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MIDDLE  DISTILLATE  COMPOSITION  WITH  IMPROVED  COLD 

PLOW  PROPERTIES 

1  M i n e r a l   o i l s   c o n t a i n i n g   p a r a f f i n   wax  have   t h e  

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

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

f l u i d i t y   is  due  to  t he   c r y s t a l l i z a t i o n   of  t he   wax  i n t o  
5  p l a t e - l i k e   c r y s t a l s   w h i c h   e v e n t u a l l y   form  a  s p o n q y   m a s s  

e n t r a p p i n g   the   o i l   t h e r e i n .  

I t   has   l o n g   b e e n   known  t h a t   v a r i o u s   a d d i t i v e s   a c t   a s  

wax  c r y s t a l   m o d i f i e r s   when  b l e n d e d   w i t h   waxy  m i n e r a l  

10  o i l s .   T h e s e   c o m p o s i t i o n s   m o d i f y   t h e   s i z e   and  s h a p e   o f  

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

c r y s t a l s   and  b e t w e e n   t h e   wax  and  t he   o i l   in  s u c h   a  

m a n n e r   as  to  p e r m i t   t he   o i l   to   r e m a i n   f l u i d   a t   a  l o w e r  

t e m p e r a t u r e .  

15  

V a r i o u s   p o u r   p o i n t   d e p r e s s a n t s   h a v e   been   d e s c r i b e d   i n  

t h e   l i t e r a t u r e   and  s e v e r a l   of  t h e s e   a r e   in  c o m m e r c i a l  

u s e .   For  e x a m p l e ,   U.S.   P a t .   No.  3 , 0 4 8 , 4 7 9   t e a c h e s   t h e  

use   of  c o p o l y m e r s   of  e t h y l e n e   and  C3-C5  v i n y l  
20  e s t e r s ,   e . g .   v i n y l   a c e t a t e ,   as  p o u r   d e p r e s s a n t s   f o r  

f u e l s ,   s p e c i f i c a l l y   h e a t i n g   o i l s ,   d i e s e l   and  j e t   f u e l s .  

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

e t h y l e n e   and  h i q h e r   a l p h a - o l e f   i n s ,   e . g .   p r o p y l e n e ,   a r e  
a l s o   known.   U .S .   P a t e n t   3 , 9 6 1 , 9 1 6   t e a c h e s   t h e   use   of  a  

25  m i x t u r e   of  c o p o l y m e r s ,   one   of  w h i c h   is  a  wax  c r y s t a l  
n u c l e a t o r   and  t he   o t h e r   a  g r o w t h   a r r e s t o r   to  c o n t r o l  

t he   s i z e   of  t he   wax  c r y s t a l s . .  
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1  U n i t e d   Kingdom  P a t e n t   1 2 6 3 1 5 2   s u q q e s t s   t h a t   the   s i z e   o f  

the   wax  c r y s t a l s   may  be  c o n t r o l l e d   by  u s i n g   a  c o p o l y m e r  

h a v i n g   a  l o w e r   d e g r e e   of   s i d e   c h a i n   b r a n c h i n q .  

5  I t   h a s   a l s o   been   p r o p o s e d   in  f o r   e x a m p l e   U n i t e d   K i n g d o m  

P a t e n t   1469016   t h a t   t h e   c o p o l y m e r s   of  d i - n - a l k y l  

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

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

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

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

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

t e m p e r a t u r e   f low  p r o p e r t i e s .   A c c o r d i n g   to  U n i t e d  

K i n g d o m   P a t e n t   1 4 6 9 0 1 6   t h e s e   p o l y m e r s   may  be  Cs  t o  

C-|8  a l k y l   e s t e r s   of   u n s a t u r a t e d   C4  to  Cs  

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

l a u r y l - h e x a d e c y l   f u m a r a t e .   T y p i c a l l y   t he   m a t e r i a l s  

u s e d   a r e   e s t e r s   w i t h   an  a v e r a g e   of  a b o u t   12  c a r b o n  

a t o m s   ( P o l y m e r   A).  I t   i s   n o t a b l e   t h a t   t he   a d d i t i v e s  

a r e   shown   no t   to  be  e f f e c t i v e   in  t h e   " c o n v e n t i o n a l "  

20  f u e l s   of   l o w e r   F i n a l   B o i l i n g   P o i n t   ( F u e l s   I I I   and  I V ) .  

Wi th   t h e   i n c r e a s i n g   d i v e r s i t y   in  d i s t i l l a t e   f u e l s ,  

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

t h e   e x i s t i n g   a d d i t i v e s   or   w h i c h   r e q u i r e   a n  

25  u n e c o n o m i c a l l y   h i g h   l e v e l   of   a d d i t i v e   to  a c h i e v e   t h e  

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

wax  c r y s t a l   s i z e   f o r   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 o  

a l l o w   them  to  be  u s e d   c o m m e r c i a l l y .   One  p a r t i c u l a r  

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

30  w h i c h   h a v e   a  r e l a t i v e l y   n a r r o w ,   a n d / o r   low  b o i l i n q  

r a n q e .   A n o t h e r   t y p e   of  f u e l   d i f f i c u l t   to  t r e a t   a r e  

t h o s e   w i t h   h i q h   f i n a l   b o i l i n q   p o i n t s   and  y e t   a n o t h e r  

a r e   t h e   h i q h   wax  c o n t e n t   f u e l s   t y p i c a l l y   f o u n d   in  the   f a r  

e a s t .   F u e l s   a re   f r e q u e n t l y   c h a r a c t e r i s e d   by  t h e i r  
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1  I n i t i a l   B o i l i n g   P o i n t ,   F i n a l   B o i l i n g   P o i n t   and  t h e  

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

p e r c e n t a o e s   of  the   i n i t i a l   f u e l   h a v e   been   d i s t i l l e d .  

