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Middle  distillate  fuel  flow  improver  composition. 

CI 

00 

o  
CM 

0 .  
Il l  

An  additive  composition  for  improving  the  low  tempera- 
ture  flow  properties  of  a  wax-containing  petroleum  distillate 
fuel  comprises: 

A.  an  amide  and/or  amine  salt  of  a  carboxylic  acid  and/or 
anhydride; 

B.  an  ethylene  polymer  and/or  copolymer; 
C.  a  condensation  product  of  a  halogenated  paraffin  or  an 

olefin  with  an  aromatic  compound; 
D.  an  alkylated  diphenyl  ether. 
Examples  of  each  component  are  (A)  tetraalkyl  ammonium 

phthalamate, (B)  ethylene  vinyl  acetate,  (C)  a  wax-naphthalene 
condensate,  and  (D)  diphenyl  ether  alkylated  with  a  dimer  of  a 
C24  alpha  olefin. 

Preferred  treat  rates  are  from  0.01  to  0.15  wt  %  of  (A); 
0.005  to  0.5  wt  %  of  each  of  (B)  and  (D);  and  0.002  to  0.1  wt 
%  of (C),  each  based  on the fuel,  which  is  preferably  one  having 
a  boiling  range  within  the  limits  120°C  and  450°C. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   is  r e l a t e d   to  w a x - c o n t a i n i n g  

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

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

t i o n   is   r e l a t e d   to  a  w a x - c o n t a i n i n g   m i d d l e   d i s t i l l a t e  

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

a b o u t   1200C  and  a b o u t   4 5 0 0 C .  

The  p r o b l e m   of  i m p r o v i n g   t h e   c o l d   f l o w  

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

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

demand   f o r   c e r t a i n   p e t r o l e u m   p r o d u c t s ,   i n c l u d i n g   k e r o -  

s e n e   and   t h e   m i d d l e   d i s t i l l a t e s .   K e r o s e n e ,   w h i c h   a c t s  

as  a  s o l v e n t   fo r   n - p a r a f f i n   w a x ,   n o r m a l l y   had   b e e n   a  

c o m p o n e n t   of  m i d d l e   d i s t i l l a t e   f u e l   o i l s .   The  i n -  

c r e a s e d   demand   f o r   k e r o s e n e   in  j e t   f u e l s   h a s   r e d u c e d  

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

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

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

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

e s s e n t i a l l y   f l a t ,   h a s   made   i t   a t t r a c t i v e   to  m a x i m i z e  

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

The  wax  p r e s e n t   in  m i d d l e   d i s t i l l a t e s   p r e -  

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

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

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

t y p i c a l l y   a r e   b e t w e e n   a b o u t   5 . 0   and   a b o u t   50  m i c r o n s .  

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

p o i n t ,   i . e .   t he   p o i n t   a t   w h i c h   t h e   f u e l   c a n   no  l o n g e r  

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



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

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

g e l ,   l a r g e   wax  c r y s t a l s   may  be  f o r m e d .   H o w e v e r ,   t o  

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

m i d d l e   d i s t i l l a t e   f u e l s   o i l s   so  t h a t   t h e   wax  d o e s   n o t  

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

f i n e   wax  c r y s t a l s   be  f o r m e d .  

C o n s i d e r a b l e   work  h a s   b e e n   d i r e c t e d   a t   a d d i -  

t i v e s   w h i c h   i m p r o v e   t h e   c o l d   f l o w   p r o p e r t i e s   of  t h e  

w a x - c o n t a i n i n g   m i d d l e   d i s t i l l a t e   f u e l s .   U .S .   P a t e n t  

No.  3 , 7 9 0 , 3 5 9   is  d i r e c t e d   a t   t h e   a d d i t i o n   of  f rom  a b o u t  

0 . 1   to   a b o u t   3  w e i g h t   p e r c e n t   o f   an  e s s e n t i a l l y  

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

n o r m a l   p a r a f f i n i c   h y d r o c a r b o n s   h a v i n g   a  n u m b e r   a v e r a g e  
m o l e c u l a r   w e i g h t   in   t h e   r a n g e   of  a b o u t   600  to   a b o u t  

3 , 0 0 0 ,   in   c o m b i n a t i o n   w i t h   a  c o p o l y m e r   of  e t h y l e n e   a n d  

an  u n s a t u r a t e d   e s t e r ,   w h e r e   t h e   c o p o l y m e r   has   l e s s   t h a n  

6  m e t h y l   t e r m i n a t i n g   s i d e   b r a n c h e s   p e r   100  m e t h y l e n e  

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

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

t w e e n   a b o u t   2 5 : 1   to  a b o u t   1 : 1 .  

U . S .   P a t e n t   No.  3 , 9 9 9 , 9 6 0   d i s c l o s e s   t h e   u s e  

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

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

d i s t i l l a t e   f u e l s .  

U . S .   P a t e n t   No.  3 , 8 8 3 , 3 1 8   d e s c r i b e s   t h e  

c o m b i n a t i o n   of  w a x - n a p h t h a l e n e   and   e t h y l e n e   v i n y l  

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

f u e l s .  



U . S .   P a t e n t   No.   3 , 9 8 2 , 9 0 9   d i s c l o s e s   t h e  

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

g e n a t e d   t a l l o w   a m i n e   n e u t r a l i z e d   w i t h   t h e   same  a m i n e ;  

(b)  an  e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r ;   and   (c)  a  

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

p r o v e r   f o r   m i d d l e   d i s t i l l a t e   f u e l s .  

U . S .   P a t e n t   No.  4 , 0 1 4 , 6 6 3   d i s c l o s e s   t h e  

c o m b i n a t i o n   of  (a)  an  a l k y l a t e d   d i p h e n y l   e t h e r   w i t h   ( b )  

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

a l k e n y l s u c c i n i c   a n h y d r i d e .  

U . S .   P a t e n t   No.  3 , 9 1 0 , 7 7 6   d i s c l o s e s   t h e  

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

and  (b)  t h e   c o n d e n s a t i o n   p r o d u c t   of  wax  and  n a p h t h a l e n e  

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

p e t r o l e u m   f u e l s .  

