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©  Catalyst  system  for  delivering  catalytic  material  to  a  selected  portion  of  a  combustion  chamber. 
A  catalyst  delivering  system  for  delivering  catalytic 

material  to  a  high  temperature  zone  (20,44)  of  a  combustion 
chamber  (10,  41)  in  which  oil,  gas  or  other  carbon  fuel  is 
burning. 



P r i o r   p a t e n t s   h a v e   s u g g e s t e d   t h e   c o n t i n u o u s  

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

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

f u e l   ( s e e   U.S.   P a t e n t s   2 , 4 6 0 , 7 0 0   to   L y o n s ;   3 , 8 6 2 , 8 1 9   t o  

W e n t w o r t h ;   4 , 0 1 4 , 6 3 7   t o   S c h e n a   and  4 , 2 1 4 , 6 1 5   t o   B o y e r   a n d  

s e e   B r i t i s h   P a t e n t s   Nos .   1 , 3 8 1 , 9 3 6   and  1 , 1 9 1 , 4 6 4 ) .  

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

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

c o m b u s t i o n   c h a m b e r .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

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

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

c h a r a c t e r i s e d   in  t h a t   t h e   s y s t e m   c o m p r i s e s :  

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

f l u i d   m e d i u m ;  

b)  i n t r o d u c i n g   s u b s t a n t i a l l y   a l l   o f   s a i d  c a t a l y t i c  

m a t e r i a l   as  a d m i x e d   i n t o   t h e   f l a m e   z o n e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  s y s t e m   w h e r e b y   t h e  

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

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

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

may  i n c l u d e   one  o r   more   p l a t i n u m   g r o u p   m e t a l s ,   can   b e  

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

c h a m b e r .  

I t   i s   a  f e a t u r e   o f   t h e   i n v e n t i o n   t h a t   t h e   c a t a l y t i c  

m a t e r i a l   i s   s e l e c t e d   so  t h a t   upon  i t s   e n t r y   i n t o   t h e   h i g h  

t e m p e r a t u r e   zone  o f   t h e   c h a m b e r   e l e m e n t a l   p l a t i n u m   g r o u p  
m e t a l   or   o t h e r   c a t a l y s t   i s   made  a v a i l a b l e   in   a  s h o r t   p e r i o d  

of   t i m e   to   t h e   c o m b u s t i o n   p r o c e s s   by  d e c o m p o s i t i o n   o r  

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

I t   i s   a  f u r t h e r   f e a t u r e   t h a t   t h e   c a t a l y t i c   m a t e r i a l  

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

v e h i c l e s   such   as  a i r ,   f u e l ,   s t e a m   o r  a n   e m u l s i o n .  

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

d e s c r i b e d   by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e  
a c c o m p a n y i n g   d r a w i n g s   in   w h i c h : -  



F i g .   1  i s   a  p e r s p e c t i v e   v i e w   o f   t h e   c o m b u s t i o n  
c h a m b e r ;  

F i g .   2  i s   a  p a r t i a l   e l e v a t i o n a l   v i e w   of  t h e  
c o m b u s t i o n   c h a m b e r   i n c l u d i n g   an  a i r   m a n i f o l d ;  

F i g .   3  i s   a  v i e w   of   t h e   c o m b u s t i o n   a i r   and  f u e l  

s u p p l y . s y s t e m s ;   a n d  

F i g .   4  i s   an  e n l a r g e d   v i e w   o f   an  a i r   or  s t e a m  
a t o m i z a t i o n   f u e l   n o z z l e .  

