n z e n e /3 M O P N  s y s te m  a n d  h e x a n e / to lu e n e /3 M O P N  w e r e  
fo u n d  a t  4 2 ° , 2 6 ° c ,  r e s p e c t iv e ly ,  a n d  fo r  th e  s y s te m  o f  h e x a n e /p - x y le n e /3 M O P N , th e  
C S T  w a s  n o t  a v a i la b le  a t  2 5 ° c .  H o w e v e r ,  th e s e  2  b a t c h - c o n d i t io n s  w e r e  d o n e  to  g e t  
th e  p r e l im in a r y  e s t im a t io n  o f  th e  r e la t io n  b e tw e e n  s e le c t iv i ty  a n d  s o lv e n t  c a p a c i ty  o f  
th e  s o lv e n t  b e f o r e  u s in g  it  a s  o n e  o f  m ix in g  c o m p o n e n ts  w i th  o th e r  s o lv e n t  a s  th e  
m ix e d  s o lv e n ts .  T h e  b e n z e n e  m a s s - f r a c t io n  r a n g e  w a s  0 .3 2 0  to  0 .3 3 6  a n d  th e  
s e le c t iv i ty  a n d  s o lv e n t  c a p a c i ty  w e r e  in  th e  r a n g e  o f  2 .8 4  to  8 .2 3  a n d  1 .11 to  1 .2 6  a s  
s h o w n  in  F ig u r e s  4 .1 3 ,  4 .1 4 ,  a n d  4 .1 5 , r e s p e c t iv e ly .
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T h e  s in g le  s o lv e n ts  s tu d ie d  w e r e  d i f f e r e n t  in  s e le c t iv i ty  a n d  s o lv e n t  
c a p a c i ty  f o r  th e  e x t r a c t io n  o f  th e  B T X  a r o m a tic s .  A s  s h o w n  in  F ig u r e  4 .1 3 , E G  
p e r f o r m e d  h ig h  c a p a c i ty  b u t  p o o r  in  s o lv e n t  c a p a c i ty  w h i le  E C  w a s  h ig h ly  s e le c t iv e  
a n d  h a d  h ig h e r  s o lv e n t  c a p a c i ty  th a n  E G . S u l fo la n e  p e r f o r m e d  g o o d  in  s e le c t iv i ty  
a n d  s o lv e n t  c a p a c i ty .  D M S O  w a s  q u i te  h ig h  s e le c t iv e  s o lv e n t  b u t  lo w  in  c a p a c ity .  
3 M O P N  w a s  v e r y  h ig h  c a p a c i ty  b u t  v e r y  lo w  in  s e le c t iv i ty .  T h u s , r a n k in g  th e  
s e le c t iv i ty  f ro m  h ig h  to  lo w  a re : E G > E C > s u l f o la n e > D M S O > 3 M O P N . In  s o lv e n t  
c a p a c i ty  r a n k in g  f ro m  h ig h  to  lo w  a re : 3 M O P N > D M S O > s u l f o la n e > E C > E G .

F ro m  th e  r e la t io n s h ip  m e n t io n e d ,  tw o  p a i r s  o f  m ix e d  s o lv e n t  w a s  
s e le c te d ;  th e y  a r e  E C /D M S O  a n d  E G /3 M O P N  to  g e t  th e  b e s t  c o m b in a t io n  o f  
p r o p e r t ie s ,  b o th  in  s e le c t iv i ty  a n d  s o lv e n t  c a p a c ity .

70
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S o lv e n t  C a p a c ity
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F i g u r e  4 .1 3  R e la t io n s h ip  b e tw e e n  s e le c t iv i ty  a n d  s o lv e n t  c a p a c i ty  o f  th e  s in g le  
s o lv e n ts  s tu d ie d .
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4 .3 .2  M ix e d  S o lv e n t
4.ร.2.1 Ethylene Glycol/3-methoxy Propionitrile (EG/3MOPN) at 

