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©  Deposit  control  additives  for  hydrocarbon  fuels  and  lubricants  for  use  in  internal  combustion  engines. 

Additives  for  use  in  internal  combustion  engines  are 
provided  which  particularly  in  unleaded  fuels  maintain 
cleanliness  of  the  intake  system  without  contributing  to 
combustion  chamber  deposits.  The  additives  are  hydrocar- 
byl-terminated  poly(oxyalkylene)  polyamine  ethanes  com- 
prising  a  hydrocarbyl-terminated  poly(oxyalkylene)  chain 
formed  from  1  to  30  2-5  carbon  oxyalkylene  units  bonded  to 
an  ethane  or  branched  ethane  chain  containing  from  2  to  8 
carbon  atoms  in  turn  bonded  to  a  nitrogen  atom  of  a 
polyamine  having  from  2  to  12  amine  nitrogens  and  from  2 
to  40  carbon  atoms  with  a  carbon:nitrogen  ratio  between  1:1 
and  10:1.  The  terminal  hydrocarbyl  group  contains  from  1  to 
30  carbon  atoms  and  the  additive  has  a  molecular  weight  in 
the  range  from  300  to  2500.  The  additive  may  be  formulated 
as  a  concentrate  in  an  inert  oleophilic  organic  solvent  or  may 
be  formulated  as  a  lubricant  composition  for  use  in  an 
internal  combustion  engine  by  incorporation  in  a  lubricating 
oil. 



T h i s   i n v e n t i o n   r e l a t e s   to   d e p o s i t   c o n t r o l  

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

in  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 ,   e s p e c i a l l y   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   d e s i g n e d   to   run   on  u n l e a d e d   g a s o l i n e .  

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

in   h y d r o c a r b o n   f u e l s .   T h e s e   s u b s t a n c e s   when  u s e d   i 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 s   t e n d   to  fo rm  d e p o s i t s   on  a n d  

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

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

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

p o r t s ,   t h e   t h r o t t l e   body  and  v e n t u r i e s ,   and  e n g i n e   i n t a k e  

v a l v e s .  

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

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

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

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

t h e   a m o u n t   of  u n b u r n e d   h y d r o c a r b o n   and  c a r b o n   m o n o x i d e  

d i s c h a r g e d   f rom  t h e   c h a m b e r .   The  h i g h   f u e l - a i r   r a t i o  

a l s o   r e d u c e s   t he   gas   m i l e a g e   o b t a i n a b l e   f rom  t he   e n g i n e .  

D e p o s i t s   on  t h e   e n g i n e   i n t a k e   v a l v e s   when  t h e y   g e t  

s u f f i c i e n t l y   h e a v y ,   on  t h e   o t h e r   h a n d ,   r e s t r i c t   t he   g a s  
m i x t u r e   f l o w   i n t o   t h e   c o m b u s t i o n   c h a m b e r .   T h i s   r e s t r i c t -  

i o n   s t a r v e s   t h e   e n g i n e   of  a i r   and  f u e l   and  r e s u l t s   in  a  

l o s s   of  p o w e r .   D e p o s i t s   on  t h e   v a l v e s   a l s o   i n c r e a s e   t h e  

p r o b a b i l i t y   of  v a l v e   f a i l u r e   due  to   b u r n i n g   and  i m p r o p e r  

v a l v e   s e a t i n g .   In  a d d i t i o n ,   t h e s e   d e p o s i t s   may  b r e a k   o f f  

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

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

h e a d .  

The  f o r m a t i o n   of  t h e s e   d e p o s i t s   can   be  i n h i b i t e d  

as  w e l l   as  r e m o v e d   by  i n c o r p o r a t i n g   an  a c t i v e   d e t e r g e n t  

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

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

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

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



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

t h e s e   f u n c t i o n s .  

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

a r i s e n .   With   t h e   a d v e n t   of  a u t o m o b i l e   e n g i n e s   t h a t  

r e q u i r e   t h e   use   of  u n l e a d e d   g a s o l i n e s   ( to   p r e v e n t   d i s -  

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

e m i s s i o n s ) ,   i t   has   been   f o u n d   d i f f i c u l t   to  p r o v i d e  

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

t h e   c o n c o m i t a n t   damage   w h i c h   i t   c a u s e s .   The  c h i e f  

p r o b l e m   l i e s   in  t h e   a r e a   of  t h e   d e g r e e   of  o c t a n e   r e q u i r e -  .  

m e n t   i n c r e a s e ,   h e r e i n   c a l l e d   " O R I " ,   w h i c h   is   c a u s e d   b y  

