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@  Residual  fuel  oil  compositions  and  the  preparation  and  combustion  thereof. 

A  residual  fuel  oil  composition  comprises  a  residual  fuel  oil, 
preferably  at  No.  6 fuel  oil,  having  dissolved  therein  an  effective 
total  amount  of  at  least  one  zirconium  salt  of  (i)  an  alcohol,  or  (ii)  a 
phenol,  each  having  a  C2  to  C24  hydrocarbyl  group,  or  (iii)  of  a 
hydrocarbyl  sulfonic  acid  such  that  the  salt  has  a  mol.  wt  of  100  to 
2500,  or  of  any  mixture  thereof;  said  effective  total  amount  of  the 
salt(s)  being  sufficient  to  reduce  the  amount  of  particulate  matter 
which  will  be  formed  when,  in  use,  the  residual  fuel  oil  is 
combusted.  Suitably  1  to  1000  ppm  of  zirconium  salt(s),  calcu- 
lated  as  metallic  zirconium,  are  present.  Preferred  zirconium  salts 
are  zirconium  propoxide  or  dodecyl  benzene  sulfonate.  The 
composition  is  suitable  for  combustion  in  industrial  boilers  and 
refinery  furnaces,  preferably  being  fed  in  air  or  steam-atomized 
form. 



This   i n v e n t i o n   r e l a t e s   to  r e s i d u a l   fue l   o i l   c o m p o s i t i o n s  

and  the  p r e p a r a t i o n   and  c o m b u s t i o n   t h e r e o f ,   which  fue l   o i l  

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

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

R e s i d u a l   f u e l   o i l s ,   i n c l u d i n g   Grades  Nos.  4,  5  and  

6  (ASTM  D - 3 9 6 ) ,   a re   w i d e l y   used  in  a  v a r i e t y   of  i n d u s t r i a l  

h e a t i n g   and  s team  b o i l e r   a p p l i c a t i o n s .   A  p a r t i c u l a r l y  

d e s i r e d   f u e l   o i l   is  N o .  6 ,   which  is  e x t e n s i v e l y   used  b y  

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

S t a t e ,   f e d e r a l , E P A ,   and  o t h e r , e m i s s i o n   s t a n d a r d s  

c u r r e n t l y   l i m i t   the   use   of  r e s i d u a l   f u e l s   which  p r o d u c e  

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

and  thus   a re   not   in  c o m p l i a n c e   w i t h   s t a n d a r d s .  

However ,   the   s i t u a t i o n   is  r e l a t i v e l y   c o m p l i c a t e d ,  

s i n c e   c o u n t r y - t o - c o u n t r y ,  o r   s t a t e - t o - s t a t e ,   e m i s s i o n   s t a n d a r d s  

tend  to  be  d i f f e r e n t   and  c o m p l i a n c e   by  a  r e s i d u a l   f u e l   o i l  

in  one  l o c a t i o n   may  no t   n e c e s s a r i l y   be  a c h i e v e d   in  a n o t h e r .  

F u r t h e r ,   s i n c e   s t a n d a r d s   a re   c o n t i n u o u s l y   s u b j e c t   to  c h a n g e ,  

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

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

same  l o c a t i o n   and  u n d e r  t h e   same  e n d - u s e   c o n d i t i o n s .  

. R e s i d u a l   f u e l   o i l s   which   tend   to  p r o d u c e   e x c e s s i v e  

amounts   of  p a r t i c u l a t e   e m i s s i o n   g e n e r a l l y   have  one  or  m o r e  

c h a r a c t e r i s t i c s   a s s o c i a t e d   w i t h   them:  a  s u l f u r   c o n t e n t   a b o v e  

a b o u t   1  p e r c e n t ;   a  C o n r a d s o n   Carbon  R e s i d u e   (ASTM  D - 1 8 9 ,  

a l so   t e r m e d   "Con  Carbon"   in  the   a r t )   above  abou t   7  p e r c e n t ;  

or  a  h i g h   a s p h a l t e n e   c o n t e n t .   R e s i d u a l   f u e l   o i l s   y i e l d i n g  

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

c a n ' t   be  d i r e c t l y   u s e d ,   but   in  some  c a s e s   can  be  b l e n d e d   i n  

a d m i x t u r e   w i t h   f u e l s   t h a t   do  meet   e x i s t i n g   s t a n d a r d s ,   w h i c h  

are   g e n e r a l l y   low  in   s u l f u r   a n d / o r   low  in  "Con  Carbon"  and  

a s p h a l t e n e   c o n t e n t .   Th is   s i t u a t i o n   has  r e s u l t e d   in  an  o v e r a l l  

i n c r e a s e d   demand  for   f ue l   o i l s   which  m e e t  e m i s s i o n   s t a n d a r d s  

d e s p i t e   t h e i r   d i m i n i s h i n g   supply   and  a t t e n d a n t   i n c r e a s e   in  c o s t .  

