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(54)  Fuel  compositions  and  additive  concentrates,  and  their  use  in  inhibiting  engine  coking. 
©  Coking  in  and  around  the  injector  nozzles  of  indirect 
injection  compression  ignition  engines  is  reduced  by  means 
of  distillate  fuel  into  which  has  been  blended  suitable 
concentrations  of: 

(a)  organic  nitrate  ignition  accelerator,  and 
(b)  hydrocarbyl-substituted  succinimide  or  succinamide, 

or 
(a)  organic  nitrate  ignition  accelerator, 
(c)  hydrocarbyl  amine  having  from  3  to  60  carbons  and 

from  1  to  10  nitrogens,  and 
(d)  N,N'-disalicylidene-1,2-diaminopropane,  or 
(b)  hydrocarbyl-substituted  succinimide  or  succinamide, 
(c)  hydrocarbyl  amine  having  from  3  to  60  carbons  and 

^   from  1  to  10  nitrogens,  and 
(d)  N,N'-disalicylidene-T,2-diaminopropane. 

Q  Additive  concetrates  can  be  formulated  using  such 
additive  combinations. 
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The  i n v e n t i o n   r e l a t e s   t o   c o m p r e s s i o n   i g n i t i o n   f u e l  

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

a c c e l e r a t o r   and  h y d r o c a r b y l - s u b s t i t u t e d   succ in imide   or  succ inamide ,   i n  

a m o u n t s   s u f f i c i e n t   to  r e s i s t   t he   c o k i n g   t e n d e n c i e s   o f  

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

o p e r a t i o n   of  i n d i r e c t   i n j e c t i o n   d i e s e l   e n g i n e s .  

T h r o t t l i n g   d i e s e l   n o z z l e s   have   r e c e n t l y   come  i n t o  

w i d e s p r e a d   u s e   in  i n d i r e c t   i n j e c t i o n   a u t o m o t i v e   a n d  

l i g h t - d u t y   d i e s e l   t r u c k   e n g i n e s ,   i . e . ,   c o m p r e s s i o n  

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

i g n i t e d   in  a  p r e c h a m b e r   or  s w i r l   c h a m b e r .   In  t h i s   w a y ,  

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

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

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

q u i e t e r   and  s m o o t h e r   o p e r a t i o n .   The  F i g u r e   of  t h e  

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

t h r o t t l i n g   d i e s e l   n o z z l e   ( o f t e n   r e f e r r e d   to  as  t h e  

" p i n t l e   n o z z l e " ) .  

U n f o r t u n a t e l y ,   t he   a d v e n t   of  such   e n g i n e s   h a s  

g i v e n   r i s e   to   a  new  p r o b l e m ,   t h a t   of  e x c e s s i v e   c o k i n g   o n  



t h e   c r i t i c a l   s u r f a c e s   of  t he   i n j e c t o r s   t h a t   i n j e c t   f u e l  

i n t o   t h e   p r e c h a m b e r   or  s w i r l   c h a m b e r   o f  t h e   e n g i n e .   I n  

p a r t i c u l a r ,   and  wi th   r e f e r e n c e   to  the  accompanying  F i g u r e ,   the  c a r b o n  

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

s u r f a c e s   of  t h e   o b t u r a t o r   1 0  a n d   t h e   f o r m   1 2 " u n t i l   a  

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

b l o c k   t he   d r i l l e d   o r i f i c e   14  in  t h e   i n j e c t o r   body   16  a n d  

f i l l   up  to  t he   s e a t   18.  In  s e v e r e   c a s e s ,   c a r b o n   b u i l d s  

up  on  t he   form  12  and  t h e   o b t u r a t o r   10  to   s u c h   an  e x t e n t  

t h a t   i t   i n t e r f e r e s   w i t h   t h e   s p r a y   p a t t e r n   of  t h e  f u e l  

i s s u i n g   f rom  a r o u n d   the   p e r i m e t e r   of  o r i f i c e   14.   S u c h  

c a r b o n   b u i l d   up  or  c o k i n g  o f t e n   r e s u l t s   in   s u c h  

u n d e s i r a b l e   c o n s e q u e n c e s   as  d e l a y e d   f u e l   i n j e c t i o n ,  

i n c r e a s e d   r a t e   of  f u e l   i n j e c t i o n ,   i n c r e a s e d   r a t e   o f  

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

n o i s e ,   and  can  a l s o   r e s u l t   in  an  e x c e s s i v e   i n c r e a s e   i n  

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

W h i l e   low  f u e l   c e t a n e   n u m b e r   i s   b e l i e v e d   to   be  a  

m a j o r   c o n t r i b u t i n g   f a c t o r   to  t h e   c o k i n g   p r o b l e m ,   i t   i s  

n o t   t h e   o n l y   r e l e v a n t   f a c t o r .   T h e r m a l   and  o x i d a t i v e  

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

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

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

r o l e   in  t he   c o k i n g   p r o b l e m .  

An  i m p o r t a n t   c o n t r i b u t i o n   t o   t h e   a r t   w o u l d   be  a  

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



t e n d e n c i e s   when  e m p l o y e d   in  t he   o p e r a t i o n   of  i n d i r e c t  

i n j e c t i o n   d i e s e l   e n g i n e s .  

In  a c c o r d a n c e   w i t h   one  of  i t s  e m b o d i m e n t s ,   t h i s  

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

i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e s   c o n t a i n i n g   a t  

l e a s t   t h e   c o m b i n a t i o n   of  (a)  o r g a n i c   n i t r a t e   i g n i t i o n  

a c c e l e r a t o r ,   and  (b)  h y d r o c a r b y l - s u b s t i t u t e d  

s u c c i n i m i d e ,   or  t he   c o m b i n a t i o n   of  (a)  o r g a n i c   n i t r a t e  

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

3  to  60  c a r b o n s   and  f rom  1  to  10  n i t r o g e n s   and  (d)  N , N -  

d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o p r o p a n e ,   or  t h e   c o m b i n a t i o n   o f  

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

amine   h a v i n g   f r o m   3  to  60  c a r b o n s   and  f r o m   1  to   1 0  

n i t r o g e n s   and   (d)  N , N ' - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o -  

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

an  a m o u n t   s u f f i c i e n t   to  m i n i m i z e   c o k i n g ,   e s p e c i a l l y  

t h r o t t l i n g   n o z z l e   c o k i n g ,   in  t he   p r e c h a m b e r s   or   s w i r l  

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

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

A n o t h e r   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   i s   a 

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

(a)  o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   and  ( b )  

h y d r o c a r b y l - s u b s t i t u t e d   s u c c i n i m i d e ,   or  (a )   o r g a n i c  

n i t r a t e  i g n i t i o n   a c c e l e r a t o r ,   (c)   h y d r o c a r b y l   a m i n e  

h a v i n g   f r o m   3  to   60  c a r b o n s   and  f rom  1  t o   10  n i t r o g e n s  

and  (d)  N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e   or  ( b )  



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

amine   h a v i n g   f r o m   3  to   60  c a r b o n s   and  f rom  1  to   1 0  

n i t r o g e n s   and  (d)   N , N ' - d i s a l i c y c l i d e n e - l , 2 -  

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

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

t h r o t t l i n g   n o z z l e   c o k i n g ,   in  t h e   p r e c h a m b e r s   or  s w i r l  

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

o p e r a t e d   on  s u c h   f u e l .  

