
R E S U L T S  A N D  D I S C U S S I O N
CHAPTER IV

In  th is  w o rk  w ill  fo c u s  o n  th e  c o m m e r c ia l  H Z S M -5  c a ta ly s ts  w h ic h  is 
w id e ly  u s e d  in  th e  in d u s try . I m p o r ta n t  p a r a m e te r s  o f  c a ta ly s t ,  s u c h  a s  c r y s ta l l in i ty ,  
te x tu ra l ,  a n d  a c id  p r o p e r t ie s ,  a re  d e te rm in e d  to  b e  a b le  to  r e la te  th e ir  c a ta ly t ic  a c t iv i ty  
to  th e i r  p r o p e r t ie s .  In  th e  f o l lo w in g  C h a p te r ,  s e v e ra l  te c h n iq u e s  a n d  th e  c a ta ly t ic  
a c t iv i ty  te s t in g  a re  u s e d  to  d e s c r ib e  th e i r  p e r fo rm a n c e .

4 .1  C a t a l y s t  C h a r a c t e r i z a t i o n

4 .1 .1  X - ra y  F lu o r e s c e n c e  (X R F )
T h e  c h e m ic a l  c o m p o s i t io n s  o f  c o m m e r c ia l  H Z S M -5  (S iC b /A L C b  

m o la r  r a t io s  o f  2 3 , 8 0 , 5 0  a n d  2 8 0 )  a n d  m o d if ie d  H Z S M -5  w i th  S iC b /A L C b  m o la r  
ra t io  o f  2 8 0  c a ta ly s ts  a re  d e te rm in e d  b y  X - ra y  f lu o re s c e n c e  ( X R F )  te c h n iq u e .  T h e  
c h e m ic a l  c o m p o s i t io n ,  S i/A l m o la r  r a t io  a n d  th e o r e t ic a l  a c id i ty  a r e  s u m m a r iz e d  in  
T a b le  4 .1 . F ro m  th e  re s u l t s ,  th e  th e o r e t ic a l  a c id i ty  o f  c a ta ly s ts  d e te rm in e d  b a s e d  o n  
th e  n u m b e r  o f  p r o to n s  w a s  a t ta in e d  a c c o rd in g  to  i ts  fo rm u la . T h e  c h e m ic a l

T h e  c h e m ic a l  c o m p o s i t io n s  o f  th e  c h e m ic a l  l iq u id  d e p o s i t io n  (C L D )  
tr e a te d  c a ta ly s ts  w e r e  a n a ly z e d  to  d e c id e  th e  a m o u n t  o f  d e p o s i te d  s i l ic a  a f te r  C L D  
tr e a tm e n t .  T h e  r e s u lt  s h o w e d  th a t  th e  a m o u n t  o f  S iC >2 w i th  1-c y c le  C L D  t r e a tm e n t  is 
in c re a s e  in  th e  a m o u n t  o f  S iC >2 f ro m  th e  p a r e n t  c a ta ly s t  w h ic h  im p ly  th a t  th e  s i l ic a  
d e p o s i t io n  a c h ie v e  o n  th e  e x te rn a l  s u r fa c e . F u r th e rm o r e  2 - c y c le  t r e a tm e n t  s h o w s  th e  
in s ig n if ic a n t  in c re a s e  f ro m  1 - c y c le  t r e a tm e n t

In c a s e  o f  d e a lu m in a te d  c a ta ly s t  ( D e A l-H Z -5 ) ,  th e  c h e m ic a l  
c o m p o s i t io n s  o f  th e  c h e m ic a l  l iq u id  d e p o s i t io n  (C L D )  w a s  e m p lo y e d  to  in v e s t ig a te  
th e  b u lk  S i/A l ra t io . T h e  S iC L /A L C b  m o la r  ra t io  o f  d e a lu m in a te d  c a ta ly s t  c o m p a re d  
to  th e  p a r e n t  c a ta ly s t  is  in c re a s e d  f ro m  2 8 5  to  2 8 9 . It w a s  p r o p o s e d  th a t  s o m e  o f  
f r a m e w o rk  a lu m in u m ( F A I )  b e  a b le  to  e l im in a te  th e  f r a m e w o rk  a n d  le a v in g  o u t  its
s tru c tu re .
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Table 4.1 The chemical composition of the HZSM-5 catalysts investigated

C a ta ly s ts
C h e m ic a l  c o m p o s i t io n  

(w t % )
S i/A l
m o la r
ra tio

S i 0 2/A l20 3 

m o la r  ra t io

T h e o re t ic a l
a c id i ty

( m m o l /g ) aS i 0 2 A I2O 3 N a 20

H Z -5 (2 3 ) 92 .6 1 7 .2 9 0 .1 0 10 .7 8 2 1 .5 6 1 .5 4 5

H Z -5 (5 0 ) 9 6 .7 8 3 .2 2 - 2 5 .4 7 5 0 .9 3 0 .6 6 3
H Z -5 (8 0 ) 98 .0 1 1 .99 - 4 1 .8 8 8 3 .7 5 0 .3 9 7

H Z - 5 ( 2 8 0 ) 9 9 .4 2 0 .6 0 - 1 4 1 .3 7 2 8 5 .0 5 0 .1 1 8
1- c y c le  C L D -  

( 1 .0 ) - H Z -5
99 .4 1 0 .5 8 - 1 4 4 .6 7 2 8 9 .3 5 0 .1 1 4 3

2 - c y c le  C L D -  
( 1 .0 ) - H Z -5

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

D e A l-H Z -5 9 9 .4 1 0 .5 8 - 1 4 4 .9 2 2 8 9 .8 5 0 .1 1 4 1
aC a lc u la te d  v a lu e s  a c c o rc in g to  th e  in fo rm a t io n  f ro m  I n te rn a t io n a l  Z e o l i te
A s s o c ia t io n ( w w w .iz a - o n l in e .o r g )

4 .1 .2  S u r fa c e  A r e a  M e a s u re m e n ts
T h e  te x tu ra l  p r o p e r t ie s  o b ta in e d  f ro m  th e  N 2 a d s o r p t io n - d e s o r p t io n  

a n a ly s e s  o f  th e  p a r e n t  c a ta ly s t  (H Z -5 (2 8 0 ) )  a n d  C L D  tr e a te d  H Z S M -5  c a ta ly s ts  a re  
p r e s e n te d  in  T a b le  4 .2 . It w a s  fo u n d  th a t  th e  B E T  s u r fa c e  a re a , to ta l  p o re  v o lu m e , 
a n d  m ic r o p o r e  v o lu m e  w e re  d e c re a s e d  w i th  in c re a s in g  T E O S  lo a d in g  w h e re a s  a 
m ic r o p o r e  v o lu m e - to - to ta l  p o re  v o lu m e  (M /T )  r a t io  w a s  in c re a s e d  d u e  to  th e  
n a r r o w in g  o r  b lo c k in g  o f  th e  p o re  o p e n in g  o f  th e  z e o l i te  (C e jk a  et al., 1 9 9 6 ).

