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©  Lubricating  oil  additives  having  both  dispersant  and 
viscosity  index-improving  properties  comprise  a  polyfpolyal- 
kenyl  aromatic)nucleus,  at  least  three  hydrogenated  conju- 
gated  diene  homopolymer  or  copolymer  arms  linked  to  the 
nucleus,  and  at  least  one  polymerized  nitrogen  containing 
polar  compound  arm  linked  to  the  nucleus. 
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  Lubricating  oil  additives  having  both  dispersant  and 
viscosity  index-improving  properties  comprise  a  poly(polyal- 
kenyl  aromatic)nucleus,  at  least  three  hydrogenated  conju- 
gated  diene  homopolymer  or  copolymer  arms  linked  to  the 
nucleus,  and  at  least  one  polymerized  nitrogen  containing 
polar  compound  arm  linked  to  the  nucleus. 



This  i n v e n t i o n   is  d i r e c t e d   to  an  o i l - s o l u b l e   product   u s e f u l  

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

is  d i r e c t e d   to  a  s t a r - s h a p e d   polymer  having  the  p r o p e r t i e s   of  b o t h  

a  v i s c o s i t y   index  improver   and  a  d i s p e r s a n t ,   the  p r e p a r a t i o n   t h e r e -  

of  and  l u b r i c a t i n g   o i l   compos i t i ons   c o n t a i n i n g   i t .  

The  newer  eng ines   p lace   i n c r e a s e d   demands  on  the  l u b r i c a n t s  

to  be  employed.  In  the  pas t   a  number  of  d i f f e r e n t   a d d i t i v e s   h a v e  

been  added  to  l u b r i c a t i n g   o i l s   to  improve  such  p r o p e r t i e s   a s  

v i s c o s i t y   index  and  d i s p e r s a n c y .   One  such  a d d i t i v e   added  t o  

l u b r i c a t i n g   o i l s   to  improve  v i s c o s i t y   index  is  a  two-block   c o -  

polymer  having  the  g e n e r a l   c o n f i g u r a t i o n   A-B  where  A  is  s t y r e n e  

and  B  is  h y d r o g e n a t e d   i s o p r e n e .   See  g e n e r a l l y   U.S.  Pa ten t   Nos.  

3 ,763,044  and  3 ,772 ,196 .   A  VI  improver  having  g r e a t l y   improved  

mechanica l   shear   s t a b i l i t y   is  the  s e l e c t i v e l y   hyd rogena ted   s t a r -  

shaped  polymer  d i s c l o s e d   in  U.S.  Pa ten t   No.  4 , 1 1 6 , 9 1 7 .  

S i g n i f i c a n t   r e d u c t i o n s   in  cost  can  be  made  by  employing  a 

s i ng l e   a d d i t i v e   t ha t   improves  a  number  of  l u b r i c a n t   p r o p e r t i e s .  

For  example,  i n  U . S .   Pa ten t   No.  4 ,141 ,847   a  s e l e c t i v e l y   h y d r o g e n -  

ated  s t a r - s h a p e d   polymer  is  r e ac t ed   f i r s t   with  an  a l p h a - b e t a  

c a r b o x y l i c   a c i d ,   anhydr ide   or  e s t e r ,   and  then  the  product   i s  

r e a c t e d   with  an  amine  to  form  a  d i s p e r s a n t - V I   improver .   L i k e w i s e ,  

in  U.S.  Pa ten t   No.  4 ,077 ,893   a  s i m i l a r   p roduc t   is  ob ta ined   where  

an  alkane  po lyo l   r e a c t a n t   is  employed  in  p lace   of  the  amine 

r e a c t a n t   to  form  a  d i s p e r s a n t - V I   improver .   S t i l l   f u r t h e r ,   in  t h e  

copending  European  p a t e n t   a p p l i c a t i o n   80200993  a  h y d r o g e n a t e d  

s t a r - s h a p e d   polymer  is  r e a c t e d   with  a  n i t r o g e n   c o n t a i n i n g   p o l y -  

mer i zab le   o rgan i c   po la r   compound  to  form  a  d i s p e r s a n t - V I   i m p r o v e r .  

The  p r o c e s s e s   to  form  the  above  three   p r o d u c t s   a l l   have  c e r t a i n  

shor t comings .   In  each  of  the  a b o v e - d e s c r i b e d   p a t e n t s ,   the  s y n -  

t h e s i s   p rocess   involved   an  a d d i t i o n a l   step  whereby  the  s t a r - s h a p e d  

polymer  is  s u b j e c t e d   to  e i t h e r   f ree   r a d i c a l   p o l y m e r i z a t i o n   i n i t i -  

a t o r s ,   such  as,  t e r t - b u t y l   hyd rope rox ide   and  t e r t - b u t y l   b e n z o a t e  

or  a  high  t e m p e r a t u r e   condensa t i on   r e a c t i o n   between  an  @-8  u n -  



s a t u r a t e d   c a r b o x y l i c   acid   or  d e r i v a t i v e   and  the  r e s i d u a l   o l e f i n  

bonds  in  the  s t a r - p o l y m e r .   The  a c i d i c   d e r i v a t i z e d   s i t e   would  t h e n  

be  r e a c t e d   wi th   an  amine  or  a lkane   po lyo l .   The  high  t e m p e r a t u r e s  

r e q u i r e d   for  the  f ree   r a d i c a l   p r o c e s s   (140°C)  and  c o n d e n s a t i o n  

p r o c e s s e s   (180-250°C)  add  h i g h e r   energy  r e q u i r e m e n t s   for  t h e i r  

m a n u f a c t u r e   and  the  a d d i t i o n a l   r e a c t i o n   time  as  wel l   as  h i g h  

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

such  as  c r o s s - l i n k i n g   and  c h a i n - s c i s s i o n   of  the  polymer.   In  e a c h  

case  the  a d d i t i o n   of  a  p o l a r   m o l e c u l e ,   and  more  s p e c i f i c a l l y   a  

n i t r o g e n - b a s e d   molecule   to  the  s t a r - p o l y m e r   backbone  a l lows   f o r  

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

t i e s   are  e n c o u n t e r e d   in  c o n t r o l l i n g   the  degree  of  g r a f t i n g   a n d  

r e p r o d u c e a b i l i t y   of  the  f u n c t i o n a l i z a t i o n   r e a c t i o n .  

A  new  lube  a d d i t i v e   has  been  found  t ha t   has  s i g n i f i c a n t l y  

improved  p r o p e r t y   advan tages   over  the  p r i o r   a r t   a d d i t i v e s .  

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  an  o i l - s o l u b l e ,   s t a r -  

shaped  p roduc t   having  the  p r o p e r t i e s   of  both  a  v i s c o s i t y   i n d e x -  

improver   and  a  d i s p e r s a n t ,   sa id   o i l   s o l u b l e   p roduc t   c o m p r i s i n g :  

(a)  a  p o l y ( p o l y a l k e n y l   a r o m a t i c ) n u c l e u s ;  

(b)  at  l e a s t   t h r e e   h y d r o g e n a t e d   po lymer ic   arms  l i nked   to  s a i d  

n u c l e u s ,   sa id   h y d r o g e n a t e d   po lymer ic   arms  being  s e l e c t e d   f rom 

the  group  c o n s i s t i n g   o f :  

(i)  h y d r o g e n a t e d   homopolymers  and  hyd rogena ted   copolymers   o f  

c o n j u g a t e d   d i e n e s ;  

( i i )   h y d r o g e n a t e d   copolymers   of  con juga ted   d ienes   and  mono-  

a l k e n y l   a renes ;   and  

( i i i ) m i x t u r e s   t h e r e o f ;   and  where in   at  l e a s t   about  80X  of  t h e  

a l i p h a t i c   u n s a t u r a t i o n   o f  t h e   po lymer ic   arms  has  b e e n  

reduced  by  h y d r o g e n a t i o n   whi le   p r e f e r a b l y   l e s s   than  20% 

of  the  a roma t i c   u n s a t u r a t i o n   has  been  r educed ,   and  

(c)  at  l e a s t   one  po lymer i zed   n i t r o g e n   c o n t a i n i n g   po la r   compound 

arm  l i n k e d   to  said  n u c l e u s .  

