
(19) 

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets  
Publication  number: 0  1 8 3   4 4 7  

A 1  

(12) EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85308322.8 

©  Date  of  filing:  14.11.85 

©  IrrtCI.4:  C  10  L  1 /18  
C  10  L  1 /14  

©  Priority:  15.11.84  GB  8428880  ©Applicant:  Exxon  Research  and  Engineering  Company 
P.O.Box  390  180  Park  Avenue 
Florham  Park  New  Jersey  07932(US) 

©  Date  of  publication  of  application: 
04.06.86  Bulletin  86/23  @  Inventor:  Tack,  Robert  Dryden 

34  Harwell  Road  Sutton  Courtenay 
®  Designated  Contracting  States:  Abingdon  Oxfordshire(GB) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
©  Representative:  Bawden,  Peter  Charles  et  at, 

ESSO  CHEMICAL  LIMITED  Esso  Chemical  Research 
Centre  PO  Box  1 
Abingdon  Oxfordshire  OX13  6BB(GB) 

IS 

W 
00 

©  Polyesters  as  flow  improvers  for  hydrocarbons. 
  A  polymer  or  copolymer  of  weight  average  molecular 
weight  from  1000  to  200,000  prepared  from  an  ethylenically 
unsaturated  ester  and  containing  from  0.1  to  50%  by  weight 
of  polyoxyalkylene  groups  of  molecular  weight  from  100  to 
5000  is  used  to  improve  the  cold  flow  properties  of  liquid 
hydrocarbon  especially  distillate  fuels  and  has  improved 
interaction  with  other  additives. 



M i n e r a l   o i l s   c o n t a i n i n g   wax  t h e r e i n   have  the   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 h e   o i l  

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

i n c r e a s e   in  v i s c o s i t y   a n d / o r   t h e   c r y s t a l l i s a t i o n   of  t h e   w a x  
i n t o   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 g y   m a s s  

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

I t   ha s   l o n g   b e e n   known  t h a t   v a r i o u s   c o m p o s i t i o n s   a c t   as  wax  

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

waxy  m i n e r a l   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   a n d  

s h a p e   of   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   wax  and  o i l   in  s u c h   a  m a n n e r   as  to  p e r m i t   t h e   o i l   t o  

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 .  

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   in  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 .   F o r  

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 he   use   o f  

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   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   on  e t h y l e n e   and  h i g 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   k n o w n .   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   u s e   of  a  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   i s  

a  wax  c r y s t a l   n u c l e a t o r   and  t h e   o t h e r   a  g r o w t h   a r r e s t o r   t o  

c o n t r o l   t h e   s i z e   of  t h e   wax  c r y s t a l s .  

S i m i l a r l y   U n i t e d   K i n g d o m   P a t e n t   1 2 6 3 1 5 2   s u g g e s t s   t h a t   t h e  

s i z e   of  t h e   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 g .  



I t   has   a l s o   b e e n   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   S t a t e s  

P a t e n t   1 4 6 9 0 1 6   t h a t   t he   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   been   u s e d   as  p o u r  

p o i n t   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  be  u s e d   a s  

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   c o p o l y m e r s   in  t h e  

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   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 .   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  C6  t o  

C18  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  C8  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 ;   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 h e   m a t e r i a l s   used   a r e   m ixed   e s t e r s   w i t h   a n  

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 ) .  

Our  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 5 3 0 1 0 4 8 ,  

8 5 3 0 1 6 7 5   and  8 5 3 0 1 6 7 6   s u g g e s t   t h a t   t h e   e f f e c t i v e n e s s   o f  

t h e s e   t y p e   of   m a t e r i a l s   may  be  i m p r o v e d   i f   t h e   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  

d i - 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 .   F o r  

e x a m p l e ,   p o l y m e r s   in  w h i c h   t h e   a v e r a g e   number   of  c a r b o n  

a t o m s   in  t h e   a l k y l   g r o u p s   in  t h e   c o p o l y m e r   mus t   be  f rom  12  

to   14  and  t h a t   i t   m u s t   c o n t a i n   no  more  t h a n   10  wt .%  o f  

c o p o l y m e r   in  w h i c h   t h e   a l k y l   g r o u p s   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   and  p r e f e r a b l y   no  more  t h a n   20  wt .%  o f  

c o p o l y m e r   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   h a v e   b e e n   found   to   be  p a r t i c u l a r l y   e f f e c t i v e   i n  

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

p a r t i c u l a r l y   e f f e c t i v e   in  o t h e r   f u e l s .  



Our  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   0 0 6 1 8 9 5   A2  d e s c r i b e s   t h e  

use   of   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 t h e r s   a n d  

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

a r o u p   of  m o l e c u l a r   w e i g h t   100  to  5000  t h e   a l k y l   g r o u p   in  t h e  

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

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

I t   h a s   a l s o   been   shown  t h a t   in  many  i n s t a n c e s   u s i n g   m i x t u r e s  

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

in  c o l d   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   e s p e c i a l l y   in  d i s t i l l a t e  

f u e l s .   M i x i n q   can  h o w e v e r   l e a d   to  p r o b l e m s   of  a d d i t i v e  

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

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

r e f i n e r   who  may  f r e q u e n t l y   w i sh   to  mix  l a r g e   q u a n t i t i e s   o f  

f u e l s   f rom  d i f f e r e n t   s o u r c e s   and  c o n t a i n i n g   d i f f e r e n t  

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

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

We  h a v e   now  found   t h a t   p o l y o x y a l k y l e n e   g l y c o l   g r o u p s   may  b e  

i n c o r p o r a t e d   i n t o   an  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   to  p r o v i d e  

an  e f f e c t i v e   low  t e m p e r a t u r e   f l o w   i m p r o v e r   f o r  

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

be  u s e d   in  h e a v y   f u e l s ,   r e s i d u a l   f u e l s ,   c r u d e   o i l s   and  a s  

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

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

t h a t   when  t h e s e   c o p o l y m e r s   a r e   used   in  d i s t i l l a t e   f u e l s   t h e  

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

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   may  be  r e d u c e d .  