In  c a s e  o f  d e a lu m in a te d  c a ta ly s t  (D e A l-H Z -5 ) ,  th e  d e a lu m in a te d  
c a ta ly s t  (D e A l-H Z -5 )  p o s s e s s e d  lo w e r  a ll p r o p e r t ie s  th a n  th e  p a r e n t  c a ta ly s t  (H Z -5 )  
d u e  p r o b a b ly  to  th e  p a r t ia l  c o l la p s e s  o f  c ry s ta l l in e  s t r u c tu r e  a s  a lu m in u m  a to m s  w e re  
e x t ra c te d  f ro m  th e  f r a m e w o rk  b y  th e  d e a lu m in a t io n  p r o c e s s  ( M u l le r  et al., 2 0 0 0 ) .

http://www.iza-online.org
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Table 4.2 Textural properties of the parent and modified catalysts

C a ta ly s t
S u r fa c e

a re a
( m 2/g )

T o ta l p o re  
v o lu m e (T )  

( c m 3/g )

M ic ro p o r e  v o lu m e ( M ) *  
( c m 3/g )

M /T
ra tio

H Z -5  (2 8 0 ) 4 3 2 0 .2 7 5 0 .1 7 7 0 .6 4
1-c y c le  C L D  ( 1 .0 ) - H Z -5 4 1 2 0 .2 5 1 0 .1 7 1 0 .6 8
1-c y c le  C L D  (2 .0 ) -H Z -5 3 4 4 0 .2 0 8 0 .1 4 4 0 .6 9

2 - c y c le  C L D  (1 .0 ) -H Z -5 3 6 4 0 .2 1 6 0 .1 5 5 0 .7 2

3 - c y c le  C L D  (1 .0 ) -H Z -5 3 5 0 0 .1 9 6 0 .1 5 1 0 .7 7
D e A l-H Z -5 3 5 0 0 .2 2 2 0 .1 4 2 0 .6 4

* U s in g  t - p lo t  m e th o d

4 .1 .3  X - ra y  D i f f r a c t io n  (X R D )
X R D  p a t te r n s  fo r  th e  p a re n t  H Z S M -5  a n d  m o d if ie d  H Z S M -5  a re  

in v e s t ig a te d  a n y  c h a n g e  in  th e  c r y s ta l l in e  s t r u c tu r e  o f  th e  s a m p le s  a s  s h o w n  in  F ig u re  
4 .1 . A  r e la t iv e  c r y s ta l l in i ty  fo r  e a c h  s a m p le  w a s  d e te rm in e d  b a s e d  o n  th e  s u m  o f  
p e a k  in te n s i t ie s  b e tw e e n  2 2 °  a n d  2 5 °  in  th e  X R D  p a t te r n s  (Y o u  a n d  P a rk  2 0 1 4 ) .  T h e  
s c a n n in g  r e g io n  o f  th e  d i f f r a c t io n  a n g le  2 9  w a s  5 to  4 0 ° , w h ic h  c o v e re d  m o s t  o f  th e  
s ig n if ic a n t  d i f f r a c t io n  p e a k  o f  th e  z e o l i te .  It c a n  b e  s e e n  th a t  th e  X R D  p a t te r n s  a n d  
r e la t iv e  c r y s ta l l in i ty  o f  th e  m o d if ie d  H Z S M -5  v ia  C L D  t r e a tm e n t  w e r e  n e a r ly  
u n c h a n g e d  a f te r  b e in g  tr e a te d  w i th  T E O S . A l th o u g h  s i l ic a  d e p o s i t io n  o c c u r r e d  o n  th e  
e x te rn a l  o r  in t r a - c r y s ta l l in e  s u r fa c e  o f  z e o l i te ,  th e  C L D  tr e a tm e n t  o f  T E O S  d id  n o t 
in f lu e n c e  o n  its  f r a m e w o rk  s tru c tu re .
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F i g u r e  4 .1  X R D  p a t te r n s  o f  (a )  H Z - 5 ( 2 8 0 )  (b )  1- c y c le  C L D ( 0 .5 ) -H Z - 5 ,  ( c )  1-c y c le  
C L D (  1,0 ) - H Z - 5 , (d )  1 - c y c le  C L D (  1,5 ) -H Z -5 , (e )  1 - c y c le  C L D (2 .0 ) -H Z - 5 ,  ( f )  D e A l-  
H Z -5  (2 8 0 ) .

B y  c o m p a r in g  th e  X R D  p a t te r n s  o f  th e  p a r e n t  H Z S M -5  (H Z -5 )  a n d  
d e a lu m in a te d  H Z S M -5  (D e A l-H Z -5 )  c a ta ly s ts ,  th e y  a re  s im ila r  e x c e p t  th a t  th e  D e A l-  
H Z -5  e x h ib i te d  a  r e la t iv e ly  lo w e r  in te n s i ty  im p ly in g  th a t  th e  c ry s ta l  s t r u c tu r e  o f  th e  
c a ta ly s ts  ty p ic a l ly  r e m a in e d  u n c h a n g e d  w h e re a s  th e re  w e r e  p r o b a b ly  m o r e  d e fe c t  
s i te s  p r e s e n t  in  th e  D e A l-H Z -5  a s  in d ic a te d  b y  th e  r e la t iv e ly  d e c r e a s e d  c r y s ta l l in i ty  
o f  ca . 7 4 %  a s  p r e s e n te d  in  T a b le  4 .3 . T h e  o b s e rv e d  p h e n o m e n o n  w a s  a lso  
c o r r e s p o n d e d  to  its  d e c r e a s e  in  m ic r o p o r e  v o lu m e  w h ic h  in  tu rn  r e s u l te d  in  
d e c r e a s in g  its  s u r fa c e  a re a  s ig n if ic a n tly .
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Table 4.3 Relative crystallinity of the parent HZSM-5 and modified HZSM-5

C a t a l y s t R e l a t iv e  c r y s t a l l i n i t y ( % )
H Z -5 (2 8 0 ) 10 0