F i g .   5  i s   a  p l a n   v i e w   of   a  b o i l e r   h a v i n g   a  f l a m e  

z o n e   in  t h e   c o m b u s t i o n   c h a m b e r ;  

F i g .   6  i s   a  p l a n   v i e w   of   t h e   b o i l e r   of   F i g .   5 

w i t h   a  s m a l l e r   f l a m e   z o n e   s h o w n ;  

F i g .   7 ( a ) - ( d )   s h o w s   t h e   t e m p e r a t u r e   g r a d i e n t  

a l o n g   l i n e s   A-A,  B-B,   C-C  and  D-D  of  F i g s .   5  and  6 ;  

F i g .   8  i s   a  g r a p h   p l o t t i n g   e f f i c i e n c y   and  s t e a m  

r a t e ;  

F i g .   9  i s   a  g r a p h   p l o t t i n g   p o u n d s   of  s t e a m   p e r  

g a l l o n   of   f u e l   o i l   v e r s u s   g a l l o n s   of   f u e l   c o n s u m e d   p e r   d a y ;  

F i g .   10  i s   a  g r a p h   p l o t t i n g   e x c e s s   o x y g e n   v e r s u s  

p o u n d s   of  s t e a m   p e r   g a l l o n   of   f u e l   o i l ;   a n d  

F i g .   11  i s   a  g r a p h   p l o t t i n g   p o u n d s   of   s t e a m   p e r  

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

R e f e r r i n g   to   F i g .   1,  r e c t i l i n e a r   c o m b u s t i o n   u n i t  

8  i n c l u d e s   r e c t a n g u l a r   c h a m b e r   o p e n i n g   11  i n t o   w h i c h   f u e l  

i n j e c t o r   gun   u n i t   12  i s   p r o j e c t e d .   I n j e c t o r   gun  u n i t   1 2  

i n c l u d e s   f u e l   l i n e   13  and  d i f f u s e r   h e a d   1 4 .  

T u r n i n g   to   F i g s .   2  and  3,  c o m b u s t i o n   c h a m b e r   1 0  

i s   shown  s u r r o u n d e d   by  a i r   m a n i f o l d   h o u s i n g   16.   The  a r e a  

b e t w e e n   t h e   c h a m b e r   10  and   h o u s i n g   16  s e r v e s   as  an  a i r  

m a n i f o l d   1 7 . . C o m b u s t i o n   a i r   i s   f o r c e d   by  f an   18  a l o n g  

n o r m a l   a i r   i n t a k e   d u c t   19  i n t o   m a n i f o l d   17  and  f r o m  

m a n i f o l d   17  a i r   e n t e r s   t h e   c o m b u s t i o n   c h a m b e r   10  t h r o u g h  

o p e n i n g   1 1 .  



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

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

d e c o m p o s e   a t   t e m p e r a t u r e s   l o w e r   t h a n   t h e   t e m p e r a t u r e s  

f o u n d   in   t h e   h i g h   t e m p e r a t u r e   f l a m e   zone   20  of   c h a m b e r   1 0  

( s ee   d o t t e d   l i n e   F i g .   2 ) .   N o r m a l l y ,   2 6 0 0 ° F .   to  3 5 0 0 ° F .   i s  

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

of  a  m e d i u m   s i z e d   c o m m e r c i a l   s t e a m   g e n e r a t i n g   b o i l e r .  

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

c h a m b e r   (See  F i g s .   7 ( a ) - ( d Ð .  

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

m a t e r i a l   i n t o   f l a m e   zone   20  a r e   s h o w n .   R e f e r r i n g   to   F i g s .  

2  and  3,  c a t a l y t i c   m a t e r i a l   may  be  c o n v e y e d   d i r e c t l y ,  

w i t h o u t   m i x t u r e   b l e n d i n g   or  u n i o n   w i t h   any  o t h e r   m a t e r i a l ,  

t h r o u g h   c a t a l y s t   m a t e r i a l   l i n e   21  to   h e a d   14  f r o m   w h i c h  

d i s c h a r g e   p o i n t   t h e   m a t e r i a l   i s   c a r r i e d   i n t o   f l a m e   z o n e   2 0  

by  f u e l ,   s t e a m   or  o t h e r   f l u i d s   f l o w i n g   i n t o   t h e   z o n e   2 0 .  