F u e l s   whose   20%  to  90%  d i s t i l l a t i o n   p o i n t   d i f f e r   w i t h i n  
5  t he   r a n g e   of   f rom  70  to  100°C  a n d / o r   whose   90% 

b o i l i n g   t e m p e r a t u r e   is  f rom  10  to   25°C  of  the   f i n a l  

b o i l i n g   p o i n t   a n d / o r   whose  f i n a l   b o i l i n g   p o i n t s   a r e  
b e t w e e n   340  and  370°C  a re   g e n e r a l l y   c o n s i d e r e d   n a r r o w  
b o i l i n q   f u e l s   and  can  be  D a r t i c u l a r l y   d i f f i c u l t   t o  

10  t r e a t   s o m e t i m e s   b e i n g   v i r t u a l l y   u n a f f e c t e d   by  a d d i t i v e s  

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

F u e l s   h a v i n g   f i n a l   b o i l i n g   p o i n t s   a b o v e   370°C  a r e  
s o m e t i m e s   known  as  h igh   f i n a l   b o i l i n g   f u e l s   and  a r e  
a l s o   d i f f i c u l t   to  t r e a t .   A l l   d i s t i l l a t i o n s   r e f e r r e d   t o  

15  h e r e i n   a r e   a c c o r d i n g   to  ASTM  D 8 6 .  

Wi th   t h e   i n c r e a s e   in  the   c o s t   of   c r u d e   o i l ,   i t   h a s  

a l s o   b e c o m e   i m p o r t a n t   fo r   a  r e f i n e r   to  i n c r e a s e   h i s  

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

20  o p e r a t i o n s   u s i n g   what   is  known  as  s h a r p   f r a c t i o n a t i o n  

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

to  t r e a t   w i t h   c o n v e n t i o n a l   a d d i t i v e s   or  t h a t   r e q u i r e   a  

t r e a t   l e v e l   t h a t   is  u n a c c e p t a b l y   h i g h   f rom  the   e c o n o m i c  

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

25  have   a  90%  to  f i n a l   b o i l i n g   p o i n t   r a n g e   of  10  to  2 5 ° C  

u s u a l l y   w i t h   a  20  to  90%  b o i l i n g   r a n g e   of  l e s s   t h a n  

1 0 0 ° C ,   g e n e r a l l y   50  to  100°C.   B o t h   t y p e s   of  f u e l  

h a v e   f i n a l   b o i l i n g   p o i n t s   a b o v e   340°C  g e n e r a l l y   a  
f i n a l   b o i l i n g   p o i n t   in  the   r a n g e   340°C  to  3 7 0 ° C  

30  e s p e c i a l l y   340°C  to  3 6 5 ° C .  
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1  In  a d d i t i o n   t h e r e   is  a t   t i m e s   a  need   to  l o w e r   w h a t   i s  

known  as  the  c l o u d   p o i n t   of  d i s t i l l a t e   f u e l s ;   t h e   c l o u d  

p o i n t   b e i n q   the   t e m p e r a t u r e   a t   w h i c h   the   wax  b e g i n s   t o  

c r y s t a l l i s e   ou t   from  t h e   f u e l   as  i t   c o o l s .   T h i s   n e e d  

5  i s   a p p l i c a b l e   to  b o t h   t h e   d i f f i c u l t   to  t r e a t   f u e l s  

d e s c r i b e d   above   and  t h e   e n t i r e   r a n g e   of  d i s t i l l a t e  

f u e l s   w h i c h   t y p i c a l l y   b o i l   in  t he   r a n q e   120°C  t o  

5 0 0 ° C .  

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

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

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

b e e n   f o u n d   to  be  e f f e c t i v e   in  t he   t r e a t m e n t   of  t h e  

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

15  d e s c r i b e d   a b o v e .   F u r t h e r m o r e   use   of   m i x t u r e s   a s  

i l l u s t r a t e d   in  U n i t e d   K i n g d o m   P a t e n t   1 4 6 9 0 1 6   h a v e   n o t  

b e e n   f o u n d   e f f e c t i v e .  

In  o u r   E u r o p e a n   P a t e n t   A p p l i c a t i o n s   8 5 3 0 1 0 4 7 . 8 ,  

20  8 5 3 0 1 0 4 8 . 7 ,   8 5 3 0 1 6 7 5 . 6   and  8 5 3 0 1 6 7 6 . 4 ,   we  c l a i m   t h a t  

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

as  s p e c i f i c   n - a l k y l   f  u m a r a t e / v i n y l   a c e t a t e   c o p o l y m e r s ,  

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

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

25  c o n t r o l l i n a   the   s i z e   of   t h e   wax  c r y s t a l s   to  a l l o w  

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

b o i l i n g   p o i n t   in  w h i c h   t h e   a d d i t i v e s   of  U n i t e d   K i n g d o m  

P a t e n t   1 4 6 9 0 1 6   were   i n e f f e c t i v e .   We  c l a i m   in  t h e s e  

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

30  l o w e r i n g   the   c l o u d   p o i n t   of  many  f u e l s   o v e r   t h e   e n t i r e  

r a n g e   o f   d i s t i l l a t e   f u e l s .  
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1  We  have   now  f o u n d   t h a t   a l t h o u g h   i f   one  u s e s   r e l a t i v e l y  
h i g h l y   b r a n c h e d   f u m a r a t e   e s t e r   t h e y   a r e   no t   e f f e c t i v e  
a d d i t i v e s   the   p r e s e n c e   of  a  m e t h y l   b r a n c h   on  t he   a l k y l  
c h a i n   in  the   1  or  2  p o s i t i o n   in  t he   a l k y l   g r o u p   d o e s  

5  no t   d e t r a c t   f rom  t h e i r   p e r f o r m a n c e   as  an  a d d i t i v e   a n d  
can  have   e c o n o m i c   and  p e r f o r m a n c e   b e n e f i t s .  

