
RESULTS AND DISCUSSION
CHAPTER IV

In  th i s  C h a p te r ,  th e  r e s u l t s  a n d  d i s c u s s io n  a re  c la s s i f ie d  in to  th re e  p a r ts .  
F ir s t ,  s y n th e s i s  o f  th e  N a Y  z e o l i te  b y  u s in g  d i f f e r e n t  p a r a m e te r s  is  d i s c u s s e d  in  S e c 
t i o n  4 .1 . In  a d d i t io n ,  c h a n g in g  th e  fo rm  o f  z e o l i te  f ro m  a m m o n iu m  to  p r o to n  f o rm  is  
d i s c u s s e d  in  S e c t io n  4 .2 . L a s t ly ,  th e  c a ta ly t ic  a c t iv i ty  o f  th e  p r e p a r e d . H Y  w ith  d i f f e r 
e n t  c ry s ta l  s i z e s  i s d e te r m in e d  in  S e c tio n  4 .3 .

4.1 Synthesis of NaY Zeolite

'  N a Y  z e o l i te  w a s  s y n th e s iz e d  b y  u s in g  s o d iu m  a lu m in a te a s  a n  a lu m in a  
s o u rc e  a n d  c o l lo id a l  s i l ic a  a s  a  s i l ic a  s o u rc e .  T h e  d e s i r e d  m o la r  r a t io  c o m p o s i t io n  o f  
s o d iu m  a lu m in o s i l i c a te g e l  o b ta in e d  f ro m  e x p e r im e n t  i s 4 N a 20 :  1A120 :  1 0 S iO 2: 
1 8 0 H 2O .

T h e  g e l  s o lu t io n  w a s  a g e d  a t  r o o m  te m p e r a tu r e  fo r  2 4  h  u n d e r  h ig h  
a g i ta t io n  c o n d i t io n s a n d  th e n  t r e a te d  a t  1 0 0 ° c  fo r  2  h . A f te r  th e  c r y s ta l l iz a t io n  
p r o c e s s  b y  u s in g  m ic r o w a v e d ig e s t io n ,  th e  w h i te  s o l id  w a s o b ta in e d  a n d  id e n t i f ie d  b y  
v a r io u s  c h a r a c te r iz a t io n  te c h n iq u e s  in c lu d in g  X R D , X R F , B E T  a n d  S E M  m e th o d s . 
F ig u r e  4.1 s h o w s  th e  X R D  p a t te r n  o f  p r e p a r e d  N a Y z e o l i te .  T h e  X R D  r e s u l t s s h o w e d  
th e  n o rm a l  d i f f r a c t io n  p a t te r n  o f  s y n th e s iz e d  z e o l i te  N a Y (2 0  =  6 .1 7 ,  1 0 .1 2 , 1 1 .8 7 , 
1 5 .6 2 , 1 8 .6 7 , 2 0 .3 1 ,  2 2 .7 8 , 2 3 .5 8 ,2 4 .9 2 ,  2 5 .7 3 ,  2 6 .9 9 , 2 7 .6 8 , 2 9 .5 5 ,  3 0 .8 1 , 3 1 .3 6 , 
3 2 .4 1 ,  3 3 .0 3 , 3 4 .0 6 ,  3 4 .6 1 ,  3 5 .5 9  a n d  3 7 .7 7 ) .  T h e  p h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s  
o f  th e  s y n th e s i z e d  N a Y a r e  s h o w n  in  T a b le  4 .1 .

Table 4 .1 P h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s  o f  th e  s y n th e s iz e d  N a Y  z e o l i te

Z e o l i te S u r fa c e  a r e a  

( m 2/g )

C r y s ta l  s iz e  
( p m )

N a 20

(% )

S i 0 2/A l20 3

N a Y - T 1 0 0 A l 6 7 0 .7 0 .7 1 5 .9 8 3 .6 4
* T  =  C ry s ta l l iz a t io n  T e m p e ra tu re  
A  =  A g in g  t im e
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T h e  B E T  s u r f a c e  a r e a ,  p o r e  v o lu m e , a n d  p o re  s iz e  o f  th e  p r e p a r e d  N a Y  w e -  
r e d e te r m in e d .  T h e  r e s u l t s  in d ic a te d  th a t  th e  v a lu e  o f  to ta l  s u r f a c e  a r e a  w a s  6 7 0 .7 m 2g ' 
' .T h e  c r y s ta l l i t e  s iz e  o f  th e  p r e p a r e d  N a Y  z e o l i te  w a s  o b s e r v e d  b y  s c a n n in g  e le c tro n  
m ic r o s c o p e  a s  s h o w n  in  F ig u r e  4 .2 . T h e  a v e r a g e  c r y s ta l l i t e  s iz e  o f  p r e p a r e d  N a Y  
z e o l i t e  w a s  0 .7  p m  th a tw a s  s m a l le r  s iz e s  c o m p a r e d  w i th  th e  c o m m e r c ia l  H Y  z e o lite . 
T h e  r a t io  o f  S iC V A ^ O s  o f  N a Y  z e o l i te  d e te r m in e d  b y  X - r a y f lu o r e s c e n c e  w a s 3 .6 4 .

T h e  d i f f e r e n t  a m o u n ts  o f  S i a n d  A1 b e tw e e n  th e  g e l c o m p o s i t io n  a n d  f in a l 
p r o d u c t  c o u ld  b e  e x p la in e d  th a t  th e re  is  n o  q u a n t i ta t iv e  c o r r e la t io n  b e tw e e n  th e  S i/A l 
in  th e  p r o d u c t  a n d  in  th e  b a tc h  c o m p o s i t io n  e v e n  i f  th e  S i /A l  r a t io  in  th e  p a r e n t  m ix^  
tu re  p la y s  a n  im p o r t a n t  r o le  in  d e te rm in in g  th e  s t r u c tu r e  a n d  c o m p o s i t io n  o f  th e  f in a l 
p r o d u c t .  T h e  S i /A l  r a t io  in  th e  p r e c u r s o r  g e l is  a lw a y s  h ig h e r  th a n  th a t  in  th e  c r y s ta l 
l i z e d  p r o d u c t  a n d  th e  e x c e s s  o f  s i l ic o n  i s l e f t  in  th e  m o th e r  l iq u id . M o r e o v e r ,  th e  fa u -  
j a s i t e  ty p e  o f  z e o l i t e  c o u ld  o n ly  b e  s y n th e s iz e d  w i th in  a  n a r r o w  S iC V A l2 0 3  ra tio  
-fro m  a  s p e c i f ie d  b a tc h  c o m p o s i t io n  w ith  a  n a r r o w  S i/A l r a t io  in  th e  r a n g e  o f  6 -1 4  
m o la r  r a t io s  ( R u r e n ,  X  et al., 2 0 0 7 ) .

Figure 4.1 X R D  p a t te r n  o f  s y n th e s i z e d  N a Y  z e o l i te .
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Figure 4 .2 S E M  im a g e  o f  s y n th e s iz e d  N a Y  z e o l i te .

T h e  m o r p h o lo g y  o f  N a Y  z e o l i te  o b ta in e d  f ro m  m ic r o w a v e  h y d r o th e r m a l  
s y n th e s i s  w a s  d e p ic te d  in  F ig u r e  4 .2 . I t w a s  f o u n d  th a t  s y n th e s iz e d  N a Y  z e o l i te  h a s  a  
v a r io u s  ty p e  o f  m o r p h o lo g y  s t r u c tu r e s .  T h e  r e s u l t  c o u ld  b e  e x p la in e d  b y  m ic r o w a v e  
r a d ia t io n  e f f e c t .  M ic r o w a v e  i r r a d ia t io n  w a s  m o r e  e f f ic ie n t  fo r  t r a n s f e r r in g  th e rm a l  
e n e r g y  to  a  v o lu m e o f  a lu m in o - s i l ic a te  a m o r p h o u s  g e l th a n  c o n v e n t io n a l  th e rm a l  
p r o c e s s in g  w h ic h t r a n s f e r s  h e a t  to  th e  m a te r ia l  b y  c o n v e c t io n ,  c o n d u c t io n .  T h e re fo re ,  
th e  g r o w th  d i r e c t io n  b y  u s in g  th e  m ic r o w a v e  h y d r o th e r m a l  m e th o d  w a s  o r ig in a l ly  
g r o w n  f ro m  th e  in s id e  b y  th e  v ib r a t io n  o f  th e  m o le c u le s ,  th u s  r e s u l te d  in  f a s t  a n d  
s e v e r a l  w a y  c r y s ta l l i z a t io n  to  f o rm  th e  d i f f e r e n t  m o r p h o lo g y .

