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©  Process  for  forming  muKicomponent  oxide  complex  catalysts. 

Process  for  forming  multi-component  oxide  catalysts. 
According  to  the.  invention  the  key  catalytic  phase  of  the 

catalyst  is  preformed  and  the  elements  of  the  host-catalyst 
phase  are  added  together  or  separately.  The  key  catalytic 
phase  contains  a  molybdate  or  a  tungstate  of  Bi,  Te,  Sb,  Sn  Cu 

or  
mixtures  thereof. 
A  representative  catalyst  is 

In  the  production  of  this  catalyst  a  preformed  bisrnuth 
molybdate  slurry  is  added  to  a  hoat-catalyst  slurry.  The  mix- 

ture  was  then  dried,  calcined,  ground  and  calcined  once 
a g a i n .  



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  c a t a l y s t s  

u s e f u l   in   t h e   o x i d a t i o n   a n d / o r   a m m o x i d a t i o n   o f  

o l e f i n s .   More  s p e c i f i c a l l y ,   t h e   p r e s e n t   i n v e n t i o n  

r e l a t e s   to  a  n o v e l   p r o c e s s   f o r   p r o d u c i n g   o x i d a t i o n  

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

p r o p e r t i e s .  

I t   i s   w e l l   known  t h a t   o l e f i n s   can   b e  

o x i d i z e d   to  o x y g e n a t e d   h y d r o c a r b o n s   s u c h   as  u n -  

s a t u r a t e d   a l d e h y d e s   and   a c i d s ,   f o r   e x a m p l e ,   a c r o -  

l e i n   and   m e t h a c r o l e i n ,   and   a c r y l i c   and   m e t h a c r y l i c  

a c i d s .   I t   i s   a l s o   w e l l   known  t h a t   o l e f i n s   can   b e  

a m m o x i d i z e d   to  u n s a t u r a t e d   n i t r i l e s   s u c h   as  a c r y l o n i -  

t r i l e   and   m e t h a c r y l o n i t r i l e .   The  v a l u e   of   s u c h  

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

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

among  t h e   m o s t   v a l u a b l e   m o n o m e r s   a v a i l a b l e   to  t h e  

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

p r o d u c t s .  



V a r i o u s   c a t a l y t i c   p r o c e s s e s   a r e   known  f o r  

t h e   o x i d a t i o n   a n d / o r   a m m o x i d a t i o n   of  o l e f i n s .   I n  

s u c h   p r o c e s s e s   i t   i s   common  to  r e a c t   an  o l e f i n   o r  

an  o l e f i n - a m m o n i a   m i x t u r e   w i t h   o x y g e n   in   t h e   v a p o u r  

p h a s e   in   t h e   p r e s e n c e   of  a  c a t a l y s t .   Fo r   t h e  

p r o d u c t i o n   of  a c r o l e i n   and   a c r y l o n i t r i l e ,   p r o p y l e n e  

i s   g e n e r a l l y   u s e d   as  t h e   o l e f i n   r e a c t a n t   and  f o r   t h e  

p r o d u c t i o n   of  m e t h a c r o l e i n   and   m e t h a c r y l o n i t r i l e ,  

i s o b u t y l e n e   i s   g e n e r a l l y   u s e d   as  t he   o l e f i n   r e a c t a n t .  

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

as  u s e f u l   in   t he   o x i d a t i o n   and   a m m o x i d a t i o n   o f  

o l e f i n s .   E x a m p l e s   o f ,   s u c h   c a t a l y s t s   a r e   t h o s e  

d i s c l o s e d   in   U n i t e d   S t a t e s   P a t e n t s ,   3 , 8 8 2 , 1 5 9   a n d  

3 , 7 4 6 , 6 5 7 ,   US  P a t e n t   A p p l i c a t i o n   S e r i a l   N u m b e r  

7 4 8 , 6 0 9 ,   f i l e d   D e c e m b e r   7,  1 9 7 6 .   C a t a l y s t s   b a s e d   o n  

b i s m u t h   and   m o l y b d e n u m ,   t h a t   i s   b i s m u t h   m o l y b d a t e  

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

s u c h   as  i r o n ,   c o b a l t ,   n i c k e l ,   p o t a s s i u m ,   p h o s p h o r u s ,  

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

u t i l i t y   in   t h e s e   r e a c t i o n s .  

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

in   t he   p a s t   by  a  n u m b e r   of  d i f f e r e n t   t e c h n i q u e s .   F o r  

e x a m p l e ,   E x a m p l e   I I I   of  U . S .   3 , 7 4 6 , 6 5 7   shows  a  m e t h o d  

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

p o t a s s i u m   h y d r o x i d e ,   ammonium  m o l y b d a t e   and  s i l i c a ,  

a d d i n g   to  t he   m i x t u r e   p h o s p h o r i c   a c i d ,   s o l u t i o n s   i n  

n i t r i c   a c i d   of  t h e   n i t r a t e s   of  c o b a l t ,   i r o n ,   n i c k e l  

and   b i s m u t h ,   and   more   s i l i c a   to  f o r m   a  s l u r r y ,   t h e n  

s p r a y   d r y i n g   and   c a l c i n i n g   to  f o rm  t h e   c a t a l y s t .  

US  A p p l i c a t i o n   S e r i a l   Number   7 4 8 , 6 0 9   d i s c l o s e s   a  



c a t a l y s t   p r e p a r a t i o n   t e c h n i q u e   in   w h i c h   an  a q u e o u s  
s o l u t i o n   of  c o b a l t   n i t r a t e   and   n i c k e l   n i t r a t e ,   a n  

a q u e o u s   s o l u t i o n   of  p o t a s s i u m   n i t r a t e   and   i r o n  

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

n i t r a t e   and   a  s i l i c a   s o l   a r e   a d d e d   in   o r d e r   to  a n  

a q u e o u s   s o l u t i o n   of  ammonium  h e p t a m o l y b d a t e   a n d  

p h o s p h o r i c   a c i d ,   and   t h e   c o m p o s i t i o n   so  o b t a i n e d  

s p r a y e d   d r i e d   and   c a l c i n e d   to  f o rm  t h e   c a t a l y s t .  
T h i s   a p p l i c a t i o n   a l s o   d i s c l o s e s   a n o t h e r   c a t a l y s t  

)  p r e p a r a t i o n   t e c h n i q u e   in   w h i c h   an  a q u e o u s   n i t r i c  

a c i d   s o l u t i o n   of  f e r r i c   n i t r a t e   and   b i s m u t h   n i t r a t e  

i s   a d d e d   to   a  p r e v i o u s l y   f o r m e d   a q u e o u s   s l u r r y  

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

a r s e n i c   a c i d ,   s i l i c a   s o l ,   n i c k e l   n i t r a t e   and  c o b a l t  

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

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

t h e   u l t i m a t e   c a t a l y s t .  

Each   of   t h e   known  t e c h n i q u e s   of   c a t a l y s t  

p r e p a r a t i o n   has   r e l a t i v e   a d v a n t a g e s   and   d i s a d v a n t a g e s .  