The  d i s p e r s a n t - V I   improvers   of  the  p r e s e n t   i n v e n t i o n   p o s s e s s  
e x c e l l e n t   v i s c o s i t y   improving  p r o p e r t i e s ,   o x i d a t i v e   s t a b i l i t y ,  

m e c h a n i c a l   shear   s t a b i l i t y   and  d i s p e r s a n c y .   The  advan tages   of  t h e  



a b o v e - d e s c r i b e d   p roces s   i n c l u d e   lower  f u n c t i o n a l i z a t i o n   t e m p e r a -  

t u r e s ,   b e t t e r   c o n t r o l   of  the  p r o c e s s   and  the  degree  of  f u n c t i o n -  

a l i z a t i o n ,   shor t   r e a c t i o n   t imes ,   and  l ess   polymer  d e g r a d a t i o n   s u c h  

as  c r o s s - l i n k i n g   and  chain  s c i s s i o n .   In  e s s e n c e ,   t h i s   p r o c e s s  
i n v o l v e s   t e r m i n a t i n g   the  p o l y ( p o l y a l k e n y l   a r o m a t i c ) n u c l e u s   with  a 
s u i t a b l e   po l a r   compound.  This  added  step  is  a  simple  a d d i t i o n   t o  

the  p r o c e s s   of  forming  the  sa id   s t a r - p o l y m e r s   and  r e q u i r e s   no 

i n c r e a s e d   t e m p e r a t u r e s ,   e x t r a   c a t a l y s t s   or  long  r e a c t i o n   t imes  t o  

a f f e c t   the  f u n c t i o n a l i z a t i o n .   L ikewise ,   c o n t r o l   over  the  degree  o f  

added  po la r   compound  which  becomes  chemica l ly   bonded  to  the  p o l y  

( p o l y a l k e n y l   a r o m a t i c ) n u c l e u s   can  be  achieved  by  a d j u s t i n g   t h e  

molar  r a t i o   of  po l a r   compound  to  organo  l i t h i u m   compound  used  t o  

po lymer ize   the  arms  of  the  s t a r - p o l y m e r .  

The  p r o c e s s   for  p r e p a r i n g   t h i s   p roduc t   c o m p r i s e s :  

(a)  s o l u t i o n   p o l y m e r i z i n g   one  or  more  con juga ted   diene  a n d  

o p t i o n a l l y   one  or  more  monoalkenyl   arene  monomers  u n d e r  

p o l y m e r i z a t i o n   c o n d i t i o n s   with  an  o r g a n o l i t h i u m   compound,  

forming  l i v i n g   po lymer ic   a r m s ;  

(b)  c o n t a c t i n g   said  l i v i n g   po lymer ic   arms  with  a  p o l y a l k e n y l  

a romat ic   coupl ing   agent  forming  a  coupled  polymer  having  a  

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

a rms ;  

(c)  c o n t a c t i n g   said  coupled  polymer  with  a  n i t r o g e n   c o n t a i n i n g  

po la r   compound  monomer  a t t a c h i n g   p o l y ( n i t r o g e n   c o n t a i n i n g  

po la r   compound)arms  to  said  n u c l e u s ,   and 

(d)  r educ ing   by  h y d r o g e n a t i o n   at  l e a s t   80X  of  the  a l i p h a t i c  

u n s a t u r a t i o n   of  the  po lymer ic   arms  while   p r e f e r a b l y   r e d u c i n g  

less   than  20%  of  the  a romat ic   u n s a t u r a t i o n .  

As  is  wel l -known,   l i v i n g   polymers  may  be  p repared   by  a n i o n i c  

s o l u t i o n   p o l y m e r i z a t i o n   of  con juga t ed   dienes  and,  o p t i o n a l l y ,  

monoalkenyl   arene  compounds  in  the  p resence   of  an  a l k a l i   meta l   o r  

an  a l k a l i - m e t a l   hyd roca rbon ,   e . g . ,   sodium  n a p h t h a l e n e ,   as  a n i o n i c  

i n i t i a t o r .   The  p r e f e r r e d   i n i t i a t o r   is  l i t h i u m   or  a  m o n o l i t h i u m  

hydrocarbon .   S e c o n d a r y - b u t y l l i t h i u m   is  the  p r e f e r r e d   i n i t i a t o r .  

The  i n i t i a t o r s   may  be  added  to  the  p o l y m e r i z a t i o n   mix ture   in  two 



or  more  s t a g e s   o p t i o n a l l y   t o g e t h e r   with  a d d i t i o n a l   monomer.  The 

l i v i n g   polymers   are  o l e f i n i c a l l y   and,  o p t i o n a l l y ,   a r o m a t i c a l l y  

u n s a t u r a t e d .  

The  l i v i n g   po lymers   o b t a i n e d   by  r e a c t i o n   step  (a) ,   which  a r e  

l i n e a r   u n s a t u r a t e d   l i v i n g   po lymers ,   are  p r e p a r e d   from  one  or  more  

c o n j u g a t e d   d i e n e s ,   e . g . ,   C4  to  C12  c o n j u g a t e d   d ienes   and,  o p -  

t i o n a l l y ,   one  or  more  monoalkenyl   arene  compounds.  

P r e f e r r e d   d i enes   a re ,   b u t a d i e n e   and /o r   i s o p r e n e .   P r e f e r r e d  

monoa lkenyl   a rene   compounds  are  the  monovinyl  a romat ic   compounds 

such  as  s t y r e n e ,   as  wel l   as  the  a l k y l a t e d   d e r i v a t i v e s   t h e r e o f .   I f  

a  monoalkenyl   a rene   compound  is  used  in  the  p r e p a r a t i o n   of  t h e  

l i v i n g   polymers  i t   is  p r e f e r r e d   tha t   the  amount  t h e r e o f   be  b e l o w  

about  50%  by  w e i g h t ,   p r e f e r a b l y   about  3%  to  about  50%. 

The  l i v i n g   polymers   may  be  l i v i n g   homopolymers  or  l i v i n g  

copo lymers .   E.g.  the  l i v i n g   homopolymers  may  be  r e p r e s e n t e d   by  t h e  

formula   A-M,  where in   M  is  an  i on i c   group,  e . g . ,   l i t h i u m ,   and  A  i s  

p o l y b u t a d i e n e   or  p o l y i s o p r e n e .   L iv ing   polymers   of  i sop rene   are  t h e  

p r e f e r r e d   l i v i n g   homopo lymers .  

The  l i v i n g   copolymers   may  be  l i v i n g   b lock   copolymers ,   l i v i n g  

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

The  s o l v e n t s   in  which  the  l i v i n g   polymers  are  formed  a r e  

i n e r t   l i q u i d   s o l v e n t s   such  as  h y d r o c a r b o n s ,   e . g . ,   a l i p h a t i c  

h d y r o c a r b o n s ,   such  as  pen tane ,   hexane,   hep tane   oc tane ,   2 - e t h y l -  

hexane,   nonane,   decane ,   cyc lohexane ,   m e t h y l c y c l o h e x a n e   or  a r o m a t i c  

h y d r o c a r b o n s ,   e . g . ,   benzene ,   t o l u e n e ,   e t h y l b e n z e n e ,   the  X y l e n e s ,  

d i e t h y l b e n z e n e s ,   p r o p y l b e n z e n e s .   Cyclohexane  is  p r e f e r r e d .   Mix-  

t u r e s   of  h y d r o c a r b o n s ,   such  as  a  l u b r i c a t i n g   o i l ,   may  also  b e  

u s e d .  

The  t e m p e r a t u r e   at  which  the  p o l y m e r i z a t i o n   is  c a r r i e d   o u t  

may  vary  between  wide  l i m i t s   such  as  from  -75°C  to  150°C,  p r e -  

f e r a b l y   from  20°C  to  80°C.  The  r e a c t i o n   is  s u i t a b l y   c a r r i e d   out  i n  

an  i n e r t   a tmosphere   such  as  n i t r o g e n   and  may  be  c a r r i e d   out  u n d e r  

p r e s s u r e ,   e . g . ,   a  p r e s s u r e   of  from  0.5  to  10  b a r s .  



The  c o n c e n t r a t i o n   of  the  i n i t i a t o r   used  to  p r epa re   the  l i v i n g  

polymer  may  a l so   vary  between  wide  l i m i t s   and  is  de t e rmined   by  t h e  

d e s i r e d   m o l e c u l a r   weight  of  the  l i v i n g   p o l y m e r .  

The  m o l e c u l a r   weight  of  the  l i v i n g   polymers  p r e p a r e d   i n  

r e a c t i o n   step  (a)  may  vary  between  wide  l i m i t s .   S u i t a b l e   number  

average   m o l e c u l a r   weights   are  from  5,000  to  150,000  with  number  

average   m o l e c u l a r   weights   of  from  15,000  to  100,000  being  p r e -  
f e r r e d .   C o n s e q u e n t l y ,   the  number  average   mo lecu la r   weight   of  t h e  

h y d r o g e n a t e d   polymers   chains   of  the  f i n a l   s t a r - s h a p e d   polymer  may 
also  vary  between  these   l i m i t s .  