70/30 by Volume
T h e  m ix e d  s o lv e n t  o f  E G  a n d  3 M O P N  a t 7 0 /3 0  b y  v o lu m e  

w a s  u s e d  to  e x t r a c t  th e  a r o m a tic  a n d  p e r f o r m e d  s l ig h t ly  d i f f e r e n t  in  a m o u n t  o f  
a r o m a tic  e x t r a c te d  a s  th e y  a re  b e n z e n e ,  to lu e n e ,  a n d  /9 -x y le n e . T h e  r a n g e s  w e r e  
0 .0 2 9  to  0 .0 5 1  fo r  b e n z e n e ,  0 .0 2 4  to  0 .0 5 9  fo r  to lu e n e ,  a n d  0 .0 2 2  to  0 .0 3 2  fo r  
/9 -x y le n e  a s  s h o w n  in  F ig u r e  4 .1 4 . T h e  te m p e r a tu r e  a f f e c t  th e  a m o u n t  o f  a r o m a tic s  
e x t r a c te d  a s  th e  t e m p e r a tu r e  in c re a s e d ,  th e  a r o m a tic  e x t r a c te d  in c re a s e d . F o r  th e  
s e le c t iv i ty ,  a m o n g  th e  th re e  a r o m a tic s ,  th is  m ix e d  s o lv e n t  h a d  b e t te r  s e le c t iv i ty  to  
b e n z e n e  th a n  to lu e n e  a n d  /9 -x y le n e , r e s p e c t iv e ly ,  a s  s h o w n  in  F ig u r e  4 .1 5 .  A s  th e  
t e m p e r a tu r e  in c r e a s e d  th e  s e le c t iv i ty  s h o w e d  d e c r e a s in g  tr e n d . F ig u r e  4 .1 6  s h o w s  
th e  s o lv e n t  c a p a c i ty  o f  th e  s o lv e n t  to  th e  th r e e  a r o m a tic s  th a t  th e y  a re  h ig h e r  fo r  
b e n z e n e  th a n  to lu e n e  a n d  /9 -x y le n e , r e s p e c t iv e ly .  T h e  c a p a c i ty  te n d s  to  in c re a s e  w i th  
th e  in c r e a s e  o f  te m p e ra tu re .  In  th is  m ix e d  r a t io ,  th e  s o lv e n t  p e r f o r m e d  w e l l  in  
c a p a c i ty  a s  th e  p r e s e n c e  o f  E G  b u t  w a s  n o t  m u c h  u p g r a d e d  in  th e  s o lv e n t  c a p a c ity .

m m Benzene @1:1 S/F Ratio
IBท Benzene @ 2:1 S/F Ratio
1------ 1 Benzene @ 2:1 S/F Ratio
1 1 Toluene @1:1 S/F Ratio 

Toluene @ 2:1 S/F Ratio
s o Toluene @ 3:1 S/F Ratio
m tm p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio
■ ■ p-Xylene @ 3:1 S/F Ratio

Figure 4.14 M a s s  fr a c t io n  o f  th e  a r o m a t ic  in  e x tr a c t  p h a s e  o f  th e  s y s t e m s  o f
a r o m a t ic /h e x a n e /m ix e d  s o lv e n t  o f  E G /3 M O P N  at 7 0 / 3 0  b y  v o lu m e  a t th e

te m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,  a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o l v e n t - t o - f e e d  r a t io s .
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Benzene @1:1 S/F Ratio
MHaa Benzene @ 2:1 S/F Ratio
1------ Benzene @ 2:1 S/F Ratio
n z n Toluene @1:1 S/F Ratio
CZZZ] Toluene @ 2:1 S/F Ratio
c z : Toluene @ 3:1 S/F Ratio
1 H p-Xylene @1:1 S/F Ratio
w tm p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .1 5  S e le c t iv i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m s  o f  a r o m a t ic /h e x a n e /  
m ix e d  s o lv e n t  o f  E G /3 M O P N  a t 7 0 /3 0  b y  v o lu m e  a t  th e  t e m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  

5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3 :1  o f  s o lv e n t - to - f e e d  r a t io s .