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

of  an  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e   i n  

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

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

of  i n h i b i t i n g   c o k i n g ,   e s p e c i a l l y   t h r o t t l i n g   n o z z l e  

c o k i n g ,   in  t h e   p r e c h a m b e r s   or  s w i r l   c h a m b e r s   of  a n  

i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e ,   w h i c h  

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

c o n t a i n i n g   a t   l e a s t   t h e   c o m b i n a t i o n   of  (a)   o r g a n i c  

n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   and  (b)   h y d r o c a r b y l -  

s u b s t i t u t e d   s u c c i n i m i d e ,   or  t h e   c o m b i n a t i o n   of  ( a )  

o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   ( c )   h y d r o c a r b y l  

amine   h a v i n g   f r o m   3  t o   60  c a r b o n s   and  f r o m   1  to   1 0  

n i t r o g e n s   and   (d)   N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o -  

p r o p a n e   or  t h e   c o m b i n a t i o n   of  (b)  h y d r o c a r b y l -  

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

f rom  3  to  60  c a r b o n s   and  f rom  1  to  10  n i t r o g e n s   and  ( d )  



N , N ' - d i s a l i c y c l i d e n e - l , 2 - d i a m i n o p r o p a n e ,   s a i d   c o m b i n a -  

t i o n s   b e i n g   s e p a r a t e l y   p r e s e n t   in  an  amoun t   s u f f i c i e n t  

to   m i n i m i z e   s u c h   c o k i n g   in  an  e n g i n e   o p e r a t e d   on  s u c h  

f u e l .  

A  f e a t u r e   of  t h i s   i n v e n t i o n   is   t h a t   t h e  

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

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

to  o p e r a t e   i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n  

e n g i n e s .   Such   b e h a v i o r   was  e x h i b i t e d   in  a  s e r i e s   o f  

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

c r i b e d   in  E x a m p l e s   I,  I I   and  I I I   h e r e i n a f t e r .  

A  wide   v a r i e t y   of  o r g a n i c   n i t r a t e   i g n i t i o n  

a c c e l e r a t o r s ,   c o m p o n e n t   ( a ) ,   may  be  e m p l o y e d   in  t h e  

f u e l s   of  t h i s   i n v e n t i o n .   P r e f e r r e d   n i t r a t e   e s t e r s   a r e  

t h e   a l i p h a t i c   or  c y c l o a l i p h a t i c   n i t r a t e s   in  w h i c h   t h e  

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

t a i n s   up  to  a b o u t   12  c a r b o n s   a n d ,   o p t i o n a l l y ,   may  b e  

s u b s t i t u t e d  w i t h   one  or  more  o x y g e n   a t o m s .  

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

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

n i t r a t e ,   a l l y l   n i t r a t e ,   b u t y l   n i t r a t e ,   i s o b u t y l   n i t r a t e ,  

s e c - b u t y l   n i t r a t e ,   t e r t - b u t y l   n i t r a t e ,   amyl  n i t r a t e ,  

i s o a m y l   n i t r a t e ,   2 - a m y l   n i t r a t e ,   3 - a m y l   n i t r a t e ,   h e x y l  

n i t r a t e ,   h e p t y l   n i t r a t e ,   2 - h e p t y l   n i t r a t e ,   o c t y l  

n i t r a t e ,   i s o o c t y l   n i t r a t e ,   2 - e t h y l h e x y l   n i t r a t e ,   n o n y l  

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



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

c y c l o h e x y l   n i t r a t e ,   c y c l o d o d e c y l   n i t r a t e ,   2 - e t h o x y e t h y l  

n i t r a t e ,   2 - ( 2 - e t h o x y - e t h o x y ) e t h y l   n i t r a t e ,   t e t r a -  

h y d r o f u r a n y l   n i t r a t e ,   and  the   l i k e .   M i x t u r e s   of  s u c h  

m a t e r i a l s   may  a l s o   be  u s e d .   The  p r e f e r r e d   i g n i t i o n  

a c c e l e r a t o r   f o r   use   in  t h e   f u e l s   of  t h i s   i n v e n t i o n   i s   a  

m i x t u r e   of  o c t y l   n i t r a t e s   a v a i l a b l e   as  an  a r t i c l e   o f  

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

D I I - 3   i g n i t i o n   i m p r o v e r .  

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

c o m p o n e n t   (b)  of  t he   f u e l s   of  t h i s   i n v e n t i o n ,   a r e   w e l l  

k n o w n .   They  a r e  r e a d i l y   made  by  f i r s t   r e a c t i n g   a n  

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

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

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

t e m p e r a t u r e s   of  1 0 0 - 2 5 0 ° C   a r e   u s e d .   W i t h   h i g h e r   b o i l i n g  

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

o b t a i n e d   a t   2 0 0 - 2 5 0 ° C .   T h i s   r e a c t i o n   c a n  b e   p r o m o t e d   b y  

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

c r a c k e d   wax  o l e f i n s ,   l i n e a r   a l p h a   o l e f i n s ,   b r a n c h e d  

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

o l e f i n s .   T h e s e   i n c l u d e   p o l y m e r s   of  e t h y l e n e ,   p r o -  

p y l e n e ,   i s o b u t y l e n e ,   1 - h e x e n e ,   1 - d e c e n e   and   t he   l i k e .  

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

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

c o p o l y m e r s ,   e t h y l e n e - l - d e c e n e   c o p o l y m e r s   and  t he   l i k e .  



H y d r o c a r b y l   s u b s t i t u e n t s   have  a l s o   been  made  f r o m  

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

f rom  e t h y l e n e - C  3 - 1 2   a l p h a   o l e f i n  -   C5-12  n o n -  

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

p r o p y l e n e - l , 4 - h e x a d i e n e   t e r p o l y m e r ;   e t h y l e n e - p r o p y l e n e -  

1 , 5 - c y c l o o c t a d i e n e   t e r p o l y m e r ;   e t h y l e n e - p r o p y l e n e -  

n o r b o r n e n e   t e r p o l y m e r s   and  t he   l i k e .  

Of  the   f o r e g o i n g ,   by  f a r   the   most  u s e f u l   h y d r o -  

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

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

The  m o l e c u l a r   w e i g h t   of  t he   h y d r o c a r b y l   s u b -  

s t i t u e n t   c a n  v a r y   o v e r   a  w i d e   r a n g e .   I t   is   d e s i r a b l e  

t h a t   t he   h y d r o c a r b y l   g r o u p   h a v e   a  m o l e c u l a r   w e i g h t   of  a t  

l e a s t   500.  A l t h o u g h   t h e r e   i s   no  c r i t i c a l   u p p e r   l i m i t ,   a  

p r e f e r r e d   r a n g e   i s   5 0 0 - 5 0 0 , 0 0 0   number   a v e r a g e   m o l e c u l a r  

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

7 0 0 - 5 , 0 0 0   and  m o s t   p r e f e r a b l y   9 0 0 - 3 , 0 0 0 .  

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

s u c c i n a m i d e s   a r e   made  by  r e a c t i o n   of  the   d e s i r e d  

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

h a v i n g   a t   l e a s t   one   r e a c t i v e   h y d r o g e n   atom  b o n d e d   to   a n  

amine   n i t r o g e n   a t o m .   E x a m p l e s   of  t h e s e   a re   m e t h y l  

a m i n e ,   d i m e t h y l   a m i n e ,   n - b u t y l   a m i n e ,   d i - ( n - d o d e c y l )  

a m i n e ,   N - ( a m i n o e t h y l )   p i p e r i d i n e ,   p i p e r a z i n e ,   N - ( 3 - a m i n o -  

p r o p y l )   p i p e r a z i n e ,   and  t he   l i k e .  