U . S .   P a t e n t   No.  4 , 4 0 2 , 7 0 8   d i s c l o s e s   t he   u s e  

of  o i l - s o l u b l e   d i a l k y l   a m i n e   d e r i v a t i v e s ,   s u c h   as  s a l t s  

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

f o r   m i d d l e   d i s t i l l a t e   f u e l s .  

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

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

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

d l e   d i s t i l l a t e   f u e l s   a r e   e x p e c t e d   to  h a v e   n - p a r a f f i n i c  

wax  c o n t e n t s   a t   l e a s t   as  g r e a t   as  a r e   p r e s e n t l y   f o u n d .  

F r e q u e n t l y ,   t h e s e   f u e l s   h a v i n g   h i g h   wax  a p p e a r a n c e  

p o i n t s   do  n o t   r e s p o n d   w e l l   e v e n   to   c o m b i n a t i o n s   o f  

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



O t h e r   a d d i t i v e s   h a v e   b e e n   u t i l i z e d   w h i c h  

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

s u c h   as  F o o t s   o i l   or  p e t r o l a t u m   in  c o m b i n a t i o n   w i t h   a 

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

a m o r p h o u s   wax  h a s   to   be   u s e d   a t   r e l a t i v e l y   h i g h   t r e a t  

r a t e s   of  a b o u t   0 . 2   t o   a b o u t   0 . 3   w e i g h t   p e r c e n t ,   i s  

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

is   n o t   a l w a y s   a v a i l a b l e .   In  a d d i t i o n ,   t h e   c o m p o s i t i o n  

of   t h e   wax  may  v a r y   w i d e l y ,   w h i c h   may  a f f e c t   i t s  

u t i l i t y .  

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

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

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

m i d d l e   d i s t i l l a t e   f u e l s .  

I t   a l s o   i s   d e s i r a b l e   to   p r o v i d e   a  m i d d l e  

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

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

and  w h i c h   is   e f f e c t i v e   a t   r e l a t i v e l y   low  t r e a t   r a t e s .  

I t   a l s o   i s   d e s i r a b l e   to  p r o v i d e   an  a d d i t i v e  

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

p r o p e r t i e s   of  t h e   f u e l .  

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

a d d i t i o n   to   a  m i d d l e   d i s t i l l a t e   f u e l   of  an  a d d i t i v e  

c o m p r i s i n g :  

A.  an  a m i d e   a n d / o r   a m i n e   s a l t   of  c a r b o x y l i c  

a c i d   a n d / o r   a n h y d r i d e ;  

B.  an  e t h y l e n e - c o n t a i n i n g   p o l y m e r   a n d / o r  

c o p o l y m e r ;  



C.  a  w a x - n a p h t h a l e n e   c o n d e n s a t i o n   p r o d u c t ;  

a n d  

D.  an  a l k y l a t e d   d i p h e n y l   e t h e r .  

Summary   of  t h e   I n v e n t i o n  

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

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

r a n g e   b e t w e e n   a b o u t   1 2 0 ° C   and   a b o u t   4 5 0 ° C   w h i c h   h a s  

i m p r o v e d   low  t e m p e r a t u r e   f l o w   p r o p e r t i e s   by  t h e   a d d i -  

t i o n   t h e r e t o   o f :  

A.  an  a m i d e   a n d / o r   a m i n e   s a l t   of  c a r b o x y l i c  

a c i d   a n d / o r   a n h y d r i d e ;  

B.  an  e t h y l e n e - c o n t a i n i n g   p o l y m e r   a n d / o r  

c o p o l y m e r ;  

C.  a  w a x - n a p h t h a l e n e   c o n d e n s a t i o n   p r o d u c t ;  

a n d  

D.  an  a l k y l a t e d   d i p h e n y l   e t h e r .  

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

a c i d   a n d / o r   a n h y d r i d e   p r e f e r a b l y   is  s e l e c t e d   f rom  t h e  

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

a m i d e s   w h i c h   g e n e r a l l y   w i l l   be  f o r m e d   by  r e a c t i o n   of  a t  

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

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

h a v i n g   1-4  c a r b o x y l i c   a c i d   g r o u p s   or  t h e i r   a n h y d r i d e s .  

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

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

a c e t a t e   and   e t h y l e n e   v i n y l   c h l o r i d e .   The  w a x - n a p h t h a -  

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

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



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

l e n e s .   The  d i p h e n y l   e t h e r   p r e f e r a b l y   i s   a l k y l a t e d  

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

d i m e r s   of  a l p h a   o l e f i n s   h a v i n g   f r o m   a b o u t   16  to   a b o u t  

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

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

m e t h o d   f o r   i m p r o v i n g   t h e   low  t e m p e r a t u r e   f l o w   p r o p e r -  
t i e s   of   a  m i d d l e   d i s t i l l a t e   f u e l   b o i l i n g   in  t h e   r a n g e  
o f   a b o u t   1 2 0 0 C   to   a b o u t   4 5 0 0 C ,   w h i c h   c o m p r i s e s   a d d i n g  

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

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

A.  an  a m i d e   a n d / o r   a m i n e   s a l t   of  c a r b o x y l i c  

a c i d   a n d / o r   a n h y d r i d e ;  

B.  an  e t h y l e n e - c o n t a i n i n g   p o l y m e r   a n d / o r  

c o p o l y m e r ;  

C.  a  w a x - n a p h t h a l e n e   c o n d e n s a t i o n   p r o d u c t ;  

a n d  

D.  an  a l k y l a t e d   d i p h e n y l   e t h e r .  

In  a  p r e f e r r e d   e m b o d i m e n t   t h e   a d d i t i v e   c o m -  

p r i s e s   a t   l e a s t   a b o u t   0 . 0 0 5   w e i g h t   p e r c e n t   of  t h e   f u e l  

to  a b o u t   2 .0   w e i g h t   p e r c e n t   of  t h e   f u e l ,   and  p r e f e r a b l y  

r a n g e s   b e t w e e n   a b o u t   0 . 0 3   w e i g h t   p e r c e n t   and   0 . 5 0  

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

The  a d d i t i v e   may  be  a d d e d   to   t h e   m i d d l e  

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

m a t i c   n a p h t h a   p r e f e r a b l y   is  p r e s e n t   as  a  d i l u e n t .   T h e  

