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©  A  wax-containing  crude  oil  or  fuel  oil  comprising  a  pour  point  depressant. 
©  A  wax-containing  crude  oil  or  a  wax-containing  fuel  oil,  in 
particular  a  wax-containing  residual  fuel  oil,  comprising  a 
small  amount  of  a  polymer  having  predominantly  aliphatic 
hydrocarbon  side  chains  of  at  least  14  carbon  atoms,  charac- 
terized  in  that  the  polymer  has  a  branched  backbone.  This 
polymer  shows  an  excellent  pour  point  depression  at  low 
concentrations. 
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A wax-containing  crude  oil  or a wax-containing  fuel  oil,  in 
particular  a  wax-containing  residual  fuel  oil,  comprising  a 
small  amount  of  a  polymer  having  predominantly  aliphatic 
hydrocarbon  side  chains  of  at  least  14  carbon  atoms,  charac- 
terized  in  that  the  polymer  has  a  branched  backbone.  This 
polymer  shows  an  excellent  pour  point  depression  at  low 
concentrations. 



This  i n v e n t i o n   r e l a t e s   to  a  w a x - c o n t a i n i n g   crude  o i l   or  a  

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

fue l   o i l ,   c o m p r i s i n g   a  small  amount  of  a  polymer  having  p r e d c m i -  

n a n t l y   a l i p h a t i c   hydrocarbon   s ide   cha ins   of  at   l e a s t   14  c a r b o n  

atoms,  as  pour  p o i n t   d e p r e s s a n t .  

Such  o i l s   are  known  from  B r i t i s h   p a t e n t   s p e c i f i c a t i o n s  

1 ,161 ,188   and  1 ,154 ,966 .   The  polymers   d e s c r i b e d   in  t h i s   l i t e r a t u r e  

are  l i n e a r   polymers   and  a l t hough   they  show  an  e x c e l l e n t   pour  p o i n t  

d e p r e s s i n g   and  flow  improving  e f f e c t ,   i t   has  now  been  found  t h a t   a  

s t i l l   b e t t e r   pour  p o i n t   d e p r e s s i n g ,   and  flow  improving  e f f e c t   c a n  

be  o b t a i n e d ,   in  p a r t i c u l a r   at  low  c o n c e n t r a t i o n s ,   i f   t h e s e   p o -  

lymers  have  a  b ranched   b a c k b o n e .  

This  i n v e n t i o n   t h e r e f o r e   r e l a t e s   to  the  above -men t ioned   c r u d e  

o i l s   or  f u e l   o i l s ,   c h a r a c t e r i z e d   in  t h a t   the  polymer  has  a  b r a n c h -  

ed  b a c k b o n e .  

Such  a  polymer  is  e s p e c i a l l y   s u i t a b l e   for   d e p r e s s i n g   the  p o u r  

p o i n t   of  c rude  o i l s   and  fue l   o i l s   c o n t a i n i n g   at  l e a s t   3%w  of  waxes  

with  a  m e l t i n g   p o i n t   above  35°C  and  a  b o i l i n g   p o i n t   above  350°C; 

such  as  the  crude  o i l s   d e s c r i b e d   in  B r i t i s h   p a t e n t   s p e c i f i c a t i o n  

1 ,161 ,188   and  the   fue l   o i l s   d e s c r i b e d   in  B r i t i s h   p a t e n t   s p e c i f i -  

c a t i o n   1 , 1 5 4 , 9 6 6 .  

S u i t a b l e   p r o p o r t i o n s   of  polymer  are  0.001  to  2%w,  p r e f e r a b l y  

0.005  to  0.05%w,  on  t o t a l   o i l   c o m p o s i t i o n .  