The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   p r o v i d e s   t h e   use  f o r  

i m p r o v i n g   the   f l o w   p r o p e r t i e s   of  a  d i s t i l l a t e   p e t r o l e u m  
10  f u e l   o i l   b o i l i n g   in  t he   r a n g e   120°C  to  500°C  of  a n  

a d d i t i v e   c o m p r i s i n g   a  p o l y m e r   or  c o p o l y m e r   c o n t a i n i n g  
at  l e a s t   25  wt .%  of  an  a l k y l   e s t e r   of   the   g e n e r a l  
f o r m u l a  

15  R,  R2 

C  =  0  R4 
0 
k :  20  

w h e r e i n   R-j  and  R2  a r e   h y d r o q e n   or  a  Cj  a l k y l   g r o u p ,  
e . g . ,   m e t h y l ,   R4  i s   COOR3,  h y d r o g e n   or  a  Ci  to  C4 

2  5  a l k y l   g r o u p   p r e f e r a b l y   COOR3  and  R3  has   an  a v e r a g e  
number   of  c a r b o n   a t o m s   f rom  12  to  20  and  c o n t a i n s   a  
m e t h y l   b r a n c h   a t   t he   1  a n d / o r   2  p o s i t i o n   and  t h e  
e s t e r   p o l y m e r   or   c o p o l y m e r   c o n t a i n s   no  more  t h a n   10 
w t . l   of  e s t e r   monomer   c o n t a i n i n g   a l k y l   g r o u p s   c o n -  

30  t a i n i n g   more  t h a n   20  c a r b o n   a t o m s   and  p r e f e r a b l y   n o  
more  t h a n   20  w t . l   of  e s t e r   monomer   in  w h i c h   the   a l k y l  

g r o u p   c o n t a i n s   f e w e r   t h a n   12  c a r b o n   a t o m s .  
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1  The  c o m p o s i t i o n   of  R3  may  v a r y   w i t h i n   the  p o l y m e r  

s t r u c t u r e   and  some  of  t h e   R3  g r o u p s   may  be  n - a l k y l   b u t  

no  more   t h a n   10  wt.%  s h o u l d   c o n t a i n   more  b r a n c h e s   t h a n  

the   m e t h y l   g r o u p s   a t   t h e   1  a n d / o r   2  p o s i t i o n .   T h e  

5  a d d i t i v e s   a re   p r e f e r a b l y   u s e d   in  an  amount   f rom  0 . 0 0 0 1  

to  0 . 5   w t .%,   b a s e d   on  t h e   w e i q h t   of  t h e   d i s t i l l a t i o n  

p e t r o l e u m   f u e l   o i l ,   and  t he   p r e s e n t   i n v e n t i o n   a l s o  

i n c l u d e s   such  t r e a t e d   d i s t i l l a t e   f u e l .  

The  c o p o l y m e r   may  be  of  a  d i - n   a l k y l   e s t e r   of  a 

10  d i c a r b o x y l i c   and  may  a l s o   c o n t a i n   f rom  25  to  70  wt .%  o f  

a  v i n y l   e s t e r ,   an  a l k y l   a c r y l a t e ,   m e t h a c r y l a t e   or  a l p h a  

o l e f   i n .  

The  p o l y m e r 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   p r e f e r a b l y  

15  have   a  number   a v e r a g e   m o l e c u l a r   w e i q h t   in  the   r a n g e   o f  

1000  t o   1 0 0 , 0 0 0 ,   p r e f e r a b l y   1 , 0 0 0   to  3 0 , 0 0 0   a s  

m e a s u r e d ,   for   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 r y .  

The  e s t e r s   used   to  make  t he   c o p o l y m e r s   may  be  p r e p a r e d  

by  e s t e r i f y i n g   t he   p a r t i c u l a r   m o n o -   or  d i - c a r b o x y l i c  

20  a c i d   w i t h   the   a p p r o p r i a t e   a l c o h o l   or  m i x t u r e   o f  

a l c o h o l s .   E x a m p l e s   of   o t h e r   u n s a t u r a t e d   e s t e r s ,   a r e  

the   a l k y l   a c r y l a t e s   and  m e t h a c r y l a t e s .  

The  d i c a r b o x y l i c   a c i d   mono  and  d i - e s t e r   m o n o m e r s   may  b e  

25  c o p o l y m e r i z e d   w i t h   v a r i o u s   a m o u n t s ,   e . q .   5  to  70  m o l e  

%,  of   o t h e r   u n s a t u r a t e d   e s t e r s   or  o l e f i n s .   Such  o t h e r  

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

f o r m u l a :  
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5  w h e r e   R1  is  h y d r o g e n   or   a  Ci  to  C4  a l k y l   g r o u p ,   R"  1 
i s   -COOR""  or  - 0 0 C R " "   w h e r e   R"  is   a  C1  to  C5  a l k y l  

g r o u p   b r a n c h e d   or  u n b r a n c h e d ,   and  R"  •  is  R"  o r  
h y d r o g e n .   E x a m p l e s   of   t h e s e   s h o r t   c h a i n   e s t e r s   a r e  
m e t h a c r y l a t e s ,   a c r y l a t e s ,   f u m a r a t e s   and  m a l e a t e s ,   t h e  

10  v i n y l   e s t e r s   s u c h   as  v i n y l   a c e t a t e   and  v i n y l   p r o p i o n a t e  
b e i n g   p r e f e r r e d .   More  s p e c i f i c   e x a m p l e s   i n c l u d e  

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

15  Our  p r e f e r r e d   c o p o l y m e r s   c o n t a i n   f rom  40  to  60  mole   % 
of  a  d i a l k y l   f u m a r a t e   and  60  to   40  mole   %  of  v i n y l  
a c e t a t e .  

The  p r e f e r r e d   e s t e r   p o l y m e r s   a r e   g e n e r a l l y   p r e p a r e d   b y  
20  p o l y m e r i s i n g   t he   e s t e r   m o n o m e r s   in  a  s o l u t i o n   of  a  

h y d r o c a r b o n   s o l v e n t   s u c h   as  h e p t a n e ,   b e n z e n e ,  
c y c l o h e x a n e ,   or  w h i t e   o i l ,   a t   a  t e m p e r a t u r e   g e n e r a l l y  
in  t he   r a n g e   of  f rom  20*C  to  150 'C   and  u s u a l l y  
p r o m o t e d   w i t h   a  p e r o x i d e   or  azo  t y p e   c a t a l y s t ,   s u c h   a s  

25  b e n z o y l   p e r o x i d e   or   a z o d i i s o b u t y r o n i t r i l e ,   u n d e r   a  
b l a n k e t   of  an  i n e r t   g a s   s u c h   as  n i t r o g e n   or  c a r b o n  
d i o x i d e ,   in  o r d e r   to  e x c l u d e   o x y g e n .  

