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E f f e c t s  o f  o p e r a t i n g  t e m p e r a t u r e ,  z e o l i t e ,  a n d  z e o l i t e  w a t e r  c o n t e n t  

w e r e  s t u d i e d  h e r e .  K Y  a n d  K B aX  z e o l i t e s  w e r e  c h o s e n  a s  t h e  a d s o r b e n t s  f o r  

t h i s  s tu d y .  R o u g h l y ,  c o n c e n t r a t i o n  o f  e a c h  Cg a r o m a t i c  w a s  v a r i e d  f r o m  1 .2 4 %  

to  2 0 %  b y  w e i g h t  a t  t h e  t e m p e r a t u r e s  o f  4 0 ,  6 5 ,  a n d  9 0  ° c .  T h e  z e o l i t e  w a t e r  

c o n t e n t ,  i n d i c a t e d  b y  L O I ,  w a s  v a r i e d  f r o m  1 .2 %  to  4 .5 % .

4.1 Effect of Zeoltie

F i g u r e s  4 .1  to  4 .1 8  s h o w  th e  a d s o r p t i o n  i s o t h e r m s  o f  p - x y l e n e ,  m -  

x y l e n e ,  o - x y l e n e ,  a n d  e t h y l b e n z e n e  o n  K Y  a n d  K B aX  z e o l i t e s  a t  t h e  s t u d i e d  

t e m p e r a t u r e s  a n d  w a t e r  c o n t e n t s .  T h e  a m o u n t  o f  a  Cg a r o m a t i c  a d s o r b e d  is  

e x p r e s s e d  in  g r a m  o f  th e  a d s o r b e d  s p e c i e s  p e r  g r a m  o f  t h a t  s p e c i e s  f e d .  c a l l e d  

l o a d i n g .  A c c o r d i n g  to  th e  f i g u r e s ,  a t  h i g h  x y l e n e  c o n c e n t r a t i o n ,  t h e  z e o l i t e  

a d s o r b s  / 7 - x y le n e  m o r e  t h a n  th e  o t h e r  Cg a r o m a t i c s ,  f o l l o w e d  b y  e t h y l b e n z e n e ,  

m - x y l e n e ,  a n d  o - x y l e n e .  A t  l o w e r  c o n c e n t r a t i o n ,  in  m o s t  c a s e s ,  b o th  z e o l i t e s  

a d s o r b  m o r e  /7 - x y le n e .  H o w e v e r ,  n o  d e f i n i t e  b e n d  c a n  b e  o b s e r v e d  f o r  th e  

o t h e r  C g a r o m a t i c s .

T h e  s e l e c t i v i t y  c a n  b e  c a l c u l a t e d  f r o m  th e  r a t i o  o f  m a x i m u m  lo a d i n g  

o f  e a c h  s u b s t a n c e .  T h e  s e l e c t i v i t y  o f  /7 - x y le n e  r e l a t i v e  to  t h e  o t h e r  Cg 
a r o m a t i c s  o n  t h e  K Y  a n d  K B aX  z e o l i t e  is  s h o w n  in  T a b l e s  4 .1  -  4 .6 .  O n  K Y  
z e o l i t e ,  t h e  s e l e c t i v i t y  o f  / 7 - x y le n e  r e l a t i v e  to  ( 7 -x y le n e  is  h i g h e r  t h a n  th a t  

r e l a t i v e  to  m - x y l e n e  a n d  e t h y l b e n z e n e  o v e r  th e  r a n g e  o f  s t u d i e d  t e m p e r a t u r e s .  

In  o t h e r  w o r d s ,  K Y  z e o l i t e  a d s o r b s  /7 - x y le n e  m o r e  t h a n  e t h y l b e n z e n e ,  ทไ- 
x y le n e ,  a n d  (7 -x y le n e , r e s p e c t i v e l y .  T h e  s e l e c t i v i t y  o f  / 7 - x y le n e  r e l a t i v e  to  (7- 

x y l e n e  a n d  m - x y l e n e  a r e  c o m p a r a b l e ,  y e t  t h e  s e l e c t i v i t y  o v e r  ( 7 -x y le n e  is  

s l i g h t l y  h i g h e r .  T h e  s a m e  t r e n d  c a n  b e  o b s e r v e d  in  th e  c a s e  o f  K B aX  z e o l i t e .
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H o w e v e r ,  a t  t h e  s a m e  c o n d i t i o n ,  K Y  z e o l i t e  h a s  / ? - x y l e n e  s e l e c t i v i t y  h i g h e r  

t h a n  K B aX  z e o l i t e .  T h e  h i g h  /7 - x y le n e  s e l e c t i v i t y  o f  K Y  z e o l i t e  c a n  b e  

e x p l a i n e d  b y  t h e  a c i d i t y  o f  t h e  z e o l i t e ,  a s  d i s c u s s e d  b y  K u l p r a t h i p a n j a  ( 2 0 0 1 ) .  