1- c y c le  C L D (0 .5 ) -H Z - 5 9 7 .4 7
1 - c y c le  C L D (1 .0 ) -H Z - 5 8 6 .0 1

1- c y c le  C L D (1 .5 ) -H Z - 5 8 9 .3 0
1 - c y c le  C L D (2 .0 ) -H Z - 5 8 6 .0 8
2 - c y c le  C L D (1 .0 ) -H Z - 5 86 .3 1

D e A l-H Z -5 7 4 .3 6

4 .1 .4  S c a n n i n g  E l e c t r o n  M i c r o s c o p y  ( S E M )
F ig u r e  4 .2  s h o w s  S E M  im a g e s  o f  th e  p a r e n t  H Z M S -5  ( H Z -5 )  a n d  

C L D  t r e a te d  c a ta ly s ts  w i th  v a r y in g  a m o u n t  o f  T E O S  a n d  c y c le  o f  t r e a tm e n t .  It c a n  b e  
s e e n  th a t  th e  s t r u c tu r e s  o f  th e  c o m m e r c ia l  a n d  th e  m o d if ie d  H Z S M -5  v ia  C L D  
t r e a tm e n t  w e r e  c lo s e  to  b e  s p h e r ic a l  in  s h a p e  a n d  h a d  a  c r y s ta l  s iz e  o f  a p p r o x im a te ly  
2 p m . H o w e v e r ,  th e  c r y s ta l l in e  p a r t ic le s  w e re  a g g re g a te d  w ith  in c re a s in g  b o th  th e  
T E O S  lo a d in g  a n d  th e  c y c le  o f  t r e a tm e n t  w h ic h  c o u ld  b e  a s c r ib e d  to  th e  s i l ic a  
n e tw o rk  f o rm e d  b y  d e p o s i t io n  o n  th e  e x te rn a l  o r  in t r a - c r y s ta l l in e  s u r f a c e  o f  z e o l i te .  
A t a  g iv e n  c o n c e n t r a t io n  o f  T E O S , d o u b le  c o n c e n t r a t io n  c a n  c a u s e  th e  c r y s ta l l in e  
p a r t ic le s  to  a g g re g a te  m o r e  th a n  d o u b le  c y c le s  o f  t r e a tm e n t  a s  o b s e rv e d  in  F ig u re s  
4 .2 ( e )  a n d  4 .2 ( f ) ,  r e s p e c tiv e ly .

TM3000_0540 NL D5 1 x10k 10 um TM3000_0546 NI D5.1 x10k 10 um
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F ig u r e  4 .2  S E M  im a g e s  o f  th e  p a r e n t  a n d  m o d f ie d  H Z S M -5  c a ta ly s ts  (a )  H Z -5 (2 8 0 )  
(b )  1- c y c le  C L D ( 0 .5 ) -H Z - 5 ,  (c )  1 - c y c le  C L D (1 .0 ) -H Z - 5 ,(d )  1- c y c le  C L D ( 1 .5 ) -H Z - 5 ,  
(e )  1- c y c le  C L D ( 2 .0 ) -H Z - 5 ,  ( f)  2 - c y c le  C L D (1 ,0 ) -H Z - 5 .

4 .1 .5  T P D  o f  I s o p r o p y la m in e  ( IP A - T P D )  a n d  A m m o n ia  ( N H t- T P D )
In  o r d e r  to  u n d e r s ta n d  th e  e f fe c ts  o f  th e  d i f f e r e n t  m o d if ic a t io n  

m e th o d s  o n  th e  a c id i ty  p r o p e r ty  o f  th e  H Z S M -5  z e o l i te  c a ta ly s ts ,  I P A -T P D  a n d  N H 3- 
T P D  te c h n iq u e  a re  u s e d  to  in v e s t ig a te  th e  B ro n s te d  a c id  s ite s  a n d  T o ta l  a c id i ty  w h ic h  
is  a n  im p o r ta n t  f a r to r  a f f e c t in g  to  a c t iv i t i ty  a n d  s e le c t iv i ty  o f  th e  r e a c t io n .  F ro m  
T a b le  4 .4  p r e s e n ts  th e  a c id i ty  m e a s u r e d  fo r  th e  c a ta ly s ts  in v e s t ig a te d  in  t e n u s  o f  
B r o n s te d  a c id  s ite s , L e w is  a c id  s i te s ,  a n d  to ta l  a c id ity . T h e  t r e a tm e n t  b y  T E O S  o n  th e  
p a r e n t  H Z S M -5  r e s u l te d  in  d e c r e a s in g  L e w is  a c id  s i te s  s ig n if ic a n t ly ,  th u s  to ta l  
a c id i ty . H o w e v e r ,  th e  L e w is  o n e s  w e r e  in s ig n i f ic a n t ly  in v a r ia n t  w h e re a s  th e
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B r o n s te d  o n e s  w e r e  d e c l in e d  a s  a n  in c re a s e  in  T E O S  lo a d in g . It c o u ld  b e  im p lie d  th a t  
th e  e x te rn a l  a c id  s ite s  o f  th e  p a r e n t  H Z S M -5  w e re  d e a c t iv a te d  b y  s i l ic a  d e p o s i t io n .

T a b l e  4 .4  D e te rm in a t io n  o f  a c id i ty  ty p e s  fo r  th e  p a r e n t  a n d  C L D  t r e a te d  H Z S M -5  
c a ta ly s ts

C a ta ly s t
B ro n s te d  a c id L e w is  a c id  s ite T o ta l  a c id i ty
s i te  (p m o l/g ) ( p m o l/g ) ( p m o l/g )

H Z -5 (2 8 0 ) 5 2 .0 6 6 .0 1 1 8 .0

C L D (0 .5 ) -H Z - 5 5 0 .3 2 1 .3 7 1 .6

C L D (1 .0 ) -H Z - 5 4 6 .4 19 .6 6 6 .0

C L D (1 .5 ) -H Z - 5 3 9 .9 2 0 .1 6 0 .0

C L D (2 .0 ) -H Z - 5 3 5 .7 2 3 .0 5 8 .7

In  T a b le  4 .5 , a n  in c re a s e  in  L e w is  a c id  s i te  a t th e  s a m e  t im e  a  d e c r e a s e  
in  B ro n s te d  a c id  s i te  w e r e  o b s e rv e d  fo r  th e  d e a lu m in a te d  c a ta ly s t  ( D e A l-H Z -5 )  w h e n  
c o m p a re d  to  th e  p a r e n t  o n e  y ie ld in g  its  B ro n s te d  a c id  s i t e - to -L e w is  a c id  s i te  (B /L )  
r a t io  to  d e c l in e  b y  ca . 1 0 0 % . It is  p o s tu la te d  th a t  b y  d e a lu m in a t io n  o f  th e  p a re n t  
H Z S M -5  ( H Z -5 )  w ith  o x a l ic  a c id  th e  a lu m in u m  a to m s  in  f r a m e w o rk  a t e x te rn a l  
s u r fa c e  w e r e  e x t ra c te d  to  fo rm  e x t r a  f r a m e w o rk  a lu m in u m  (E F A 1 ) s p e c ie s  w ith  
p a r t ia l  le a v in g  its  c ry s ta ls .