The  a d d i t i v e s   of  t h e   p r e s e n t   i n v e n t i o n   a re   p a r t i c u l a r l y  
30  e f f e c t i v e   when  u s e d   in  c o m b i n a t i o n   w i t h   o t h e r   a d d i t i v e s  

known  f o r   i m p r o v i n g   t h e   c o l d   f low  p r o p e r t i e s   o f  
d i s t i l l a t e   f u e l s   q e n e r a l l y ,   a l t h o u q h   t h e y   may  be  u s e d  

on  t h e i r   own  to  i m p a r t   a  c o m b i n a t i o n   of  i m p r o v e m e n t s   t o  
the   c o l d   f low  b e h a v i o u r   of   t he   f u e l .  
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1  The  a d d i t i v e s   of  the   p r e s e n t   i n v e n t i o n   a r e   p a r t i c u l a r l y  

e f f e c t i v e   when  used   w i t h   t h e   p o l y o x y a l k y l e n e   e s t e r s ,  

e t h e r s ,   e s t e r / e s t e r s   and  m i x t u r e s   t h e r e o f ,   p a r t i c u l a r l y  

t h o s e   c o n t a i n i n q   at  l e a s t   one  p r e f e r a b l y   at  l e a s t   t w o  

5  C10  to   C30  l i n e a r   s a t u r a t e d   a l k y l   g r o u p s   and  a  

p o l y o x y a l k y l e n e   q l y c o l   g r o u p   of   m o l e c u l a r   w e i g h t   100  t o  

5 , 0 0 0   p r e f e r a b l y   200  to   5 , 0 0 0 ,   t h e   a l k y l   g o r u p   in  s a i d  

p o l y o x y a l k y l e n e   a l y c o l   c o n t a i n i n q   f r o m   1  to  4  c a r b o n  

a t o m s .   T h e s e   m a t e r i a l s   fo rm  t h e   s u b j e c t   of  E u r o p e a n  

10  P a t e n t   P u b l i c a t i o n   0 0 6 1 8 9 5   A 2 .  

The  p r e f e r r e d   e s t e r s ,   e t h e r s   or   e s t e r / e t h e r s   u s e f u l   i n  

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

t h e   f o r m u l a :  

15 

R - O - ( A ) - O - R 1  

w h e r e   R  and  R1  a r e   t h e   same  or   d i f f e r e n t   and  a r e  

p r e f e r a b l y  

2 0  

( i )   n - A l k y l  

0 
II 

( i i )   n - A l k y l   -  C 

0 

25  ( i i i )   n - A l k y l   - 0 - t - ( C H 2 ) n -  

0  ^ 0  

( i v )   n - A l k y l   -  O - C - ( C H 2 ) n - c -  

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

30  c o n t a i n i n g   10  to   30  c a r b o n   a t o m s ,   and  A  r e p r e s e n t s   t h e  

p o l y o k y a l k y l e n e   s e g m e n t   of  t h e   q l y c o l   in  w h i c h   t h e  

a l k y l e n e   g r o u p   has   1  to   4  c a r b o n   a t o m s ,   s u c h   as  a 

p o l y o x y m e t h y l e n e ,   p o l y o x y e t h y l e n e   o r  

p o l v o x y t r i m e t h y l e n e   m o i e t y   w h i c h   i s   s u b s t a n t i a l l y  
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1  l i n e a r ;   some  d e g r e e   of   b r a n c h i n q   w i t h   l o w e r   a l k y l   s i d e  

c h a i n s   ( such   as  in  p o l y o x y p r o p y l e n e   o l y c o l )   may  b e  

t o l e r a t e d   i t   is  p r e f e r r e d   t h a t   the   g l y c o l   s h o u l d   b e  

s u b s t a n t i a l l y   l i n e a r .  

5 

S u i t a b l e   g l y c o l s   g e n e r a l l y   a r e   t he   s u b s t a n t i a l l y   l i n e a r  

p o l y e t h y l e n e   g l y c o l s   (PEG)  and  p o l y p r o p y l e n e   g l y c o l s  

(PPG)  h a v i n g   a  m o l e c u l a r   w e i g h t   of  a b o u t   100  to   5 , 0 0 0  

p r e f e r a b l y   a b o u t   200  to   2 , 0 0 0 .   E s t e r s   a r e   p r e f e r r e d  
10  and  f a t t y   a c i d s   c o n t a i n i n g   f rom  10-30   c a r b o n   a t o m s   a r e  

u s e f u l   for   r e a c t i n g   w i t h   t he   g l y c o l s   to  form  t h e   e s t e r  
a d d i t i v e s   and  i t   is  p r e f e r r e d   to  use  a  C 1 8 - C 2 4  
f a t t y   a c i d ,   e s p e c i a l l y   b e h e n i c   a c i d s ,   t he   e s t e r s   m a y  
a l s o   be  p r e p a r e d   by  e s t e r i f y i n g   p o l y e t h o x y l a t e d   f a t t y  

15  a c i d s   or  p o l y e t h o x y l a t e d   a l c o h o l s .  

P o l y o x y a l k y l e n e   d i e s t e r s ,   d i e t h e r s ,   e t h e r / e s t e r s   a n d  

m i x t u r e s   t h e r e o f   a r e   s u i t a b l e   as  a d d i t i v e s   w i t h  

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

m o n o e s t e r s   may  a l s o   be  p r e s e n t   and  a r e   o f t e n   f o r m e d   i n  

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

p e r f o r m a n c e   t h a t   a  m a j o r   a m o u n t   of  t he   d i a l k y l   c o m p o u n d  
is   p r e s e n t .   In  p a r t i c u l a r   s t e a r i c   or  b e h e n i c   d i e s t e r s  

25  of   p o l y e t h y l e n e   g l y c o l ,   p o l v p r o p y l e n e   q l y c o l   o r  

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

p r e f e r r e d .  