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

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   or   c o p o l y m e r   of   a n  

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

w e i q h t   f r o m   1000  to   2 0 0 , 0 0 0   c o n t a i n i n q   f rom  0.1%  to  50%  b y  

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

100  to   5 0 0 0 .  

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

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

an  a m o u n t   f rom  0 . 0 0 0 1   to   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 e   p e t r o l e u m   f u e l   o i l   and  t h e   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   d i s t i l l a t e   f u e l   c o n t a i n i n q   s u c h   an  a d d i t i v e .  

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   h a v e  

a  w e i q h t   a v e r a g e   m o l e c u l a r   w e i q h t   in  t he   r a n q e   o f   1000  t o  

1 0 0 , 0 0 0 ,   p r e f e r a b l y   2 0 , 0 0 0   t o   7 0 , 0 0 0   as  m e a s u r e d ,   f o r  

e x a m p l e ,   by  Gel  P e r m e a t i o n   C h r o m a t o g r a p h y ,   c a l i b r a t e d  

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

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

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

p o l y c a r b o x y l i c   a c i d s   or  m i x t u r e s   t h e r e o f   and  may  be  o b t a i n e d  

f r o m   u n s a t u r a t e d   e s t e r s   or  m i x t u r e s   t h e r e o f   w i t h   o t h e r  

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 s   s u c h   as  e t h y l e n e ,  

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

u s e f u l   f o r   p r e p a r i n q   the   p o l y m e r   can  be  r e p r e s e n t e d   by  t h e  

q e n e r a l   f o r m u l a :  



w h e r e i n   R  1  and  R2  a r e   h y d r o g e n   or  a  C1  to  C4  a l k y l   g r o u p ,  

e . g . ,   m e t h y l ,   R3  i s   a  C8  to   C18  a v e r a g e ,   t h e   a v e r a g e  

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

be  p u t .   R3  may  be  a  m i x t u r e   of   a  b r o a d   r a n g e   of   a l k y l  

g r o u p s   s u c h   as  t h o s e   u s e d   in  U.K.  p a t e n t   1 4 6 9 0 1 6   f o r   u se   a s  

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

r a n g e   of   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 5 3 0 1 0 4 8 ,   8 5 3 0 1 6 7 5   and  8 5 3 0 1 6 7 6   f o r   use   as  d i s t i l l a t e  

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

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

f u e l   and  R4  i s   COOR3,  h y d r o g e n   or   a  C1  to   C4  a l k y l   g r o u p .  
Where  t h e s e   t y p e s   of  u n s a t u r a t e d   e s t e r s   a r e   u s e d   as  r a w  

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

i n v e n t i o n   t h e   p o l y o x y a l k y l e n e   g r o u p   may  be  i n c o r p o r a t e d   i n t o  

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

a c i d   to  p r o d u c e   t h e   e s t e r   d e s c r i b e d   a b o v e .   For   e x a m p l e   t h e  

p o l y e t h y l e n e   a l y c o l   may  be  m i x e d   w i t h   t h e   a l c o h o l   R30H  i n  

t he   a p p r o p r i a t e   r a t i o   and  u s e d   to  e s t e r i f y   f o r   e x a m p l e  

F u m a r i c   a c i d .   The  e s t e r s   of   t h e   a b o v e   f o r m u l a   may  b e  

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

fo r   e x a m p l e   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 ,   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   and  a l k y l   a c r y l a t e s   and  a l k y l  

m e t h a c r y l a t e s .  



T y p i c a l   c o p o l y m e r s   of   t h e   t y p e   d e s c r i b e d   a b o v e   may  b e  

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

or   d i -   e s t e r   m o n o m e r s   s u c h   as  d i a l k y l   f u m a r a t e s   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 :  

w h e r e   R1  is   h y d r o q e n   or   a  C1  to   C4  a l k y l   g r o u p ,   R"'   i s  

-COOR""   or  -OOCR""  w h e r e   R""  is   a  C1  to   C5  a l k y l   a 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"'   i s   R"  or  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   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  i s o b u t y l   a c r y l a t e .  

Our  p r e f e r r e d   c o p o l y m e r s   of   t h i s   t y p e   c o n t a i n   f rom  40  to  60  

m o l e   %  c o n t a i n i n g   t he   p o l y o x y a l k y l e n e   m o i e t y   f u m a r a t e   a n d  

60  to   40  m o l e  %   of  v i n y l   a c e t a t e .  

T h e s e   e s t e r   p o l y m e r s   a r e   a e n e r a l l y   p r e p a r e d   by  p o l y m e r i s i n q  

t h e   e s t e r   m o n o m e r s   in  a  s o l u t i o n   of   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 h e   r a n g e   of   f rom  20°C  to  1 5 0 ° 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   as   b e n z o y l   p e r o x i d e   a z o d i i s o b u t y 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   q a s   s u c h   as  n i t r o a 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 .  