4 .1 .1  O p t im iz a t io n  o f  th e  C r y s ta l l iz a t io n  T im e  o n  C r y s ta l l in i ty  
T h e  p r o p e r t ie s ' o f  e a c h  p r e p a r e d  Y  z e o l i te s  in  s o d iu m  fo rm  w e r e  in v e s t ig a te d  

b y  u s in g a n  X - r a y  d i f f r a c to m e te r ,  w i th  th e  a im  o f  o p t im iz in g  th e  c r y s ta l l iz a t io n  t im e  
d u r in g  th e  m ic r o w a v e  h y d r o th e r m a l  s y n th e s i s  p r o c e s s  (M -H ) .  F ig u r e  4 .3  s h o w s  X R D  
d i f f r a c t io n  p a t te r n s  o f  s a m p le s  th a t  w e re  s y n th e s iz e d  a t  100°c f o r  th e  d i f f e r e n t  p e 
r io d s  o f  t im e  ( 0 .5 ,  0 .7 5 , 1, 2 ,  3 , 4 ,  5 h ) . T h e  o b ta in e d  X R D  p a t te r n s  s h o w e d  a  c ry s ta l -  
l i z a t io n p h a s e s  a n d  a ls o  th e d e g r e e  o f  c r y s ta l l in i ty  o f  p r e p a r e d  N a Y  z e o l i te .  T h e  r e 
s u l ts  s h o w e d  th a tp r e p a r e d  th e  N a Y  z e o l i te  h a d  a  c o m p le te d s t r u c tu re  a f t e r  c r y s ta l l iz a 
t i o n  fo r2  h . A f te r  2  h  (3 , 4 ,  a n d  5 h ) , th e  p r e p a r e d  N a Y  h a d  a p p r o x im a te ly  th e  s a m e
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c r y s ta l l in i ty .  M o r e o v e r ,  it  w a s  s e e n  to b e  r e la t iv e ly  s im i la r  to  th e  X R D  p a t te r n s  o f  th e  
r e f e r e n c e N a - F a u ja s i t e s a m p le  a s  s h o w n  in  A p p e n d ix  B .

- A  1 a j 1 h l\ A )k .  » À » A À  A ^ A A A

A — U _ J .  ,  . 1 L .  -  À * A à À  A ĵ A a  .  A
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Figure 4.3 X R D  p a t te r n  o f  s y n th e s iz e d  z e o l i te  N a Y  a t d i f f e r e n t  c r y s ta l l iz a t io n  
t im e s ( a )  0 .5 , (b )  0 .7 5 ,  (c )  1, (d )  2 , (e )  3 , ( f )  4 , (g )  5 h .

T h e c r y s t a l l i z a t io n  t im e  o f  2 h w a s  th e  s h o r t te s t  c r y s ta l l i z a t io n  tim e  
th a tc o u ld  p r o v id e  a n  a p p r o p r ia te  d e g re e  o f c r y s ta l l in e  z e o l i te .  T h e r e f o r e ,  th e  
c r y s ta l l i z a t io n  t im e  o f  2  h  w a s  s e le c te d  a s  th e o p t im u m t im e  fo p  f u r th e r  s tu d y .
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4 .1 .2  E f fe c t  o f  C r y s ta l l iz a t io n  T e m p e r a tu r e  o n  C r y s ta l l i t e  S iz e s  o f  N a Y  
Z e o l i te

In  th is  s tu d y ,  th e  e f f e c t  o f  c r y s ta l l iz a t io n  te m p e r a tu r e s  in  th e  r a n g e  
o f9 0 , 1 0 0 , 1 1 0 ° C o n  th e  c r y s ta l l i t e  s iz e  a n d  c r y s ta l l in i ty  w a s  in v e s t ig a te d .  T h e  a v e r 
a g e  p a r t i c le  s iz e s  o f  th e  z e o l i te s  p r e p a r e d  a t d i f f e r e n t  t e m p e r a tu r e s a r e  s h o w n  in  F ig 
u re  4 .4 .

C ry s ta l l iz a t io n  te m p e r a tu e  (๐ C )

Figure 4 .4 C r y s t a l l i t e  s iz e  o f  th e  p r e p a r e d  N a Y  z e o l i t e  a t  d i f f e r e n t  c r y s ta l l i z a t io n  
te m p e r a tu r e s  (9 0 , 1 0 0 , 1 1 0  °C ).

S h a p e  a n d  a v e r a g e  c r y s ta l l i t e  s iz e  o f  th e  N a Y  z e o l i te  w a s  a ls o o b -  
s e rv e d  f ro m  s c a n n in g  e le c t r o n  m ic r o s c o p y  ( S E M )  a s  s h o w n  in  F ig u r e s  4 .5  a n d  th e  
a v e r a g e  c r y s ta l l i t e  s iz e  w a s  c a lc u la te d  f ro m

A v e ra g e  c r y s ta l l i t e  s iz e
I  [ ( p a r t i c l e  s iz e  w a s  m e a s u r e d  f ro m  S E M ) x ( N ) ]

N

W h e re  N =  n u m b e r  o f  c r y s ta l  s a m p le

T h e  r e s u l t  s h o w e d th a t  1 1 0 ° c  g a v e  a  h ig h e s t  c r y s ta l l i t e  s iz e . D e c re a -  
s in g c r y s ta l l iz a t io n  te m p e r a tu r e  g a v e a  s m a l le r  z e o l i te  c r y s ta l  b e c a u s e  h ig h e r  t e m p e r a 
tu re  c o u ld  a c c e le r a te  th e  g r o w th  o f  c r y s ta l ,  r e s u l t in g  in  la r g e r  c r y s ta l s .  T h e  d e c r e a s e d
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te m p e ra tu re  w a s  m o r e  f a v o r a b le  to  th e  n u c lé a t io n  th a n  c r y s ta l  g r o w th ,  r e s u l t in g  in  
s m a l le r  z e o l i te .

A  s im i la r  r e s u l t  h a s  b e e n  r e p o r te d  b y  Z h d a n o v  et al. f o r  th e  s y n th e s i s  
o f  N a A  z e o l i te .  T y p ic a l ly  th e  p a r t ic le  s iz e  o f  z e o l i te s  d e p e n d s  o n  th e  r e la t iv e  r a te s  o f  
th e  tw o  c o m p e t in g  p h e n o m e n a  o c c u r r in g  d u r in g  s y n th e s i s  b e tw e e n  n u c lé a t io n  a n d  
c ry s ta l  g r o w th .  B o th  r a te s  d e c r e a s e d  w i th  d e c r e a s in g  te m p e r a tu r e ,  h o w e v e r ,  th e  im 
p a c t  w a s  m o r e  p r o n o u n c e d  o n  th e  c r y s ta l  g ro w th  r a te  th a n  o n  th e  n u c lé a t io n  r a te  r e 
s u l t in g  in  s m a l l e r  c r y s ta l l i t e  s iz e  a t lo w e r  te m p e ra tu re .

Figure 4.5Scaning electron micrographs of prepared NaY zeolite atdifferent
crystallization temperatures (a)90, (b) 100, (c) 110 ๐c.
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H o w e v e r ,F ig u r e  4 .5 ( a ) s h o w e d  th a t  th e  p r e p a r e d  N a Y  s a m p le  
e x h ib i te d  s o m e  a m o r p h o u s  p h a s e  a t th e  9 0 ° c  d is t in c t ly .  T h e s e  r e s u l t s  w e r e  c o n s is te n t  
w i th  X R D  r e s u l t s  w h ic h  is  s h o w n  in  F ig u re  4 .6 b e c a u s e  th e to o lo w  te m p e r a tu r e  in  th e  
c r y s ta l l iz a t io n  s te p  w a s  f a v o r a b le  fo r  th e  f a s t  n u c lé a t io n  o f  N a Y  z e o l i te  w i th o u t  
c r y s ta l  g r o w th  in  c r y s ta l l i z a t io n  s te p , s o m e  a m o r p h o u s  p h a s e  in  th e  w a s  o c c u r r e d .

6 8  10  12 14 16 18 2 0  2 2  2 4  26  2 8  3 0  32  34 36  3 8  4 0

degree(2-theta)

Figure 4 .6  X R D  p a t te r n  o f  s y n th e s iz e d  z e o l i te  N a Y  a t d i f f e r e n t  c r y s ta l l iz a t io n  
te m p e r a tu r e s ( a )  9 0 , (b )  10 0 , (c )  11 0  ๐c .
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4 .1 .3  E f f e c to f  A g in g  T im e o n  C ry s ta l  S iz e  o f  N a Y  Z e o l i te

Figure 4.7Crystalsize of the prepared NaY zeolite at different aging times(day).
(a) Two-dimensional plot, (b) Three-dimensional plot.
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T h e  p lo t  o f  a v e r a g e  p a r t i c le  s iz e s  o f  Y  z e o l i te  a s  a  fu n c t io n  o f  a g in g  
t i m e s ( l ,  2 ,  4 a n d  6  d a y s ) a r e  s h o w n  in  F ig u re  4 .7 . A t  1 0 0  ๐c ,  th e  r e s u l t s  s h o w e d  th a t  
th e  a v e r a g e  c r y s ta l l i t e  s iz e  o f  th e  s a m p le s  d e c r e a s e d  f ro m  0 .6  to  0 .4 ,  0 .3 2 , a n d  0 .3 0  
p m  w h e n  th e  a g in g  t im e  in c re a s e d  f r o m  1 to  2 , 4  a n d  6  d a y s ,r e s p e c t iv e ly .  A  s im ila r  
t r e n d  w a s  o b s e r v e d  f o r  a l l  c r y s ta l l iz a t io n  te m p e ra tu re s .