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

n e n t s   in  t h e   c o n c e n t r a t e   a r e   as  f o l l o w s :  



The  m u l t i - c o m p o n e n t   a d d i t i v e   may  be  a d d e d   t o  

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

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

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

As  u s e d   h e r e i n   t h e   t e r m   " m i d d l e   d i s t i l l a t e  

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

p o i n t   r a n g i n g   b e t w e e n   a b o u t   1 2 0 ° C   and  a b o u t   4 5 0 ° C ,  

p r e f e r a b l y   r a n g i n g   b e t w e e n   a b o u t   120°C  and  a b o u t   4 2 5 ° C ,  

m o r e   p r e f e r a b l y   b e t w e e n   a b o u t   1 2 0 ° C ,   and  a b o u t   4 0 0 ° C ,  

and  m o s t   p r e f e r a b l y   b e t w e e n   a b o u t   1 3 5 ° C   and   a b o u t  

3 6 0 ° C .   C o m m o n l y   u sed   m i d d l e   d i s t i l l a t e   f u e l s   c o m p r i s e  

d i e s e l   f u e l ,   Number   2  f u e l   o i l ,   k e r o s e n e   and   t u r b i n e  

f u e l .  

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

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

A.  an  amide   a n d / o r   a m i n e   s a l t   of  c a r b o x y l i c  

a c i d / a n h y d r i d e ;  



B.  a  wax  m o d i f y i n g   random  p o l y m e r / c o p o l y m e r  

of  e t h y l e n e ;  

C.  a  w a x - n a p h t h a l e n e  c o n d e n s a t i o n   p r o d u c t ;  

a n d  

D.  an  a l k y l a t e d   d i p h e n y l   e t h e r .  

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

c o n t a i n i n g   m i d d l e   d i s t i l l a t e   f u e l .  

The  p r e p a r a t i o n   and  c o m p o s i t i o n   of  e a c h   o f  

t h e s e   c o m p o u n d s   is  s e t   f o r t h   b e l o w :  

A.  Amide  a n d / o r   Amine  S a l t   o f  
C a r b o x y l i c   A c i d / A n h y d r i d e  

The  p r e p a r a t i o n   of  t h e   a m i d e s   a n d / o r   a m i n e  

s a l t s   of  c a r b o x y l i c   a c i d / a n h y d r i d e   is  d e s c r i b e d   in  U . S .  

P a t e n t   No.  4 ; 4 0 2 , 7 0 8 ,   t h e   d i s c l o s u r e   of  w h i c h   is  i n -  

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

of  p h t h a l i c   a n h y d r i d e   and  m a l e i c   a n h y d r i d e   a r e  

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

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

a l k y l   a m i n e   s a l t   of  p h t h a l i c   a n h y d r i d e   c a n   be  r e a d i l y  

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

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



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

of  t h r e e   C 1 6 - C 4 0 ,   p r e f e r a b l y   C 1 6 - C 2 4   a l k y l   or  a l k e n y l  

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

two  o f   s a i d   a l k y l  g r o u p s   a r e   of  s a i d   s e c o n d a r y   a m i n e .  

P r e f e r a b l y   a t   l e a s t   o n e ,   and   m o r e   p r e f e r a b l y   a l l ,   o f  

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

E x a m p l e s   of   C 1 6 - C 4 0 ,   p r e f e r a b l y   C 1 6 - C 2 4  
a l c o h o l s   t h a t   can  be  u s e d   to  make  t h e   m o n o e s t e r   i n c l u d e  

1 - h e x a d e c a n o l ,   1 - o c t a d e c a n o l ,   s t e a r y l   a l c o h o l ,   b e h e n y l  

a l c o h o l ,   c e r y l   a l c o h o l ,   t r i c o s a n o l ,   e t c .  

E x a m p l e s   of  C 1 6 - C 4 0   s e c o n d a r y   a m i n e s   i n c l u d e  

N , N - d i h e x a d e c y l   a m i n e ;   N , N - d i o c t a d e c y l .   a m i n e ;  

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

N , N - d i s t e a r y l   a m i n e ;   N , N - d i b e h e n y l   a m i n e ;   e t c .   A 

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

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

t a l l o w   f a t ,   of  w h i c h   a  t y p i c a l   c o m p o s i t i o n   is   a b o u t   3% 

C 1 4 H 2 9 ,   a b o u t   34  w e i g h t   p e r c e n t   C 1 6 H 3 3   and   a b o u t   63  

w e i g h t   p e r c e n t   C18H37  a l k y l   g r o u p s .  

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

o r t h o p h t h a l i c   d e r i v a t i v e s :  



t e t r a a l k y l   ammonium  p h t h a l a m a t e   p a r t i c u l a r l y   p r e f e r r e d ,  

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

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



w h e r e i n   R1,  R2,  R 4  a n d   R 5  a r e  t h e  C 1 6 - C 4 0 ·   p r e f e r a b l y  

C 1 6 - C 2 4   s t r a i g h t   c h a i n   a l k y l   g r o u p s   of  the   s e c o n d a r y  

a m i n e ,   and  may  be  the   same  or  d i f f e r e n t ,   and  R3  is  t h e  

C 1 6 - C 4 0 ,   p r e f e r a b l y   C16-C24  s t r a i g h t   c h a i n   a l k y l   g r o u p  
of  t h e   a l c o h o l .   In  i t   most   p r e f e r r e d   f o r m ,   R1,  R2,  R4 
and  R5  a r e   a l k y l   g r o u p s   d e r i v e d   f rom  t a l l o w   amine   a s  
d i s c u s s e d   a b o v e .  

The  a m i d e s   can   be  f o r m e d   in  a  c o n v e n t i o n a l  

manne r   by  h e a t i n g   t h e   s e c o n d a r y   a m i n e   w i t h   t h e   o r t h o  

p h t h a l i c   a c i d   or  a c i d   a n h y d r i d e .   S i m i l a r l y ,   the   e s t e r  
is  p r e p a r e d   in  a  c o n v e n t i o n a l   m a n n e r   by  h e a t i n g   t h e  

a l c o h o l   and  t h e   a c i d   or  t h e   a n h y d r i d e   to  p a r t i a l l y  

e s t e r i f y   t he   a c i d   or  a n h y d r i d e   ( so   t h a t   one   c a r b o x y l  

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

the   amide   or  amine   s a l t ) .   The  ammonium  s a l t s   a r e   a l s o  

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

the   a c i d   or  a c i d   a n h y d r i d e ,   or  t h e   p a r t i a l   e s t e r   of  a  

p o l y c a r b o x y l i c   a c i d ,   or  p a r t i a l   a m i d e   of   a  p o l y c a r -  

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

h e a t i n g .  