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

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

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

f o r   t he   f o r m u l a  

Where   R  i s   an  e t h y l e n i c a l l y   u n s a t u r a t e d   h y d r o c a r b y l   g r o u p  
and  R'  is   a  p o l y o x y a l k y l e n e   g r o u p .   E x a m p l e s   of  s u c h  

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

p o l y e t h y l e n e   g l y c o l   mono  or  d i - c i n a m a t e ,   p o l y e t h y l e n e   q l y c o l  

a c r y l a t e s   e t c .   For   e x a m p l e   d i - h e x a d e c y l   f u m a r a t e ,   v i n y l  

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

g l y c o l   of  m o l e c u l a r   w e i g h t   600  may  be  c o p o l y m e r i s e d   to  g i v e  

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

A l t e r n a t i v e l y   t h e   p o l y o x y a l k y l e n e   g r o u p   may  be  i n c o r p o r a t e d  

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

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

p o l y o x y a l k y l e n e   a l c o h o l   or  g l y c o l .   For  e x a m p l e   c o p o l y m e r s  

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

v i n y l   e s t e r s ,   d i a l k y l   f u m a r a t e s   s t y r e n e   or  o l e f i n e s   may  b e  

e s t e r i f i e d   w i t h   t h e   p o l y o x y a l k y l e n e   a l c o h o l   or  g l y c o l .   T h e  

p o l y o x y a l k y l e n e   a l c o h o l   u s e d   may  i t s e l f   be  a  m o n o - a l c o h o l  

t h e   o t h e r   end  of  t h e   q r o u p   b e i n g   e t h e r i f i e d   or   e s t e r i f i e d   s o  

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

c h a i n .   The  p o l y o x y a l k y l e n e   a l c o h o l   or  g l y c o l   may  be  m i x e d  

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

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

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

E x a m p l e s   of  t h e   p o l y o x y a l k y l e n e   a l c o h o l s   t h a t   may  be  u s e d  

i n c l u d e   e s t e r s ,   e t h e r s   or  e s t e r / e t h e r s   of  t h e   g e n e r a l  

f o r m u l a  



Where   R  i s   H y d r o q e n ,   - A l k y l ,  

A  is   t h e   p o l y o x y a l k y l e n e   s e q m e n t   in  w h i c h   t h e   a l k y l e n e   q r o u p  

h a s   1  to   4  c a r b o n   a t o m s   s u c h   as  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   or  p o l y o x y t r i m e t h y l e n e .   I t   i s   p r e f e r r e d  

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

w e i a h t   of  a b o u t   100  to   5 0 0 0 .  

E x a m p l e s   of   s u i t a b l e   a l c o h o l s   and  g l y c o l s   e s p e c i a l l y  

when  t h e   m a t e r i a l s   a r e   to   be  u s e d   as  a d d i t i v e s   f o r  

d i s t i l l a t e   f u e l s   a r e   t h e   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  

q l y c o l s   (PEG)  and  p o l y p r o p y l e n e   q l y c o l s   (PPG)  h a v i n q   a  

m o l e c u l a r   w e i q 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   2 0 0  

to   2 , 0 0 0 .   The  m o n o e s t e r s   of  t h e s e   g l y c o l s   may  be  u s e d   a n d  

e s t e r s   of   f a t t y   a c i d s   c o n t a i n i n g   a b o u t   1 -30   p r e f e r a b l y   2  t o  

30  c a r b o n   a t o m s   a r e   p r e f e r r e d   and  i t   is   p r e f e r r e d   to   u se   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   or  m i x t u r e s   o f  

s t e a r i c   and  b e h e n i c   a c i d s .   T h e s e   e s t e r s   may  a l s o   b e  

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   a c i d s   o r  

p o l y e t h o x y l a t e d   a l c o h o l s ,   f o r   e x a m p l e   t he   mono  m e t h y l   e t h e r  

of   a  PEG  may  be  used   or  a  p o l y e t h o x y l a t e d   f a t t y   a l c o h o l   s u c h  

as  t he   c o m m e r c i a l l y   a v a i l a b l e   " B r i j "   m a t e r i a l s .  

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

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

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

a  f u m a r a t e   e s t e r   p r e p a r e d   by  e s t e r i f y i n q   f u m a r i c   a c i d   w i t h   a  

m i x t u r e   of  f rom  at   l e a s t   95  m o l e  %   of  a  m i x t u r e   of  C 1 2 / C 1 4  

s t r a i q h t   c h a i n   a l c o h o l s   and  up  to  5  mole   %  of  p o l y e t h y l e n e  

q l y c o l   of  m o l e c u l a r   w e i q h t   6 0 0 .  



A l t e r n a t i v e l y   an  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 i n g   f r e e  

c a r b o x y l i c   a c i d   or  h y d r o x y   g r o u p s   may  be  r e a c t e d   w i t h  

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

i n v e n t i o n .  

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

a d d i t i v e s   to  i m p r o v e   t h e   low  t e m p e r a t u r e   p r o p e r t i e s   o f  

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

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

wax  c r y s t a l   s i z e   to   i m p r o v e   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  

and  can  in  some  i n s t a n c e s   l o w e r   t h e   c l o u d   p o i n t   of  t h e   f u e l .  

