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SUMMARY AND CONCLUSIONS



s t r u c t u r a l l y ,  z e o l i t e s  a r e  f r a m e w o r k  a l u m i n o s i 1 i c a t e s c o m p o s e d

of i n f i n i t e l y  e x t e n d i n g  n e t w o r k  of c o r n e r  s h a r i n g  S i O ^  a n d  Al O ^

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

the b a s i s  of p o r e  o p e n i n g  as S m a l l  P o r t  (SPM) a n d  L a r g e  Po r t

(LPM) a n d  b e l o n g s  to i n t e r m e d i a t e - s i l i c a  f a m i l y .  T h e  p e r f e c t

p r i s m a t i c  f i b e r s  of a b o u t  0 . 0 3  m m  t h i c k n e s s  of N a - m o r d e n i t e

h a v i n g  f o r m u l a  N a g  A l g  S i ^ Q  0 ^ ^  .24 H 2 O e x h i b i t e d  o r t h o r h o m b i c

0 o
s y m m e t r y  w i t h  u n i t  ce l l  d i m e n s i o n s  of a = 1 8 . 1 3  A, b = 2 0 . 4 9  A, C 

o
= 7 . 5 2  A. E a c h  ( A l , S i ) 0 ^  t e t r a h e d r o n  b e l o n g s  to o n e  or m o r e  5-

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

o
( 6.7 X 7 . 0  A ) run p a r a l l e l  to the c - d i r e c t i o n  a n d  o p e n  in t o

o
s m a l l e r  c h a n n e l s  ( 2 . 9  X 5.7 A ) In b - d i r e c t i o n .

The p r e s e n t  w o r k  d e a l s  w i t h  the 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  of s y n t h e t i c  m o r d e n i t e  z e o l i t e s .  T h e  o b j e c t i v e  

of the w o r k  w a s  to s t u d y  the i n f l u e n c e  of v a r i o u s  f a c t o r s  s u c h  

a s  c r y s t a l l i z a t i o n  t e m p e r a t u r e  a n d  ti m e  , g r o s s  c o m p o s i t i o n  of 

g e l  o n  the m o r d e n i t e  s y n t h e s i s .  A n  a t t e m p t  w a s  a l s o  m a d e  o n  the 

d i r e c t  h y d r o t h e r m a l  s y n t h e s i s  of m o r d e n i t e ,  w i t h  f r a m e w o r k  

S i 0 2 / A l 2 0 3  r a t i o  of h i g h e r  t h a n  10 w i t h  a n d  w i t h o u t  the a i d  of 

templ a t e .

S y s t e m a t i c  i n v e s t i g a t i o n  o n  h y d r o t h e r m a l  s y n t h e s i s  of m o r d e ­

n i t e  in the t e m p e r a t u r e  r a n g e  3 9 3 - 4 5 3  K h a v e  b e e n  d i s c u s s e d .  T h e  

h i g h e r  a p p a r e n t  a c t i v a t i o n  e n e r g y  for n u c l e a t i o n  ( = 8 7 . 5

k J / m o l e  ) t h a n  that f o r  c r y s t a l  g r o w t h  ( = 7 4 . 7 1  k J / m o l e  )

r e v e a l e d  the i m p o r t a n c e  of the f o r m e r  s t e p  in h y d r o t h e r m a l  

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

( 1-20 jum ) a n d  c r y s t a l  m o r p h o l o g y  h a v e  b e e n  f o u n d  to b e  i n f l u ­

e n c e d  b y  the r e a c t a n t  m o l e  c o m p o s i t i o n  a n d  n a t u r e  of the s o u r c e
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l a a
of raw m a t e r i a l s  a n d  c r y s t a l l i z a t i o n  t e m p e r a t u r e .  In d i l u t a  g e l s  

