
CHAPTER V

RESULTS AND DISCUSSION

I n  t h i s  c h a p t e r ,  t h e  r e s u l t s  a n d  d i s c u s s i o n  a r e  d i v i d e d  i n t o  t h r e e  s e c t i o n s .  

F i r s t ,  s y n t h e s i s  a n d  c h a r a c t e r i z a t i o n s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  t h e  d r y  g e l  

c o n v e r s i o n  w e r e  p r e s e n t e d  i n  s e c t i o n  5 . 1 .  T h e  p o w d e r  w a s  a n a l y z e d  b y  u s i n g  X R D ,  

X R F ,  B E T  s u r f a c e  a r e a ,  S E M  a n d  27A l  N M R .  S e c o n d ,  c a t a l y t i c  b e h a v i o r  o f  b e t a  

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

e x p l a i n e d  i n  s e c t i o n  5 . 2 .  T h i r d ,  t h e  a d v a n t a g e s  f o r  s y n t h e s i s  o f  b e t a  z e o l i t e  b y  d r y  g e l  

c o n v e r s i o n  a r e  s h o w e d  i n  s e c t i o n  5 .3 .

5.1 Synthesis and Characterizations of beta zeolite by Dry Gel Conversion

5.1.1 Effect of the water content in the reaction system

T h e  e f f e c t  o f  t h e  a m o u n t  o f  w a t e r  u s i n g  i n  t h e  r e a c t i o n  s y s t e m  o n  t h e  

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

s t a r t i n g  m a t e r i a l s  w a s  S iC > 2 : O .O I A I 2 O 3 : 0 . 1 N a 2 O :  0 . 3 7 T E A O H  a n d  t h e  r e a c t i o n  

t e m p e r a t u r e  w e r e  k e p t  c o n s t a n t  a t  175°c f o r  2 4  h  [ 5 , 6 ] ,

T h e  X - r a y  d i f f r a c t i o n  p a t t e r n s  o f  t h e  a s - s y n t h e s i z e d  p r o d u c t s  p r e p a r e d  

w i t h  v a r i o u s  w a t e r  c o n t e n t s  ( 5 ,  1 0 ,  2 0 ,  3 0 ,  5 0  m l )  a r e  s h o w n  i n  F i g u r e  5 . 2 .  T h e  X R D  

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

5 . 1 .  T h e  X R D  p a t t e r n s  o f  b e t a  z e o l i t e  i n d i c a t e  t w o  m a i n  p e a k s  a t  2 0  a s  7 . 8 °  a n d  

2 2 . 4 ° .  T h i s  i s  a  u n i q u e  c h a r a c t e r i s t i c  o f  b e t a  z e o l i t e  i n  a g r e e m e n t  w i t h  s e v e r a l  w o r k s  

[ 4 2 ] ,  T h i s  a p p r o a c h  u s e d  f o r  c h a r a c t e r i z a t i o n  t h e  t y p e  o f  c r y s t a l s  z e o l i t e  b y  

c o m p a r i n g  w i t h  t h e  d a t a  o f  p o w d e r  d i f f r a c t i o n  f i l e  [ 3 ] ,  X R D  p a t t e r n  w a s  s p e c i f i e d  f o r  

e a c h  c r y s t a l .

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

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

o f  w a t e r  f r o m  5  t o  1 0  m l .  H o w e v e r ,  a f t e r  t h e  w a t e r  c o n t e n t s  i n c r e a s e d  t o  2 0 ,  3 0  a n d



5 0  m l .  t h e  c r y s t a l l i n i t y  d e c r e a s e d  d i s t i n c t l y .  I t  s u g g e s t s  t h a t  t h e  a m o r p h o u s  p h a s e  w a s  

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

X R D  p a t t e r n s  c l e a r l y  s h o w s  t h e  f a c t  t h a t  t h e  w a t e r  c o n t e n t  h a s  a  s t r o n g  i m p a c t  o n  t h e  

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

o b s e r v a t i o n  r e p o r t e d  b y  R a o  a n d  M a t s u k a t a  f o r  T i - B E A  s y n t h e s i s  [ 7 7 ] .