Benzene @1:1 S/F Ratio
m am Benzene @ 2:1 S/F Ratio
I------ Benzene @ 2:1 S/F Ratio
เ ะ ว Toluene @1:1 S/F Ratio
[ะะว Toluene @ 2:1 S/F Ratio
■ ร Toluene @ 3:1 S/F Ratio
m m p-Xylene @1:1 S/F Ratio
m gm p-Xylene @ 2:1 S/F Ratio
a m

p-Xylene @ 3:1 S/F Ratio

Figure 4.16 S o l v e n t  c a p a c i t y  o f  th e  e x t r a c t io n  o f  th e  s y s t e m  o f  a r o m a t ic /h e x a n e /
m i x e d  s o lv e n t  o f  E G /3 M O P N  at 7 0 / 3 0  b y  v o lu m e  a t th e  t e m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,

a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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4.3.2.2 Ethylene Glycol/3-methoxy Propionitrile (EG/3M0PN) at 
50/50 by Volume
T h e  e x t r a c t io n  b y  th e  m ix e d  s o lv e n t  o f  E G  a n d  3 M O P N  a t 

5 0 /5 0  b y  v o lu m e  w a s  e x p e c te d  to  g e t  b e t te r  c a p a c i ty  a s  th e  r a t io  o f  3 M O P N  w a s  
in c r e a s e d  b u t  th e  s y s te m s  c a n  b e  d o n e  o n ly  in  s o m e  c o n d i t io n s  b e c a u s e  th e y  
p e r f o r m e d  3 - p h a s e  s o lu t io n s ,  e s p e c ia l ly  a t  th e  lo w  te m p e ra tu re ,  a n d  o n e -p h a s e  
s o lu t io n s .  T h e  e x t r a c t io n  r u n  th a t  w e r e  c a r r ie d  o u t  to  c o m p a re  w i th  o th e r  r a t io n  o f  
th e  s a m e  m ix e d  s o lv e n t  a n d  o th e r  s o lv e n ts .  T h e  m a s s - f r a c t io n  w e r e  in  th e  r a n g e  o f  
0 .0 5 6  to  0 .0 9 0  fo r  b e n z e n e ,  0 .0 4 4  to  0 .0 8 4  f o r  to lu e n e ,  a n d  0 .0 4 1  to  0 .0 5 6  f o r  p- 
x y le n e  a s  s h o w n  in  F ig u r e  4 .1 7 . T h e  s e le c t iv i ty ,  in  F ig u r e  4 .1 8 , w e r e  in  0 .2 0  to  0 .3 6  
r a n g e  f o r  b e n z e n e ,  a n d  0 .1 4  to  0 .3 0  fo r  to lu e n e ,  a n d  0 .0 8  to  0 .2 0  fo r  
/ ( -x y le n e .  F ig u r e  4 .1 9  in d ic a te d  th a t  to lu e n e  p e r f o r m e d  b e t te r  s o lv e n t  c a p a c i ty  w i th  
th e  s o lv e n t  th a n  b e n z e n e  a n d  / ( - x y le n e  a s  th e y  w e r e  in  th e  r a n g e s  o f  0 .1 4  to  0 .3 5 , 
0 .2 0  to  0 .3 6  a n d  0 .0 8  to  0 .2 0 , r e s p e c t iv e ly .

Benzene @1:1 S/F Ratio
1 Benzene @ 2:1 S/F Rationm Benzene @ 2:1 S/F Ratiocm Toluene @1:1 S/F Ratio

c z z Toluene @ 2:1 S/F Ratio
r  ] Toluene @ 3:1 S/F Ratiowtm p-Xylene @1:1 S/F Ratio
H i p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

Figure 4.17 M a s s  f r a c t io n  o f  th e  a r o m a t ic  in  e x tr a c t  p h a s e  o f  th e  s y s t e m s  o f
a r o m a t ic /h e x a n e /m ix e d  s o lv e n t  o f  E G /3 M O P N  at 50/50 b y  v o lu m e  at th e

te m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,  a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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Benzene @1:1 S/F Ratio
a m Benzene @ 2:1 S/F Ratio
1— 1 Benzene @ 2:1 S/F Ratio
c m Toluene @1:1 S/F Ratio 

Toluene @ 2:1 S/F Ratio
m m 1 Toluene @ 3:1 S/F Ratio
■ i p-Xylene @1:1 S/F Ratio
w arn p-Xylene @ 2:1 S/F Ratio

(3-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .1 8  S e le c t iv i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m s  o f  a r o m a t ic /h e x a n e /  
m ix e d  s o lv e n t  o f  E G /3 M O P N  a t 5 0 /5 0  b y  v o lu m e  a t th e  t e m p e r a tu r e  o f  3 0 ° , 4 0 ° ,  a n d  

5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3 :1  o f  s o lv e n t - to - f e e d  r a t io s .