S u i t a b l e   polymers  are  copolymers  of  (A)  a t   l e a s t   one  mono- 

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

p r e f e r a b l y   unbranched ,   hydrocarbon   chain  of  at   l e a s t   14  c a r b o n  

atoms,  o p t i o n a l l y   (B)  a  small  amount,  p r e f e r a b l y   up  to  10%w  on  

t o t a l   monomers,  of  at  l e a s t   one  o the r   m o n o o l e f i n i c a l l y   u n s a t u r a t e d  

monomer,  p r e f e r a b l y   having  a  n i t r o g e n - c o n t a i n i n g   p o l a r   group,  a n d  

(C)  a  c o n t r o l l e d   small  amount,  e .g .   0.01  to  1,  p r e f e r a b l y   0 .01 -0 .5%w 



on  t o t a l   monomers ,  of  a t   l e a s t   one  p o l y o l e f i n i c a l l y   u n s a t u r a t e d  

monomer  which   d u r i n g   p o l y m e r i z a t i o n   r e s u l t s   in  a  po lymer   hav ing   a  

b r a n c h e d   backbone   and  s u b s t a n t i a l l y   hav ing   no  c r o s s - l i n k i n g .  

S u i t a b l e   monomers  (A)  a r e   d e s c r i b e d   in  t he   a b o v e - m e n t i o n e d  

B r i t i s h   p a t e n t   s p e c i f i c a t i o n   1 , 1 6 1 , 1 8 8 ,   in  p a r t i c u l a r   t h o s e   h a v i n g  

a  s a t u r a t e d   u n b r a n c h e d   h y d r o c a r b o n   cha in   of  18-30  c a rbon   atoms  a s  

d e s c r i b e d   in  B r i t i s h   p a t e n t   s p e c i f i c a t i o n   1 , 1 5 4 , 9 6 6 .  

P a r t i c u l a r l y   p r e f e r r e d   monomers  (A)  a re   a l k y l   (meth)  a c r y l a t e s ,  

such  as  n - o c t a d e c y l -   and  n - e i c o s y l ( C 2 0 ) ( m e t h ) a c r y l a t e ,   a n d  

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

nyl   (C21)  e s t e r s   o f  m a l e i c   f u m a r i c   and  i t a c o n i c   a c i d .  

S u i t a b l e   monomers  (B)  a re   s t y r e n e ,   m e t h y l   s t y r e n e ,   t e r t .  

b u t y l   s t y r e n e ,   v i n y l t o l u e n e   and  m o n o - o l e f i n s ,   such  as  e t h y l e n e ,  

p r o p y l e n e   and  b u t y l e n e ,   and  p r e f e r a b l y   a re   m o n o o l e f i n i c a l l y ,  

u n s a t u r a t e d   compounds  h a v i n g   n i t r o g e n - c o n t a i n i n g   g r o u p s ,   such  a s  

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

h a v i n g   h e t e r o c y c l i c   n i t r o g e n - c o n t a i n i n g   g r o u p s ,   such  as  v i n y l p y r i -  

d i n e ,   in   p a r t i c u l a r   4 - v i n y l p y r i d i n e ,   and  N - v i n y l p y r r o l i d o n e .  

S u i t a b l e   monomers  (C)  a re   p o l y e s t e r s   of  a l k a n e p o l y o l s ,   s u c h  

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

a c i d s ,   such  as  a l k a n e d i o l  d i ( m e t h ) a c r y l a t e s ,   t r i m e t h y l o l p r o p a n e   t r i -  

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

p o l y o l s  h a v e  1   to  12  c a r b o n   a toms ,   such  as  e t h a n e d i o l ,   p r o p a n e -  

d i o l ,   b u t a n e d i o l ,   in  p a r t i c u l a r   1 , 4 - b u t a n e d i o l  ;   p o l y v i n y l  c a n -  

p o u n d s ,   such  as  d i v i n y l e s t e r s   of  s a t u r a t e d   or  u n s a t u r a t e d   d i c a r -  

b o x y l i c   a c i d s   such  as  s u c c i n i c ,   m a l e i c ,   f u m a r i c   and  i t a c o n i c   a c i d s  

and  p o l y v i n y l   a r o m a t i c   compounds ,   in  p a r t i c u l a r   d i v i n y l   b e n z e n e .  

These  and  o t h e r   s u i t a b l e   monomers  (C)  are  d e s c r i b e d   in  B r i t i s h  

p a t e n t   s p e c i f i c a t i o n   1 , 5 7 5 , 5 0 7 .  