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

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

h i g h e r  t h a n  5 . 2  g  i n  t h e  a u t o c l a v e  1 , 0 0 0  m l  c a u s e s  t h e  p r e s e n c e  o f  a  l i q u i d  p h a s e  

d u r i n g  t h e  d r y - g e l  c o n v e r s i o n  p r o c e s s  a t  t h e  175°c [ 7 8 ] ,  H o w e v e r ,  t h i s  w a t e r  a m o u n t  

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

a m o u n t  a c t u a l l y  n e e d e d  [ 2 0 ] .

T h e r e  a r e  p o s s i b l e  r e a s o n s  r e s p o n s i b l e  f o r  t h e s e  r e s u l t s  d u e  t o  t h e  s e a l e d  

a u t o c l a v e  c o n t a i n s  a t  l e a s t  4  k i n d s  o f  v o l a t i l e  c o m p o n e n t s  s u c h  a s  a i r ,  w a t e r ,  

t r i e t h y l a m i n e  a n d  e t h y l e n e  c o m i n g  f r o m  T E A O H  d e c o m p o s i t i o n ,  a m o n g  w h i c h  

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

w i l l  r e d u c e  a n d  t h e  d i s s o l u t i o n  o f  t r i e t h y l a m i n e  f u r t h e r  a f f e c t s  t h e  c r y s t a l l i z a t i o n  [ 2 0 ] .  

H e n c e ,  t h e  p r e s e n c e  o f  w a t e r  i s  a  p r e r e q u i s i t e  f o r  t h e  s u c c e s s f u l  c r y s t a l l i z a t i o n  o f  b e t a  

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

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

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

[ 1 9 , 2 0 ] .
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M a t s u k a t a  e t  a l .  [ 1 9 ]  h a v e  b e e n  r e p o r t e d  t h a t  t h e  r e q u i r e m e n t  o f  a n  

a p p r o p r i a t e  t h e  w a t e r  c o n t e n t  e x c e e d i n g  t h e  e x a c t  a m o u n t  t o  k e e p  t h e  s a t u r a t e d  v a p o r  

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

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

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

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

l a r g e  e x c e s s  w a t e r  c o n t e n t .  T h e y  h a v e  p r e v i o u s l y  b e e n  r e p o r t e d  [ 6 ]  t h a t  i n  a s - m a d e  

b e t a  z e o l i t e ,  T E A + c a t i o n s  a r e  o c c l u d e d  a n d  s t a b i l i z e d  b y  i n t e r a c t i n g  w i t h  t h e  b e t a  

z e o l i t e  f r a m e w o r k  b y  f o r m i n g  A l - O '  T E A + b o n d s  ( d e c o m p o s i n g  a b o v e  3 2 7 ° C )  a n d



S i - 0 8'  T E A + b o n d s  ( d e c o m p o s i n g  a b o v e  1 7 7 ° C ) .  T h e y  c o n c l u s i o n ,  T E A + c a t i o n s  

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

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

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

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

t h e  a q u e o u s  p h a s e  a n d  t h e n  i t s  d e g r a d a t i o n  w o u l d  t a k e  p l a c e  w h e n  w a t e r  c o n d e n s e s  i n  

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

A l - O '  T E A + b o n d s  a n d  S i - O 8'  T E A + b o n d s  d u e  t o  O H '  a n d  H + o f  H 2 O  d e c o m p o s i t i o n  

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

f o r m a t i o n  o f  b e t a  z e o l i t e .
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re 5.1 X R D  p a t t e r n  o f  c o m m e r c i a l  b e t a  z e o l i t e
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Figure 5 . 2  X R D  p a t t e r n s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  d r y  g e l  c o n v e r s i o n  w i t h  
d i f f e r e n c e  a m o u n t s  o f  w a t e r  a s  s o u r c e  o f  s t e a m



5.1.2 Effect of the dry gel mass 51

F i g u r e  5 . 3  s h o w s  t h e  X R D  p a t t e r n s  o f  p r o d u c t s  p r e p a r e d  v i a  d r y  g e l  

c o n v e r s i o n  w i t h  t h e  v a r i a t i o n  o f  d r y  g e l  m a s s e s .  A c c o r d i n g  t o  t h e s e  X R D  p a t t e r n s ,  i t  

i s  c l e a r  t h a t  h i g h l y  c r y s t a l l i n e  b e t a  z e o l i t e  w a s  o b t a i n e d  w i t h  M gei /  M water r a t i o  o f  1 .5 .  

