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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   i s   d i r e c t e d   to  an  a n t i -  

f o u l i n g   c o m p o s i t i o n   f o r   f u e l   i n j e c t i o n   s y s t e m s .   M o r e  

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   is   d i r e c t e d   a t   a 
m e t h o d   f o r   m i n i m i z i n g   a n d / o r   p r e v e n t i n g   i n j e c t o r  

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

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

O v e r   t h e   p a s t   s e v e r a l   y e a r s ,   i m p r o v e m e n t s  

have   b e e n   made  in  t h e   p e r f o r m a n c e   of  i n t e r n a l   c o m b u s -  

t i o n   e n g i n e s .   One  of  t h e   mos t   s i g n i f i c a n t   i m p r o v e m e n t s  
w h i c h   has   b e e n   made  has   b e e n   t h e   w i d e s p r e a d   use   of  f u e l  

i n j e c t i o n   to   i m p r o v e   t h e   p e r f o r m a n c e   and  f u e l   e c o n o m y  
of  i n t e r n a l   c o m b u s t i o n   e n g i n e s .   W h i l e   c a r b u r e t o r -  

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

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

c y l i n d e r s ,   in  a  f u e l   i n j e c t e d   e n g i n e   t he   f u e l   is   i n -  

j e c t e d   i n t o   t h e   m a n i f o l d   c l o s e   to  t h e   i n t a k e   v a l v e   o f  

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

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

e l e c t r o n i c a l l y   c o n t r o l l e d .   The  e a r l y   f u e l   i n j e c t e d  

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

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

w i d e s p r e a d .   In  an  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l  

i n j e c t i o n   s y s t e m   s e n s o r s   d i s p o s e d   i n « t h e   e x h a u s t   a r e  

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

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

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

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

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

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

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

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

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

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

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

i n j e c t i o n .  

I t   h a s   b e e n   f o u n d   t h a t   t h e   e l e c t r o n i c a l l y   [ ;  

c o n t r o l l e d   f u e l   i n j e c t o r   s y s t e m s   h a v e   s m a l l   p o r t   ' 

o p e n i n g s   w h i c h   a r e   p r o n e   to  f o u l i n g   by  d e p o s i t s .   T h e s e  

d e p o s i t s   a r e   b e l i e v e d   t o   o c c u r ,   a t   l e a s t   in  p a r t ,   by  ,| 

g a s o l i n e   a n d   o i l   v a p o r ,   w h i c h   i s   p r e s e n t   in   c l o s e   '■ 

p r o x i m i t y   to   t h e   i n j e c t o r   t i p ,   b e c o m i n g   b a k e d   o n t o   t h e   , 

h o t   s u r f a c e s   of  t h e   i n j e c t o r   p i n t l e   and  on  t h e   s u r f a c e s  

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

i s   s h u t   o f f .   T h e s e   d e p o s i t s   r e s t r i c t   t h e   f u e l   f l o w   t o  

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

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

d e s i r e d   o x y g e n   to   f u e l   r a t i o .   The  - s e n s o r   w i l l   a t t e m p t  

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

f u e l   i n j e c t e d   i n t o   a l l   of  t h e   c y l i n d e r s .   T h i s ,   in  t u r n ,   , 

w i l l   r e s u l t   in   a  r i c h e r   t h a n   d e s i r e d   o x y g e n   to   f u e l   | 

r a t i o   in   t h e   e x h a u s t .   The  s e n s o r   t h e n   w i l l   a t t e m p t   t o  

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

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

a i r   t o   f u e l   r a t i o   r a n g i n g   b e t w e e n   t o o   l e a n   a  m i x t u r e   j 

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

o p e r a t i n g   p e r f o r m a n c e   of   t h e   v e h i c l e .   In  a d d i t i o n ,   | 

c l o s e r   t o l e r a n c e s   in  t h i s   new  t y p e   of  i n j e c t o r   a n d  

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

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

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

by  e m i s s i o n s   c o n t r o l   l e g i s l a t i o n .  
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I t   h a s   b e e n   f o u n d   t h a t   c o n v e n t i o n a l   g a s o l i n e  

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

a n d / o r   e l i m i n a t i n g   c a r b u r e t o r   d e p o s i t s   a r e   no t   p a r -  

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

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

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

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

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

c l e a n i n g   t h e   i n j e c t o r s   or  t he   a d d i t i o n   to  t he   f u e l   o f  

r e l a t i v e l y   l a r g e   q u a n t i t i e s   of  p a r t i c u l a r   a d d i t i v e s .  