Benzene @1:1 S/F Ratio
rmm Benzene @ 2:1 S/F Ratio
I---- 1 Benzene @ 2:1 S/F Ratio
I I Toluene @1:1 S/F Ratio
I Toluene @ 2:1 S/F Ratio
I— ท Toluene @ 3:1 S/F Ratio
■ ■ p-Xylene @1:1 S/F Ratio
■ H p-Xylene @ 2:1 S/F Ratio
■ ■ p-Xylene @ 3:1 S/F Ratio

Figure 4.19 S o l v e n t  c a p a c i t y  o f  th e  e x t r a c t io n  o f  th e  s y s t e m  o f  a r o m a t ic /h e x a n e /
m i x e d  s o lv e n t  o f  E G /3 M O P N  a t 50/50 b y  v o lu m e  a t t h e  te m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,

a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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43.2.3 Ethylene Glycol/3-methoxy Propionitrile (EG/3M0PN) at 
30/70 by Volume
T h e  m o r e  p r e s e n c e  o f  3 M O P N  in  th e  m ix e d  s o lv e n t  o f  E G / 

3 M O P N  a t 3 0 /7 0  b y  v o lu m e  w a s  e x p e c te d  to  o b ta in  b e t te r  c a p a c i ty  a n d  to  e l im in a te  
th e  3 - p h a s e  s o lu t io n  s y s te m s . H o w e v e r ,  th e  m o re  p r e s e n c e  o f  3 M O P N  m a d e  th e  
s y s te m s  b e c o m e  h o m o g e n o u s  in  s o m e  c o n d i t io n s  w h i le  th e  3 - p h a s e  s o lu t io n s  s ti l l  
p e r f o rm e d  in  s o m e  c o n d i t io n s .  A s  s h o w n  in  F ig u r e  4 .2 0 ,  th e  m a s s - f r a c t io n  r a n g e  o f  
b e n z e n e  w a s  0 .1 1  to  0 .2 0 , fo r  to lu e n e  w a s  0 .1 2 , a n d  fo r  p - x y le n e  w a s  0 .9 0  to  0 .9 1 . 
T h e  s e le c t iv i ty  o f  th e  e x t r a c t io n ,  in  F ig u r e  4 .2 1 , w e r e  in  th e  r a n g e s  o f  3 .4 9  to  7 .5 7  fo r  
b e n z e n e ,  1 3 .3 5  f o r  to lu e n e ,  a n d  1 .8 8  to  1 .9 4  fo r  p - x y le n e .  A s  s h o w n  in  F ig u r e  4 .2 2 , 
th e  s o lv e n t - c a p a c i ty  w e r e  in  th e  r a n g e s  o f  0 .1 4  to  0 .3 5 , 0 .2 0  to  0 .3 6  a n d  0 .0 8  to  0 .2 0 , 
r e s p e c t iv e ly .

Benzene @1:1 S/F Ratio
■ ■ Benzene @ 2:1 S/F Ratio
1------ Benzene @ 2:1 S/F Ratio
1 1 Toluene @1:1 S/F Ratio
CZZD Toluene @ 2:1 S/F Ratio
ท ■ Toluene @ 3:1 S/F Ratio
■ ■ 1 p-Xylene @1:1 S/F Ratio

p-Xylene @ 2:1 S/F Ratio
p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .2 0  M a s s  f r a c t io n  o f  th e  a r o m a tic  in  e x t r a c t  p h a s e  o f  th e  s y s te m s  o f  
a r o m a t ic /h e x a n e /m ix e d  s o lv e n t  o f  E G /3 M O P N  a t 3 0 /7 0  b y  v o lu m e  a t th e
te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3:1 o f  s o lv e n t- to - f e e d  r a t io s .
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m m Benzene @ 2:1 S/F Ratio
1- Benzene @ 2:1 S/F Ratio
1 I Toluene @1:1 S/F Ratio
[ZZ3 Toluene @  2:1 S/F Ratio
1----CD Toluene @ 3:1 S/F Ratio
■ p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .2 1  S e le c t iv i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m s  o f  a r o m a t ic /h e x a n e /  
m ix e d  s o lv e n t  o f  E G /3 M O P N  a t 3 0 /7 0  b y  v o lu m e  a t th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° ,  a n d  

5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3:1 o f  s o lv e n t - to - f e e d  r a t io s .