P r e f e r a b l y ,   t he   a m i n e   h a s   a t   l e a s t   one  r e a c t i v e  

p r i m a r y   a m i n e   g r o u p   c a p a b l e   of  r e a c t i n g   to   fo rm  t h e  

p r e f e r r e d   s u c c i n i m i d e s .   E x a m p l e s   of  s u c h   p r i m a r y   a m i n e s  

a re   n - o c t y l   a m i n e ,   N , N - d i m e t h y l - l , 3 - p r o p a n e   d i a m i n e ,  

N - ( 3 - a m i n o p r o p y l )   p i p e r a z i n e ,   1 , 6 - h e x a n e   d i a m i n e ,   a n d  

the   l i k e .  

H y d r o x y a l k y l   a m i n e s   can   a l s o   be  u s e d   to  make  t h e  

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

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

e t h a n o l   a m i n e ,   d i e t h a n o l   a m i n e ,   2 - h y d r o x y p r o p y l   a m i n e ,  

N - h y d r o x y e t h y l   e t h y l e n e d i a m i n e   and  t h e   l i k e .   S u c h  

h y d r o x y a l k y l   a m i n e s   can  be  made  by  r e a c t i n g   a  l o w e r  

a l k y l e n e   o x i d e ,   such   as  e t h y l e n e   o x i d e ,   p r o p y l e n e   o x i d e  

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

amine   s u c h   as  e t h y l e n e   d i a m i n e ,   d e t h y l e n e   t r i a m i n e ,  

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

l i k e .  

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

make  t h e   s u c c i n i m i d e ,   s u c c i n a m i d e   or  m i x t u r e s   t h e r e o f  

are   t h e   p o l y a l k y l e n e   a m i n e s .   T h e s e   a r e   p o l y a m i n e s   a n d  

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



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

h a v i n g   2-4  c a r b o n   a t o m s   and  n  i s   an  i n t e g e r   f rom  1 - 1 0  

i n c l u d i n g   m i x t u r e s   of  such   p o l y a l k y l e n e   a m i n e s .  

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

a l k y l e n e   a m i n e   i s   a  p o l y e t h y l e n e a m i n e   c o n t a i n i n g   2 - 6  

e t h y l e n e a m i n e   u n i t s .   T h e s e   a r e   r e p r e s e n t e d   by  the   a b o v e  

f o r m u l a   in  w h i c h   R  is   the   g r o u p   - C H 2 C H 2 -   and  n  has  a 

v a l u e   of  2 - 6 .  

The  a m i n e   u s e d   to  make  t h e   s u c c i n i m i d e ,  

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

mono  or  p o l y - h y d r o x y a l c o h o l   may  be  i n c l u d e d   in  t h e  

r e a c t i o n .   S u c h  a l c o h o l s   can  be  r e a c t e d   c o n c u r r e n t l y  

w i t h   t he   a m i n e   or  t he   two  a l c o h o l   and  a m i n e   may  b e  

r e a c t e d   s e q u e n t i a l l y .   U s e f u l   a l c o h o l s   a r e   m e t h a n o l ,  

e t h a n o l ,   n - d o d e c a n o l ,   2 - e t h y l   h e x a n o l ,   e t h y l e n e   g l y c o l ,  

p r o p y l e n e   g l y c o l ,   d i e t h y l e n e   g l y c o l ,   2 - e t h o x y   e t h a n o l ,  

t r i m e t h y l o l   p r o p a n e ,   p e n t a e r y t h r i t o l ,   d i p e n t a e r y t h r i t o l  

and  t he   l i k e .  

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

U . S .   3 , 1 8 4 , 4 7 4 ;   U .S .   3 , 5 7 6 , 7 4 3 ;   U . S .   3 , 6 3 2 , 5 1 1 ;   U . S .  

3 , 8 0 4 , 7 6 3 ;   U . S .   3 , 8 3 6 , 4 7 1 ;   U . S .   3 , 9 3 6 , 4 8 0 ;   U . S .  

3 , 9 4 8 , 8 0 0 ;   U .S .   3 , 9 5 0 , 3 4 1 ;   U.S .   3 , 9 5 7 , 8 5 4 ;   U . S .  

3 , 9 5 7 , 8 5 5 ;   U.S .   3 , 9 9 1 , 0 9 8 ;   U .S .   4 , 0 7 1 , 5 4 8   and  U . S .  

4 , 1 7 3 , 5 4 0 .  

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

s u c c i n i c   a n h y d r i d e   and  the   a m i n e   c an   be  c a r r i e d   ou t   b y  



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

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

n o t   so  h i g h   as  to   c a u s e   d e c o m p o s i t i o n   of  the   r e a c t a n t s  

or  p r o d u c t s   or  t h e   a n h y d r i d e   may  be  h e a t e d   to   r e a c t i b n  

t e m p e r a t u r e   and  t h e   amine   a d d e d   o v e r   an  e x t e n d e d  

p e r i o d .   A  u s e f u l   t e m p e r a t u r e   i s   1 0 0 - 2 5 0 ° C .   B e s t  

r e s u l t s   a r e   o b t a i n e d   by  c o n d u c t i n g   t he   r e a c t i o n   at  a  

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

t h e   r e a c t i o n .  

A  p r e f e r r e d   s u c c i n i m i d e - s u c c i n a m i d e   c o m p o n e n t   i s  

a v a i l a b l e   as  an  a r t i c l e   of  c o m m e r c e   f rom  t he   E d w i n  

C o o p e r   Company  u n d e r   the   d e s i g n a t i o n   HITEC @  E - 6 4 4 .   T h i s  

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

s o l v e n t .   T h u s ,   when  H I T E C ®  E - 6 4 4   i s   used   as  c o m p o n e n t  

(b)  in  f o r m u l a t i n g   t he   f u e l s   of   t h i s   i n v e n t i o n ,   t h e  

p r o d u c t   as  r e c e i v e d  s h o u l d   be  u s e d   a t   a  c o n c e n t r a t i o n   o f  

a t   l e a s t   a b o u t   40  PTB  ( p o u n d s   p e r   t h o u s a n d   b a r r e l s )  -  

0 . 1 1 4 3 6   g r a m s   p e r   l i t e r  -   to   i n s u r e   t h a t   the   f i n i s h e d  

b l e n d   c o n t a i n s   an  a d e q u a t e   q u a n t i t y   of  t he   f o r e g o i n g  

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

a m o u n t s   may  be  s u c c e s s f u l l y   e m p l o y e d .  

The  n i t r a t e   i g n i t i o n   a c c e l e r a t o r - - c o m p o n e n t  

( a ) - - s h o u l d   be  p r e s e n t   in  an  a m o u n t   of  a t   l e a s t   100  t o  

1000  PTB  ( p o u n d s   p e r   t h o u s a n d   b a r r e l s )  -   0 . 2 8 5 9   to   2 . 8 5 9  

g r a m s   p e r   l i t e r  -   of   t he   b a s e   f u e l .   P r e f e r a b l y ,   t h e  



c o n c e n t r a t i o n   of  the   i g n i t i o n   a c c e l e r a t o r   i s   400  to   6 0 0  

PTB  ( 1 . 1 4 3 6   to   1 . 7 1 5 4   g rams   p e r   l i t e r ) .  