T h e  l o w e r  z e o l i t e  a c i d i t y ,  t h e  m o r e  s e l e c t i v e  to  /7 - x y le n e .  T h i s  IS  a  r e s u l t  f r o m  

a  s t r o n g  a c i d - b a s e  i n t e r a c t i o n  b e t w e e n  l o w  a c i d i c  z e o l i t e  a n d  t h e  l e a s t  b a s i c  

x y l e n e  i s o m e r ,  / 7 - x y le n e ,  w h i c h  h a s  th e  w e a k e s t  e l e c t r o n - d o n a t i n g  

c h a r a c t e r i s t i c  a m o n g  x y l e n e s .  T w o  m a i n  f a c t o r s  t h a t  g o v e r n  th e  z e o l i t e  a c id i t y  

a r e  t h e  r a t i o  o f  S i 0 2/ A l 20 3 a n d  t h e  e x c h a n g e a b l e  c a t i o n .

Y z e o l i t e  is  m o r e  s e l e c t i v e  to  /7 - x y le n e  t h a n  X  z e o l i t e  b e c a u s e  a c id i t y  

o f  a  z e o l i t e  i n c r e a s e s  a s  th e  r a t i o  o f  S i 0 2/ A l 20 3 d e c r e a s e s .  T h i s  is  b e c a u s e  th e  

i n c r e a s e  in  th e  A 1 0 4" a c t i v e  s i t e s  d e c r e a s e s  th e  s t r e n g t h  o f  t h e  e l e c t r o s t a t i c  

f i e l d  in  e a c h  s i t e .  T h e r e f o r e ,  A  z e o l i t e  w i th  th e  S i 0 2/ A l 20 3 o f  2  is  m o r e  a c id i c  

t h a n  Y z e o l i t e  w i t h  th e  r a t i o  o f  5 .0 .

A  z e o l i t e  c a n  b e  i o n - e x c h a n g e d  w i th  a  v a r i e t y  o f  m e t a l  c a t i o n s  to  a l t e r  

t h e i r  a c i d i t y .  T h e r e  IS  a  s t r o n g  c o r r e l a t i o n  b e t w e e n  t h e  t o t a l  a c i d i t y  o f  a  z e o l i t e  

a n d  th e  i o n i c  r a d i u s  o r  v a l e n c e  o f  t h e  e x c h a n g e d  c a t i o n .  E x c h a n g e d  c a t i o n s  

w i t h  a  l o w e r  i o n i c  r a d i u s  g i v e  h i g h e r  z e o l i t e  a c i d i t y  ( L i > N a > K ,  C o > Z n > C a >  

L a > P b > B a ) .  D i - v a l e n c e  c a t i o n s  g i v e  h i g h e r  z e o l i t e  a c i d i t y  t h a n  m o n o - v a l e n c e  

c a t i o n s  ( K u l p r a t h i p a n j a ,  2 0 0 1 ) .  A c c o r d i n g l y ,  K Y  z e o l i t e  h a s  l o w e r  a c i d i t y  th a n  

K B aX  z e o l i t e .

F r o m  F i g u r e s  4 .1  to  4 .1 8 ,  a t  t h e  s a m e  o p e r a t i n g  t e m p e r a t u r e  a n d  w a t e r  

c o n t e n t ,  K Y  z e o l i t e  h a s  h i g h e r  a d s o r p t i o n  c a p a c i t y  t h a n  K B aX  z e o l i t e .  T h i s  

r e s u l t  is  a l s o  s u p p o r t e d  b y  t h e  z e o l i t e  c h a r a c t e r i s t i c s  a s  s h o w n  in  T a b l e  3 .2 . 

T h e  B E T  r e s u l t s  s h o w  t h a t  t h e  m i c r o p o r e  v o l u m e ,  s u r f a c e  a r e a  a n d  a v e r a g e  

p o r e  d i a m e t e r  o f  K Y  z e o l i t e  a r e  h i g h e r  t h a n  t h o s e  o f  K B aX  z e o l i t e .  M o r e o v e r ,  

b e c a u s e  A  z e o l i t e  h a s  h i g h e r  e x c h a n g e  c a p a c i t y  f o r  c a t i o n s ,  it m a y  i n c r e a s e  th e  

a d s o r b a t e  a n d  a d s o r b e n t  i n t e r a c t i o n .  T h e r e f o r e ,  K Y  z e o l i t e  h a s  a n  a b i l i t y  to  

a d s o r b  m o r e  c 8 a r o m a t i c s  t h a n  K B aX  z e o l i t e  d o e s .
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4.2 Effect of Operating Temperature

A s  s h o w n  in  F i g u r e s  4 .1  t o  4 .8 ,  a t  t h e  h i g h e r  o p e r a t i n g  t e m p e r a t u r e ,  

t h e  a m o u n t  o f  e a c h  a r o m a t i c  a d s o r b e d  b y  K Y  z e o l i t e  i n  t h e  r a n g e  o f  w a t e r  

c o n t e n t s  a n d  c o n c e n t r a t i o n s  is  l e s s  t h a n  t h a t  a t  t h e  l o w e r  t e m p e r a t u r e .  T h i s  c a n  

b e  e x p l a i n e d  b y  t h e  k n o w n  f a c t  t h a t  t h e  a d s o i p t i o n  p r o c e s s  i s  e x o t h e r m i c ;  

t h e r e f o r e ,  t h e  z e o l i t e  a d s o r b s  a l l  t h e  s p e c i e s  l e s s  a t  h i g h e r  t e m p e r a t u r e .  A t  h ig h  

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

e n e r g y  a n d  t e n d  to  m o v e  a r o u n d  r a t h e r  t h a n  b e i n g  a d s o r b e d  o n  t h e  z e o l i t e .  