B 1 Benzene @1:1 S/F Ratio
■ Benzene @ 2:1 S/F Ratio
1------ 1 Benzene @ 2:1 S/F Ratio
(ZZ3 Toluene @1:1 S/F Ratio
c z z 1 Toluene @ 2:1 S/F Ratio
I--- "า Toluene @ 3:1 S/F Ratio
■ H p-Xylene @1:1 S/F Ratio
■ ■ p-Xylene @ 2:1 S/F Ratio

p-Xyiene @ 3:1 S/F Ratio

Figure 4.22 S o l v e n t  c a p a c i t y  o f  th e  e x t r a c t io n  o f  th e  s y s t e m  o f  a r o m a t ic /h e x a n e /
m i x e d  s o lv e n t  o f  E G /3 M O P N  a t 3 0 / 7 0  b y  v o lu m e  a t th e  t e m p e r a tu r e  o f  3 0 ° ,  4 0 ° ,

a n d  50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s .
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4.3.2.4 Ethylene Carbonate/Dimethylsulfoxide (EC/DMSO) at 50/50 
by Volume
T h e  e x t r a c t io n s  b y  th e  m ix e d  s o lv e n t  o f  E C /D M S O  a t  5 0 /5 0  

b y  v o lu m e  w a s  e s ta b l i s h e d  to  g e t h a l f - w a y  p r o p e r t ie s  b e tw e e n  E C  a n d  D M S O . T h e  
a m o u n t  o f  e x t r a c te d  a r o m a tic ,  a s  s h o w n  in  F ig u r e  4 .2 3 , w a s  q u i te  s im i la r  in  th e  c a s e  
o f  b e n z e n e  a n d  to lu e n e  a n d  th e  r a n g e s  w e r e  0 .0 6 0  to  0 .1 8 2  a n d  0 .0 5 8  to  0 .1 7 2  
r e s p e c t iv e ly  w h i le  th e  r a n g e  o f p - x y l e n e  w a s  0 .0 4 2  to  0 .0 9 8 . F ig u r e  4 .2 4  s h o w s  th e  
r a n g e  o f  th e  s e le c t iv i ty  fo r  b e n z e n e  a s  2 2 .5 6  to  3 2 .2 3 ,  fo r  to lu e n e  a s  8 .4 2  to  2 6 .1 0 , 
a n d  fo r  p - x y le n e  a s  7 .7 9  to  2 5 .1 0 . T h e  c a p a c i ty  w e r e  s im i la r  in  th e  c a s e  o f  b e n z e n e  
a n d  to lu e n e  w h ic h  w e r e  h ig h e r  th a n  th a t  o f p - x y l e n e  a s  th e y  a re  in  th e  r a n g e  o f  0 .1 7 6  
to  0 .3 0 5  fo r  b e n z e n e ,  0 .1 0 2  to  0 .2 7 4  fo r  to lu e n e ,  a n d  0 .0 8 3  to  0 .1 3 9  fo r  p - x y le n e  a s  
s h o w n  in  F ig u r e  4 .2 5 . T h e r e  w a s  n o t  m u c h  s ig n i f ic a n t  e f f e c t  b y  th e  o p e r a t in g  
te m p e r a tu r e .  T h e  c o m b in e d  p r o p e r t ie s  o f  th e  m ix e d  s o lv e n t  w e r e  g o o d  in  s e le c t iv i ty  
b u t  n o t  g o o d  in  s o lv e n t  c a p a c ity .  T h e  m ix e d  s o lv e n t  p e r f o r m a n c e  w a s  c lo s e r  to  E C  
th a n  D M S O  a s  it  w a s  q u i te  h ig h  s e le c t iv e  s o lv e n t .