M e c h a n i c a l   c l e a n i n g ,   w h i c h   may  i n v o l v e   e i t h e r   t he   c o m -  

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

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

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

t i v e l y   h i g h   c o s t   and  i n c o n v e n i e n c e .   C u r r e n t l y   a v a i l -  

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

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

r e l a t i v e l y   h i g h   c o n c e n t r a t i o n s ,   i . e .   a b o u t   o n e   t o  

a b o u t   two  t o n s   pe r   t h o u s a n d   b a r r e l s   of  f u e l .  

To  be  u s e f u l   c o m m e r c i a l l y   a  g a s o l i n e  

a d d i t i v e   f o r   r e d u c i n g   a n d / o r   p r e v e n t i n g   i n j e c t o r   p o r t  

f o u l i n g   m u s t   be  e f f e c t i v e   a t   low  c o n c e n t r a t i o n ,   m u s t  

no t   s i g n i f i c a n t l y   a f f e c t   t he   c o m b u s t i o n   c h a r a c t e r i s t i c s  

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

c a t a l y s t .  

A d d i t i v e s   h a v e   b e e n   a d d e d   to   g a s o l i n e   t o  

i m p r o v e   c e r t a i n   p r o p e r t i e s   of  t h e   f u e l .   U . S .   P a t e n t  

No.  3 , 3 8 7 , 9 5 3   i s   d i r e c t e d   a t   t h e   u s e   of  o r g a n o -  

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

f o r   r u s t   i n h i b i t i o n   and  as  a n t i - i c i n g   a g e n t s   i n  
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g a s o l i n e .   S e v e r a l   r e p r e s e n t a t i v e   f o r m u l a s   f o r   a m i n e  

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

i 

Rĵ   n  >  0  

1 

w h e r e :   Ri   i s   C 6 - C 2 4   a l k y l ,   a r y l ,   c y c l o a l i p h a t i c ,  

h e t e r o c y c l i c ,   s u b s t i t u t e d   a l k y l   or   s u b s t i t u t e d   a r y l ;  

a n d   R2  and   R3  a r e   t h e   same  or  d i f f e r e n t   and  a r e   C 1 - C 2 4  

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

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

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

2 . 0   t o   a b o u t   100  p o u n d s   of   a m i n e   o x i d e   p e r   1 , 0 0 0  

b a r r e l s   of  g a s o l i n e   ( p t b )   .  Among  t h e   m o s t   p r e f e r r e d  

a d d i t i v e s   i s   b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e   o x i d e .  

U . S .   P a t e n t   Vo  .  3 , 5 9 4 , 1 3 9   i s   d i r e c t e d   a t   a  

r u s t - i n h i b i t o r   c o n c e n t r a t e   t h a t   c a n   be  b l e n d e d   w i t h  

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

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

f o r   u s e   as   g a s o l i n e   a d d i t i v e s   f o r   r u s t   p r e v e n t i o n .  

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

c o n c e n t r a t e   c o m p r i s i n g   b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e  

o x i d e .  

The  a m i n e   o x i d e s   d e s c r i b e d   a b o v e   h a v e   b e e n  

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

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

l a t e   1 9 6 0 ' s   and   e a r l y   1 9 7 0 ' s ,   t h e i r   u s e   was  d i s c o n -  

t i n u e d   as  m o r e   e f f e c t i v e   a d d i t i v e s   w e r e   f o u n d .   The  u s e  

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

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

i n j e c t e d   e n g i n e s .  
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A c c o r d i n g l y ,   i t   w o u l d   be  d e s i r a b l e   to  p r o -  
v i d e   a  g a s o l i n e   a d d i t i v e   w h i c h   i s   r e l a t i v e l y   i n e x p e n -  
s i v e   and  e f f e c t i v e   a t   low  c o n c e n t r a t i o n s   to   r e d u c e  

a n d / o r   e l i m i n a t e   i n j e c t o r   f o u l i n g .  

I t   a l s o   w o u l d   be  d e s i r a b l e   to   p r o v i d e   a  

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

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

I t   a l s o   w o u l d   be  d e s i r a b l e   to   p r o v i d e   a 

g a s o l i n e   a d d i t i v e   w h i c h   c o u l d   be  e a s i l y   a d d e d   to   t h e  

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

a n d / o r   d i s t r i b u t i o n   s y s t e m .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i - o n   i s   d i r e c t e d   a t   a  

m e t h o d   f o r '   " m i n i m i z i n g   a n d / o r   p r e v e n t i n g   i n j e c t o r  

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

i n j e c t e d   e n g i n e .   The  m e t h o d   c o m p r i s e s   d e l i v e r i n g   t o  