T a b l e  4 .5  D e te rm in a t io n  o f  a c id i ty  ty p e s  fo r  th e  p a r e n t  a n d  d e a lu m in a te d  H Z S M -5  
c a ta ly s ts

C a ta ly s t
B ro n s te d  a c id  

s i te  (B )  
( p m o l/g )

L e w is  a c id  
s i te  (L )  

( p m o l/g )

T o ta l  a c id i ty  
( p m o l/g )

B /L  ra t io

H Z -5 (2 8 0 ) 5 2 .0 6 6 .0 1 1 8 .0 0 .7 9

D e A l-H Z -5 2 8 .9 76 .1 1 0 5 .0 0 .3 8
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4 .1 .6  27A 1 -M A S /N M R  s p e c t ra
T o  o b ta in  fu r th e r  in fo rm a t io n  o n  th e  c h e m ic a l  e n v i r o n m e n t  o f  th e  

a lu m in u m  a to m s  in  th e  z e o l i te ,  27A 1 -M A S /N M R  s p e c t r a  w e r e  m e a s u r e d  a n d  a re  
s h o w n  in  F ig u r e  4 .3 . F ra m e w o r k  A lu m in u m  s p e c ie s  (FA 1) a r e  t e t r a h e d r a l ly  
c o o rd in a te d  (A 1IV), a n d  th e  c o r r e s p o n d in g  s ig n a l h a s  a c h e m ic a l  s h if t  o f  5 0  to 7 5  p p m . 
S in c e  th e re  w e r e  A1 a to m s  o r ig in a t in g  f ro m  o c ta h e d r a l ly  c o o rd in a te d  ( A lx ') 
c o n n e c te d  to  th e  e x t r a - f r a m e w o rk  a lu m in u m  (E F A 1 ), a  p e a k  a t  a  c h e m ic a l  s h if t  o f  -5  
to  10 p p m  w a s  o b s e rv e d  in  th e  2 7 A 1 -M A S /N M R  s p e c tra . B e s id e s ,  a  s o m e w h a t  
b r o a d e r ,  le s s  in te n s e  r e s o n a n c e  a ro u n d  2 5 -5 0  p p m  w a s  a ls o  o b s e rv e d ,  in d ic a t in g  th e  
p r e s e n c e  o f  A lv a to m s  a s  w e ll  a s  d is to r te d  te t r a h e d r a l ly  c o o rd in a te d  A1 a to m s  in  th e  
EFA 1 s p e c ie s  (X u  et al., 2 0 0 7 ) . . FA1 a n d  EFA 1 s p e c ie s  a re  r e p r e s e n t  to  B r o n s te d  a c id  
s i te  a n d  L e w is  a c id  s i te  r e s p e c t iv e ly ,  w h ic h  w e r e  e s t im a te d  o n  th e  b a s is  o f  th e  
in te g ra te d  in te n s i ty  o f  th e  A1IV, A lvl a n d  A T  p e a k  in  th e  2 7 A 1 -M A S /N M R  s p e c t ra  
w h ic h  s h o w  in  T a b le  4 .6 .

A s  th e  r e s u lt ,  th e  p a r e n t  c a ta ly s t  s h o w  a  s t r o n g  p e a k  a ro u n d  5 5 - 7 0  
p p m  a n d  a  v e r y  w e a k  p e a k  a t 0  p p m  w h ic h  a s s ig n e d  to  o c ta h e d r a l ly  c o o rd in a te d  o r  
E FA 1 s p e c ie s  th a t  w e r e  f o n n e d  d u r in g  th e  c a lc in a t io n . A f te r  C L D  tr e a tm e n t ,  th e  27A1- 
M A S /N M R  s p e c t r a  s h o w  th e  d e c r e a s e  o f  p e a k  a re a  a t c h e m ic a l  s h if t  5 0  to  7 0  p p m  
a n d  in c re a s e  o f  E FA 1 s p e c ie s  w ith  s im ila r ly  in  to ta l  p e a k  a re a  c o m p a re d  to  th e  p a r e n t  
c a ta ly s t .  B e c a u s e  o f  E FA 1 s p e c ie s  w h ic h  f o n n e d  d u r in g  th e  c a lc in a t io n  (F a n  et al.,
2 0 0 7 )  s ti ll  r e m a in  in  th e  z e o l i te  s tru c tu re .  C o r r e s p o n d in g  to  its  a c id i ty  th e  L e w is  a c id  
s i te  a re  s ig n if ic a n t  d e c r e a s e d  a f te r  C L D  t r e a tm e n t  w h e re a s  th e  EFA 1 s p e c ie s  a re  
in c re a s e d  th is  m ig h t  b e  th e  s i l ic a  d e p o s i t io n  c o u ld  b u ry  th e  E F A L  s p e c ie s .

In  c a s e  o f  d e a lu m in a te d  c a ta ly s t ,  It c a n  b e  s e e n  th a t  th e  p e a k  a re a  a t 
c h e m ic a l  s h i f t  5 0  to  7 5  p p m  w h ic h  r e p r e s e n te d  F A I s p e c ie s  is  d e c r e a s e d  f ro m  3 0 0 0  
to  2 3 0 0  d u e  to  th e  e x t r a c t io n  o f  a lu m in u m  a to m  f ro m  its  f r a m e w o rk  a n d  a lm o s t  
le a c h in g  o u t f ro m  th e  z e o l i te  s t r u c tu r e  a s  s e e  in  th e  d e c r e a s in g  o f  p e a k  a re a  a t 
c h e m ic a l  s h if t  - 5 -1 0  a n d  2 0 -3 5  p p m .
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^ โ , H Z - 5 ( 2 8 0 )

A K __. y? D e A l- H Z - 5

!
, 11............................. ........1./

" ะ;vu.