A  d e c r e a s e  o f  t h e  m a s s  o f  d r y  g e l  (M gei /  Mwater =  0 . 8 )  p r o d u c e d  a n  a m o r p h o u s  p h a s e  

a n d  i n c r e a s i n g  o f  t h e  m a s s  o f  d r y  g e l  (M gei /  M water =  3 . 0 )  l e a d e d  t o  t h e  f o r m a t i o n  o f  

Z S M - 1 2  a s  i m p u r i t y .  T r a n s f o r m a t i o n  o f  b e t a  z e o l i t e  i n t o  Z S M - 1 2 ,  O U - 1  o r  Z S M - 5  

d u r i n g  t h e  d r y  g e l  c o n v e r s i o n  h a s  b e e n  r e p o r t e d  p r e v i o u s l y  [ 7 9 , 8 0 ] ,
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Figure 5 . 3  X R D  p a t t e r n s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  d r y  g e l  c o n v e r s i o n  w i t h  
d i f f e r e n c e  M g e i/M water m a s s  r a t i o s



5.1.3 Effect of silica to alumina ratio
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F i g u r e  5 . 4  s h o w s  t h e  X R D  p a t t e r n s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  d r y  g e l  

c o n v e r s i o n  w i t h  S i 0 2 / A l 2 0 3  r a t i o  o f  2 9 ,  5 3 ,  9 2  a n d  1 6 0 ,  w h e n  w a t e r  c o n t e n t  a n d  

M gei/M w ater m a s s  r a t i o s  w a s  1 0  a n d  1 . 5 ,  r e s p e c t i v e l y .  T h e  p r o d u c t  w i t h  S i 0 2 / A l 2 0 3  

r a t i o  o f  2 9 ,  5 3  a n d  9 2  w a s  b e t a  z e o l i t e .  H o w e v e r ,  t h e  c o n t a m i n a t i o n  o f  Z S M - 1 2  w a s  

o b s e r v e d  i n  t h e  p r o d u c t  w i t h  S i 0 2/ A l 2 0 3  r a t i o  o f  1 6 0 ,  w h i c h  t h e  X R D  p e a k  o f  Z S M -  

1 2  a p p e a r  a t  2 0  =  7 . 4 ,  8 . 2 ,  2 1 . 2 ,  a n d  2 4 . 9  [ 3 ] .  A  s i m i l a r  r e s u l t  h a s  b e e n  r e p o r t e d  b y  

M a t s u l a t a  e t  a l .  [ 1 9 ]  f o r  c o n v e r s i o n  o f  d r y  g e l  t o  m i c r o p o r o u s  c r y s t a l s  i n  g a s  p h a s e .  

W h i c h  S i 0 2 / A l 2 0 3  r a t i o  i n c r e a s e d ,  b e t a  z e o l i t e  b e i n g  t o  t r a n s f o r m  t o  Z S M - 1 2  a n d  

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

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

2 2 . 4 ° .  F r o m  m o s t  o f  l i t e r a t u r e  r e v i e w e d  [ 2 8 , 5 2 , 8 1 ] ,  t h e  p e a k  i n t e n s i t y  a t  2 2 . 4 °  w a s  