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

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

I 

RX  _   N  »  0  

I 

* 3  

w h e r e :   R^  i s   C g - C 2 4   a l k y l ,   a r y l ,   c y c l o a l   i p h a t   ic  , 

h e t e r o c y c l i c ,   s u b s t i t u t e d   a l k y l   or  s u b s t i t u t e d   a r y l ;  

and  R2  and  R3  i n d e p e n d e n t l y   a r e   C 1 - C 2 4   a l k y l ,   a r y l ,  

s u b s t i t u t e d   a l k y l   or  a r y l ,   c y c l o a l i p h a t   ic   o r  

h e t e r o c y l i c .   R^  p r e f e r a b l y   i s   C 9 - C 2 0   a l k y l ,   o r  
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a l k y l a t e d   a r y l ,   and  R2  and  R3  i n d e p e n d e n t l y   a r e   C 1 - C 1 2  

a l k y l .   In  a  more   p r e f e r r e d   c o m p o s i t i o n   R^,  R2  and  R3 

i n d e p e n d e n t l y   a r e   C g - C ^ g   g r o u p s   d e r i v e d   f r o m   f a t t y  

a c i d .   The   a d d i t i v e   p r e f e r a b l y   i s   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   of   b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e  

o x i d e ,   b i s   ( 2 - h y d r o x y   e t h y l )   t a l l o w   a m i n e   o x i d e ,   b i s   ( 2 -  

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

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

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

p a r t i c u l a r l y   p r e f e r r e d   a d d i t i v e   i s   b i s   ( 2 - h y d r o x y   e t h y l )  

c o c o a m i n e   o x i d e .   The  a d d i t i v e   c o n c e n t r a t i o n   in  t h e  

f u e l   t y p i c a l l y   may  r a n g e   b e t w e e n   a b o u t   0 . 5   and  a b o u t   5 0  

p t b ,   p r e f e r a b l y   b e t w e e n   a b o u t   5  and  a b o u t   10  p t b .   T h e  

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

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is   d i r e c t e d   a t   a  f u e l  

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

f e c t i v e   t o   r e d u c e   a n d / o r   e l i m i n a ' t e   i n j e c t o r   f o u l i n g .  

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

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

* 2  

I 

RX  K  >  0  

I 

w h e r e   Ri  i s   C 6 - C 2 4   a l k y l ,   a r y l ,   c y c l o a l   i p h a t i c ,  

h e t e r o c y c l i c ,   s u b s t i t u t e d   a l k y l ,   s u b s t i t u t e d   a r y l j   R2 

and   R3  i n d e p e n d e n t l y   a r e   C 1 - C 2 4   a l k y l ,   a r y l ,   s u b -  

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

and   m i x t u r e s   t h e r e o f .   P r e f e r r e d   c o m p o u n d s   i n c l u d e  
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c o m p o u n d s   w h e r e i n :   R^  i s   C 9 - C 2 0   a l k y l ,   or   a l k y l a t e d  

a r y l ;   and   Rj  and  R3  i n d e p e n d e n t l y   a r e   C \ - C i 2   a l k y l .  

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

Til,   R2  and   R3  i n d e p e n d e n t l y   a r e   C g - C ^ g   g r o u p s .   T h e  

a d d i t i v e   p r e f e r a b l y   i s   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   of  b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e   o x i d e ,  

b i s   (  2 - h y d r o x y   e t h y l )   s t e a r y l a m i n e   o x i d e   d  i m e t h y l c o c o -  

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

d i m e t h y l h e x a d e c y l a m i n e   o x i d e   and '   m i x t u r e s   t h e r e o f .  

T h e s e   a d d i t i v e s   a r e   p r e p a r e d   in  a c c o r d a n c e   w i t h   k n o w n  

t e c h n i q u e s ,   s u c h   as  d i s c l o s e d   in  U .S .   P a t e n t   3 , 3 8 7 , 9 5 3 ,  

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

r e f e r e n c e .   A  p a r t i c u l a r l y   p r e f e r r e d   a d d i t i v e   i s  

b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e   o x i d e .  