The  l i v i n g   polymers  produced  in  r e a c t i o n   step  (a)  are  t h e n  

r e a c t e d ,   in  r e a c t i o n   step  (b),   with  a  p o l y a l k e n y l   coupl ing   a g e n t .  

P o l y a l k e n y l   coup l ing   agents   capable   of  forming  s t a r - s h a p e d   p o -  

lymers  are  known.  See  g e n e r a l l y   U.S.  Pa ten t   No.  3 , 9 8 5 , 8 3 0 ,   C a -  

nadian  Pa t en t   No.  716,645,   and  B r i t i s h   Pa ten t   No.  1 ,025 ,295 .   They 

are  u s u a l l y   compounds  having  at  l e a s t   two  n o n - c o n j u g a t e d   a l k e n y l  

groups.   Such  groups  are  u s u a l l y   a t t a c h e d   to  the  same  or  d i f f e r e n t  

e l e c t r o n - w i t h - d r a w i n g   groups ,   e . g . ,   an  a romat ic   n u c l e u s .   Such 

compounds  have  the  p r o p e r t y   tha t   at  l e a s t   two  of  the  a l k e n y l  

groups  are  capab le   of  i ndependen t   r e a c t i o n   with  d i f f e r e n t   l i v i n g  

polymers  and  in  t h i s   r e s p e c t   are  d i f f e r e n t   from  c o n v e n t i o n a l  

c o n j u g a t e d   diene  p o l y m e r i z a b l e   monomers  such  as  b u t a d i e n e ,   i -  

sop rene ,   e tc .   Pure  or  t e c h n i c a l   grade  p o l y a l k e n y l   coup l ing   a g e n t s  

may  be  used.   The  p r e f e r r e d   coupl ing   agents   are  the  p o l y a l k e n y l  

a roma t i c   compounds  and  the  most  p r e f e r r e d   are  the  p o l y v i n y l  

a romat i c   compounds.  Examples  of  such  compounds  i nc lude   t h o s e  

a romat i c   compounds,  e . g . ,   benzene ,   t o l u e n e ,   xy lene ,   a n t h r a c e n e ,  

n a p h t h a l e n e   and  durene  which  are  s u b s t i t u t e d   by  at  l e a s t   two 

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

compounds  are  r e p r e s e n t e d   by  the  formula:   A - ( C H - C H 2 ) x   where in   A 

is  an  o p t i o n a l l y   s u b s t i t u t e d   a romat ic   nuc leus   and  x  is  an  i n t e g e r  

of  at  l e a s t   2.  Div iny l   benzene,   in  p a r t i c u l a r   m e t a d i v i n y l   b e n z e n e ,  

is  the  most  p r e f e r r e d   a romat ic   compound.  Pure  or  t e c h n i c a l   g r a d e  

d i v i n y l b e n z e n e   ( c o n t a i n i n g   v a r i o u s   amounts  of  o ther   monomers ,  

e . g . ,   s t y r e n e   and  e thyl   s t y r e n e )   may  be  used.  The  coupl ing   a g e n t s  



may  be  used  in  admix tu re   with  small  amounts  of  added  monomers 

which  i n c r e a s e   the  s ize   of  the  n u c l e u s ,   e . g . ,   s t y r e n e   or  a l k y l a t e d  

s t y r e n e .   In  t h i s   case ,   the  nuc leus   may  be  d e s c r i b e d   as  a  p o l y -  

( d i a l k e n y l )   coup l ing   a g e n t / m o n o a l k e n y l   a roma t i c   c o m p o u n d ) n u c l e u s ,  

e . g . ,   a  p o l y ( d i v i n y l b e n z e n e / m o n o a l k e n y l   a roma t i c   compound)-  

n u c l e u s .   From  the  above  i t   w i l l   be  c l e a r   t ha t   the  term  d i v i n y l -  

benzene   when  used  to  d e s c r i b e   the  nuc leus   means  e i t h e r   p u r i f i e d   o r  

t e c h n i c a l   grade  d i v i n y l   b e n z e n e .  

The  p o l y a l k e n y l   coup l i ng   agent  should  be  added  to  the  l i v i n g  

polymer  a f t e r   the  p o l y m e r i z a t i o n   of  the  monomers  is  s u b s t a n t i a l l y  

comple te ,   i . e . ,   the  agent   should  only  be  added  a f t e r   s u b s t a n t i a l l y  

a l l   of  the  diene  and  monoalkenyl   arene  monomer  has  been  c o n v e r t e d  

to  l i v i n g   p o l y m e r s .  

The  amount  of  p o l y a l k e n y l   coup l ing   agent   added  may  v a r y  
between  wide  l i m i t s   but  p r e f e r a b l y   at  l e a s t   0.5  mole  is  used  p e r  
mole  of  u n s a t u r a t e d   l i v i n g   polymer.   Amounts  of  from  1  to  15  m o l e s ,  

p r e f e r a b l y   from  1.5  to  5  moles  are  p r e f e r r e d .   The  amount,  w h i c h  

may  be  added  in  two  or  more  s t a g e s ,   is  u s u a l l y   such  so  as  t o  

conver t   at  l e a s t   80  or  85Xw  of  the  l i v i n g   polymers   in to   s t a r -  

shaped  p o l y m e r s .  

The  r e a c t i o n   s tep  (b)  may  be  c a r r i e d   out  in  the  same  s o l v e n t s  

as  for  r e a c t i o n   step  (a).   A  l i s t   of  s u i t a b l e   s o l v e n t s   is  g i v e n  

above.   In  r e a c t i o n   s tep  (b)  the  t e m p e r a t u r e   may  also  vary  b e t w e e n  

wide  l i m i t s ,   e . g . ,   from  0°  to  150°C,  p r e f e r a b l y   from  20°  to  120°C. 

The  r e a c t i o n   may  also  take  p lace   in  an  i n e r t   a tmosphere ,   e . g . ,  

n i t r o g e n   and  under  p r e s s u r e ,   e . g . ,   a  p r e s s u r e   of  from  0.5  to  10 

b a r s . -  

The  s t a r - s h a p e d   polymers   p repared   in  r e a c t i o n   step  (b)  a r e  

c h a r a c t e r i z e d   by  having  a  dense  cen t r e   or  nuc l eus   of  c r o s s - l i n k e d  

p o l y ( p o l y a l k e n y l   coup l ing   agent )   and  a  number  of  arms  of  s u b -  

s t a n t i a l l y   l i n e a r   u n s a t u r a t e d   polymers  ex t end ing   outwardly  t h e r e -  

from.  The  number  of  arms  may  vary  c o n s i d e r a b l y   but  is  t y p i c a l l y  

between  3  and  25,  p r e f e r a b l y   from  about  7  to  about  15.  S t a r -  

shaped  homopolymers  may  be  r e p r e s e n t e d   by  the  formula  A - x - ( A ) n  
and  s t a r - s h a p e d   copolymers  may  be  r e p r e s e n t e d   by  the  f o r m u l a  



A - B - x - ( B - A ) n   wherein   n  is  an  i n t e g e r ,   u s u a l l y   between  2  and  24 

and  x  is  the  p o l y ( p o l y a l k e n y l   coupl ing   a g e n t ) n u c l e u s .   From  t h e  

above  i t   can  be  seen  tha t   x  is  p r e f e r a b l y   a  p o l y ( p o l y v i n y l   a r o -  

matic  coup l ing   a g e n t ) n u c l e u s   and  more  p r e f e r a b l y   a  p o l y ( d i v i n y l -  

b e n z e n e ) n u c l e u s .   As  s t a t e d   above  i t   is  b e l i e v e d   tha t   the  n u c l e i  

are  c r o s s - l i n k e d .  

It  has  been  found  t ha t   the  g r e a t e r   number  of  arms  employed  i n  

the  i n s t a n t   i n v e n t i o n   s i g n i f i c a n t l y   improve  both  the  t h i c k e n i n g  

e f f i c i e n c y   and  the  shear  s t a b i l i t y   of  the  polymer  s ince   i t   is  t h e n  

p o s s i b l e   to  p repa re   a  VI - improver   having  a  high  m o l e c u l a r   w e i g h t  

( r e s u l t i n g   in  i n c r e a s e d   t h i c k e n i n g   e f f i c i e n c y )   w i thou t   the  n e -  

c e s s i t y   of  e x c e s s i v e l y   long  arms  ( r e s u l t i n g   in  improved  s h e a r  

s t a b i l i t y ) .  