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

The  b a s i s   of  t h e   ORI  p r o b l e m   is   as  f o l l o w s :  

e a c h   e n g i n e ,   when  new,  r e q u i r e s   a  c e r t a i n   minimum  o c t a n e  

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

a n d / o r   k n o c k i n g .   As  t h e   e n g i n e   i s   o p e r a t e d   on  any  g a s -  

o l i n e ,   t h i s   min imum  o c t a n e   i n c r e a s e s   a n d ,   in   m o s t   c a s e s ,  
i f   t h e   e n g i n e   i s   o p e r a t e d   on  t h e   same  f u e l   f o r   a  p r o l o n g -  

ed  p e r i o d ,   w i l l   r e a c h   an  e q u i l i b r i u m .   T h i s   i s - a p p a r e n t l y  

c a u s e d   by  an  a m o u n t   of  d e p o s i t s   in  t h e   c o m b u s t i o n  

c h a m b e r .   E q u i l i b r i u m   is   t y p i c a l l y   r e a c h e d   a f t e r   5000  t o  

1 5 , 0 0 0   m i l e s   (8047   to   24140  km)  of  a u t o m o b i l e   o p e r a t i o n .  

The  o c t a n e   r e q u i r e m e n t   i n c r e a s e   in  p a r t i c u l a r  

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

e q u i l i b r i u m   f r o m   5  or  6  o c t a n e   u n i t s   to  as  h i g h   as  12  o r  

15  u n i t s ,   d e p e n d i n g   upon  t h e   g a s o l i n e   c o m p o s i t i o n s ,  

e n g i n e   d e s i g n   and  t y p e   of  o p e r a t i o n .   The  s e r i o u s n e s s   o f  

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

a  r e s e a r c h   o c t a n e   r e q u i r e m e n t   of   85,  when  new,  may  a f t e r  

a  few  m o n t h s   of  o p e r a t i o n   r e q u i r e   97  r e s e a r c h   o c t a n e   g a s -  
o l i n e   f o r   p r o p e r   o p e r a t i o n ,   and  l i t t l e   u n l e a d e d   g a s o l i n e  

of  t h a t   o c t a n e   is   a v a i l a b l e .   The  ORI  p r o b l e m   a l s o   e x i s t s  

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

The  ORI  p r o b l e m   is  c o m p o u n d e d   by  t h e   f a c t   t h a t   t h e  

m o s t   common  m e t h o d   f o r   i n c r e a s i n g   t he   o c t a n e   r a t i n g   o f  

u n l e a d e d   g a s o l i n e   is   to  i n c r e a s e   i t s   a r o m a t i c   c o n t e n t .  

T h i s ,   h o w e v e r ,   e v e n t u a l l y   i n c r e a s e s   e v e n   more  the   n e c e s -  



s a r y   o c t a n e   r e q u i r e m e n t .   M o r e o v e r ,   some  of  t h e   n i t r o g e n -  

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

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

a l s o   s i g n i f i c a n t l y   c o n t r i b u t e   to  ORI  in  e n g i n e s   u s i n g  

u n l e a d e d   f u e l s .  

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

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

t r o l   t h e   d e p o s i t s   in  i n t a k e   s y s t e m s   of  e n g i n e s ,   w i t h o u t  

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

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

p r o v i d e d   d e p o s i t   c o n t r o l   a d d i t i v e s   w h i c h ,   when  i n c o r p -  

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

ing  t he   c l e a n l i n e s s   of  e n g i n e   i n t a k e   s y s t e m s .   T h e  

a d d i t i v e s   a r e   h y d r o c a r b y l - t e r m i n a t e d   p o l y o x y a l k y l e n e  

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

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

2  to  5  c a r b o n   a t o m s .   The  p o l y o x y a l k y l e n e   c h a i n ,   w h i c h  

p r e f e r a b l y   c o n t a i n s   f rom  1  to   30  o x y a l k y l e n e   u n i t s ,   i s  

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

e t h a n e   c h a i n   or  c o n n e c t i n g   g r o u p   w h i c h   is   in  t u r n   b o n d e d  

to  t he   n i t r o g e n   a tom  of  a  p o l y a m i n e   h a v i n g   f rom  2  to   12  

amine   n i t r o g e n s   and  f rom  2  to  40  c a r b o n   a t o m s   w i t h   a  

c a r b o n - n i t r o g e n   r a t i o   in  t he   r a n g e   f rom  1 :1   to   1 0 : 1 .   T h e  

e t h a n e   m o i e t y   c o n t a i n s   f rom  2  to  8  c a r b o n   a t o m s .   T h e  

h y d r o c a r b y l - t e r m i n a t i n g   g r o u p   c o n t a i n s   f rom  1  to  30 

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

t h r o u g h   an  e t h e r   o x y g e n   a tom.   The  a d d i t i v e s   n o r m a l l y  

have   a  m o l e c u l a r   w e i g h t   in  t he   r a n g e   f r o m   300  to   2 5 0 0 ,  

p r e f e r a b l y   f rom  800  to   1 5 0 0 .  