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

t h e r e f o r e  c h o s e n  a s  a  c a l c u l a t e d  p e a k .  ( F o r  c a l c u l a t i o n  s e e  a p p e n d i x  A - 2 ) .  T h e  r e s u l t s  

o f  c a l c u l a t i o n  a r e  s h o w n  i n  F i g u r e  5 . 5 .  T h e  r e l a t i v e  c r y s t a l l i n i t y  o f  b e t a  z e o l i t e  

i n c r e a s e d  c o r r e s p o n d i n g  t o  t h e  i n c r e a s i n g  o f  S i 0 2 / A l 2 0 3  r a t i o  f r o m  2 9  t o  9 2  a n d  

d e c r e a s e d  t o  8 0  a t  S i 0 2 / A l 2 0 3  r a t i o  o f  1 6 0  a s  r e s u l t  o f  i m p u r i t y  f o r m a t i o n .  K a s t u r e  e t  

a l .  [ 8 2 ]  h a v e  r e p o r t e d  t h a t  i t  i s  i m p o s s i b l e  t o  m a k e  h i g h l y  c r y s t a l l i n e  b e t a  z e o l l i t e  a t  

l o w  S i 0 2 / A l 2 0 3  r a t i o  w i t h  h y d r o t h e r m a l  s y n t h e s i s .
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Figure 5.4 X R D  p a t t e r n s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  d r y  g e l  c o n v e r s i o n  w i t h  
d i f f e r e n c e  S i C V A h C b  r a t i o s

SiCb/AlzOj
Figure 5.5 R e l a t i o n s h i p  b e t w e e n  p e r c e n t  r e l a t i v e  c r y s t a l l i n i t y  a n d  S i C h / A h C b  

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



5.1.4 Physical and Chemical properties of beta zeolite with different 
S1O2/AI2O3 ratios
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5.1.4.1 Chemical composition of thus-obtained products

T h e  c h e m i c a l  c o m p o s i t i o n  w a s  c a l c u l a t e d  b y  X R F  a n a l y s i s ,  a n d  c o n f i r m s  

t h e  s i l i c a  a n d  a l u m i n a  i n  t h e  s y n t h e s i z e d  b e t a  z e o l i t e  a r e  s u m m a r i z e d  i n  T a b l e  5 . 1 .

Table 5.1 C h e m i c a l  c o m p o s i t i o n  o f  b e t a  z e o l i t e s

S i 0 2 / A l 2 0 3

G e l P r o d u c t

3 0 2 9

6 0 5 3

1 0 0 9 2

2 0 0 1 6 0

5.1.4.2 The physical properties of thus-obtained products

T h e  p h y s i c a l  p r o p e r t i e s  o f  b e t a  z e o l i t e  a r e  s u m m a r i z e d  i n  T a b l e  5 . 2 .  T h e  

B E T  s u r f a c e  a r e a  i n c r e a s e d  f r o m  2 5 1  t o  4 7 5  m 2/ g  a n d  t h e  r e l a t i v e  c r y s t a l l i n i t y  

i n c r e a s e d  f r o m  5 7  t o  1 0 0 %  c o r r e s p o n d i n g  t o  t h e  i n c r e a s i n g  o f  S i 0 2 / A l 2 0 3  r a t i o  f r o m  

2 9  t o  9 2 .  H o w e v e r ,  a f t e r  t h e  S i 0 2 M . l 2 C >3 i n c r e a s e d  t o  1 6 0 ,  t h e  B E T  s u r f a c e  a r e a  a n d  

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

f o r m a t i o n  o f  Z S M - 1 2  c o n t a m i n a t i o n .



Table 5.2 The physical properties of beta zeolites. 55

S i 0 2 / A l 2 0 3

p r o d u c t

B E T

(ท 1 2 ,g )

% R e l a t i v e

c r y s t a l l i n i t y *

P a r t i c l e  s i z e  

( p m )
P h a s e

2 9 2 5 1 5 7 0 . 0 9 B e t a  z e o l i t e

5 3 3 6 3 7 3 0 . 1 2 B e t a  z e o l i t e

9 2 4 7 5 1 0 0 0 . 2 6 B e t a  z e o l i t e

1 6 0 3 4 1 8 4 0 . 1 - 2 . 1 B e t a + Z S M - 1 2

* B a s e d  o n  i n t e n s i t y  o f  X R D  p e a k  a t  2 0  =  2 2 . 4 °  t a k i n g  s a m p l e  S i C V A E C ^  r a t i o  o f  1 0 0  

a s  t h e  r e f e r e n c e

5.1.3.3 Morphology of thus-obtained products

F i g u r e  5 . 5  s h o w s  t y p i c a l  s c a n n i n g  e l e c t r o n  m i c r o g r a p h s  ( S E M )  i m a g e s  f o r  

b e t a  z e o l i t e  s y n t h e s i z e d  b y  d r y  g e l  c o n v e r s i o n  w i t h  S i 0 2 / A l 2 0 3  r a t i o  o f  2 9 ,  5 3 ,  9 2  a n d  