I t   i s   no t   b e l i e v e d   t h a t   t h e r e   i s   a n y t h i n g  

c r i t i c a l   as  r e g a r d s   the   maximum  a m o u n t   of  c o m p o n e n t s   ( a )  

and  (b)  u s e d   in  the   f u e l .   T h u s ,   t h e   maximum  a m o u n t   o f  

t h e s e   c o m p o n e n t s   w i l l   p r o b a b l y   be  g o v e r n e d   in  any  g i v e n  

s i t u a t i o n   by  m a t t e r s   of  c h o i c e   and  e c o n o m i c s .  

The  c o k i n g - i n h i b i t i n g   c o m p o n e n t s   (a)   and  (b)  o f  

the  i n v e n t i o n   can  be  a d d e d   to   t h e   f u e l s   by  any  m e a n s  

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

a d d i t i v e s   i n t o   d i s t i l l a t e   f u e l s .   C o m p o n e n t s   (a)  and  ( b )  

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

added   t o g e t h e r .   I t   is   c o n v e n i e n t   to  u t i l i z e   a d d i t i v e  

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

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

s u c c i n a m i d e   a g e n t s .   These   a d d i t i v e   f l u i d   m i x t u r e s   a r e  

added   to  d i s t i l l a t e   f u e l s .   In  o t h e r   w o r d s ,   p a r t   of  t h e  

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

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

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

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

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

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

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

m i n i m i z i n g   t h e   c o k i n g   c h a r a c t e r i s t i c s   of  c o m p r e s s i o n  



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

c o m p r e s s i o n   i g n i t i o n   e n g i n e s . .  

In  t h e s e   f l u i d   c o m p o s i t i o n s ,   t he   a m o u n t   of  c o m -  

p o n e n t s   (a)  and  (b)  can   v a r y   w i d e l y .   In  g e n e r a l ,   t h e  

f l u i d   c o m p o s i t i o n s   c o n t a i n   5  to   95%  by  w e i g h t   of  t h e  

o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r   c o m p o n e n t   and  5  t o  

95%  by  w e i g h t   of  t h e   h y d r o c a r b y l - s u b s t i t u t e d  

s u c c i n i m i d e - s u c c i n a m i d e   c o m p o n e n t .   T y p i c a l l y ,   f rom  . 0 1 %  

by  w e i g h t   up  to  1.0%  by  w e i g h t   of  t h e   c o m b i n a t i o n   w i l l  

be  s u f f i c i e n t   to  p r o v i d e   good  c o k i n g - i n h i b i t i n g   p r o p e r -  

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

f u e l   c o m p o s i t i o n   c o n t a i n s   f r o m  0 . 1   to   0.5%  by  w e i g h t   o f  

t he   c o m b i n a t i o n   c o n t a i n i n g   f rom  25%  to  95%  by  w e i g h t   o f  

t he   o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r   and  f rom  75%  t o  

5%  by  w e i g h t   of  t he   h y d r o c a r b y l - s u b s t i t u t e d   s u c c i n i m i d e -  

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

The  a d d i t i v e   f l u i d s ,   as  w e l l   as  t h e   d i s t i l l a t e  

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

c o n t a i n   o t h e r   a d d i t i v e s   s u c h   a s ,   c o r r o s i o n   i n h i b i t o r s ,  

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

i m p r o v e r s ,   i n e r t   s o l v e n t s   or  d i l u e n t s ,   and  t h e   l i k e .  

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

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

w i t h   t h e   p r e s e n t   a d d i t i v e s .  



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

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

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

t e r t i a r y ,   e . g . ,   an  a m i n e   of  t h e   f o r m u l a :  

w h e r e i n   R  i s   one  or  a  m i x t u r e   of  t e r t i a r y   a l i p h a t i c  

g r o u p s   c o n t a i n i n g   8  to   18  or  more  ( p r e f e r a b l y   1 2 - 1 6 )  

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

t e r t i a r y   a l i p h a t i c   g r o u p s   a re   t e r t i a r y   a l k y l   g r o u p s .   I t  

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

i n c l u d e   in  a d d i t i o n   to   t h e   a b o v e - d e p i c t e d   a m i n e   one  o r  

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

U.S .   P a t .   No.  3 , 9 0 9 , 2 1 5   g i v e s   a  d e s c r i p t i o n   o f  

t he   v a r i o u s   h y d r o c a r b y l   a m i n e s   h a v i n g   f r o m   3  to   60 

c a r b o n s   and  f rom  1  to   10  n i t r o g e n s   w h i c h   may  be  e m p l o y e d  

in  t he   f u e l s   of  t h i s   i n v e n t i o n .   A  few  a d d i t i o n a l  

e x a m p l e s   of  d e s i r a b l e   a m i n e s   i n c l u d e   2 , 6 - d i - t e r t -  

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

d i m e t h y l a m i n e ,   and  N - a l k y l , N , N - d i m e t h y l a m i n e s   in  w h i c h  

t h e   a l k y l   g r o u p   i s   one   or  a  c o m b i n a t i o n   of  a l k y l   g r o u p s  

p r e f e r a b l y   h a v i n g   8  to   18  or  more  c a r b o n   a t o m s .  

A  p a r t i c u l a r l y   p r e f e r r e d   h y d r o c a r b y l   amine   i s  

a v a i l a b l e   c o m m e r c i a l l y   f r o m   t h e   Rohm  and  Haas   C o m p a n y  

u n d e r   the   d e s i g n a t i o n   P r i m e n e   81R.  The  P r i m e n e   81R  i s  



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

w h i c h   t h e   a l i p h a t i c   g r o u p s   a r e   p r e d o m i n a n t l y   C12  a n d  

C14  t e r t i a r y   a l k y l   g r o u p s .  

The  f u e l s   of  t h i s   i n v e n t i o n   s h o u l d   c o n t a i n   a t  

l e a s t   1 . 5   t o   40  PTB  ( 0 . 0 0 4 2 9  t o   0 . 1 1 4 3   g r a m s / l i t e r   o f  

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

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

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

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

c o m b i n a t i o n   of  (a)  o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,  

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

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

a m o u n t   s u f f i c i e n t   to   m i n i m i z e   c o k i n g ,   e s p e c i a l l y  

t h r o t t l i n g   n o z z l e   c o k i n g   in  t h e   p r e c h a m b e r s   or  s w i r l  

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

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

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

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

c o m p r i s i n g   (a)   o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   ( b )  

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

a m i n e   in  an  a m o u n t   s u f f i c i e n t   to  m i n i m i z e   t h e  c o k i n g  

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

n o z z l e   c o k i n g   in  t h e   p r e c h a m b e r s   or  s w i r l   c h a m b e r s   i n  

i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e s   o p e r a t e d  

on  s u c h   f u e l .  



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

c o n t a i n   as  much  as  50%  by  w e i g h t   of  t he   c o m b i n a t i o n   o f  

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

s u b s t i t u t e d   s u c c i n i m i d e   and  up  to   50%  of  t he   h y d r o c a r b y l  

a m i n e   or  o t h e r   a d d i t i v e s   when  t h e y   a r e   p r e s e n t .  