The  p o l y o x y a l k y l e n e   p o l y a m i n e   e t h a n e   a d d i t i v e s   o f  

t h e   i n v e n t i o n   can   be  i n c o r p o r a t e d   in  a  l i q u i d   h y d r o c a r b o n  

f u e l   g e n e r a l l y   in  an  amoun t   of  f rom  30  to   1 0 , 0 0 0   ppm  b y  

w e i g h t   of  s a i d   a d d i t i v e .   A d v a n t a g e o u s l y   t h e   a d d i t i v e  

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

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

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



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

f o r   use   as  a  l u b r i c a n t   in  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 .  

The  a d d i t i v e   c o n s i s t s   of  t h r e e   p a r t s   or  m o i e t i e s .  

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

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

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

t h e   t h i r d   m o i e t y ,   an  e t h a n e   c o n n e c t i n g   g r o u p   or  l i n k a g e ,  

c o n n e c t e d   in  t u r n   to   t h e   n i t r o g e n   a tom  of  t h e   p o l y a m i n e .  

As  f u e l   a d d i t i v e s ,   t h e   p o l y o x y a l k y l e n e   m o i e t y ,   t h e  

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

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

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

m e n t   i n c r e a s e   ( O R I ) .   As  l u b r i c a t i n g   o i l   a d d i t i v e s ,   t h e  

m o i e t i e s   may  be  s e l e c t e d   to  p r o v i d e   s o l u b i l i t y   i n  

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

The  a d d i t i v e s   may  be  t e r m e d   h y d r o c a r b y l   p o l y ( o x y a l k y l e n e )  

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

p o l y a m i n e   e t h a n e s " .   The  a d d i t i v e s   may  be  p r e p a r e d   f r o m  

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

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

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

t h e   p o l y o x y a l k y l e n e   c h a i n .   T h i s   is   in  t u r n   r e a c t e d   w i t h  

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

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

a p p r o p r i a t e   p o l y a m i n e   to   f o rm  t h e   r e q u i r e d   a d d i t i v e .  

P o l y ( o x y a l k y l e n e )   C o m p o n e n t  

The  p o l y o x y a l k y l e n e   m o i e t y   i s   o r d i n a r i l y   p r e p a r e d  

by  t h e   r e a c t i o n   of  an  a p p r o p r i a t e   c h l o r o h y d r i n   c o n t a i n i n g  

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

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

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

a l k y l e n e   o x i d e s   or  o x i r a n e s   s u c h   as  p r o p y l e n e   o x i d e   o r  

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

t y p e   of  a l k y l e n e   o x i d e   may  be  e m p l o y e d .   C o p o l y m e r s ,   h o w -  

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

r e a d i l y   p r e p a r e d   by  c o n t a c t i n g   t h e   e t h y l e n e   c h l o r o h y d r i n  

c o m p o u n d   w i t h   a  m i x t u r e   of  a l k y l e n e   o x i d e s .   B l o c k e d   c o -  



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

p o l y o x y a l k y l e n e   p o l y m e r s   f o r   t he   p r a c t i c e   of  t h e   p r e s e n t  
i n v e n t i o n .   B l o c k e d   c o p o l y m e r s   a r e   p r e p a r e d   by  r e a c t i n g  

t h e   c h l o r o h y d r i n   w i t h   f i r s t   one  a l k y l e n e   o x i d e   and  t h e n  

t h e   o t h e r   in  any  o r d e r ,   or  r e p e t i t i v e l y ,   u n d e r   p o l y m e r i z -  

a t i o n   c o n d i t i o n s .  

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

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

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

The  h y d r o c a r b y l   cap  (R-)  c o n t a i n s   f r o m   1  to  30  c a r b o n  

a t o m s ,   p r e f e r a b l y   f rom  2  to  20  c a r b o n   a t o m s .   The  h y d r o -  

c a r b y l   g r o u p   may  be  any  s t r a i g h t   c h a i n   or  b r a n c h e d   a l i p h -  

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

h y d r o c a r b y l   cap  is  a d d e d   to  t h e   p o l y o x y a l k y l e n e   p r e c u r s o r  

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

p o l y o x y a l k y l e n e   e t h y l e n e   c h l o r i d e   in  a  c a t a l y z e d   r e a c t i o n  

u t i l i z i n g   an  a c i d   ion   e x c h a n g e   r e s i n   r e a c t i o n .  