What  is  d e s i r e d   is  a  p r o c e s s   for  i n c r e a s i n g   t h e  



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

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

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

c o n t e n t ,   a  h i g h   Con  C a r b o n   r e s i d u e   a n d / o r   h i g h   a s p h a l t e n e  

c o n t e n t .  

I n   t h e   a r e a   of   r e l a t e d   p r o b l e m s ,   i t   i s   known  i n  

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

h y d r o c a r b o n   f u e l s ,   can   r e d u c e   smoke  or  s o o t   upon  c o m b u s -  

t i o n ,   in   c e r t a i n   i n s t a n c e s .   I t   i s   a l s o   k n o w n   to  u s e  

s p e c i f i c   a d d i t i v e s   in  f u e l s   to  i n h i b i t   c o r r o s i o n ,   i n h i b i t  

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

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

H o w e v e r ,   i t   h a s   n o t   been   shown  to  use   s e l e c t e d  

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

of   r e s i d u a l   f u e l   o i l ,   and  p a r t i c u l a r l y   N o .  6   f u e l   o i l .  

Summary   o f   I n v e n t i o n  

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

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

or   s u l f o n a t e   to  a  r e s i d u a l   f u e l   o i l ,   and  p a r t i c u l a r l y   N o .  

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

c o m b u s t i o n   can   be  s i g n i f i c a n t l y   r e d u c e d   in  a m o u n t s   of   10  

to  25  p e r c e n t   or  g r e a t e r .  

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

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

c o m p r i s i n g   t h e   s t e p s   o f :  

(a)  d i s s o l v i n g   in  s a i d   f u e l   o i l   an  e f f e c t i v e  

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

c o n s i s t i n g   o f :  

i)  an  o i l   s o l u b l e   z i r c o n i u m   s a l t   o f   a n  

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

w h e r e   R  is   a  h y d r o c a r b y l   g r o u p   of  2 -24   c a r b o n   a t o m s ;   o r  

i i )   an  o i l   s o l u b l e   z i r c o n i u m   s a l t   o f  

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



w h e r e   R  is   an  a l k y l   c y c l o a l k y l ,   a r y l ,   a l k a r y l   or  a r a l k y l  

g r o u p   and  s a i d   s a l t   has   a  m o l e c u l a r   w e i g h t   of   a b o u t   100  t o  

a b o u t   2 5 0 0 ;  

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

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

s a i d   p r o c e s s   c o n d u c t e d   in  the   a b s e n c e   of  s a i d   z i r c o n i u m  

s a l t ;   a n d  

(b)  c o m b u s t i n g   s a i d   r e s i d u a l   f u e l   o i l .  

DESCRIPTION  OF  THE  INVENTION  AND  PREFERRED  EMBODIMENTS 

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

the   d i s c o v e r y   t h a t   z i r c o n i u m   s a l t s   of  c e r t a i n   a l c o h o l s /  

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

r e s i d u a l   f u e l   o i l ,   p a r t i c u l a r l y   N o .  6   f u e l   o i l ,   i n  

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

c o m b u s t i o n .   The  t e r m   " r e s i d u a l   f u e l   o i l "   as  u s e d   h e r e i n ,  

is   w e l l - k n o w n   and  as  d e s c r i b e d   h e r e i n a b o v e ,   and  i n c l u d e s  

G r a d e s   N o .  4 ,   N o .  5   and  N o .  6   r e s i d u a l   f u e l   o i l s ,   m e e t i n g  
t h e   s p e c i f i c a t i o n s   of  ASTM  D - 3 9 6 .   P a r t i c u l a r l y   p r e f e r r e d  

is  N o .  6   f u e l   o i l .  

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

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

I t   may  be  t h a t   t h e   s u b j e c t   c o m p o u n d s   p r o m o t e   and  a c t i -  

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

c o n t a i n i n g   c o n s t i t u e n t s   in  t he   f u e l   to  v o l a t i l e   or  g a s e o u s  

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

The  s u b j e c t   z i r c o n i u m   s a l t s   or  c o m p o u n d s ,   a l s o  

t e r m e d   " a d d i t i v e s "   h e r e i n ,   o p e r a t i v e   in   t h e   i n s t a n t   i n -  

v e n t i o n ,   c o m p r i s e   o i l   s o l u b l e   z i r c o n i u m   s a l t s   of   a n  

a l c o h o l / p h e n o l   or   s u l f o n a t e .   The  z i r c o n i u m   s a l t   o f  

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

an  a l c o h o l   or  p h e n o l   h a v i n g   t he   f o r m u l a :  

w h e r e   R  is   a  h y d r o c a r b y l   g r o u p   of  2  to  24  c a r b o n   a t o m s .  

More  p a r t i c u l a r l y   R  is  a  b r a n c h e d   or  u n b r a n c h e d ,   h y d r o -  

c a r b y l   g r o u p   p r e f e r a b l y   h a v i n g   2  to  13  c a r b o n   a t o m s .  