1 6 0 ,  w h i c h  c a n  b e  s e e n  i n  F i g u r e  5 . 5 ,  5 . 6 ,  5 . 7  a n d  5 . 8  r e s p e c t i v e l y .  T h e  a v e r a g e  

p a r t i c l e  s i z e s  o f  p r o d u c t  a r e  s u m m a r i z e d  i n  T a b l e  5 . 2 .  T h e  a v e r a g e  p a r t i c l e  s i z e  w a s  

c a l c u l a t e d  f r o m

A v e r a g e  p a r t i c l e  s i z e  =  X  ( n i d i 3)

z  (nidi2)

W h e n  nj i s  n u m b e r  o f  p a r t i c l e  a t  d j  

d j  i s  d i a m e t e r  o f  p a r t i c l e  i

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

0 . 0 9  t o  0 . 2 6  p m  c o r r e s p o n d i n g  t o  t h e  i n c r e a s i n g  o f  S i C V A ^ C b  r a t i o  f r o m  2 9  t o  9 2 .  

T h i s  t r e n d  h a s  a l s o  b e e n  r e p o r t e d  i n  h y d r o t h e r m a l  s y n t h e s i s  o f  b e t a  z e o l i t e  [ 3 3 ] .  

W h i l e ,  t h e  p a r t i c l e  s i z e  d e c r e a s e d  a f t e r  t h e  S1O2/AI2O3 r a t i o  i n c r e a s e d  t o  1 6 0 ,  w h i c h  

d u e  t o  t h e  f o r m a t i o n  o f  ZSM-12. T h e  m o r p h o l o g y  o f  t h u s - o b t a i n e d  p r o d u c t s  

s y n t h e s i z e d  b y  d r y  g e l  c o n v e r s i o n  w a s  s q u a r e  b i p y r a m i d  w i t h  s h o w n  i n  F i g u r e  5 . 5 -  

5 .7 .  F r o m  SEM i m a g e  i n  F i g u r e  5 . 8 ,  t w o  t y p e s  o f  p a r t i c l e  w e r e  o b s e r v e d .  T h e  s q u a r e  

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



particle were presented. These large particles might be assigned to the ZSM-12
particles.

Figure 5.6 S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  
d r y  g e l  c o n v e r s i o n  w i t h  S i C h / A b O a  r a t i o  o f  2 9

Figure 5.7 Scanning electron micrographs of beta zeolite synthesized by
dry gel conversion with SiCb/AbOa ratio of 53



Figure 5.8 S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  o f  b e t a  z e o l i t e  s y n t h e s i z e d  b y  
d r y  g e l  c o n v e r s i o n  w i t h  S i 0 2 / A l 2 Û 3 r a t i o  o f  9 2

Figure 5.9 Scanning electron micrographs of beta zeolite synthesized by
dry gel conversion with SiCVAhOs ratio of 160



5.1.3.4 Framework Al content by 27Al MAS NMR Spectra

M e a s u r i n g  2 7 A 1  M A S  N M R  s p e c t r a  p r o v i d e s  i n f o r m a t i o n  a b o u t  t h e  

e n v i r o n m e n t  o f  t h e  a l u m i n u m  a t o m s  i n  t h e  z e o l i t e  s a m p l e .  A l - t e t r a h e d r a l  p r e s e n t e d  i n  

t h e  z e o l i t e  f r a m e w o r k  ( A l ( O S i ) 4) ,  d i s p l a y s  t h e  N M R  f e a t u r e  a t  -  5 3  p p m .  O n  t h e  

o t h e r  h a n d ,  e x t r a - f r a m e w o r k  a l u m i n u m  ( E F A 1 )  s p e c i e s  a r e  u s u a l l y  o c t a h e d r a l  

c o o r d i n a t e s  w h i c h  a p p e a r  s i g n a l  a t  a  c h e m i c a l  s h i f t  o f  ~  0  p p m .