T h e  a d s o r p t i o n  c a p a c i t y  o f  t h e  z e o l i t e s  IS  t h e  s a m e  a t  d i f f e r e n t  t e m p e r a t u r e s .  It 

is  t h e  a d s o i p t i o n  e f f i c i e n c y  t h a t  d e c r e a s e s  a s  t h e  t e m p e r a t u r e  i n c r e a s e s .  

S i m i l a r l y ,  t h e  a d s o r p t i o n  o f  a r o m a t i c s  b y  K B aX  z e o l i t e  is  l e s s  a t  h i g h  

t e m p e r a t u r e .

T h e  s e l e c t i v i t y  o f  p - x y l e n e  r e l a t i v e  to  t h e  o t h e r  c 8 a r o m a t i c s  on K Y  
a n d  K B aX  z e o l i t e s  IS  s h o w n  in  T a b l e s  4 .1  -  4 .6 .  T h e  r e s u l t s  s h o w  t h a t  in  th e  

s t u d i e d  r a n g e  o f  c o n c e n t r a t i o n  a n d  w a t e r  c o n t e n t s ,  t e m p e r a t u r e  a f f e c t s  t h e  p -  
x y l e n e  s e l e c t i v i t y .  A s  th e  t e m p e r a t u r e  i n c r e a s e s ,  t h e  s e l e c t i v i t y  to  p - x y l e n e  

o v e r  t h e  o t h e r  C g  a r o m a t i c s  f o r  b o t h  K Y  a n d  K B aX  z e o l i t e s  d e c r e a s e s .  

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

o p e r a t i o n  a t  t h e  l o w  t e m p e r a t u r e  r e d u c e s  t h e  m o l e c u l a r  t r a n s f e r  r a t e .  T h u s ,  th e  

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

b a l a n c e s  b e t w e e n  t h e  s e l e c t i v i t y  a n d  t r a n s f e r  r a t e .
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4.3 Effect of W ater Content in Zeolite

W a t e r  c o n t e n t  in  z e o l i t e ,  a s  IS i n d i c a t e d  b y  L O I ,  is  t h e  a m o u n t  o f  

m o i s t u r e  a d s o r b e d  o n  th e  z e o l i t e .  F r o m  F i g u r e s  4 .1  to  4 .1 8 ,  a s  t h e  w a t e r  

c o n t e n t  in  th e  z e o l i t e s  i n c r e a s e s ,  t h e  a d s o r p t i o n  c a p a c i t y  o f  b o t h  z e o l i t e s  

d e c r e a s e s .  T h i s  is  t h e  r e s u l t  f r o m  th e  a c t i v e  s i t e s  o f  t h e  z e o l i t e s  a r e  o c u p i e d  b y  

w a t e r  m o l e c u l e s .  T h e  s a m e  t r e n d  w a s  a l s o  o b s e r v e d  f o r  t h e  /7 - x y le n e  

s e l e c t i v i t y .  T h a t  i s  a s  t h e  w a t e r  c o n t e n t  in  th e  z e o l i t e s  i n c r e a s e s ,  t h e  / 1- x y l e n e  

s e l e c t iv i ty ' o f  b o t h  A T  a n d  K B aX  z e o l i t e  d e c r e a s e s

T h e  a b o v e  s t a t e m e n t  c a n  b e  s u b s t a n t i a t e d  a s  f o l l o w s .  A d s o r b e d  w a t e r  

m o l e c u l e s  o n  t h e  z e o l i t e  a r e  p o l a r i z a b l e  d u e  to  a  s t r o n g  e l e c t r o s t a t i c  f i e ld  

b e t w e e n  th e  e x c h a n g e d  c a t i o n  a n d  a l u m i n a  f r a m e w o r k .  T h e  p o l a r i z e d  w a t e r  

m o l e c u l e  in  th e  z e o l i t e  w o r k s  a s  a  B r o n s t e d  a c id .  T h e  l o w e r  t h e  m o i s t u r e  

c o n t e n t  is , t h e  l o w e r  a c i d i t y  o f  t h e  z e o l i t e  IS. w h i c h ,  in  tu r n ,  i n c r e a s e s  th e  

s e l e c t i v i t y  to  /7 - x y le n e .