Chemical Shift ( ppm )

F ig u r e  4 .3  27A 1 -M A S /N M R  s p e c t ra  o f  p a r e n t  a n d  m o d if ie d  H Z S M -5  c a ta ly s ts

C L D ( 1 0 ) -H Z -5

T a b l e  4 .6  A lu m in u m  c o o rd in a te d  fo rm a t io n  o f  p a r e n t  a n d  m o d if ie d  c a ta ly s ts

H Z -5  (2 8 0 ) A re a S u m  o f  A re a %  A re a F A 1/E F A 1 r a t io
F A I P e a k  a t 5 0 -7 0  p p m 3 0 2 6 .7 2

4 1 3 2 .3 7
7 3 .2 4

2 .7 4
E F A I

P e a k  a t -5 -1 0  p p m 1 0 0 1 .2 7
2 6 .7 6

P e a k  a t 2 0 -3 5  p p m 1 0 4 .3 8
D e A l-H Z -5 A re a %  A r e a %  A r e a F A 1/E F A 1 r a t io

F A I P e a k  a t  5 0 -7 0  p p m 2 2 8 2 .8 2
3 1 9 3 .1 1 3

7 1 .4 9
2 .5 0

E F A I
P e a k  a t -5 -1 0  p p m 7 0 5 .2 8

2 8 .5 1
P e a k  a t  2 0 -3 5  p p m 2 0 5 .0 2

C L D (1 .0 ) -H Z - 5 A re a S u m  o f  A r e a %  A r e a F A 1/E F A 1 ra t io

F A I P e a k  a t 5 0 -7 0  p p m 2 6 8 8 .7 2
4 2 2 3 .3 5

6 3 .6 6
1 .75

E F A I
P e a k  a t -5 -1 0  p p m 1 0 5 3 .8 4

3 6 .6 4
P e a k  a t 2 0 -3 5  p p m 4 8 0 .8 0
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4 .2  C a t a l y t i c  A c t iv i ty  T e s t i n g

T o  e n h a n c e  p - x y le n e  s e le c t iv i ty  in  to lu e n e  a lk y la t io n  w i th  m e th a n o l  u s in g  
H Z S M -5  c a ta ly s ts .  T h e  e f fe c ts  o f  S iC ri/A L C b  m o la r  r a t io s  o n  p - x y le n e  s e le c t iv i ty  a re  
s tu d ie d  o v e r  p a r e n t  H Z S M -5  z e o l i te s  a t  to lu e n e  to  m e th a n o l  r a t io  o f  4  , w e ig h t  h o u r ly  
s p a c e  v e lo c i ty  o f  2 4  IT 1, a n d  te m p e ra tu re  o f  4 0 0  °c.

T h e  m o s t  a c t iv e  c o m m e r c ia l  H Z S M -5  z e o l i te  w a s  m o d if ie d  b y  s i ly la t io n  v ia  
c h e m ic a l  l iq u id  d e p o s i t io n  (C L D )  w i th  te t r a e th y l  o r th o s i l ic a te  ( T E O S )  in  r a n g e  o f  
0 .5 - 2 .0  m l .g '1, C L D  c y c le  n u m b e r  in  r a n g e  o f  1-3 c y c le , o r  d e a lu m in a t io n  w i th  o x a lic  
a c id .

4 .2 .1  E f fe c t  o f  S iC ri/A L Cb M o la r  R a tio
A  to ta l  o f  f o u r  H Z S M -5  z e o l i te s  (S iC T /A L C f =  2 3 , 5 0 , 8 0 , 2 8 0 )  w e r e  

u s e d , r e s p e c t iv e ly ,  fo r  th e  to lu e n e  a lk y la t io n  w i th  m e th a n o l .  F ig u re  4 .3  s h o w s  th e  
e f fe c t  o f  d i f f e r e n t  S iC T /A L C f m o la r  ra t io s  o n  c o n v e r s io n  o f  f e e d s to c k  a n d  p - x y le n e  
s e le c t iv i ty  in  l iq u id  p ro d u c ts .  T h e  p - x y le n e  s e le c t iv i ty  t r e n d s  to  in c re a s e  w ith  
in c re a s in g  S iC ri/A L C b  ra t io , th e re  is  a  s ig n if ic a n t  in c re a s e  in  p - x y le n e  s e le c t iv i ty  o n  
H Z S M -5  w i th  S iC F /A L C f  m o la r  ra t io  o f  2 8 0 . H Z S M -5  w i th  S iC ri/A L C b  m o la r  ra t io  
o f  2 8 0  e x h ib i ts  th e  h ig h e s t  p - x y le n e  s e le c t iv i ty  in  l iq u id  p r o d u c ts  o f  6 6 .8 3  w t% , o n  
th e  o th e r  h a n d , to lu e n e  a n d  m e th a n o l  c o n v e r s io n s  tr e n d  to  in c re a s e  w i th  d e c r e a s in g  
S iC F /A L C f  m o la r  r a t io s  c o r r e s p o n d in g  to  th e  a m o u n t  o f  s t r o n g  a c id  s i te s  w h ic h  c a n  
le a d  to  h ig h e r  p r o b a b i l i ty  fo r  th e  u n d e s i r e d  r e a c t io n s  s u c h  a s  to lu e n e  
d i s p r o p o r t io n a t io n  to  x y le n e s  a n d  b e n z e n e  (Z h u  et al., 2 0 0 6 )  , i s o m e r iz a t io n  o f  p -  
x y le n e  to  /71-xylene w h ic h  o c c u r r e d  m u c h  e a s ie r  th a n  a lk y la t io n  (L iu  et al., 2 0 1 0 ) . 
T h e  p r o d u c t  d is t r ib u t io n  f ro m  T a b le  4 .3  im p l ie d  th a t  a  lo w e r  S iC ri/A L C b  m o la r  ra t io  
o f  H Z S M -5  p r o d u c e d  m o re  u n d e s i re d  p r o d u c ts  in  s u c h  a  r e a c t io n .
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F i g u r e  4 .4  E f fe c t  o f  S iC b /A E C E  m o la r  r a t io  o n  to lu e n e  c o n v e r s io n , m e th a n o l  
c o n v e r s in  a n d  p - x y le n e  s e le c t iv i ty  in  p r o d u c ts  o v e r  H Z S M -5 ; r e a c t io n  te m p e ra tu re  
4 0 0  °c, to lu e n e  to  m e th a n o l  m o la r  r a t io  o f  4 , W H S V  =  2 4  IT1, a n d  T O S  =  3 7 5  m in .