The  f o l l o w i n g   C o m p a r a t i v e   E x a m p l e s   a n d  

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

i n v e n t i o n   in  r e d u c i n g   a n d / o r   e l i m i n a t i n g   f u e l   i n j e c t o r  

f o u l i n g .   In  t h e   f o l l o w i n g   C o m p a r a t i v e   E x a m p l e s   a n d  

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

t h e   p o s t e d   o c t a n e   r a t i n g   w h i c h   is   d e f i n e d   a s :  

R e s e a r c h   O c t a n e   +  M o t o r   O c t a n e  

COMPARATIVE  EXAMPLE  I 

In  t h i s   t e s t   t h r e e   1 9 8 5   O l d s m o b i l e   9 8 ' s  

h a v i n g   e l e c t r o n i c a l l y   c o n t r o l l e d ,   f u e l   i n j e c t e d ,   3 . 8  

l i t e r ,   s i x   c y l i n d e r   e n g i n e s   w e r e   d r i v e n   on  a  c o m m e r -  

c i a l ,   u n l e a d e d ,   87  o c t a n e   r e f e r e n c e   f u e l   h a v i n g   a 

d e t e r g e n t   c o n c e n t r a t i o n   of  8 .5   p t b   f o r   a p p r o x i m a t e l y  

3500  m i l e s   u n d e r   t he   f o l l o w i n g   d r i v i n g   c y c l e :   0 . 5   h o u r s  

c i t y - t y p e   d r i v i n g ,   0 .5   h o u r   e n g i n e   o f f ,   0 . 5   h o u r   h i g h -  

way  d r i v i n g ,   0 .5   hour   e n g i n e   o f f .   D r i v e a b i l i t y   on  a l l  

f o u r   v e h i c l e s   became   p o o r   to  v e r y   p o o r .   The  v e h i c l e s  



0 2 3 2 0 6 9  

-  8  -  

t h e n   w e r e   d r i v e n   f o r   300  m i l e s   w i t h   a  c o m m e r c i a l   ; 

p r e m i u m   g r a d e   92  o c t a n e   u n l e a d e d   f u e l   c o n t a i n i n g   2 . 5   j 

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

D r i v e a b i l i t y   r e m a i n e d   u n c h a n g e d .   The  d a t a   in  T a b l e   I  

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

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

u n a f f e c t e d   by  t h e   d e t e r g e n t   e v e n   a t   t h e   h i g h   t r e a t   j 

r a t e .   The  p e r c e n t   f u e l   f l o w   r e d u c t i o n   was   d e t e r m i n e d   /  

by  m e a s u r i n g   t h e   v o l u m e   of  a  m i n e r a l   s p i r i t   t h a t   f l o w e d   *j. 

t h r o u g h   t h e   i n j e c t o r   u n d e r   p r e d e t e r m i n e d   s t a n d a r d i z e d   "'; 

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

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

t h e   f o r m u l a :   •! 

%  R e d u c t i o n   =  v c l e a n   -  V d i r t y   x  100% 
v c l e a n  

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

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

i n j e c t o r s   . 
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F r o m   T a b l e   I  i t   c a n   be  s e e n   t h a t   t h i s   c o n -  

v e n t i o n a l ,   known  c a r b u r e t o r   d e t e r g e n t   was   i n e f f e c t i v e  

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

p e r m i t t e d   d e p o s i t s   to   f o r m .  

COMPARATIVE  EXAMPLE  I I  

A  1985   C h r y s l e r   L e R a r o n   e q u i p p e d   w i t h   a  2 . 2  

l i t e r   t u r b o c h a r g e d   e n g i n e   h a v i n g   e l e c t r o n i c a l l y   c o n -  

t r o l l e d   f u e l   i n j e c t i o n   was  d r i v e n   f o r   1300   m i l e s   on  a  

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

r e g u l a r   g r a d e ,   87  o c t a n e ,   u n l e a d e d ,   d e t e r g e n t - f r e e  

g a s o l i n e .   The  d r i v i n g   was  b a s e d   on  r e p e t i t i o n   of  t h e  

f o l l o w i n g   c y c l e :   30  m i n u t e s   c i t y   d r i v i n g ,   30  m i n u t e s  

e n g i n e   o f f ,   30  m i n u t e s   h i g h w a y   d r i v i n g ,   30  m i n u t e s  

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

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

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

c o n v e r t e r   w e r e   321  ppm  a t   e n g i n e   i d l e .   The  i n j e c t o r  

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

t e s t .   In  t h i s   t e s t   t h e   f u e l   r a i l   i s   p r e s s u r i z e d   t o   4 9  

p s i g   and   an  i n j e c t o r   i s   p u l s e d   f o r   0 . 5   s e c o n d s .   T h e  

p r e s s u r e   d r o p ,   or   l e a k d o w n   AP*  i s   i n d i c a t i v e   of   h o w  

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

t h e   l e s s   t h e   i n j e c t o r   i s   o b s t r u c t e d .   In  " t h i s   v e h i c l e  

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

t h e s e   c o n d i t i o n s   i s   1 9 - 2 2   p s i g .   T h i s   d a t a   i s   s e t   f o r t h  

b e l o w   in  T a b l e   I I .  