4.4 Adsorption of Toluene

C o m p a r i s o n  o f  /7 - x y le n e  a n d  t o l u e n e  a d s o r p t i o n  o n  K Y  a n d  KBaX  
z e o l i t e s  i s  s h o w n  in  F i g u r e s  4 .1 9  to  4 .2 7 .  B o t h  z e o l i t e s  a d s o r b  m o r e  /7 - x y le n e  

t h a n  t o l u e n e .  M o r e o v e r ,  K Y  z e o l i t e  a d s o r b s  m o r e  / 7 - x y le n e  a n d  t o l u e n e  th a n  

K B aX  z e o l i t e  d o e s .  T h e  a d s o r p t i o n  e x h i b i t s  t h e  s a m e  b e n d  o v e r  th e  r a n g e  o f  

th e  s t u d i e d  t e m p e r a t u r e s  a n d  w a t e r  c o n t e n t s .  A d s o r p t i o n  o f  m - x y l e n e / t o l u e n e  

a n d  o - x y l e n e / t o l u e n e  o n  K Y  a n d  K B aX  z e o l i t e s  a r e  p l o t t e d  in  F i g u r e s  4 .2 8  to  

4 .4 5 .  U n l i k e  th e  a d s o r p t i o n  o f  / 7 - x y le n e ,  K Y  a n d  K B aX  z e o l i t e s  a d s o r b  m o r e  

t o l u e n e  t h a n  m - x y l e n e  a n d  o - x y l e n e  o v e r  th e  r a n g e  o f  t h e  i n v e s t i g a t e d  

t e m p e r a t u r e s  a n d  w a t e r  c o n t e n t s .  T h e  a m o u n t  o f  t o l u e n e  a d s o r b e d  r e l a t i v e  to  

m - x y l e n e  o r  o - x y l e n e  b y  KY  z e o l i t e  IS m u c h  h i g h e r  th a n  t h a t  in  th e  c a s e  o f  

KBaX  z e o l i t e .  C o m p e t i t i v e  a d s o r p t i o n  o f  e t h y l b e n z e n e  a n d  t o l u e n e  a t  th e
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s t u d i e d  t e m p e r a t u r e s  a n d  w a t e r  c o n t e n t s  o n  K Y  a n d  K B aX  z e o l i t e s  IS s h o w n  in  

F i g u r e s  4 . 4 6  to  4 .5 4 .  K Y  z e o l i t e  a d s o r b s  m o r e  t o l u e n e  t h a n  e t h y l b e n z e n e  o v e r  

th e  r a n g e  o f  t h e  s t u d i e d  w a t e r  c o n t e n t s  a n d  t e m p e r a t u r e s .  L ik e  K Y  z e o l i t e ,  

K B aX  z e o l i t e  w i t h  1 .2 %  L O I  s h o w s  t h e  s i m i l a r  b e h a v i o r .  B u t  f o r  t h e  h ig h  

w a t e r  c o n t e n t s ,  K B aX  z e o l i t e  a d s o r b s  a b o u t  t h e  s a m e  a m o u n t  f o r  b o th  

e t h y l b e n z e n e  a n d  to lu e n e .

4.5 Modeling of the Experimental Data

F r o m  t h e  s t a t i s t i c a l  m o d e l ,  e q u a t i o n  2 .2 ,  t h e  c o r r e l a t i o n  IS e x p r e s s e d  in  

t e r m s  o f  m o l e  f r a c t i o n  in  th e  s o l i d  a n d  l i q u i d  p h a s e s .  T h e r e f o r e ,  a s  s h o w n  in  

F i g u r e s  4 .5 5  to  4 .7 2 ,  t h e  a d s o r p t i o n  i s o t h e r m s  w e r e  p l o t t e d  d i f f e r e n t l y  f r o m  

th e  f i r s t  p a r t .  F r o m  th e  f i g u r e s ,  t h e  s o l i d  p h a s e  a n d  l i q u i d  p h a s e  m o l e  f r a c t i o n  

a r e  l i n e a r l y  d e p e n d e n t  o n  e a c h  o t h e r .  T h e  c o m p l i c a t e d  s t a t i s t i c a l  m o d e l  c a n  

t h e n  b e  s i m p l i f i e d  b y  s e t t i n g  A 1 2  a n d  A 2] to  u n i t y .  A n d  w i th  s im p le  

m a t h e m a t i c a l  m a n i p u l a t i o n ,  e q u a t i o n  2 .2  c a n  b e  e x p r e s s e d  a s  e q u a t i o n  2 .3 ,  

w h e r e  k  1 is  a  f u n c t i o n  o f  t e m p e r a t u r e  a s

k x = K  01 exp - AH 1 
R T ( 4 .1 )

w h e r e  K (,1 is  t h e  c o n s t a n t  o f  s p e c i e s  1, AHi is  t h e  h e a t  o f  a d s o r p t i o n  o f  s p e c i e s  

1 o n  t h e  a d s o r b e n t ,  R  i s  t h e  g a s  c o n s t a n t ,  a n d  T is  t h e  o p e r a t i n g  t e m p e r a t u r e .  