T h e s e  r e s u l t s in d ic a te d  th a t  lo n g e r  a g in g  t im e  o f  n u c lé a t io n  g a v e  
s m a l le r  c r y s ta l s .  A s  th e  lo n g e r  a g in g  t im e  m a y  a l l o w  a n  in c re a s e  in  th e  n u m b e r  o f  
n u c le i  o r  n u c le i  p r e c u r s o r s ,  th e  f in a l  a v e r a g e  c r y s ta l  s iz e  w a s  d e c r e a s e d .  J u l id e e /  al. 
r e p o r te d  th a t  th e  a g in g  th e  s y n th e s i s  m ix tu r e  p r io r  to  c r y s ta l l iz a t io n  is  a  c o m m o n  m e 
th o d  u s e d  to  ta i lo r  th e  s iz e  o f  z e o l i te  c r y s ta l s .E s p e c ia l ly  a t  ro o m  te m p e ra tu re ,  th e y  
c o n c lu d e d  th a t  th e  n u c lé a t io n  r a te  w a s  s ig n i f ic a n t  a t  ro o m  te m p e r a tu r e  w h i le  th e  
g r o w th  r a te  w a s  n e g l ig ib le .N u c le i  p r e c u r s o r  w a s  g r o w th  u n til  th e  t e m p e ra tu re  w a s  
in c re a s e d .

Figure 4.8Scanning electron micrographs of prepared NaY zeolite indifferent aging
times (a) 1, (b) 2, (c) 4, (d) 6 days at crystallization time 110 °c.
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Figure 4 .9 S c a n n in g  e le c t r o n  m ic r o g r a p h s  o f  p r e p a r e d  N a Y  z e o l i te  in d i f f e r e n t  a g in g  
t im e s  (a )  1, (b )  2 ,  ( c )  4 , (d )  6  d a y s  a t  c r y s ta l l i z a t io n  t im e  1 0 0  °c

Figure 4.10Scanning electron micrographs of prepared NaY zeolite indifferent aging
times (a) 1, (b) 2, (c) 4, (d) 6 days at crystallization time 90 ๐c .
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T h e  m o r p h o lo g ic a l  im a g e s  f ro m  s c a n n in g  e le c t r o n  m ic r o s c o p y  (S E M )  
o f  p r e p a r e d  N a Y  z e o l i te  o n  d i f f e r e n t  a g in g  t im e s  a r e i l lu s t r a te d  in  F ig u r e s  4 .8 ,  4 .9 , 
a n d  4 .1 0 .  T h e  r e s u l t s  in d ic a te d  th a t  c r y s ta ls  w i th  d i f f e r e n t  s h a p e s  a n d  s iz e s  w e re  
fo rm e d . T h is  o b s e r v a t io n  is  a s s o c ia te d  w i th  th e  X - ra y  d i f f r a c t io n  a n a ly s i s  r e s u lt s .  
H o w e v e r ,  in  th e  a g in g  t im e  o f  6  d a y s  th a t  s e e m  to  b e  a n  a g g lo m e r a te d  c r y s ta l  d u e  to  
th e  p r e s e n c e  o f  m u c h  m o re  n u c le i  in  th e  s y s te m , i t  c a n  b e  c o n c lu d e d  th a t  to o  lo n g  a g 
in g  t im e  in _ th e  s y n th e s i s  p r o c e s s  is  a  n e g a t iv e  e f fe c t  d u r in g  th e  n u c le i  " fo rm a tio n  
p ro c e s s .



48

4 .1 .4 E f f e c t  o f  A lk a l in i ty  ( N a 7 0 /A l7 0 3 M o la r  R a t io ) o n  C ry s ta l  S iz e  o f  
N a Y Z e o l i t e

In  o r d e r  to in v e s t ig a te  th e  e f fe c t  o f  a lk a l in i ty  o n  c r y s ta l l i t e  s iz e  o f  Y  z e o 
li te , a  s ta r t in g  m o la r  c o m p o s i t io n  o f  x N a îO :  I A I 2 O 3 : 1 0 SiC>2 : I 8 OH2 O  w a s  c h o s e n  
w i th  d i f f e r e n t  a m o u n ts  o f  N a 2 0 ,  w h e r e  X w a s  v a r ie d  f ro m  4 to  7  m o le s w i th  2 4  h  o f  
a g in g  t im e  a n d  c r y s ta l l iz a t io n  te m p e r a tu r e  o f  10 0  °c fo r  2  h .T h e  a v e r a g e  p a r t i c le  s iz 
e s  o f  Y  z e o l i te  o b ta in e d  f ro m  d i f f e r e n t  N a 2 0 /A l 2 0 3 m o la r  r a t io  a r e  s h o w n  in  F ig u re
4 .1 1 .

p3.

><

Figure 4.11 C r y s ta l l i t e  s iz e  o f  th e  p r e p a r e d  N a Y  z e o l i te  a t  d i f f e r e n t  N a 2 0 /A l 2 0 3  

m o la r  r a t io s .

T h e  m o r p h o lo g y  im a g e s  f ro m  s c a n n in g  e le c t ro n  e le c t r o s c o p y  ( S E M )  
o f  p r e p a r e d  N a Y  z e o l i t e  o n  d i f f e r e n t  N a 2 0 /A l2 0 3  m o la r  r a t io  a re  d e m o n s t r a te d  in  
F ig u r e s  4 .1 2 .  T h e  r e s u l t s  o b v io u s ly  d e m o n s t r a te d  th a t  th e  h ig h e r  N a 20  c o n c e n t r a t io n  
g a v e  a  d e c r e a s e d  c r y s ta l l i t e  s iz e  o f  Y  z e o l i te  b e c a u s e  th e  h ig h e r  N a 2 0  c o n te n t  w o u ld  
p r o d u c e  m o r e  n u c le i , l e a d in g  to  s m a l le r  c ry s ta ls .  A  s im i la r  r e s u l t  h a s  b e e n  r e p o r te d  b y  
S a th u p u n y a e /  al., ( 2 0 0 2 ) f o r  s y n th e s is  o f  N a A  ( L T A )  w i th  th e  s o l -g e l  m ic r o w a v e  m e -



49

th o d . T h e  u s e  o f  m o r e  N a 2 0  im p l ie s  in c re a s e d  O H ' c o n c e n t r a t io n  ( O H '/A h C ^ m o la r  
r a t io = 2 ( N a 2 0 /A l 2 0 3  m o la r  r a t io ) ) ,  th e n  th e  in c re a s e  in  N a 2 0  c o n c e n t r a t io n  in c r e a s e d  
th e  h y d r o x y l  c o n c e n t r a t io n ,  w h ic h  in  tu r n  e n h a n c e d  th e  d is s o lv in g  r a te  o f  a m o r p h o u s  
g e l o f  g r o w in g  c r y s ta l  th a t  c o u ld  im p ro v e  n u c lé a t io n  r a te  s te p  l e a d in g  to  th e  g r o w th  
o f  m o re  c r y s ta l s ,  le a d in g  to  s m a l le r  c r y s ta ls .

Figure 4 .1 2 S c a n n in g  e le c t r o n  m ic r o g r a p h s  o f  p r e p a r e d  N a Y  z e o l i te  in d i f f e r e n t  
N a 2 0 /A l2 0 3  m o la r  r a t io s  o b ta in e d  f ro m  x N a 2 0 :  I A I 2D 3 : lO S iC b: I 8 O H 2 O  m o la r  r a 
t io :  (a )  4 , ( b )  5 .5 , (c )  6 .5  a n d  (d )  7 m o le s ,  r e s p e c t iv e ly .
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4.2 Preparation of HY Zeolite from NaY Zeolite

T h e  a m m o n iu m  f o r m  ( N H 4 Y ) o f  Y  z e o l i te  w a s o b ta in e d  b y  s u b s t i tu t io n  o f  
th e  o r ig in a l  s o d iu m  io n s  w i th  a m m o n iu m  n i t r a te  (N H 4 N O 3 ) a n d  a m m o n iu m h y d r o x -  
id e  ( N H 4 O H )  s o lu t io n  a s  th e  a m m o n iu m  p r e c u r s o r .  T h e  a m m o n iu m  e x c h a n g e d  z e o 
l i te  w a s  th e n  c a lc in e d  to  o b ta in  p ro to n ic  fo rm  o f  Y  z e o l i te  (H  Y ).