i  *  t 
/ /  

EXAMPLE  I  

F o l l o w i n g   t h e   t e s t   s e t   f o r t h   in  C o m p a r a t i v e  

E x a m p l e   I I ,   t h e   v e h i c l e   was  r e f u e l e d   w i t h   t h e   same  f u e l  

e x c e p t   t h a t   t h e   f u e l   a l s o   c o n t a i n e d   10  p t b   of  b i s ( 2 -  

h y d r o x y   e t h y l )   c o c o a m i n e   o x i d e   (HECO)  .  The   v e h i c l e  
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t h e n   was  d r i v e n   on  t h e   f o l l o w i n g   c y c l e :   15  m i n u t e s   c i t y  
d r i v i n g ,   30  m i n u t e s   h i g h w a y   d r i v i n g ,   15  m i n u t e s   c i t y  
d r i v i n g ,   2  h o u r s   e n g i n e   o f f .   T h i s   t e s t   c o n t i n u e d   u n t i l  
270  m i l e s   we re   a c c u m u l a t e d   on  t h e   v e h i c l e .   At  t h e   e n d  
of  t h i s   t e s t   p e r i o d   t h e   d r i v e a b i l i t y   was  v e r y   g o o d .  
The  h y d r o c a r b o n   e m i s s i o n s   a t   i d l e   b e f o r e   t h e   c a t a l y t i c  
c o n v e r t e r   w e r e   r e d u c e d   to   200  ppm.   The  p e r c e n t   i n -  
j e c t o r   f l o w   r e d u c t i o n   and  t h e   p r e s s u r e   d i f f e r e n t i a l  
were   s i g n i f i c a n t l y   i m p r o v e d   as  s e t   f o r t h   in  T a b l e   I I .  

From  t h e   d a t a   of  E x a m p l e   I  and   T a b l e   I I   i t  
c an   be  s e e n   t h a t   t h e   u s e   of  a  r e l a t i v e l y   low  c o n c e n -  
t r a t i o n   of  KECO  was  a b l e   to  p r o d u c e   a  s i g n i f i c a n t   i m -  
p r o v e m e n t   in  d r i v e a b i l i t y .   The  i d l e   e m i s s i o n s   w e r e  
s i g n i f i c a n t l y   r e d u c e d   and  t h e   p r e s s u r e   d i f f e r e n t i a l   a n d  
p e r c e n t   f l o w   r e d u c t i o n   of  t h e   f l o w   i n j e c t o r s   were   r e -  
t u r n e d   to  "as   new"  c o n d i t i o n s   a f t e r   a  r e l a t i v e l y   f e w  
m i l e s   of  d r i v i n g .  
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As  s h o w n   by  t h e   f o l l o w i n g   C o m p a r a t i v e  

E x a m p l e s   and  E x a m p l e ,   b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e  

o x i d e   a l s o   was  e f f e c t i v e   in  p r e v e n t i n g   t h e   b u i l d - u p   o f  

f u e l   i n j e c t o r   t i p   d e p o s i t s .  

COMPARATIVE  EXAMPLE  I I I  

In  t h i s   C o m p a r a t i v e   E x a m p l e ,   f o u r   1 9 8 5  

C h r y s l e r   L e B a r o n s   e q u i p p e d   w i t h   f o u r   c y l i n d e r ,  

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

2 . 2   l i t e r   e n g i n e s   w e r e   d r i v e n   on  m i l e a g e   a c c u m u l a t i o n  

d y n a m o m e t e r s   u n d e r   t h e   f o l l o w i n g   c o n d i t i o n s :   0 . 5   h o u r  

c i t y - t y p e   d r i v i n g ,   0 . 5   h o u r   e n g i n e   o f f ,   0 . 5   h o u r   h i g h -  

way  t y p e   d r i v i n g   and  0 . 5   h o u r   e n g i n e   o f f   f o r   4 , 0 0 0  

m i l e s .   The  c o n t r o l   c a r s   r a n   on  a  r e g u l a r   g r a d e ,   8 7  

o c t a n e ,   d e t e r g e n t - f r e e ,   u n l e a d e d   f u e l .   F o l l o w i n g   t h e  

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

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

we re   r e p e a t e d   in   f o u r   d i f f e r e n t   c a r s   ( s a m e   m a k e   a n d  

m o d e l ) .   The   r e s u l t s   of  t h e s e   t e s t s   a r e   s e t   f o r t h   i n  

T a b l e   I I I   b e l o w .  

