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©  Improvements  in  and  relating  to  combustion. 
  During  operation  of  a  fossil  fuel  boiler  the  combustion 
process  results  in  the  deposition  in  the  boiler  flues  and  heat 
transfer pipes  of scale, smut and  soot and  othersolid  products 
which  have  aserious  effect on  boiler efficiency.  Regularclean- 
ing  therefore  has  to  be  undertaken  in  order  to  maintain  a 
reasonable  standard  of  boiler  efficiency  and  this  is  both 
expensive  and  time  consuming.  The  present invention  intro- 
duces  controlled  amounts  of ferric  oxide  (Fe.  03) the  effect  of 
which  is  to  inhibit the  deposition  of further  solid  combustion 
products  such  as  scale,  soot  and  smut  and  also  to  alter  the 
character  of existing  scale, reducing  its  adhesion  and  causing 
the  scale  to fall away.  The  effect is  to  improve  boiler  efficiency 
and  reduce  maintenance  costs. 



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  t he   r e d u c t i o n   o f  

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

and  s i m i l a r   p l a n t .  

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

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

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

d e p o s i t s   w h i c h   b u i l d   up  in  t he   b o i l e r   c o m b u s t i o n  

c h a m b e r s ,   f l u e   s y s t e m s   and  c h i m n e y s .   The  e f f e c t   of  t h e s e  

d e p o s i t s   in  t he   b o i l e r   t u b e s   is  to  r e d u c e   b o i l e r   h e a t  

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

i n c r e a s e s   in  f u e l   c o n s u m p t i o n .   R e g u l a r   c l e a n i n g   b y  

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

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

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

is   b o t h   t i m e   c o n s u m i n g   and  e x p e n s i v e .   A l s o ,   t h i s  

o f t e n   r e q u i r e s   t he   use   of  a  

" b a c k - u p "   b o i l e r   w h i l e   t h e   main   b o i l e r   is   s h u t   down  f o r  

c l e a n i n g .   A d d i t i o n a l l y ,   smut   d e p o s i t s   w i t h i n   the   f l u e  

p a s s e s   become  e n t r a i n e d   in  t he   f l u e   g a s e s   d u r i n g   l o a d  

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

i m m e d i a t e   l o c a l i t y .  

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

a r t   and  many  a t t e m p t s   h a v e   been   made  to  o v e r c o m e   t h e m .  



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

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

c h r o m i u m   can   u n d e r   c e r t a i n   c o n d i t i o n s   f u n c t i o n   as  s o o t  

d e s t r o y e r s   or   c o m b u s t i o n   a i d s   and  i t   has   b e e n   p r o p o s e d  

to  add  t h e s e   m e t a l s   to  f u e l s   to  p r o v i d e   f o r   more  c o m p l e t e  

c o m b u s t i o n   o f   t h e   f u e l   to  C02  and  H20.  H o w e v e r ,   t h e  

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

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

c a u s e s   t h e   f u e l   to  b e c o m e   so  u n s t a b l e   t h a t   t he   c a t a l y t i c  

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

can   be  o f f s e t   by  a d d i n g   s t a b i l i s e r s   or   a n t i o x i d e n t s   t o  

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

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

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

I t   has   a l s o   b e e n   p r o p o s e d   to  add  l e a d   or  c o b a l t  

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

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

I t   has   a l s o   b e e n  

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

or   c o p p e r   and   l e a d ,   c o b a l t ,   n i c k e l ,   z i n c ,   c h r o m i u m ,  

a n t i m o n y ,   t i n   or   v a n a d i u m   in  s p e c i f i e d   p r o p o r t i o n s   c a n  

p r o v e   e f f e c t i v e ,  i n   i m p r o v i n g   t h e   b u r n i n g   p r o p e r t i e s   o f  

f u e l   w i t h o u t   s e r i o u s   s i d e   e f f e c t s   and  t h a t   t h e  

i m p r o v e m e n t   i s   n o t   o b t a i n e d   when  u s i n g   a  compound   o f  

o n l y   one  of  t h e   m e t a l s .  