P r e f e r r e d   c o m p o u n d s  a r e   t h o s e   w h e r e  R   is   a  s a t u r a t e d   o r  



u n s a t u r a t e d   a l i p h a t i c   g r o u p   h a v i n g   2  to  8  and  more   p r e f e r -  

a b l y   3  to  4  c a r b o n s .   Most   p r e f e r r e d   a r e   t h o s e   c o m p o u n d s  

w h e r e   R  is   a  s a t u r a t e d   a l i p h a t i c   g r o u p ,   and  p a r t i c u l a r l y  

t h o s e  h a v i n g   3  to  4  c a r b o n s .   C o m p o u n d s   o f   t h i s   t y p e  
i n c l u d e   R  g r o u p s   w h i c h   may  be  a l k y l ,   a r y l ,   a l k a r y l ,  

a r a l k y l   and   a l k e n y l .   I l l u s t r a t i v e   a l c o h o l   or   p h e n o l  

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

h e x a n o l ,   d e c a n o l ,   o c t a d e c a n o l ,   e i c o s a n o l ,   p h e n o l ,   b e n z y l  

a l c o h o l ,   x y l e n o l ,   n a p h t h o l ,   e t h y l   p h e n o l ,   c r o t y l   a l c o h o l  

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

a l c o h o l s   o f   t h i s   t y p e   may  be  f o u n d   in  K i r k - O t h m e r ,  

" E n c y c l o p e d i a   o f   C h e m i c a l   T e c h n o l o g y "   S e c o n d   E d i t i o n ,  

1 9 6 3 ,   Vol  1,  pp  5 3 1 - 6 3 8 .  

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

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

h a v i n g   t h e   f o r m u l a :  

w h e r e   R  i s   a  h y d r o c a r b y l   g r o u p   h a v i n g   2  to  200  and  p r e f e r -  

a b l y   10  to   60  c a r b o n   a t o m s .   M o r e   p a r t i c u l a r l y ,   t h e   R 

g r o u p   in  s a i d   s u l f o n i c   a c i d s   w i l l   be  an  a l k y l ,   c y c l o a l k y l ,  

a r y l ,   a l k a r y l   or  a r a l k y l   and  s a i d   s a l t   w i l l   h a v e   a  m o l e c -  

u l a r   w e i g h t   of   a b o u t   100  to  a b o u t   2 5 0 0 ,   p r e f e r a b l y   a b o u t  

200  to  a b o u t   7 0 0 .  

The  s u l f o n i c   a c i d s   a r e   c h a r a c t e r i z e d   by  t h e  

p r e s e n c e   o f   t h e   s u l f o   g r o u p   - S 0 3 H   ( o r   - S 0 2 0 H )   a n d   c a n  

be  c o n s i d e r e d   d e r i v a t i v e s   of  s u l f u r i c   a c i d   w i t h   one   of  t h e  

h y d r o x y l   g r o u p s   r e p l a c e d   by  an  o r g a n i c   r a d i c a l .   C o m p o u n d s  

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

p e t r o l e u m   f r a c t i o n s   ( p e t r o l e u m   s u l f o n a t e s ) .   B e c a u s e   o f  

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

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

m i x t u r e   and  i t   i s   b e s t   to  d e f i n e   t h e m   in  a  g e n e r a l   m a n n e r  

g i v i n g   t h e   m o l e c u l a r   w e i g h t   as  d e f i n e d   a b o v e .   P a r t i c -  

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

g r o u p ,   i . g .   a l k y l a t e d   b e n z e n e   or   a l k y l a t e d   n a p h t a l e n e .  

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



in  t h i s   i n v e n t i o n   a r e :   d i o c t y l   b e n z e n e   s u l f o n i c   a c i d ,  

d o d e c y l   b e n z e n e   s u l f o n i c   a c i d ,   d i d o d e c y l   b e n z e n e   s u l f o n i c  

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

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

o l e f i n   a l k y l a t e d   b e n z e n e   s u l f o n i c   a c i d   s u c h   as  p o l y -  

b u t y l e n e   and  p o l y p r o p y l e n e ,   e t c .   F u r t h e r   d e t a i l s   r e g a r d -  

ing  s u l f o n i c   a c i d s   may  be  f o u n d   in  K i r k - O t h m e r ,   " E n c y l o -  

p e d i a   o f   C h e m i c a l   T e c h n o l o g y " ,   S e c o n d   E d i t i o n ,   1 9 6 9 ,  

V o l .   19,   pp  311  to  319  and  in  " P e t r o l e u m   S u l p h o n a t e s "   b y  

R.  L e s l i e   in  M a n u f a c t u r i n g   C h e m i s t ,   O c t o b e r   1950  (XX1,  1 0 )  

pp  417  to  4 2 2 .  