T h e  s t r u c tu r e  o f  th e  Y  z e o l i te  a f te r  a m m o n iu m  e x c h a n g e d  a n d  c a lc in e d w a s  
a ls o  in v e s t ig a te d  u s in g  X - r a y  d i f f r a c to m e te r a s  s h o w n  in  F ig u r e  4 .1 3 .

2-Theta(degree) 2 -T h e ta (d e g ree )

Figure 4.13 X R D  p a t te r n  o f  H Y  w ith  a f te r  a m m o n iu m  n i ta te  ( le f t ) ,  a m m o n iu m  
h y d r o x id e  ( r ig h t )  e x c h a n g e d :  (a )  1 Sts ta g e ,(b )  2 nd s ta g e , ( c ) 3 rd s ta g e .

T h e  r e s u l t s  s h o w e d  th a t  th e  s t r u c tu r e s  a f te r  e x c h a n g e d  w i th  a m m o n iu m  n i 
t r a te  (N H 4 N O 3 ) a n d  a m m o n iu m  h y d ro x id e  (N H 4 O H ) s o lu t io n  w e r e s ig n i f ic a n t  d i f f e r 
e n t  a s .d e p ie t e d  in  F ig u re  4 .1 3 .  T h e  s tru c tu re  o f  H Y  z e o l i te  a f te r  3 rd s ta g e  io n  e x 
c h a n g e d  w ith  th e  N H 4 N O 3  w a s  c o l la p se d . H o w e v e r ,  in  c a s e  o f  e x c h a n g e d  w ith  th e  
N H 4 O H  p r e c u r s o r ,  th e  s t r u c tu r e  w a s  s ti l l  r e m a in e d .T h e  r e s u l t s  r e v e a le d  th a t  th e  
N H 4 N O 3  w a s a  v io le n t ly  e x c h a n g e a b le  p r e c u r s o r .W h e n  it  w a s  e x c h a n g e d  w i th  th e  
p r e p a r e d  Y  z e o l i te  w h ic h  a  lo w  s tr e n g th  a n d  S i/A l r a t io ,  th e  s t r u c tu r e  w o u ld  b e  c o l 
la p s e d  a n d  lo s s  o f  c r y s ta l l in i ty .

T h e  e f f e c t  c o u ld  b e c le a r ly  e x p la in e d  b y  th e  m e c h a n ic a l  p r o p e r t ie s  o f  s y n 
th e s iz e d  Y  z e o l i te  b y  u s in g  m ic r o w a v e  d ig e s t io n  m e th o d . A l th o u g h ,  m ic r o w a v e  h e a t 
in g  c o u ld  r e m a r k a b ly  r e d u c e  s y n th e s is  t im e  a n d  c r y s ta l  s iz e s  o f  Y  z e o l i te ,  th e
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s t r e n g th  o f  s m a l l  c r y s ta l s iz e s  o f  Y  z e o l i te  w a s le s s  th a n  th e  c o m m e r c ia l  Y  z e o l i te .A n d  
th e  c u m u la t iv e  th ic k n e s s  o f  z e o l i t e  w a s  r e d u c e d  b e c a u s e  th e  c r y s ta l l i z a t io n  r a te  w a s  
g r e a t ly  a c c e le r a te d  b y  m ic r o w a v e  s y n th e s iz e .M o re o v e r ,  th e  p r e p a r e d  N a Y z e o l i t e  h a -  
d a  S i /A l  le s s  th a n  5 w h ic h  h a d  a  lo t  o f  u n s ta b le  p o in t  (O -  A1 b o n d )  so  th e  m e c h a n ic a l  
p r o p e r t i e s  w a s  n o t  g o o d  ( Y a n s h u o  L i et al., 2 0 0 7 ) .

F ig u r e  4 .1 3  ( r ig h t )  s h o w s  th e  X R D  d i f f r a c t io n  p a t te r n  o f  e x c h a n g e d  H Y z e -  
o l i te  w i th  N H 4O H  in  e a c h  s ta g e . T h e  r e s u lt s  in d ic a te d  th a t  th e r e  w e r e  o n ly  a  s l ig h t 
d i f f e r e n c e b e tw e e n  th e  X R D  p a t te r n  f o r  N a Y  f o r m  a n d  N H 4 Y  fo rm . A l th o u g h  th e  
m a in  p e a k s  o f  X R D  p a t te r n s  o f  th e  H Y  z e o l i te  a f t e r  th re e  s ta g e s  io n  e x c h a n g e  d id  n o t 
c h a n g e ,  th e  b a c k g r o u n d  d e c r e a s e d  s lig h t ly . It c o u ld  g e n e r a l ly  b e  s u g g e s te d  th a t  th e  
f r a m e w o r k  o f  z e o l i t e  w a s  n o t  w id e ly  a f fe c te d , e v e n  th o u g h  th e  s o d iu m  b o n d s  w e re  
b r o k e n  d o w n  in s id e  i ts  a to m ic  s t r u c tu r e .

T a b l e  4 .2 R e la t io n s h ip  b e tw e e n  th e  q u a n t i t ie s  o f  N a  io n  a n d  a c id i ty  in  n u m b e r  o f  e x 
c h a n g e d  t r e a tm e n t  a n d  ty p e  o f  a m m o n iu m  p r e c u s o r

T y p e
o f  a m m o n iu m  

p r e c u r s o r

N u m b e r  o f  E x 
c h a n g e d  

T r e a tm e n t

N a + c o n te n t  
(% w t)

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

1 1 3 .1 9 4 7 2 .3 3
N H 4 O H 2 11 .4 5 6 8 0 .2 3

3 ■  7 .3 5 8 9 1 .0 2
1 -  1 0 .7 2 -

N H 4 N O 3 2 8 .3 2 -
3 0 . 2 2 -

T h e  c o n c e n t r a t io n o f  N a + in s id e  e a c h  s a m p le  w a s  c o n f i r m e d  b y  u s in g  X -ra y  
f lu o r e s c e n c e  ( X R F )  te c h n iq u e ,  w h ic h  in d ic a te d  th a t  a f te r  th e  e x c h a n g e d  th r e e  t im e s  
w i th  N H 4 O H  a n d  N F L N O 3  p r e c u r s o r ,  th e  p e r c e n ta g e  o f N a + c o n te n t  w i th in  th e  
f r a m e w o r k  o f  e x c h a n g e d  z e o l i t e  w a s  d e c r e a s e d  f ro m  1 5 .9  w t%  to  7 .3 5  a n d
0 .2 2 w t% ,r e s p e c t iv e ly  a s  s h o w n  in  T a b le  4 .2 . T h e  r e s u l t s  in  th e s e  tw o  d i f f e r e n t  a m 
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m o n iu m  p r e c u r s o r  in d ic a te d  th a t  th e  io n - e x c h a n g e d  e f f ic ie n c y  o f  th e  a m m o n iu m  n i 
tra te  w a s d r a m a t i c a l ly  h ig h e r  th a n  th e  a m m o n iu m  h y d r o x id e  b e c a u s e  th e  e n th a lp y  
fo rm a t io n  o f  a m m o n iu m  h y d r o x id e  w a s  e x o th e rm ic .  W h e n  th e  te m p e r a tu r e  in 
c re a s e d , th e  r e a c t io n  w o u ld  b e  r e v e r s ib le  a ls o .T h e  f o rm a t io n  o f  a m m o n iu m  h y d r o x 
id e  c o u ld  b e  e x p r e s s e d  b y  th e  f o l lo w in g  E q u a t io n  4 .1 .

N H 3 (aq) + H 20  (1) < ► NH4 +(aq)+ O H  (aq)+80.8 K J / m o l ( 4 .1)

T h e  r e v e r s ib l e  a r r o w s  s h o w e d  th a t  th e  r e a c t io n  d id  n o t  g o  to  c o m p le t io n .S o m e t im e s ,  
o n ly  a b o u t  1 %  o f  th e  a m m o n ia  h a d  a c tu a l ly  r e a c te d  to  f o rm  a m m o n iu m  io n s .

T h e  in f lu e n c e  o f  d i s s o c ia t io n  o f  th is  p r e c u r s o r  c o u ld  e x p la in  th e  lo w e r  e x 
c h a n g e  c a p a c i ty  w h ic h  o b s e rv e d  f ro m  p r e p a r e d  H Y  z e o l i te  in  th i s  r e s e a r c h . l t  p r o b a 
b ly  r e s u l t e d  f ro m  a  b a d  a c c e s s ib i l i ty  d i f f u s io n  o f  th e  c a t io n ic  p o s i t i o n s  (NH4"1") in to  
th e  N a  io n s  s u r f a c e  o f  th e  N a Y  z e o l i te .