In  s tep  (C),  the  s t a r - s h a p e d   polymer  is  c o n t a c t e d   with  a 

n i t r o g e n - c o n t a i n i n g   po la r   compound  monomer,  r e s u l t i n g   in  t h e  

a t t a c h m e n t   of  at  l e a s t   one  polymer  arm  d i r e c t l y   to  the  p o l y ( p o l y -  

v i n y l   a r o m a t i c ) n u c l e u s .   The  n i t r o g e n   c o n t a i n i n g   po l a r   compound  i s  

p r e f e r a b l y   s e l e c t e d   from  the  group  c o n s i s t i n g   of  2 - v i n y l p y r i d i n e  

and  4 - v i n y l p y r i d i n e ,   with  2 - v i n y l p y r i d i n e   being  most  p r e f e r r e d .  

However,  o the r   p o l y m e r i z a b l e   n i t r o g e n - b e a r i n g   compounds  are  a l s o  

con templa t ed   in  the  p r e s e n t   i n v e n t i o n ,   i n c l u d i n g ,   by  way  o f  

example:  2 -methy l ,   5 - v i n y l   p y r i d i n e ;   a c r y l a m i d e ;   m e t h a c r y l a m i d e s ;  

N-a lky l   a c r y l a m i d e s ;   N , N - d i a l k y l   a c r y l a m i d e s ;   N,N-  d i a l k y l m e t h a c r y l -  

amides,   where  the  a lky l   group  con t a in s   from  one  to  seven  c a r b o n  

atoms.  Other  p o l y m e r i z a b l e   n i t r o g e n - b e a r i n g   compounds  a r e :  

N-v iny l   imidazo le   and  N-v iny l   c a r b a z o l e ;   e - c a p r o l a c t a m ;   N - v i n y l -  

o x a z o l i d o n e ;   N - v i n y l c a p r o l a c t a m ;   N - v i n y l t h i o c a p r o l a c t a m ;   and 

N - v i n y l - p y r r o l i d o n e .   N o n - p o l y m e r i z a b l e   n i t r o g e n   h e t e r o c y c l e s   can 

also  be  added  with  the  p o l y m e r i z a b l e   n i t r o g e n - c o n t a i n i n g   p o l a r  

compound  to  give  the  d e s i r e d   f u n c t i o n a l i t y   i n c l u d i n g :   p i p e r i d i n e ,  

p y r r o l i d i n e ,   morpho l ine ,   p y r i d i n e ,   a z i r i d i n e ,   p y r r o l e ,   i n d o l e ,  

p y r i d a z i n e ,   q u i n o l i n e   and  i s o q u i n o l i n e ,   p y r i d a z i n e ,   p y r i m i d i n e ,  

p y r a z i n e ,   and  d e r i v a t i v e s   and  p o l y - p y r i d i n e s   having  l e s s   than  20 

p y r i d y l   groups  such  as  2 , 2 ' - b i p y r i d i n e   and  t r i p y r i d i n e ,   e t c .  



In  the  i n t e r e s t s   of  s i m p l i c i t y ,   the  r emainder   of  the  s p e -  
c i f i c a t i o n   s h a l l   r e f e r   to  v i n y l p y r i d i n e   i n s t e a d   of  n i t r o g e n -  

c o n t a i n i n g   po l a r   compound. 

Af ter   c o n t a c t i n g   the  s t a r - s h a p e d   polymer  wi th   the  v i n y l -  

p y r i d i n e   monomer,  the  r e s u l t i n g   s t a r - s h a p e d   copolymer  c o n t a i n s  

about   0.1  to  about   10  per  cent   by  weight  v i n y l p y r i d i n e ,   p r e f e r a b l y  

about   0.1  to  about  5.0  per  cent  by  weight .   The  number  of  p o l y ( v i n y l -  

p y r i d i n e ) a r m s   is  t y p i c a l l y   between  one  and  about  10,  p r e f e r a b l y  

be tween   one  and  about  5.  A c c o r d i n g l y ,   the  m o l e c u l a r   weight   of  t h e  

p o l y ( v i n y l p y r i d i n e )   arms  is  between  about  105  and  about  1 0 , 0 0 0 ,  

p r e f e r a b l y   between  about  105  and  about  1000. 

The  a d d i t i o n   of  the  p o l a r   compound,  p r e f e r a b l y   2 - v i n y l p y r i -  

d ine ,   to  the  p o l y ( p o l y a l k e n y l   a r o m a t i c ) n u c l e u s   occurs   at  t e m -  

p e r a t u r e s   between  -78°C  and  +80°C,  p r e f e r a b l y   between  25°C  a n d  

60°C.  

The  m o l e c u l a r   w e i g h t s   of  the  s t a r - s h a p e d   polymer  to  b e  

h y d r o g e n a t e d   may  vary  between  r e l a t i v e l y   wide  l i m i t s .   However,  a n  

i m p o r t a n t   a spec t   of  the  p r e s e n t   i n v e n t i o n   is  t h a t   polymers   p o s s e s -  

sing  good  shear   s t a b i l i t y   may  be  produced  even  though  the  p o l y m e r s  

have  very  high  m o l e c u l a r   w e i g h t s .   I t   is  p o s s i b l e   to  produce  s t a r  

po lymers   having  peak  m o l e c u l a r   weights   between  about  25,000  and  

about   1 ,250 ,000 .   P r e f e r r e d   m o l e c u l a r   weights   are  100,000  t o  

500,000.   These  peak  m o l e c u l a r   we igh ts   are  de t e rmined   by  g e l  

p e r m e a t i o n   chromotography   (GPC)  on  a  p o l y s t y r e n e   s c a l e .  

In  step  (d),   the  s t a r - s h a p e d   polymers  are  h y d r o g e n a t e d   by  any  
s u i t a b l e   t e c h n i q u e .   S u i t a b l y   at  l e a s t   80%,  p r e f e r a b l y   90  to  a b o u t  

98X  of  the  o r i g i n a l   o l e f i n i c   u n s a t u r a t i o n   is  h y d r o g e n a t e d .   If  t h e  

s t a r - s h a p e d   polymer  is  p a r t l y   de r ived   from  a  monoalkenyl   a r e n e  

compound,  then  the  amount  of  a romat ic   u n s a t u r a t i o n   which  i s  

h y d r o g e n a t e d ,   i f   any,  w i l l   depend  on  the  h y d r o g e n a t i o n   c o n d i t i o n s  

used.   However,  p r e f e r a b l y   l e s s   than  20%,  more  p r e f e r a b l y   less   t h a n  

5%  of  such  a roma t i c   u n s a t u r a t i o n   is  hyd rogena t ed .   If  the  p o l y ( p o l y -  

a l k e n y l   coup l i ng   a g e n t ) n u c l e u s   is  a  p o l y ( p o l y a l k e n y l   a r o m a t i c  

coup l i ng   a g e n t ) n u c l e u s ,   then  the  a romat ic   u n s a t u r a t i o n   of  t h e  

n u c l e u s   may or  may  not  be  hyd rogena ted   again  depending  upon  



the  h y d r o g e n a t i o n   c o n d i t i o n s   used.  The  mo lecu la r   we igh ts   of  t h e  

hydrogena ted   s t a r - s h a p e d   polymers  co r respond   to  those  of  t h e  

unhydrogena ted   s t a r - s h a p e d   p o l y m e r s .  

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

with  the  r egard   to  the  thermal   and  o x i d a t i v e   s t a b i l i t y   of  t h e  

p r o d u c t .   This  h y d r o g e n a t i o n   may  be  c a r r i e d   out  in  any  d e s i r e d   way. 
The  h y d r o g e n a t i o n   of  the  s t a r - s h a p e d   polymer  is  very  s u i t a b l y  

conducted   in  s o l u t i o n   in  a  s o l v e n t   which  is  i n e r t   dur ing  t h e  

h y d r o g e n a t i o n   r e a c t i o n .   S a t u r a t e d   hyd roca rbons   and  m i x t u r e s   o f  

s a t u r a t e d   hyd roca rbons   are  very  s u i t a b l e   and  it   is  of  advan tage   t o  

carry   out  the  h y d r o g e n a t i o n   in  the  same  so lven t   in  which  t h e  

p o l y m e r i z a t i o n   has  been  e f f e c t e d .  