( l o w e r  pH) a n d  at c o m p a r a t i v e l y  l o w e r  c r y s t a l l i z a t i o n  t e m p e r a ­

tures, the s m a l l e r  c r y s t a l l i t e s  w e r e  f o r m e d  than t h o s e  s y n t h e ­

s i z e d  in c o n c e n t r a t e d  g e l s  ( h i g h e r  pH ) a n d  a t  h i g h e r  c r y s t a l l i ­

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

the c r y s t a l l i z a t i o n  b e h a v i o r  by  c h a n g i n g  the n u m b e r  of m o l e s  of 

w a t e r  a n d  the c o n c e n t r a t i o n  of N a 2 0  o x i d e  m o l e s  in the r e a c t i o n  

gel on  the c r y s t a l l i z a t i o n  of m o r d e n i t e s .  T h e  ti m e  r e q u i r e d  to 

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

2 0 4  h o u r s  f o r  0 H ~ / H 2 0  of 1 . 5 2  X 1 0 “̂  to o n l y  27 h o u r s  f o r  OH" 

/ H 2 O of 15.2 X 1 0 “̂ . T h i s  i n d i c a t e s  th a t  h i g h e r  0 H ' / H 2 0  r a t i o  

f a v o u r  the f o r m a t i o n  of m o r d e n i t e .

T h e  N a 2 0  c o n t e n t  a l s o  s h o w e d  p r o n o u n c e d  a f f e c t  o n  c r y s t a l l i ­

z a t i o n  of the n a t u r e  a n d  p u r i t y  of the p h a s e s  o b t a i n e d .  C r y s t a l ­

l i z a t i o n  t e m p e r a t u r e  a n d  time w e r e  a l s o  o b s e r v e d  a s  the i m p o r t a n t  

p a r a m e t e r s  in the f o r m a t i o n  of m o r d e n i t e  i r r e s p e c t i v e  of the 

N a 2 0  o x i d e  m o l e  c o n c e n t r a t i o n .

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

of m i x e d  c a t i o n s  ( a l k y l a m m o n i u m  c a t i o n  + s o d i u m  ) y i e l d e d  m o r e  

s i l i c e o u s  p r o d u c t  t h a n  that c r y s t a l l i z e d  in the p r e s e n c e  of 

s o d i u m  o nly. T o  a c h i e v e  h i g h  s i l i c a  m o r d e n i t e ,  v a r i o u s  o x i d e  

m o l e  c o m p o s i t i o n  u s i n g  s i l i c o n  d i o x i d e ,  s o d i u m  s i l i c a t e  as a 

s o u r c e  of s i l i c a  a n d  3 . 0  m o l e s  of T E A - B r  w e r e  c r y s t a l l i z e d  at 

v a r i o u s  t e m p e r a t u r e s .  T h e  d e p e n d a n c e  of S A R  in m o r d e n i t e  w a s  

o b s e r v e d  o n  the pH of the i n i t i a l  gel m i x t u r e  in l o w e r  region.

T h e  p r o d u c t  y i e l d  ( s y n t h e s i s  e f f i c i e n c y )  w a s  7 5  % c o m p a r e d  to 

o n l y  20  - 4 0  % w i t h  s m a l l  p o r t  v a r i e t y .  S y n t h e s i s  e f f i c i e n c y  and



p r o d u c t  SiOo/AloO-r r a t i o  w e r e  f o u n d  to i n c r e a s e  in the p r e s e n c e  

of a t e m p l a t e .  LPM w i t h  SiO^/AloO-, = 25 w a s  a l s o  o b t a i n e d  in the ̂ O
a b s e n c e  of t e m p l a t e  u s i n g  s o d i u m  s i l i c a t e  as s i l i c a  s o u r c e  a n d  

a l u m i n i u m  s u l p h a t e  as a l u m i n a  s o u r c e .