)  A l s o ,   t h e r e   has   b e e n   some  i n d i c a t i o n   t h a t   t h e  

c a t a l y t i c   p r o p e r t i e s   of  t he   u l t i m a t e   c a t a l y s t s  

p r o d u c e d   can   be  i m p r o v e d   i f   s p e c i f i c   c a t a l y s t s  

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

t h e r e   i s   no  known  c a t a l y s t   p r e p a r a t i o n   t e c h n i q u e  

i  w h i c h   i s   b o t h   s i m p l e   and   e a s y   to  p e r f o r m   and   c a p a b l e  

of  e n h a n c i n g   t h e   c a t a l y t i c   p r o p e r t i e s   of  t he   c a t a l y s t  

p r o d u c e d .  

I t   i s   an  o b j e c t   of  t h e  p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  c a t a l y s t   p r e p a r a t i o n   t e c h n i q u e   e s -  

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



of  b i s m u t h   m o l y b d a t e   t y p e   c a t a l y s t s   w h i c h   i s   b o t h  

s i m p l e   and   e a s y   to   p e r f o r m   as  w e l l   as  c a p a b l e  

of  e n h a n c i n g   t h e   c a t a l y t i c   p r o p e r t i e s   of  t h e  

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

A c c o r d i n g   to  t h e   i n v e n t i o n ,   i t   ha s   b e e n  

f o u n d   t h a t   t h e   c a t a l y t i c   a c t i v i t y   of  m u l t i -  

c o m p o n e n t   o x i d a t i o n   and   a m m o x i d a t i o n   c a t a l y s t s  

can   be  s i g n i f i c a n t l y   e n h a n c e d   i f   t h e   key   c a t a l y t i c  

p h a s e   ( f o r   e x a m p l e ,   b i s m u t h   m o l y b d a t e   in   t h e   c a s e  

of   a  b i s m u t h   m o l y b d a t e - t y p e   c a t a l y s t )   i s   p r e - f o r m e d  

p r i o r   to  c o m b i n i n g   i t   w i t h   t h e   r e m a i n i n g   e l e m e n t s  

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

e n h a n c e s   t h e   a c t i v i t y   of  t h e   c a t a l y s t ,   bu t   i s   s i m p l e  

and   e a s y   to  c a r r y   o u t .  

The  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of  c a t a l y s t s  

a c c o r d i n g   to  t h e   i n v e n t i o n   i s   a p p l i c a b l e   to  a  w i d e  

v a r i e t y   of  d i f f e r e n t   t y p e s   of  c a t a l y s t s ,   t h e  

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

Such   c a t a l y s t s   can   be  d e s c r i b e d   by  t h e   f o l l o w i n g  

g e n e r a l  f o r m u l a :  

w h e r e i n :   M  =  B i ,   Te,   Sb,  Sn,  a n d / o r   Cu  

N  =  Mo  a n d / o r   W 

A =  a l k a l i   m e t a l ,   T l ,   a n d / o r   Sm 

C  =  Ni ,   Co,  Mn,  Mg,  Be,  Ca,  S r ,   Ba,  Zn,  C d ,  
a n d / o r   Hg 

D =  Fe ,   Cr,   Ce,  a n d / o r   V 

E  =  P,  As,   B,  S b  

F  =  r a r e   e a r t h ,   T i ,   Zr ,   Nb,  Ta,  Re,  l t u ,  
Rh,  Ag,  Au,  A l ,   Ga,  I n ,   S i ,   Ge,  P b ,  
Th,  a n d / o r   U,  and   f u r t h e r  



w h e r e i n   a  =   0 - 4  

b  =  0 - 2 0  

c  =  0 . 0 1 - 2 0  

d  =  0 - 4  

e  =  0 - 8  

f  =   8 - 1 6  

m  =  0 . 0 1 - 1 0  

n  =   0 . 1 - 3 0 ,   a n d  

x  and   y  a r e   n u m b e r s   s u c h   t h a t   t h e  
v a l e n c e   r e q u i r e m e n t s   of  t h e   o t h e r  
e l e m e n t s   f o r   o x y g e n   in   t h e   key   c a t a l y t i c  
p h a s e   and   t h e   h o s t - c a t a l y s t   p h a s e ,  
r e s p e c t i v e l y   a r e   s a t i s f i e d ;   and   t h e  
r a t i o   q /p   i s   0 . 1   to  10,   p r e f e r a b l y  
0 . 5 - 4 .  

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

i s   d e n o t e d   as   t h e   key   c a t a l y t i c   p h a s e ,   w h i l e   t h e  

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

i s   t h e   h o s t - ,   p r o m o t o r - ,   a n d / o r   c o - c a t a l y s t   p h a s e  

( h e r e i n a f t e r   r e f e r r e d   to  as   t h e   h o s t - c a t a l y s t  

p h a s e ) .  

In  t h i s   c o n n e c t i o n ,   a l t h o u g h   t h e   f o r e g o i n g  

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

p r o d u c e d   by  t h e   i n v e n t i v e   p r o c e s s   a r e   c o m p o s e d   o f  

two  p h a s e s ,   n a m e l y   a  key   c a t a l y t i c   p h a s e   and   a  h o s t -  

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

d e s c r i p t i v e   p u r p o s e s   o n l y .   O x i d e   c a t a l y s t s   of  t h e  

t y p e   d e s c r i b e d   a r e   w e l l   known  in   t h e   a r t   a n d  

n o r m a l l y   t a k e   t h e   f o rm  of   some  t y p e   of  o x i d e   c o m p l e x ,  

t h e   s p e c i f i c   s t r u c t u r e   of  w h i c h   i s   e x t r e m e l y   c o m p l e x  

and   n o t   c o m p l e t e l y   u n d e r s t o o d .   The  c a t a l y s t s  



p r o d u c e d   by  t h e   p r o c e s s   of  t he   i n v e n t i o n   a r e   o f  

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

c o m p o s e d   of  a  s i m p l e   m i x t u r e   of  t h e   key   a n d  

h o s t - c a t a l y s t   p h a s e s   b u t   r a t h e r   a  c o m p l e x  

c o m p o s i t i o n   in   w h i c h   t h e   key   and  h o s t - c a t a l y s t  

p h a s e s   i n t e r a c t   w i t h   one  a n o t h e r   and   w h i c h   may  b e  

c o m p o s e d   of  one  or  more   p h a s e s .  

In  t h e   f o r e g o i n g   f o r m u l a ,   M  i s   p r e f e r a b l y   B i  

and   N  i s   Mo.  Of  t h e s e   c a t a l y s t s ,   t h o s e   c o n t a i n i n g  

n i c k e l ,   c o b a l t   and   i r o n   and  o p t i o n a l l y   p h o s p h o r o u s  

or   a n t i m o n y ,   a r e   p r e f e r r e d ,   and   of  t h e s e   c a t a l y s t s  

t h o s e   c o n t a i n i n g   an  a l k a l i   m e t a l ,   m o s t   p r e f e r a b l y  

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

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

I IA  or  I IB   m e t a l ,   i t   i s   p r e f e r a b l y   Mg,  Cd  or  Z n .  