A  much  p r e f e r r e d   h y d r o g e n a t i o n   p rocess   is  the  s e l e c t i v e  

h y d r o g e n a t i o n   p rocess   shown  in  U.S.  Pa tent   No.  3 ,595 ,942 .   In  t h a t  

p r o c e s s ,   h y d r o g e n a t i o n   is  conduc ted ,   p r e f e r a b l y   in  the  same 

so lven t   in  which  the  polymer  was  p r e p a r e d ,   u t i l i z i n g   a  c a t a l y s t  

compr i s ing   the  r e a c t i o n   p roduc t   of  an  aluminium  a lky l   and  a  n i c k e l  

or  coba l t   c a r b o x y l a t e   or  a l k o x i d e .   A  favoured  c a t a l y s t   is  t h e  

r e a c t i o n   product   formed  from  t r i e t h y l   aluminium  and  n i c k e l   o c t o a t e .  

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

p rocess   wherein  the  polymer  is  c o n t a c t e d   with  a  hyd raz ine   o r  

p - t o l u e n e s u l p h o n y l h y d r a z i d e   r e a c t a n t   forming  N2H2,  which  r e d u c e s  

the  polymer  by  h y d r o g e n a t i o n .  

The  advantage   of  the  p - t o l u e n e s u l p h o n y l h y d r a z i d e   and  h y d r a z i n e  

h y d r o g e n a t i o n   t echn ique   is  the  a b i l i t y   to  s e l e c t i v e l y   r e d u c e  

o l e f i n   u n s a t u r a t i o n   wi th in   the  b lock   copolymers  wi thout   e x c e s s i v e  

d e g r a d a t i o n   ( c h a i n - s c i s s i o n ,   c r o s s - l i n k i n g )   of  the  polymer  c h a i n .  

L ikewise ,   h y d r o g e n a t i o n   by  t h i s   t echn ique   is  mild  and  can  be  

ach ieved   in  the  p resence   of  v a r i o u s   f u n c t i o n a l   groups.   S p e c i f i -  

ca l ly   the  u n s a t u r e a t e d   p o r t i o n   of  the  polymer  chains  c o n t a i n i n g  

pr imary ,   secondary  or  t e r t i a r y   amines  can  be  reduced  t p  

about  80%.  Other  f u n c t i o n a l   groups  which  a r p  -  

the  d i imide  r e d u c t i o n   p rocess   are  d o u b l e  

polar   c h a r a c t e r   such  as:  (-C*N,=C=N-,=C=0 

advantage  of  the  di imide  r e d u c t i o n   p r o c e d u  



s e l e c t i v i t y ,   a l l owing   for  the  r e d u c t i o n   of  the  o l e f i n i c   s i t e s  

w i t h i n   the  b l o c k - p o l y m e r   cha in ,   whi le   l e av ing   o the r   p o l a r   f u n c -  

t i o n a l   groups  i n t a c t .   P r e f e r r e d   s o l v e n t s   are  cyc lohexane ,   h e x a n e ,  

benzene ,   t o l u e n e ,   meta- ,   o r t h o -   and  p a r a - x y l e n e s   or  m i x t u r e s  

t h e r e o f .   Most  p r e f e r a b l y ,   xy l enes   are  used  as  the  h y d r o g e n a t i o n  

s o l v e n t .  

Without  wishing  to  be  bound  to  a  p a r t i c u l a r   t heo ry ,   i t   i s  

c o n s i d e r e d   tha t   in  t h i s   s t o i c h i o m e t r i c   h y d r o g e n a t i o n ,   the  r e a c t a n t  

t h e r m a l l y   decomposes,   r e s u l t i n g   in  the  fo rma t ion   of  a  d i i m i d e  

which  s e rves   as  the  a c t u a l   h y d r o g e n a t i n g   agent .   Next,  the  d i i m i d e  

q u i c k l y   undergoes   a  c o n c e r t e d   c i s - a d d i t i o n   to  the  polymer  a l i p h a -  

t i c   double  bonds  a f f e c t i n g   the  h y d r o g e n a t i o n ,   while   r e l e a s i n g  

n i t r o g e n   as  the  gaseous  b y - p r o d u c t .   The  r e a c t a n t s   employed  h e r e i n  

i n c l u d e   p - t o l u e n e s u l p h o n y l h y d r a z i d e   (PTSH)  and  h y d r a z i n e ,   w i t h  

PTSH  be ing   p r e f e r r e d .  

The  mechanism  of  the  h y d r o g e n a t i o n   step  can  be  e n v i s i o n e d   a s  

f o l l o w s ,   wi th   PTSH  as  the  r e a c t a n t :  



The  t e m p e r a t u r e   dur ing   the  r e a c t a n t   d e c o m p o s i t i o n   s t age   i s  

e .g .   between  50°C  and  150°C,  p r e f e r a b l y   between  80°C  and  135°C. 

The  molar  r a t i o   of  PTSH  or  h y d r a z i n e   r e a c t a n t   to  c o n j u g a t e d   d i e n e  

u n i t s   ( a l i p h a t i c   u n s a t u r a t i o n   bonds)  is  t y p i c a l l y   between  5:1  and 

1:1,  p r e f e r a b l y   between  3:1  and  1 : 1 .  

The  h y d r o g e n a t e d   s t a r - s h a p e d   polymer  is  then  r e c o v e r e d   i n  

s o l i d   form  from  the  s o l v e n t   in  which  i t   is  h y d r o g e n a t e d   by  any  
c o n v e n i e n t   t e c h n i q u e   such  as  by  e v a p o r a t i o n   of  the  s o l v e n t .  

A l t e r n a t i v e l y ,   an  o i l ,   e . g . ,   a  l u b r i c a t i n g   o i l ,   may  be  added  t o  

the  s o l u t i o n   and  the  s o l v e n t   s t r i p p e d   off  from  the  m ix tu re   so  

formed  to  produce  c o n c e n t r a t e s .   Eas i ly   h a n d l e a b l e   c o n c e n t r a t e s   a r e  

produced  even  when  the  amount  of  hydrogena ted   s t a r - s h a p e d   p o l y m e r  

t h e r e i n   exceeds  10%w.  S u i t a b l e   c o n c e n t r a t e s   c o n t a i n   from  10  t o  

25Xw  of  the  hyd rogena t ed   s t a r - s h a p e d   p o l y m e r .  

The  r e a c t i o n   p roduc t   of  t h i s   i n v e n t i o n   can  be  i n c o r p o r a t e d   i n  

l u b r i c a t i n g   o i l   c o m p o s i t i o n s ,   e . g . ,   au tomot ive   c r a n k c a s e   o i l s ,   i n  

c o n c e n t r a t i o n s   w i t h i n   the  range  of  about  0.1  to  about  15,  p r e -  

f e r a b l y   about  0.1  to  3,  %w  based  on  the  weight  of  the  t o t a l  

c o m p o s i t i o n s .   The  l u b r i c a t i n g   o i l s   to  which  the  a d d i t i v e s   of  t h e  

i n v e n t i o n   can  be  added  i n c l u d e   not  only  mine ra l   l u b r i c a t i n g   o i l s ,  

but  s y n t h e t i c   o i l s   a l so .   S y n t h e t i c   hydrocarbon   l u b r i c a t i n g   o i l s  

may  also  be  employed,  as  wel l   as  non -hydroca rbon   s y n t h e t i c   o i l s  

i n c l u d i n g   d i b a s i c   acid  e s t e r s   such  as  d i - 2 - e t h y l   hexyl   s e b a c a t e ,  

c a rbona t e   e s t e r s ,   phospha te   e s t e r s ,   h a l o g e n a t e d   h y d r o c a r b o n s ,  

p o l y s i l i c o n e s ,   p o l y g l y c o l s ,   g lyco l   e s t e r s   such  as  C13  oxo  a c i d  

d i e s t e r s   of  t e t r a e t h y l e n e   g l y c o l ,   e tc .   When  used  in  g a s o l i n e   o r  

fuel   o i l ,   e . g . ,   d i e s e l   f u e l ,   No.  2  fuel   o i l ,   e t c . ,   then  u s u a l l y  

about  0.001  to  0.5  Xw,  based  on  the   weight  of  the  t o t a l   com- 

p o s i t i o n   of  the  r e a c t i o n   p roduc t   w i l l   be  used.  C o n c e n t r a t i o n s  

compr i s ing   a  minor  p r o p o r t i o n ,   e . g . ,   15  to  45  Xw of  sa id   r e a c t i o n  

p roduc t   in  a  major  amount  of  hydrocarbon  d i l u e n t ,   e . g . ,   85  to  55 

%w  mine ra l   l u b r i c a t i n g   o i l ,   with  or  w i t h o u t  o t h e r   a d d i t i v e s  

p r e s e n t ,   can  also  be  p r epa red   for  ease  of  h a n d l i n g .  