M e t h o d s   of  p r e p a r i n g   t h e   s u b j e c t   z i r c o n i u m   s a l t s  

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

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

The  z i r c o n i u m   a d d i t i v e   i s   i n c o r p o r a t e d   i n t o   t h e  

r e s i d u a l   f u e l   o i l   by  d i s s o l v i n g   t h e r e i n .   T h i s   is   a c c o m -  

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

and  t h e   l i k e .  

The  a m o u n t   of  z i r c o n i u m   a d d i t i v e   to  be  u s e d   i s  

an  " e f f e c t i v e   t r a c e   a m o u n t "   t h a t   w i l l   r e d u c e   t h e   a m o u n t   o f  

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

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

o i l   in  t h e   a b s e n c e   of  s a i d   a d d i t i v e .   By  t h e   t e r m   " e f f e c -  

t i v e   t r a c e   a m o u n t "   i s   quantitatively generally meant  an  a m o u n t   o f  

a b o u t   1  to  1000  ppm  by  w e i g h t   and  p r e f e r a b l y   1 0 - 5 0 0   ppm 

by  w e i g h t ,   z i r c o n i u m   a d d i t i v e ,   t a k e n   as  m e t a l l i c   z i r c o n i u m ,  

in  s a i d   f u e l   o i l ,   and  p a r t i c u l a r l y   p r e f e r r e d   a b o u t   50  t o  

150  ppm  by  w e i g h t   z i r c o n i u m   a d d i t i v e ,   t a k e n   as  m e t a l l i c  

z i r c o n i u m ,   in  s a i d   f u e l   o i l .   H o w e v e r ,   l o w e r   and  h i g h e r  

a m o u n t s   t h a n   t h e   1 - 1 0 0 0   ppm  r a n g e   c a n   a l s o   be  p r e s e n t  

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

p r e s e n t   in  t h e   r e s i d u a l   f u e l   o i l .  

By  t h e   t e r m   " r e d u c e   t he   a m o u n t   of  p a r t i c u l a t e  

m a t t e r   f o r m e d   d u r i n g   c o m b u s t i o n " ,   as  u s e d   h e r e i n ,   is normally meant 
t h a t   a t   l e a s t   a b o u t   a  f i v e   p e r c e n t   r e d u c t i o n   in  f o r m e d  

p a r t i c u l a t e   m a t t e r ,   and  p r e f e r a b l y   f rom  a b o u t   10  to  25 

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

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



r e s i d u a l   f u e l   o i l   in  t he   a b s e n c e   of  the   s u b j e c t   z i r c o n i u m  

a d d i t i v e .  

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

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

fo rm  of   a i r ,   to  fo rm  a  f u e l / a i r   m i x t u r e   p r i o r   to  c o m b u s -  

t i o n .   G e n e r a l l y ,   t he   a m o u n t   of  a i r   u t i l i z e d   i s   an  e x c e s s  

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

f u e l   o i l   t o   c a r b o n   d i o x i d e   and   w a t e r .   The  r e a s o n   f o r  

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

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

a l s o   a  s l i g h t   e x c e s s   of  a i r   i s   d e s i r a b l e   s i n c e   i t   s e r v e s  

to   r e d u c e   t h e   t e n d e n c y   of  s o o t   and  smoke   f o r m a t i o n   d u r i n g  

c o m b u s t i o n .   G e n e r a l l y ,   t he   e x c e s s   of   a i r   u s e d   i s   a b o u t   2 

to   35  p e r c e n t   ( 0 . 4   to  7  p e r c e n t   b a s e d   on  o x y g e n )   o v e r  

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

e n d - u s e   c o n d i t i o n s   w h i c h   may  v a r y   c o n s i d e r a b l y   f rom  o n e  

t y p e   o f   i n d u s t r i a l   b o i l e r   to   t h e   n e x t .   One  d i s a d v a n t a g e  

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

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

u t i l i z e d   f o r   d i r e c t   h e a t i n g   p u r p o s e s .   We  h a v e   f o u n d  

t h a t   by  u s e   o f   t h e   s u b j e c t   z i r c o n i u m   a d d i t i v e s ,   l e s s  

e x c e s s   a i r   i s   r e q u i r e d   to  r e d u c e   smoke   and  s o o t   f o r m a t i o n  

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

i s   g r e a t e r ,   as  w e l l   as  r e s u l t i n g   in  a  r e d u c t i o n   of  p a r -  
t i c u l a t e   e m i s s i o n .  

The  a b o v e - d e s c r i b e d   s t e p   of   m i x i n g   f u e l   o i l   a n d  

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

e x a m p l e ,   by  s t e a m   or  a i r   a t o m i z a t i o n   to  p r o d u c e   a  f i n e  

s p r a y   w h i c h   i s   t h e n   c o m b u s t e d   to   m a i n t a i n   and  s u p p o r t   a  

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

at   a  p a r t i c u l a r   " f i r i n g   r a t e "   w h i c h   i s   u s u a l l y   e x p r e s s e d  

as  l b s / m i n u t e   of   f u e l   o i l   c o m b u s t e d .  

