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@  Deactivation  of  catalyst  In  solution  process  for  polymerization  of  alpha-olef  ins. 

The  present  invention  relates  to  a  solution  polymeriza- 
tion  process  for  the  preparation  of  high  molecular  weight 
polymers  of  a-olefins  selected  from  the  group  consisting  of 
homopolymers  of  ethylene  and  copolymers  of  ethylene  and 
C3-C12  a-olefins.  The  process  comprises  feeding  monomer, 
coordination  catalyst  and  inert  hydrocarbon  solvent  to  a 
reactor,  polymerizing  the  monomer  at  a  temperature  in  the 
range  of,  in  particular,  105-320 °C  and  a  pressure  of  less 
than  24  MPa  and  deactivating  the  catalyst  in  the  solution  so 
obtained  by  admixing  therewith  a  solution  of  a  salt  of  an 
alkaline  earth  metal  or  zinc  and  an  aliphatic  monocarboxylic 
acid  dissolved  in  hydrocarbon  solvent.  The  hydrocarbon 
solvent  is  then  separated  from  the  resultant  solution  and  a 
composition  comprising  high  molecular  weight  polymer  is 
recovered.  Any  catalyst  residues  remain  with  the  polymer. 
In  a  preferred  embodiment  the  catalyst  contains  vanadium. 
A  particular  salt  is  the  salt  of  a  C,  aliphatic  acid,  especially 
calcium  2-ethyl  hexanoate. 



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

p o l y m e r i z a t i o n   of  a - o l e f i n s   and  e s p e c i a l l y   to  t h e   d e a c t i v a -  

t i o n   of  t he   c o o r d i n a t i o n   c a t a l y s t   u s e d   in  a  s o l u t i o n   p r o c e s s  
for   t he   p o l y m e r i z a t i o n   of  a - o l e f i n s .   In  p a r t i c u l a r   the   p r e s -  
en t   i n v e n t i o n   r e l a t e s   to  such  d e a c t i v a t i o n   w h e r e i n   t h e  

c o o r d i n a t i o n   c a t a l y s t   c o n t a i n s   v a n a d i u m .  

P o l y m e r s   o f   e t h y l e n e ,   fo r   e x a m p l e ,   h o m o p o l y m e r s   o f  

e t h y l e n e   and  c o p o l y m e r s   of  e t h y l e n e   and  h i g h e r   a - o l e f i n s ,   a r e  

used   in  l a r g e   v o l u m e s   f o r   a  w i d e   v a r i e t y  o f   end  u s e s ,   f o r  

e x a m p l e ,   i n  t h e   form  of   f i l m ,   f i b r e s ,   mou lded   or  t h e r m o f o r m e d  

a r t i c l e s ,   p i p e ,   c o a t i n g s   a n d  t h e   l i k e .  

P r o c e s s e s   fo r   the   p r e p a r a t i o n   of   h o m o p o l y m e r s   o f  

e t h y l e n e   and  c o p o l y m e r s   of  e t h y l e n e  a n d   h i g h e r   a - o l e f i n s   a r e  
known.  Such  p r o c e s s e s   i n c l u d e   p r o c e s s e s   in  which   the   m o n o -  

mers  a re   p o l y m e r i z e d   in  t he   p r e s e n c e   o f   a  c o o r d i n a t i o n   c a t a -  

l y s t ,   f o r   e x a m p l e ,   a  c a t a l y s t   c o m p r i s i n g   a  compound  of  a  
t r a n s i t i o n   m e t a l   b e l o n g i n g   t o  G r o u p s   IVB-VIB  of  the  P e r i o d i c  

Tab le   and  an  o r g a n o m e t a l l i c   compound  of  a  m e t a l   b e l o n g i n g   t o  

Groups   I - I I I A   of   t h e   P e r i o d i c   T a b l e .  

A  p a r t i c u l a r l y   p r e f e r r e d   p r o c e s s   for   t h e   p o l y m e r -  
i z a t i o n   of   a - o l e f i n s   i s   t h e   h i g h   t e m p e r a t u r e   or  " s o l u t i o n "  

p o l y m e r i z a t i o n   p r o c e s s ,   an  example   of  which   is  d e s c r i b e d   i n  
C a n a d i a n   P a t e n t  6 6 0   8 6 9  o f  A . W .   A n d e r s o n ,   E.L.  F a l l w e l l   a n d  

J.M.  B r u c e ,   which   i s s u e d   1963  A p r i l   9.  In  a  s o l u t i o n   p r o c e s s  
t h e   p r o c e s s   p a r a m e t e r s   a r e   s e l e c t e d   in  such  a  w a y  t h a t   b o t h  
t he   monomer  a n d  p o l y m e r   a re   s o l u b l e   in  the   r e a c t i o n   m e d i u m .  