By  d i s t i l l a t e   f u e l s   we  mean  t h o s e   f u e l s   q e n e r a l l y   u s e d   f o r  

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

o i l s   g e n e r a l l y   b o i l i n g   in  t h e   r a n g e   120°C  to  500°C  m o r e  

p a r t i c u l a r l y   160°C  to   4 0 0 ° C .   In  a d d i t i o n   when  u s e d   in  s o m e  

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

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

s i m i l a r   a d d i t i v e s   w h i c h   do  no t   c o n t a i n   t h e   p o l y o x y a l k y l e n e  

g r o u p .   The  c o m p o u n d s   may  be  u sed   on  t h e i r   own  b u t   we  h a v e  

f o u n d   t h a t   in  d i s t i l l a t e   f u e l s   t h e y   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  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  

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

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  be  u s e d   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 t h e r s   and  m i x t u r e s  

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

w e i g h t   100  to  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 r o u p  
in  s a i d   p o l y o x y a l k y l e n e   g l y c o l   c o n t a i n i n g   f rom  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  the   s u b j e c t   of  E u r o p e a n   P a t e n t  

P u b l i c a t i o n   0 0 6 1 8 9 5   A2.  E x a m p l e s   of  s u i t a b l e   c o a d d i t i v e s   o f  

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

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)  a n d  

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



a b o u t   1 0 - 3 0   p r e f e r a b l y   18  to  24  c a r b o n   a t o m s ,   e s p e c i a l l y  

b e h e n i c   a c i d   or  m i x t u r e s   of  s t e a r i c   and  b e h e n i c   a c i d s ,   t h e  

e s t e r s   may  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   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 .   E s t e r s   o b t a i n e d   b y  

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

may  a l s o   be  u s e d .  

The  p o l y m e r s   and  c o p o l y m e r s   of   t h i s   i n v e n t i o n   when  u s e d   a s  

f u e l   a d d i t i v e s   e s p e c i a l l y   d i s t i l l a t e   f u e l s   may  a l s o   be  u s e d  

w i t h   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   m o n o m e r 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   mono  a n d  

d i e s t e r s   of  t he   g e n e r a l   f o r m u l a :  

w h e r e i n   R3  is   h y d r o g e n   or   m e t h y l ;   R2  i s   a  -OOCR5  q r o u p  
w h e r e i n   R5  i s   h y d r o g e n   or  a  C1  to   C28,   more  u s u a l l y  

C1  to  C17  and  p r e f e r a b l y   a  C1  to   C8,  s t r a i g h t   o r  

b r a n c h e d   c h a i n   a l k y l   g r o u p ;   or   R2  i s   a  -COORS  g r o u p  
w h e r e i n   R5  i s   as  p r e v i o u s l y   d e s c r i b e d   b u t   i s   n o t   h y d r o g e n  

and  R4  i s   h y d r o q e n   or  -COORS  as  p r e v i o u s l y   d e f i n e d .   T h e  

m o n o m e r ,   when  R2  and  R4  a r e   h y d r o g e n   and  R2  i s  

-OOCR5,   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  C1  to   C 2 9 ,  

more   u s u a l l y   C1  to   C18,   m o n o c a r b o x y l i c   a c i d ,   a n d  

p r e f e r a b l y   C2  to   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  

v i n y l   e s t e r s   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  

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   t h e   p r e f e r r e d   v i n y l   e s t e r .  

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

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  

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   s u c h   a s  

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   i s   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   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 q 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   (VPO) 

o f   1000  to   6000  p r e f e r a b l y   1000  to  4 0 0 0 .  

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

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 g   a s  

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   w h e n  

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

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  

t h e   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   a r e   g e n e r a l l y  

t h e   C 2 0 - C 3 0 0   p r e f e r a b l y   C 2 0 - C 1 0 0   a m i n e   s a l t s   a n d / o r   a m i d e s  

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   o f  

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   o f  

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 .   T h e s e   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 g   c h a i n   C12-C40   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 t e r n a r y   a m i n e s   of  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   may  be  u s e d   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   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   20  to  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   s h o u l d   a l s o   have   a t   l e a s t   one  s t r a i g h t   c h a i n   C S - C 4 0  

a l k y l   s e g m e n t .  

S u i t a b l e   a m i n e s   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 ,   bu t   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 t e r n a r y   a m i n e s   can  o n l y   f o r m   a m i n e   s a l t s .   E x a m p l e s   o f  

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   amine   and  t h e   l i k e .   E x a m p l e s   of  s e c o n d a r y   a m i n e s  

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 n y l   a m i n e   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   f rom  n a t u r a l   m a t e r i a l s   a r e   m i x t u r e s .   The  p r e f e r r e d  



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

f o r m u l a   HNRlR2  w h e r e i n   R1  and  R2  a r e   a l k y l   g r o u p s  
d e r i v e d   f rom  h y d r o q 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 .  

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   f o r   p r e p a r i n g  t h e s e  

n i t r o g 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 ,   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  t h e   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 t o m s   i n  

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 he   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 ,   t e r e p h t h a l i c   a c i d ,   and  o r t h o - 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   i s   t h e   p a r t i c u l a r l y  

p r e f e r r e d   e m b o d i m e n t .  

I t   i s   p r e f e r r e d   t h a t   t he   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   h a v e  

a t   l e a s t   one  s t r a i g h t   c h a i n   a l k y l   s e g m e n t   e x t e n d i n g   f rom  t h e  

c o m p o u n d   c o n t a i n i n g   8 - 4 0 ,   p r e f e r a b l y   8 -24   c a r b o n   a t o m s .  

A l s o   a t   l e a s t   one   ammonium  s a l t ,   amine   s a l t   or  a m i d e   l i n k a g e  

i s   r e q u i r e d   to   be  p r e s e n t   in  t h e   m o l e c u l e .   The  p a r t i c u l a r l y  

p r e f e r r e d   amine   compound   is   t h a t   a m i d e - a m i n e   s a l t   f o r m e d   b y  

r e a c t i n g   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   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  

e m b o d i m e n t   i s   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 .  