The  a d d i t i v e s   of   t h i s   i n v e n t i o n   may  a l s o   be  u s e d   w i t h  

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

i m p r o v e r s .   The  u n s a t u r a t e d   monomer s   w h i c h   may  b e  

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   u n s a t u r a t e d   m o n o  

and  d i e s t e r s   of  t h e   g e n e r a l   f o r m u l a :  
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5  w h e r e i n   R6  is   h y d r o g e n   or  m e t h y l   a  R5  is   a  -OOCRg 

a r o u p   w h e r e i n   Rg  is   h y d r o g e n   or  a  Ci  to   C2g ,   m o r e  

u s u a l l y   Q.\  to  C17 ,   and  p r e f e r a b l y   a  C  ̂ to   C g ,  

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 ;   or   R5  is  a  

-COOORg  a r o u p   w h e r e i n   Rg  is  as  p r e v i o u s l y   d e s c r i b e d  

10  bu t   is  n o t   h y d r o g e n   and  R7  is  h y d r o g e n   or  -COORg  a s  

p r e v i o u s l y   d e f i n e d .   The  monomer ,   when  R5  and  R7 

a r e   h y d r o g e n   and  R5  is   -OOCRg,  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   of  C-\  to  C29F  more  u s u a l l y   C-\  t o  

C^g,   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   of  v i n y l   e s t e r s  

15  w h i c h   may  be  c o p o l y m e r i s e d   w i t h   e t h y l e n e   i n c l u d e   v i n y l  

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

i s o b u t y r a t e ,   v i n y l   a c e t a t e   b e i n g   p r e f e r r e d .   We  p r e f e r  

t h a t   t h e   c o p o l y m e r s   c o n t a i n   f rom  20  to   40  wt.%  of  t h e  

v i n y l   e s t e r   more   p r e f e r a b l y   f rom  25  to   35  wt.%  v i n y l  

20  e s t e r .   They   may  a l s o   be  m i x t u r e s   of  two  c o p o l y m e r s  

such   as  t h o s e   d e s c r i b e d   in  U n i t e d   S t a t e s   P a t e n t  

3 9 6 1 9 1 6 .  

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

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

o s m o m e t r y   og  1000  to   6 0 0 0 ,   p r e f e r a b l y   1000  to   3 0 0 0 .  

The  a d d i t i v e s   of   t h e   p r e s e n t   i n v e n t i o n   may  a l s o   be  u s e d  

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

30  c o m p o u n d s ,   e i t h e r   i o n i c   or  n o n i o n i c ,   w h i c h   have   t h e  

c a p a b i l i t y   in  f u e l s   of  a c t i n a   as  wax  c r y s t a l   g r o w t h  

i n h i b i t o r s .   P o l a r   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   h a v e  

b e e n   f o u n d   to  be  e s p e c i a l l y   e f f e c t i v e   when  used   i n  

c o m b i n a t i o n   w i t h   t he   g l y c o l   e s t e r s ,   e t h e r s   o r  
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1  e s t e r / e t h e r s   and  s u c h   t h r e e   c o m p o n e n t   m i x t u r e s   a r e  
w i t h i n   the   s cope   of  t he   p r e s e n t   i n v e n t i o n .   T h e s e   p o l a r  

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

fo rmed   by  r e c t i o n   of  a t   l e a s t   one  mola r   p r o p o r t i o n   o f  
5  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 ;   e s t e r / a m i d e s   may  a l s o   be  u s e d  

g e n e r a l l y   t hey   c o n t a i n   a  t o t a l   of  30  to  300  c a r b o n  

a t o m s   p r e f e r a b l y   50  to  150  c a r b o n   a t o m s .   T h e s e  
10  n i t r o g e n   c o m p o u n d s   a r e   d e s c r i b e d   in  U.S.  P a t e n t  

4 , 2 1 1 , 5 3 4 .   S u i t a b l e   a m i n e s   a r e   u s u a l l y   l o n q   c h a i n  

c 1 2 " c 4 0   p r i m a r y ,   s e c o n d a r y ,   t e r t i a r y   or  q u a r t e r n a r y  
a m i n e s   or  m i x t u r e s   t h e r e o f   b u t   s h o r t e r   c h a i n   a m i n e s   m a y  
be  used   p r o v i d e d   t he   r e s u l t i n g   n i t r o g e n   c o m p o u n d   is   o i l  

15  s o l u b l e   and  t h e r e f o r e   n o r m a l l y   c o n t a i n i n g   a b o u t   30  t o  
300  t o t a l   c a r b o n   a t o m s .   The  n i t r o g e n   c o m p o u n d  

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

c 8 " c 4 0   p r e f e r a b l y   C 1 4 - C 2 4   a l k y l   s e q m e n t .  

20  S u i t a b l e   amines   i n c l u d e   p r i m a r y ,   s e c o n d a r y ,   t e r t i a r y   o r  

q u a t e r n a r y ,   but  p r e f e r a b l y   a r e   s e c o n d a r y .   T e r t i a r y   a n d  

q u a r t e r n a r y   a m i n e s   can  o n l y   fo rm  amine  s a l t s .   E x a m p l e s  
of   a m i n e s   i n c l u d e   t e t r a d e c y l   a m i n e ,   c o c o a m i n e ,  

h y d r o g e n a t e d   t a l l o w   a m i n e   and  the   l i k e .   E x a m p l e s   o f  

25  s e c o n d a r y   amines   i n c l u d e   d i o c t a d e c y l   a m i n e ,  

m e t h y l - b e h e b y l   amine   and  t h e   l i k e .   Amine  m i x t u r e s   a r e  
a l s o   s u i t a b l e   and  many  a m i n e s   d e r i v e d   from  n a t u r a l  

m a t e r i a l s   are   m i x t u r e s .   The  p r e f e r r e d   amin  is   a 

s e c o n d a r y   h y d r o q e n a t e d   t a l l o w   amine   of  the   f o r m u l a  
30  HNRiR2  w h e r e i n   R  ̂ and  R2  a r e   a l k v l   g r o u p s  

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

a p p r o x i m a t e l y   4%  C14,   31%  C16,   59%  C 1 8 .  
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1  E x a m p l e s   of  s u i t a b l e   c a r b o x y l i c   a c i d s   for   p r e p a r i n g  

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

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

d i c a r b o x y l i c   a c i d ,   c y c l o p e n t a n e   d i c a r b o x y l i c   a c i d ,  

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

a c i d   and  the   l i k e .   G e n e r a l l y   t h e s e   a c i d s   w i l l   h a v e  

a b o u t   5 -13   c a r b o n   a toms   in  t h e   c y c l i c   m o i e t y .  