F u r th e r m o r e ,  th e  v a lu e  o f  a c id i ty  o f  th e  p r e p a r e d  H Y  z e o l i te  w a s  c a lc u la te d  
b a s e d  o n  th e  r e s u l t s  o b ta in e d  f ro m  th e te m p e r a tu r e  p r o g r a m m e d  d e s o r p t io n  ( T P D )  o f  
is o p r o p y la m in e  th a t  c a ta ly z e d  th e  c o n v e r s io n  o f  th e  i s o p r o p y la m in e  in to  p r o p y le n e  
a n d  a m m o n ia  ( P e r e i r a  c., a n d  G o r te  R .J . ,  1 9 9 2 )a s  s h o w n  in  F ig u r e  4 .1 4 .T h e  a c id i ty  
o f  a ll e x c h a n g e d  c a ta ly s t s i s  s u m m a r iz e d  in  T a b le  4 .2 .  I t w a s  f o u n d  th a t  th e  a c id i ty  o f  
th e  c a ta ly s ts  in c r e a s e d  w i th  in c r e a s in g  e x c h a n g e d  s te p . T h e  d e c r e a s in g  in  a c id i ty  d u e  
to  th e  e x c h a n g in g  o f  N H 4 + w ith  th e  N a + o n  th e  z e o l i te  a n d  th e  d e c o m p o s in g  th e  
N l V c a t i o n s  b y  th e  c a lc in a t io n  a t  5 0 0  ๐C .T h e  d e c a t io n iz a t io n  o f  th e  z e o l i te  a n d  th e  
th e rm a l d e c o m p o s i t io n  o f  th e  a m m o n iu m  io n  c o u ld  b e  e x p r e s s e d  b y  th e  f o l lo w in g  
E q u a t io n s  4 .2  a n d  4 .3 .

N aY (s) +  N H 4 + (aq) « N a* (aq ft- N H 4 Y (s) (4 .2 )

N H 4 Y (S) A >  N H 3  (g) +  H Y  (ร) (4 .3 )
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Figure 4.14TPD o f is o p r o p y la m in e  (IPA )  o f  H Y  w i th  d i f f e r e n t  s ta g e  o f  io n  e x 
c h a n g e d  w i th  N H 4 O H : m /z  =  4 1 , p r o p y le n e / i s o p r o p y le n e .

4.3 Activity Testing

4 .3 .1  F e e d  a n d  S ta n d a r d  A n a ly s is
T h e  c h r o m a to g r a m  a n d  c o m p o s i t io n  o f  h y d r o g e n a te d  b io d ie s e l  d e r iv e d  

f ro m  ja t r o p h a  o i l  ( ja t r o p h a  o i l  B H D )  a n a ly z e d  b y  a  G C /F ID  ( A g i le n t  G C  7 8 9 0 )  a r e  
s h o w n  in  F ig u r e  4 .1 5  a n d  T a b le  4 .3 ,  r e s p e c tiv e ly . T h e r e  a re  f o u r  m a in  p e a k s  
r e p r e s e n t in g  /7- p e n ta d e c a n e  ( C l 5 ) , /7 -h e x a d e c a n e  ( C l 6 ) , « - h e p ta d e c a n e  ( C l 7 ) a n d « -  
o c ta d e c a n e  ( C l 8 ) th a t  th e  r e te n t io n  t im e s  a re  a t 2 5 .5 4 , 2 8 .1 3 ,  3 0 .5 2  a n d  3 3 .7 2  m in ,  
r e s p e c tiv e ly . B e s id e  th e  « - p a r a f f in s ,  l i t t le  a m o u n t  o f  A o -p a ra f f in s  w a s  a ls o  o b s e rv e d .  
T h e  f ir s t  p e a k  is  c a rb o n  d i s u l f id e  a p p e a re d  a t  1.23 a n d  1 .3 9  m in  u s e d  a s  th e  d i lu e n t .
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n-C18

I1 - C 1 7

n-C16

n-C15

c s .

i-C15 i-c  16

V
i - c  17 i-c  18

V
-rr- 10-.................. •5

Figure 4 .1 5 C h r o m a to g r a m  o f  h y d r o g e n a te d  b io d ie s e l  d e r iv e d  f ro m  j a t r o p h a  o il a n a 
ly z e d  b y  a  G C /F ID .

Table 4 .3 C o m p o s i t io n  o f  h y d r o g e n a te d  b io d ie s e l  d e r iv e d  f ro m  j a t r o p h a  o i l  a n a ly z e d  
b y  a  G C /F ID

Feed components Amount (wt. %)
w o - P e n ta d e c a n e  ( is o - C 1 5 ) 0 .1 1
is o - H e x a d e c a n e  ( is o - C 1 6 ) 0 .0 9
7s o - H e p ta d e c a n e  ( is o - C 1 7 ) 0 .2 7
is o - O c ta d e c a n e  ( is o -C  18) 0 .9 4
7 7 -P e n ta d e c a n e  ( n -C 1 5 ) 4 .3 8
r t -H e x a d e c a n e  ( n -C 1 6 ) 1 4 .2 5
7 7 -H e p ta d e c a n e  ( n -C 1 7 ) 2 3 .6 9
t t - O c ta d e c a n e  (n -C  18) 5 6 .2 8

In  o r d e r  to  id e n t ify  th e  l iq u id  p r o d u c t ,  it is  n e c e s s a r y  to  k n o w  th e  r e te n 
t i o n  t im e s  fo r  e a c h  p r o d u c t  p e a k  b y  u s in g  m ix tu r e  o f  s ta n d a r d  c h e m ic a ls .  T h e  F ID  
s ig n a l  o f  s ta n d a r d  c h e m ic a ls  is  s h o w n  in  F ig u r e  4 .1 6  a n d  th e  r e te n t io n  t im e s  f o r  e a c h  
s ta n d a r d  c h e m ic a l  is  l i s te d  in  T a b le  4 .4 .
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Figure 4.16 C h r o m a to g r a m s  o f  s ta n d a rd  c h e m ic a ls  in c lu d in g  ท- p e n ta n e  (ท -c 5 ), 
ท- h e x a n e  (ท -C ô), ท-h e p ta n e -  (ท -C 7 ), ท- o c ta n e  (ท -C s) , ท- n o n a n e  (ท -C 9 ), ท-d e c a n e  
(ท-C 10) ,  ท-d o d e c a n e  (ท -C 12), ท-p e n ta d e c a n e  (ท -C 15) , ท-h e x a d e c a n e  (« -C lô ) , 
ท-h e p ta d e c a n e  ( K -C n ) ,  ท-o c ta d e c a n e  (ท -C ig ) a n a ly z e d  b y  a  G C /F ID .

F o r  th e  r e f e r e n c e  s ta n d a rd  o f  g a s  p r o d u c ts ,  it  w a s  a n a ly z e d  b y  a  
G C /F ID  ( S h im a d z u  G C -1 7 A )  e q u ip p e d  w ith  H P - P lo t  A I2 O 3 c o lu m n . T h e  F ID  s ig n a l 
o f  s ta n d a r d  g a s  m ix tu r e  is  s h o w n  in  F ig u re  4 .1 7  a n d  th e  r e te n t io n  t im e s  f o r  e a c h  
s ta n d a r d  g a s  m ix tu r e  a r e  l i s te d  in  T a b le  4 .4 .

Figure 4.17 C h ro m a to g ra m  o f  th e  s ta n d a rd  g a s e s ,  (a )  m e th a n e ,  e th a n e ,  p r o p a n e  a n d  
b u ta n e ,  (b )  p e n ta n e , h e x a n e ,  h e p ta n e ,  o c ta n e  a n d  n o n a n e .
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Figure 4 .1 7 ( c o n t . ) C h r o m a to g r a m  o f  th e  s ta n d a rd  g a s e s ,  (a )  m e th a n e ,  e th a n e ,  p r o 
p a n e  a n d  b u ta n e ,  (b )  p e n ta n e ,  h e x a n e ,  h e p ta n e ,  o c ta n e  a n d  n o n a n e .