A c c o r d i n g l y   t he   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  

c o m b u s t i o n   p r o c e s s   c o m p r i s i n g   p a s s i n g   c o m b u s t i o n   a i r   o v e r  

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

to  or  d u r i n g   c o m b u s t i o n   i n t r o d u c i n g   i n t o   the   c o m b u s t i o n  

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

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

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

P r e f e r a b l y   t he   s u b s t a n c e   is   i n t r o d u c e d   d u r i n g   t h e  

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

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

A  p r e f e r r e d   s u b s t a n c e   is   s e s q u i o x i d e   of  i r o n  

( F e 2  0 3 )  .  

T h e  p r e s e n t   i n v e n t i o n   s t e m s   f rom  t he   u n e x p e c t e d  

d i s c o v e r y   t h a t   t he   a d d i t i o n   i n t o   t h e   c o m b u s t i o n   zone   o f  

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

m i x e d   w i t h   an  i n e r t   m a t e r i a l   in  s m a l l   q u a n t i t i e s  

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

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

a l s o   a c t s   to  r e d u c e   e x i s t i n g   s c a l e .   T h i s   r e s u l t s   in  t h e  

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

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

a b s e n c e   of  t he   s u b s t a n c e   w i t h   c o n s e q u e n t   s a v i n g   in  f u e l  

c o n s u m p t i o n   and  m a i n t e n a n c e   c o s t s .  



F i n e l y   d i v i d e d   i r o n   is   i n t r o d u c e d   i n t o   t he   c o m b u s t i o n  

c h a m b e r   in  any  s u i t a b l e   m a n n e r ,   c o n v e n i e n t l y   in  t h e   f o r m  

of  f e r r i c   o x i d e   (Fe2  03)  or  in  some  o t h e r   form  w h i c h  

c o n v e r t s   to  f e r r i c   o x i d e   u n d e r   t h e   c o n d i t i o n s   in  t h e  

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

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

p e r i o d s   of   t i m e   a t   i n t e r v a l s   as  d e s i r e d ,   as  a  f i n e   p o w d e r  

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

s e p a r a t e l y .   The  q u a n t i t y   of   f e r r i c   o x i d e   r e q u i r e d   t o  

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

the   q u a l i t y   and  t y p e   of   t h e   f u e l .   The  s u b s t a n c e   m a y  

a l t e r n a t i v e l y   or   a d d i t i o n a l l y   be  a d d e d   to   t h e   f u e l   i t s e l f  

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

d u r i n g ' c o m b u s t i o n   i t   w i l l   be  a p p r e c i a t e d   t h a t   q u a n t i t i e s  

can  be  a d d e d   p r i o r   to  c o m b u s t i o n .   The  s u b s t a n c e   may  a l s o  

be  a d d e d   c o n t i n u o u s l y   i f   d e s i r e d   and  can  be  in  t h e   f o r m   o f  

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

c o m b u s t i b l e   l i q u i d ,   o r   in  t h e   f o rm  of   s m a l l   p e l l e t s .  

The  d o s a g e   r a t e   of   t h e   s u b s t a n c e   i s   a  min imum  o f  

0 . 1 1 3 4   Kg  ( 0 . 2 5   l b s )   to  0 . 4 5 3 6   Kg  (1  lb)  p e r   t o n n e   o f  

c o a l   c o n s u m e d ,   or  t h e   t h e r m   e q u i v a l e n t   of   o i l ,   gas   a n d  

o t h e r   f o s s i l   f u e l s ,   a  p r e f e r r e d   r a n g e   b e i n g   0 . 1 1 3 4 K g   to  0 - 4 5 3 6  

0 . 4 5 3 6   Kg  ( 1 1 b ) .  