S u i t a b l e   m o l e c u l a r   w e i g h t s   of  the   p r e s e n t   p o l y m e r s   are   1 0 , 0 0 0  

to  1 , 0 0 0 , 0 0 0   p r e f e r a b l y   2 0 , 0 0 0  -   250,000  (number  a v e r a g e ) .  

O the r   a d d i t i v e s   may  a d d i t i o n a l l y   be  u s e d ,   such  as  o t h e r   p o u r  

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

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

s i o n   f o r m a t i o n .  



The  p r e s e n t   i n v e n t i o n   f u r t h e r m o r e   r e l a t e s   to  the  po lymer s   p e r  

se,  to  t h e i r   p r e p a r a t i o n   and  to  t h e i r   use  as  dewaxing  a g e n t s .  

The  p r e s e n t   po lymers   can  be  p r e p a r e d   by  r a d i c a l   p o l y m e r i -  

z a t i o n   in  a  s o l v e n t   such  as  b e n z e n e ,   t o l u e n e   or  the   x y l e n e s   w i t h  

the   a id   of  an  i n i t i a t o r ,   e . g .   d i b e n z o y l   p e r o x i d e   or  a z o - b i s - i s o -  

b u t y r o n i t r i l e   (AIBN)  and  o p t i o n a l l y   a  c h a i n - t r a n s f e r   a g e n t ,   s u c h  

as  an  a l k y l   m e r c a p t a n   or  o t h e r   m e r c a p t a n .  

Examples  1,  2  and  3 

A  300  ml  3 -necked   f l a s k   f i t t e d   w i t h  s t i r r e r ,   t h e r m o m e t e r   a n d  

h e a t i n g / c o o l i n g   d e v i c e   was  c h a r g e d   wi th :   (in  g r a m s ) :  

A f t e r   r e p l a c i n g   the   a i r   by  n i t r o g e n   (O2 ≤  25  ppm)  and  h e a t i n g  

to  69°C  the   p o l y m e r i z a t i o n   was  i n i t i a t e d   by  add ing   the   AIBN  as  a  

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

c o n t r o l l e d   a t   70  ±  1°C.  D u r a t i o n   of  the   c o p o l y m e r i z a t i o n :   21 

h o u r s .   C o n v e r s i o n :  >   95%  (by  O 3 - t i t r a t i o n )  
M o l e c u l a r   w e i g h t   d i s t r i b u t i o n   (by  GPC  (Gel  P e r m e a t i o n   Chroma-  

t o g r a p h y ) ,   a p p l y i n g   the  p o l y a c r y l a t e   s c a l e ) :  



Example  4 

In  a  300  ml  3  necked   f l a s k   f i t t e d   w i t h   s t i r r e r   t h e r m o m e t e r  

and  h e a t i n g / c o o l i n g   d e v i c e   were  p l a c e d :  

71.6  g  b e h e n y l   a c r y l a t e  

0.206  g  b u t y l e n e - 1 , 4 - d i a c r y l a t e  

3.53  g  4 - v i n y l   p y r i d i n e  

55.85  g  t o l u e n e   ( p a r t   o f )  

A f t e r   r e p l a c i n g   the  a i r   by  n i t r o g e n   (02 ≤  25  ppm)  a n d  

h e a t i n g   to  70°C  c o p o l y m e r i z a t i o n   was  i n i t i a t e d   by  adding   a  s o -  

l u t i o n   of  0.328  g  of  AIBN  in  p a r t   of  the   t o l u e n e .   The  t e m p e r a t u r e  

was  c o n t r o l l e d   a t   71°C +  1°C.  Dur ing   the   c c p o l y m e r i z a t i o n   t h e  

f o l l o w i n g   s o l u t i o n s   were  added  a t   p rog ramned   r a t e s :  

S o l u t i o n   A:  c o n t a i n i n g   55%w  of  4 - v i n y l p y r i d i n e   p lus   0.673%w 

t - d o d e c y l   m e r c a p t a n   in  t o l u e n e  

S o l u t i o n   B:  C o n t a i n i n g   4%w  of  AIBN  in  t o l u e n e  

R a t e s   of  a d d i t i o n :  