T h e  2 7 A 1  M A S  N M R  s p e c t r a  f o r  b e t a  z e o l i t e  s y n t h e s i z e d  b y  d r y  g e l  

c o n v e r s i o n  w i t h  S i 0 2 / A l 2 0 3  r a t i o  o f  2 9 ,  5 3 ,  9 2  a n d  1 6 0  a r e  s h o w n  i n  F i g u r e  5 . 1 0  -  

F i g u r e  5 . 1 3 .  T h e  p r o d u c t  o f  b e t a  z e o l i t e  s h o w s  a  s t r o n g  p e a k  a t  c a .  5 3  p p m  d u e  t o  

t e t r a h e d r a l  c o o r d i n a t e d  f r a m e w o r k  A 1  a n d  a  v e r y  w e a k  p e a k  a t  c a .  0  p p m  d u e  t o  

o c t a h e d r a l  c o o r d i n a t e d  e x t r a  f r a m e w o r k  A l  ( E F A 1 ) .  T h e  o c t a h e d r a l  a l u m i n u m  s p e c i e s  

i n  t h e  p r o d u c t s  w e r e  f o r m e d  d u r i n g  t h e  t r a n s f o r m a t i o n  p r o c e s s  f r o m  a s - s y n t h e s i z e d  t o  

H - f o r m  t h a t  i s  a f t e r  c a l c i n a t i o n s  a  s m a l l  p a r t  o f  a l u m i n u m  a t o m s  a r e  r e l e a s e d  f r o m  t h e  

z e o l i t e  f r a m e w o r k .  [ 6 0 ] ,
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Figure 5.10 27A1 MAS NMR spectra of H-zeolite beta synthesized by
dry gel conversion with Si02/Al2C>3 ratio of 29
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1

Figure 5.11 27A l  M A S  N M R  s p e c t r a  o f  H -  b e t a  z e o l i t e  s y n t h e s i z e d  b y  

d r y  g e l  c o n v e r s i o n  w i t h  S i C h / A h C b  r a t i o  o f  5 3

Figure 5.12 27A1 MAS NMR spectra of H- beta zeolite synthesized by
dry gel conversion with SiCb/AhCb ratio of 92
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Figure 5.13 27A1 MAS NMR spectra o f H- beta zeolite synthesized by 
dry gel conversion with SiCVAhCb ratio o f  160



5.2 Reaction Testing
61

The catalytic performance o f the beta zeolite synthesized by dry gel 
conversion was tested in the reaction o f  methanol conversion. The methanol 
conversion obtained at a constant space velocity and a constant temperature for the 
four samples as a function of time on stream is shown in Figure 5.14, each sample 
was investigated on stream for the period o f 8 hour. As can be seen, after 5 hours o f  
operations, all the samples reached the steady-state level o f activity. The catalytic 
activity o f the beta zeolite with S i0 2/A]2C>3 ratio o f 92 is higher compared to other.

As expected, for beta zeolite prepared by dry gel conversion the catalytic 
activity is increased with increasing S i0 2/Al2C>3 ratio. The increase in the methanol 
conversion corresponding to the increasing of Si0 2/Al203 ratio from 29 to 92 and 
decreased at Si02/Al203 ratio o f 160, it suggests that the resulted o f crystallinity o f  
beta zeolite synthesized by dry gel conversion. Kasture et al. [82] have reported that 
the increase in the benzene conversion with the increase in crystallinity o f beta zeolite 
may partly be associated with increasing in the number o f acidic sites, pore volume, 
and surface area. Yoo and Smimiotis [83] have reported that zeolites where the 
aluminum distribution in the pores varies locally and/or the pore network is not 
uniform (small pores are connected with relatively large voids) they believe that the 
acid site strength can very significantly with respect to the Si02/Al203 ratio and 
dealumination methods. Toophorm et al. [84] synthesized polycrystalline zeolite beta 
using hydrothermal method. They found that the change o f the small particle size was 
easily occurred than that o f the large one and the higher Si0 2/Al203 ratio o f beta 
zeolite more stable on dealumination under hyderthermal treatment.