O t h e r   a m i n e   d e r i v a t i v e s   w h i c h   may  be  u s e d   as  c o - a d d i t i v e s  

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

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

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

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

b e h e n i c   a c i d   may  be  used   as  may  f a t t y   a m i d e s   t h e m s e l v e s .  



The  c o p o l y m e r s   may  be  u s e d   in  c o m b i n a t i o n   w i t h   one   or  m o r e  
a d d i t i v e s   of  t h e   t y p e   d e s c r i b e d   a b o v e .  

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   used   in  t h e   p r e f e r r e d  

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

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

1  p a r t   of  t h e   o t h e r   a d d i t i v e s .   The  t o t a l   a m o u n t   of   a d d i t i v e  

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

use   f rom  0 . 0 0 0 1 %   to  5%  by  w e i g h t   of  t h e   f u e l .  

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

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   in  o i l   f o r  

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

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  wt  %,  m o r e  

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.%  o f  

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

s c o p e   of  t h e   p r e s e n t   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   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   of   t h e  

p r e s e n t   i n v e n t i o n   as  p o u r   p o i n t   d e p r e s s a n t s   a n d  

f i l t e r a b i l i t y   i m p r o v e r s   in  d i s t i l l a t e   f u e l s   were   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   Cold   F i l t e r   P l u g g i n g  

P o i n t   T e s t   (CFPPT)  w h i c h   i s   c a r r i e d   o u t   by  t he   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 h e   I n s t i t u t e   o f  

P e t r o l e u m " ,   Vo lume   52,  Number   5 1 0 ,   J u n e   1966 ,   pp .   1 7 3 - 1 8 5 .  

T h i s   t e s t   is   d e s i q n e d   to  c o r r e l a t e   w i t h   t h e   c o l d   f l o w   of  a  

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

p i p e t t e   to   w h o s e   l o w e r   end  i s   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  t h e   o i l   to   b e  

t e s t e d .   S t r e t c h e d   a c r o s s   t h e   m o u t h   of   t he   f u n n e l   i s   a  3 5 0  

mesh  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   by  a p p l y i n q  

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

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

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   to   t h e   CFPP  t u b e .   The  t e s t   i s  

r e p e a t e d   w i t h   e a c h   one  d e q 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 h e  

o i l   f a i l s   to   f i l l   t h e   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   r e p o r t e d   as  t h e   CFPP  t e m p e r a t u r e .   T h e  

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

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   i s   r e p o r t e d   as  t h e   C F P P  

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   a d d i t i v e   f l o w  

i m p r o v e r   g i v e s   a  q r e a t e r   CFPP  d e p r e s s i o n   a t   t h e   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 .  

E x a m p l e   1 

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



The  a d d i t i v e s   u s e d   w e r e  

A d d i t i v e   1  a  c o p o l y m e r   of   a  m i x e d   C 1 2 / C 1 4   f u m a r a t e  

e s t e r   o b t a i n e d   by  r e a c t i o n   of   5 0 : 5 0   m o l a r   m i x t u r e   of   n o r m a l  

C12  and  C14  a l c o h o l s   w i t h   f u m a r i c   a c i d   and  s o l u t i o n  

c o p o l y m e r i s a t i o n   w i t h   v i n y l   a c e t a t e   in  1  to   1  m o l e   r a t i o   a t  

60°C  u s i n g   azo   d i i s o b u t y o n i t r i l e   as  c a t a l y s t .  

A d d i t i v e   2  t h e   d i h e b e n a t e   e s t e r   of   p o l y e t h y l e n e   q l y   co l   o f  

m o l e c u l a r   w e i g h t   6 0 0 .  

A d d i t i v e   3  t h e   d i b e h e n a t e   e s t e r   o f   p o l y e t h y l e n e   g l y c o l   o f  

m o l e c u l a r   w e i g h t   4 0 0 .  

A d d i t i v e   4  was  t h e   same  as  A d d i t i v e   1  e x c e p t   t h a t   2 . 5   m o l e   % 

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

i n c l u d e d   in  t h e   C 1 2 / C 1 4   a l c o h o l   m i x t u r e   u s e d   to   e s t e r i f y   t h e  

f u m a r i c   a c i d   and  t h e   p o l y m e r i s a t i o n   was  c a r r i e d   o u t   a t   8 0 ° C .  

A d d i t i v e   5  was  t h e   same  as  A d d i t i v e   4  e x c e p t   2 . 5   m o l e   %  o f  

t h e   m o n o m e t h y l   e t h e r   of   p o l y e t h y l e n e   g l y c o l   o f   750  m o l e c u l a r  

w e i g h t   was  u s e d   in  p l a c e   of   t h e   p o l y e t h y l e n e   q l y c o l   of   6 0 0  

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

The  CFPP  d e p r e s s i o n s   o b t a i n e d   in  t h e   f u e l s   when  t r e a t e d   w i t h  

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



In  e a c h   i n s t a n c e   s h o w i n g   a  g r e a t e r   r e d u c t i o n   in  t h e   C F P P  

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

t h e   m o l e c u l e .  

E x a m p l e   2 

The  A d d i t i v e s   o f   E x a m p l e   1  w e r e   t e s t e d   in  t h e   f o l l o w i n g  

f u e l s .  