AH  1 a n d  Kf)[ a r e  c o n c e n t r a t i o n  a n d  t e m p e r a t u r e  i n d e p e n d e n t  p a r a m e t e r s .  E a c h  

c a l c u l a t i o n  i n v o l v e s  a  s e t  o f  d a t a  a t  d i f f e r e n t  c o n c e n t r a t i o n s  w i th  th e  s a m e  

w a t e r  c o n t e n t  a n d  a d s o r b e d  s p e c i e s  ( a p p r o x i m a t e l y  15 d a t a ) .  T h e  s o l v e r  

f u n c t i o n  in  M i c r o s o f t  e x c e l  p r o g r a m  w a s  u s e d  to  o b t a i n  th e  m o s t  s u i t a b l e  

p a r a m e t e r s ,  AH 1 a n d  Kill f r o m  th e  e x p e r i m e n t a l  d a t a .  T h e  c a l c u l a t i o n  w a s  

b a s e d  o n  th e  l e a s t  s q u a r e d  m e th o d .  A l l  t h e  R 2 a r e  in  t h e  r a n g e  o f  0 .8 9  to  0 .9 9 .
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T h e  c o m p a r i s o n  o f  t h e  e x p e r i m e n t a l  d a t a  a n d  p r e d i c t i o n  f r o m  th e  

m o d e l  o f  / 7 - x y le n e ,  e t h y l b e n z e n e ,  m - x y l e n e ,  a n d  o - x y l e n e  o n  t h e  K Y  a n d  K B aX  
z e o l i t e s  111 t h e  / 7 - x y l e n e / t o lu e n e ,  e t h y l b e n z e n e / t o l u e n e ,  m - x y l e n e / t o l u e n e ,  a n d  

o - x y l e n e / t o l u e n e  a t  t h e  s t u d i e d  w a t e r  c o n t e n t s  a n d  t e m p e r a t u r e s  a r e  s h o w n  in  

F i g u r e s  4 .5 5  to  4 .7 2 .  F r o m  th e  f i g u r e s ,  i t  c a n  b e  c l e a r l y  s e e n  t h a t  t h e  l i n e a r  

m o d e l  p r o v i d e s  a  v e i y  g o o d  f i t  w i t h  a  h ig h  d e g r e e  o f  a c c u r a c y  to  th e  

e x p e r i m e n t a l  d a t a .  T w o  i m p o r t a n t  p o i n t s  a r e  w o r t h  m e n t i o n i n g  h e r e .  F i r s t ,  th e  

e x p e r i m e n t  w a s  e a r n e d  o u t  a t  v e i y  lo w  c o n c e n t r a t i o n  t h u s  l i n e a r  i s o t h e r m  is  

n o t  u n e x p e c t e d  s i n c e  i t  l i e s  in  th e  F l e m y ’s l a w  r e g io n .  S e c o n d ,  a t  t h e  lo w  

c o n c e n t r a t i o n  th e  a d s o r b a t e  m o l e c u l e s  a r e  v e i y  d i l u t e .  H e n c e ,  t h e  i n t e r a c t i o n  

b e t w e e n  m o l e c u l e s  is  a l s o  d i m i n i s h e d .  T h a t  s u b s t a n t i a t e s  w h y  s u c h  th e  s im p le  

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

4 .6  The Multi-Component Pulse Test on K Y  Zeolite

M u l t i - c o m p o n e n t  p u l s e  t e s t  w a s  c o n d u c t e d  o n  K Y  z e o l i t e .  T h e  t e s t  

r e p r e s e n t s  m u l t i - c o m p o n e n t  a d s o r p t i o n  o f  C g a r o m a t i c  s y s t e m  a t  lo w  

c o n c e n t r a t i o n .  F i g u r e s  4 .7 3  to  4 .8 1  s h o w  r e s u l t s  f r o m  th e  m u l t i - c o m p o n e n t  

p u l s e  t e s t .  C o m p o n e n t s  l e a v i n g  th e  c o l u m n  s t a r t s  w i th  n -C g  a s  it is  a  t r a c e r ,  

f o l l o w e d  b y  m - x y l e n e ,  o - x y l e n e ,  e t h y l b e n z e n e ,  a n d  /7 - x y le n e .  เท  t h e  p r e s e n c e  

o f  o t h e r  C g  a r o m a t i c s ,  K Y  z e o l i t e  is  s t i l l  s e l e c t i v e  f o r  /7 - x y le n e  b e c a u s e  o f  

s tr  o n g  i n t e r a c t i o n  o f  / 7 - x y le n e  w i t h  th e  z e o l i t e  a s  s h o w n  b y  th e  o r d e r  o f  

c o m p o n e n t s  l e a v i n g  t h e  c o l u m n .  I n  o t h e r  w o r d s ,  t h e  a m o u n t  o f  d e s o r b e n t  u s e d  

to  d e s o r b  /7 - x y le n e  f r o m  K Y  z e o l i t e  is  h i g h e r  t h a n  t h a t  n e e d e d  to  d e s o r b  o t h e r  

s p e c i e s  a t  t h e  s a m e  c o n d i t i o n s .  / 7 - x y le n e  s e l e c t i v i t y  is  c a l c u l a t e d  b y  th e  S o r b e x  

D a t a b a s e  p r o v i d e d  b y  UC)}’ LLC. T h e  r e s u l t s  a r e  s h o w n  in  T a l l i e s  4 .7  to  4 .9 .  