S e c o n d l y ,   l i q u i d   c a t a l y t i c   m a t e r i a l   may  be  i n t r o d u c e d   i n t o  

a u x i l i a r y   a i r   l i n e   22  u s i n g   c a t a l y t i c   m a t e r i a l   f e e d  l i n e  

23  and  n o z z l e   24 .   C a t a l y t i c  a i r   f ed   t h r o u g h   l i n e   22  m a y  

be  d i r e c t e d   and  u s e d   to  a t o m i z e   t h e   f u e l   j u s t   p r i o r  t o   i t s  

e n t r y   i n t o   t h e   f l a m e   z o n e .   T h i r d l y ,   c a t a l y t i c   m a t e r i a l  

can   be  i n t r o d u c e d   i n t o   s t e a m   l i n e   26  t h r o u g h   c a t a l y t i c  

s u p p l y   l i n e   2 7 .  

F o u r t h l y ,   t h e   c a t a l y t i c   m a t e r i a l   c an   b e  

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

f u e l   by  i n t r o d u c i n g   i t   t h r o u g h   c a t a l y t i c   i n t a k e   l i n e   2 8  

i n t o   f e e d   f u e l   l i n e   29.   A l t e r n a t i v e l y ,   t h e   c a t a l y t i c  

m a t e r i a l   may  be  m i x e d   w i t h   f u e l   in  m i x e r   31,   to   f o r m   a n  

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

h e a t e r   32  and  i n t r o d u c e d   t h r o u g h   f u e l   l i n e   13  i n t o   z o n e   2 0 .  

F i n a l l y ,   t u r n i n g   to  F i g .   3  c a t a l y t i c   m a t e r i a l   c a n  

be  i n t r o d u c e d   i n t o   a i r   d u c t   19  v i a   n o z z l e   31  f e d   b y  

c a t a l y t i c   m a t e r i a l   c o n d u i t   3 2 .  



W i t h   r e f e r e n c e   to   F i g .   4,  s t e a m   f l o w i n g   in  s t e a m  
l i n e   26  d i v i d e s   to   t h e r e a f t e r   f l o w   in  s t e a m   p o r t s   3 3 .  
F u e l   f rom  l i n e   13  f l o w s   t h r o u g h   f u e l   f e e d   s l o t s   34.  A s  

t h e   f u e l   e n t e r s   t h e   s t e a m   l i n e s   33 ,   t h e   f u e l   and  s t e a m  

m i x ,   f o r m i n g   an  e m u l s i o n .   The  f u e l / s t e a m   m i x t u r e   i s  

a t o m i z e d   i n t o   s m a l l   d r o p l e t s   upon  e x i t i n g   t h e   n o z z l e .  

B e c a u s e   p a r t   of   t h e   s t e a m   f o r m s   an  e m u l s i o n   w i t h   t h e   o i l ,  

a t o m i z e d   o i l   d r o p l e t s   c o n t a i n   s m a l l   d r o p l e t s   of   w a t e r .  

E x p o s u r e   to   t h e   f l a m e   c a u s e s   b o i l i n g   of   t h e   w a t e r   d r o p l e t s  

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

d r o p l e t s   i n t o   many  s m a l l e r   d r o p l e t s   and   v a p o r s .   I n c l u s i o n  

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

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

z o n e   a n d ,   in   p a r t i c u l a r ,   in   t h e   h i g h   t e m p e r a t u r e   zone   2 0 ,  

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

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

f u e l   and  s t e a m   may  be  f o r m e d   a t   a  r e m o t e   l o c a t i o n   a n d ,  

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

t r a n s p o r t e d   to   t h e   s i t e   of   t h e   c o m b u s t o n   u n i t   8  f o r  

i n t r o d u c t i o n   i n t o   t h e   c h a m b e r .  