The  h y d r o c a r b y l   p o l y o x y a l k y l e n e   e t h a n e   m o i e t y  
c o n s i s t s   of  one  or  m o r e ,   p r e f e r a b l y   1  or  2,  more  p r e f e r -  

a b l y   one  h y d r o c a r b y l - t e r m i n a t e d   p o l y ( o x y a l k y l e n e )   p o l y -  

m e r ,   c o m p o s e d   of  o x y a l k y l e n e   u n i t s   c o n t a i n i n g   2  to  5 ,  

p r e f e r a b l y   3  or  4,  c a r b o n   a t o m s .   The  p o l y ( o x y a l k y l e n e )  

p o l y m e r   c o n t a i n s   a t   l e a s t   one  o x y a l k y l e n e   u n i t ,   g e n e r a l l y  
1  to   30  u n i t s ,   p r e f e r a b l y   5  to   30  u n i t s   and  mos t   p r e f e r -  

a b l y   10  to  25  o x y a l k y l e n e   u n i t s .  

The  t e r m i n a l   c a r b o n   a tom  a t   t h e   h y d r o x y l   end  o f  

t h e   p o l y o x y a l k y l e n e   c h a i n   i s   bound   to  t h e   e t h a n e   o r  
b r a n c h e d   e t h a n e   c o n n e c t i n g   g r o u p   w h i c h   is   in  t u r n   b o u n d  

to  t h e   n i t r o g e n   a tom  of  t h e   p o l y a m i n e .  

In  g e n e r a l ,   t he   p o l y ( o x y a l k y l e n e )   c o m p o u n d s   a r e  
m i x t u r e s   of  c o m p o u n d s   t h a t   d i f f e r   in  p o l y m e r   c h a i n  

l e n g t h .   H o w e v e r ,   t h e i r   p r o p e r t i e s   c l o s e l y   a p p r o x i m a t e  

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

and  m o l e c u l a r   w e i g h t .  

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

a  2 - c a r b o n   c h a i n   e t h y l e n e   g r o u p   or  an  e t h y l e n e   g r o u p   w i t h  

b r a n c h e d   u n i t s   e x t e n d i n g   f rom  t he   c a r b o n s   of  t h e  



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

of  low  m o l e c u l a r   w e i g h t   a l k y l   g r o u p s   of  up  to   2  c a r b o n  

a t o m s .   A d d i t i o n a l l y ,   in  t h e   p r e s e n t   i n v e n t i o n   when  t h e  

e t h y l e n e   c o n n e c t i n g   g r o u p s   c o n t a i n   b r a n c h e d   a l k y l   g r o u p s ,  
t h e   b r a n c h e d   g r o u p s   w i l l   no t   g e n e r a l l y   c o n t a i n   t he   s a m e  

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

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

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

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

c o m p o s i t i o n ' s   u se   as  a  d e p o s i t   c o n t r o l   a d d i t i v e ,   ORI 

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

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

a m i n e   m o i e t y   end  of  t h e   m o l e c u l e .   T h i s   a l l o w s   t h e  

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

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

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

P o l y a m i n e   C o m p o n e n t  

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

d e r i v e d   f r o m   a  p o l y a m i n e   h a v i n g   f rom  2  to   12  a m i n e  

n i t r o g e n   a t o m s   and  f rom  2  to  40  c a r b o n   a t o m s .   T h e  

p o l y a m i n e   p r e f e r a b l y   has   a  c a r b o n   to   n i t r o g e n   r a t i o   o f  

f r o m   1 :1   to   1 0 : 1 .   The  p o l y a m i n e   w i l l   c o n t a i n   a t   l e a s t   1 

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

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

(A)  h y d r o g e n ;   (B)  h y d r o c a r b y l   g r o u p s   of  f rom  1  to   1 0  

c a r b o n   a t o m s ;   (C)  a c y l   g r o u p s   of  f r o m   2  to   10  c a r b o n  

a t o m s ;   and  (D)  m o n o k e t o ,   m o n o h y d r o x y ,   m o n o c y a n o ,   l o w e r  

a l k y l   and  l o w e r   a l k o x y   d e r i v a t i v e s   of  (B)  or  ( C ) .  