An  i m p o r t a n t   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n  

as  i n d i c a t e d   a b o v e   i s   t h a t   t h e y   key   c a t a l y t i c   p h a s e  

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

p r e f o r m e d   p r i o r   to  c o m b i n i n g   w i t h   t h e   o t h e r  

e l e m e n t s   of  t h e   c a t a l y s t .   The  key   c a t a l y t i c   p h a s e  

can   be  made  in   a c c o r d a n c e   w i t h   any   c o n v e n t i o n a l  

t e c h n i q u e .   For   e x a m p l e ,   b i s m u t h   m o l y b d a t e   c a n  

be  c o n v e n i e n t l y   p r e p a r e d   by  a d d i n g   a m m o n i u m  

h e p t a m o l y b d a t e ,   ( N H 4 ) 6 M o 7 0 2 4 . 4 H 2 0 ,   to  an  a q u e o u s  

s o l u t i o n   of  b i s m u t h   n i t r a t e ,   p r e f e r a b l y   i n   a  

n i t r i c   s o l u t i o n ,   and   t h e n   a d j u s t i n g   t h e   pH  t o  

fo rm  a  p r e c i p i t a t e   of  b i s m u t h   m o l y b d a t e .  

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

a n i o n s  c a n   be  e m p l o y e d .   For   e x a m p l e ,   a c e t a t e ,  

t r i p h e n y l   and   c i t r a t e   s a l t s   of  b i s m u t h   can   b e  



e m p l o y e d   to  fo rm  b i s m u t h   m o l y b d a t e .   S i m i l a r l y ,  

d e c o m p o s a b l e   s a l t s   of  t he   o t h e r   M  e l e m e n t s   can  b e  

u s e d   to  s u p p l y   t h e   M  c o m p o n e n t   of  t h e   key   c a t a l y t i c  

p h a s e ,   w h i l e   ammonium  t u n g s t a t e ,   t u n g s t i c   a c i d  

and   t h e   l i k e   can   be  u s e d   to  s u p p l y   t u n g s t e n   in   t h e  

c a s e   in   w h i c h   N  i s   W. 

S t i l l   a n o t h e r   t e c h n i q u e   f o r   f o r m i n g   t he   k e y  

c a t a l y t i c   p h a s e   i s   by  known  m e t a l l u r g i c a l   t e c h n i q u e s ,  

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

o x i d e   t o g e t h e r   in   t h e   s o l i d   p h a s e .  

P r e p a r a t i o n   of  m o l y b d a t e s   a n d / o r   t u n g s t a t e s   o f  

t he   v a r i o u s   e l e m e n t s   M  l i s t e d   in   t h e   f o r e g o i n g  

f o r m u l a   a r e   w e l l   known  in  t h e   a r t .   Thus   t h o s e  

s k i l l e d   in   t h e   a r t   s h o u l d   be  a b l e   r e a d i l y   to  p r o d u c e  

the   p r e - f o r m e d   c a t a l y t i c   p h a s e   of  t h e   c a t a l y s t .  

In   p r o d u c i n g   t h e   key   c a t a l y t i c   p h a s e   of  t h e  

o b j e c t i v e   c a t a l y s t s ,   t he   a m o u n t   of  M  and   N  c o m p o n e n t s  

c o m b i n e d   t o g e t h e r   i s ,   of  c o u r s e ,   d e p e n d e n t   upon   t h e  

u l t i m a t e   c o m p o s i t i o n   of  t h e   o b j e c t i v e   c a t a l y s t   a s  

w e l l   as  t h e   a m o u n t   of  N  e l e m e n t   in   t h e   c o - c a t a l y s t  

p h a s e .   W i t h i n   t h i s   f r a m e w o r k ,   h o w e v e r ,   i t  i s  

d e s i r a b l e   t h a t   t h e   r a t i o   M/N  in   f o r m i n g   t h e   k e y  

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

1 :9   to  9 : 1 ,   p r e f e r a b l y   2 :1   to  1 : 3   and   m o s t   p r e f e r a b l y  

2 : 1   to  2 : 3 .   When  p r o d u c i n g   b i s m u t h   m o l y b d a t e   as  t h e  

key   c a t a l y t i c   p h a s e ,   i t   i s   e s p e c i a l l y   p r e f e r r e d   t h a t  

t h e   M/N  r a t i o   be  2 :1   to  1 :3   and   m o s t   p r e f e r a b l y   2 : 1  

to  2 : 3 .  

The  r e m a i n i n g   e l e m e n t s   of  t h e   d e s i r e d   c a t a l y s t  

w h i c h   f o rm  t h e   h o s t - c a t a l y s t   p h a s e   can   be  c o m b i n e d  



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

F o r   e x a m p l e ,   a  s i n g l e   s o l u t i o n   or   s l u r r y   c o n t a i n i n g  

a l l   of  t h e   i n g r e d i e n t s   of  t h e   h o s t - c a t a l y s t   p h a s e  

can   be  a d d e d   to  t h e   p r e - f o r m e d   key   c a t a l y t i c   p h a s e  

and   t h e   c o m p o s i t i o n   so  o b t a i n e d   d r i e d   and   c a l c i n e d  

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

one  or   more   of  t h e   e l e m e n t s   in   t h e   h o s t - c a t a l y s t  

p h a s e   can   a l s o   be  p r e - f o r m e d   i n t o   a  m o l y b d a t e   a n d / o r  

t u n g s t a t e   p r i o r   to  a d m i x i n g   w i t h   t h e   p r e - f o r m e d   k e y  

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

of   t h e   h o s t - c a t a l y s t   p h a s e   can   be  f o r m e d   i n t o  

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

c a t a l y s t )   p r i o r   to  a d d i t i o n   to  t h e   key   c a t a l y t i c  

p h a s e .   S i n c e ,   h o w e v e r ,   i t   i s   d e s i r a b l e  t h a t   t h e  

p r o c e s s   of  t h e   i n v e n t i o n   be  as  s i m p l e   as  p o s s i b l e ,  

i t   i s   p r e f e r r e d   to  f o rm  t h e   h o s t - c a t a l y s t   p h a s e   i n  

a  s i n g l e   o p e r a t i o n .   In  any   e v e n t ,   i t  i s   n e c e s s a r y  

in   o r d e r   to   k e e p   t h e   p r o c e s s   of  t h e   i n v e n t i o n   s i m p l e  

t h a t   n o n e   of  t h e   Group   V I I I   e l e m e n t s   i n   t h e   c a t a l y s t ,  

i f   a n y ,   i s   i n d i v i d u a l l y   p r e - f o r m e d   i n t o   a  m o l y b d a t e  

o r   t u n g s t a t e   s i n c e   to  do  so  w o u l d   make  t h e   p r e -  

p a r a t i o n   p r o c e d u r e   u n d u l y   and   u n n e c e s s a r i l y   c o m p l e x .  