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

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

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

The  a m o u n t   of  p a r t i c u l a t e   m a t t e r   f o r m e d   d u r i n g  

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

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



t y p e   of   b o i l e r ,   b o i l e r   s i z e ,   n u m b e r   and  t y p e   of   b u r n e r s ,  

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

or   o x y g e n ,   f i r i n g   r a t e   and   t h e   l i k e .   G e n e r a l l y ,   t h e  

a m o u n t   of   p a r t i c u l a t e   m a t t e r   f o r m e d   w i l l   be  in  t he   r a n g e  
of  a b o u t   0 . 0 1   to  1 . 0   w e i g h t   p e r c e n t   of  t he   f u e l  o i l   u s e d  

and  h i g h e r .   One  w e i g h t   p e r c e n t   c o r r e s p o n d s   to  one  g r a m  

p a r t i c u l a t e   m a t t e r   f o r m e d   f rom  t h e   c o m b u s t i o n   of  100  g r a m s  
of  f u e l   o i l .   The  a m o u n t   of  p a r t i c u l a t e   m a t t e r   f o r m e d ,  

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

t h e   sum  of  two  s e p a r a t e   m e a s u r e m e n t s ;   " t u b e - d e p o s i t s , "   t h e  

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

b o i l e r ,   and  t w o ,   " f i l t e r e d   s t a c k   p a r t i c u l a t e , "   w h i c h   i s  

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

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

t he   a i r .   EPA  m e a s u r e m e n t s   a r e   g e n e r a l l y   o n l y   c o n c e r n e d  

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

i n t o   t h e   a i r   e n v i r o n m e n t   and  c o n t r i b u t e s   to  a  d e c r e a s e   i n  

a i r   q u a l i t y .   H o w e v e r ,   " t u b e   d e p o s i t s "   l e a d   to  c o r r o s i o n  

of   t h e   e q u i p m e n t ,   f r e q u e n t   " c l e a n - o u t s "   and  add  to  t h e  

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

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

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

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

i n c r e a s e s   t he   a m o u n t   of  p a r t i c u l a t e   e m i s s i o n .   T h u s ,   i n  

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

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

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

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

s t a n d a r d s .  

The  a m o u n t   of   a l l o w e d   s t a c k   p a r t i c u l a t e   w i l l  

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

a m o u n t   a l l o w e d   u n d e r   F e d e r a l   EPA  s t a n d a r d s .   For  e x a m p l e ,  

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

power   p l a n t s   is  0 . 1 0   l b s .   p a r t i c u l a t e   e m i s s i o n   pe r   m i l l i o n  

BTU,  w h i c h   is  e q u i v a l e n t   to  a b o u t   0 . 1 8 5   w e i g h t   p e r c e n t   o f  

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

o i l .   S i n c e   the   a l l o w a b l e   e m i s s i o n   s t a n d a r d s   w i l l   v a r y  
f rom  j u r i s d i c t i o n   to  j u r i s d i c t i o n ,   d i f f e r i n g   a m o u n t s   o f  



t h e   s u b j e c t   z i r c o n i u m   a d d i t i v e   w i l l   be  n e c e s s a r y   t o  

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

t h o s e   s t a n d a r d s .  

M e a s u r e m e n t   of   t h e   a m o u n t   of  " s t a c k   p a r t i c u l a t e  

m a t t e r "   i s   c o n d u c t e d   by  EPA  M e t h o d   #5  S t a c k   S a m p l i n g  

S y s t e m ,   " D e t e r m i n a t i o n   o f   P a r t i c u l a t e   E m i s s i o n s   f r o m  

S t a t i o n a r y   S o u r c e s "   and   i s   d e s c r i b e d   in  t h e   F e d e r a l  

R e g i s t e r .  

The  p a r t i c u l a t e   s t a c k   e m i s s i o n s   a r e   g e n e r a l l y  

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

c a r b o n s ,   i n o r g a n i c   s u l f a t e s   and  t h e   l i k e .  

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

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

on  t h e   s c o p e   and  s p i r i t   o f   s u c h   i n v e n t i o n .  

E x a m p l e   1 

C o m b u s t i o n   r u n s   w e r e   c a r r i e d   o u t   in  a  50  h o r s e -  

power   ABCO,  2 - p a s s ,   w a t e r   j a c k e t e d   f o r c e d   d r a f t   b o i l e r  

w i t h   an  a i r - a t o m i z i n g   b u r n e r   and  a  n o m i n a l   f i r i n g   r a t e   o f  

1 . 2   l b s / m i n .   of   r e s i d u a l   f u e l   o i l .   The  b o i l e r   was  m o d i -  

f i e d   so  t h a t   c l o s u r e   on  e a c h   end  c o u l d   be  o p e n e d   e a s i l y  

f o r   r e c o v e r y   of   d e p o s i t s   l a i d   down  in  t h e   b o i l e r .   Two 

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

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

t u r e s   on  No.  2  o i l   and  t h e n   s w i t c h e d   o v e r   to  t h e   t e s t   f u e l  

w i t h o u t   s h u t t i n g   down  or   u p s e t t i n g   t h e   b o i l e r   o p e r a t i o n  

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

l i n i n g   a t   t h e   b u r n e r   end  of   t he   f i r e t u b e   and  a  C l e a v e r -  

B r o o k s   n o z z l e   a s s e m b l y   in  p l a c e   of   t h e   M o n a r c h   n o z z l e .  