Table 4 .4 R e te n t io n  t im e s  o f  s ta n d a rd  c h e m ic a ls  a n d  s ta n d a rd  g a s  m ix tu r e  a n a ly z e d  
b y  a  G C /F I D  ( A g i le n t  G C  7 8 9 0 A  a n d  S h im a d z u  G C - 1 7 A , r e s p e c t iv e ly )

Standard chemicals
Retention

times
(min)

Standard gas mixture
Retention

times
(min)

« - P e n ta n e  ( « - C 5) 1 .1 4 M e th a n e  ( C l ) 3 .9 2
« - H e x a n e  («-Cô) 1 .2 6 E th a n e  ( C 2 ) 4 .5 6
« - H e p ta n e  {ท-c า) 1 .4 4 P r o p a n e ( C 3 ) 6 .9 6
« - O c ta n e  (« -C s ) 1 .89 « - B u ta n e  ( « - C 4 ) 1 1 .8 0
n - N o n a n e ( « - C 9 ) 2 .9 5 « - P e n ta n e  ( « - C 5) 1 5 .9 5
« - D e c a n e  ( « - C 10) 5 .4 6 « - H e x a n e  (« -C é ) 2 0 .3 2
« - U n d e c a n e  ( « - C 11) 1 1 .1 9 « - H e p ta n e  ( « - C 7 ) 2 6 .1 3
« - D o d e c a n e  ( « - C 12) 1 6 .2 6 « - O c ta n e  (« -C g ) 3 2 .3 0
« - T r id e c a n e  ( « - C 13) 1 9 .9 7 « - N o n a n e  ( « - C 9 ) 4 1 .7 3
« - T e t r a d e c a n e  ( « - C 14) 2 2 .9 6
« - P e n ta d e c a n e  ( « - C l 5 ) 2 5 .9 5
« - H e x a d e c a n e  ( « - C l 6 ) 2 8 .3 9
« - H e p ta d e c a n e  ( « - C l 7) 3 0 .7 6
« - O c ta d e c a n e  ( « - C l 8) 3 3 .5 2
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F o r  e x a m p le ,  c h r o m a to g r a m s  o f  l iq u id  a n d  g a s  p r o d u c ts  o b ta in e d  o v e r  
P t /H Y  ( S i /A l  r a t io  o f  3 .8 )  o p e r a te d  a t  o p e ra t in g  c o n d i t io n s :  450°c, 5 0 0  p s ig , L H S V  
o f  1 .0  h '1, F h / f e e d  m o la r  r a t io  o f  3 0 , a n d  T O S  o f  6  h  a r e  s h o w n  in  F ig u r e  4 .1 8 (a )  a n d  
(b ) , r e s p e c t iv e ly .  In  F ig u r e  4 .1 8  ( a ) , th e  c h r o m a to g r a m  o f  l iq u id  p r o d u c t s ,  c a n  b e d i-  
v id e d  in to  th r e e  m a in  p a r ts  w h ic h  a re  g a s o l in e  fu e l ( C 5 - C 9 ), j e t  fu e l  ( C 10- C 14), a n d  
r e m a in in g  f e e d  o r  d ie s e l  f u e l  ( C 15- C 18) a t  th e  r e te n t io n  t im e s  o f  1 .1 4 -2 .9 5  m in , 5 .4 6 -  
2 2 .9 6  m in , a n d  2 5 .9 5 - 3 3 :5 2  m in ,  r e s p e c t iv e ly .  F ig u re  4 .1 8  (b )  i l lu s t r a t e s  a  c h r o m a to 
g ra m  o f  g a s  p r o d u c t s ,  c o n s i s t in g  o f  l ig h t  fu e l ( C 1-C 4 ) a n d  g a s o l in e  f u e l  ( C 5 - C 8 ) a t  th e  
r e te n t io n  t im e s  o f  3 .9 2 - 1 1 .8 0  m in  a n d  1 5 .9 5 -3 2 .3 0 , r e s p e c t iv e ly .

F i g u r e  4 .1 8  T y p ic a l  c h r o m a to g r a m  o f  (a )  l iq u id  p r o d u c t s  a n d  (b )  g a s  p r o d u c ts  o v e r  
P t /H Y  ( S i /A l  r a t io  o f  3 .8 )  o p e r a t e d  a t  o p e r a t in g  c o n d i t io n s :  4 5 0 ° c ,  5 0 0  p s ig ,  L H S V  
o f  1 .0  h '1, H 2 / f e e d  m o la r  r a t io  o f  3 0 , a n d  T O S  o f  2  h .
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4 .3 .2 E f f e c t  o f  R e a c t io n  T e m p e r a tu r e s  o n  H y d r o g e n a te d  D ie s e l  C r a c k in g  
T h e  h y d r o g e n a te d  b io d ie s e l  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  

o b ta in e d  a t  5 0 0  p s ig ,  l iq u id  h o u r ly  s p a c e  v e lo c i ty  ( L H S V )  o f  1 h '1, a n d  H 2 / f e e d  m o la r  
r a t io  o f  3 0  w i th  d i f f e r e n t  r e a c t io n  te m p e r a tu r e s  a r e  s h o w n  in  F ig u r e  4 .1 9 ,  th e  r e a c t io n  

te m p e r a tu r e  w e r e  v a r ie d  f ro m  3 5 0  to  4 5 0  °c. It c o u ld  b e  s e e n  th a t  th e  y i e ld  o f  l ig h t , 
g a s o l in e ,  j e t  in c r e a s e d  w ith  in c r e a s in g  c r a c k in g  te m p e r a tu r e s .  T h e  in c r e a s e  in  y ie ld  
r e la te d  to  th e  in c r e a s e  in  a  c a ta ly s t  a c t iv i ty  a n d  r e a c t io n  r a te .  A c c o r d in g  to  th e  A r r h e 
n iu s  e q u a t io n :  k  =  ko e’E/RT, w i th  k  is  a  r e a c t io n  c o n s ta n t ,  ko is  a c t iv i ty  f a c to r ,  E  is  a c 
t iv a t io n  e n e r g y ,  R  is  id e a l g a s  c o n s ta n t  a n d  T  is  r e a c t io n  te m p e r a tu r e ,  k  w o u ld  b e  
in c re a s e d  b y  in c r e a s in g  th e  r e a c t io n  te m p e r a tu r e .  I f  k  in c r e a s e d  th e n  th e  r e a c t io n  r a te  
w a s  g r e a te r ,  s o  th a t  th e  y ie ld  w a s  a ls o  g re a te r .

T h e  m a x im u m  o f  th e  d e s i re d  p r o d u c t  w a s  o b ta in e d  a t  4 5 0  °c. T h e r e 

fo re , th e  r e a c t io n  te m p e ra tu re  o f  4 5 0  °c w a s  s e le c te d  a s  th e  o p t im u m  te m p e r a tu r e  f o r  
f u r th e r  s tu d y  th e  e f f e c t  o f  z e o l i te  c r y s ta l l i t e  s iz e .

100

350 375 400 425 450

T e m p e ra tu e  f  C )

F i g u r e  4 .1 9  Y ie ld  o f  e a c h  p r o d u c t  o b ta in e d  o v e r  d i f f e r e n t  r e a c t io n  te m p e r a tu r e  o f  
0 .3 P t /H Y  z e o l i te  ( R e a c t io n  c o n d i t io n : ,  5 0 0  p s ig ,  L H S V  o f  1 h '1, H 2/f e e d  m o la r  r a t io  
o f  3 0 ) .
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In  th i s  r e s e a rc h , th e  in c re a s in g  in  r e a c t io n  te m p e r a tu r e  c o u ld  b e  e x 
p la in e d  b y  th e  lo c a l  g e o m e tr ic  a n d  e le c t ro n ic  s t r u c tu r e  o f  th e  b r o n s te d  s i t e  e f fe c t ,  
w h ic h  is  in f lu e n c e d  b y  th e  d i f f e r e n t  fo rm  o f  z e o l i te  ( r e m a in in g  o f  N a  c o n te n t  in  
s tr u c tu r e ) .  T h e  d i f f e r e n t  e le c t ro n ic  s t r u c tu r e  a f f e c te d  to  th e  v a r ia t io n  in  th e  a c t iv a t io n  
e n e r g ie s  ( E a) , w h ic h  d e c r e a s e d  in  th e  o p p o s i te  o rd e r :  N a Y >  H Y  z e o l i te  f o rm . A n d  
a c c o rd in g  to  k  =  k o e 'Ea/RT e q u a tio n , i f  Ea in c re a s e d  th e n  th e  r e a c t io n  te m p e r a tu r e  w a s  
in c re a s e d , s o  th a t  th e  r e a c t io n  ra te  c o n s ta n t  w a s  a ls o  g r e a te r  ( B in  X u  et al., 2 0 0 6 ) .
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4 .3 .3 E f f e c t  o f  C r y s ta l l i t e  S iz e  o f  Y  Z e o l i te  o n  A c t iv i ty  a n d  S e le c t iv i ty
F o r  th e  c a ta ly t i c  a c t iv i ty  a n d  s e le c t iv i ty  o f  th e  b i - f u n c t io n a l  c a ta ly s ts ,  P t 

s u p p o r te d  H Y  c a ta ly s ts  w i th  v a r io u s  c r y s ta l l i t e  s iz e s  w e r e  in v e s t ig a te d .  T h e  r e a c t io n  
c o n d i t io n s  fo r  h y d r o c r a c k in g  o f  h y d r o g e n a te d  b io d ie s e l  w e re  c o n d u c te d  a t  4 5 0  ° c ,  
5 0 0  p s ig ,  l iq u id  h o u r ly  s p a c e  v e lo c i ty  ( L H S V )  o f  1 h ' 1, a n d  f E / f e e d m o la r  r a t io  o f  3 0 .

Table4.5 B E T  s u r fa c e  a r e a ,  e x te rn a l  s u r f a c e  a r e a , a n d  p o re  v o lu m e  o f  th e  s y n th e 
s iz e d  Y  z e o l i t e  w i th  d i f f e r e n t  c r y s ta l l i te  s iz e s .