B.  Wax  M o d i f y i n g   E t h y l e n e  
C o n t a i n i n g   P o l y m e r / C o p o l y m e r  

Wax  m o d i f y i n g   e t h y l e n e - c o n t a i n i n g   p o l y -  

m e r s / c o p o l y m e r s   a r e   d e s c r i b e d   in  U . S .   P a t e n t   N o .  

3 , 9 1 0 , 7 7 6 ,   t h e   d i s c l o s u r e   of  w h i c h   is   i n c o r p o r a t e d  
h e r e i n   by  r e f e r e n c e .  

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

s e g m e n t s   by  h y d r o c a r b o n   or  o x y - h y d r o c a r b o n   s i d e   c h a i n s .  

T h e s e   o i l - s o l u b l e   p o l y m e r s   w i l l   g e n e r a l l y   have   a  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   in  t he   r a n g e   of  a b o u t   500  t o  

5 0 , 0 0 0 ,   p r e f e r a b l y   a b o u t   1 , 0 0 0   to  a b o u t   5 , 0 0 0 ,   a s  



m e a s u r e d   f o r   e x a m p l e ,   by  V a p o r  P r e s s u r e   O s m o m e t e r ,   s u c h  

as  u s i n g   a  M e c h r o l a b   V a p o r   P r e s s u r e   O s m o m e t e r   M o d e l  

3 1 0 A .   G e n e r a l l y ,   t h e y   w i l l   c o m p r i s e   a b o u t   3  to  4 0 ,  

p r e f e r a b l y   4  to  20,   m o l a r   p r o p o r t i o n s   of  e t h y l e n e   p e r  
m o l a r   p r o p o r t i o n   of  a  s e c o n d   e t h y l e n i c a l l y   u n s a t u r a t e d  

m o n o m e r ,   w h i c h   l a t t e r   monomer   c a n   be  a  s i n g l e   m o n o m e r  

or  a  m i x t u r e   of  s u c h   m o n o m e r s   in  any  p r o p o r t i o n .  

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

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

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

w h e r e i n   R1  i s   h y d r o g e n   or  m e t h y l ;   R2  i s   a  -OOCR4  o r  

-COOR4  g r o u p   w h e r e i n   R4  i s   h y d r o g e n   or   a  Cl  to   C 1 6 ,  

p r e f e r a b l y   Cl   to   C4 ,   s t r a i g h t   or  b r a n c h e d   c h a i n   a l k y l  

g r o u p ;   and  R3  is   h y d r o g e n   or  -COOR4.  The  m o n o m e r ,   w h e n  

R1  a n d   R3  a r e   h y d r o g e n   and  R2  is   -OOCR4  i n c l u d e s   v i n y l  

a l c o h o l   e s t e r s   o f   C2  to   C17  m o n o c a r b o x y l i c   a c i d s ,  

p r e f e r a b l y   C2  t o   C5  m o n o c a r b o x y l i c   a c i d .   E x a m p l e s   o f  

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

v i n y l   l a u r a t e ,   v i n y l   m y r i s t a t e , ' v i n y l   p a l m i t a t e ,   e t c .  

When  R2  i s   -COOR4,  s u c h   e s t e r s   i n c l u d e   m e t h y l   a c r y l a t e ,  

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

a c r y l a t e ,   C13  Oxo  a l c o h o l   e s t e r s   of  m e t h a c r y l i c   a c i d ,  

e t c .   E x a m p l e s   of  m o n o m e r s   w h e r e   R1  is   h y d r o g e n   and  R2 
and   R3  a r e   -COOR4  g r o u p s ,   i n c l u d e   mono  and  d i e s t e r s   o f  

u n s a t u r a t e d   d i c a r b o x y l i c   a c i d s   s u c h   a s :   mono  C13  Oxo 

f u m a r a t e ,   d i - C 1 3  O x o   f u m a r a t e ,   d i - i s o p r o p y l   m a l e a t e ;  

d i - l a u r y l   f u m a r a t e ;   e t h y l m e t h y l   f u m a r a t e ;   e t c .  



A n o t h e r   c l a s s   o f   m o n o m e r s   t h a t   c a n   be  c o -  

p o l y m e r i z e d   w i t h   e t h y l e n e   i n c l u d e   C3  to  C16  a l p h a   m o n o -  

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

s u c h   as  p r o p y l e n e ,   i s o b u t e n e ,   n - o c t e n e - 1 ,   i s o o c t e n e - 1 ,  

n - d e c e n e - 1 ,   d o d e c e n e - 1 ,   e t c .  

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

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

v i n y l   c h l o r i d e .  

S t i l l   o t h e r   m o n o m e r s   i n c l u d e   v i n y l   c h l o r i d e ,  

a l t h o u g h   e s s e n t i a l l y   t h e   same  r e s u l t   can   be  o b t a i n e d   b y  

p o l y e t h y l e n e   c h l o r i n a t e d   to   c o n t a i n   a b o u t   5  to   3 5  

w e i g h t   p e r c e n t   c h l o r i n e .  