EXAMPLE  I I  

A  1985  C h r y s l e r   L e B a r o n ,   s i m i l a r   to  t h a t   s e t  

f o r t h   in  C o m p a r a t i v e   E x a m p l e   I I I   was  u s e d   in  t h i s   t e s t  

wh ich   was  c o n d u c t e d   u n d e r   t h e   same  c o n d i t i o n s   s e t   f o r t h  

in  t h a t   C o m p a r a t i v e   E x a m p l e .   The  g a s o l i n e   u s e d   d u r i n g  

t h i s   t e s t   was  t h e   s ame   a t   t h a t   u s e d   in  t h e   c o n t r o l  

c a r s ,   b u t   w i t h   t h e   f u r t h e r   a d d i t i o n   of  10  p t b   o f  

b i s   ( 2 - h y d r o x y   e t h y l )   c o c o a m i n e   o x i d e   ( H E C O ) .   T h e  

r e s u l t s   of  t h e s e   t e s t s   a r e   a l s o   s e t   f o r t h   in  T a b l e   I I I  

b e l o w .   F r o m   a  r e v i e w   of  t h e s e   t e s t s   i t   c a n   be  s e e n  
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t h a t   t h e   a d d i t i o n   of  a  r e l a t i v e l y   low  c o n c e n t r a t i o n   o f  

HECO  was  a b l e   to   p r e v e n t   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  

f u e l   i n j e c t o r   f l o w   r a t e .  
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COMPARATIVE  EXAMPLE  IV 

In   t h i s   t e s t   a  1985  C h r y s l e r   L e B a r o n   h a v i n g  

a  f o u r   c y l i n d e r ,   t u r b o c h a r g e d   ,  2 . 2   l i t e r   e n g i n e   w i t h  

e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l   i n j e c t i o n   was  o p e r a t e d  

f o r   2 , 0 0 2   m i l e s   on  a  m i l e a g e   a c c u m u l a t i o n   d y n a m o m e t e r  

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

The  f u e l   u t i l i z e d   was  t y p i c a l   of   a  r e g u l a r   g r a d e ,   8 7  

o c t a n e ,   u n l e a d e d   f u e l   c o n t a i n i n g   8 . 5   p t b   of  t h e   s a m e  

d e t e r g e n t   u s e d   in  C o m p a r a t i v e   E x a m p l e   I .   F o l l o w i n g   t h e  

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

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

m e t h o d   p r e v i o u s l y   d e s c r i b e d   h e r e i n .   As  shown  in  T a b l e  

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

d e t e r g e n t   was   i n e f f e c t i v e   in  p r e v e n t i n g   i n j e c t o r  

f o u l i n g .  

EXAMPLE  I I I  

A  v e h i c l e   s i m i l a r   to   t h a t   u t i l i z e d   i n  

C o m p a r a t i v e   E x a m p l e   IV  was   u t i l i z e d   in   t h i s   E x a m p l e  

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

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

t i o n a l   c a r b u r e t o r   d e t e r g e n t   by  10  p t b   of  b i s   ( 2 - h y d r o x y l  

e t h y l )   c o c o a m i n e   o x i d e .   The   v e h i c l e   was   d r i v e n   f o r  

9 , 6 0 0   m i l e s   u n d e r   t h e   s a m e   s e q u e n c e   s e t   f o r t h   i n  

C o m p a r a t i v e   E x a m p l e   IV.  The  b i s   (  2 - h y d r o x y   e t h y l )  

c o c o a m i n e   o x i d e   was  a b l e   to   p r e v e n t   a n y   s i g n i f i c a n t  

f l o w   r e d u c t i o n   in  t h e   f u e l   i n j e c t o r s   as   s h o w n   by  d a t a  

p r e s e n t e d   in  T a b l e   I V .  
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F r o m   t h i s   T a b l e   i t   can  be  s e e n   t h a t   t h e   u s e  

of  a  r e l a t i v e l y   low  c o n c e n t r a t i o n   of   HECO  was  a b l e   t o   i 

p r e v e n t   any   s i g n i f i c a n t   b u i l d u p   of  i n j e c t o r   t i p   d e -  

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

c a r b u r e t o r   d e t e r g e n t   a t   a p p r o x i m a t e l y   t h e   same  r a t e   ' 

was  u n a b l e   to  p r e v e n t   a  r e l a t i v e l y   r a p i d   d e p o s i t   b u i l d -   ! 

up  of  i n j e c t o r   t i p   d e p o s i t s .   j 

W h i l e   t h e   d a t a   p r e s e n t e d   a b o v e   h a s  

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

g a s o l i n e ,   t h e   p r e s e n t   i n v e n t i o n   a l s o   may  be  of  u t i l i t y   ';. 