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

c a r b o n   d e p o s i t s   on  the   f i r e t u b e   w a l l s   when  r e s i d u a l   f u e l  

was  f i r e d .   The  f i r s t   p a s s   i s   a  49  cm  ( 1 8 . 3 7 5   i n . )   d i a m e t e r  

x  178  cm  (5  f t .   10  i n . )   l o n g   f i r e   t u b e ;   t he   s e c o n d   p a s s  
c o n s i s t s   of   52  t u b e s   e a c h   6  cm  ( 2 . 3 7 5   i n . )   d i a m e t e r   x  188  

cm  (6  f t .   2  i n . )   l o n g .  

A t o m i z a t i o n   of   t he   f u e l   was  a c c o m p l i s h e d   u s i n g   a  

low  p r e s s u r e   a i r - a t o m i z i n g   n o z z l e .   V i s c o s i t y   of  t h e   f u e l  

o i l   a t   t h e   n o z z l e   was  m a i n t a i n e d   a t   30  c e n t i s t o k e s   b y  

h e a t i n g   t h e   o i l   to   a  p r e d e t e r m i n e d   t e m p e r a t u r e   ( a b o u t  



1 0 5 ° C ) .   P r i o r   to  c o n t a c t i n g   t h e   b u r n e r   g u n ,   t h e   a t o m -  

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

" s e c o n d a r y "   a i r   w h i c h   was   f o r c e d   t h r o u g h   a  d i f f u s e r  

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

was  p r o v i d e d   by  a  c e n t r i f u g a l   b l o w e r   m o u n t e d   in  t he   b o i l e r  

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

of  a  d a m p e r   w h i c h   was  r e g u l a t e d   to  keep   t h e   o x y g e n   l e v e l  

in  t h e   a t o m i z e d   f u e l   a t   a b o u t   1.5%  in  e x c e s s   ( o v e r   t h a t  

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

A  r u n   was  s t a r t e d   by  f i r i n g   t h e   b o i l e r   a n d  

h e a t i n g   i t   to  o p e r a t i n g  t e m p e r a t u r e   f o r   55  m i n u t e s   u s i n g  

N o .  2   o i l .   The  f e e d   was  t h e n   s w i t c h e d   to  t e s t   f u e l   a n d  

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

( a b o u t   25  m i n u t e s )   s a m p l e s   of  a b o u t   10  m i n u t e s   d u r a t i o n  

were   c o l l e c t e d   i s o k i n e t i c a l l y   f rom  t h e   s t a c k   on  t a r e d ,  

G e l m a n ,   Type   A  ( 2 0 . 3   x  2 5 . 4   cm)  f i b e r   g l a s s   f i l t e r s .   T h e  

t e s t   f u e l   was  a  N o .  6   f u e l   o i l .  

T o t a l   p a r t i c u l a t e   m a t t e r   f o r m e d   was  d e t e r m i n e d  

by  a d d i n g   t he   a m o u n t   of   S t a c k   p a r t i c u l a t e   m e a s u r e d   i s o -  

k i n e t i c a l l y   (EPA  M e t h o d   5  S t a c k   S a m p l i n g   S y s t e m )   to  t h e  

a m o u n t   d e p o s i t e d   in  t h e   t u b e s   of  t h e   b o i l e r   i . e .   " t u b e  

d e p o s i t s " .  

The  EPA  M e t h o d   5  S t a c k   S a m p l i n g   S y s t e m   w a s  

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

p u r p o s e .   T h i s   u n i t   c o n s i s t e d   o f   an  1 8 - i n c h   g l a s s   l i n e d  

p r o b e ,   a  c y c l o n e ,   a  125  mm  g l a s s   f i b e r   f i l t e r   and  f o u r  

i m p i n g e r s .   The  f i r s t   two  i m p i n g e r s   c o n t a i n e d   w a t e r ,   t h e  

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

Wi th   t h e   e x c e p t i o n   of   t he   i m p i n g e r s ,   t h e   e n t i r e   s a m p l i n g  

t r a i n   was  m a i n t a i n e d   a t   a b o u t   175°C  to  i n s u r e   t h a t   t h e  

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

t h e   H2SO4  dew  p o i n t .  