The  q u a n t i t i e s   of   s u b s t a n c e   i n j e c t e d   i n t o   t h e  

c o m b u s t i o n   c h a m b e r ,   b e c a u s e   t h e y   a r e   so  s m a l l ,   can   be  m o r e  

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



w i t h   a  n e u t r a l   p o w d e r .   T h i s   a l s o   a i d s   d i s p e r s i o n   of  t h e   s u b -  

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

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

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

d i v i d e d   d i l u e n t   powder   w h i c h   is   i n a c t i v e   i . e .   does   n o t  

a d v e r s e l y   a f f e c t   the   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   may 

be  u s e d .  

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

t h e   f e r r i c   o x i d e   c a u s e s   an  a l t e r a t i o n   in  t h e   c h a r a c t e r   o f  

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

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

r e m o v e d .   The  p r o p e r t y   of  t h e   s c a l e   w h i c h   c a u s e s   i t   t o  

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

and  c h i m n e y s   is  r e d u c e d   as  a  r e s u l t   of   w h i c h   the   s c a l e  

b e c o m e s   d e t a c h e d   f rom  t h e s e   a r e a s   and  f a l l s   away ,   a l l o w i n g  

f o r   a  g r e a t e r   r a t e   of  h e a t   t r a n s f e r   and  t h e r e f o r e   i n c r e a s e d  

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

t h i s   a v o i d s   t he   need   f o r   a b r a s i v e   c l e a n i n g   m e t h o d s   the   l i f e  

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

is   r e d u c e d   and  the   s o o t   and  c a r b o n a c e o u s   c o n t e n t   o f  

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

r e m o v a l .   Smut  c o n t e n t   i s   a l s o   r e d u c e d   in  t h e   b o i l e r   f l u e  

d e p o s i t s   r e s u l t i n g   in  a  g e n e r a l l y   f r e e - f l o w i n g   p o w d e r  

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

c a r b o n   c o m p o u n d s .   Ac id   smut   e m i s s i o n   due  to  e n t r a i n m e n t  

of  smut   in  t he   f l u e   g a s e s   is  c o n s i d e r a b l y   r e d u c e d .  



The  o v e r a l l   e f f e c t ,   t h e r e f o r e ,   i s   a  c l e a n e r  

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

in  t he   m a i n t e n a n c e   of  t h e   b o i l e r   a t  h i g h e r   e f f i c i e n c y   a n d  

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

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

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

d u e  t o   e n t r a i n m e n t .  

The  t e r m   " o x i d e "   as  u s e d   h e r e i n   m e a n s   one   or  m o r e  

of  t h e   f o l l o w i n g :   a  s u b o x i d e ,   o x i d e   of   known  v a l e n c y ,  

s u p e r - o x i d e ,   p e r o x i d e ,   h y d r o x i d e ,   h y d r a t e d   o x i d e   o r  

c a r b o n a t e .  

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

a c h i e v 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   in  s o m e  

30  i n s t a l l a t i o n s   i n v o l v i n g   T h o m p s o n ,   C o c h r a n ,   D a n k s ,  

H a r t l e y   &  S u g d e n ,   C e n t r a x ,   R o b e y ,   Vekos   and   T r i a n c o   b o i l e r s  

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

E x a m p l e   1 

A  m i x t u r e   of  i r o n   o x i d e   (Fe2  03)  as  30%  by  w e i g h t   i n  

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

was  i n j e c t e d   i n t o   t h e   c o m b u s t i o n   c h a m b e r   of   a  C o l i f a x   H o t  

W a t e r   b o i l e r   in   t h e   p r o p o r t i o n   of  0 . 2 2 7   Kg  ( 0 . 5   l b s )  

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

p o w d e r   was  i n j e c t e d   e v e r y   3  h o u r s   f o r  t h e  r e q u i s i t e   p e r i o d  t o  

a c h i e v e   t h e   a b o v e   d o s e   r a t e .  



The  b o i l e r   had  n o t   been   c l e a n e d   p r i o r   to  the   use   of  t h e  

p o w d e r   and  c o n t a i n e d   a d h e r e n t   s c a l e .  