Air   may  be  s u b s t i t u t e d   f o r   s t e a m   to  a t o m i z e   t h e  

o i l   in   t h e   f u e l   n o z z l e   i d e n t i c a l   or  s i m i l a r   to   t h a t   o f  

F i g .   14.   The  b e n e f i t s   of   c a t a l y s t   i n j e c t i o n   a r e   i d e n t i c a l  

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

i . e . ,   w i t h   a i r   a t o m i z a t i o n ,   no  e m u l s i o n   o c c u r s ,   w h e r e a s  

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

a p p l i c a t i o n   o f   t h e   p r e s e n t   i n v e n t i o n   to  o i l ,   gas   and  c o a l  

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

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

f l u i d   i n t r o d u c e d   to   m e e t   t h e   r e q u i r e m e n t   t h a t  

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

f l u i d   be  i n t r o d u c e d   i n t o   t h e   f l a m e   z o n e .  

T u r n i n g   t o   F i g .   5,  t h e r e   i s   shown  b o i l e r   40  w h i c h  

i n c l u d e s   c h a m b e r   41 ,   b u r n e r   d i f f u s e r   h e a d   42 ,   a i r   i n t a k e  



m a n i f o l d   43  and  f l a m e   zone   44  s h o w n   in  d a s h e d   l i n e s .   T u b e  

s e c t i o n   46  i s   h e a t e d   by  t h e   f l o w   of   g a s e s   f r o m ,   a r o u n d   a n d  

t h r o u g h   t h e   f l a m e   zone   44  to   e x h a u s t   s t a c k   47.   The  b o i l e r  

of  F i g .   5  i s   b e i n g   f i r e d   a t   h i g h   l o a d   w i t h   low  e x c e s s   a i r  

c r e a t i n g   a  f l a m e  z o n e   44  w h i c h   h a s   a  s i z e   and  s h a p e   t o  

s u b s t a n t i a l l y   f i l l   c h a m b e r   41  so  t h a t   t h e   n o r m a l   i n t a k e   o f  

a i r   e n t e r i n g   t h e   c h a m b e r   41  ( s e e   a r r o w s   45)  i s   i n t r o d u c e d  

i n t o   t h e   f l a m e   z o n e   44.  T h u s ,   c a t a l y s t   m a t e r i a l   b e i n g  

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

f l a m e   zone   4 4 .  

In  F i g .   6,  t he   same  b o i l e r   40  as  shown  in  F i g .   5 

is   b e i n g   o p e r a t e d   a t   r e d u c e d   l o a d .   U n d e r   t h e s e  

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

c a r r y i n g   c a t a l y s t   m a t e r i a l   w i l l   b y p a s s   f l a m e   zone  ( a r r o w  

4 7 ) .  

E x a m p l e  

A  p l a t i n u m   c a t a l y s t   was  i n t r o d u c e d   i n t o   a  

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

d i f f u s e r   by  i n s t a l l i n g   an  a u x i l i a r y   a i r   l a n c e   w h i c h   l a n c e  

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

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

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

i n t r o d u c e d   v i a   t h e   s t e a m   to  t h e   d i f f u s e r .   The  b o i l e r   w a s  

a l s o   run   f o r   p e r i o d s   of  t i m e   w i t h o u t   u se   of   a  c a t a l y s t .  

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

when  t h e   c a t a l y s t   was  u sed   (See  F i g .   8 ) .   I t   was  a l s o  

d i s c o v e r e d   t h a t   smoke  and  s o o t   b u i l d - u p   and  e m i s s i o n s   w e r e  

i m p r o v e d .   The  b o i l e r   was  s u c c e s s f u l l y   run   w i t h   low  e x c e s s  

a i r   (  2 . % 0  1   10%  e x c e s s   a i r )   w i t h o u t   i n c r e a s i n g   s o o t   o r  

smoke  e m i s s i o n s   ( s e e   f o l l o w i n g   T a b l e s   1  and  2 ) ) .  