Under   such  c o n d i t i o n s   a c c u r a t e   c o n t r o l   o v e r   the   d e g r e e   o f  

p o l y m e r i z a t i o n ,   and  h e n c e   the   m o l e c u l a r   w e i g h t   of  t h e   p o l y m e r  
o b t a i n e d ,   may  be  a c h i e v e d ,   f o r  e x a m p l e ,   by  c o n t r o l  o f   t h e  
r e a c t i o n   t e m p e r a t u r e .  

The  p o l y m e r i z a t i o n   r e a c t i o n   in  a  s o l u t i o n   p o l y m e r -  
i z a t i o n   p r o c e s s   is  n o r m a l l y   t e r m i n a t e d   by  a d d i t i o n   of   a  
s o - c a l l e d   " d e a c t i v a t o r " ,   f o r   e x a m p l e ,   a  f a t t y   a c i d   or  a n  
a l c o h o l .   The  f a t t y   a c i d   is  a d m i x e d   w i t h   h y d r o c a r b o n   s o l v e n t ,  

n o r m a l l y   t h e   s o l v e n t   of  t he   p o l y m e r i z a t i o n   p r o c e s s ,   and  f e d  

i n t o   t he   p o l y m e r i z a t i o n   m i x t u r e ,   u s u a l l y   s h o r t l y   a f t e r   t h a t  



m i x t u r e   p a s s e s   from  t he   r e a c t o r .   T h e  p o l y m e r i z a t i o n   m i x t u r e  ,  

t h a t   has  b e e n  t r e a t e d   w i t h   d e a c t i v a t o r   c o n t a i n s   c a t a l y s t  
r e s i d u e s   which   may  be  r e m o v e d ' b y   c o n t a c t i n g   the   m i x t u r e   w i t h  

an  a d s o r b e n t ,   f o r   example-,   a l u m i n .  S u c h  a   d e a c t i v a t i o n   a n d  

c a t a l y s t   r e m o v a l   p r o c e s s   is  d e s c r i b e d   in  C a n a d i a n   P a t e n t  

732  279  of   B.B.   Bake r ,   K.M.  B r a u n e r   a n d  A . N .   Oemle r ,   w h i c h  

i s s u e d   1966  A p r i l   1 2 .  

A  method   fo r   t he   d e a c t i v a t i o n   of  a  c o o r d i n a t i o n  

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

p o l y m e r i z a t i o n  o f   @ - o l e f i n s   i s   d i s c l o s e d   in  U.S.   4  105  609  o f  

J - P .   Machon,  B.  L e v r e s s e   and  P.  G l o r i o d ,   i s s u e d   1978  A u g u s t  
8.  The  method   i n v o l v e s   i n j e c t i n g   i n t o   the   p o l y m e r i z a t i o n  
r e a c t i o n   m i x t u r e   an  a l k a l i   or  a l k a l i n e   e a r t h   m e t a l   s a l t   of   a  

c a r b o x y l i c   a c i d  e . g  s o d i u m   s t e a r a t e ,   c a l c i u m   s t e a r a t e   o r  
sod ium  b e n z o a t e .  

I t   h a s  n o w   been   f o u n d   t h a t  t h e   c a t a l y s t   in  a  
s o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s   may  be  d e a c t i v a t e d  b y   c o n -  

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

of  a n  a l k a l i n e   e a r t h   m e t a l   or  z i n c   and  an  a l i p h a t i c   m o n o c a r -  

b o x y l i c   a c i d   d i s s o l v e d   in  t he   h y d r o c a r b o n   s o l v e n t   used   in  t h e  

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

s o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s   f o r   t h e   p r e p a r a t i o n   of  h i g h  
m o l e c u l a r :   w e i g h t   p o l y m e r s ,   o f   @ - o l e f i n s   s e l e c t e d   from  t h e  

g r o u p   c o n s i s t i n g   of   h o m o p o l y m e r s   o f   e t h y l e n e   and  c o p o l y m e r s  
o f   e t h g l e n e   a n d   C 3 - C 1 2   @ - o l e f i n s ,   s a i d   p r o c e s s   c o m p r i s i n g  

f e e d i n g   monomer  s e l e c t e d   from  the   g roup   c o n s i s t i n g   o f  

e t h y l e n e  a n d  m i x t u r e s   o f  e t h y l e n e   and  a t   l e a s t   one  C3 -C12  

a - o l e f i n ,   a  c o o r d i n a t i o n   c a t a l y s t   and  i n e r t   h y d r o c a r b o n   s o l -  