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

e s p e c i a l l y   t h r o t t l i n g   n o z z l e   c o k i n g   in  t he   p r e c h a m b e r s  

or  s w i r l   c h a m b e r s   of  an  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n  

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

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

b i n a t i o n   of  ( a )  o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,  

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

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

a m o u n t   s u f f i c i e n t   to  m i n i m i z e   s u c h   c o k i n g   in  an  e n g i n e  

o p e r a t e d   on  s u c h   f u e l .  

A n o t h e r   a d d i t i v e   w h i c h   can   be  u s e d   to   a d v a n t a g e  

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

E x a m p l e s   of  t h e s e   a re   s a l i c y l i d e n e - o - a m i n o p h e n o l ,  

d i s a l i c y l i d e n e   e t h y l e n e d i a m i n e   and  d i s a l i c y l i d e n e  

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

d e a c t i v a t o r   i s   N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e  

(80  w e i g h t   p e r c e n t   a c t i v e   in  20  w e i g h t   p e r c e n t   t o l u e n e  

s o l v e n t )   w h i c h   is  a v a i l a b l e   as  an  a r t i c l e   of  c o m m e r c e  

f rom  E t h y l   C o r p o r a t i o n   u n d e r   t h e   d e s i g n a t i o n   " E t h y l "   MDA. 



The  f u e l s   of  t h i s   i n v e n t i o n   s h o u l d   c o n t a i n   a t  

l e a s t   0 . 2   t o   5  PTB  ( 0 . 0 0 5 7 2   to   0 . 0 1 2   g r a m s   p e r   l i t e r )   o f  

c o m p o n e n t   ( d ) ,   t h e   m e t a l   d e a c t i v a t q r ,   p r e f e r a b l y   N , N ' -  

d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e .  

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

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

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

c o m b i n a t i o n   of  (a)   o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,  

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

a m i n e ,   and   (d)  N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e ,  

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

to  m i n i m i z e   c o k i n g ,   e x p e c i a l l y   t h r o t t l i n g   n o z z l e   c o k i n g  

in  t h e   p r e c h a m b e r s   or  s w i r l   c h a m b e r s   in   i n d i r e c t  

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

f u e l .  

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

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

c o m p r i s i n g   (a)  o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   ( b )  

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

a m i n e ,   and   (d)  N , N ' - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o p r o p a n e   i n  

an  a m o u n t   s u f f i c i e n t   to   m i n i m i z e   t he   c o k i n g   c h a r a c -  

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

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

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

f u e l s .  

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

c o n t a i n   as   much  as  50%  by  w e i g h t   of  t h e   c o m b i n a t i o n   o f  



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

s u b s t i t u t e d   s u c c i n i m i d e - s u c c i n a m i d e   a n d   up  to   50%  of  t h e  

c o m b i n a t i o n   of  h y d r o c a r b y l   amine   and  N , N ' - d i s a l i c y l i d e n e -  

1 , 2 - d i a m i n o p r o p a n e   or  o t h e r   a d d i t i v e s   when  t h e y   a r e  

p r e s e n t .  

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

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

or  s w i r l   c h a m b e r s   in  an  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n  

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

w i t h   a  d i s t i l l a t e   f u e l   c o n t a i n i n g   at   l e a s t   t h e   c o m -  

b i n a t i o n   of  (a)  o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,  

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

a m i n e   and  (d)  N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e ,  

s a i d   c o m b i n a t i o n   b e i n g   p r e s e n t   in  an  a m o u n t   to  m i n i m i z e  

s u c h   c o k i n g   in  an  e n g i n e   o p e r a t e d   on  s u c h   f u e l .  

In  a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h e  

c o k i n g - i n h i b i t i n g   c o m p o n e n t s   ( a ) ,   (c)  and  (d)  of  t h e  

i n v e n t i o n   can  be  a d d e d   to   t he   f u e l s   by  any  means   k n o w n  

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

a d d i t i v e s   i n t o   d i s t i l l a t e   f u e l s .   C o m p o n e n t s   ( a ) ,   ( c )  

and  (d)  can   be  added   s e p a r a t e l y   or  t h e y   c a n   be  c o m b i n e d  

and  a d d e d   t o g e t h e r .   I t   i s   c o n v e n i e n t   to   u t i l i z e  

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

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

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



a d d e d   to  d i s t i l l a t e   f u e l s .   In  o t h e r   w o r d s ,   p a r t '  o f   t h e  

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

c o m p r i s e   o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,  

h y d r o c a r b y l   a m i n e   h a v i n g   f rom  3  to   60  c a r b o n s   and  f r o m   1 

to  10  n i t r o g e n s   and  m e t a l   d e a c t i v a t o r ,   p r e f e r a b l y   N , N ' -  

d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o p r o p a n e .  

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

c o m p o n e n t s   ( a ) ,   (c)   and  (d)  can   v a r y   w i d e l y .   I n  

g e n e r a l ,   t h e   f l u i d   c o m p o s i t i o n s   c o n t a i n   10  to   97.9%  b y  

w e i g h t   of  t he   o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r  

c o m p o n e n t ,   2 .0   t o   75%  by  w e i g h t   of  t he   h y d r o c a r b y l   a m i n e  

and  0 .1   to  15%  by  w e i g h t   m e t a l   d e a c t i v a t o r .   T y p i c a l l y ,  

f r o m   0.01%  by  w e i g h t   up  to  1.0%  by  w e i g h t   of  t h e  

c o m b i n a t i o n   of  t h e   c o m p o n e n t s   ( a ) ,   (c)  and  a ( d )   w i l l   b e  

s u f f i c i e n t   to  p r o v i d e   good   c o k i n g - i n h i b i t i n g   p r o p e r t i e s  

to   t h e   d i s t i l l a t e   f u e l .   A  p r e f e r r e d   d i s t i l l a t e   f u e l  

c o m p o s i t i o n   c o n t a i n s   f r o m   0 .1   to  0.5%  by  w e i g h t   of  t h e  

c o m b i n a t i o n   c o n t a i n i n g   f rom  50  to  97.9%  by  w e i g h t   of  t h e  

o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   f rom  2 .0   to   45%  b y  

w e i g h t   of  t he   h y d r o c a r b y l   a m i n e   and  f rom  0.1  to   5.0%  b y  

w e i g h t   of  t he   m e t a l   d e a c t i v a t o r   c o m p o n e n t .  

In  a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h e  

c o k i n g - i n h i b i t i n g   c o m p o n e n t s   ( b ) ,   (c)  and  (d)  of  t h e  

i n v e n t i o n   can  be  a d d e d   to   t he   f u e l s   by  any  means   k n o w n  

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

a d d i t i v e s   i n t o   d i s t i l l a t e   f u e l s .   C o m p o n e n t s   ( b ) ,   ( c )  



and  (d)  can  be  a d d e d   s e p a r a t e l y   o r ,  t h e y   can   be  c o m b i n e d  

and  a d d e d   t o g e t h e r .   I t   is  c o n v e n i e n t   to   u t i l i z e  

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

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

a m i n e   and  N , N ' - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o p r o p a n e .   T h e s e  

a d d i t i v e   f l u i d   m i x t u r e s   a re   a d d e d   to   d i s t i l l a t e   f u e l s .  

In  o t h e r   w o r d s ,   p a r t   of  the   p r e s e n t   i n v e n t i o n   a re   c o k i n g  

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

s u c c i n i m i d e - s u c c i n a m i d e ,   h y d r o c a r b y l   a m i n e   h a v i n g   f rom  3 

to  60  c a r b o n s   and  1  t o  1 0   n i t r o g e n s ,   and   m e t a l   d e a c t i -  

v a t o r ,   p r e f e r a b l y   N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e .  