As  i n d i c a t e d   a b o v e ,   t h e   h o s t - c a t a l y s t   p h a s e  

can   be  c o m b i n e d   w i t h   t h e   key   c a t a l y t i c   p h a s e   i n   t h e  

f o r m   of   a  s o l u t i o n   or   s l u r r y ,   t h e   s o l u t i o n   or   s l u r r y  

p r e f e r a b l y   b e i n g   a q u e o u s .   I f   a  h o s t - c a t a l y s t   p h a s e  

in   t h e   f o r m   of  a  s o l u t i o n   i s   e m p l o y e d ,   t h e   s o l u t i o n  

i s   a d d e d   to  t h e   key   c a t a l y t i c   p h a s e   ( e i t h e r   in   t h e  

f o r m   or   a  s l u r r y )   and   t h e   c o m p o s i t i o n   so  o b t a i n e d  

h e a t e d   to   d r y n e s s .   In   a c c o r d a n c e   w i t h   w e l l   k n o w n  



c h e m i c a l   p h e n o m e n a ,   h e a t i n g ,   pH  a d j u s t m e n t   or   o t h e r  

a p p r o p r i a t e   t r e a t m e n t   of  t he   a q u e o u s   c o m p o s i t i o n  

c a u s e s   p r e c i p i t a t i o n   of  t he   c o m p o n e n t s   d i s s o l v e d  

in   t h e   l i q u i d   p h a s e   of  t he   s l u r r y ,   t h e r e b y  

p r o d u c i n g   a  p r e c i p i t a t e   w h i c h   t o g e t h e r   w i t h   t h e  

p r e - f o r m e d   key   c a t a l y t i c   p h a s e   f o r m s   a  p r e - c a t a l y s t  

of  a p p r o p r i a t e   c o m p o s i t i o n .   D r y i n g   and   c a l c i n a t i o n  

of  t h e   p r e - c a t a l y s t   in   a c c o r d a n c e   w i t h   c o n v e n t i o n a l  

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

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

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

I f   t h e   h o s t - c a t a l y s t   p h a s e   i s   in   t h e   fo rm  of  a  

s l u r r y   r a t h e r   t h a n   a  s o l u t i o n ,   t h i s   s l u r r y   i s   a d m i x e d  

w i t h   t h e   key   c a t a l y t i c   p h a s e   ( e i t h e r   in   t he   f o rm  of  a  

s l u r r y   or   a  s o l i d )   and   t h e   c o m p o s i t i o n   so  o b t a i n e d  

d r i e d   and   c a l c i n e d   in   t h e   same  m a n n e r   as  d i s c u s s e d  

a b o v e   to  p r o d u c e   a  c a t a l y s t   of  t h e   d e s i r e d   c o m -  

p o s i t i o n .  

In  a  s i m i l a r   m a n n e r ,   an  a q u e o u s   s o l u t i o n   o r  

s l u r r y   c o n t a i n i n g   l e s s   t h a n   a l l   of  t he   e l e m e n t s   i n  

t h e   h o s t - c a t a l y s t   p h a s e   can   be  a d d e d   to  t h e   k e y  

c a t a l y t i c   p h a s e .   In  s u c h   a  s i t u a t i o n ,   of  c o u r s e ,  

one  or   more  a d d i t i o n a l   s o l u t i o n s   or   s l u r r i e s  

c o n t a i n i n g   t h e   r e m a i n i n g   e l e m e n t s   c o n s t i t u t i n g   t h e  

h o s t - c a t a l y s t   p h a s e   m u s t   a l s o   be  a d d e d   to  t h e   k e y  

c a t a l y t i c   p h a s e   to  p r o d u c e   t h e   d e s i r e d   c a t a l y s t .  

In  any   e v e n t ,   t he   m a n n e r   in   w h i c h   t h e   e l e m e n t s   o f  

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

c a t a l y t i c   p h a s e   i s   u n i m p o r t a n t   so  l o n g   as   none   o f  

t h e   Group   V I I I   e l e m e n t s   in   t he   c a t a l y s t ,   i f   a n y ,   a r e  



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

i n d i v i d u a l l y .  

The  s t a r t i n g   m a t e r i a l s   u s e d   to  s u p p l y  

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

p h a s e   can   be  any   m a t e r i a l s   c o n v e n t i o n a l l y   e m p l o y e d  

in   t h e   m a n u f a c t u r e   of   o x i d a t i o n   c a t a l y s t s .   N o r m a l l y ,  

d e c o m p o s a b l e   s a l t s   w h i c h   w i l l   y i e l d   t h e   d e s i r e d  

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

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

can   be  e m p l o y e d   as  can   s a l t s   in   w h i c h   b o t h   t h e  

a n i o n   and   c a t i o n   c o n t r i b u t e   e l e m e n t s   to  t h e   f i n a l  

c a t a l y s t   s u c h   as  KH2P04.   F o r   e x a m p l e ,   n i t r a t e ,  

a c e t a t e ,   t r i p h e n y l   and   c i t r a t e   s a l t s   of  t h e   e l e -  

m e n t s   in   q u e s t i o n   can   be  e m p l o y e d   as  can   p h o s p h o r i c  

a c i d ,   a n t i m o n y   o x i d e   and   c h r o m i u m   t r i o x i d e .   N i t r a t e  

s a l t s   f i n d   p a r t i c u l a r   a p p l i c a b i l i t y   in   p r i o r   a r t  

p r o c e s s e s   and   a r e   e s p e c i a l l y   u s e f u l   in   t h e  p r o c e s s  

a c c o r d i n g   to   t h e   i n v e n t i o n .  

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

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

b a s e d   on  m o l y b d a t e s   or   t u n g s t a t e s   a r e   w e l l   k n o w n  

in   t h e   a r t ,   and   t h o s e   s k i l l e d   i n   t h e   a r t   s h o u l d  

h a v e   no  d i f f i c u l t y   in   d e t e r m i n i n g   how  to  i n c o r p o r a t e  

a  p a r t i c u l a r   e l e m e n t   i n t o   t h e   c a t a l y s t   of  t h e  

p r e s e n t   i n v e n t i o n .   P r o v i d e d   t h a t   t h e   key   c a t a l y t i c  

p h a s e   of   t h e   d e s i r e d   c a t a l y s t   i s   p r e - f o r m e d   and   n o  

Group   V I I I   e l e m e n t   i s   i n d i v i d u a l l y   p r e f o r m e d ,   t h e  

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

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

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



In  a c c o r d a n c e   w i t h   a  p r e f e r r e d   e m b o d i m e n t   o f  

t he   p r e s e n t   i n v e n t i o n ,   t h e   d e s i r e d   c a t a l y s t   i s   m o s t  

s i m p l y   made  by  c o m b i n i n g   t o g e t h e r   an  a q u e o u s  

s l u r r y   of   t h e   key   c a t a l y t i c   p h a s e   and  an  a q u e o u s  

s l u r r y   of  t h e   h o s t - c a t a l y s t   p h a s e ,   d r y i n g   t h e  

c o m p o s i t i o n   so  o b t a i n e d   to  y i e l d   a  s o l i d   p r e -  

c a t a l y s t   p r e c i p i t a t e   and  c a l c i n i n g   t h e   p r e c i p i t a t e  

to  f o rm  a  c a t a l y s t   of  t h e   d e s i r e d   c o m p o s i t i o n .  