A  10.%  i m p r o v e m e n t   in   s t e a m   o u t p u t   p e r   g a l l o n   o f  

o i l   f i r e d   was  d e m o n s t r a t e d   and  h i g h l i g h t e d   in   t h e  

f o l l o w i n g   T a b l e s   3  and  4 .  







A  p o r t i o n  o f  t h e   i m p r o v e m e n t  w a s   d u e  t o  t h e  
r e d u c t i o n   in  e x c e s s  a i r   a f f o r d e d   by  t h e  c a t a l y s t .   T h i s  i s  
a l s o   i l l u s t r a t e d   in  F i g .  9 ,   w h i c h  i n c l u d e s   o v e r   f o u r  

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

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

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

F i g u r e s   1 0  a n d   11.   A t  v e r y  h i g h  e x c e s s   a i r   (6%O2  F i g .  

10)  t h e   e f f e c t s   of  t h e  r e d u c t i o n   i n  f l a m e   t e m p e r a t u r e s   a n d  

e x c e s s i v e   s t a c k   gas   l o s s e s   d o m i n a t e  t h e  s t e a m   g e n e r a t i o n  

r a t e   a n d ,   h e n c e ,   b o i l e r   e f f i c i e n c y .  

The  a m o u n t s   of  c a t a l y t i c   m a t e r i a l   u s e d   a r e  

i l l u s t r a t e d   by  t he   f o l l o w i n g   u se   of  p l a t i n u m - c o n t a i n i n g  

c a t a l y t i c   m a t e r i a l :  

I n j e c t i o n   R a t e s :   . 0 3 5 g h p   s o l u t i o n = . 0 3 5 * . 4   g r a m s   P t / h o u r ;  

t h u s ,   a t   1 5 0 g p h   o i l   or  1 1 8 8 . 9   l b s / h o u r ,  

A s s u m i n g   #6  o i l   i s   88%  C a r b o n   by  w e i g h t ,   t h e n  

Range   of   r a t e s   t e s t e d   w e r e :  

C a t a l y s t s   u s e f u l   in   t h e   p r a c t i c e   of  t h e   p r e s e n t  

i n v e n t i o n   i n c l u d e   c h l o r o   p l a t i n i c   a c i d ;  

( H 2 P t C l 6 . 6 H 2 O ) ;   p l a t i n u m   t e t r a c h l o r i d e   ( P t C l 4 ) ;  

r u t h e n i u m   c h l o r i d e   ( R u C l 3 : H 2 0 ) ;   r u t h e n i u m   o x i d e  



(RuO2.H2O)  ;   p a l l a d i u m   n i t r a t e   ( P D ( N 0 3 ) 2 ) ;  
p a l l a d i u m   s u l f a t e   ( P d S O 4 . 2 H 2 O )   and  r h o d i u m   n i t r a t e  

( R H ( N O 3 ) 3 . 2 H 2 O ) .   M a g n e s i u m   o x i d e   (MgO)  a n d  

m a n g a n e s e   o x i d e   (MnO)  may  a l s o   be  u s e d .  

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

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

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

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

t h e r e i n   to   be  c a t a l y z e d .  



1.  A  s y s t e m   f o r   d e l i v e r y   of   a  c a t a l y t i c   m a t e r i a l  t o  

a  c o m b u s t i o n   c h a m b e r   ( 1 0 , 4 1 )   h a v i n g   a  h i g h   t e m p e r a t u r e  

f l a m e   zone   ( 2 0 , 4 4 )   t h e r e i n   c h a r a c t e r i s e d   in  t h a t   t h e   s y s t e m  

c o m p r i s e s  

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

m e d i u m ;  

b)  i n t r o d u c i n g   s u b s t a n t i a l l y   a l l   of   s a i d   c a t a l y t i c  

m a t e r i a l   as  a d m i x e d   i n t o   t h e   f l a m e   zone   ( 2 0 , 4 4 ) .  