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

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

10  o r t h o - p h t h a l i c   a c i d ,   and  t e r a - p h t h a l i c   a c i d .  

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

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

is   t h e   a m i d e - a m i n e   s a l t   f o r m e d   by  r e a c t i n q   1  m o l a r  

p o r t i o n   of  p h t h a l i c   a n h y d r i d e   w i t h   2  m o l a r   p o r t i o n s   o f  

15  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 .   A n o t h e r   p r e f e r r e d  

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

a m i d e - a m i n e   s a l t .  

The  r e l a t i v e   p r o p o r t i o n s   of  a d d i t i v e s   u sed   in  t h e  

20  m i x t u r e s   a r e   f rom  0 .5   to  20  p a r t s   by  w e i g h t   of  t h e  

p o l y m e r   of  the   i n v e n t i o n   c o n t a i n i n g   t h e   n - a l k y l   g r o u p s  

c o n t a i n i n g   an  a v e r a g e   of  12  to   18  c a r b o n   a t o m s   to  1 

p a r t   of   t he   o t h e r   a d d i t i v e   or  a d d i t i v e s ,   m o r e  

p r e f e r a b l y   f rom  1.5  to  9  p a r t s   by  w e i g h t   of  t he   p o l y m e r  

25  of  t h e   i n v e n t i o n .  

The  a d d i t i v e   s y s t e m s   of  t h e   p r e s e n t   i n v e n t i o n   may  b e  

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

in  t h e   r a n q e   120°C  to  5 0 0 ° C .   The  p r e f e r r e d   a v e r a g e  

30  n u m b e r   of  c a r b o n   a toms   in  t h e   g r o u p s   of   R3  w i l l  

d e p e n d   upon  t he   t ype   of  f u e l   b e i n g   t r e a t e d .   F o r  

e x a m p l e ,   we  f i n d   p o l y m e r s   and  c o p o l y m e r s   in  w h i c h   t h e  

b a c k b o n e   ( i e   s t r a i g h t   s e g m e n t s )   of  R3  c o n t a i n s   f r o m  

12  to   14  c a r b o n   a toms   ( i e   R3  i t s e l f   c o n t a i n s   13  to  15 



~13"   0 2 1 3 8 7 9  

1  c a r b o n   a t o m s )   to  be  p a r t i c u l a r l y   e f f e c t i v e   in  t he   s o  

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

w h i c h   t he   b a c k b o n e   of  R3  c o n t a i n s   an  a v e r a g e   of  f rom  13 

to   16  c a r b o n   a toms   ( i e   R3  i t s e l f   c o n t a i n s   14  to  17 

5  c a r b o n   a t o m s )   a re   more  e f f e c t i v e   in  t r e a t i n g   the  h i g h  

f i n a l   b o i l i n g   p o i n t   f u e l s .   The  o p t i m u m   v a l u e   fo r   R3 

may  a l s o   d e p e n d   upon  w h e t h e r   the   p o l y m e r   is  used   as  t h e  

s o l e   a d d i t i v e   or  in  a d m i x t u r e   w i t h   o t h e r   a d d i t i v e s .   We 

f u r t h e r   f i n d   t h a t   a l t h o u g h   R3  s h o u l d   be  in  the  r a n g e   o f  

10  12  to  18  c a r b o n   a toms   fo r   d i s t i l l a t e   f u e l s   as  a  w h o l e  

we  p r e f e r   t h a t   the  compound   c h o s e n   to  t r e a t   a 

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

g r o u p s   h a v i n g   the  a v e r a g e   number   of  c a r b o n   a t o m s .   F o r  

e x a m p l e ,   where   a  p o l y m e r   w i t h   a  C12  to  ^14  b a c k b o n e   i s  

15  to  be  u s e d   we  p r e f e r   t h a t   i t   c o n t a i n s   no  more  t h a n   10 

wt .%  of   monomer  in  w h i c h   t h e   b a c k b o n e   of  R3  c o n t a i n s  

more  t h a n   14  c a r b o n   a t o m s .   S i m i l a r l y   when  a  p o l y m e r   i n  

w h i c h   R3  has   a  C-j  4  to  C^g  b a c k b o n e   is   to  be  used   we 

p r e f e r   t h a t   no  more  t h a n   10  wt.%  of  the  e s t e r   m o n o m e r  

20  u s e d   c o n t a i n s   R3  g r o u p s   w i t h   a  b a c k b o n e   w i t h   f e w e r   t h a n  

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

The  a d d i t i v e   s y s t e m s   of  the   p r e s e n t   i n v e n t i o n   may  

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

25  i n c o r p o r a t i o n   i n t o   t h e   b u l k   d i s t i l l a t e   f u e l .   T h e s e  

c o n c e n t r a t e s   may  a l s o   c o n t a i n   o t h e r   a d d i t i v e s   a s  

r e q u i r e d .   These   c o n c e n t r a t e s   p r e f e r a b l y   c o n t a i n   f rom  3 

to  75  w t . % ,   more  p r e f e r a b l y   3  to  60  wt .%,   m o s t  

p r e f e r a b l y   10  to  50  wt.%  of  t he   a d d i t i v e s   p r e f e r a b l y   i n  

30  s o l u t i o n   in  o i l .   Such  c o n c e n t r a t e s   a re   a l s o   w i t h i n   t h e  

s c o p e   of   the   p r e s e n t   i n v e n t i o n .  
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1  The  p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

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

t he   p r e s e n t   i n v e n t i o n   as  f  i l t e r a b i l i t y   i m p r o v e r s   w e r e  

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

5  of  the   o i l   to  t h e   a d d i t i v e s   Co ld   F i l t e r   P l u g g i n g   P o i n t  

T e s t   (CFPP)  w h i c h   is   c a r r i e d   o u t   by  the   p r o c e d u r e  

d e s c r i b e d   in  d e t a i l   in  " J o u r n a l   of  t he   I n s t i t u t e   o f  

P e t r o l e u m " ,   Vo lume   52,  Number   510,   J u n e   1 9 6 6 ,   p p .  

1 7 3 - 1 8 5 .   T h i s   t e s t   i s   d e s i g n e d   to  c o r r e l a t e   w i t h   t h e  

10  c o l d   f l ow  of  a  m i d d l e   d i s t i l l a t e   in  a u t o m o t i v e   d i e s e l s .  