I
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Figure 4.23 Mass fraction of the aromatic in extract phase of the systems of
aromatic/hexane/mixed solvent of EC/DMSO at 50/50 by volume at the temperature
of 30°, 40°, and 50°c and 1:1, 2:1, and 3:1 of solvent-to-feed ratios.
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Benzene @1:1 S/F Ratio
■ ■ n Benzene @ 2:1 S/F Ratio
r~~โว Benzene @ 2:1 S/F Ratio
1 = 1 Toluene @ 1:1 S/F Ratio
□ Toluene @ 2:1 S/F Ratio
■ ■ Toluene @ 3:1 S/F Ratio
m tm p-Xylene @1:1 S/F Ratio
w m t p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .2 4  S e le c t iv i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m s  o f  a r o m a t ic /h e x a n e /  
m ix e d  s o lv e n t  o f  E C /D M S O  a t 5 0 /5 0  b y  v o lu m e  a t th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  

5 0 ° c  a n d  1 :1 , 2 :1 ,  a n d  3:1 o f  s o lv e n t - to - f e e d  r a t io s

m m Benzene @1:1 S/F Ratio
H I Benzene @ 2:1 S/F Ratio
I I Benzene @ 2:1 S/F Ratio
= ] Toluene @1:1 S/F Ratio
[ = 1 Toluene @ 2:1 S/F Ratio
■ H Toluene @ 3:1 S/F Ratio
■ H p-Xylene @ 1:1 S/F Ratio
H p-Xylene @ 2:1 S/F Ratio

p-Xylene @ 3:1 S/F Ratio

F i g u r e  4 .2 5  S o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m  o f  a r o m a t ic /h e x a n e /  
m ix e d  s o lv e n t  o f  E C /D M S O  a t 5 0 /5 0  b y  v o lu m e  a t th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d
50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s
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4.3.2.5 Ethylene Carbonate/Dimethylsulfoxide (EC/DMSO) at 10/90 
by Volume
W h e n  u s in g  th e  m ix e d  s o lv e n t  o f  E C /D M S O  a t th is  r a t io ,  

it  w a s  e x p e c te d  to  g a in  m o r e  c a p a c i t iv e  p r o p e r t ie s  a t  th e  m e r e  p r e s e n c e  o f  D M S O . 
F ig u r e  4 .2 6  in d ic a te s  th a t  b e n z e n e  w a s  b e t te r  e x t r a c te d  th a n  to lu e n e  a n d  p - x y le n e ,  
a s  th e  r a n g e s  o f  b e n z e n e ,  to lu e n e ,  a n d  /7 -x y le n e  w e r e  0 .0 7 0  to  0 .1 8 5 ,  0 .0 4 1  to  0 .1 5 2 , 
a n d  0 .0 5 6  to  0 .1 0 8 , r e s p e c t iv e ly .  T h e  s e le c t iv i ty  w e r e  in  th e  r a n g e s  o f  1 2 .6 9  to  4 3 .7 1  
fo r  b e n z e n e ,  1 0 .9 8  to  1 8 .3 5  fo r  to lu e n e ,  a n d  8 .9 7  to  1 7 .7 2  fo r  
/7 -x y le n e  a s  s h o w n  in  F ig u r e  4 .2 7 . T h e  c a p a c i ty  w a s  h ig h e r  f o r  b e n z e n e  th a n  to lu e n e  
a n d  /7 -x y le n e . T h e  r a n g e s  w e r e  0 .4 6  to  0 .8 2 , 0 .0 8  to  0 .3 0 , a n d  0 .1 1  to  0 .2 8  fo r  
b e n z e n e ,  to lu e n e ,  a n d  /7 -x y le n e , r e s p e c t iv e ly ,  a s  s h o w n  in  F ig u r e  4 .2 8 . T h e  e f f e c t  o f  
th e  o p e r a t in g  te m p e r a tu r e  w a s  n o  s ig n i f ic a n t  in  th e  r a n g e  s tu d ie d .  T h e  o v e ra l l  
p r o p e r t i e s  o f  th is  m ix e d  r a t io  o f  th e  d u a l  s o lv e n t  o f  E C /D M S O  w a s  b e t te r  th a n  th a t  o f  
5 0 /5 0  b y  v o lu m e  w h i le  s e le c t iv i ty  w a s  q u i te  g o o d .