v e n t   to   a  r e a c t o r ,   p o l y m e r i z i n g   s a i d   monomer  u n d e r   s o l u t i o n  

p o l y m e r i z a t i o n   c o n d i t i o n s   a t   a  t e m p e r a t u r e   of  up  to  320°C  a n d  

a  p r e s s u r e   of   l e s s   t h a n   25  MPa,  d e a c t i v a t i n g   the   c a t a l y s t   i n  

the   s o l u t i o n   so  o b t a i n e d  b y   a d m i x i n g   t h e r e w i t h   a  s o l u t i o n   o f  

a  s a l t   o f   an  a l k a l i n e  e a r t h  m e t a l   or  z i n c   a n d  a n   a l i p h a t i c  
m o n o c a r b o x y l i c   a c i d   d i s s o l v e d   in  h y d r o c a r b o n   s o l v e n t ,   s e p a -  
r a t i n g   t he   h y d r o c a r b o n   s o l v e n t   and  o t h e r   v o l a t i l e   m a t t e r   f r o m  

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

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



In  a  p r e f e r r e d   e m b o d i m e n t   of  the   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   the   c a r b o x y l i c   a c i d   is  a  Cg  c a r b o x y l i c   a c i d .  

In  a n o t h e r   e m b o d i m e n t   the-  a l k a l i n e   e a r t h  m e t a l   i s  

c a l c i u m .  

In  a  f u r t h e r   e m b o d i m e n t   the   c o o r d i n a t i o n   c a t a l y s t  
c o n t a i n s   v a n a d i u m .  

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  a  s o l u t i o n  

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

w e i g h t   p o l y m e r s   of  a - o l e f i n s .   In  p a r t i c u l a r   the   p o l y m e r s   o f  

a - o l e f i n s   a re   h o m o p o l y m e r s   of   e t h y l e n e   and  c o p o l y m e r s   o f  

e t h y l e n e   and  h i g h e r   a - o l e f i n s ,   e s p e c i a l l y   such  h i g h e r  
a - o l e f i n s   h a v i n g   3  to   12  c a r b o n   a toms  i . e .   C3  -   C12  a - o l e f i n s ,  

i n c l u d i n g   b i c y c l i c   a - o l e f i n s ,   e x a m p l e s   of  which   a re   1 - b u t e n e ,  

l - h e x e n e , l - o c t e n e   and  b i c y c l o - ( 2 , 2 , 1 ) - 2 - h e p t e n e .   In  a d d i t i o n  

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

may  be  fed  to  t he   p r o c e s s   w i t h   the   e t h y l e n e   or  m i x t u r e s   o f  

e t h y l e n e   and  C3-  C12  a - o l e f i n ,   as  is  d e s c r i b e d   in  C a n a d i a n  

P a t e n t   980  498  o f   C.  T.  E l s t o n ,   wh ich   i s s u e d   1975  D e c e m b e r  

2 3 .  

In  t h e   s o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s   of  the   p r e -  
s e n t   i n v e n t i o n   a - o l e f i n   monomer,   a  c o o r d i n a t i o n  c a t a l y s t   a n d  

i n e r t   h y d r o c a r b o n   s o l v e n t   a re   fed   to  a  r e a c t o r .   C o o r d i n a t i o n  

c a t a l y s t s   f o r   s o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s e s   a re   k n o w n ,  
f o r   e x a m p l e   t h o s e   d e s c r i b e d   in  t h e   a f o r e m e n t i o n e d   C a n a d i a n  

p a t e n t   660  8 6 9  a n d   in  C a n a d i a n   p a t e n t   a p p l i c a t i o n   N o .  3 0 1   8 6 2  

of  A.N.  M o l l i s o n   and  V.G.  Z b o r i l ,   f i l e d   1978  A p r i l   25.  T h e  
a - o l e f i n   monomer  m a y  b e   s o l e l y   e t h y l e n e   or  a  m i x t u r e   o f  

e t h y l e n e   and  one  or  more  of   t he   h i g h e r   a - o l e f i n s .  

S o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s e s   may  be   o p e r a t e d   a t  

t e m p e r a t u r e s   o f   up  to  320°C,   in  p a r t i c u l a r   in  the   r a n g e   o f  

1 0 5 - 3 2 0 ° C   and  e s p e c i a l l y   in  t he   r a n g e   1 0 5 - 3 1 0 ° C .   The  p r e s -  
s u r e s   u s e d   in   t he   p r o c e s s   of  t h e  p r e s e n t   i n v e n t i o n   a r e   t h o s e  

known  fo r   s o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s e s   v i z   l e s s   t h a n   25 

MPa  and   e s p e c i a l l y   i n   t h e   r a n g e   of  a b o u t   4-25  MPa.  T h e  p r e s -  

s u r e   and  t e m p e r a t u r e   a re   c o n t r o l l e d   so  t h a t   bo th   the  u n r e a c t -  

ed  monomers   and  t h e   p o l y m e r   formed  r e m a i n   in  s o l u t i o n .  