And  t h e   a m o u n t   of   a d d i t i v e   (a  2:1  by  w e i g h t   m i x t u r e   o f  

A d d i t i v e s   1  o r   5  w i t h   A d d i t i v e   3)  r e q u i r e d   to   r e a c h   t h e  

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



E x a m p l e   3 

The  CFPP  d e p r e s s i o n s   o b t a i n e d   u s i n q   2:1  m i x t u r e s   o f  

A d d i t i v e s   1,  4  or  5  w i t h   3  w e r e   f o u n d   to   be  as  f o l l o w s  

E x a m p l e   4 

A d d i t i v e s   of  t he   p r e s e n t   i n v e n t i o n   were   u s e d   in  f u e l   G 

t o g e t h e r   w i t h   an  e t h y l e n e   v i n y l   a c e t a t e   (EVA)  c o p o l y m e r  

a c c o r d i n g   to  U n i t e d   K i n q d o m   P a t e n t   1263152   c o n t a i n i n q   36  

wt  %  v i n y l   a c e t a t e   and  h a v i n g   a  number   a v e r a q e   m o l e c u l a r  

w e i g h t   of   2000  as  m e a s u r e d   by  Vapor   P h a s e   O s m o m e t r y .  

The  o t h e r   a d d i t i v e s   u s e d   w e r e  



A d d i t i v e   1  of  E x a m p l e   1 .  

A d d i t i v e   6  was  t h e   same  as  A d d i t i v e   1  e x c e p t   t h a t   5  mole   % 

of  a  p o l y - e t h y l e n e   g l y c o l   of   600  m o l e c u l a r  

w e i g h t   d i o l e a t e   was  a d d e d   to  t h e   C 1 2 / C 1 4  

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

a c i d .  

A d d i t i v e   7  was  t h e   same  as  A d d i t i v e   1  e x c e p t   t h a t   t h e  

d i a l k y l   f u m a r a t e   was  o b t a i n e d   f rom  t h e  

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

45  m o l e s   n-C12  a l c o h o l  

45  m o l e s   n-C14  a l c o h o l  

10  m o l e s   n-C16  ( C H 2 - C H 2 O ) 2 2 0 - O H  

A d d i t i v e   8  was  t h e   same  as  A d d i t i v e   6  e x c e p t   t h a t   2  m o l e  %  

of   t h e   p o l y e t h y l e n e   g l y c o l   of   600  m o l e c u l a r  

w e i g h t   was  u s e d .  



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

E x a m p l e   5 

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

f o r   F u e l s   E,  F,  G  and  I  was  d e t e r m i n e d   u s i n g   t h e   f o l l o w i n g  

A d d i t i v e   M i x t u r e s  

The  r e s u l t s   a r e   shown  in  t h e   g r a p h s   F i g u r e s   1  to   4  F i g u r e s  

3  and  4  a l s o   i n c l u d i n g   r e s u l t s   o b t a i n e d   u s i n g   t h e   same  t r e a t  

r a t e   of   t h e   EVA  c o p o l y m e r   u s e d   in  E x a m p l e   4  a l o n e  .  



E x a m p l e   6 

The  c o m p o u n d s   of  t h e   p r e s e n t   i n v e n t i o n   were   t e s t e d   as  p o u r  

d e p r e s s a n t s   in  a  s o l v e n t   n e u t r a l   l u b r i c a t i n q   o i l .   T h e  

p o l y m e r s   were   p r e p a r e d   by  t he   p r o c e s s   d e s c r i b e d   a b o v e   f r o m  

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

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

and  v i n y l   a c e t a t e   ( A d d i t i v e   9)  and  a  s i m i l a r   p o l y m e r   i n  

w h i c h   t h e   a l c o h o l   m i x t u r e   c o n t a i n s   2 .5   mole%  of  t h e  

p o l y e t h y l e n e   g l y u c o l   of   750  m o l e c u l a r   w e i g h t   u s e d   i n  

A d d i t i v e   5  ( A d d i t i v e   1 0 ) .  

The  p o u r   p o i n t s   were   m e a s u r e d   a c c o r d i n g   to  t h e   ASTM  D  97  

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



E x a m p l e   7 

A d d i t i v e   9  was  t h e   same  as  A d d i t i v e   1  e x c e p t   t h a t   a  

c o m m e r c i a l   a l c o h o l   m i x t u r e   s o l d   as  D o b a n o l   2 5  

was  u s e d   i n s t e a d   of  t h e   m i x t u r e   of  C12  a n d  

C14  a l c o h o l s .   D o b a n o l   25  is   a  m i x t u r e   o f  

20  wt .%  C12  a l c o h o l s  

30  wt .%  C13  a l c o h o l s  

30  wt .%  C14  a l c o h o l s  

20  wt .%  C15  a l c o h o l s  

80  wt .%  of  w h i c h   a r e   n o r m a l   a l c o h o l s   and  2 0  

wt .%  w i t h   a  m e t h y l   b r a n c h   a t   t h e   1  p o s i t i o n .  

A d d i t i v e   10  was  t h e   same  as  A d d i t i v e   9  e x c e p t   t h a t   a  

m i x t u r e   of   1 . 9 7 5   m o l e s   of   D o b a n o l   25  and  0 . 0 2 5  

m o l e s   of   p o l y e t h y l e n e   q l y c o l   of  m o l e c u l a r  

w e i a h t   750  w e r e   u s e d .  