in  o t h e r   f u e l s ,   s u c h   as   d i e s e l   f u e l .   W h e r e   t h e   | 
ii 

p r e s e n t l y   d e s c r i b e d   i n v e n t i o n   i s   u s e d   as  a  g a s o l i n e   ;[ 

a d d i t i v e ,   t h e   a d d i t i v e   may  be  a d d e d   to  t h e   g a s o l i n e   a t   jj 

any   p o i n t   a f t e r   t h e   g a s o l i n e   h a s   b e e n   r e f i n e d ,   i . e . ,  

t h e   a d d i t i v e   c a n   be  a d d e d   a t   t h e   r e f i n e r y   or   in   t h e  

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

a d d i t i v e   may  be  u s e d   a l o n e ,   i t   a l s o   may  be  d e s i r a b l e   t o  

u t i l i z e   t h e   p r e s e n t   i n v e n t i o n   in  c o m b i n a t i o n   w i t h   a  

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

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

p r e s e n t   in  t h e   d i s t r i b u t i o n   s y s t e m .   O t h e r   a d d i t i v e s  

c o n v e n t i o n a l l y   e m p l o y e d   in  g a s o l i n e s   may  a l s o   be  u s e d  

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

i n v e n t i o n .  
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In  t h i s   p a t e n t   s p e c i f i c a t i o n ;  

The  w o r d s   " O l d s m o b i l e "   ,  " C h r y s l e r "   and  " L e b a r o n "   a r e  

T r a d e   M a r k s .  

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

by  1 . 0 1 6 .  

W e i g h t   in  p o u n d s   i s   c o n v e r t e d   to  kg  by  m u l t i p l y i n g  

by  0 . 4 5 3 6 .  

-  1  B a r r e l   is   1 5 9 . 0   l i t e r s .  

-  1  m i l e   is   1 . 6 0 9 3 5   km. 

1  p o u n d   p e r   s q u a r e   i n c h   ( g a u g e ) ,   p s i g   i s   6 . 8 9 5   k P a  

g a u g e   . 

- i f  d e n o t e s   " n u m b e r " .  
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C L A I M S :  

i 
i 

1  .  A  m e t h o d   f o r   r e d u c i n g   a n d / o r   p r e v e n t i n g  

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

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

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

i n j e c t i o n   s y s t e m   a  f u e l   c o m p r i s e d   o f   an  e f f e c t i v e   ; 
j  i 

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

R2 

I  i 

r1  n  =>o  ; 

w h e r e i n :   Ri  i s   C6  to   C24  a l k y l ,   a r y l ,   ;  
, 

c y c l o a l i p h a t i c   ,  h e t   e r o c y c l   ic   ,  s u b s t i t u t e d   a l k y l   or  : 

s u b s t i t u t e d   a r y l ;   R2  and  R3  i n d e p e n d e n t l y   a r e   C-j  to  I 

C24  a l k y l ,   a r y l ,   s u b s t i t u t e d   a l k y l   or  a r y l ,   I 

c y c l o a l i p h a t i c   or  h e t e r o c y c l i c   .  j 

2.  A  m e t h o d   f o r   c o m b u s t i n g   f u e l   in  a n  

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

to   t h e   c o m b u s t i o n   z o n e   of   t h e   e n g i n e   by  m e a n s   of  a 

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

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

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

t h e   f o r m u l a :  

R1 
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w h e r e i n :   Ri  i s   Cg  to  C24  a l k y l ,   a r y l ,   c y c l o a l i p h a t i c   , 
h e t e r o c y c l i c   ,  s u b s t i t u t e d   a l k y l ,   s u b s t i t u t e d   a r y l j   R2 

and  R3  i n d e p e n d e n t l y   a r e   C-|  to   C24  a l k y l ,   a r y l ,  

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

h e t e r o c y c l i c   . 

3.  A  m e t h o d   of   o p e r a t i n g   an  i n t e r n a l  

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

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

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

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

c o m p r i s i n g :  

R2 

I 

R<l  N  ->0 

R3 

w h e r e i n :   R1  is   Cg  to  C24  a l k y l ,   a r y l ,   c y c l o a l i p h a t i c ,  

h e t e r o c y c l i c ,   s u b s t i t u t e d   a l k y l   or  s u b s t i t u t e d   a r y l ;  

R2  and  R3  i n d e p e n d e n t l y   a r e   C-j  to   C24  a l k y l ,   a r y l ,  

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

h e t e r o c y c l i c   . 