In  b r i e f ,   a  40  ml  s a m p l e   of  t h e   o i l   to  be  t e s t e d   i s  

c o o l e d   in  a  b a t h   w h i c h   is   m a i n t a i n e d   at  a b o u t   - 3 4 ° C  

to   g i v e   n o n - l i n e a r   c o o l i n g   a t   a b o u t   1 ° C / m i n .  

P e r i o d i c a l l y   ( a t   e a c h   one  d e g r e e   C e n t i g r a d e   d r o p   i n  

15  t e m p e r a t u r e   s t a r t i n g   f rom  a t   l e a s t   2°C  a b o v e   t h e  

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

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

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

l o w e r   end  is  a t t a c h e d   an  i n v e r t e d   f u n n e l   w h i c h   i s  

p o s i t i o n e d   b e l o w   t h e   s u r f a c e   of  the   o i l   to   be  t e s t e d .  

20  S t r e t c h e d   a c r o s s   t h e   m o u t h   of   the   f u n n e l   i s   a  350  m e s h  

s c r e e n   h a v i n g   an  a r e a   d e f i n e d   by  a  12  m i l l i m e t r e  

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

a p p l y i n g   a  vacuum  to  t h e   u p p e r   end  of  t he   p i p e t t e  

w h e r e b y   o i l   is  d r a w n   t h r o u g h   t he   s c r e e n   up  i n t o   t h e  

25  p i p e t t e   to  a  mark  i n d i c a t i n g   20  ml  of  o i l .   A f t e r   e a c h  

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

the   CFPP  t u b e .   The  t e s t   is   r e p e a t e d   w i t h   e a c h   o n e  

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

t he   p i p e t t e   w i t h i n   60  s e c o n d s .   T h i s   t e m p e r a t u r e   i s  

30  r e p o r t e d   as  t he   CFPP  t e m p e r a t u r e .   The  d i f f e r e n c e  

b e t w e e n   t he   CFPP  of  an  a d d i t i v e   f r e e   f u e l   and  of  t h e  

same  f u e l   c o n t a i n i n g   a d d i t i v e   is  r e p o r t e d   as  t h e   CFPP  

d e p r e s s i o n   by  t h e   a d d i t i v e .   A  more  e f f e c t i v e   f l o w  
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i m p r o v e r   g i v e s   a  g r e a t e r   CFPP  d e p r e s s i o n   at  the   s a m e  

c o n c e n t r a t i o n   of  a d d i t i v e .  

The  f u e l   u s e d   in  t h e s e   e x a m p l e s   w a s :  

ASTM-D-86  D i s t i l l a t i o n ,   ° C  

C l o u d   Wax  I n i t i a l   20%  50%  90%  F i n a l  

P o i n t   A p p e a r a n c e   B o i l i n g   B o i l i n g  

P o i n t   P o i n t   P o i n t  

+  3 +  1 184  226  272  368  3 9 8  
10 

The  A d d i t i v e s   u s e d   were  as  f o l l o w s :  

A d d i t i v e   1:  A  c o p o l y m e r   of  a  di  C16  a l k y l   f u m a r a t e  

o b t a i n e d   by  r e a c t i o n   of  2 - h e x a d e c a n o l   w i t h   f u m a r i c  

15  a c i d   and  v i n y l   a c e t a t e   p r e p a r e d   by  s o l u t i o n  

c o p o l y m e r i s a t i o n   of  a  1  to  1  mole   r a t i o   m i x t u r e   a t  
80°C  u s i n q   azo  d i i s o b u t y r o n i t r i l e   as  c a t a l y s t   i n  

c y c l o h e x a n e .  

A d d i t i v e   2:  A  s i m i l a r   c o p o l y m e r   o b t a i n e d   from  t h e  

c o m m e r c i a l l y   a v a i l a b l e   a l c o h o l   D o b a n o l   45  c o n t a i n i n q  

p r i m a r y   n  C]4  and  C  -j  5  a l c o h o l s   bu t   w i t h   a  s m a l l  

a m o u n t   of  the   2  m e t h y l   a n a l o g u e   and  f o r   c o m p a r i s o n  
s i m i l a r   a l k y l   f u m a r a t e   o b t a i n e d   f rom  C14  a l c o h o l ,   a  
m i x t u r e   of  n  C14  and  n  C  1  g  a l c o h o l s   and  n  C^g 
a l c o h o l   . 

20  

2 5  

The  a d d i t i v e s   were   t e s t e d   in  a d m i x t u r e   at  a  4 : 1  

r a t i o   w i t h   an  A d d i t i v e   n  wh ich   was  an  o i l  

s o l u t i o n   c o n t a i n i n g   63  wt.%  of  a  c o m b i n a t i o n   o f  

p o l y m e r s   c o m p r i s i n g   3  p a r t s   by  w e i g h t   of  a n  

30  
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1  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   of  number   a v e r a q e  

m o l e c u l a r   w e i g h t   2500  and  v i n y l   a c e t a t e   c o n t e n t   of  3 6  

wt.%  and  1  p a r t   by  w e i g h t   of  a  c o p o l y m e r   of  e t h y l e n e  
and  v i n y l   a c e t a t e   o f   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  

5  3500  and  a  v i n y l   a c e t a t e   c o n t e n t   of  a b o u t   17  w t . % .  