The  b o i l e r   e f f i c i e n c y   as  m e a s u r e d   by  f l u e   gas  a n a l y s i s  

and  t e m p e r a t u r e   m e t h o d   i m p r o v e d   f rom  65%  to  71%  ove r   a  

p e r i o d   of  6  days   and  was  a s s o c i a t e d   w i t h   t he   r e m o v a l   o f  

s u b s t a n t i a l l y   a l l   t he   a d h e r e n t   s c a l e .  

The  r e d u c t i o n   in  t h e   c a r b o n a c o u s   c o n t e n t   of  the   b o i l e r  

f l u e   p a s s e s   was  some  50%  as  m e a s u r e d   in  b e f o r e   and  a f t e r  

c o n d i t i o n s .  

E x a m p l e  2  

A  m i x t u r e   of  i r o n   o x i d e   (Fe203)   as  25%  by  w e i g h t   i n  

an  i n a c t i v e   powder   was  i n j e c t e d   as  f o r   E x a m p l e   1  i n t o   t h e  

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

o v e r   a  p e r i o d   of  6  m o n t h s .   The  b o i l e r s   b e c a m e   f r e e   f r o m  

a d h e r e n t   s c a l e   w i t h i n   t he   f i r s t   3  to  4  w e e k s   and  the   f l u e  

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

s m u t   w h i c h   made  them  e x t r e m e l y   f r e e   f l o w i n g   and  e a s i l y  

r e m o v e d .  

Heavy   f a l l s   of  h a r d   s o o t y   s c a l e   o c c u r r e d   in  t he   b r e a c h  

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

a l m o s t   new  c o n d i t i o n .  

F u e l   s a v i n g s   of  11%  o v e r a l l   we re   r e c o r d e d   a f t e r  

a l l o w i n g   fo r   s e a s o n a l   d i f f e r e n c e s   in  a m b i e n t   c o n d i t i o n s .  



E x a m p l e   3 

A  100%  m i x t u r e   of  i r o n   o x i d e   ( F e 2  0 3 )   was  u s e d   b y  

i n j e c t i o n   or  added  to  the  coal  in  a  number  of  sma l l e r   c o a l - f i r e d  

domest ic   b o i l e r s   over  a  p e r i o d   of  some  6  months.  All  b o i l e r s ,  a l t h o u g h  

i n i t i a l l y   h e a v i l y   c o n t a m i n a t e d   with  s c a l e   and  soot   d e p o s i t s   soon became 

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

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

d e t a c h e d   s c a l e   d e b r i s   was  r e m o v e d .  

E x a m p l e   4 

A  40%  m i x t u r e   of  i r o n   o x i d e   ( F e 2  0 3 )   m i x e d   w i t h   a  

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

c h a m b e r   of   a  T h e r m a x   o i l   f i r e d   (3500  s e c s . )   b o i l e r   a t   t h e  

r a t e   o f .  0 . 1 1 3 4   Kg  ( 0 . 2 5   l b s . )   p e r   300  g a l l s .   of  o i l  

c o n s u m e d .   A l t h o u g h   new,  p r i o r   to  t he   i n j e c t i o n   of   t h e   i r o n  

o x i d e   mix  t h e   b o i l e r   was  s u b j e c t   to  h e a v y   d e p o s i t i o n   o f  

h a r d   s c a l e   on  t h e   f l u e   s i d e   of  t he   b o i l e r   t u b e s   w h i c h   w a s  

d i f f i c u l t   to  r e m o v e   and  m e a n t   t h a t   t he   b o i l e r   had   to  b e  

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

The  i n j e c t i o n   of  t h e   i r o n   o x i d e   m i x t u r e   r e m o v e d  

t he   h a r d   s c a l e   a n d   p r e v e n t e d   f u r t h e r   f o r m a t i o n s .   As  a  

r e s u l t   t h e   b o i l e r   was  o p e r a t e d   f o r   a  p e r i o d   of   4  m o n t h s  

w i t h o u t   any  d e t e r i o r a t i o n   in  p e r f o r m a n c e   or  s h u t   down  f o r  

c l e a n i n g   b e i n g   n e c e s s a r y .  