" L o w e r " ,   as  u s e d   in  l o w e r   a l k y l   and  l o w e r   a l k o x y ,   means  a  

g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r b o n   a t o m s .   " H y d r o c a r b y l "  

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

h y d r o g e n   w h i c h   may  be  a l i p h a t i c ,   a l i c y c l i c ,   a r o m a t i c   o r  

c o m b i n a t i o n s   t h e r e o f ,   e . g .   a r a l k y l .   P r e f e r a b l y ,   t h e  

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

i . e .   e t h y l e n i c   and  a c e t y l e n i c ,   p a r t i c u l a r l y   a c e t y l e n i c  

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

p r e s e n t   i n v e n t i o n   a r e   g e n e r a l l y ,   bu t   no t   n e c e s s a r i l y ,  



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

t h e   d e f i n i t i o n   of  t he   a f o r e m e n t i o n e d   (C)  s u b s t i t u e n t s  

a r e ,   f o r   e x a m p l e ,   p r o p i o n y l   or  a c e t y l .   The  m o r e  

p r e f e r r e d   s u b s t i t u e n t s   a r e   h y d r o g e n ,   C1  to   C6  a l k y l s ,   a n d  

C1-C6  h y d r o x y a l k y l s .  

The  more  p r e f e r r e d   p o l y a m i n e s   f i n d i n g   use   in  t h e  

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

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

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

p o l y m i n e s .   P r e f e r a b l y   t h e   a l k y l e n e   g r o u p s   c o n t a i n   f rom  2 

to  6  c a r b o n   a t o m s ,   t h e r e   b e i n g   p r e f e r a b l y   2  or  3  c a r b o n  

a t o m s   b e t w e n   t h e   n i t r o g e n   a t o m s .   Such  g r o u p s   a r e  

e x e m p l i f i e d   by  e t h y l e n e a m i n e s   and  i n c l u d e   e t h y l e n e  

d i a m i n e ,   d i e t h y l e n e   t r i a m i n e ,   d i ( t r i m e t h y l e n e )   t r i a m i n e ,  

d i p r o p y l e n e t r i a m i n e   and  t r i e t h y l e n e t e t r a m i n e .   S u c h  

a m i n e s   e n c o m p a s s   i s o m e r s   w h i c h   a r e   t h e   b r a n c h e d - c h a i n  

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

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

p o l y a m i n e s .   Among  t h e   p o l y a l k y l e n e   p o l y a m i n e s ,   t h o s e  

c o n t a i n i n g   2  to   12  a m i n e   n i t r o g e n   a t oms   and  2  to   24  

c a r b o n   a t oms   a r e   e s p e c i a l l y   p r e f e r r e d   and  t he   C2  or  C3 
a l k y l e n e   p o l y a m i n e s   a r e   mos t   p r e f e r r e d ,   in  p a r t i c u l a r ,  

t h e   l o w e r   p o l y a l k y l e n e   p o l y a m i n e s ,   e . g .   e t h y l e n e   d i a m i n e  

or  t e t r a e t h y l e n e p e n t a m i n e .  

In  many  i n s t a n c e s   a  s i n g l e   c o m p o u n d   w i l l   no t   b e  

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

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

T h a t   i s ,   m i x t u r e s   w i l l   be  u sed   in  w h i c h   one  or  t w o  

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

i n d i c a t e d .   For  e x a m p l e ,   t e t r a e t h y l e n e   p e n t a m i n e   p r e p a r e d  

by  t h e   p o l y m e r i z a t i o n   of  a z i r i d i n e   or  t h e   r e a c t i o n   o f  

d i c h l o r o e t h y l e n e   and  ammonia   w i l l   h ave   b o t h   l o w e r   a n d  

h i g h e r   amine   n u m b e r s ,   e . g .   t r i e t h y l e n e   t e t r a m i n e ,  

s u b s t i t u t e d   p i p e r a z i n e s   and  p e n t a e t h y l e n e   h e x a m i n e ,   b u t  

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

w i l l   c l o s e l y   a p p r o x i m a t e   t h a t   of  t e t r a e t h y l e n e   p e n t a m i n e .  



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

t h e   p r e s e n t   i n v e n t i o n   a r e   p r e p a r e d   by  t h e   r e a c t i o n   on  t h e  

h y d r o c a r b y l   c a p p e d   p o l y o x y a l k y l e n e - e t h a n e   m o i e t y  

c o n t a i n i n g   a  r e a c t a b l e   c h l o r i n e   or  o t h e r   h a l o g e n   w i t h   t h e  

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

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

p o l y a m i n e   to   t h e   p o l y o x y a l k y l e n e   and  t h e   e l i m i n a t i o n   o f  

t h e   h y d r o g e n   h a l i d e .  