The  d e p o s i t s   l a i d   down  in  e a c h   of  t he   52  t u b e s  

is  c o l l e c t e d   on  a  s e p a r a t e ,   t a r e d   2 0 . 3   x  2 5 . 4   cm  f i b e r -  

g l a s s   f i l t e r .   D e p o s i t s   a r e   c o l l e c t e d   by  p o s i t i o n i n g   a  

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

t u b e   in  t u r n ,   p u l l i n g   a i r   t h r o u g h   t he   t u b e   and  t h e   f i l t e r  

u s i n g   a  h i g h - v o l u m e   v a c u u m   pump  and  m a n u a l l y   b r u s h i n g   t h e  



t u b e   f rom  e n d - t o - e n d   t e n   t i m e s   w i t h   a  2 . 5 0   i n c h   d i a m e t e r  

w i r e   s h a n k   b r u s h .   The  b r u s h   i s   m o u n t e d   on  a  8  f t .   l o n g ,  
0 . 2 5   i n .   d i a m .   SS  rod  d r i v e n   by  an  e l e c t r i c   d r i l l .   T h i s  

m e t h o d   g i v e s   a l m o s t   100%  r e c o v e r y   of   t h e   d e p o s i t s   l a i d  

down  in  t h e   t u b e s .   Al l   t h e   t u b e s   a r e   s a m p l e d   b e c a u s e   f o r  

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

and  f rom  t o p   row  to  b o t t o m   row  and  t h e r e   is   no  c o n s i s t e n t  

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

f rom  r u n - t o - r u n .  

The   f u e l   o i l   u s e d   ( T e s t   F u e l )   in   t h e   r u n s  

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

The  z i r c o n i u m   a d d i t i v e   u s e d   in   t h e   r u n   w a s  
z i r c o n i u m   p r o p o x i d e   an  a l c o h o l   s a l t   and  was  p r e s e n t   in  a  

c o n c e n t r a t i o n   o f   100  ppm  t a k e n   as   m e t a l l i c   z i r c o n i u m .  

For  t e s t   f u e l   a l o n e ,   t h e   s t a c k   p a r t i c u l a t e   w a s  

0 . 3 4   wt%  on  f u e l ,   w h i l e   t h e   t u b e   d e p o s i t s   was  0 . 2 0   wt%  o n  
f u e l   f o r   a  t o t a l   t e s t   p a r t i c u l a t e   wt%  of   0 . 5 4 .   The  s a m p l e  

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

s t a c k   p a r t i c u l a t e   o f   0 . 2 4   wt%  on  f u e l   and  t u b e   d e p o s i t s   o f  

0 . 1 6   wt%  on  f u e l   f o r   a  t o t a l   p a r t i c u l a t e  w t %   of  0 . 4 0 .   T h e  

i m p r o v e m e n t   in  u s i n g   t h e   z i r c o n i u m   a d d i t i v e s   was  a  r e d u c -  

t i o n   in  t o t a l   p a r t i c u l a t e s   of   2 5 . 9 % .  

E x a m p l e   2 

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

t h e   ABCO  b o i l e r   d e s c r i b e d   in  E x a m p l e   1,  a  s a m p l e   run   u s i n g  

100  ppm  of   a  z i r c o n i u m   s u l f o n a t e   a d d i t i v e ,   i . e .   z i r c o n i u m  



s a l t   of  d o d e c y l   b e n z e n e   s u l f o n i c   a c i d ,   was  made  w i t h   t h e  

same  N o .  6   f u e l   o i l   as  in  s a i d   E x a m p l e   1 .  

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

s u l f o n a t e   we re   a  s t a c k   p a r t i c u l a t e   of  0 . 2 9   wt%  on  f u e l   a n d  

t u b e   d e p o s i t s   of  0 . 1 8   wt%  on  f u e l   fo r   a  t o t a l   p a r t i c u l a t e  

of  0 . 4 7   wt%  on  f u e l .   The  i m p r o v e m e n t   in  u s i n g   t he   z i r -  

c o n i u m   a d d i t i v e   was  a  r e d u c t i o n   in  t o t a l   p a r t i c u l a t e   o f  

1 3 . 0   %. 



1.  A  r e s i d u a l   f u e l   o i l   c o m p o s i t i o n ,   c h a r a c t e r i s e d   by  a  r e s i d u a l  

f u e l ,   p r e f e r a b l y   a  No.6  fue l   o i l ,   h av ing   p r e s e n t   t h e r e i n   a n  

e f f e c t i v e   t o t a l   amount  of  at  l e a s t   one  a d d i t i v e   s e l e c t e d   f r o m  

(i)  an  o i l   s o l u b l e   z i r c o n i u m   s a l t   of  an  a l c o h o l   of  p h e n o l  

hav ing   the  f o r m u l a   ROH,  where  R  is  a  h y d r o c a r b y l   group  o f  