T h e  s e l e c t i v i t y  o f  /7 - x y le n e  o v e r  m - x y l e n e  is  t h e  h i g h e s t  f o l l o w e d  b y  o - x y l e n e  

a n d  e t h y b e n z e n e .  M o r e o v e r ,  t h e  s e l e c t i v i t y  f r o m  th e  p u l s e  t e s t  is  h i g h e r  th a n  

t h a t  f r o m  th e  s i n g l e  c o m p o n e n t  e x p e r i m e n t .
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S in c e  p -x y l e n e  is  t h e  l e a s t  b a s i c  s p e c i e s  a n d  777-xy lene  is  t h e  m o s t  

b a s i c  s p e c i e s  a m o n g  t h e  C s  a r o m a t i c s ,  i t  w o u l d  b e  e x p e c t e d  t h a t  K Y  z e o l i t e  

s h o u l d  a d s o r b  /7 - x y le n e  f o l l o w e d  b y  e t y l b e n z e n e ,  o - x y l e n e ,  a n d  /7 7 -x y len e . 

F r o m  F i g u r e s  4.55 t o  4.72, t h e  r e s u l t s  f r o m  t h e  s i n g l e  c o m p o n e n t  e x p e r i m e n t ,  

K Y  z e o l i t e  a d s o r b s  p r e f e r e n t i a l l y  / 7 - x y le n e  f o l l o w e d  b y  e t y l b e n z e n e ,  777-xy lene, 

a n d  o - x y l e n e .  T h e  i n c o n s i s t e n c y  w a s  o b s e r v e d  b e t w e e n  777-xy lene a n d  o -  

x y l e n e .  T h e  r e s u l t s  f r o m  th e  p u l s e  t e s t ,  h o w e v e r ,  a r e  c o n s i s t e n t  w i t h  th e  

p r e d i c t i o n .  M o r e o v e r ,  t h e  s e l e c t i v i t y  o f  /7 - x y le n e  o v e r  777-xy lene  a n d  o - x y l e n e  

f r o m  t h e  e x p e r i m e n t a l  d a t a ,  in T a b l e  4.1 to  4.6, is  c l o s e  to  e a c h  o th e r .  T h e  

a d s o r p t i o n  e x p e r i m e n t  w a s  c a r r i e d  o u t  o n  th e  s i n g l e  c o m p o n e n t  b a s i s .  U n l ik e  

th e  a d s o r p t i o n  e x p e r i m e n t ,  t h e  p u l s e  t e s t  w a s  a  m u l t i - c o m p o n e n t  a d s o i p t i o n .  

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

c o m p o n e n t s  a t  t h e  s a m e  t i m e .  Y e t ,  t h e s e  p h e n o m e n a  a r e  s t i l l  u n e x p l a i n a b l e .  

F u r t h e r  s t u d y  s h o u l d  b e  m a d e  in  o r d e r  to  u n d e r s t a n d  t h e s e  c o m p l i c a t i o n s .
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Table 4.1 Selectivity from the single component experiment of /9-xylene on
K Y  zeolite LOI= 1.2%

Selectivity Temperature (°C)
40 65 90

PX/OX 6 .5 8 4 5 5 .5 0 4 8 4 .9 0 2 9

PX/MX 6 .1 2 5 2 5 .0 4 3 6 4 . 5 5 5 4

PX/EB 3 .3 3 5 1 3 .4 5 2 5 3 .0 5 1 0

Table 4.2 S e l e c t i v i t y  f r o m  t h e  s i n g l e  c o m p o n e n t  e x p e r i m e n t  o f  p -x y l e n e  o n  

K Y  z e o l i t e  L O I = 2 . 4 %

Selectivity Temperature (°C)
40 65 90

PX/OX 5 .3 7 6 9 5 .0 6 0 1 5 .0 8 5 7

PX/MX 5 .2 9 8 0 5 .1 2 0 0 5 .0 5 0 8

PX/EB 2 .7 7 4 1 2 .6 6 3 3 2 . 2 7 1 9

Table 4.3 S e l e c t i v i t y  f r o m  t h e  s i n g l e  c o m p o n e n t  e x p e r i m e n t  o f  /9 - x y le n e  o n  

K Y  z e o l i t e  L 0 1 = 4 . 4 %

Selectivity Temperature (°C)
40 65 90

PX/OX 4 .6 9 1 9 4 .7 6 7 1 3 .5 7 1 0

PX/MX 4 .5 9 8 8 3 .8 7 2 9 3 .2 0 2 0

PX/EB 2 .3 0 6 2 2 .3 6 4 8 1 .9 8 1 1
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Table 4.4 Selectivity from the single component experiment of /7-xylene on
K B a X  zeolite LOI=1.2%