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

c o m p o n e n t s   ( b ) ,   (c)   and  (d)  can   v a r y   w i d e l y .   I n  

g e n e r a l ,   the   f l u i d   c o m p o s i t i o n s   c o n t a i n   10  to   97.9%  b y  

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

s u c c i n a m i d e   c o m p o n e n t ,   20  to  75%  by  w e i g h t   of  t h e  

h y d r o c a r b y l   a m i n e   and  0 .1  to  15%  by  w e i g h t   m e t a l  

d e a c t i v a t o r .   T y p i c a l l y ,   from  0.01%  by  w e i g h t   up  to  1 .0% 

by  w e i g h t   of  t h e   c o m b i n a t i o n   w i l l   be  s u f f i c i e n t   t o  

p r o v i d e   good  c o k i n g - i n h i b i t i n g   p r o p e r t i e s   to   t h e   d i s -  

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

c o n t a i n s   f rom  0 .1   to   0.5%  by  w e i g h t   of   t h e   c o m b i n a t i o n  

c o n t a i n i n g   f rom  5 0 %  t o   97.9%  by  w e i g h t   of  t he   h y d r o -  

c a r b y l   s u c c i n i m i d e - s u c c i n a m i d e   c o m p o n e n t   and  f rom  2 .0% 

to  45%  by  w e i g h t   of  the   h y d r o c a r b y l   a m i n e   and  f rom  0 . 1  

to  5.0%  by  w e i g h t   of  the   m e t a l   d e a c t i v a t o r ,   p r e f e r a b l y  

N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e .  



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

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

i l l u s t r a t i v e   E x a m p l e s .  

EXAMPLE  1 

In  o r d e r   to   d e t e r m i n e   the  e f f e c t   of  t he   f u e l  

c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   on  t h e   c o k i n g  

t e n d e n c y   of  d i e s e l   i n j e c t o r s   in  i n d i r e c t   i n j e c t i o n  

c o m p r e s s i o n   i g n i t i o n   e n g i n e s ,   use  was  made  of  a  c o m -  

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

d e v e l o p e d   by  I n s t i t u t e   F r a n c a i s   P e t r o l e   and  as  p r a c -  

t i c e d   by  P e u g e o t   S.  A.  The  a m o u n t   of  c o k i n g   t o g e t h e r  

w i t h   a  q u a n t i t a t i v e   i n d i c a t i o n   of  t h e   a d v e r s e   c o n s e -  

q u e n c e s   of  s u c h   c o k i n g   was  d e t e r m i n e d   by  means   of  ( i )  

i n j e c t o r   a i r   f l o w   p e r f o r m a n c e ,   ( i i )   e m i s s i o n   o f  u n b u r n e d  

h y d r o c a r b o n s ,   ( i i i )   e n g i n e   n o i s e ,   and  ( i v )   i n j e c t o r  

d e p o s i t   r a t i n g s .   The  e n g i n e   e m p l o y e d   in  t h e   t e s t s   was  a  

1982   P e u g e o t   2.3  l i t e r ,   4 - c y l i n d e r ,   t u r b o - c h a r g e d   XD2S 

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

an  e n g i n e   c l u t c h .   T h i s   e n g i n e   i s   e q u i p p e d   w i t h   B o s c h  

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

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

i g n i t i o n   e n g i n e s   w i d e l y   u s e d   in  a u t o m o b i l e s   and  l i g h t -  

d u t y   t r u c k s .  

The  b a s e   f u e l   e m p l o y e d   in  t h e s e   e n g i n e   t e s t s   w a s  

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

c e t a n e   r a t i n g   of  42.   F I A  a n a l y s i s   i n d i c a t e d   t h e   f u e l  



was  c o m p o s e d   by  v o l u m e   of  31.5%  a r o m a t i c s ,   3.0%  o l e f i n s  

and  65.5%  s a t u r a t e s .   I t s   d i s t i l l a t i o n   r a n g e   (ASTM 

D - 1 5 8 )   was  as  f o l l o w s :  



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

f o l l o w s :  

A  t e s t   b l e n d   was   p r e p a r e d   f rom  t h i s   b a s e   f u e l  

( F u e l   A).  F u e l   A  c o n t a i n e d   a  c o m b i n a t i o n   of  ( i )   506  PTB 

( 1 . 4 4 7   g r a m s / l i t e r )   of  m i x e d   o c t y l   n i t r a t e s   (a  c o m -  

m e r c i a l   p r o d u c t   a v a i l a b l e   f r o m   E t h y l   C o r p o r a t i o n   u n d e r  

the   d e s i g n a t i o n   D I I - 3   I g n i t i o n   I m p r o v e r ) ,   ( i i )   41  PTB 

( 0 . 1 1 7   g r a m / l i t e r )   of  H I T E C ®  E - 6 4 4 ,   a  p r o d u c t   of  E d w i n  

C o o p e r ,   I n c . ,   b e l i e v e d   to   be  a  h y d r o c a r b y l  

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

p o l y i s o b u t e n y l   s u c c i n i c   a n h y d r i d e   ( P I B S A )  w i t h   one   m o l e  

of  a  p o l y e t h y l e n e   amine   m i x t u r e   h a v i n g   an  a v e r a g e  

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



( i i i )   14  PTB  ( 0 . 0 4   g r a m s / l i t e r )   of  a  h y d r o c a r b y l   a m i n e  

a v a i l a b l e   c o m m e r c i a l l y   f r o m   Rohm  and  Haas   Company  u n d e r  

t he   d e s i g n a t i o n   P r i m e n e   81R  and   ( i v )   1 .7   PTB  ( 0 . 0 0 4 8 6  

g r a m s / l i t e r )   of  " E t h y l "   M e t a l   D e a c t i v a t o r ,   a  p r o d u c t   o f  

E t h y l   C o r p o r a t i o n ,   t he   a c t i v e   i n g r e d i e n t   of  w h i c h   i s  

N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e .   The  m a n u -  

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

HITEC®  E -644   p r o d u c t :  

The  P r i m e n e   81R  i s   b e l i e v e d   to  be  a  m i x t u r e   o f  

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

a re   p r e d o m i n a n t l y   C12  and  C14  t e r t i a r y   a l k y l   g r o u p s .  

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

p r o p e r t i e s   f o r   i t s   " E t h y l "   m e t a l   D e a c t i v a t o r :  



S h e l l   R o t e l l a   T,  an  SAE  30,  SF/CD  o i l   was  u s e d  

as  t h e   c r a n k c a s e   l u b r i c a n t .  

B e f o r e   s t a r t i n g   e a c h   t e s t ,   new  B o s c h   D N O S D  -  

1 5 1 0   n o z z l e s   w e r e   i n s t a l l e d   u s i n g   new  c o p p e r   g a s k e t s   a n d  

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

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

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

a d d i t i v e   c a r r y - o v e r   f r o m  t e s t - t o - t e s t .  

At  t h e   s t a r t   of  e a c h   t e s t ,   t h e   e n g i n e   w a s  

o p e r a t e d   a t   1000  rpm,  l i g h t   l o a d   f o r   15  m i n u t e s .   A f t e r  

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

a u t o m a t i c   c y c l e :  



The  a b o v e   2 0 - m i n u t e   c y c l e   was  r e p e a t e d   60  t i m e s   and  t h e  

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

a n o t h e r   30  m i n u t e s .   The  t o t a l   e l a p s e d   t i m e   was  t h u s  

2 0 . 5   h o u r s   p e r   t e s t .  