T a b l e  4 .7  P ro d u c t  d i s t r ib u t io n  fo r  v a r io u s  S iC b /A E C E  m o la r  ra t io ;  r e a c t io n  
te m p e r a tu r e  4 0 0  °c to lu e n e  to  m e th a n o l  m o la r  r a t io  o f  4 , W H S V  =  2 4  h ’1, a n d  
T O S  =  3 7 5  m in

S i 0 2/ A E 0 3 
m o la r  ra t io

P ro d u c t  d i s t r ib u t io n  (w t % )

p-
X y le n e

m-
X y le n e

O -X y le n e B Z T M B s a E B O th e r b

23 18 .65 3 6 .4 8 1 5 .2 2 3 .5 3 6 .4 0 0 .3 7 1 9 .3 4
5 0 2 0 .2 7 4 0 .1 2 16 .5 2 0 .8 0 7 .3 9 0 .2 6 14 .63

8 0 2 1 .3 1 4 3 .0 2 18 .8 5 0 .31 9 .7 0 0 .11 6 .7 0

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

a T M B s  =  1 ,2 ,3  T r im e t r y lb e n z e n e  a n d  1 ,2 ,4  T r im e th y l วe n z e n e
b O th e r  =  E th y lm e th y lb e n z e n e ,  C 9 +
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F ro m  th e  p r e v io u s  w o rk  J i r a p o n  T e c h a j i r a n o n  in v e s t ig a te d  th e  
s y n th e s iz e d  H Z S M -5  c a ta ly s ts  w i th  S iC b /A B O  ra t io  o f  9 0  a n d  180 . T h e  c a ta ly t ic  
te s t in g  r e s u l t s  a r e  s u m m a r iz e d  in  T a b le  4 .7 . T h e  H Z 5 A  c a ta ly s ts  w i th  S iC b /A B O  
r a t io  o f  9 0  s h o w e d  th e  h ig h e r  b o th  to lu e n e  a n d  m e th a n o l  c o n v e r s io n  th a n  th e  H Z 5 B 4  
c a ta ly s t  w i th  S iC b /A B O  ra t io  o f  18 1 , b u t  g iv e  le s s  s e le c t iv i ty  to  p - x y le n e .  T h is  re s u l t  
a s s u re d  th a t  th e  H Z S M -5  c a ta ly s t  w i th  lo w e r  a c id i ty  (a  h ig h e r  S iC b /A B O  ra t io )  
r e s u l t in g  in  h ig h e r  /7 -x y le n e  s e le c t iv i ty .

T a b l e  4 .8  C o m p a r i s o n  o f  s y n th e s iz e d  c a ta ly s ts  ( T e c h a j i r a n o n  .et al 2 0 1 2 )  w ith  
S iC b /A B O  r a t io  o f  9 0  a n d  181 o n  c o n v e r s io n , a n d  p r o d u c t  d is t r ib u t io n ;  r e a c t io n  
te m p e r a tu r e  o f  4 0 0  °c, to lu e n e  to  m e th a n o l  m o la r  r a t io  o f  4 , W H S V  =  2 4  IT 1, a n d  
T O S  =  3 7 5  m in

S iC b /A B C b  
m o la r  ra tio

C o n v e r s io n  (% ) P ro d u c t  d is t r ib u t io n  (w t % )

T o lu e n e M e th a n o l p-
X y le n e

m-
X y le n e

o-
X y le n e

T M B s a

H Z 5 A (9 0 ) 2 2 .2 0 100 2 9 .0 9 4 1 .4 4 16 .0 3 1 3 .4 4

H Z 5 B 4 ( 1 8 1 ) 1 4 .6 4 9 1 .7 78 .6 1 9 .9 7 5 .6 0 5 .81

T h e  p a r e n t  c a ta ly s ts  w e r e  a n a ly z e d  b y  T P O  te c h n iq u e  to  o b s e r v e  th e  
c o k e  f o rm a t io n . F ig u r e  4 .6  i l lu s t r a te s  th e  c o m p a r i s o n  o f  T P O  p r o f i le s  b e tw e e n  th e  
v a r io u s  S i0 2 / 'A l20 3  m o la r  r a t io  o f  p a r e n t  c a ta ly s ts .  A s  c a n  b e  s e e n , th e  T P O  p r o f i le s  
te n d e d  to  fo rm  s o f t  c o k e  in s te a d  o f  h a rd  c o k e  a s  S i0 2 /A l2 0 3  m o la r  r a t io  o f  H Z S M -5  
w a s  in c re a s e d . F ro m  T a b le  4 .8 , th e  a m o u n t  o f  c a rb o n  d e p o s i t io n  o f  p a r e n t  c a ta ly s t  
w e r e  7 .0 1 % , 5 .1 0  a n d  3 .8 7 %  fo r  H Z - 5 ( 2 3 ) ,  H Z -5 (8 0 )  a n d  H Z - 5 ( 2 8 0 ) ,  r e s p e c t iv e ly .  
T h e  a m o u n t  o f  c a r b o n  d e p o s i t io n  w a s  in c re a s e d  w ith  d e c r e a s in g  S iC b /A B C b  m o la r  
r a t io  c o r r e s p o n d  to  th e  n u m b e r  o f  a c id  s ite s  w h ic h  c a n  le a d  to  h ig h e r  p r o b a b i l i t y  fo r  
th e  c o k e  f o rm a t io n .
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F ig u r e  4 .5  T P O  p r o f i le s  o f  p a r e n t  H Z S M -5  w ith  v a r io u s  S iC b /A E C E  m o la r  r a t io s  o f  
H Z - 5 ( 2 3 ) ,  H Z - 5 ( 8 0 ) ,  a n d  H Z -5 (2 8 0 ) .

T a b l e  4 .9  T h e  a m o u n t  o f  c a r b o n  d e p o s i t io n  o n  th e  p a r e n t  H Z S M -5  w i th  v a r io u s  
S iC b /A E C E  m o la r  r a t io s  a f te r  3 7 5  m in  o n  s tre a m

C a ta ly s ts
A m o u n t  o f  c a rb o n  d e p o s i t io n  

(w t.% )
H Z -5 (2 3 ) 7.01
H Z -5 (8 0 ) 5 .1 0

H Z -5 (2 8 0 ) 3 .8 7

It is  o b v io u s  th a t  th e  H Z S M -5  c a ta ly s t  w i th  S iC b /A E C E  m o la r  r a t io  o f  
2 8 0  w a s  o b s e rv e d  to  b e  m o s t  s u i ta b le  in  t e n u s  o f  s e le c t iv i ty  to  /7 -x y le n e  a n d  lo w  c o k e  
f o n u a t io n .