The  r e s u l t s   o b t a i n e d   a r e   as  f o l l o w s :  

A l c o h o l   used  in  F u m a r a t e /   R e d u c t i o n   in  Temp  CFPP  (C)  

V i n y l   A c e t a t e   C o p o l y m e r   A d d i t i v e   T r e a t   R a t e  

10  175  ppm  300  ppm 

nC14  17  21 

D o b a n o l   4  5  19  21 

1-Me  C15  16  20  

15  mixed   n C ^ / i g   17  19 

nC16  12  13 

The  d r o p   in  CFPP  t e m p e r a t u r e   when  u s i n g   the   m i x t u r e   o f  

20  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   a b o v e   w a s :  

175  PPM  300  PPM 

T r e a t   R a t e   T r e a t   R a t e  

10 

In  o r d e r   to  f u r t h e r   i l l u s t r a t e   t h e   i n v e n t i o n   v a r i o u s  

25  b l e n d s   of  an  i s o   Cjn  f u m a r a t e / v i n y l   a c e t a t e   c o p o l y m e r  
and  a  n o r m a l   C^4  f u m a r a t e / v i n y l   a c e t a t e   c o p o l y m e r  

were   p r e p a r e d   and  e v a l u a t e d   in  t h e   f u e l   p r e v i o u s l y   u s e d  

in  t he   CFPP  t e s t   w i t h   t h e   f o l l o w i n g   r e s u l t s .  
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Blend  C o m p o s i t i o n  

%  iso  Cm  %  normal  Cu  CFPP  ( # c )  

Mixed  with  EVA  I I I  

Alone  (4:1%  weight  r a t i o )  

300  ppm  500  ppm  300  ppm  500  ppm 

100  0  0  0  4  6 

50  50  0  0  5  6 

30  70  0  0  5  6 

10  90  0  0  13  16 

5  95  0  0  15  17 

4  96  0  0  15  17 

0  100  4  8  17  18 

5  95  0  0  15  16 
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CLAIMS 

1  The  use  f o r   i m p r o v i n q   t h e   f l o w   p r o p e r t i e s   of  a  

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

120"C  to  500  °C  of  an  a d d i t i v e   c o m p r i s i n g   a  p o l y m e r   o r  

5  c o p o l y m e r   c o n t a i n i n g   a t   l e a s t   25  wt.%  of  an  n - a l k y l  

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

R1  R2 

C  = = = = =   C 
i  I 
C  =  0  R4 

10  0  
» 
R3 

w h e r e i n   R-]  and  R2  a r e   h y d r o g e n   or  a  C-|  a l k y l  

g r o u p ,   e . g . ,   m e t h y l ,   R4  i s   COOR3,  h y d r o g e n   or  a  

C-]  to  C4  a l k y l   g r o u p   p r e f e r a b l y   COOR3  and  R3 

15  has   an  a v e r a g e   n u m b e r   of  c a r b o n   a toms   f r o m   12  to   20  a n d  

c o n t a i n s   a  m e t h y l   b r a n c h   a t   t he   1  a n d / o r   2  p o s i t i o n   a n d  

t h e   e s t e r   p o l y m e r   or   c o p o l y m e r   c o n t a i n s   no  more  t h a n   1  0 

wt .%  of  e s t e r   monomer   c o n t a i n i n g   a l k y l   g r o u p s  

c o n t a i n i n q   more  t h a n   20  c a r b o n   a t oms   and  p r e f e r a b l y   n o  

20  more   t h a n   20  wt .%  of   e s t e r   monomer  in  w h i c h   t h e   a l k y l  

g r o u p   c o n t a i n s   f e w e r   t h a n   12  c a r b o n   a t o m s .  
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A  d i s t i l l a t e   p e t r o l e u m   f u e l   o i l   b o i l i n g   in  the   r a n g e  

120*C  to   500"C  c o n t a i n i n g   0 . 0 0 0 1   to  0 . 5   wt.%  of  a n  

a d d i t i v e   c o m p r i s i n q   a  p o l y m e r   c o n t a i n i n g   at   l e a s t   2 5  

wt.%  of  an  n - a l k y l   e s t e r   of  t he   g e n e r a l   f o r m u l a  

5  
?]  ? 2  
c  c  
I  I 
C  =  O  R4 
i 

o  

10  w h e r e i n   R-|  and  R2  a r e   h y d r o g e n   or  a  C  ̂ a l k y l  

q r o u p ,   e . g . ,   m e t h y l ,   R4  is  COOR3,  h y d r o g e n   or  a  

C-|  to   C4  a l k y l   g r o u p   p r e f e r a b l y   COOR3  and  R3 

has   an  a v e r a g e   n u m b e r   of  c a r b o n   a t o m s   f rom  12  to  20  a n d  

c o n t a i n s   a  m e t h y l   b r a n c h   at   t he   1  a n d / o r   2  p o s i t i o n   a n d  

15  t h e   e s t e r   p o l y m e r   or  c o p o l y m e r   c o n t a i n s   no  more  t h a n   10 

wt .%  of  e s t e r   monomer   c o n t a i n i n g   a l k y l   g r o u p s  

c o n t a i n i n g   more   t h a n   20  c a r b o n   a t o m s   and  p r e f e r a b l y   n o  

20  more  t h a n   20  wt.%  of  e s t e r   monomer   in  w h i c h   the   a l k y l  

q r o u p   c o n t a i n s   f e w e r   t h a n   12  c a r b o n   a t o m s .  



0 2 1 3 8 7 9  

- 2 0 -  

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  o i l   s o l u t i o n  

c o n t a i n i n q   f rom  3  to   75  wt.%  of  a  p o l y m e r   c o n t a i n i n g   a t  

l e a s t   25  wt.%  of  an  n - a l k y l   e s t e r   of  t he   g e n e r a l  

f o r m u l a :  

5  f]  ? 2  
C =   C 
1  I 
C  =  0  R4 

0  

R3 

10  w h e r e i n   R-|  and  R2  a r e   h y d r o g e n   or  a  C-|  a l k y l  

g r o u p ,   e . g . ,   m e t h y l ,   R4  i s   COOR3,  h y d r o g e n   or  a  

C-j  to   C4  a l k y l   g r o u p   p r e f e r a b l y   COOR3  and  R3 

has   an  a v e r a g e   n u m b e r   of   c a r b o n   a t oms   f r o m   12  to  20  a n d  

c o n t a i n s   a  m e t h y l   b r a n c h   a t   t he   1  a n d / o r   2  p o s i t i o n   a n d  

15  t he   e s t e r   p o l y m e r   or   c o p o l y m e r   c o n t a i n s   no  more  t h a n   10  

wt.%  of  e s t e r   monomer   c o n t a i n i n q   a l k y l   q r o u p s  

c o n t a i n i n g   more  t h a n   20  c a r b o n   a t oms   and  p r e f e r a b l y   n o  

more  t h a n   20  wt .%  of  e s t e r   monomer   in  w h i c h   the   a l k y l  

g r o u p   c o n t a i n s   f e w e r   t h a n   12  c a r b o n   a t o m s .  
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