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

m o d e r n  s o p h i s t i c a t e d  t e c h n i q u e s  s u c h  as XRD, IR, T Q / D T A ,  SEM,

O O
Si M A 3 N M R  a n d  s o r p t i o n  m e a s u r e m e n t s  of d i f f e r e n t  p r o b e  

m o l e c u l e s  s u c h  as wa t e r ,  b e n z e n e ,  n - h e x a n e  a n d  n i t r o g e n .  X - r a y  

d i f f r a c t i o n  p a t t e r n  a n d  IR s p e c t r a  in the f r a m e w o r k  v i b r a t i o n  

r e g i o n  r e v e a l e d  s t r u c t u r a l  c h a r a c t e r i s t i c s .  A c o r r e l a t i o n  w a s  

o b s e r v e d  b e t w e e n  the % c r y s t a l l i n i t y  c a l c u l a t e d  f r o m  X R D  a n d  IR 

in the h i g h e r  region. H o w e v e r ,  IR c r y s t a l l i n i t y  s h o w e d  h i g h e r  

v a l u e s  th a n  the X R D  c r y s t a l l i n i t y .  T h e r m o - a n a l y t i c a l  s t u d i e s

s h o w e d  the s t a b i l i t y  of m o r d e n i t e  u p t o  12 7 3  K, T h e  total w e i g h t  

loss in the t e m p e r a t u r e  r a n g e  of 2 7 3  K to 1 2 7 3  K w a s  f o u n d  to 

v a r y  w i t h  the % c r y s t a l l i n i t y  as  w e l l  as  s i l i c a  to a l u m i n a  

ratio. F r o m  the w e i g h t  lo s s  d u e  to r e m o v a l  of t e m p l a t e  a n d  the 

c h e m i c a l  a n a l y s i s  of the s a m p l e ,  it c a n  b e  c o n c l u d e d  t h a t  a 

p a r t  of the t e m p l a t e  c a t i o n s  p l a y  a role of c h a r g e  c o m p e n s a t i o n .  

W i d e  v a r i a t i o n  of c r y s t a l l i t e  s i z e  ( 1 - 2 0  ^ m )  a n d  a v a r i e t y  of 

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

i r r e g u l a r  ) w a s  o b s e r v e d  d u r i n g  the p r e s e n t  s t u d i e s  as a 

i n f l u e n c e  of d i f f e r e n t  s y n t h e s i s  p a r a m e t e r s  s u c h  as n a t u r e  of 

r e a c t a n t s ,  t h e i r  o x i d e  m o l e  r a t i o s  a n d  the t e m p e r a t u r e .  The 

e n h a n c e d  h y d r o p h i l i c i t y  ( d e t e r m i n e d  f r o m  w a t e r  u p t a k e )  in

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

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

T h e  n a t u r e  of a l u m i n a  s o u r c e  a n d  its u n r e a c t e d  c o n t r i b u t i o n  in
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d i f f e r e n t  c r y s t a l I x n i t y  s a m p l e s  s h o w e d  s u r p r i s i n g  t r e n d  in the 

u p t a k e  of b e n z e n e  a n d  n - h e x a n e .

A l i n e a r  c o r r e l a t i o n  w a s  o b s e r v e d  b e t w e e n  the a l u m i n i u m

a t o m s  p e r  u n i t  cell a n d  Lha p e a k  i n t e n s i t y  r a t i o  of [111] /

[130] a n d  [241] / [002] p l a n e s  o n l y  in the r a n g e  of 4 . 6  to 7.8 

A1 a t o m s / u n i t  cell. F u r t h e r  d e c r e a s e  in the a l u m i n i u m  a t o m s  p e r  

u n i t  c e l l  w a s  f o u n d  to d e v i a t e  f r o m  the l i n e a r i t y .  T h u s  x - r a y  

m e a s u r e m e n t s  u n d e r  i d e n t i c a l  c o n d i t i o n s  i n d i c a t e d  the

l i m i t a t i o n s  of the r e l a t i o n  b e t w e e n  a l u m i n i u m  a t o m s / u n i t  c e l l  a n d  

the p e a k  i n t e n s i t y  ratios. B a s e d  o n  the low t e m p e r a t u r e  n i t r o g e n  

s o r p t i o n ,  it w a s  f o u n d  that B E T  s u r f a c e  a r e a  ( 651 - 579 m ^ , g  ) 

a n d  m i c r o p o r o u s  v o i d  v o l u m e  ( 0 . 2 4 7  - 0 . 2 1 9  m l , g ~ ^  ) d e c r e a s e d  in 

m o r d e n i t e  w h e n  the SiO^/Al^O-, r a t i o  w a s  i n c r e a s e d  f r o m  10.4 to 