4 .2 .2  E ffe c t o f  T E Q S  L o a d in g
T h e  p a r e n t  H Z S M -5  w i th  S iC b /A E C b  m o la r  r a t io  o f  2 8 0  w a s  

m o d if ie d  v ia  C L D  t r e a tm e n t  w i th  T E O S . T h e  e f fe c t  o f  th e  a m o u n t  o f  T E O S  o n  p- 
x y le n e  s e le c t iv i ty  a n d  to lu e n e  c o n v e r s io n  is  s h o w n  in  F ig u re  4 .5 . It c a n  b e  s e e n  th a t  
th e  para-xy le n e  s e le c t iv i ty  w a s  re a c h e d  its  m a x im u m  w h e re a s  th e  to lu e n e  c o n v e r s io n
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w a s  d e c r e a s e d  w i th  in c re a s in g  a m o u n t  o f  T E O S . T h e  T E O S  e m p lo y e d  in  e x c e s s  o f  1 
m l /g  o f  c a ta ly s t  r e s u l te d  in  d e c r e a s in g  in  para-xylene s e le c t iv i ty .  T h e  h ig h e s t  para- 
xylene s e le c t iv i ty  o f  ca . 81 %  w a s  a c h ie v e d  w i th  th e  to lu e n e  c o n v e r s io n  o f  ca . 8 %  at 
400 °c, W H S V  o f  24 h '1, to lu e n e - to - m e th a n o l  m o la r  r a t io  o f  4:1, a n d  T O S  o f  3 7 5  
m in . T h is  m ig h t  b e  b e c a u s e  a  la y e r  o f  in e r t  s i l ic a  d e p o s i te d  o n to  th e  e x te rn a l  s u r fa c e  
o f  H Z -5  c ry s ta ls  d e a c t iv a te d  th e  e x te rn a l  a c id  s ite s  w h ic h  a re  a c t iv e  f o r  th e  
i s o m e r iz a t io n  o f  p - x y le n e  to  th e  u n d e s i re d  p ro d u c ts ;  h o w e v e r ,  th e  e x c e s s  o f  T E O S  
m ig h t  c a u s e  th e  fo rm a t io n  o f  a n  u n e v e n  s i l ic a  la y e r  b lo c k in g  th e  p o re  o p e n in g ,  a n d  
th u s  r e s u l te d  in  a  lo w e r  s h a p e - s e le c t iv i ty  (H u i el ai, 2011).

90.00
80.00
70.00 พ

น
60.00 I
50.00 ■“
40.00 I
30.00 Ï
20.00 *  

à
10.00 

0.00

A m ou n t o f  T E O S  (m l/g  o f  ca ta lyst)

F ig u r e  4 .6  E f fe c t  o f  T E O S  lo a d in g  o n  (■  ) to lu e n e  c o n v e r s io n  a n d  ( ) s e le c t iv i ty  in  
p r o d u c ts  o v e r  H Z -5 ;  r e a c t io n  te m p e ra tu re  4 0 0  °c, to lu e n e  to  m e th a n o l  m o la r  r a t io  o f  
4 , W H S V  =  2 4  h ' 1, a n d  T O S  =  3 7 5  m in .

Comparison of product distributions for the catalysts obtained before
and after CLD treatment is presented in Table 4.9. Evidently, the decline of external
acid sites after CLD treatment influenced on increasing /?-xylene selectivity because
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th e  is o m e r iz a t io n  a c t iv i ty  o f  p - x y le n e  to  m -x y le n e , o - x y le n e  w h ic h  ty p ic a l ly  fo rm e d  
a t th e  e x te rn a l  s u r f a c e  w a s  d e c r e a s e d  a f te r  C L D  tr e a tm e n t .

T a b l e  4 .1 0  P ro d u c t  d is t r ib u t io n  fo r  th e  p a r e n t  a n d  C L D  t r e a te d  H Z S M -5  c a ta ly s ts ;  
r e a c t io n  te m p e r a tu r e  4 0 0  °c to lu e n e  to  m e th a n o l  m o la r  r a t io  o f  4 , W H S V  =  2 4  h ' 1, 
a n d  T O S  =  3 7 5  m in

Catalyst
Product distribution (wt %) /;-xylene 

selectivity 
in xylenes

p -
Xylene

m -
Xylene

0 -
Xylene BZ TMBsa EB Ethylmethyl

benzene C9+

HZ-5(280) 66.83 13.70 8.38 0.10 6.63 0.16 2.15 1.87 75.17
CLD(0.5)-

HZ-5 79.97 8.09 3.67 0.11 4.99 0.14 1.44 1.41 87.18

CLD(l.O)-
HZ-5 81.39 6.45 3.00 0.16 3.34 0.18 3.24 2.10 89.59

CLD( 1.5)- 
HZ-5 79.92 8.74 4.97 0.11 3.13 0.13 1.76 1.08 85.35

CLD(2.0)-
HZ-5 75.21 8.80 4.38 0.20 2.14 0.26 6.59 2.26 75.82

a T M B s  =  1 ,2 ,3  T r im e th y lb e n z e n e  a n d  1 ,2 ,4  T r im e th y lb e n z e n e

4 .2 .3  E f fe c t  o f  C L D  T re a tm e n t  C y c le
T h e  e f fe c t  o f  C L D  t r e a tm e n t  c y c le  o n  to lu e n e  a n d  m e th a n o l  

c o n v e r s io n s ,  a n d  p r o d u c t  s e le c t iv i ty  w a s  s tu d y  o n  C L D  ( 1,0 ) -H Z -5  w h ic h  e x h ib i te d  
th e  h ig h e s t  p -  x y le n e  s e le c t iv i ty  c o m p a re d  to  th e  o th e r  a m o u n t  o f  T E O S  lo a d in g  o n  
H Z -5  c a ta ly s ts .  F ro m  F ig u re  4 .7  it c o u ld  b e  s e e n  th a t  th e  p a r a - x y l e n e  s e le c t iv i ty  
r e a c h e d  o p t im u m  w i th  tw o - c y c le  o f  C L D  tr e a tm e n t .  T h e  p - x y le n e  s e le c t iv i ty  
in c re a s e d  w ith  o n e -c y c le  o f  C L D  t r e a tm e n t  f ro m  8 1 .3 9  to  8 4 .8 4 . It w a s  p r o p o s e d  th a t  
m u l t i - c y c le  d e p o s i t io n s  n o t o n ly  in c re a s e d  th e  a m o u n t  o f  s i l ic a  d e p o s i te d  o n  H Z S M -  
5 z e o l i te  e x te rn a l  s u r fa c e  b u t  a ls o  im p ro v e d  th e  u n i f o r m i ty  o f  th e  s i l ic a  la y e r  .O n  th e  
o th e r  h a n d , th e  th r e e - c y c le  t r e a tm e n t  s h o w e d  b o th  d e c r e a s e d  in  f e e d s to c k  c o n v e r s io n  
a n d  p - x y le n e  s e le c t iv i ty  w h ic h  c o m p a re d  to  tw o - c y c le  t r e a tm e n t .
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A m ou n t o f  T E O S (m l/g o f  cata lyst)