T h e s e   A d d i t i v e s   w e r e   t e s t e d   as  4:1  r a t i o   m i x t u r e s   o f  

A d d i t i v e   w i t h   A d d i t i v e   3  i n  

F u e l   D  a n d  

F u e l   J  w h i c h   has   an  u n t r e a t e d   CFPP  of   -5°C  and  t h e  

f o l l o w i n g   ASTM  D-96  d i s t i l l a t i o n .  

w i t h   t h e   f o l l o w i n a   r e s u l t s  



E x a m p l e   8 

A d d i t i v e s  w e r e   t e s t e d   in  F u e l   K  w h i c h   had  a  c l o u d   p o i n t   o f  

+5°C  and  t h e   f o l l o w i n g   ASTM  D-96  d i s t i l l a t i o n  

and   the   a p p e a r a n c e   of   t h e   f u e l   r e c o r d e d   a t   - 5 ° C   a f t e r  

c o o l i n g   a t   1 'C  p e r   h o u r .  

1000  ppm  of   t h e   a d d i t i v e s   w e r e   u sed   as  4:1  m i x t u r e s   and  t h e  

r e s u l t s   were   as  f o l l o w s :  

E x a m p l e   9 

A d d i t i v e   11  was  t h e   same  as  A d d i t i v e   1  e x c e p t   t h a t   10-  m o l e  

%  of   the   C 1 2 / C 1 4   a l c o h o l   was  r e p l a c e d   by  t h e   m o n o m e t h y l  

e t h e r   of  p o l y e t h y l e n e   q l y c o l   of  m o l e c u l a r   w e i g h t   7 5 0 .  



The  A d d i t i v e s   were   t e s t e d   in  a  b l e n d   of   50  wt .%  of   F u e l   L 

h a v e   an  u n t r e a t e d   CFPP  of   - 2 ' C   and  ASTM-D-96  d i s t i l l a t i o n   o f  

and  50  wt .%  of   a  F u e l   D  c o n t a i n i n g   200  ppm  of  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   of  32  wt .%  v i n y l   a c e t a t e   to   g i v e   a  

CFPP  of  - 9 ° C .   The  a m o u n t   of  a d d i t i v e   r e q u i r e d   to  q i v e   t h e  

b l e n d   a  CFPP  of   - 9 ° C   was  d e t e r m i n e d   to  be  as  f o l l o w s  

The  t e s t s   w e r e   r e p e a t e d   u s i n g   as  t h e   f u e l   a  m i x t u r e   o f   5 0  

wt .%  of   F u e l   J  and  50  wt.%  of  F u e l   M  c o n t a i n i n g   200  ppm  o f  

t h e   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 .  

F u e l   M  had  an  u n t r e a t e d   CFPP  of   -4°C  and  an  ASTM  D - 9 6  

d i s t i l l a t i o n   o f  



The  a m o u n t   o f   a d d i t i v e   r e q u i r e d   to  g i v e   a  CFPP  of   - 9 °C   w a s  

f o u n d   to   be  as  f o l l o w s  



1  The  u s e   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  l i q u i d  

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

a v e r a g e   m o l e c u l a r   w e i g h t   f rom  1000  to   2 0 0 , 0 0 0   p r e p a r e d  

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

f r o m   0 .1   5  to   50%  by  w e i g h t   of   p o l y o x y a l k y l e n e   q r o u p s  

of   m o l e c u l a r   w e i q h t   f rom  100  to   5 0 0 0 .  

2  The  u s e   a c c o r d i n q   to  C l a i m   1  in  w h i c h   t h e  

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

3  The  u se   a c c o r d i n q   to  C l a i m   2  in  w h i c h   t h e   p o l y -  

o x y a l k y l e n e   q r o u p   i s   p r e s e n t   by  e s t e r i f y i n q   t h e  

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

p o l y o x y a l k y l e n e   a l c o h o l   or   g l y c o l .  

4  The  u s e   a c c o r d i n g   to   C l a i m   2  or  C l a i m   3  in  w h i c h   t h e  

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

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

5  The  u s e   a c c o r d i n g   to  C l a i m   4  in  w h i c h   t h e   o t h e r  

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

6  The  u s e   a c c o r d i n q   to   C l a i m   1  in  w h i c h   t h e   p o l y m e r   o r  

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

e s t e r   of  f o r m u l a  

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

g r o u p   and  R'  i s   a  p o l y o x y a l k y l e n e   q r o u p   w i t h   a n o t h e r  

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 .  



7  The  use   a c c o r d i n q   to   C l a i m   6  in  w h i c h   t h e   o t h e r  

e t h y l e n i c a l l y   u n s a t u r a t e d   monomer   i s   a  v i n y l   e s t e r .  

8  The  use   a c c o r d i n g   to   C l a i m   1  in  w h i c h   t h e   p o l y m e r   o r  

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

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

o x y a l k y l e n e   a l c o h o l   or  q l y c o l .  

9  The  use   a c c o r d i n g   to   C l a i m   8  in  w h i c h   t h e   p o l y - .  

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

o t h e r   a l c o h o l s .  

10  The  use   a c c o r d i n q   to   any  of  t h e   p r e c e d i n q   c l a i m s   i n  

c o m b i n a t i o n   w i t h   one  or   more   of  t h e   a d d i t i v e s  

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

( i )   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  

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

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

( i i i )   i o n i c   or   n o n i o n i c   p o l a r   c o m p o u n d s  

11  The  u se   a c c o r d i n q   to  any   of  t h e   p r e c e d i n q   c l a i m s   i n  

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

f u e l .  