39.9. E q u i l i b r i u m  s o r p t i o n  u p t a k e s  at P / P p  = 0 . 5  a n d  2 9 8  K for 

d i f f e r e n t  p r o b e  m o l e c u l e s  like wat e r ,  b e n z e n e  w a s  a l s o  f o u n d  to 

s u p p o r t  this o b s e r v a t i o n s . I s o t h e r m s  of s o r p t i o n  of w a t e r  in the 

t e m p e r a t u r e  r a n g e  3 0 3  - 403 K in d i f f e r e n t  m o r d e n i t e  s a m p l e s  w i t h  

d i f f e r e n t  S A R  y i e l d e d  u s e f u l  i n f o r m a t i o n  o n  the s o r p t i o n  

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

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

to y i e l d  the l i n e a r  p l o t s  f o r  w a t e r  i s o t h e r m s .  S i p s  e q u a t i o n  

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

s o r p t i o n  of w a t e r  d u e  to f o r m a t i o n  of a q u o - c o m p l e x e s  w i t h  the 

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

i n v o l v e m e n t  of m o b i l e  s o r p t i o n  m o d e l  w i t h  s o r b a t e - s o r b a t e  

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

w i t h  the i n c r e a s e  in 3 i 0 2 / A l 2 0 j  r a t i o  in the m o r d e n i t e .
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I s o s t e r i c  h e a t  of s o r p t i o n  c o u l d  not c o r r e l a t e  w i t h  the s t r e n g t h  

of e i t h e r  b a s i c  or  a c i d i c  c e n t r e s  in the m o r d e n i t e  w i t h  the 

v a r i a t i o n  in SiO-^/Al^O-^ r a t i o  in the z e o l i t e .  T h e  f r a m e w o r k  S i / A l/cL ii. o

r a t i o  w a s  a l s o  f o u n d  to i n f l u e n c e  the IR s p e c t r a  p a t t e r n  not o n l y  

in i n t e n s i t y  of the b a n d s  at 8 2 0  c m ~ ^  b u t  a l s o  the p o s i t i o n s  of 

the b a n d s  n o r m a l l y  a p p e a r s  at 560, 6 4 0  a n d  10 6 0  cm'^. ^*^Si

M A 3 N M R  s t u d y  r e v e a l e d  the e n h a n c e d  i n t e n s i t y  of S i ( O A l )  p e a k  at 

the c o s t  of S i ( l A l )  p e a k  i n t e n s i t y  w i t h  the i n c r e a s e  in the 

S i / A l  r a t i o  o b t a i n e d  b y  d e c r e a s i n g  the a l u m i n i u m  a t o m s  i n s t e a d  

of i n c r e a s i n g  Si a t o m s  d u r i n g  the s y n t h e s i s .

S t u d i e s  o n  the c o n v e r s i o n  of n - h e x a n e  o v e r  P t m o r d e n i t e  

r e s u l t s  c o m p l e x  n a t u r e  of the r e a c t i o n  i n c l u d i n g  i s o m e r i z a t i o n ,  

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

d e c r e a s e d  w i t h  i n c r e a s e  in p r e s s u r e  d u e  to i n c r e a s e d  

h y d r o g e n o l y s i s .  It a l s o  d e c r e a s e s  w i t h  i n c r e a s e  in t e m p e r a t u r e  

d u e  to c r a c k i n g  r e a c t i o n .  H o w e v e r ,  the i n c r e a s e  in the p r e s s u r e  

of the r e a c t i o n  w a s  f o u n d  to d e c r e a s e  the c o n v e r s i o n  of n ~ h e x a n e  

m a r g i n a l l y .
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