Sample Particle 
size (pm)

BET
-surface area

(m2/g)
External 

surface area 
(m2/g)

Pore Volume
(cm3/g)

Y -T 1 1 0 A 1 0 .7 4 6 7 0 .4 6 4 .0 1 0 .3 6

Y - T 1 1 0 A 2 0 .5 1 7 2 3 .3 7 1 .9 6 0 .3 8

Y - T 1 1 0 A 3 0 .3 2 7 5 0 .1 7 7 .8 3 0 .41

*T = Crystallization tem perature 
A = Aging tim e

T h e  te x tu r a l  p r o p e r t ie s  o f  Y  z e o l i te  w i th  th e  d i f f e r e n t  c ry s ta l  s iz e s  
w e r e  o b ta in e d  f ro m  th e  n i t r o g e n  a d s o r p t io n  is o th e r m s  u s in g  B E T  m e th o d  a re  g iv e n  
in  T a b le  4 .5 .  T h e  to ta l  s u r f a c e  a r e a s  o f  th e  d i f f e r e n t  c r y s ta l  s iz e  c a n  b e  o b s e rv e d  b y  
c o m p a r in g  th e  c o r r e s p o n d in g  s u r fa c e  a r e a . T h e  r e s u l t s  s h o w e d  th a t  th e  d i f f e r e n c e s  in  
c r y s ta l l i t e  s iz e  a f f e c te d  in  th e  v a lu e s  o f  s u r f a c e  a r e a , th e  s m a l le r  c r y s ta l l i t e  s iz e  o f  Y  
z e o l i te  g a v e  a  h ig h e r  s u r f a c e  a r e a  a n d  p o r e  v o lu m e .

F ig u r e 4 .2 0  i l lu s t r a te s  th e  c o m p a r i s o n  o f  p r o d u c ts  d e f in e d  a s  l ig h t  
r a n g e  ( C 1 - C 4 ) ,  g a s o l in e  r a n g e  (C 5 - C 8 ) , j e t  r a n g e  ( C 9 - C 1 4 ) ,  a n d  c o n v e r s io n  o f  h y 
d r o g e n a te d  in  d i f f e r e n t  c r y s ta l l i t e  s iz e s . T o  in v e s t ig a te  th e  c a ta ly t ic  p e r f o r m a n c e  o f  
h y d r o g e n a te d  b io d ie s e l  c r a c k in g  o n  d i f f e r e n t  c r y s ta l l i t e  s iz e  o f  Y  z e o l i te ,  th re e  c r y s 
ta l  s iz e s  ( 0 .7 5 ,  0 .5 1  a n d  0 .3 2  p m )  o f  Y  z e o l i t e  w e r e  u s e d  in  th is  s tu d y .
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Figure 4 . 2 0 C o n v e r s i o n  a n d  y i e l d  o b t a i n e d  o v e r  d i f f e r e n t  c r y s t a l l i t e  s i z e s  o f  

0 . 3 P t / H Y  z e o l i t e  ( R e a c t i o n  c o n d i t i o n :  4 5 0  °c, 5 0 0  p s i g ,  L H S V  o f  1 h ' 1, H 2/ f e e d  

m o l a r  r a t i o  o f  3 0  a n d  T O S  o f  2  h ) .

T h e  r e s u l t s  s h o w e d  t h a t  t h e  s m a l l e s t  c r y s t a l  s i z e  Y  z e o l i t e  ( 0 .3 2  

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

f o l l o w e d  b y  t h e  0 .5 1  ( Y - T 1 1 0 A 2 )  a n d  0 . 7 4 p m  ( Y - T l  1 0 A 1 ) , r e s p e c t i v e l y .  T h e s e  

r e s u l t s  i n d i c a t e d  t h a t  t h e  c r y s t a l  s i z e s  o f  z e o l i t e a f f e c t e d  i n  t h e  c a t a l y t i c  a c t i v i t y ,  t h e  

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

t h e  d i f f u s i v i t y  o f  r e a c t a n t s  a n d  p r o d u c t s .  M o r e o v e r ,  t h e  c h a n g e  o f  a c t i v i t y  w a s  

a t t r i b u t e d  t o  t h e  l a r g e r  e x t e m a l s u r f a c e  a r e a ,  l e a d i n g  t o  t h e  f o l l o w i n g  h i g h e r  

a c c e s s i b i l i t y  f o r  l a r g e  h y d r o c a r b o n m o l e c u l e s .  T h e s e  r e s u l t s  w e r e  in  a c c o r d a n c e  w i t h  

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

c r y s t a l l i t e s ( M . A .  C a m b l o r .  et a l., 1 9 8 9 ) .  T h e y  r e p o r t e d  t h a t  t h e  r e s u l t  r e v e a l e d  a  

g o o d  c o r r e l a t i o n  b e t w e e n  t h e  c r y s t a l  s i z e  o f  z e o l i t e  a n d  t h e  a c t i v i t y :  s m a l l e r  

n a o z e o l i t e - b a s e d  F C C  c a t l y s t  g a v e  h i g h e r  c a t a l y t i c  a c t i v i t y .
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Figure 4.21 C o n v e r s i o n  a n d  p r o d u c t  s e l e c t i v i t y  o b t a i n e d  o v e r  d i f f e r e n t  c r y s t a l l i t e  s i z e  

o f  0 . 3 P t / H Y  z e o l i t e  ( R e a c t i o n  c o n d i t i o n :  4 5 0  ° c ,  5 0 0  p s i g ,  L H S V  o f  1 h ' 1, H 2/T e ed  

m o l a r  r a t i o  o f  3 0  a n d  T O S  o f  2  h ) .

F i g u r e  4 .2 1  s h o w s  t h e  p r o d u c t  d i t r i b u t i o n  a n d  h y d r o g e n a t e d  d i e s e l  

c o n v e r s i o n  o b t a i n e d  o v e r  0 .3  P t / H Y  z e o l i t e  a t  d i f f e r e n t  c r y s t a l l i t e  s i z e s .  T h e  r e s u l t s  

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

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

o b t a i n e d  a t  c r y s t a l l i t e  s i z e s  o f  0 .3  p m .  f o r  t h e  p r o d u c t  d i s t r i b u t i o n ,  i t  h a s  b e e n  f o u n d  

t h a t  a m o u n t  o f  l i g h t  y i e l d  s i g n i f i c a n t l y  d e c r e a s e d  w i t h  t h e  s m a l l e r  c r y s t a l l i t e  s i z e .  O n  

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

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

s i z e ,  w e  f o u n d  t h a t  s a m p l e  Y - T l  1 0 A 2  ( 0 . 5 p m )  g a v e  a  s l i g h t l y  d e c r e a s e d  o f  j e t  y i e ld  

c o m p a r e d  w i t h  t h e  s a m p l e  T 1 1 0 A 1 .  H o w e v e r ,  T 1 0 0 A 3  w h i c h  h a s  a  0 .3  p m  o f  

c r y s t a l l i t e  s i z e  g a v e  a p p a r e n t l y  h i g h e r  j e t  s e l e c t i v i t y .

T h e  b e n e f i t  o f  s m a l l  c r y s t a l l i t e  s i z e  c a n  c o n t r i b u t e  t o  a  h i g h  s e l e c t i v i t y  

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

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

d e s i r e d  p r o d u c t  s e l e c t i v i t y .

T a b le  4 . 6 C o n v e r s i o n ,  l i q u i l d ,  a n d  g a s  p r o d u c t s  y i e l d  ( R e a c t i o n  c o n d i t i o n :  4 5 0  ° c ,  

5 0 0  p s i g ,  L H S V  o f  1 h " 1, แ 2/  f e e d  m o l a r  r a t i o  o f  3 0 ,  a n d  T O S  o f  2  h )

C a t a l y s t s 0 .3 P t / H Y
- T 1 1 0 A 1 T 1 1 0 A 2 T 1 0 0 A 3

c o n v e r s i o n  ( w t .  % ) 5 0 .7 5 5 6 .0 4 7 4 .5 4
C l 0 .7 7 0 .9 4 3 .2 9
C 2 3 .7 3 3 .9 2 3 .3 0
C 3 5 .6 4 6 .8 5 4 .8 3

Y i e l d  o f  g a s C 4 4 .2 6 1 .3 8 2 .7 4
P r o d u c t s  ( w t .% ) C 5 6 .9 3 6 .4 5 1 3 .8 6