The  key   c a t a l y t i c   p h a s e   a q u e o u s   s l u r r y   i s   p r e f e r a b l y  

made  by  c o - p r e c i p i t a t i o n   t e c h n i q u e s   u s i n g   d e -  

c o m p o s a b l e   s a l t s   ( p r e f e r a b l y   n i t r a t e s   and   a m m o n i u m  

s a l t s )   and   i f   d e s i r e d ,   o x i d e s   and   f r e e   a c i d s   a n d  

the   a q u e o u s   s l u r r y   of  t h e   h o s t - c a t a l y s t   p h a s e   i s  

s i m i l a r l y   made  by  c o - p r e c i p i t a t i o n   w i t h   d e c o m p o s a b l e  

s a l t s   ( p r e f e r a b l y   n i t r a t e s   and   ammonium  s a l t s )  

and   i f   d e s i r e d   o x i d e s   and   f r e e   a c i d s .  

In  a n o t h e r   v e r y   s i m p l e   way  of  c a r r y i n g   o u t  

t h e   p r o c e s s   of  t h e   i n v e n t i o n   t h e   s t a r t i n g   m a t e r i a l s  

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

p h a s e   ( e . g .   n i t r a t e   s a l t s ,   f r e e   a c i d s ,   o x i d e s ,   e t c . )  

can   b e  i n d i v i d u a l l y   a d d e d   ( e i t h e r   in   t h e   fo rm  of  a  

s o l i d   or   a  s l u r r y )   to  an  a q u e o u s   s l u r r y   of  t h e   k e y  

c a t a l y t i c   p h a s e ,   and   t h e   p r e c i p i t a t e   o b t a i n e d   o n  

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

A  s i g n i f i c a n t   f e a t u r e   of  t h e   p r o c e s s   a c c o r d i n g  

to  t h e   i n v e n t i o n   i s   t h a t   t h e   key   c a t a l y t i c   p h a s e  

of  t h e   d e s i r e d   c a t a l y s t   once   p r e - f o r m e d   can   b e  

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

i n g r e d i e n t s   of  t h e   c a t a l y s t .   Fo r   e x a m p l e ,   t h e   k e y  

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



fo rm  of   an  a q u e o u s   s l u r r y ,   can   be  c o m b i n e d   w i t h  

t h e   o t h e r   e l e m e n t s   of  t h e   c a t a l y s t   s t i l l   i n   t h e  

f o r m   of  t h i s   a q u e o u s   s l u r r y .   In  o t h e r   w o r d s ,   n o  

f i l t e r i n g   of   t h e   key   c a t a l y t i c   p h a s e   s l u r r y   t o  

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

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

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

p r e - f o r m e d   key   c a t a l y t i c   p h a s e   can   be  s e p a r a t e d  

f r o m   t h e   m o t h e r   l i q u o r ,   as   by  f i l t e r a t i o n ,   a n d  

c o m b i n e d   w i t h   t h e   o t h e r   i n g r e d i e n t s   of  t h e  

c a t a l y s t   in   t h i s   f o r m .   F u r t h e r m o r e ,   i f   d e s i r e d ,  

t he   key   c a t a l y t i c   p h a s e   can   be  s u b j e c t e d   to  c a l -  

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

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

o t h e r   i n g r e d i e n t s   of   t h e   c a t a l y s t ,   a l t h o u g h   t h i s  

i s   u n n e c e s s a r y .   And,   i f   c a l c i n a t i o n   i s   c a r r i e d  

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

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

F u r t h e r m o r e ,   i f   t h e   k e y   c a t a l y t i c   p h a s e   i s   f o r m e d  

by  t e c h n i q u e s   o t h e r   t h a n   c o - p r e c i p i t a t i o n ,   s u c h   a s ,  
f o r   e x a m p l e ,   m e t a l l u r g i c a l   t e c h n i q u e s ,   i t   can   b e  

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

in   t h e   f o r m   d e r i v e d .  

I t   s h o u l d  a l s o   be  a p p r e c i a t e d   t h a t   t h e   o r d e r  

in   w h i c h   t h e   v a r i o u s   p h a s e s   of   t h e   c a t a l y s t   a r e  

a d d e d   to   one  a n o t h e r   i s   a l s o   n o t   c r i t i c a l .   M o r e  

s p e c i f i c a l l y ,   one  or   more   c o m p o n e n t s   of  t h e   h o s t -  

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

can   be  a d d e d   to  t h e   key   c a t a l y s t   p h a s e ,   o r  



c o n v e r s e l y   t he   key   c a t a l y t i c   p h a s e   can   be  a d d e d  

to  one  or   more  of  t he   c o m p o n e n t s   ( e i t h e r   p r e f o r m e d  

or  u n p r e f o r m e d )   of  t he   h o s t - c a t a l y s t   p h a s e .  

F u r t h e r m o r e ,   i f   a l l   of  t he   i n g r e d i e n t s   of  t h e  

h o s t - c a t a l y s t   p h a s e   a r e   n o t   s i m u l t a n e o u s l y  

c o m b i n e d   w i t h   t h e   key   c a t a l y t i c   p h a s e ,   t he   o r d e r  

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

p h a s e   a r e   c o m b i n e d   w i t h   t h e   key   c a t a l y t i c   p h a s e   i s  

a l s o   u n i m p o r t a n t .  

The  c a t a l y s t s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

c a l c i n e d   p r i o r   to  u s e .   As  i s   w e l l   known  in   t h e   a r t ,  

c a l c i n a t i o n   of  o x i d e   c o m p l e x   c a t a l y s t s   s e r v e s   t o  

a c t i v a t e   t h e   c a t a l y s t s ,   i . e .   i n c r e a s e   t h e i r  

c a t a l y t i c   a c t i v i t y .   A l s o ,   c a l c i n a t i o n   s e r v e s  

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

may  be  p r e s e n t   in   t h e   p r e - c a t a l y s t .   In  a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n ,   c a l c i n a t i o n   can   b e  

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

a i r ,   or   o t h e r   gas   in   a  c o n v e n t i o n a l   m a n n e r .   F o r  

e x a m p l e ,   t h e   c a t a l y s t   can   be  c a l c i n e d   f o r   a  p e r i o d  
o f  1   to  48  h o u r s   a t   t e m p e r a t u r e s   of   200  to  8 0 0 ° C  

in   The  
p r e s e n c e   of  a i r .  

The  c a t a l y s t   of  t h e   p r e s e n t   i n v e n t i o n   m a y  

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

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

t i t a n i a   and   z i r c o n i a .   Such  s u p p o r t   m a t e r i a l s   a r e  

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

t y p e   c a t a l y s t s ,   and   any   c o n v e n t i o n a l   s u p p o r t  

m a t e r i a l   can   be  e m p l o y e d   in   any   c o n v e n t i o n a l   a m o u n t .  