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

may  be  d e f i n e d   by  t h e   f o l l o w i n g   g e n e r a l   f o r m u l a :  

w h e r e i n   R  =   C1  to   C30  a l i p h a t i c ,   o l e f i n i c   o r  

a l k y l a r y l   h y d r o c a r b o n ;  

R '  =   h y d r o g e n ,   CH3  or   C 2 H 5 ;  
R ' '   a n d  R  ' ' '  =   h y d r o g e n ,  ( - C H 2 C H 2 N H ) x   w h e r e i n  

x  =   0  to   5,  or   C1  to   C10 ;  
R2  and  R3  =   H,  or   low  m o l e c u l a r   a l k y l   g r o u p s   up  t o  

5  c a r b o n s ,   and  w h e r e   R '  =   R2  a n d / o r   R3;  a n d  

x  =  1  to   30  o x y a l k y l e n e   u n i t s .  

The  p o l y e t h e r   e t h y l e n e   a m i n e s   can   be  u s e d   as  a d d -  

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

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

a d d i t i v e   n e c e s s a r y   in   o r d e r   to  a c h i e v e   t h e   d e s i r e d  

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

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

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

d e t e r g e n t s   or  d i s p e r s a n t s   or   o t h e r   a d d i t i v e s .   G e n e r a l l y ,  

h o w e v e r ,   t he   r a n g e   of  c o n c e n t r a t i o n   of  t h e   a d d i t i v e   i n  

t h e   b a s e   f u e l   i s   30  to   1 0 , 0 0 0   w e i g h t   p a r t s   pe r   m i l l i o n ,  

p r e f e r a b l y   f rom  30  to   2 , 0 0 0   w e i g h t   p a r t s   p e r   m i l l i o n ,   a n d  

m o s t   p r e f e r a b l y   f rom  100  to   700  p a r t s   p e r   m i l l i o n   o f  

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

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

p o l y e t h e r   p o l y a m i n e   e t h a n e   may  be  u s e d .  



The  o i l s   w h i c h   f i n d   use   in  p r o d u c i n g   l u b r i c a t i n g  

o i l   c o m p o s i t i o n s   c o n t a i n i n g   t h e   a d d i t i v e s   of  t h i s  

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

d e r i v e d   f rom  p e t r o l e u m   or  s y n t h e t i c   s o u r c e s .   O i l s   o f  

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

r a n g e   f rom  35  to   5 0 , 0 0 0   S a y b o l t   U n i v e r s a l   S e c o n d s   (SUS)  

a t   100°F   ( 3 7 . 8 ° C )   and  more   u s u a l l y   f rom  50  to  1 0 , 0 0 0   SUS 

a t   100°F   ( 3 7 . 8 ° C ) .   E x a m p l e s   of  s u c h   b a s e   o i l s   a r e  

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

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

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

m i x t u r e s   t h e r e o f .  

U s u a l l y   i n c l u d e d   in  t he   o i l s   in  a d d i t i o n   to  t h e  

a d d i t i v e s   of  t h e   i n v e n t i o n   a r e   one  or  more  of  s u c h  

a d d i t i v e s   as  d i s p e r s a n t s / d e t e r g e n t s ,   r u s t   i n h i b i t o r s ,  

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

i n d e x   i m p r o v e r s   and  p o u r   p o i n t   d e p r e s s a n t s .   U s u a l l y ,  

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

0.5   to  15  w e i g h t   p e r c e n t   of  t h e   t o t a l   c o m p o s i t i o n .  

G e n e r a l l y ,   e a c h   of  t h e   a d d i t i v e s   w i l l   be  p r e s e n t   in  t h e  

r a n g e   f rom  0 . 0 1   to   5  w e i g h t   p e r c e n t   of  the   t o t a l  

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

I t   is   a l s o   c o n t e m p l a t e d   t h a t   t h e   p o l y e t h e r  

p o l y a m i n e   e t h a n e s   may  be  u s e d   as  c o n c e n t r a t e s ,   and  c o u l d  

be  u s e d   as  a d d i t i v e   to  f u e l s   or  l u b r i c a t i n g   o i l s  

s u b s e q u e n t   to  t h e i r   p r e p a r a t i o n .   In  c o n c e n t r a t e s ,   t h e  

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

0.3   to  50,  p r e f e r a b l y   10  to  50,  w e i g h t   p e r c e n t .   T h e  

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

o l e o p h i l i c   o r g a n i c   s o l v e n t   g e n e r a l l y   b o i l i n g   in  t he   r a n g e  
f rom  150  to  400°F   ( 6 5 . 6   to  2 0 4 . 4 ° C )   and  t h e   c o n c e n t r a t e  

wou ld   p r e f e r a b l y   c o n t a i n   f rom  10  to  50  w e i g h t   p e r c e n t   o f  