The product distributions o f beta zeolite with Si0 2/A l203 ratio o f 29 for 
three different time on stream are shown in Figure 5.15. It was found that, initially, 
conversion o f methanol was 83.40%, iso-butane was main product. After the reaction 
was prolonged the conversion dropped to 63.44% and the main product changed to be 
ethylene and propylene. This resulted due to the fact that, when the reaction was 
prolonged, water was produced as the by-product o f the reaction. Which it was 
damaged the structure o f beta zeolte by dealumination process. The structure collapse



was affected on the decreasing bronsted acid site. Normally, the formation o f iso
butane should occurred by two bronsted acid site. When the decreasing o f bronsted 
acid site, the balance selectivity decreased corresponding to the decreased of acid site. 
After the reaction at 300 minute time on stream, conversion dropped to 61.22% and 
reached the steady-state level o f activity, the main product changed to be methane. An 
increase in the methane selectivity is probably due to the decrease o f the amount o f  
the strong acid sites. For the beta zeolite with Si02/Al2C>3 ratios o f 53 for three 
different time on stream are shown in Figure 5.16. It was found that, initially, 
conversion o f methanol was 93.08%, iso-butane was main product. After the reaction 
was prolonged the conversion dropped to 86.39% and the main product changed to be 
ethylene and propylene. After the reaction at 300 minute time on stream, conversion 
dropped to 77.40% and reached the steady-state level of activity, the main product 
changed to be methane. And the beta zeolite with SiCVA^Ch ratios o f 92 for three 
different time on stream are shown in Figure 5.17. It was found that similar the 
product distribution was obtained from beta zeolite with Si02/A l203 ratios o f 29 and 
92, initially, conversion of methanol was 79.48%, iso-butane was main product. After 
the reaction was prolonged the conversion dropped to 74.12% and the main product 
changed to be ethylene and propylene. After the reaction at 300 minute time on 
stream, conversion dropped to 72.03% and reached the steady-state level o f activity, 
the main product changed to be methane. However, beta zeolite with SiCVAFOî 
ratios o f 160 is shown in Figure 5.18. It was found that, initially, propylene was main 
product. After 120 minute on stream, iso-butane increased was obtained, which 
difference from the results o f SiCh/AFCh ratios o f 29, 53 and 92 due to structure o f  
zeolte due to different o f structure was obtained, it had impurity formation from the 
dry gel synthesis.
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5.3 The advantages for synthesis of beta zeolite by dry gel conversion.

The advantages for synthesis o f beta zeolite by dry gel conversion, when 
comparison between dry gel conversion and hydrothermal method will be showed as 
follows:

63

Beta zeolite by hydrothermal method
Aging time: 40 h.
Gel molar composition

K20 : 2Na20  : mm®! ะ 1/2A120 3 ะ x S i0 2 ะ 700H20  ะ yHCl

Beta zeolite by dry gel conversion method
Aging time: 24 h.
Gel molar composition

0.1Na2O : 0.37TEAOH : xA120 3 : S i0 2

Synthesis o f beta zeolite by dry gel conversion method has the following 
advantages over the hydrothermal crystallization method; 1 2

1. Reduction o f the consumption o f expensive organic template.
2. Rapid crystallization.
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Figure 5.14 Methanol conversion time on stream on conversion ot beta zeolite synthesized by dry gel conversion with

difference Si02/Al2Û3 ratios
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Figure 5.15 Selectivity o f product distribution as a function o f stream o f beta zeolite with SiCh/AhOs ratio o f 29



I

I

I

100
90 

80 

70 

60 

50 

40  

30 H 

20 

10 
0

15 120 300
Time on stream (min)

ฒ other 
ร  C5+ 
ฒ i-C4=
■  C4=  

m  C4 
m i-C 4

El C3 
0  C2= 

□  C2
■  C l

Figure 5.16 Selectivity o f product distribution as a function o f stream o f beta zeolite with SiCCA^Ch ratio o f 53
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Figure 5.17 Selectivity o f product distribution as a function o f stream o f beta zeolite with Si02/Al2Û3 ratio o f 92
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