When  a  s u p p o r t   m a t e r i a l   i s   e m p l o y e d ,   i t   can   b e  a d d e d  



to  t h e   r e m a i n i n g   i n g r e d i e n t s   of  t h e   d e s i r e d   c a t a l y s t  

a t   any   t i m e  a n d   i n   any   m a n n e r .   Fo r   e x a m p l e ,   t h e  

s u p p o r t   m a t e r i a l   can   be  a d d e d   to  t h e   key   c a t a l y t i c  

p h a s e   p r i o r   to  t h e   a d d i t i o n   of  t h e   h o s t - c a t a l y s t  

p h a s e   or   i t   can   be  a d d e d   to  t h e   c a t a l y s t   o n c e  

f o r m e d   b e f o r e   or   e v e n   a f t e r   a  c a l c i n a t i o n .  

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

to  t h e   h o s t - c a t a l y s t   p r i o r   to  c o m b i n i n g   t h e  

h o s t - c a t a l y s t   p h a s e   w i t h   t h e   key   c a t a l y t i c   p h a s e .  

As  i n d i e a t e d   a b o v e ,   an  i m p o r t a n t   f e a t u r e   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   t h e   key   c a t a l y t i c  

p h a s e   of  t h e   o b j e c t i v e   c a t a l y s t   i s   p r e f o r m e d   p r i o r  

to  a d m i x i n g   w i t h   o t h e r   i n g r e d i e n t s   of  t h e   c a t a l y s t .  

A l t h o u g h   n o t   w i s h i n g   to  be  b o u n d   in   any   t h e o r y ,  

i t   i s   b e l i e v e d   t h a t   p r i o r   a r t   p r o c e s s e s   f o r  

m a k i n g   m o l y b d a t e   a n d / o r   t u n g s t a t e   c a t a l y s t s   w e r e  

d i s a d v a n t a g e o u s   b e c a u s e   t h e   e l e m e n t   or   e l e m e n t s  

M  ( e . g .   B i )   had   to  c o m p e t e   w i t h   t h e   o t h e r   e l e -  

m e n t s   i n   t h e   c a t a l y s t   ( e . g .   N i ,   Co  or   Fe)  f o r  

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

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

h o w e v e r ,   t h e   M  e l e m e n t   i s   a l l o w e d   to  f o r m   a  m o l y d a t e  

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

e l e m e n t s   so  t h a t   t h e   key   c a t a l y t i c   p h a s e   c a n  

p r o p e r l y   f o r m .   As  a  r e s u l t ,   t h e   c a t a l y s t s   p r o d u c e d  

by  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   h a v e   s u p e r i o r  

c a t a l y t i c   a c t i v i t y   c o m p a r e d   to  c a t a l y s t s   p r o d u c e d  

by  p r i o r   a r t   t e c h n i q u e s .  

The  f o l l o w i n g   E x a m p l e s   f u r t h e r   e x p l a i n   t h e  

i n v e n t i o n : -  



C o m p a r a t i v e   E x a m p l e   A 

A  c a t a l y s t   of  t he   f o r m u l a :  

was  p r e p a r e d   by  a  c o n v e n t i o n a l   c a t a l y s t   p r e p a r a t i o n  

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

3 6 . 3 6 g   F e N 0 3 . 9 H 2 0   was  a d d e d   to  a p p r o x i m a t e l y  

10cc   H20  and   warmed   by  a  h o t   p l a t e   u n t i l   i t  

d i s s o l v e d / m e l t e d .   N e x t ,   1 4 . 5 5 g   B i N 0 3 . 5 H 2 0   w a s  

a d d e d   to  t h e   s o l u t i o n   and   a l l o w e d   to  d i s s o l v e / m e l t  

t h e r e i n .   T h e r e a f t e r   3 9 . 2 9 g   C o ( N 0 3 ) 2 . 6 H 2 0   w a s  

a d d e d   to  t h e   s o l u t i o n   and   a l l o w e d   to  d i s s o l v e / m e l t .  

N e x t   2 1 . 8 1 g   N i ( N 0 3 ) 2   66H20  was  a d d e d   and   a l l o w e d  

to  d i s s o l v e / m e l t .   Then   3 . 0 3 g   of  10  w e i g h t   p e r c e n t  

KN03  a q u e o u s   s o l u t i o n   was  a d d e d   to  fo rm  a  d a r k  

b r o w n   s o l u t i o n   d e n o t e d   as   s o l u t i o n   A .  

In  a  s e p a r a t e   c o n t a i n e r ,   6 3 . 5 6 g   (NH4)  6Mo7 

O24·4H2O  was  d i s s o l v e d   in   65cc   H20  a t   60°C .   2 0 5 . 4 9 g  

of  a  40  p e r c e n t   s i l i c a   s o l  ( N a l c o )   was  a d d e d   t o  

t h e   d i s s o l v e d   ammonium  h e p t a m o l y b d a t e .   N e x t  

3 . 4 6 g   of  a  42  p e r c e n t   H 3 P 0 4  a q u e o u s   s o l u t i o n   w a s  

a d d e d   to  f o rm  a  s l u r r y   d e n o t e d   as   c o m p o s i t i o n   B .  

N i t r a t e   s o l u t i o n   A  was  t h e n   s l o w l y   a d d e d  

w i t h   s t i r r i n g   to  c o m p o s i t i o n   B  and   as  a  r e s u l t  

a  l i g h t   y e l l o w   s l u r r y   was  f o r m e d .   The  s l u r r y  

was  h e a t e d   and   s t i r r e d   u n t i l   i t   t h i c k e n e d .   T h e  

t h i c k e n e d   m a t e r i a l   was  d r i e d   a t   120°C  and   t h e n  

d e n i t r i f i e d   by  h e a t i n g   i n   a i r   a t   290°C  f o r   t h r e e  

h o u r s   f o l l o w e d   by  h e a t i n g   in   a i r   a t   425°C  f o r   t h r e e  

h o u r s .   The  c a t a l y s t   was  t h e n   g r o u n d   to  a  p a r t i c l e  



s i z e   b e t w e e n   0 . 8 3 3   mm  and   0 . 4 1 7   mm  mesh   and   t h e  

g r o u n d   c a t a l y s t   was  c a l c i n e d   in   a i r   a t   610°C  f o r  

t h r e e   h o u r s   to   y i e l d   t h e   d e s i r e d   c a t a l y s t .  

E x a m p l e   1 

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

f o r m u l a   was  p r e p a r e d   by  t h e   p r o c e s s   of   t h e   p r e s e n t  

i n v e n t i o n :  

The  c h e m i c a l   c o m p o s i t i o n   of  t h i s   c a t a l y s t   i s  

i d e n t i c a l   to  t h e   c h e m i c a l   c o m p o s i t i o n   of   t h e  

c a t a l y s t   made  in   C o m p a r a t i v e   E x a m p l e   A .  