Selectivity Temperature (°C)
40 65 90

PX/OX 4 . 4 7 7 4 3 . 4 0 2 4 2 .7 1 0 1

PX/MX 3 .9 4 6 5 3 .3 4 3 9 2 .5 7 8 1

PX/EB 2 .7 4 0 8 2 .0 1 7 8 1 .8 1 4 5

Table 4.5 S e l e c t i v i t y  f r o m  th e  s i n g l e  c o m p o n e n t  e x p e r i m e n t  o f  /7 - x y le n e  o n  

K B aX  z e o l i t e  L O I = 2 . 5 %

Selectivity Temperature (°C)
40 65 90

PX/OX 3 . 5 1 6 7 3 .1 7 8 9 2 .6 6 7 3

PX/MX 3 .3 1 7 2 3 .1 1 0 0 2 .6 3 9 7

PX/EB 1 .8 0 0 1 1 .7 0 2 4 1 .6 0 3 3

Table 4.6 S e l e c t i v i t y  f r o m  t h e  s i n g l e  c o m p o n e n t  e x p e r i m e n t  o f  /7 - x y le n e  o n  

K B aX  z e o l i t e  L O I = 4 . 5 %

Selectivity Temperature (°C)
40 65 90

PX/OX 2 .9 7 5 7 2 .5 9 6 5 2 .0 8 9 9

PX/MX 2 .8 8 7 9 2 .5 2 7 8 1 .9 4 9 8

PX/EB 1 .8 3 8 9 1 .6 5 1 4 1 .4 1 1 5
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Table 4.7 Selectivity from the pulse test of /7-xylene on K Y  zeolite
L01=1.2%

Selectivity Temperature (°C)
40 65 90

P X / O X 6 .3 5 5 7 5 .9 6 9 7 4 . 1 8 4 0

P X / M X 7 .1 9 2 0 5 .3 9 8 3 4 .7 0 5 6

P X / E B 3 .0 8 7 0 2 .6 5 4 0 2 .2 7 3 2

Table 4.8 S e l e c t i v i t y  f r o m  th e  p u l s e  t e s t  o f  / 7 - x y le n e  o n  K Y  z e o l i t e  

L O I = 2 . 4 %

Selectivity Temperature (°C)
40 65 90

P X / O X 7 .1 2 6 9 5 .4 8 8 5 4 . 4 1 2 0

P X / M X 7 .7 6 4 3 5 .8 5 7 7 4 .8 1 3 1

P X / E B 2 .9 2 0 0 2 .5 6 9 5 2 .2 7 9 0

Table 4.9 S e l e c t i v i t y  f r o m  t h e  p u l s e  t e s t  o f  / 7 - x y le n e  o n  K Y  z e o l i t e  

L 0 1 = 4 . 4 %

Selectivity Temperature (°C)
40 65 90

P X / O X 5 .0 1 9 4 4 . 1 1 3 6 3 .3 3 5 2

P X / M X 5 .6 8 0 0 4 .5 4 7 2 3 .7 0 0 6

P X / E B 2 .2 0 2 3 1 .9 9 0 0 1 .7 7 5 5
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Figure 4.31 Adsorption o f o -xylene and toluene on K Y  and K B a X  zeolites LO I=2.5%  at 40 °c
ON



Lo
ad

ing

♦ — o-xlene on KY LOI=2.4% ♦ - toluene on KY LOI=2.4%
■ X— o-xylene on KBaX LOI=2.5% - - X  - toluene on KBaX LOI=2.5%

Figure 4.32 Adsorption o f o -xylene and toluene on K Y  and K B a X  zeolites LOI=2.5%  at 65 °c

* X



%L
oa

din
g

—♦ — o-xlene on KY LOI=2.4% - - - toluene on KY LOI=2.4%
—X— o-xylene on KBaX LOI=2.5% - - X- - toluene on KBaX LOI=2.5%

Figure 4.33 Adsorption o f o -xylene and toluene on K Y  and K B a X  zeolites LO I=2.5%  at 90 °c
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Figure 4.34 Adsorption o f o -xylene and toluene on K Y  and K B a X  zeolites LO I=4.5%  at 40 °c o\
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Figure 4.35 Adsorption o f o -xylene and toluene on K Y  and K B a X  zeolites LO I=4.5%  at 65 °c
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Figure 4.36 Adsorption o f o-xylene and toluene on K Y  and K B a X  zeolites LOI=4.5% at 90 °c
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Figure 4.37 Adsorption o f ทา -xylene and toluene on K Y  and K B a X  zeolites L O I= l .2% at 40 °c ON
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Figure 4.38 Adsorption o f m  -xylene and toluene on K Y  and K B a X  zeolites LO I=l .2% at 65 °c
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Figure 4.39 Adsorption o f เท -xylene and toluene on K Y  and K B a X  zeolites L O I= l .2% at 90 °c ON\D
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Figure 4.40 Adsorption o f m  -xylene and toluene on K Y  and K B a X  zeolites LO I=2.5%  at 40 °c -Jo
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—JFigure 4.41 Adsorption o f m -xylene and toluene on K Y  and K B a X  zeolites LO I=2.5%  at 65 °c
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Figure 4.42 Adsorption o f m  -xylene and toluene on K Y  and K B a X  zeolites LO I=2.5%  at 90 °c
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Figure 4.43 Adsorption o f m  -xylene and toluene on K Y  and K B a X  zeolites LO I=4.5%  at 40 °c
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Figure 4.44 Adsorption o f m -xylene and toluene on K Y  and K B a X  zeolites LO I=4.5%  at 65 °c
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Figure 4.45 Adsorption o f m -xylene and toluene on K Y  and K B a X  zeolites LO I=4.5%  at 90 °c
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Figure 4.46 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 40 °c
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Figure 4.47 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 65 °c
- J