Benzene @1:1 S/F Ratio 
Benzene @ 2:1 S/F Ratio 
Benzene @ 2:1 S/F Ratio 
Toluene @1:1 S/F Ratio 
Toluene @ 2:1 S/F Ratio 
Toluene @ 3:1 S/F Ratio 
p-Xylene @1:1 S/F Ratio 
p-Xylene @ 2:1 S/F Ratio 
p-Xylene @ 3:1 S/F Ratio

Figure 4.26 Mass fraction of the aromatic in extract phase of the systems of
aromatic/hexane/mixed solvent of EC/DMSO at 10/90 by volume at the temperature
of 30°, 40°, and 50°c and 1:1, 2:1, and 3:1 of solvent-to-feed ratios.
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F i g u r e  4 .2 7  S e le c t iv i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m s  o f  a r o m a t ic /h e x a n e /  
m ix e d  s o lv e n t  o f  E C /D M S O  a t 1 0 /9 0  b y  v o lu m e  a t th e  te m p e r a tu r e  o f  3 0 ° , 4 0 ° , a n d  

5 0 ° c  a n d  1 :1 , 2 :1 , a n d  3 :1  o f  s o lv e n t - to - f e e d  r a t io s

Benzene @1:1 S/F Ratio
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F i g u r e  4 .2 8  S o lv e n t  c a p a c i ty  o f  th e  e x t r a c t io n  o f  th e  s y s te m  o f  a r o m a t ic /h e x a n e /
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50°c a n d  1 :1 , 2 : 1 ,  a n d  3 :1  o f  s o lv e n t - t o - f e e d  r a t io s
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T h e  m ix e d  s o lv e n ts  s h o w e d  c o m b in e d  p r o p e r t ie s  o f  th e  s in g le  
s o lv e n ts  th a t  th e y  a re  m a d e  o f . A s  s h o w n  in  F ig u r e  4 .2 9 ,  th e  m ix e d  s o lv e n t  o f  
E G /3 M O P N  a t 7 0 /3 0  b y  v o lu m e  p e r f o r m e d  v e r y  c lo s e  to  E G , g o o d  s e le c t iv i ty  b u t  
n o t  g o o d  c a p a c i ty ,  b u t  th e  E G /3 M O P N  a t 5 0 /5 0  a n d  3 0 /7 0  b y  v o lu m e  p e r f o r m  q u ite  
p o o r  in  b o th  s e le c t iv i ty  a n d  s o lv e n t  c a p a c i ty  e v e n  th o u g h  th e  5 0 /5 0  r a t io  p e r f o rm e d  
b e t te r  p r o p e r t ie s .  B o th  r a t io s  o f  th e  m ix e d  s o lv e n t  o f  E C /  
D M S O  h a d  b e t te r  p r o p e r t ie s  o f  s e le c t iv i ty  a n d  s o lv e n t  c a p a c i ty  a s  c o m p a re d  to  th e  
m ix e d  s o lv e n t  o f  E G /3 M O P N . T h e  m ix e d  s o lv e n t  o f  E C /D M S O  a t 5 0 /5 0  b y  v o lu m e  
s h o w e d  g o o d  c o m b in e d  p r o p e r t ie s  o f  th e  s o lv e n ts ,  h o w e v e r ,  i t  w a s  c lo s e r  to  E C , th a t  
m e a n s  i t  w a s  h ig h ly  s e le c t iv e  s o lv e n t .  T h e  m ix e d  s o lv e n t  o f  E C /D M S O  a t 1 0 /9 0  b y  
v o lu m e  h a d  h ig h e r  c a p a c i ty  th a n  th e  5 0 /5 0  r a t io  w h i le  p e r f o r m e d  q u i te  w e l l  in  
s e le c t iv i ty .  In  o v e ra l l ,  th e  c o m b in e d  p r o p e r t ie s  o f  th e  m ix e d  s o lv e n t  o f  E C /D M S O  a t 
1 0 /9 0  b y  v o lu m e  h a d  g o o d  p r o p e r t ie s  in  s e le c t iv i ty  a n d  c a p a c i ty  a n d  m o r e  s im i la r  to  
s u l fo la n e  th a n  th e  o th e r  m ix e d  s o lv e n ts .
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