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

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

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

f o r m e d   by  t h e r m a l   p o l y m e r i z a t i o n ,   or  t h e y   can   be  f o r m e d  

by  Z i e g l e r   t y p e   p o l y m e r i z a t i o n   in  t h e   c a s e   of  e t h y l e n e  

w i t h   o t h e r   o l e f i n s .   The  p o l y m e r s   p r o d u c e d   by  f r e e  

r a d i c a l   p o l y m e r i z a t i o n   a p p e a r   to   be  t h e   more  i m p o r t a n t  

and  can   be  f o r m e d   as  f o l l o w s :   S o l v e n t ,   and  0 -50   w e i g h t  

p e r c e n t ,   o f   t h e   t o t a l   a m o u n t   o f   m o n o m e r   o t h e r   t h a n  

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

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

e q u i p p e d   w i t h   a  s t i r r e r   and  c o o l i n g   c o i l .   The  t e m p e r a -  

t u r e   o f   t h e   p r e s s u r e   v e s s e l   i s   t h e n   b r o u g h t   to   t h e  

d e s i r e d   r e a c t i o n   t e m p e r a t u r e ,   e . g .   70°   to  2 5 0 ° C ,   a n d  

p r e s s u r e d   to  t h e   d e s i r e d   p r e s s u r e   w i t h   e t h y l e n e ,   e . g .  
800  to  to  1 0 , 0 0 0   p s i g ,   u s u a l l y   900  to  6 , 0 0 0   p s i g .   T h e n  

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

and  a d d i t i o n a l   a m o u n t s   of   t h e   s e c o n d   m o n o m e r ,   e . g .  
u n s a t u r a t e d   e s t e r ,   a r e   a d d e d   to  t h e   v e s s e l   c o n t i n u o u s -  

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



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

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

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

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

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 d d i t i o n a l   e t h y l e n e   i s  

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

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

c o n s t a n t   a t   a l l   t i m e s .   F o l l o w i n g   t h e   c o m p l e t i o n   of  t h e  

r e a c t i o n ,   u s u a l l y   a  t o t a l   r e a c t i o n   t i m e   of  1 /4   to  10 

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

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

s t r i p p i n g ,   l e a v i n g   t h e   p o l y m e r   as  r e s i d u e .  

C.  W a x - N a p h t h a l e n e   C o n d e n s a t i o n   P r o d u c t  

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

d e s c r i b e d   in  U . S .   P a t e n t   No.  3 , 9 1 0 , 7 7 6 ,   t h e   d i s c l o s u r e  

of  w h i c h   i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

T h e s e   m a t e r i a l s   a r e   u s u a l l y   m a d e   by  t h e  

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

or  an  o l e f i n   w i t h   an  a r o m a t i c   h y d r o c a r b o n .   T h e y   a r e  

w e l l   k n o w n   in   t h e   a r t ,   p r i m a r i l y   as  l u b e   o i l   p o u r  

d e p r e s s a n t s   and  as  d e w a x i n g   a i d s .   U s u a l l y ,   t h e   h a l o -  

g e n a t e d   p a r a f f i n   w i l l   c o n t a i n   f r o m   a b o u t   15  to  60,   e . g .  
16  to   a b o u t   50  c a r b o n s ,   and   f r o m   a b o u t   5  to   a b o u t   2 5  

w e i g h t   p e r c e n t ,   e . g .   10  to  18  w e i g h t   p e r c e n t ,   c h l o r i n e .  

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

c h l o r i n a t i n g   to   t h e   a b o v e   r e c i t e d   c h l o r i n e   c o n t e n t   a  

p a r a f f i n   wax  h a v i n g   a  m e l t i n g   p o i n t   w i t h i n   t h e   r a n g e   o f  

a b o u t   1 0 0 °   t o   2 0 0 ° F .   The  a r o m a t i c   h y d r o c a r b o n   u s e d  

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

a n d / o r   c o n d e n s e d   r i n g s .   I t   may  be  a  h y d r o x y l   c o m p o u n d  
s u c h   as  p h e n o l ,   c r e s o l ,   x y l e n o l ,   or  an  a m i n e   s u c h   a s  

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

a n t h r a c e n e .  



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

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

c h l o r i n a t e d   n - p a r a f f i n   wax  and  n a p h t h a l e n e .  

D.  A l k y l a t e d   D i p h e n y l   E t h e r  

The  a l k y l a t e d   d i p h e n y l   e t h e r s   may  be  p r e -  

p a r e d   by  a l k y l a t i n g   d i p h e n y l   e t h e r   w i t h   d i m e r i z e d   o r  

p o l y m e r i z e d   - o l e f i n s   as  d e s c r i b e d   in  U .S .   P a t e n t   N o .  

3 , 9 9 9 , 9 6 0 ,   t h e   d i s c l o s u r e   of  w h i c h   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .   P r e f e r r e d   e t h e r   c o m p o u n d s   a r e  

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

f r o m   a b o u t   16  to  a b o u t   50  c a r b o n   a t o m s   or  w i t h   a  d i m e r  

of  an  a l p h a   o l e f i n   t h a t   h a s   f r o m   a b o u t   16  to   a b o u t   4 0  

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

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

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

f l o w   p r o p e r t i e s   of  a  m i d d l e   d i s t i l l a t e   f u e l .  

The  a d d i t i v e s   l i s t e d   in  T a b l e   I  w e r e   a d d e d  

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

A p p e a r a n c e   P o i n t   (WAP)  of  - 1 3 . 3 ° C   (+8°F)   m a i n t a i n e d   a t  

a b o u t   2 5 0 C .   T h i s   f u e l   was  d e s i g n a t e d   as  F u e l   A.  A 

t e s t   h a s   b e e n   d e v i s e d   w h i c h   h a s   b e e n   f o u n d   to   be  a  

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

of  f u e l s   in  p a s s i n g   t h r o u g h   f u e l   f i l t e r s .   In  t h i s  

t e s t ,   d e s i g n a t e d   as  Low  T e m p e r a t u r e   F i l t e r a b i l i t y   T e s t  

(LTFT)  t h e   t e s t   f u e l   is  c o o l e d   a t   a  r a t e   of  l o C / h o u r   t o  

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

t h r o u g h   a  s c r e e n   h a v i n g   o p e n i n g s   17  m i c r o n s   in  d i a m e t e r  

u n d e r   a  p r e s s u r e   of  6  i n c h e s   of  m e r c u r y .   The  f u e l   i s  

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

t h e   s c r e e n   is  c o m p l e t e d   in  60  s e c o n d s   or  l e s s .  



In  t h e s e   t e s t s   t h e   a m i d e   a n d / o r   a m i n e   s a l t  

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

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

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

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

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

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

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

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

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

of  U . S .   P a t .   No.  3 , 9 6 1 , 9 1 6   w h i c h   p a t e n t   i s   h e r e b y   i n -  

c o r p o r a t e d   h e r e i n   in  i t s   e n t i r e t y .   More  s p e c i f i c a l l y ,  

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

m i x t u r e   of   a b o u t   75  w t .  %   of   wax  g r o w t h   a r r e s t o r   a n d  

a b o u t   25  w t .   %  of  n u c l e a t o r .  