1 4 . 5 5 g   B i ( N 0 3 ) 3 . 5 H 2 0   was  d i s s o l v e d   i n   100  m l .  

of  a  10  p e r c e n t   HN03  a q u e o u s   s o l u t i o n .   7 . 9 5 g   o f  

( N H 4 ) M o 7 O 2 4 4 · H 2 O   was  d i s s o l v e d   in   100  ml .   H 2 0  
w i t h   h e a t i n g .   The  b i s m u t h   n i t r a t e   s o l u t i o n   was  t h e n  

s l o w l y   a d d e d   to   t h e   ammonium  h e p t a m o l y b d a t e   s o l u t i o n  

w i t h   c o n s t a n t   s t i r r i n g .   The  pH  was  t h e n   a d j u s t e d  

to  2 . 5   t o  3   by  t h e   a d d i t i o n   of  NH40H.  The  m i x t u r e  

was  s t i r r e d   f o r   a b o u t   one  h o u r ,   t h e r e b y   y i e l d i n g  

a  b i s m u t h   m o l y b d a t e   s l u r r y .  

In   a  s e p a r a t e   c o n t a i n e r ,   3 . 0 3 g   of   a  10  p e r c e n t  

KNO3  a q u e o u s   s o l u t i o n ,   2 1 . 8 1 g   N i ( N 0 3 ) 2 . 6 H 2 0 ,   3 9 . 2 9 g  

C o ( N 0 3 ) 2 . 6 H 2 0   and   3 6 . 3 6 g   F e ( N O 3 ) 3 · N · 9 H 2 O   w e r e   a d d e d  

to  50  ml .   of   w a t e r   w i t h   h e a t i n g .   N e x t   5 5 . 6 1 g   ( N H 4 )  

6Mo7O24 ·4H2O  was  d i s s o l v e d   i n   150  ml .   of  w a t e r   w i t h  

h e a t i n g   and   to  t h i s   s o l u t i o n   was  a d d e d   3 . 4 6 g   of  a  

4 2 . 5  p e r c e n t   a q u e o u s   s o l u t i o n   of   H3PO4  and   2 0 5 . 4 9 g  

of   a  40  p e r c e n t  s i l i c a   s o l   ( N a l c o ) .   N e x t ,   t h e   m e t a l  

n i t r a t e   s o l u t i o n   was  a d d e d   to  t h e   ammonium  h e p t a -  



m o l y b d a t e / p h o s p h o r i c   a c i d   s o l u t i o n   and   t he   m i x t u r e  

o b t a i n e d   s t i r r e d   f o r   one  to  two  h o u r s   a t   90°C  t o  

fo rm  a  h o s t - c a t a l y s t   s l u r r y .  

The  p r e v i o u s l y   p r e p a r e d   b i s m u t h   m o l y b d a t e  

s l u r r y   was  t h e n   a d d e d   to  t h e   h o s t - c a t a l y s t   s l u r r y  

w i t h   s t i r r i n g .   The  m i x t u r e   o b t a i n e d   was  e v a p o r a t e d  

to  d r y n e s s   w i t h   c o n s t a n t   s t i r r i n g   on  a  h o t   p l a t e   a n d  

f i n a l l y   in   a  d r y i n g   oven   a t   1 2 0 ° C .   The  d r i e d   m a t e r i a l  

was  t h e n   c a l c i n e d   in   a i r   a t   290°C  f o r   t h r e e   h o u r s ,  
t h e n   425°C  f o r   t h r e e   h o u r s ,   t h e n   g r o u n d   and  s c r e e n e d  

to  a  p a r t i c l e   s i z e   b e t w e e n   0 . 8 3 3   mm  and   0 . 4 1 7   mm  m e s h .  

The  g r o u n d   m a t e r i a l   was  t h e n   f i n a l l y   c a l c i n e d   a t  

610°C  f o r   a  p e r i o d   of  t h r e e   h o u r s   to  y i e l d   t h e  

d e s i r e d   c a t a l y s t .  

E x a m p l e   2  

E x a m p l e   1  was  r e p e a t e d   e x c e p t   t h a t   t h e   b i s m u t h  

m o l y b d a t e   s l u r r y   was  f i l t e r e d   to  r e m o v e   t he   p r e -  
f o r m e d   b i s m u t h   m o l y b d a t e   f rom  t he   m o t h e r   l i q u o r .  

The  b i s m u t h   m o l y b d a t e   was  t h e n   d r i e d   o v e r n i g h t ,  

c a l c i n e d   in   t h e   a i r   a t   290°C  f o r   one  h o u r   and  b a l l  

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

In  o r d e r   to  c o m p a r e   t h e   c a t a l y t i c   p r o p e r t i e s  

of  t h e   c a t a l y s t s   p r o d u c e d   a b o v e ,   a  s e r i e s   o f  

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

a m m o x i d i z e d   to  a c r y l o n i t r i l e .   In  t h e s e   e x p e r i m e n t s ,  

5cc  of  e a c h   of  t h e   a b o v e   c a t a l y s t s   we re   i n d i v i d u a l l y  

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

c o m p r i s i n g  1 . 8 0   p r o p y l e n e / 2 . 2 0   N H 3 / 2 . 9 4   a i r / 2 . 8 8  

0 2 1 5 . 8 9   H20  was  f e d   to  t h e   r e a c t o r .   The  r e a c t i o n  

t e m p e r a t u r e   was  m a i n t a i n e d   a t   430°C  and   t h e   f e e d   w a s  



f e d   to  t h e   r e a c t o r   i n   s u c h   a  way  t h a t   t h e   c o n t a c t  

t i m e   of  t h e   r e a c t i o n   was  6  s e c o n d s .   The  r e s u l t s  

o b t a i n e d   a r e   g i v e n   in   t h e   f o l l o w i n g   t a b l e   I .  

In  t h i s   and   f o l l o w i n g   t a b l e s ,   y i e l d   i s   d e f i n e d   a s :  

From  t h e   f o r e g o i n g   t a b l e ,   i t   can   be  s e e n   t h a t  

t h e   y i e l d   of  t h e   d e s i r e d   p r o d u c t ,   a c r y l o n i t r i l e ,   a s  

w e l l   as  u s e f u l   b y p r o d u c t   HCN  u n d e r g o   a  s i g n i f i c a n t  

i n c r e a s e   when  t h e   c a t a l y s t   i s   p r o d u c e d   in   a c c o r d a n c e  

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

t h a t   t h e   a m o u n t   of  NH3  b u r n t   i s   s i g n i f i c a n t l y   r e d u c e d ,  

w h i c h   m e a n s   s i g n i f i c a n t l y   l e s s   NH3  i s   w a s t e d   t h r o u g h  

t h e   f o r m a t i o n   of   N02.   And  s i n c e   t h e   a m o u n t   o f  

a m m o n i a   b u r n t   when  u s i n g   m o l y b d a t e   and   t u n g s t a t e  

c a t a l y s t s   i n   a m m o x i d a t i o n   r e a c t i o n s   t e n d s   t o  

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

can   be  e x p e c t e d   t h a n   e x e m p l i f i e d   a b o v e .   T h e s e  

a d v a n t a g e s   as   w e l l   as   t h e   f a c t   t h a t   i n v e n t i v e  

p r o c e s s   i s   s i m p l e   and   e a s y   to  c a r r y   o u t   make  t h e  

p r e s e n t   i n v e n t i o n   of   s i g n i f i c a n t   c o m m e r c i a l  

i m p o r t a n c e .  