S o l u t i o n   A: 

S t a r t i n g   i n m e d i a t e l y   a f t e r   i n i t i a t i o n   t h i s   s o l u t i o n   was  a d d e d :  

1)  a t   r a t e   of  11.8  m l / h r   fo r   1.5  h o u r s  

2)  "  "  "  3 . 9 3   "/"  "  4.5  " 

3)  "  "  "  2 . 2 1   "/"  "  4 . 0  

S o l u t i o n   B: 

S t a r t i n g   a f t e r   3  hours   of  r e a c t i o n   t h i s   s o l u t i o n   was  added  a t  

a  r a t e   of  3.78  m l / h r   for   8  h o u r s .  

D u r a t i o n   of  c o p o l y m e r i z a t i o n :   21  h r s .  

C o n v e r s i o n   (by  O 3 - t i t r a t i o n ) :   92.1% 

M o l e c u l a r   w e i g h t   d i s t r i b u t i o n   (by  GPC  a p p l y i n g   the   p o l y a c r y l a t e  

s c a l e ) :  



TESTS 

I  Pour  p o i n t   r e s p o n s e  

A 

1)  Swedish  t r i a l   f u e l   ( v i s c o s i t y   at   50°C  79  nm2/s ,   wax  c o n t e n t  

7.7%w,  m e l t i n g   p o i n t   o f  w a x  6 3 ° C )  

The  ASTM  D97  maximum  pour  p o i n t s   are   shown  in  the   f o l l o w i n g  
t a b l e .   Undoped  pour   p o i n t   24°C.  A d d i t i v e s   added  at  65 °C 



2)  Bombay  High  c rude   o i l   ( D e n s i t y   a t  1 5 ° C ,   0.833  k g / l ,  

v i s c o s i t y   a t   40°C  3.2  nm2/s  and  a t   60°C  2.2  mm2/s,  wax 

c o n t e n t   16%w,  m e l t i n g   p o i n t   of  wax  5 4 ° C ) .  

The  ASTM  D97  p s e u d o - a c t u a l   pour   p o i n t s   are   shown  in  t h e  

f o l l o w i n g   t a b l e .  

Undoped  pour   p o i n t   27°C.  A d d i t i v e s   added  a t   5 0 ° C .  



2)  Assam  c r u d e  o i l   (Dens i ty   at  15°C  0.878  k g / l ,   v i s c o s i t y   a t  

50°C  4.1  mm2/s,  wax  c o n t e n t   14%w,  m e l t i n g   p o i n t   of  wax 

5 7 ° C ) .  

The  ASTM  D97  pseudo  a c t u a l   pour  p o i n t s   a re   shown  in  t h e  

f o l l o w i n g   t a b l e .   Undoped  pour  p o i n t   33°C.  A d d i t i v e s   added  a t  

50  and  60°C.  

II  Dewaxing  p e r f o r m a n c e  

The  o i l   was  a  b r i g h t   s tock   waxy  r a f f i n a t e .   This  o i l   was  

dewaxed  wi th   a  s o l v e n t   m i x t u r e   of  m e t h y l e t h y l k e t o n e   and  t o l u e n e  

(volume  r a t i o   1 : 1 ) ,   a t   a  s o l v e n t / f e e d   we igh t   r a t i o   of  3 .85,   a  

doping  t e m p e r a t u r e   of  70°C,  a  dewaxing  t e m p e r a t u r e   of  -20°C,  a  

c o o l i n g   r a t e   of  3 .5°C/min   and  a  f i l t e r   vacuum  of  0.2  b a r .  



From  the   above  d a t a   t h e r e   a p p e a r s   to  be  a  b e t t e r   p e r f o r m a n c e   w i t h  

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

The  b e n e f i c i a l   e f f e c t   of  b r a n c h i n g   is   o b s e r v e d   for   pour  p o i n t  

d e p r e s s i o n   w i t h   bo th   r e s i d u a l   f u e l s   and  crude  o i l s   and  for   t h e  

improvement   in   t he   b r i g h t   s t o c k   dewaxing  p r o c e s s .  