The   wax  g r o w t h   a r r e s t o r   was  a  c o p o l y m e r   o f  

e t h y l e n e   and  a b o u t   3-8  w t .  %   v i n y l   a c e t a t e ,   and   h a d   a  

n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   of  a b o u t   1800  as  d e t e r -  

m i n e d   by  V a p o r   P h a s e   O s o m e t r y   (VPO).   I t   i s   i d e n t i f i e d  

in  s a i d -   U . S .   P a t .   No.  3 , 9 6 1 , 9 1 6   as  C o p o l y m e r   B  o f  

E x a m p l e   1  ( c o l u m n   8,  l i n e s   2 5 - 3 5 ) .  

The   n u c l e a t o r   was  a  c o p o l y m e r   o f   e t h y l e n e  

and  a b o u t   16  w t .  %   v i n y l   a c e t a t e   and   h a d   a  m o l e c u l a r  

w e i g h t   o f   a b o u t   3000   (VPO) .   I t   is   i d e n t i f i e d   in  s a i d  

U . S .   P a t .   No.  3 , 9 6 1 , 9 1 6   as  C o p o l y m e r   H  ( s e e   T a b l e   I ,  

c o l u m n s   7 - 8 ) .  

The  wax  n a p h t h a l e n e   c o n d e n s a t i o n   p r o d u c t  

c o m p r i s e d   t h e   c o n d e n s a t i o n   p r o d u c t   o f   100  p a r t s   b y  

w e i g h t   n - p a r a f f i n   wax  h a v i n g   a  m e l t i n g   p o i n t   of  a b o u t  

1 6 3 ° F   c h l o r i n a t e d   to   a b o u t   12  w e i g h t   p e r c e n t   c h l o r i n e  

c o n d e n s e d   w i t h   a b o u t   8 . 8   w e i g h t   p a r t s   by  w e i g h t  

n a p h t h a l e n e .  



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

d i p h e n y l   e t h e r   a l k y l a t e d   w i t h   a  d i m e r   of  an  a l p h a   o l e -  

f i n   h a v i n g   a b o u t   24  c a r b o n   a t o m s .   The  f u e l   u t i l i z e d   i n  

a l l   of  t h e   f o l l o w i n g   C o m p a r a t i v e   E x a m p l e s   and   E x a m p l e s  

had  a . b o i l i n g   r a n g e   of  a b o u t   120°C  to  a b o u t   4 0 0 ° C .  

C o m p a r a t i v e   E x a m p l e   1 

In  t h e   f i r s t   s e r i e s   of  c o m p a r a t i v e   t e s t s  

F u e l   A  was  u t i l i z e d   w i t h o u t   any  a d d i t i v e s .   The  l o w e s t  

t e m p e r a t u r e   a t   w h i c h   t h i s   f u e l   p a s s e d   t h e   LTFT  t e s t   w a s  
- 1 4 ° C .  

C o m p a r a t i v e   E x a m p l e   2 

In  t h i s   t e s t   0 . 0 6   w e i g h t   p e r c e n t   of   t h e  

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

(EVA)  and   0 . 0 1 5   w e i g h t   p e r c e n t   wax  n a p h t h a l e n e   c o n d e n -  

s a t e   (WNC)  and   0 . 0 2 5   w e i g h t   p e r c e n t   a l k y l - d i p h e n y l  

e t h e r   (ADPE)  w e r e   a d d e d   to  t h e   f u e l .   T h e  l o w e s t  

t e m p e r a t u r e   a t   w h i c h   t h i s   s a m p l e   p a s s e d   t h e   LTFT  t e s t  

was  - 1 7 ° C .  

C o m p a r a t i v e   E x a m p l e   3 

In  t h i s   t e s t ,   0 . 0 3 5   w e i g h t   p e r c e n t   of  a  d i -  

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

(TAPA)  0 . 0 1 5   w e i g h t   p e r c e n t   e t h y l e n e   v i n y l   a c e t a t e   c o -  

p o l y m e r   and  0 . 0 2   w e i g h t   p e r c e n t   of  a l k y l - d i p h e n y l   e t h e r  

w e r e   a d d e d   to   F u e l   A.  The  l o w e s t   t e m p e r a t u r e   a t   w h i c h  

t h i s   s a m p l e   p a s s e d   t h e   LTFT  t e s t   was  - 1 9 0 C .  

C o m p a r a t i v e   E x a m p l e   4 

In  t h i s   t e s t   0 . 0 3 5   w e i g h t   p e r c e n t   of   d i -  

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



0 . 0 2   w e i g h t   p e r c e n t   e t h y l e n e   v i n y l   a c e t a t e ,   and  0 : 0 0 5  

w e i g h t   p e r c e n t   w a x - n a p h t h a l e n e   c o n d e n s a t e   were   added   t o  

F u e l   A.  The  l o w e s t   t e m p e r a t u r e   a t   w h i c h   t h i s   s a m p l e  

p a s s e d   t h e   LTFT  t e s t   was  - 1 8 ° C .  

C o m p a r a t i v e   E x a m p l e   5 

In  t h i s   t e s t   0 . 0 5   w e i g h t   p e r c e n t   d i h y d r o -  

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

0 . 0 2 5   w e i g h t   p e r c e n t   a l k y l a t e d   d i p h e n y l   e t h e r   w e r e  

a d d e d   to  F u e l   A.  The  l o w e s t   t e m p e r a t u r e   a t   w h i c h   t h i s  

f u e l   s a m p l e   p a s s e d   t h e   LTFT  t e s t   was  - 1 9 ° C .  

E x a m p l e   I  

In  t h i s   e x a m p l e   0 . 0 2 5   w e i g h t   p e r c e n t   d i -  

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

0 . 0 0 8   w e i g h t   p e r c e n t   e t h y l e n e   v i n y l   a c e t a t e ,   0 . 0 0 2  

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

and  0 . 0 1   w e i g h t   p e r c e n t   a l k y l - d i p h e n y l   e t h e r   were   a d d e d  

t o   F u e l   A.  T h i s   c o m b i n a t i o n   p a s s e d   LTFT  t e s t s   a t  

t e m p e r a t u r e s   as  low  as  - 2 2 0 C   t h e r e b y   d e m o n s t r a t i n g   t h e  

u t i l i t y   of  t he   p r e s e n t   i n v e n t i o n .  