In  the  above  compos i t i ons   or  c o n c e n t r a t e s ,   o the r   c o n v e n t i o n a l  

a d d i t i v e s   may  a lso   be  p r e s e n t ,   i n c l u d i n g   dyes,  pour  po in t   d e p r e s -  

s a n t s ,   a n t i w e a r ,   e . g . ,   t r i c r e s y l   phospha te ,   zinc  d i a l k y l   d i t h i o -  

p h o s p h a t e s   of  3  to  8  carbon  atoms,  a n t i o x i d a n t s   such  as  p h e n y l -  

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

as  4 , 4 ' - m e t h y l e n e   b i s ( 3 , 6 - d i - t e r t - b u t y l p h e n o l ) ,   v i s c o s i t y   i n d e x  

improve r s   such  as  the  e t h y l e n e - h i g h e r   o l e f i n   c o p o l y m e r ,  

p o l y m e t h y l a c r y l a t e s ,   p o l y i s o b u t y l e n e ,   a l ky 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 ,   and  the  l ike   as  wel l   as  o ther   a s h l e s s   d i s p e r s a n t s   o r  

d e t e r g e n t s   such  as  overbased   s u l p h o n a t e s .  

The  i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d   by  the  f o l l o w i n g   Exam- 

p l e s .  

Example  1 

A  2 - l i t r e   g l a s s - b o w l   r e a c t o r   equipped  with  a  s t i r r e r   and 

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

the  s t a r - s h a p e d   p o l y ( i s o p r e n e )   and  the  d i s p e r s a n t   V I - i m p r o v e r .  

Anionic   p o l y m e r i z a t i o n   t e c h n i q u e s   were  employed  and  a l l   r e a g e n t s  

.such  a s :  

monomers,  s o l v e n t s ,   i n i t i a t o r s ,   e tc .   were  dry  and  of  high  p u r i t y .  

The  p o l y m e r i z a t i o n   was  achieved  under  an  i n e r t   gas  such  as  a r g o n  

or  n i t r o g e n   in  order  to  avoid  c o n t a m i n a t i o n   with  the  a t m o s p h e r e .  

The  r e a c t o r   was  charged  with  1170  grams  of  cyc lohexane   and 

hea ted   to  35°C.  A  small  amount  of  1 , 1 - d i p h e n y l e t h y l e n e   was  t h e n  

added  to  serve  as  an  i n d i c a t o r   for  the  subsequen t   t i t r a t i o n .  

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

in to   the  r e a c t o r   u n t i l   a  permanent  ye l low  co lour   was  r eached .   T h i s  

se rved   as  an  i n d i c a t o r   tha t   a l l   i m p u r i t i e s   had  been  scavenged  from 

the  sys tem.   The  s o l u t i o n   was  then  back  t i t r a t e d   with  s o l v e n t   u n t i l  

the  ye l low  co lour   had  j u s t   d i s a p p e a r e d .   The  r e q u i r e d   amount  o f  

i n i t i a t o r   was  then  charged,   which  was  c a l c u l a t e d   to  be  5 . 7 x 1 0  

moles  of  s e c - b u t y l l i t h i u m .   To  t h i s   s o l u t i o n   was  then  added  294  mls  

of  i s o p r e n e   monomer.  The  t e m p e r a t u r e   was  al lowed  to  i n c r e a s e   t o  

60°C,  where  the  p o l y m e r i z a t i o n   con t inued   for  2  hours .   To  t h e  



l i v i n g   p o l y ( i s o p r e n e )   was  next  added  0.028  moles  of  c o m m e r c i a l  

d i v i n y l b e n z e n e ,   such  tha t   the  molar  r a t i o   of  d i v i n y l b e n z e n e   t o  

sec-RLi   was  5:1.  The  r e a c t i o n   was  a l lowed  to  p roceed   for  1-2  h o u r s  

at  60°C.  The  s o l u t i o n   tu rned   deep  red  a f t e r   a d d i t i o n   of  the  d i v i n y l -  

benzene .   This  d i v i n y l b e n z e n e   coup l ing   formed  the  s t a r - s h a p e d  

p o l y ( i s o p r e n e ) .   After   the  coup l ing   s t ep ,   0.87  grams  of  2 - v i n y l -  

p y r i d i n e   was  added  to  the  s o l u t i o n   g iv ing   the  polymer  a  c h e m i c a l l y  
bonded  po la r   group.  The  polymer  was  then  p r e c i p i t a t e d   in to   a  l a r g e  

excess   of  i s o p r o p a n o l ,   f i l t e r e d ,   and  d r ied   in  a  vacuum  oven  u n t i l  

a  c o n s t a n t   weight  was  o b t a i n e d .  

Ana lys i s   of  the  polymer  by  K j e l d a h l   n i t r o g e n   a n a l y s i s   i n -  

d i c a t e d   tha t   the  polymer  c o n t a i n e d   from  350  to  450  ppm  n i t r o g e n .  

This  co r r e sponds   to  around  0.5  %w  2 - v i n y l p y r i d i n e   in  the  p o l y m e r .  

G.P.C.  a n a l y s i s   of  the  polymer  r e v e a l e d   the  n u m b e r - a v e r a g e  

arm  mo lecu l a r   weight  to  be  38,000  and  the  f u n c t i o n a l i t y   was 

obse rved   to  be  around  9-10  arms.  The  polymer  was  s t a b i l i z e d   w i t h  

Ionol   and  s to red   u n t i l   needed  for  subsequen t   h y d r o g e n a t i o n .  
S t o i c h i o m e t r i c   H y d r o g e n a t i o n  

Hydrogena t ion   of  the  2 - v i n y l p y r i d i n e   f u n c t i o n a l i z e d  

s t a r s h a p e d   p o l y ( i s o p r e n e )   was  ach ieved   with  p a r a - t o l u e n e s u l p h o n y l -  

h y d r a z i d e   in  r e f l u x i n g   xy l ene .   A  o n e - l i t r e ,   f o u r - n e c k e d   r e a c t i o n  

f l a s k ,   f i t t e d   with  a  condense r ,   n i t r o g e n   i n l e t ,  t h e r m o m e t e r ,   and 

sample  port   was  assembled  and  hea ted   with  a  s i l i c o n e   o i l   b a t h .  

The  r e a c t i o n   f l a s k   was  charged  with  300  mls  of  xy lene ,   t o  

which  was  added  5  grams  of  polymer.   The  r e a c t o r   was  hea ted   to  60°C 

to  aid  polymer  d i s s o l u t i o n .   Once  the  t e m p e r a t u r e   had  s t a b i l i z e d ,  

0.304  moles  of  p a r a - t o l u e n e s u l p h o n y l h y d r a z i d e   was  added  through  a  

powder  funnel   to  the  r e a c t i o n .   This  amounts  to  a  4  to  1  m o l a r  

r a t i o   of  p a r a - t o l u e n e s u l p h o n y l - h y d r a z i d e   to  polymer  double  bonds .  

The  r e a c t i o n   medium  was  then  hea ted   to  the  r e f l u x   t e m p e r a t u r e   o f  

xylene  (130-135°C)  and  a l lowed  to  r e a c t   for  5  hours .   The  h y d r o g e n -  

a ted  product   was  recovered   by  f i l t e r i n g   the  hot  xylene   s o l u t i o n ,  

fo l lowed   by  c o a g u l a t i o n   of  the  polymer  s o l u t i o n   in  i s o p r o p a n o l .  



The  polymer  was  washed  s e v e r a l   t imes  with  hot  water   and  i s o p r o p a -  

nol  to  remove  any  u n r e a c t e d   b y - p r o d u c t s .   The  polymer  was  t h e n  

d r i e d   o v e r n i g h t   in  a  vacuum  oven  at  50°C.  

A n a l y s i s   of  the  polymer  by  an  03  t i t r a t i o n   t e c h n i q u e ,   r e -  

s u l t e d   in  a  98X  y i e l d   for   the  degree   of  h y d r o g e n a t i o n .   G .P .C .  

a n a l y s i s   of  the  polymer  a f t e r   h y d r o g e n a t i o n   l i k e w i s e   i n d i c a t e d  

t h a t   no  polymer  d e g r a d a t i o n   took  p l ace   dur ing  the  r e a c t i o n .  