1.  A  w a x - c o n t a i n i n g   crude  o i l   or  a  w a x - c o n t a i n i n g   fue l   o i l ,   i n  

p a r t i c u l a r   a  w a x - c o n t a i n i n g   r e s i d u a l   f u e l   o i l ,   compr i s i ng   a  s m a l l  

amount  of  a  po lymer   hav ing   p r e d o m i n a n t l y   a l i p h a t i c   h y d r o c a r b o n  

s ide   cha in s   of  at  l e a s t   14  carbon   a toms,   c h a r a c t e r i z e d   in  t h a t   t h e  

polymer  has  a  b r a n c h e d   b a c k b o n e .  

2.  An  o i l   as  c l a imed   in  c l a im  1,  w h e r e i n   the  p r o p o r t i o n   o f  

polymer   is   0.001  to  2%w,  in  p a r t i c u l a r   0.005  to  0.05%w,  ba sed   on  

the  t o t a l   o i l   c o m p o s i t i o n .  

3.  An  o i l   as  c l a imed   in  c la im  1  or  2  w h e r e i n   the  polymer  is   a  

copolymer   of  (A)  at   l e a s t   one  m o n o o l e f i n i c a l l y   u n s a t u r a t e d   a l i -  

p h a t i c   monomer  hav ing   a  s a t u r a t e d ,   p r e f e r a b l y   u n b r a n c h e d ,   h y d r o -  

carbon  cha in   of  at   l e a s t   14  carbon  a toms ,   o p t i o n a l l y  

(B)  a  smal l   amount  of  at   l e a s t   one  o t h e r   m o n o o l e f i n i c a l l y   u n -  

s a t u r a t e d   monomer,  a n d  

(C)  a  c o n t r o l l e d   smal l   amount  of  a t   l e a s t   one  d i o l e f i n i c a l l y  

u n s a t u r a t e d   monomer  which  d u r i n g   p o l y m e r i z a t i o n   r e s u l t s   in  a  

polymer  hav ing   a  b r a n c h e d   b a c k b o n e .  

4.  An  o i l   as  c l a imed   in  c la im  3,  w h e r e i n   monomer  (A)  is   a n  

a l k y l   (meth)  a c r y l a t e .  

5.  An  o i l   as  c l a imed   in  c la im  3  or  4,  w h e r e i n   the  amount  o f  

monomer  (B)  in  the  copolymer   is  0-10%w  on  t o t a l   monomers .  

6.  An  o i l   as  c l a imed   in  any  one   of  c l a i m s   3-5,   whe re in   monomer 

(B)  has  a  n i t r o g e n - c o n t a i n i n g   p o l a r   g r o u p .  

7.  An  o i l   as  c l a imed   in  c la im  6,  w h e r e i n   monomer  (B)  has  a  

h e t e r o c y c l i c   n i t r o g e n - c o n t a i n i n g   g r o u p .  

8.  An  o i l   as  c l a imed   in  any  one  of  c l a i m s   3-7,   where in   t h e  

amount  of  monomer  (C)  in  the  copo lymer   is  0.01  to  1%w  on  t o t a l  

monomers .  

9.  An  o i l   as  c l a imed   in  any  one   of  c l a i m s   3-8,   where in   monomer 

(C)  is  an  a l k a n e p o l y o l   poly  (meth)  a c r y l a t e   or  a  p o l y v i n y l   a r o m a t i c  

compound.  

10.  An  o i l   as  c l a imed   in  c la im  1,  s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d   w i th   s p e c i a l   r e f e r e n c e   to  the   E x a m p l e s .  



1 1 .  A   po lymer   as  d e f i n e d   in  any  one  of  c l a i m s   1 - 1 0 .  

12.  A  p r o c e s s   fo r   the   p r e p a r a t i o n   of  t he   po lymer   of  c l a im  1 1 ,  

w h e r e i n   t he   po lymer   is   p r e p a r e d   by  r a d i c a l   p o l y m e r i z a t i o n   in  a  

s o l v e n t   w i t h   the   a id   of  an  i n i t i a t o r .  

13.  Use  of  the   po lymer   of  c l a i m   11  as  dewaxing   a g e n t .  
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