2  to  24  c a r b o n   a toms ,   or  ( i i )   an  o i l   s o l u b l e   z i r c o n i u m   s a l t   o f  

a  s u l f o n i c   a c i d   h a v i n g   the  fo rmula   RSO3H,  where  R  is   an  a l k y l ,  

c y c l o a l k y l ,   a r y l ,   a l k a r y l   or  a r a l k y l   group  and  s a i d   s a l t   has  a  

m o l e c u l a r   w e i g h t   of  100  to  2500;  s a i d   e f f e c t i v e   t o t a l   a m o u n t  

of  the  s a l t ( s )   b e i n g  s u f f i c i e n t   to  r e d u c e   the  amount  of  p a r t i c u l a t e  

m a t t e r   which  w i l l   be  formed  when,  in  u se ,   the   r e s i d u a l   f u e l   o i l  

is  c o m b u s t e d .  

2.  A  r e s i d u a l   f u e l   o i l   c o m p o s i t i o n   as  c l a i m e d   in  c l a im  1 ,  

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

p r e s e n t   in  a  t o t a l   amount  of  from  1  to  1000  ppm,  p r e f e r a b l y  

50  to  150  ppm,  by  w e i g h t ,   c a l c u l a t e d   as  m e t a l l i c   z i r c o n i u m .  

3.  A  c o m p o s i t i o n   as  c l a imed   in  c l a im  1  or  c l a im   2,  w h e r e i n   t h e  

R  group  in   s a i d   a l c o h o l   s a l t   is  a  s a t u r a t e d   o r  u n s a t u r a t e d  

a l i p h a t i c   g roup   h a v i n g   2  to  8  c a r b o n s .  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a im  1  or  c l a i m   2,  w h e r e i n   t h e  

R  group  in  s a i d   s u l f o n i c   a c i d   i s   an  a l k a r y l   group  and  the   s a l t  

has  a  m o l e c u l a r   w e i g h t   of  200  to  7 0 0 .  

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

c l a im  2,  c h a r a c t e r i s e d   in  t h a t   the   z i r c o n i u m   s a l t   or  s a l t s   i s  

or  a re   s e l e c t e d   from  z i r c o n i u m   p r o p o x i d e ,   z i r c o n i u m   d o d e c y l  

benzene   s u l f o n a t e ,   or  m i x t u r e s   t h e r e o f .  

6.  A  p r o c e s s   of  p r e p a r i n g  a   r e s i d u a l   f u e l   o i l ,   p r e f e r a b l y  

a  No.6  f u e l   o i l ,   c h a r a c t e r i s e d   by  d i s s o l v i n g   in  s a i d   f u e l   o i l  

an  e f f e c t i v e   t o t a l   amount  of  a t   l e a s t   one  a d d i t i v e   s e l e c t e d  

from  (i)  an  o i l   s o l u b l e   z i r c o n i u m   s a l t   of  an  a l c o h o l   or  p h e n o l  

hav ing   the  f o r m u l a   ROH,  where  R  i s   a  h y d r o c a r b y l   group  of  2  to  24  

ca rbon   a toms ,   or  ( i i )   an  o i l   s o l u b l e   z i r c o n i u m   s a l t   of  a  

s u l f o n i c   a c i d   h a v i n g   t h e  f o r m u l a   RSO3H  where  R  is   an  a l k y l ,  

c y c l o a l k y l ,   a r y l ,   a l k a r y l   or  a r a l k y l   group  and  s a i d   s a l t   has  a  

m o l e c u l a r   w e i g h t   of  100  to  2500,  s a i d   e f f e c t i v e   t o t a l   a m o u n t  



of  the  s a l t ( s )   be ing   s u f f i c i e n t   to  reduce   the  amount  o f  

p a r t i c u l a t e   m a t t e r   which  w i l l   be  formed  when,  in  use ,   t h e  

r e s i d u a l   f ue l   o i l   is   combus ted   and  sa id   e f f e c t i v e   a m o u n t  

being  p r e f e r a b l y   1  to  1000  ppm,  e s p e c i a l l y   50  to  150  ppm, 

by  w e i g h t ,   c a l c u l a t e d   as  m e t a l l i c   z i r c o n i u m .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in  c la im  6,  where in   sa id   f u e l  

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

8.  A  p r o c e s s   in  which  a  r e s i d u a l   fue l   o i l ,   p r e f e r a b l y   a  

No.6  f ue l   o i l   is   c o m b u s t e d ;   c h a r a c t e r i s e d   by  

(a)  d i s s o l v i n g   in  the  f ue l   o i l   an  amount  d e f i n e d   i n  

c la im  1  or  c l a i m   2  of  at   l e a s t   one  z i r c o n i u m   s a l t   d e f i n e d   i n  

any  one   of  c l a i m s   1  and  3  to  5,  a n d  

(b)  c o m b u s t i n g   the  r e s u l t a n t   r e s i d u a l   f ue l   o i l  

c o m p o s i t i o n .  
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