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

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

of  an  a d d i t i v e   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  



E x a m p l e  

P r e p a r a t i o n   of  1 - b u t y l - c a p p e d  

p o l y o x y a l k y l e n e - 2 - N ' - e t h y l e n e   d i a m i n e   e t h a n e  

To  an  i c e - c o l d   s o l u t i o n   of  2  mls  (3  m m o l e s )  

e t h y l e n e   c h l o r o h y d r i n   in  30  m1s  of  CH2C12  was  added   0 . 5  

ml  ( 3 . 8   m m o l e s )   of  b o r o n   t r i f l u o r i d e : d i e t h y l e t h e r   ( u n d i s -  
t i l l e d )   in  one  p o r t i o n   u n d e r   a  n i t r o g e n   a t m o s p h e r e .   T h e  

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

d r o p w i s e .   The  t e m p e r a t u r e   r o s e   r a p i d l y   to  a p p r o x i m a t e l y  
40°C .   An  a d d i t i o n a l   30  mls  (348  m m o l e s )   of  b u t y l e n e  
o x i d e   was  a d d e d   a t   s u c h   a  r a t e   as  to   m a i n t a i n   an  e v e n  

r e f l u x i n g ,   i . e .   a p p r o x i m a t e l y   2  d r o p s   p e r   s e c o n d .   A f t e r  

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

a l l o w e d   to  c o o l   to   room  t e m p e r a t u r e   o v e r   a  f o u r - h o u r  

p e r i o d   and  was  d i l u t e d   w i t h   a d d i t i o n a l   CH2Cl2.   T h e  

s o l u t i o n   was  e x t r a c t e d   w i t h   c o l d   w a t e r ,   t h e n   w i t h   a  

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

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

d r y i n g   and  a f f o r d e d   2 3 . 4   g rams   of  a  t r a n s l u c e n t   o i l   a f t e r  

p u m p i n g   w i t h   h i g h   v a c u u m .   The  p r o d u c t   was  r e d r i e d   i n  

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

s t r i p p e d   to  a f f o r d   2 2 . 6   g rams   of  p o l y o x y a l k y l e n e   e t h a n e  

c h l o r i d e .  

To  a  s o l u t i o n   of  1 . 73   g r ams   ( 2 . 2   mmoles )   of  t h e  

p o l y o x y a l k y l e n e   e t h a n e   c h l o r i d e   and  1 . 0 7   g r a m s   ( 5 . 4   m e q )  

A m b e r l y s t   c a t i o n   ion   e x c h a n g e   r e s i n   ( H + f o r m )   i n  5   ml  o f  

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

was  t r a n s f e r r e d   2 .0   ml  ( 2 . 2 1   m m o l e s )   of  i s o b u t y l e n e .   T h e  

r e a c t i o n   m i x t u r e   was  warmed  to  room  t e m p e r a t u r e   w i t h  

s t i r r i n g .  

A f t e r   88  h o u r s ,   t h e   r e a c t i o n   p r o d u c t   was  d i l u t e d  

w i t h   h e x a n e ,   f i l t e r e d   and  s t r i p p e d   to   a f f o r d   1 .7   g rams  o f  

a  c l e a n   o i l .   The  c r u d e   p r o d u c t   was  t a k e n   up  in  d i e t h y l -  

e t h e r   and  w a s h e d   t h r e e   t i m e s   w i t h   w a t e r ,   d r i e d   o v e r  

m a g n e s i u m   s u l p h a t e   and  s t r i p p e d   to  a f f o r d   1.4  g rams  of  a  

c l e a n   o i l .  



To  an  i c e - c o l d   s o l u t i o n   of  15  ml  (224  m m o l e s )   o f  

e t h y l e n e   d i a m i n e   was  a d d e d   1 .0   gram  of  t he   a b o v e   p r o d u c t  

d r o p w i s e .   The  m i x t u r e   was  p l a c e d   u n d e r   a  n i t r o g e n  

a t m o s p h e r e   and  b r o u g h t   to  80°C.   A f t e r   23  h o u r s   t h e  

r e a c t i o n   was  c o o l e d ,   t h e   a l i q u o t   r e m o v e d ,   d i l u t e d   w i t h  

d i e t h y l e t h e r   and  w a s h e d   w i t h   d i s t i l l e d   w a t e r   s e v e r a l  

t i m e s ,   u s i n g   m e t h a n o l   to  keep   e m u l s i o n s   down.  A f t e r  

n e u t r a l i t y   was  r e a c h e d ,   as  i n d i c a t e d   by  pH  p a p e r ,   u s i n g  

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

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

c a r b o n a t e   and  s t r i p p e d   to  a f f o r d   0.9  gram  of  a  y e l l o w   o i l  

w h i c h   was  t h e   d e s i r e d   p r o d u c t .   The  b a s i c   n i t r o g e n   of  t h e  

r e s u l t i n g   p r o d u c t   was  2 . 3 5 % .  