«Toluene conversion p-xylene selectivity ร Methanol conversion

Figure 4.7 Effect of CLD treatment cycle on toluene conversion, Methanol 
conversion and selectivity in products over HZ-5; reaction temperature 400 °c, 
toluene to methanol molar ratio of 4, WHSV = 24 h"1, and TOS = 375 min.

Table 4.11 Product distribution for the different CLD treatment cycle over HZSM-5 
catalysts with; reaction temperature 400 °c toluene to methanol molar ratio of 4, 
WHSV = 24 If1, and TOS = 375 min

Catalyst
Product distribution (wt %) p - x  ylene 

selectivity 
in xylenes

p -
Xylene

ทใ-
Xylene

0 -
Xylene BZ TMBs3 EB Ethylmethyl

benzene C9+
1-

cycle 81.39 6.45 3.00 0.16 3.34 0.18 3.24 2.10 89.59
2-

cycle 84.84 5.03 2.30 0.13 1.85 0.23 3.60 1.71 92.05
3-

cycle 78.25 6.27 4.21 0.13 4.23 0.27 3.35 2.95 88.19
a TMBs = 1,2,3 าVimethylbenzene and 1,2,4 Trimethyl lenzene

Figure 4.8 demonstrate the comparison of TPO profiles between the 
parent (HZ-5) and sililated catalysts with various CLD treatment cycle. The TPO 
profiles revealed that the 1-cycle treatment show oxidation of coke at higher 
temperature compared to the parent and further increase in cycle treatment with 2-
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cycle show the same result as 1-cycle treatment. It was proposed that the product 
difficult to diffuse out of the catalysts pore due to blocking of the pore opening by 
formation of silica deposition from TEOS modification. Thus, there is probability of 
product to form hard coke formation inside zeolite pore

At low oxidation temperatures, ca. 300 °c  the coke components are 
not poly aromatic. The retention of the “coke” molecules on the catalysts is generally 
due to their strong adsorption and to their low volatility which can form by undesired 
reaction from external acid site (Guisnet et al., 2001). Thus the peak at 300 °c  of 
silylated catalyst show no peak which can represent the deactivation of external acid 
site.

0 100 200 300 400 500 600 700 800 900 1000
T e m p e r a t u r e  (°C)

Figure 4.8 TPO profiles of parent HZSM-5 and silylated catalysts with various 
CLD-cycle treatment
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Table 4.12 The amount of carbon deposition on the parent HZSM-5 catalysts and 
modified catalysts via CLD treatment after 375 min on stream

Catalysts Amount of carbon deposition (wt.%)
HZ-5(280) 3.74

1-cycle 3.46
2-cycle 3.29
3-cycle 2.96

The amounts of carbon deposition on the parent and CLD treated 
HZSM-5 catalysts were showed in Table 4.12.The amount of coke deposition was 
decreased with increase of cycle treatment number due to deactivation of external 
acid site which amount of coke direct variation to the acidity of the catalyst.

4.2.4 Effect of Dealumination Treatment
The acid properties and resultant catalytic activity of zeolite materials 

are known to be related to the degree of substitution of aluminum for silicon in the 
framework. As the molecular diameter of oxalic acid is larger than zeolite pore 
openings, they could be used to selectivity remove the framework aluminum at the 
external surface of HZSM-5 catalyst. The parent HZSM-5 with SiCb/ALCb molar 
ratio of 280 was modified by dealumination with oxalic acid. From Figure 4.9 and 
4.10 illustrates the comparison of catalytic activity between the parent (HZ-5) and 
dealuminated (DeAl-HZ-5) catalysts. As can be seen, no distinguishable performance 
on selectivity to p-xylene in product could be observed for both of the catalysts. 
However, a slight increase in toluene was attained for the DeAl-HZ-5. This might be 
attributed to A shift from Bronsted acid sites to lewis acid sites responsible for 
another reaction of toluene rather than méthylation. As can be seen in the product 
selectivity which p-selectivity slightly decreased from the parent to the other product.
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Figure 4.9 Effect of dealumination with oxalic acid on toluene conversion over the 
parent HZSM-5; reaction temperature 400 °c, toluene to methanol molar ratio of 4, 
WHSV = 24 h '1, and TOS = 375 min.

■ ♦ — p-selectivity o f HZ-5 ■  p-selectivity o f De Al-HZ-5
A Other product o f HZ-5(280) - *  - Other product o f DeAl-HZ-5

Figure 4.10 Effect of dealumination with oxalic acid on jD-xylene selectivity and 
other product over the parent HZSM-5; reaction temperature 400 °c, toluene to 
methanol molar ratio of 4, WHSV = 24 h"1, and TOS = 375 min.
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Figure 4.11 demonstrate the comparison of TPO profiles between the 
parent (HZ-5) and dealuminated (DeAl-HZ-5) catalysts. As can be seen, the TPO 
profiles of dealuminated (DeAl-HZ-5) catalysts slight increase of hard coke 
formation It was proposed that the coordination of the EFAL species to the oxygen 
atom nearest to the framework aluminum results in the enhanced acid strength of 
zeolite due to the existence of the Bronsted/Lewis acid sites synergy (Li et.ai, 2007) 
but the amount of coke formation which show in Table 4.13 was remain the same as 
the parent one.

Table 4.13 The amount of carbon deposition on the parent HZSM-5 catalysts and 
dealuminated catalysts after 375 min on stream

Catalysts Amount of carbon deposition (wt %)
HZ-5 (280) 3.74
DeAl-HZ-5 3.71

Temperature (°C)

Figure 4.11 TPO profiles of parent HZSM-5 and DeAl-HZ-5 catalyst.
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