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

the   u se   of  i r o n   o x i d e   (Fe2  03)  is  d i f f i c u l t   to  e s t a b l i s h  

b e c a u s e   of  t he   many  v a r i a b l e s   i n v o l v e d   and  the   w e l l   k n o w n  

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

a c c u r a t e l y   even   w i t h   the   most   s o p h i s t i c a t e d   i n s t r u m e n t a t i o n .  

I t   w i l l   be  a p p r e c i a t e d ,   h o w e v e r ,   t h a t   i t   is  s e l f   e v i d e n t  

t h a t   a  b o i l e r   w h i c h   is  f r e e   f rom  a d h e r e n t   s c a l e ,   s o o t   a n d  

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

t h a n   one  w h i c h   is   n o t   f r e e   of  s u c h   d e p o s i t s   and  the   b o i l e r  

c o n d i t i o n   w i l l   be  o b v i o u s   on  i n s p e c t i o n   and  s o p h i s t i c a t e d  

i n s t r u m e n t a t i o n   w o u l d   n o t   be  r e q u i r e d   to  e s t a b l i s h   t h i s .  



1.  A  c o m b u s t i o n   p r o c e s s   c o m p r i s i n g   p a s s i n g   c o m b u s t i o n   a i r  

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

p r i o r   to  or   d u r i n g   c o m b u s t i o n   i n t r o d u c i n g   i n t o   t h e  

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

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

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

c h i m n e y s   of   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   t h e   c o m b u s t i o n  

p r o c e s s .  

2.  A  c o m b u s t i o n   p r o c e s s   as  c l a i m e d   in   c l a i m   1  w h e r e i n  

s a i d   i r o n   o x i d e   i s   f e r r i c   o x i d e   ( F e 2 O 3 ) .  

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

w h e r e i n   s a i d   i r o n   o x i d e   is  i n t r o d u c e d   d u r i n g   the   c o m b u s t i o n  

p r o c e s s .  

4.  A  c o m b u s t i o n   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  w h e r e i n   s a i d   i r o n   o x i d e   is   i n t r o d u c e d   i n t o   t h e   c o m b u s t i o n  

c h a m b e r   as  a  p o w d e r .  

5.  A  c o m b u s t i o n   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  

4  w h e r e i n   p r i o r   to  t h e   i n t r o d u c t i o n   of   s a i d   i r o n   o x i d e  

i n t o   t he   c o m b u s t i o n   c h a m b e r   t h e   i r o n   o x i d e   is   m i x e d  

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



6.  A  c o m b u s t i o n   p r o c e s s   as  c l a i m e d   in  c l a i m   5  w h e r e i n  

s a i d   i r o n   o x i d e   i s   a  f i n e l y   d i v i d e d   p o w d e r   and  i s  

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

l e a s t   one  of   t h e   f o l l o w i n g :   b e n t o n i t e ,   s y n t h e t i c a l l y  

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

d o l o m i t e .  

7.  A  c o m b u s t i o n   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  

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

l i q u i d   to  i n h i b i t   c o a g u l a t i o n .  

8.  A  c o m b u s t i o n   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  

7  w h e r e i n   s a i d   i r o n   o x i d e   is  i n t r o d u c e d   i n t o   t he   c o m b u s t i o n  

c h a m b e r ' o v e r   t h e   f u e l   c o m b u s t i o n   a r e a .  

9.  A  c o m b u s t i o n   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  

8  w h e r e i n   s a i d   i r o n   o x i d e   is  i n t r o d u c e d   i n t o   t h e  

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

i n t e r v a l s   of  t i m e .  

10.  A  c o m b u s t i o n   p r o c e s s   as  c l a i m e d   in   c l a i m   1  a n d  

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