Example  2 

A  2 0 - g a l l o n   ( 7 6 - l i t r e )   s t a i n l e s s   s t e e l   ba tch   r e a c t o r   was 

employed  for  the  s y n t h e s i s   of  the  d i s p e r s a n t   VI - improve r .   To  t h e  

r e a c t o r   was  charged  8.8  g a l l o n s   (33  l i t r e )   of  cyc lohexane ,   f o l l o w e d  

by  7.8  pounds  (3.5  kg)  of  i s o p r e n e   monomer.  This  s o l u t i o n   was 

t i t r a t e d   with  s e c - b u t y l l i t h i u m ,   and  then  the  r e q u i r e d   amount  o f  

s e e - b u t y l l i t h i u m   was  added  (0.118  moles)  to  i n i t i a t e   the  p o l y -  

m e r i z a t i o n .   The  r e a c t i o n   was  a l lowed  to  proceed  at  60°C  for  2 

h o u r s ,   at  which  po in t   64.4_grams  of  commercial   d i v i n y l b e n z e n e   was 

added.   The  s t a r - c o u p l i n g   r e a c t i o n   was  a l lowed  to  c o n t i n u e   for  1-2 

hours   at  60°C.  Next,  was  added  18.5  grams  of  2 - v i n y l p y r i d i n e   t o  

the  s o l u t i o n   to  form  the  c h e m i c a l l y   bonded  po l a r   group.  The 

polymer  cement  was  t e r m i n a t e d   wi th   me thano l ,   and  then  s t a b i l i z e d  

wi th   an  a n t i - o x i d a n t   and  s t o r e d   u n t i l   needed  for  s u b s e q u e n t  

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

K j e l d a h l   n i t r o g e n   a n a l y s i s   i n d i c a t e d   460  ppm  n i t r o g e n ,   w h i c h  

amounts  to  0 . 3 - 0 . 4   %wt  2 - v i n y l p y r i d i n e .  

G.P.C.  a n a l y s i s   of  the  polymer  r e v e a l e d   the  number  a v e r a g e  

arm  molecu le   weight   to  be  32 ,000,   and  the  f u n c t i o n a l i t y   was 

o b s e r v e d   to  be  around  9-10  a rms .  

C a t a l y t i c   H y d r o g e n a t i o n  

To  hydrogena te   the  s t a r - p o l y m e r   as  d e s c r i b e d   above,  a  c a -  

t a l y t i c   h y d r o g e n a t i o n   t e c h n i q u e   was  employed.  This  method  i n v o l v e s  

s u b j e c t i n g   the  polymer  cement  to  c a t a l y s t   compr is ing   the  r e a c t i o n  

p r o d u c t   of  an  aluminium  a l k y l   and  a  n i c k e l   c a r b o x y l a t e ,   more 

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



To  a  10  ga l l on   (38  l i t r e )   s t a i n l e s s   s t e e l   a u t o c l a v e   r e a c t o r ,  

equipped  with  a  s t i r r e r ,   hydrogen  i n l e t ,   and  a p p r o p r i a t e   t e m -  

p e r a t u r e   c o n t r o l ,   was  charged  42  pounds  (18.9  kg)  (6.5  g a l l o n s )  

(24.7  l i t r e )   of  a  12Xw  polymer  s o l u t i o n   in  c y c l o h e x a n e .   The 

r e a c t o r   was  then  hea ted   to  40°C.  This  charge  amounts  to  5 . 0 4  

pounds  (2.27  kg)  of  neat   p o l y m e r .  

The  a u t o c l a v e   was  then  p r e s s u r i z e d   with  hydrogen  to  750  p s i  

(52.5  bar)   fo l lowed  by  the  a d d i t i o n   of  5,959  ml  of  the  c a t a l y s t  

s o l u t i o n   of  a  6,000  ppm  n i c k e l   c o n c e n t r a t i o n .   The  c a t a l y s t   s o l u t i o n  

was  added  in  t h r e e   i n c r e m e n t s   ( i . e . ,   1,986  ml  per  i nc rement )   b e i n g  

c a r e f u l   not  to  al low  the  t empera tu re   to  i n c r e a s e   beyond  70°C.  (The 

o v e r a l l   amount  of  c a t a l y s t   added  was  1,500  ppm).  The  r e a c t i o n  

t e m p e r a t u r e   was  m a i n t a i n e d   w i th in   60-70°C  for  4  hours  at  wh ich  

po in t   the  c o n v e r s i o n ,   as  de te rmined   by  03  t i t r a t i o n ,   was  found  t o  

be  98X. 

The  r e a c t i o n   was  a l lowed  to  con t inue   o v e r n i g h t   r e s u l t i n g   in  a 

f i n a l   degree  of  h y d r o g e n a t i o n   of  98.4%.  Af te r   comp le t i on   of  t h e  

h y d r o g e n a t i o n   s t e p ,   the  polymer  cement  was  s u b j e c t e d   to  s e v e r a l  

c i t r i c - a c i d   wash  cyc les   to  remove  the  r e s i d u a l   n i c k e l   from  t h e  

polymer.   Ana lys i s   of  the  polymer  by  an  atomic  a b s o r p t i o n   t e c h n i q u e  

i n d i c a t e d   the  r e m a i n i n g  n i c k e l   c o n c e n t r a t i o n   to  be  on  the  order   o f  

155-160  ppm  n i c k e l   based  on  the  weight  of  neat   polymer.   I o n o l  

a n t i - o x i d a n t   was  added  to  the  cement  and  the  polymer  cement  was 

s t o r e d   u n t i l   needed.   The  polymer  could  be  e a s i l y   i s o l a t e d ,   by 

c o a g u l a t i o n   in to   i s o p r o p a n o l ,   fol lowed  by  vacuum  d r y i n g .  

Product   E v a l u a t i o n  

The  d i s p e r s a n c y   of  the  s t a r - s h a p e d   polymer  was  a s s e s s e d   by  a 

spot  d i s p e r s a n c y   t e s t   (SDT).  The  new  d i s p e r s a n t   VI - improve r s   were  

e v a l u a t e d   and  compared  to  known  commercial  d i s p e r s a n t   V I - i m p r o v e r s  

such  as:  Amoco  9250,  Lubr izo l   6401  and  Acry lo id   1155.  A c r y l o i d  

1155  is  a  n i t r o g e n   f u n c t i o n a l i z e d   e t h y l e n e - p r o p y l e n e   random 

copolymer.   Lubr izo l   6401,  an  a sh l e s s   d i s p e r s a n t ,   is  a  p o l y i s o b u -  

t y l e n e - m a l e i c   anhydr ide   g r a f t   copolymer  f u n c t i o n a l i z e d   w i t h  



p e n t a e r y t h r i t o l .   Amoco  9250  is  a  p o l y - i s o b u t y l e n e - a m i n e   a s h l e s s  

d i s p e r s a n t   a lso  c o n t a i n i n g   boron.   The  spot  d i s p e r s a n c y   t e s t   is  a 

q u a l i t a t i v e   measure  of  the  a b i l i t y   of  an  o i l   to  d i s p e r s e   s l u d g e .  

In  t hese   t e s t s   a  2%w  s o l u t i o n   of  the  a d d i t i v e   was  added  to  a 

common  l u b r i c a t i n g   o i l   base  s tock ,   is  mixed  with  a  s l u d g e - c o n -  

t a i n i n g   o i l   and  hea ted   to  149°C  for  15  minutes   and  shaken  for  one 

hour .   The  samples  were  then  l e f t   in  an  oven  o v e r n i g h t   at  149°C. 

The  samples  were  next  a l lowed  to  cool   to  room  t e m p e r a t u r e   and  two 

drops  of  the  s o l u t i o n   were  p l a c e d ,   wi th   an  eye  d roppe r ,   on  s e -  

p a r a t e   12  cm  d i ame te r   No.  1  whatman  f i l t e r   pape r s .   The  d i a m e t e r s  

of  the  spo ts   were  measured  a f t e r   24  hours .   The  l o n g i t u d i n a l   and 

l a t a t u d i n a l   d i a m e t e r s   of  the  inner   s ludge  spot  were  measured  i n  

m i l l i m e t r e s   (mm)  and  an  average   d i ame te r   was  taken.   In  a  s i m i l a r  

f a s h i o n ,   the  average   ou te r   d i a m e t e r s   of  the  o i l   spot  was  m e a s u r e d .  