2.  A  s y s t e m   as  c l a i m e d   in   c l a i m   1  in   w h i c h  t h e   c a t a l y t i c  

m a t e r i a l   i s   m i x e d   w i t h   s t e a m   w h i c h   s t e a m   and  c a t a l y t i c  

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

e n t r y   i n t o   t h e   f l a m e   z o n e   ( 2 0 , 4 4 ) .  

3.  A  s y s t e m   as  c l a i m e d   i n   c l a i m   1  in   w h i c h   t h e   c a t a l y t i c  

m a t e r i a l   i s   m i x e d   w i t h   a i r   w h i c h   a i r   and  c a t a l y t i c  

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

e n t r y   i n t o   t h e   f l a m e   z o n e   ( 2 0 , 4 4 ) .  

4.  A  s y s t e m   as  c l a i m e d   in   c l a i m   3  in   w h i c h   t h e   c a t a l y t i c  

m a t e r i a l   i s   m i x e d   w i t h   a  s t r e a m   of   a i r   p r i o r   to   t h e   a i r  

and   c a t a l y t i c   m a t e r i a l   e n t e r i n g   t h e   f l a m e   z o n e   ( 2 0 , 4 4 ) .  

5.  A  s y s t e m   as  c l a i m e d   in   c l a i m   4,  in   w h i c h  t h e   s t r e a m   o f  

a i r   i s   n o r m a l   c h a m b e r   i n t a k e   a i r .  

6.  A  s y s t e m   as  c l a i m e d   in   c l a i m   4,  in   w h i c h   t h e   s t r e a m   o f  

a i r   i s   a  s t r e a m   of  a i r   a p a r t   f r om  t h e   n o r m a l   i n t a k e   a i r .  

7.  A  s y s t e m   as  c l a i m e d   in   c l a i m   1  in   w h i c h   t h e   c a t a l y t i c  

m a t e r i a l   i s   pumped  as  a  l i q u i d   i n t o   t h e   f l a m e   zone   ( 2 0 , 4 4 ) .  

8.  A  s y s t e m   as  c l a i m e d   in   c l a i m   1  in   w h i c h   t h e   c a t a l y t i c  

m a t e r i a l   i s   m i x e d   w i t h   t h e   f u e l   p r i o r   to   t h e   m i x t u r e   o f  

f u e l   and  c a t a l y t i c   m a t e r i a l   e n t e r i n g   t h e   f l a m e   zone   ( 2 0 , 4 4 ) .  



9.  A  s y s t e m   as  c l a i m e d   in   any   p r e c e d i n g   c l a i m ,   in   w h i c h  

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

or   c o m p u n d   t h e r e o f .  

10.  In   a  s y s t e m   f o r   d e l i v e r y   o f   a  c a t a l y s t   m a t e r i a l  

to   a  c o m b u s t i o n   c h a m b e r   ( 1 0 ; 4 1 )   h a v i n g   a  h i g h   t e m p e r a t u r e  

f l a m e   z o n e   ( 2 0 , 4 4 )   w h i c h   zone   v a r i e s   in   s i z e   and  v o l u m e  

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

a r e   v a r i e d ,   s a i d   s y s t e m   b e i n g   c h a r a c t e r i s e d   in   t h a t   t h e  

s y s t e m   c o m p r i s e s  

1)  d e t e r m i n i n g   t h e   s i z e   and  v o l u m e   of   t h e   z o n e  

( 2 0 , 4 4 )   i n   t h e   c h a m b e r   ( 1 0 , 4 1 ) ;  

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

c h a m b e r   ( 1 0 , 4 1 ) ;  

3)  c o n t r o l l i n g   s u c h   i n t r o d u c t i o n   so  t h a t  

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

i s   f e d   d i r e c t l y   i n t o   t h e   s a i d   z o n e   ( 2 0 , 4 4 ) .  
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