When  p a s s i n g   f rom  one  e v e n t   to  t h e   n e x t   e v e n t   i n  

t he   a b o v e   c y c l e ,   some  t i m e ,   of  c o u r s e ,   was  r e q u i r e d  t o  

e n a b l e   t h e   e n g i n e   to  a c c e l e r a t e   or  d e c e l e r a t e   f rom  o n e  

s p e e d   to   t h e   n e x t .   T h u s ,   more  s p e c i f i c a l l y ,   the   a b o v e  

c y c l e   was  p r o g r a m m e d   as  f o l l o w s :  

*  R e p r e s e n t s   two  mode  p e r i o d s   f o r   a c c e l e r a t i o n   or  d e c e l e r a t i o n  

to  t he   n e x t   c o n d i t i o n .  



H y d r o c a r b o n   e x h a u s t   e m i s s i o n s   were   m e a s u r e d   a t  

t he   s t a r t   of  e a c h   t e s t   ( a f t e r . t h e   f i r s t   2 0 - m i n u t e  

c y c l e ) ,   a t   t h e   6 - h o u r   t e s t   i n t e r v a l   and  a t   t he   end  o f  

t h e   t e s t .   T h e s e   m e a s u r e m e n t s   were   made  a t   750 ,   1 0 0 0 ,  

and  1400  rpm  i d l e .   N o i s e   l e v e l   r e a d i n g s   we re   made  a t   a  

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

m e a s u r e m e n t s   we re   made  a t   t h e   s t a r t   and  a t   t h e  e n d   o f  

the   t e s t   w h i l e   o p e r a t i n g   a t   t h r e e   i d l e   s p e e d s ,   v i z . ,  

750,   1000  and   1400  r p m .  

A f t e r   t h e   t e s t   o p e r a t i o n ,   t he   i n j e c t o r s   w e r e  

c a r e f u l l y   r e m o v e d   f rom  t h e   e n g i n e   so  as  n o t   to   d i s t u r b  

t h e   d e p o s i t s   f o r m e d   t h e r e o n .   M e a s u r e m e n t s   w e r e   made  o f  

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

and  p i n t l e   d e p o s i t s   were   r a t e d   u s i n g   t he   CRC  d e p o s i t  

r a t i n g   s y s t e m .  

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

T a b l e   I ,   in   w h i c h   a i r   f l o w   i s   e x p r e s s e d   as  c c / m i n   a n d  

h y d r o c a r b o n   e m i s s i o n s   as   p p m .  



The  r e s u l t s   p r e s e n t e d   in  T a b l e   I  show  t h a t   t h e r e  

were   l e s s   c o k i n g   d e p o s i t s   ( h i g h e r   a i r   f l o w   r a t e   a n d  

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

e m i s s i o n s   w i t h   F u e l   A,  t h e . f u e l   of  t he   i n v e n t i o n ,   a s  

c o m p a r e d   to   t h e   B a s e   F u e l .  

EXAMPLE  I I  

A  t e s t   b l e n d   was  p r e p a r e d   f rom  the   b a s e   f u e l   o f  

E x a m p l e   I  ( F u e l   B) .   F u e l   B  c o n t a i n e d   a  c o m b i n a t i o n   o f  

( i )   506  PTB  ( 1 . 4 4 7   g r a m s   p e r   l i t e r )   of  mixed  o c t y l  

n i t r a t e s   (a  c o m m e r c i a l   p r o d u c t   a v a i l a b l e   f rom  E t h y l  

C o r p o r a t i o n   u n d e r   t h e   d e s i g n a t i o n   D I I - 3   I g n i t i o n  

I m p r o v e r ) ,   ( i i )  1 3 . 2   PTB  ( 0 . 0 3 7 7   g r a m s   p e r   l i t e r )   of  a  

h y d r o c a r b y l   a m i n e   a v a i l a b l e   c o m m e r c i a l l y   f rom  Rohm  a n d  

Haas  Company  u n d e r   t h e   d e s i g n a t i o n   P r i m e n e   81R  and  ( i i i )  

1.7  PTB  ( 0 . 0 0 4 8 6   g r a m s   p e r   l i t e r )   of  " E t h y l "   M e t a l  

D e a c t i v a t o r ,   a  p r o d u c t   of  E t h y l   C o r p o r a t i o n ,   t h e   a c t i v e  

i n g r e d i e n t   of  w h i c h   i s   N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o -  

p r o p a n e .  

The  t e s t   e n g i n e   was  o p e r a t e d   u n d e r   t he   same  c o n -  

d i t i o n s   as  t h o s e   of  E x a m p l e   I .  

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

T a b l e   I I ,   in  w h i c h   a i r   f l o w   i s   e x p r e s s e d   as  c c / m i n   a n d  

h y d r o c a r b o n   e m i s s i o n s   as  p p m .  



The  r e s u l t s   p r e s e n t e d   in  T a b l e   I I   show  t h a t   t h e r e  

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

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

e m i s s i o n s   w i t h   F u e l   B,  the   f u e l   of  the   i n v e n t i o n ,   a s  

c o m p a r e d   to  t h e  B a s e   F u e l .  

EXAMPLE  I I I  

A  t e s t   b l e n d   was  p r e p a r e d   f rom  t h e   b a s e   f u e l   o f  

E x a m p l e   I  ( F u e l   C ) .   F u e l   C  c o n t a i n e d   a  c o m b i n a t i o n  o f  

( i )   41  PTB  ( 0 . 1 1 7   g r a m s   pe r   l i t e r )   of  HITEC®  E - 6 4 4 ,   a  

p r o d u c t   of  Edwin   C o o p e r ,   I n c . ,   b e l i e v e d   to   be  a  h y d r o -  

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

m o l e s   of  a  p o l y i s o b u t e n y l   s u c c i n i c   a n h y d r i d e   ( P I B S A )  

w i t h   one  mole   of  a  p o l y e t h y l e n e   amine   m i x t u r e   h a v i n g   a n  

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

p e n t a m i n e ,   ( i i )   14  PTB  ( 0 . 0 4  g r a m s   p e r   l i t e r )   of  a  

h y d r o c a r b y l   a m i n e   a v a i l a b l e   c o m m e r c i a l l y   f rom  Rohm  a n d  

Haas   Company  u n d e r   t h e   d e s i g n a t i o n   P r i m e n e   81R,  a n d  



( i i i )   1 .7   PTB  ( 0 . 0 0 4 8 6   g r a m s   p e r   l i t e r )  o f   " E t h y l "   M e t a l  

D e a c t i v a t o r ,   a  p r o d u c t   of  E t h y l   C o r p o r a t i o n ,   t h e   a c t i v e  

i n g r e d i e n t   of  w h i c h   i s   N , N ' - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o -  

p r o p a n e .  

The  t e s t   e n g i n e   was  o p e r a t e d   unde  the   same  c o n -  

d i t i o n s  a s   t h o s e   of  E x a m p l e   I .   The  most   s i g n i f i c a n t  

t e s t   r e s u l t s   a r e   g i v e n   in  T a b l e   I I I ,   in  w h i c h   a i r   f l o w  

is   e x p r e s s e d   as  c c / m i n   and  h y d r o c a r b o n   e m i s s i o n s   as  p p m .  