The  r a t i o   of  the  inner   spot  d i ame te r   to  the  ou te r   spot  d iamete r   i s  

known  as  the  SDT  r a t i o ,   a  l a r g e r   r a t i o   i n d i c a t i n g   b e t t e r   d i s -  

p e r s a n c y .   Table  I  summarizes  the  da t a ,   comparing  the  c o m m e r c i a l l y  

known  d i s p e r s a n t   V I - i m p r o v e r s   to  a  b lank   c o n t r o l ,   and  the  2 - v i n y l -  

p y r i d i n e   f u n c t i o n a l i z e d   s t a r - s h a p e d   h y d r o g e n a t e d   p o l y ( i s o p r e n e ) .  



As  observed   from  Table  I,  the  d i s p e r s a n c y   of  the  h y d r o g e n a t e d  

2 - v i n y l p y r i d i n e - s t a r - p o l y ( i s o p r e n e )   is  e x c e l l e n t ,   being  much 

h igher   than  the  commercial   d i s p e r s a n t   V I - i m p r o v e r s   used  f o r  

c o m p a r i s o n .  

A  v i s c o m e t r i c   comparison  of  the  d i s p e r s a n t   VI - improver   and  a  

s i m i l a r   s t a r - s h a p e d   p o l y ( i s o p r e n e )   w i thou t   2 - v i n y l p y r i d i n e   f u n c t i o n -  

a l i t y   was  made  and  the  data  are  summarized  in  Table  I I .  

The  k i n e m a t i c   v i s c o s i t y   data  as  measured  at  both  high  and  low 

t e m p e r a t u r e s   i n d i c a t e   the  polymer  has  good  t h i c k e n i n g   c a p a b i l i t y ,  

q u a l i f y i n g   t h i s   polymer  as  a  s u i t a b l e   VI - imrover   as  wel l   as  a 

d i s p e r s a n t .   These  s u p e r i o r   p r o p e r t i e s   make  the  h y d r o g e n a t e d  

s t a r - p o l y ( i s o p r e n e )   with  2 - v i n y l p y r i d i n e   groups  an  e x c e l l e n t  

d i s p e r s a n t   V I - i m p r o v e r .  



1.  An  o i l - s o l u b l e ,   s t a r - s h a p e d   p r o d u c t   having  the  p r o p e r t i e s   o f  

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

p roduc t   c o m p r i s i n g :  

(a)  a  p o l y ( p o l y a l k e n y l   a r o m a t i c ) n u c l e u s ;  

(b)  at  l e a s t   t h ree   h y d r o g e n a t e d   po lymer i c   arms  l i nked   to  s a i d  

n u c l e u s ,   sa id   h y d r o g e n a t e d   p o l y m e r i c   arms  being  s e l e c t e d   f rom 

the  group  c o n s i s t i n g   o f :  

(i)  h y d r o g e n a t e d   homopolymers  and  h y d r o g e n a t e d   copolymers  o f  

c o n j u g a t e d   d i e n e s ;  

( i i )   hyd rogena t ed   copolymers  of  c o n j u g a t e d   dienes  and  mono- 

a l k e n y l   a renes ;   and 

( i i i ) m i x t u r e s   t h e r e o f ;   and  where in   at  l e a s t   about  80X  of  t h e  

a l i p h a t i c   u n s a t u r a t i o n   of  the  po lymer ic   arms  has  b e e n  

reduced  by  h y d r o g e n a t i o n   whi le   p r e f e r a b l y   l ess   than  20X 

of  the  a romat i c   u n s a t u r a t i o n   has  been  reduced;   and 

(c)  at  l e a s t   one  po lymer i zed   n i t r o g e n   c o n t a i n i n g   po l a r   compound 

arm  l i n k e d   to  sa id   n u c l e u s .  

2.  A  p roduc t   as  claimed  in  claim  1,  where in   said  p o l y ( p o l y -  

a l k e n y l   a r o m a t i c ) n u c l e u s   is  a  p o l y ( d i v i n y l   b e n z e n e ) n u c l e u s .  

3.  A  p roduc t   as  claimed  in  c la im  1  or  2,  where in   the  number 

ave rage   m o l e c u l a r   weight   of  each  h y d r o g e n a t e d   po lymer ic   arm  i s  

between  1,000  and  1 0 0 , 0 0 0 .  

4.  A  p roduc t   as  claimed  in  any  one  of  c la ims  1-3,  w h e r e i n . t h e  

weight   p e r c e n t a g e   of  n i t r o g e n - c o n t a i n i n g   po l a r   compound  is  b e t w e e n  

0.1  and  1 0 . 0 .  

5.  A  p roduc t   as  claimed  in  any  one  of  c la ims  1-4,  wherein  s a i d  

n i t r o g e n - c o n t a i n i n g   po la r   compound  is  2 - v i n y l p y r i d i n e   or  4 - v i n y l -  

p y r i d i n e .  

6.  A  p r o c e s s   for  p r e p a r i n g   a  p roduc t   as  claimed  in  any  one  o f  

c la ims  1-5,  c o m p r i s i n g :  

(a)  s o l u t i o n   p o l y m e r i z i n g   one  or  more  c o n j u g a t e d   diene  and  

o p t i o n a l l y   one  or  more  monoalkenyl   arene  monomers  u n d e r  



p o l y m e r i z a t i o n   c o n d i t i o n s   with  an  o r g a n o l i t h i u m   compound, 

forming  l i v i n g   po lymer ic   a r m s ;  

(b)  c o n t a c t i n g   said  l i v i n g   po lymer ic   arms  with  a  p o l y a l k e n y l  

a r o m a t i c   coupl ing   agent  forming  a  coupled  polymer  having  a  

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

a r m s ;  

(c)  c o n t a c t i n g   said  coupled  polymer  with  a  n i t r o g e n - c o n t a i n i n g  

p o l a r   compound  monomer  a t t a c h i n g   p o l y ( n i t r o g e n - c o n t a i n i n g  

p o l a r   compound)arms  to  sa id   n u c l e u s ,   and 

(d)  r educ ing   by  h y d r o g e n a t i o n   at  l e a s t   80X  of  the  a l i p h a t i c  

u n s a t u r a t i o n   of  the  po lymer ic   arms  while   p r e f e r a b l y   r e d u c i n g  

l e s s   than  20%  of  the  a romat i c   u n s a t u r a t i o n .  

7.  A  p roce s s   as  claimed  in  claim  6,  where in   the  monomers  of  s t e p  

(a)  are  b u t a d i e n e   and/or   i s o p r e n e   and  o p t i o n a l l y   s t y r e n e .  

8.  A  p roces s   as  claimed  in  claim  6  or  7,  where in   said  n i t r o g e n -  

c o n t a i n i n g   po la r   compound  is  2 - v i n y l p y r i d i n e   or  4 - v i n y l p y r i d i n e .  

9.  A  p roce s s   as  claimed  in  any  one  of  c la ims  6-8,  where in   s a i d  

n i t r o g e n - c o n t a i n i n g   po la r   compound  is  c o n t a c t e d   with  sa id   c o u p l e d  

polymer  at  a  t empera tu re   between  -78°C  and  +80°C.  

10.  A  p roces s   as  claimed  in  any  one  of  c laims  6-9,  where in   i n  

step  (d)  the  r e s u l t i n g   polymer  is  c o n t a c t e d   with  hydrogen  and  a  

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

11.  A  p roces s   as  claimed  in  claim  1.0,  where in   said  h y d r o g e n a t i o n  

c a t a l y s t   comprises   the  r e a c t i o n   p roduc t   of  an  aluminium  a lky l   and 

a  n i c k e l   c a r b o x y l a t e   or  n i c k e l   a l k o x i d e .  

12.  A  p rocess   as  claimed  in  any  one  of  claims  6-9,  where in   i n  

step  (d)  the  r e s u l t i n g   polymer  is  c o n t a c t e d   with  a  h y d r a z i n e   o r  

p - t o l u e n e s u l p h o n y l h y d r a z i d e   r e a c t a n t   forming  N2H2,  which  r e d u c e s  

the  polymer  by  h y d r o g e n a t i o n .  

13.  A  p roces s   as  claimed  in  claim  12,  wherein   the  molar  r a t i o   o f  

r e a c t a n t   to  con juga ted   diene  u n i t s   is  between  about  5:1  and  a b o u t  

1 : 1 .  

14.  A  product   whenever  p repared   a cco rd ing   to  any  one  of  c l a i m s  

6 - 1 3 .  

15.  A  l u b r i c a t i n g   compos i t ion   compr i s ing   a  l u b r i c a t i n g   o i l   and 

0.1-45%w  of  a  product   as  - la imed  in  any  one  of  claims  1-5  and  14. 
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