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

i s o - C 5 0 .1 1 0 .2 3 0 .3 3
n - C 5 0 .4 7 0 .7 2 1 .3 5

i s o - C 6 0 .8 5 0 .8 7 0 .8 1
n - C 6 0 .9 9 1 .1 8 2  8 3

i s o - C 7 0 .9 9 1 .0 8 1 .4 3
n - C 7 1 .1 3 1 .2 2 3 .6 1

i s o - C 8 1 .2 0 1 .3 1 1 .9 8
n - C 8 1 .2 3 1 .2 4 2 .2 9

i s o - C 9 1 .5 5 1 .6 4 2 .3 6
n - C 9 1 .2 4 1 .2 0 2 .0 2

Y i e l d  o f  l i q u i d  
P r o d u c t  
( w t .% )

i s o - C I O 1 .7 7 1 .7 1  - 2 .3 9
n - C I O 1 .2 0 1 .0 8 1 .7 7

i s o - C l l 1 .6 9 1 .4 9 2 .2 0
n - C l l 1 .0 0 0 .9 5 1 .4 5

i s o - C 1 2 1 .4 7 1 .6 1 2 .4 2
n - C 1 2 0 .8 4 0 .8 0 1 .1 6

i s o - C 1 3 1 .3 4 1 .4 1 2 .2 8
n - C 1 3 0 .7 5 0 .6 6 0 .8 9

i s o - C 1 4 1 .0 1 1 .0 6 1 .6 9
n - C 1 4 0 .7 7 0 .7 7 1 .0 3

i s o - C 1 5 1 .9 7 1 .7 9 2 .0 6
n - C 1 5 1 .8 5 1 .7 0 1 .1 6

i s o - C 1 6 5 .1 0 4 .0 1 3 .3 8
n - C 1 6 5 .9 2 3 .9 1 1 .9 2
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T a b le  4 .6  ( C o n t . ) C o n v e r s i o n ,  l i q u i ld ,  a n d  g a s  p r o d u c t s  y i e l d  ( R e a c t i o n  c o n d i t i o n :  

4 5 0  ๐c ,  5 0 0  p s i g ,  L H S V  o f  1 h ' 1, H 2/  f e e d  m o l a r  r a t i o  o f  3 0 ,  a n d  T O S  o f  2  h )

C a t a l y s t
0 .3 P t / H Y

T 1 1 0 A 1 T 1 1 0 A 2 T 1 0 0  A 3

Y i e l d  o f  l i q u i d  
P r o d u c t  
( w t .% )

i s o - C 1 7 7 .3 0 6 .0 8 5 .2 8
n - C 1 7 5 .5 0 5 .4 0 2 .2 5

i s o - C 1 8 1 0 .1 4 9 .9 8 ■  5 .7 5
n - C 1 8 1 1 .4 7 1 1 .0 8 3 .6 5

Y i e ld  o f  l i g h t  ( % ) 1 4 .4 0 1 3 .0 9 1 4 .1 6
Y i e l d  o f  G a s o l i n e  ( % ) 2 4 .5 1 3 1 .4 1 4 3 .1 0
Y i e ld  o f  J e t  ( % ) 1 1 .8 4 1 1 .5 4 1 7 .2 8
Y i e ld  o f  D i e s e l  ( % ) 4 9 .2 5 4 3 .9 6 2 5 .4 6
S u m  o T  i s o - p a r a f f i n s  ( w t .% ) 3 6 .4 8 3 4 .3 0 3 4 .3 9
S u m  o f  n - p a r a f f i n s  ( w t .% ) 6 3 .5 2 6 5 .7 0 6 5 .6 1

4 . 3 . 4 E f f e c t  o f  L H S V

T h e  e f f e c t  o f  L H S V  ( r e c i p r o c a l  o f  c o n t a c t  t i m e )  o n  c o n v e r s i o n  a n d  

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

4 5 0  ๐c  a n d  H 2/ f e e d  m o l a r  r a t i o  o f  3 0  a r e  r e p r e s e n t e d  in  F i g u r e s  4 .2 2  a n d  4 . 2 3 ,  

r e s p e c t i v e l y .  T h e  r e s u l t s  s h o w e d  t h a t  t h e  h y d r o g e n a t e d  b i o d i e s e l  c o n v e r s i o n  d e 

c r e a s e d  w i t h  t h e  i n c r e a s i n g  o f  L H S V .  T h e  i n c r e a s e d  L H S V  c a u s e d  t h e  d e c r e a s e  o f  

p r o d u c t  y i e l d s  d u e  t o  l o w e r  r e s i d e n c e  t i m e . M o r e o v e r ,  t h e  p r o d u c t  s e l e c t i v i t y  a s  

s h o w n  in  F i g u r e  4 .2 3  e x h i b i t e d t h a t  t h e  j e t  s e l e c t i v i t y  d e c r e a s e d  w i t h i n c r e a s e d c o n t a c t  

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

c o n t a c t  t i m e c a u s e d  t h e  s e c o n d a r y  c r a c k i n g  in  t h e  z e o l i t e  p o r e ,  r e s u l t i n g  in  l i g h t  a n d  

s o m e  g a s o l i n e .
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1 0 0

LHSV ( l ï ‘)

Figure 4.22 Y i e l d  o f  e a c h  p r o d u c t  o b t a i n e d  o v e r  d i f f e r e n t  l i q u i d  h o u r l y  s p a c e  

v e l o c i t y  ( L H S V )  o f  0 .3 P t / H Y  z e o l i t e  ( R e a c t i o n  c o n d i t i o n :  4 5 0  ° c ,  5 0 0  p s i g ,  H 2/ f e e d  

m o l a r  r a t i o  o f  3 0 ) .

Figure 4 . 2 3 P r o d u c t  d i s t r i b u t i o n  ( %  s e l e c t i v i t y )  o b t a i n e d  o v e r  d i f f e r e n t  l i q u i d  h o u r l y  

s p a c e  v e l o c i t y  ( L H S V )  o f  0 . 3 P t / H Y  z e o l i t e  ( R e a c t i o n  c o n d i t i o n :  4 5 0  ๐c ,  5 0 0  p s i g ,  

H 2/ f e e d  m o l a r  r a t i o  o f  3 0 ) .
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4 . 3 .5 C h a r a c t e r i z a t i o n  o f  S p e n t  C a t a l y s t

T h e  T P O  p r o f i l e s  a n d  a m o u n t s  o f  c o k e  d e p o s i t  o v e r  s p e n t  c a t a l y s t s  ( Y -  

T 1 1 0 A 1 ,  Y - T l  1 0 A 2 ,  Y - T 1 0 0 A 3 )  a r e  i l l u s t r a t e d  in  F i g u r e  4 .2 4  a n d  T a b l e  4 .7 ,  r e s p e c 

t i v e l y .  F r o m  a l l  o f  s p e n t  c a t a l y s t s  s a m p l e ,  Y - T l  1 0 A 1  e x h i b i t e d  t h e  h i g h e s t  a m o u n t  o f  

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

T h e  r e s u l t s  s h o w e d  t h a t  t h e  a m o u n t  o f  c o k e  f o r m e d  a f t e r  t h e  r e a c t i o n  

( T O S  o f  8 h )  i n c r e a s e d  w i t h  d e c r e a s i n g  c r y s t a l  s i z e  d u e  t o  t h e  h i g h e r  c o n v e r s i o n  in  

t h e  s m a l l  c r y s t a l  s i z e .  M o r e o v e r  t h e  d e c r e a s e  in  c r y s t a l s  s i z e  o f  Y  z e o l i t e  a f f e c t e d  t h e  

s h i f t i n g  o f  c o k e  f o r m a t i o n  t e m p e r a t u r e ;  t h e  s m a l l e s t  c r y s t a l l i t e  s i z e  g a v e  t h e  h i g h e s t  

h a r d  c o k e  ( h i g h  c o k e  f o r m a t i o n  t e m p e r a t u r e ) .  I t  i s  c o n s i d e r e d  t h a t  t h e  c o k e  f o r m a t i o n  

m a i n l y  o c c u r r e d  o n  t h e  e x t e r n a l  s u r f a c e  o f  t h e  z e o l i t e  c r y s t a l s .  A s  t h e  s m a l l e r  s i z e d  

c a t a l y s t  h a d  m o r e  e x t e r n a l  s u r f a c e  a r e a  to  a c c o m m o d a t e  t h e  c o k e  d e p o s i t s  a n d  f o r m  

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

100  2 00  3 0 0  4 00  5 0 0  6 0 0  7 0 0  8 0 0  900

Temperature ( °  C)

Figure 4 .2 4 T P O  p r o f i l e s  o f  c o k e  d e p o s i t s  l e f t  o v e r  t h e  d i f f e r e n t  c r y s t a l l i t e  s i z e  c a t a 

ly s t s .  R e a c t i o n  c o n d i t i o n s :  t e m p e r a t u r e  4 5 0  °c, L H S V  o f  1 h ' 1 a n d  P V f e e d  r a t i o  o f

30.



Table 4.7Amount of carbon deposit on 0.3Pt/HY catalyst after reaction with differ
ent crystallite size zeolite

C a ta ly st C o k e  (พ t. % )
Y - T 1 1 0 A 1 4 .7 8

Y - T 1 1 0 A 2 6 .7 8

Y - T 1 1 0 A 3 7 .8 6
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