The  r e s u l t s   p r e s e n t e d   in   T a b l e   I I I   show  t h a t  

t h e r e   were  l e s s   c o k i n g   d e p o s i t s   ( h i g h e r   a i r   f l o w   r a t e  

and  f e w e r   d e p o s i t s ) ,   l e s s   e n g i n e   n o i s e   and  l e s s  

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

i n v e n t i o n ,   as  c o m p a r e d   to  t he   Base   F u e l .  



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

i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e s   c o n t a i n i n g   in   a n  

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

c o k i n g   in   n o z z l e s   of  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n  

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

(a)  o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r   and  ( b )  

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

t h e   c o m b i n a t i o n   of  (a)  o r g a n i c   n i t r a t e   i g n i t i o n  

a c c e l e r a t o r ,   (c)  h y d r o c a r b y l   a m i n e   h a v i n g   f r o m   3  to   60  

c a r b o n s   and   f r o m   1  to  10  n i t r o g e n s   and   (d)  N , N ' - d i s a l i c y l -  

i d e n e - 1 , 2 - d i a m i n o p r o p a n e ,   a n d / o r   t h e   c o m b i n a t i o n   of  (b )  

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

h y d r o c a r b y l   a m i n e   h a v i n g   f r o m   3  t o   60  c a r b o n s   and  f rom  1 

to   10  n i t r o g e n s   and  (d)  N , N ' - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o -  

p r o p a n e .  

2.  A  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,  w h e r e i n  

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

3.  A  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 i m   2 ,  

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

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

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

5 0 0 - 5 0 0 , 0 0 0 .  

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 i m   3,  w h e r e i n  

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

s u b s t i t u e n t   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   of   7 0 0 -  

5 , 0 0 0 .  



5.  A  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   3  or  c l a i m   4 ,  

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

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

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

2-4  c a r b o n   a t o m s   and   n  i s   an  i n t e g e r   f r o m   1-10  i n c l u d i n g  

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

6.  A  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   5,  w h e r e i n  

s a i d   p o l y a l k y l e n e a m i n e   i s   a  p o l y e t h y l e n e a m i n e   h a v i n g   2 - 6  

e t h y l e n e   amine   u n i t s .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1 

t o   6  c o n t a i n i n g   in   an  a m o u n t   s u f f i c i e n t   to   s u p p r e s s   a n d  

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

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

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

i g n i t i o n   a c c e l e r a t o r ,   (b)  h y d r o c a r b y l - s u b s t i t u t e d  

s u c c i n i m i d e   or  s u c c i n a m i d e ,   and  (c)  h y d r o c a r b y l   a m i n e  

h a v i n g   f rom  3  to   60  c a r b o n s   and  f r o m   1  to   10  n i t r o g e n s .  

8.  A  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   7  a l s o  

c o n t a i n i n g   (d)  N , N ' - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o p r o p a n e .  

9.  An  a d d i t i v e   f l u i d   c o n c e n t r a t e   f o r   u s e   i n  

d i s t i l l a t e   f u e l s   c o n t a i n i n g   a t   l e a s t   one  of   t h e  

c o m b i n a t i o n s   d e f i n e d   in   a n y  o n e   of  c l a i m s   1  to   8 .  

10.  A  m e t h o d   of   i n h i b i t i n g   c o k i n g   on  t h e   i n j e c t o r  

n o z z l e s   of  an  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e  

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



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

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

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

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

c l a i m s   1  to   8 .  



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

c o m p o s i t i o n   f o r   i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n  

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

d i s t i l l a t e   f u e l   in  an  amount   s u f f i c i e n t   to   s u p p r e s s   a n d  

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

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

f u e l   t he   c o m b i n a t i o n   of  (a)   o r g a n i c   n i t r a t e   i g n i t i o n  

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

s u c c i n a m i d e ,   a n d / o r   the   c o m b i n a t i o n   of  (a)   o r g a n i c   n i t r a t e  

i g n i t i o n   a c c e l e r a t o r ,   (c)   h y d r o c a r b y l   amine   h a v i n g   from  3 

to   60  c a r b o n s   and  f rom  1  to  10  n i t r o g e n s   and  ( d )  

N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e ,   a n d / o r   t h e  

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

s u c c i n a m i d e ,   (c)   h y d r o c a r b y l   a m i n e   h a v i n g   from  3  to   60 

c a r b o n s   and  f rom  1  to  10  n i t r o g e n s   and  ( d )  

N , N ' - d i s a l i c y l i d e n e - l , 2 - d i a m i n o p r o p a n e .  

2.  A  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 g n i t i o n   a c c e l e r a t o r   is  a  m i x t u r e   of  o c t y l   n i t r a t e s .  

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

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

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

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

5 0 0 - 5 0 0 , 0 0 0 .  

4.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   3,  w h e r e i n   s a i d  

o l e f i n   p o l y m e r   s u b s t i t u e n t   is  a  p o l y i s o b u t e n e   s u b s t i t u e n t  



h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   of  7 0 0 - 5 , 0 0 0 .  

5.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   3  or  c l a i m   4 ,  

w h e r e i n   t he   s u c c i n i m i d e   p o r t i o n   is  d e r i v e d   from  a 

p o l y a l k y l e n e a m i n e   h a v i n g   t he   f o r m u l a  

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

2-4  c a r b o n   a t oms   and  n  is   an  i n t e g e r   from  1-10  i n c l u d i n g  

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

6.  A  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  

p o l y a l k y e n e a m i n e   is   a  p o l y e t h y l e n e a m i n e   h a v i n g   2 - 6  

e t h y l e n e   amine   u n i t s .  

7.  A  p r o c e s s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  t o  

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

s u f f i c i e n t   to   s u p p r e s s   and  p r e r a b l y   m i n i m i z e   c o k i n g   on  t h e  

n o z z l e s   o f  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e s  

o p e r a t e d   o n * s u c h   f u e l   at   l e a s t   the   c o m b i n a t i o n   of  ( a )  

o r g a n i c   n i t r a t e   i g n i t i o n   a c c e l e r a t o r ,   ( b )  

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

h y d r o c a r b y l   amine   h a v i n g   f rom  3  to   60  c a r b o n s   and  f rom  1 

to   10  n i t r o g e n s .  

8.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   7,  w h e r e i n ,   i n  

a d d i t i o n   to  c o m p o n e n t s   ( a ) ,   (b)   and  ( c ) ,   ( d )  

N , N - d i s a l i c y l i d e n e - 1 , 2 - d i a m i n o p r o p a n e   is   i n c o r p o r a t e d   i n  

s a i d   f u e l .  

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

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

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

c o m b i n a t i o n s   d e f i n e d   in  a n y  o n e   of  c l a i m s   1  to  8 .  



10.  A  m e t h o d   of  i n h i b i t i n g   c o k i n g   on  the  i n j e c t o r  

n o z z l e s   of  i n d i r e c t   i n j e c t i o n   c o m p r e s s i o n   i g n i t i o n   e n g i n e s  

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

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

b e e n   p r e p a r e d   e i t h e r   by  a  p r o c e s s   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   1  to  8  or  by  m i x i n g   u n t r e a t e d   d i s t i l l a t e   f u e l   w i t h  

an  a d d i t i v e   f l u i d   c o n c e n t r a t e   w h i c h   has  been   p r e p a r e d   by  a 

p r o c e s s   as  c l a i m e d   in  c l a i m   9 .  
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