8
7
6

9

to p

:
3
2
1
0

5 10 15
Equilibrium concentration of etylbenzene (wt%)

- ethylbenzene on KY LOI=l .2% ♦ - toluene on KY LOI=l .2%
X r -  ethylbenzene on KBaX LOI=l .2% - X- - toluene on KBaX LOI=l .2%

20

Figure 4.48 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 9 0  ° c
CO
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Figure 4.49 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 40 °c S I
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Figure 4.50 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 65 °c
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Figure 4.51 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 90 ๐c
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Figure 4.52 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 40 °c p o
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Figure 4.53 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 65 °c
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Figure 4.54 Adsorption o f etylbenzene and toluene on K Y  and K B a X  zeolites at 90 °c
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Figure 4.55 Adsorption of the c 8 aromatics on the K Y  zeolite, LOI=l .2% at 40 ๐c
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Figure 4.56 Adsorption of the c 8 aromatics on the K Y  zeolite, LOI=l .2% at 65 °c
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Figure 4.57 Adsorption of the c 8 aromatics on the K Y  zeolite, LOI=l .2% at 90 °c
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Figure 4.58 Adsorption of the c 8 aromatics on the K Y  zeolite, LOI=2.4% at 40 °c oo00
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Figure 4.59 Adsorption of the Cg aromatics on the K Y  zeolite, LOI=2.4% at 65 °c
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Figure 4.60 Adsorption of the Cg aromatics on the K Y  zeolite, LOI=2.4% at 90 °c



Mo
le 

fra
cti

on
 in

 ad
sor

be
d p

ha
se

Mole fraction in liquid phase

♦  p-xylene A m-xylene □  o-xylene o  ethylbenzene -----Model

Figure 4.61 Adsorption of the c  8 aromatics on the K Y  zeolite, LOI=4.4% at 40 °c
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Figure 4.62 Adsorption of the c s aromatics on the K Y  zeolite, LOI=4.4% at 65 °c
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Figure 4.63 Adsorption of the c x aromatics on the K Y  zeolite, LOI=4.4% at 90 °c
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Figure 4.64 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=l .2% at 40 °c



Mo
le 

fra
cti

on
 in

 ad
sor

be
d p

ha
se

Mole fraction in liquid phase

♦  p-xylene A m-xylene □  o-xylene o  ethylbenzene -----Model

Figure 4.65 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=l .2% at 65 °c



Mo
le 

fra
cti

on
 in

 ad
sor

be
d p

has
e

Mole fraction 111 liquid phase

♦  p-xylene A  m-xylene □  o-xylene o  ethylbenzene -----Model

Figure 4.66 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=l .2% at 90 °c
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Figure 4.67 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=2.5% at 40 °c
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Figure 4.68 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=2.5% at 65 °c
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Figure 4.69 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=2.5% at 90 °c
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Figure 4.70 Adsorption of the Cg aromatics on the K B a X  zeolite, LOI=4.5% at 40 °c
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Figure 4.71 Adsorption of the Cg aromatics on the K B a X  zeolite, LOI=4.5% at 65 °c o
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Figure 4.72 Adsorption of the c 8 aromatics on the K B a X  zeolite, LOI=4.5% at 90 °c
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Figure 4.73 Pulse test on K Y  zeolite, LOI=l .2% at 40 °c p
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Figure 4.74 Pulse test on K Y  zeolite, LOI=l . 2 %  at 6 5  ° c o
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Figure 4.75 Pulse test on K Y  zeolite, LOI=l .2% at 90 °c o
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Figure 4.76 Pulse test on K Y  zeolite, LOI=2.4% at 40 °c รO n
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Figure 4.78 Pulse test on K Y  zeolit, LOI=2.4% at 9 0  ° c ooo
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Figure 4.79 Pulse test on K Y  zeolite, L01=4.4% at 40 °c ô๐



Re
lat

ive
 co

nc
en

tra
tio

n

-X - n-nonane - ethylbenzene ■ p-xylene - m-xylene - 0 -  o-xylene

Figure 4.80 Pulse test on K Y  zeolite, LOI=4.4% at 65 °c o
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Figure 4.81 Pulse test on K Y  zeolite, LOI=4.4% at 90 °c
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