4.  The  m e t h o d   o f   any   of   c l a i m s   1  to  3 

w h e r e i n :   R<\  i s   C9  to  C20  a l k y l ,   or  a l k y l a t e d   a r y l ;  

a n d ,   R2  and  R3  i n d e p e n d e n t l y   a r e   C-]  to  C  -j  2  a l k y l .  

5.  The  m e t h o d   of  any   one   of   c l a i m s   1  to  4 

w h e r e i n   t h e   a d d i t i v e   i s   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   of  bi  s  (  2 - h y d r o x   y e t h y   1  )  c o c o a m i n e   o x i d e ,  

b i s   ( 2 - h y d r o x y e t h y l )   t a l l o w   a m i n e   o x i d e ,   b i s (   2 - h y d r o x y -  

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

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

d i m e t h y l h e x a d e c y l a m i n e   o x i d e   and  m i x t u r e s   t h e r e o f .  
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6.  The  m e t h o d   of   a n y   one   of   c l a i m s   1  to  5 

w h e r e i n   t h e   a d d i t i v e   i s   b i s ( 2 - h y d r o x y e t h y l   )  c o c o a m i n e  

o x i d e   . 

7.  The  m e t h o d   of   a n y   one   of   c l a i m s   1  to  6  ; 

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

r a n g e   of   f rom  0 .5   to  50  p o u n d s   p e r   t h o u s a n d   b a r r e l s   of  i 

f u e l   ( 0 . 2 3   to  2 2 . 6 8   kg  p e r   1 5 9 0 0 0   l i t e r s   of  f u e l ) .   ; 1 

8.  The  m e t h o d   of   a n y   one   of   c l a i m s   1  to  7 

in  w h i c h   t h e   c o n c e n t r a t i o n   o f   t h e   a d d i t i v e   i s   in  t h e   ; 

r a n g e   o f   f r o m   5  to  10  p o u n d s   p e r   t h o u s a n d   b a r r e l s   o f  

f u e l   ( 2 . 2 7   to   4 . 5 4   kg  p e r   1 5 9 0 0 0   l i t e r s   of  f u e l ) .  

9.  The  m e t h o d   o f   a n y   one   of   c l a i m s   1  to  8 

in   w h i c h   t h e   f u e l   i s   g a s o l i n e .  

10 .   The  m e t h o d   o f   a n y   one  of  c l a i m s   1  to  9  : 

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

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

o f   t h e   e x h a u s t   g a s   as  s e n s e d   by  s e n s o r   m e a n s  

r e s p o n s i v e   to  o x y g e n   c o n c e n t r a t i o n   in  t h e   e x h a u s t   g a s .   < 



J )  

0 2 3 2 0 6 9  

Application  number 

EP  87  30  0 5 1 4  

European  Patent 
Office 

EUROPEAN  SEARCH  REPORT 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
Citation  ol  document  with  indication,  where  appropriate,  Relevant  CLASSIFICATION  OF  THE 

Category  of  relevant  pawages  to  claim  APPLICATION  (Int  CM) 

A  US-A-3   007  784  (EBNER)  1 - 1 0   C  10  L  1 0 / 0 0  
*  Whole   d o c u m e n t   *  C  10  L  1 / 2 2  

F  02  B  7 7 / 0 4  

D,A  US-A-3   594  139'   (B0UFFARD)  1 - 1 0  
*  C l a i m s   * 

D,A  FR-A-1   521  990  (ESSO)  1 - 1 0  
*  A b s t r a c t ;   p a g e   1  * 

A  U S - A - 4   482  356  (HANLON)  1 - 3  
*  C l a i m s ;   c o l u m n   1  * 

A  U S - A - 4   398  505  (CAHILL)  1 - 3  
*  Whole   d o c u m e n t   * 

TECHNICAL  FIELDS 
SEARCHED  (Int.  Cl.*) 

C  10  L 
F  02  B 

The  present  search  report  has  been  drawn  up  for  all  claims 

Place  ol  search  '  Date  of  completion  ol  the  search  Examiner 
THE  HAGUE  0 6 - 0 5 - 1 9 8 7   DE  LA  MORINERIE  B . M .  

CATEGORY  OF  CITED  DOCUMENTS  T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

X  :  particularly  relevant  if  taken  alone  after  the  filing  date 
Y  •  particularly  relevant  if  combined  with  another  D  :  document  cited  in  the  application 

document  of  the  same  category  L  :  document  cited  for  other  reasons 
A:  technological  background 
0  :  non-written  disclosure  A  :  member  of  the  same  patent  family,  corresponding 
P  •  intermediate  document  document 


	bibliography
	description
	claims
	search report