In   o r d e r   to  c o m p a r e   f u r t h e r   t h e   c a t a l y t i c  

p r o p e r t i e s   of  t he   c a t a l y s t s   p r o d u c e d   by  t h e   p r e s e n t  



i n v e n t i o n   w i t h   p r i o r   a r t   c a t a l y s t s ,   two  a d d i t i o n -  

a l   e x p e r i m e n t s   i n v o l v i n g   t he   o x i d a t i o n   of  p r o p y l e n e  

to  a c r o l e i n   and  a c r y l i c   a c i d   we re   c o n d u c t e d .   I n  

t h e s e   e x p e r i m e n t s ,   5cc  e a c h   of  t he   c a t a l y s t s   o f  

E x a m p l e   1  and   C o m p a r a t i v e   E x a m p l e   A  were   s e p a r a t e l y  

c h a n g e d   i n t o   a  5cc  p l u g   f l o w ,   f i x e d - b e d   r e a c t o r .  

A  f e e d   c o m p r i s i n g   1  p r o p y l e n e / 1 1   a i r /   4H20  was  f e d  

to  t h e   r e a c t o r   in   e a c h   t e s t   a t   a  t e m p e r a t u r e   o f  

350°C  and   a  c o n t a c t   t i m e   of  3  s e c o n d s .   The  r e s u l t s  

o b t a i n e d   a r e   s e t   f o r t h   in   t he   f o l l o w i n g   T a b l e   I I .  

As  can  be  s e e n ,   t he   y i e l d   of  a c r y l i c   a c i d  

s i g n i f i c a n t l y   i n c r e a s e s   when  a  c a t a l y s t   of  t h e  

p r e s e n t   i n v e n t i o n   i s   u s e d .  



1 . ,   A  p r o c e s s   f o r   p r o d u c i n g   a  m o l y b d a t e   o r  

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

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

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

t h e   p r e - c a t a l y s t   s o l i d   and   t h e   p r e - c a t a l y s t  

s o l i d   i s   c a l c i n e d   in   a i r   to  a c t i v a t e   s a i d   p r e -  

c a t a l y s t   and   t h e r e b y   f o r m   s a i d   c a t a l y s t ,  

c h a r a c t e r i z e d   in   t h a t   t h e   key   c a t a l y t i c   p h a s e   o f  

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

s t a t e   of  B i ,   Te;  Sb,   Sn,  Cu  or   m i x t u r e s   t h e r e o f  

i s   p r e - f o r m e d   p r i o r   to  c o m b i n i n g   w i t h   t h e   o t h e r  

e l e m e n t s   i n   s a i d   c a t a l y s t ;   and   f u r t h e r   c h a r a c t e r -  

i z e d   i n   t h a t   n o n e   of  t h e   Group   V I I I   e l e m e n t s   i n  

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

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

w i t h   t h e   key   c a t a l y s t   p h a s e .  

2.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  c h a r a c t e -  

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

by  t h e   f o r m u l a :  

w h e r e i n   M  =  B i ,   Te,   Sb,   Sn  a n d / o r   Cu  

N  =  Mo  a n d / o r   W 

A  =  a l k a l i   m e t a l ,   T l ,   a n d / o r   Sm 

C  =  N i ,   Co,  Mn,  Mg,  Be,  Ca,  S r ,   Ba,  Zn,  Cd  

a n d / o r   Hg  

D  =  Fe ,   Cr ,   Ce,  a n d / o r   V 

E  =  P,  As ,   B,  S b  

f  =   r a r e   e a r t h ,   T i ,   Z r ,   Nb,  Ta,   Re,   Ru,  R h ,  
Ag,  Au,  A l ,   Ga,  I n ,   S i ,   Ge,  Pb,   T h ,  
a n d / o r   U,  and   f u r t h e r  



w h e r e i n   a  =  0 - 4  

b  =  0 - 2 0  

c  =  0 . 0 1 - 2 0  

d  =  0 - 4  

e  =  0 - 8  

f  =  8 - 1 6  

m  =  0 . 0 1 - 8  

n  =  0 . 1 - 3 0 ,   a n d  

x  and  y  a r e   n u m b e r s   such   t h a t   v a l e n c e  
r e q u i r e m e n t s   of  t h e   o t h e r   e l e m e n t s   f o r  
o x y g e n   in   t he   key  c a t a l y t i c   p h a s e   and  t h e  
h o s t - c a t a l y t i c   p h a s e ,   r e s p e c t i v e l y ,   a r e  
s a t i s f i e d ;   and  t he   r a t i o   q /p   i s   0 . 1   to  1 0 .  

3.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1  or  c l a i m   2 

c h a r a c t e r i z e d   in   t h a t   t h e   key   c a t a l y t i c   p h a s e   i s   a  

b i s m u t h   m o l y b d a t e .  

4.  A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1  t o  

3  c h a r a c t e r i z e d   in   t h a t   t h e   key   c a t a l y t i c   p h a s e   i s  

made  by  c o p r e c i p i t a t i o n   to  f o rm  an  a q u e o u s   s l u r r y .  

5.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   4  in  w h i c h  

t h e   key   c a t a l y t i c   p h a s e   i s   b i s m u t h   m o l y b d a t e  

c h a r a c t e r i z e d   in   t h a t   t h e   Bi /Mo  r a t i o   in   t he   s l u r r y  

i s   9 :1   to  1 : 9 .  

6.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   5  c h a r a c t e -  

r i z e d   in   t h a t   t h e   Bi /Mo  r a t i o   i s   2 :1   to  1 : 3 .  

7.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   6  c h a r a c t e -  

r i z e d   in   t h a t   t he   Bi /Mo  r a t i o   i s   2 :1   to  2 : 3 .  

8.  A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1 

to  7  c h a r a c t e r i z e d   in   t h a t   t he   e l e m e n t s   c o n s t i t u t i n g  

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

c a t a l y t i c   p h a s e ,   c o n s t i t u t e   a  h o s t - c a t a l y s t   p h a s e ,  



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

a q u e o u s   s l u r r y   p r i o r   to  a d m i x i n g   w i t h   s a i d   k e y -  

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

9.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   8  c h a r a c t e -  

r i z e d   in   t h a t   t h e   p r e - f o r m e d   h o s t - c a t a l y s t   p h a s e  

i s   a d d e d   to  t h e   key   c a t a l y t i c   p h a s e   in   t h e   f o r m  

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

p h a s e   s l u r r y .  

10.   A  p r o c e s s   as   c l a i m e d   in   any   of   c l a i m s  

1  to   7  c h a r a c t e r i z e d   in   t h a t   t h e   e l e m e n t s  

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

i n   s a i d   k e y   c a t a l y t i c   p h a s e ,   c o n s t i t u t e   a  h o s t -  

c a t a l y s t   p h a s e   and   f u r t h e r   c h a r a c t e r i z e d   t h a t   t h e  

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

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

to   t h e   key   c a t a l y t i c   p h a s e   a q u e o u s   s l u r r y .  
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