A  summary   of  t h e   LTFT  t e s t   r e s u l t s   on  F u e l   A 

in  C o m p a r a t i v e   E x a m p l e s   1 -5   and   in   E x a m p l e   I  i s   p r e -  
s e n t e d   in   T a b l e   I .   T h i s   t a b l e   d e m o n s t r a t e s   t h a t   t h e  

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

h a v i n g   a  l o w e r   LTFT  t h a n   a n y   of   t h e   c o m p a r a t i v e   e x -  

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

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

w e i g h t   p e r c e n t   of  a d d i t i v e   u s e d   in  C o m p a r a t i v e   E x a m p l e s  
2 - 5 .  





A  s e r i e s   of   t e s t s   a l s o   w e r e   c o n d u c t e d   on  a  

s e c o n d   f u e l   s a m p l e ,   F u e l   B,  h a v i n g   a  Wax  A p p e a r a n c e  

P o i n t   of  - 7 . 8 0 C   ( + 1 8 0 F ) .  

C o m p a r a t i v e   E x a m p l e   6 

When  no  a d d i t i v e s   w e r e   a d d e d   to  F u e l   B,  t h e  

l o w e s t   t e m p e r a t u r e   a t   w h i c h   t h e   f u e l   p a s s e d   t h e   L T F T  

t e s t   was  - 9 0 C .  

C o m p a r a t i v e   E x a m p l e   7 

In  t h i s   t e s t   0 . 0 5   w e i g h t   p e r c e n t   of  d i h y d r o -  

g e n a t e d   t a l l o w   a m i n e   s a l t   of  p h t h a l i c   a n h y d r i d e ,   0 . 0 2  

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

0 . 0 0 5   w e i g h t   p e r c e n t   of   w a x - n a p h t h a l e n e   c o n d e n s a t i o n  

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

a t   w h i c h   t h e   f u e l   p a s s e d   t h e   LTFT  t e s t   was  - 1 3 ° C .  

C o m p a r a t i v e   E x a m p l e   8 

In   t h i s   t e s t   a b o u t   0 . 0 3 8   w e i g h t   p e r c e n t   o f  

e t h y l e n e   v i n y l   a c e t a t e   c o p o l y m e r ,   a b o u t   0 . 0 1 2   w e i g h t  

p e r c e n t   wax  n a p h t h a l e n e   c o n d e n s a t i o n   p r o d u c t   and  0 . 0 2 5  

w e i g h t   p e r c e n t   a l k y l - d i p h e n y l   e t h e r   w e r e   a d d e d   t o  

F u e l   B.  The  l o w e s t   t e m p e r a t u r e   a t   w h i c h   t h e   f u e l   p a s s e d  

t h e   LTFT  t e s t   was  - 1 3 ° C .  

C o m p a r a t i v e   E x a m p l e   9 

In  t h i s   t e s t   0 . 0 6   w e i g h t   p e r c e n t   e t h y l e n e  

v i n y l   a c e t a t e   c o p o l y m e r ,   0 . 0 1 5   w e i g h t   p e r c e n t   w a x -  

n a p h t h a l e n e   c o n d e n s a t i o n   p r o d u c t   and  0 . 0 2 5   w e i g h t   p e r -  
c e n t   a l k y l - d i p h e n y l   e t h e r   w e r e   a d d e d   to   F u e l   B.  T h e  

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

t e s t   was  - 1 5 ° C .  



C o m p a r a t i v e   E x a m p l e   10 

In  t h i s   t e s t   0 . 0 5   w e i g h t   p e r c e n t   of  d i h y d r o -  

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

0 . 0 2 5   w e i g h t   p e r c e n t   of  a l k y l - d i p h e n y l   e t h e r   were   a d d e d  

to  F u e l   B.  The  l o w e s t   t e m p e r a t u r e   a t   w h i c h   t h e   f u e l  

p a s s e d   t he   LTFT  t e s t   was  - 1 2 0 C .  

C o m p a r a t i v e   E x a m p l e   11  

In  t h i s   t e s t   0 . 0 5   w e i g h t   p e r c e n t   d i h y d r o -  

g e n a t e d   t a l l o w   a m i n e   s a l t   of  p h t h a l i c   a n h y d r i d e ,   0 . 0 5  

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

0 . 0 2 5   w e i g h t   p e r c e n t   a l k y l a t e d   d i p h e n y l   e t h e r   w e r e  

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

f u e l   p a s s e d   t h e   LTFT  t e s t   was  - 1 4 ° C .  

E x a m p l e   I I  

In  t h i s   e x a m p l e   a b o u t   0 . 0 3 8   w e i g h t   p e r c e n t  

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

a n h y d r i d e ,   0 . 0 1 2   w e i g h t   p e r c e n t   e t h y l e n e   v i n y l   a c e t a t e  

c o p o l y m e r ,   0 . 0 0 3   w e i g h t   p e r c e n t   w a x - n a p h t h a l e n e   c o n -  

d e n s a t i o n   p r o d u c t ,   and   0 . 0 1 5   w e i g h t   p e r c e n t   a l k y l -  

d i p h e n y l   e t h e r   we re   a d d e d   to  F u e l   B.  T h i s   f u e l   p a s s e d  

t h e   LTFT  t e s t   a t   - 2 0 0 C ,   t h e r e b y   a l s o   d e m o n s t r a t i n g   t h e  

u t i l i t y   of  t h e   p r e s e n t   i n v e n t i o n .  