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

0 . 0 0 0 1   to   5  wt.%  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 e  

p e t r o l e u m   f u e l   o i l   of  p o l y m e r   or  c o p o l y m e r   of  w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   f r o m   1000  to  2 0 0 , 0 0 0   p r e p a r e d  

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

f r o m   0.1  to   50  wt.%  of   p o l y o x y a l k y l e n e   g r o u p s   o f  

m o l e c u l a r   w e i q h t   f rom  100  to   5 0 0 0 .  

13  A  d i s t i l l a t e   p e t r o l e u m   f u e l   a c c o r d i n q   to   C l a i m   12  i n  

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

e s t e r .  

14  A  d i s t i l l a t e   p e t r o l e u m   f u e l   a c c o r d i n g   to  C l a i m   13  i n  

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

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

c o n t a i n i n g   a  p o l y o x y a l k y l e n e   a l c o h o l   or  g l y c o l .  

15  A  d i s t i l l a t e   p e t r o l e u m   f u e l   a c c o r d i n g   to  C l a i m   13  o r  

C l a i m   14  in  which   t h e   f u m a r a t e   e s t e r   i s   c o p o l y m e r i s e d  

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

16  A  d i s t i l l a t e   p e t r o l e u m   f u e l   a c c o r d i n g   to   C l a i m   15  i n  

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

v i n y l   a c e t a t e .  

17  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 g   f rom  3  to   75  wt .%  b a s e d   on  t h e   w e i g h t   of  t h e  

c o n c e n t r a t e   of  p o l y m e r   or  c o p o l y m e r   of  w e i g h t   a v e r a q e  
m o l e c u l a r   w e i g h t   f rom  1000  to   2 0 0 , 0 0 0   p r e p a r e d   f rom  a n  

e t h v l e n i c a l l y   u n s a t u r a t e d   e s t e r   and  c o n t a i n i n g   f rom  0 . 1  

to   50  wt.%  of  p o l y o x y a l k y l e n e   q r o u p s   of  m o l e c u l a r  

w e i a h t   f rom  100  to  5000  o p t i o n a l l y   t o g e t h e r   w i t h   o t h e r  

a d d i t i v e s .  



1  A  p r o c e s s   f o r   i m p r o v i n g   t he   f l o w   p r o p e r t i e s   of  l i q u i d  

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

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

1000  to  2 0 0 , 0 0 0   p r e p a r e d   f rom  an  e t h y l e n i c a l l y  

u n s a t u r a t e d   e s t e r   and  c o n t a i n i n g   f rom  0.1  5  to  50%  b y  

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

f rom  100  to   5 0 0 0 .  

2  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1  in  w h i c h   t h e  

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

3  A  p r o c e s s   a c c o r d i n g   to   C l a i m   2  in  w h i c h   t h e   p o l y -  

o x y a l k y l e n e   g r o u p   i s   p r e s e n t   by  e s t e r i f y i n g   t h e  

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

p o l y o x y a l k y l e n e   a l c o h o l   or   g l y c o l .  

4  A  p r o c e s s   a c c o r d i n g   to   C l a i m   2  or  C l a i m   3  in  w h i c h   t h e  

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

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

5  A  p r o c e s s   a c c o r d i n g   to  C l a i m   4  in  w h i c h   t h e   o t h e r  

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

6  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1  in  w h i c h   t h e   p o l y m e r   o r  

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

e s t e r   of  f o r m u l a  

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

25  g r o u p   and  R'  i s   a  p o l y o x y a l k y l e n e   q r o u p   w i t h   a n  

a d m i x t u r e   w i t h   o t h e r   a l c o h o l s .  



7  A  p r o c e s s   a c c o r d i n q   to  C l a i m   6  in  w h i c h   t h e   o t h e r  

e t h y l e n i c a l l y   u n s a t u r a t e d   monomer   i s   a  v i n y l   e s t e r .  

8  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  in  w h i c h   t h e   p o l y m e r   o r  

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

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

p o l y o x y a l k y l e n e   a l c o h o l   or  q l y c o l .  

9  A  p r o c e s s   a c c o r d i n g   to  C l a i m   8  in  w h i c h   t h e   p o l y -  

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

o t h e r   a l c o h o l s .  

10  A  p r o c e s s   a c c o r d i n g   to  any  of   t h e   p r e c e d i n g   c l a i m s   i n  

c o m b i n a t i o n   w i t h   one  or   more   of   t h e   a d d i t i v e s  

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

( i )   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  

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

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

( i i i )   i o n i c   or   n o n i o n i c   p o l a r   c o m p o u n d s  

11  A  p r o c e s s   a c c o r d i n g   to  any  of   t h e   p r e c e d i n g   c l a i m s   i n  

w h i c h   t h e   p o l y m e r   or  c o p o l y m e r   i s   a d d e d   as  a  

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 g   f r o m  

3  t o   75  wt .%  b a s e d   on  t h e   w e i q h t   of   t h e   c o n c e n t r a t e   o f  

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

f r o m   1000  to   2 0 0 , 0 0 0   p r e p a r e d   f rom  an  e t h y l e n i c a l l y  

u n s a t u r a t e d   e s t e r   and  c o n t a i n i n g   f r o m   0.1  to   50  wt .%  o f  

p o l y o x y a l k y l e n e   g r o u p s   of  m o l e c u l a r   20  w e i g h t   f rom  100  

to   5000  o p t i o n a l l y   t o g e t h e r   w i t h   o t h e r   a d d i t i v e s .  



12  A  p r o c e s s   a c c o r d i n g   to   any  of   t he   p r e c e d i n g   c l a i m s   i n  

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

f u e l .  
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