1.  A  d e p o s i t   c o n t r o l   a d d i t i v e   f o r   use  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   wh ich   is   a  h y d r o c a r b y l -  

t e r m i n a t e d   p o l y o x y a l k y l e n e   p o l y a m i n e   e t h a n e   h a v i n g   a  

m o l e c u l a r   w e i g h t   in  t h e   r a n g e   f rom  300  to  2500 ,   w h e r e i n  

t h e   h y d r o c a r b y l   g r o u p   c o n t a i n s   f rom  1  to   30  c a r b o n   a t o m s ,  
t h e   p o l y o x y a l k y l e n e   m o i e t y   c o m p r i s e s   f r o m   1  to  30  

o x y a l k y l e n e   u n i t s   e a c h   h a v i n g   f rom  2  to   5  c a r b o n   a t o m s ,  

t h e   e t h a n e   m o i e t y   c o n t a i n s   f rom  2  to   8  c a r b o n   a t oms   a n d  

t h e   p o l y a m i n e   m o i e t y   c o m p r i s e s   f rom  2  to   12  a m i n e  

n i t r o g e n   a t o m s   and  f r o m   2  to  40  c a r b o n   a t o m s   w i t h   a  

c a r b o n : n i t r o g e n   r a t i o   in  t h e   r a n g e   f r o m   1 :1   to   1 0 : 1 .  

2.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   1,  w h e r e i n  

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

h a v i n g   3  or  4  c a r b o n   a t o m s .  

-  3.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   1  or  2 ,  

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

a m i n e   e t h a n e   has   a  m o l e c u l a r   w e i g h t   in  t h e   r a n g e   f rom  8 0 0  

to  1 5 0 0 .  

4.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   1,  2  or  3 ,  

w h e r e i n   s a i d   h y d r o c a r b y l   g r o u p   c o n t a i n s   f rom  2  to  20 

c a r b o n   a t o m s .  

5.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   1,  2,  3  o r  

4,  w h e r e i n   s a i d   e t h a n e   m o i e t y   c o n t a i n s   f rom  2  to  4  c a r b o n  

a t o m s .  

6.  An  a d d i t i v e   as  c l a i m e d   in  any  p r e c e d i n g  

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

w h i c h   do  n o t   c o n t a i n   t h e   same  number   of  c a r b o n s   as  t h e  

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

m o i e t y .  

7.  An  a d d i t i v e   as  c l a i m e d   in  any  p r e c e d i n g  

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

l o w e r   p o l y a l k y l e n e   p o l y a m i n e   and  c o n t a i n s   a t   l e a s t   o n e  

p r i m a r y   or  s e c o n d a r y   a m i n e   n i t r o g e n   a t o m .  

8.  An  a d d i t i v e   as  c l a i m e d   in  C l a i m   7,  w h e r e i n  

s a i d   l o w e r   p o l y a l k y l e n e   p o l y a m i n e   is  e t h y l e n e   d i a m i n e   o r  

d i e t h y l e n e   t r i a m i n e .  



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

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

a d d i t i v e   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to  8 .  

10.  A  f u e l   c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   9 ,  

w h e r e i n   t h e   a d d i t i v e   is  p r e s e n t   in  an  a m o u n t   of  f rom  30  

to  1 0 , 0 0 0   ppm  by  w e i g h t .  

11.  A  f u e l   c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   9  o r  

10,  w h e r e i n   s a i d   h y d r o c a r b o n   is   an  u n l e a d e d   g a s o l i n e .  

12.  An  a d d i t i v e   c o n c e n t r a t e   c o m p r i s i n g   an  i n e r t  

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

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

13.  A  c o n c e n t r a t e   as  c l a i m e d   in  C l a i m   1 2 ,  

w h e r e i n   t h e   o r g a n i c   s o l v e n t   b o i l s   in  t he   r a n g e   f rom  1 5 0  

to  400°F   ( 6 5 . 6   to  2 0 4 . 4 ° C )   and  c o n t a i n s   f rom  10  to  50  

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

14.  A  l u b r i c a t i n g   o i l   c o m p o s i t i o n   f o r   use   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 ,   c o m p r i s i n g   an  o i l   of  l u b r i -  

c a t i n g   v i s c o s i t y   and  a  d e p o s i t   c o n t r o l   a d d i t i v e   a s  
c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to  8 .  
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