A  s u m m a r y   of  t h e   LTFT  t e s t   r e s u l t s   f o r   C o m -  

p a r a t i v e   E x a m p l e s   6 - 1 1   and  E x a m p l e   I I   i s   p r e s e n t e d   i n  

T a b l e   I I .   Here   a l s o   i t   can   be  s e e n   t h a t   t h e   use   of  t h e  

f o u r   c o m p o n e n t   s y s t e m   in  E x a m p l e   II  p r o d u c e d   a  f u e l   o i l  

h a v i n g   a  l o w e r   LTFT  t h a n   a n y   of   C o m p a r a t i v e   E x a m p l e s  

6 - 1 1   even   t h o u g h   t h e   t o t a l   w e i g h t   p e r c e n t   of  t h e   a d d i -  

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

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

C o m p a r a t i v e   E x a m p l e s   6 - 1 1 .  





B a s e d   on  the   r e s u l t s   in  T a b l e s   I  and  I I ,   i t  

can  be  s een   t h a t   t he   a d d i t i o n   to  w a x - c o n t a i n i n g   d i s -  

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

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

p a s s   t h r o u g h   t h e   f i l t e r   p o r e s   a t   l o w e r   t e m p e r a t u r e s  

t h a n   would   be  p o s s i b l e   u s i n g   o n l y   two  or  t h r e e   of  t h e  
f o u r   c o m p o n e n t s .  

The  i n d i v i d u a l   c o m p o n e n t s   of  t he   f u e l   a d d i -  

t i v e   of  the   p r e s e n t   i n v e n t i o n   t y p i c a l l y   may  be  p r e s e n t  
in  t he   f o l l o w i n g   c o n c e n t r a t i o n s   in  the   f u e l :  

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

c o n c e n t r a t e s   in  s o l v e n t   so  t h a t   t h e y   c a n   be  e a s i l y  
a d d e d   to  t h e   d i s t i l l a t e   f u e l   which   is  to  be  t r e a t e d   t o  

i m p r o v e   i t s   c o l d   f low  p r o p e r t i e s .   T y p i c a l l y ,   a  d i l u e n t  

is  added   so  t h a t   the   a d d i t i v e   is  a  s i n g l e   p h a s e   l i q u i d .  

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

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



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

n a p h t h a .   The  a d d i t i v e   p r e f e r a b l y   is  a d d e d   to  t he   f u e l  

a t   a  t e m p e r a t u r e   s u b s t a n t i a l l y   above   the   wax  a p p e a r a n c e  
p o i n t ,   s i n c e   the   s o l u b i l i t y   of  the   a d d i t i v e   i n  t h e   f u e l  

w i l l   be  h i g h e r   a t   e l e v a t e d   t e m p e r a t u r e .  



1.  An  a d d i t i v e   c o m p o s i t i o n   s u i t a b l e   for  i m p r o v i n g   l o w  

t e m p e r a t u r e   flow  p r o p e r t i e s   of  a  w a x - c o n t a i n i n g   p e t r o l e u m   d i s t i l l a t e  

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

A.  an  amide  a n d / o r   amine  s a l t   of  a  c a r b o x y l i c   ac id   a n d / o r  

a n h y d r i d e ;  

B.  an  e t h y l e n e   polymer  and/or   c o p o l y m e r ;  

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

o l e f i n   with  an  a romat ic   compound;  and 

D.  an  a l k y l a t e d   d iphenyl   e t h e r .  

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

component  A  comprises   a  C16-C40  a lkyl   amine  anhydr ide   s a l t .  

3.  An  a d d i t i v e   compos i t ion   as  claimed  in  c l a i m   2,  w h e r e i n   t h e  

C16-C40  a l k y l   amine  anhydr ide   s a l t   is  s e l e c t e d   from  those   of  p h t h a l i c  

anhydr ide ,   maleic   anhydr ide ,   s u c c i n i c   anhydr ide   and  m ix tu r e s   t h e r e o f .  

4.  An  a d d i t i v e   c o m p o s i t i o n   as  c laimed  in  any  p reced ing   c l a i m ,  

wherein  component  B  is  a  c o p o l y m e r   of  e t h y l e n e   and  an  u n s a t u r a t e d  

mono-  or  d i e s t e r   of  the  genera l   f o r m u l a :  



w h e r e i n :   (a)  R1  is  h y d r o g e n   or  methyl;   (b)  R2  is  a -OOCR4  or  -COOR4 

group;  (c)  R3  is  hydrogen  or  -COOR4;  and  (d)  wherein  R4  is  hydrogen  o r  

a  C1  to  C16  s t r a i g h t   or  branched  chain  a lkyl   g r o u p .  

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

wherein  component  C  comprises   a  wax -naph tha l ene   condensa t i on   p r o d u c t .  

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

w h e r e i n   componen t   D  c o m p r i s e s   a  d i p h e n y l   e t h e r   a l k y l a t e d   with  an 

o l e f i n   having  from  about  16  to  about  50  carbon  a t oms .  

7.  An  a d d i t i v e   c o m p o s i t i o n   as  claimed  in  any  p reced ing   c l a i m ,  

c o m p r i s i n g :  

(a)  about  5  to  about  40  weight  pe rcen t   of  component  A; 

(b)  about  2  to  about  15  weight  pe rcen t   of  component  B; 

(c)  about  1  to  about  10  weight  pe rcen t   of  component  C; 

(d)  about  2  to  about  15  weight  pe rcen t   of  component  D;  and 

(e)  about  20  to  about  90  weight  pe rcen t   of  d i l u e n t .  

8.  An  a d d i t i v e   compos i t i on   as  claimed  in  c l a im   8,  w h e r e i n   t h e  

d i l u e n t   compr ises   a  heavy  a romat ic   n a p h t h a .  

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

h a v i n g   a  b o i l i n g   r ange   wi th in   the  l i m i t s   120°C  and  450°C,  c o n t a i n i n g  

the  components  A,  B,  C  and  D  de f ined   in  any  p reced ing   c l a i m .  



10.  A  method  for  improving  the  low  t e m p e r a t u r e   flow  p r o p e r t i e s  

of  a  midd le   d i s t i l l a t e ,   p r e f e r a b l y   one  b o i l i n g   in  the  range  of  a b o u t  

120°C  to  about  450°C,  c h a r a c t e r i s e d   by  adding  to  the  fuel  an  e f f e c t i v e  

amount ,   p r e f e r a b l y   be ing   at  l e a s t   about  0.005  weight  pe rcen t   of  t h e  

fue l ,   of  a  compos i t ion   c laimed  in  any one  of  c laims  1  to  8 .  
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