The  h y d r o c a r b o n   s o l v e n t   used  in  the  p o l y m e r i z a t i o n  

p r o c e s s   is  a  h y d r o c a r b o n   s o l v e n t   t h a t   is  i n e r t   w i t h   r e s p e c t  
to  t h e   c o o r d i n a t i o n   c a t a l y s t .   Such  s o l v e n t s   are  known  a n d  



i n c l u d e   h e x a n e ,   h e p t a n e ,   o c t a n e ,   c y c l o h e x a n e ,   m e t h y l c y c l o -  
h e x a n e   and  h y d r o g e n a t e d   n a p h t h a .   The  s o l v e n t   used   in  t h e  

p o l y m e r i z a t i o n   p r o c e s s   is  p r e f e r a b l y   a l s o   u sed   in  t h e  

p r e p a r a t i o n   of  the   c o o r d i n a t i o n   c a t a l y s t .   The  h y d r o c a r b o n  
s o l v e n t   i s   t h e   m a j o r   c o m p o n e n t   o f   t h e  p o l y m e r i z a t i o n   m i x t u r e  

fed  to  t h e   r e a c t o r ,   u s u a l l y   c o m p r i s i n g  a t   l e a s t   80%  of  t h e  

r e a c t i o n   m i x t u r e .   In  t h e   p r o c e s s  t h e   a - o l e f i n   is  d i s s o l v e d  

in  the   s o l v e n t .  

The  m i x t u r e   t h a t   e x i t s   from  the   p o l y m e r i z a t i o n  

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

c a t a l y s t   some  of  which   r e m a i n s   in  an  a c t i v e   s t a t e ,   and  h y d r o -  
c a r b o n   s o l v e n t .   A  d e a c t i v a t o r   is  added   to  the   m i x t u r e   t o  
t e r m i n a t e   t he   p o l y m e r i z a t i o n   p r o c e s s .   In  the   p r o c e s s   of  t h e  

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

an  a l k a l i n e   e a r t h  m e t a l   or  z i n c   and  an  a l i p h a t i c   m o n o c a r b o x -  

y l i c   a c i d   d i s s o l v e d   i n  h y d r o c a r b o n  s o l v e n t .   In  p a r t i c u l a r  
t he   h y d r o c a r b o n   s o l v e n t   u s e d  f o r   t he   d e a c t i v a t o r   is  the   s a m e  

as  t h e   s o l v e n t   used   in  t h e   p o l y m e r i z a t i o n   p r o c e s s .   I f   a  d i f -  

f e r e n t   s o l v e n t   i s   u sed ,   i t   must   be  c o m p a t i b l e   w i t h   t h e   s o l -  

v e n t   used   in  t h e   p o l y m e r i z a t i o n   p r o c e s s ,   n o t   c ause   p r e c i p i t a -  
t i o n   of   any  c o m p o n e n t   of  t h e   p o l y m e r i z a t i o n  m i x t u r e   a n d  n o t  

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

The  s a l t   of  t he   d e a c t i v a t o r   s o l u t i o n  m u s t   b e  

d i s s o l v e d   in  t h e  s o l v e n t   in  o r d e r   to  o b t a i n   i n t i m a t e   c o n t a c t  

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

to  o b t a i n   u n i f o r m   d i s p e r s i o n   of  t he   d e a c t i v a t o r   and  c a t a l y s t  
r e s i d u e s   i . e .   t h e   form  o f  t h e   c a t a l y s t   a f t e r   d e a c t i v a t i o n ,  

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

In   t h e   s a l t   of  t h e  d e a c t i v a t o r   s o l u t i o n ,   t he   m e t a l  
i s  a n  a l k a l i n e   e a r t h   m e t a l   or  z i n c ,   e s p e c i a l l y   magnes ium  o r  
c a l c i u m .   The  r e m a i n d e r   o f   t h e   s a l t   is  d e r i v e d   from  an  a l i -  

p h a t i c  c a r b o x y l i c   a c i d ,   e s p e c i a l l y   such  an  a c i d   h a v i n g   6  t o  
20  c a r b o n   a t o m s .   In  a  p r e f e r r e d   e m b o d i m e n t   t h e   a c i d   has  8  t o  
12  c a r b o n   a t o m s .   The  a c i d   i s   p r e f e r a b l y   a  b r a n c h e d   c h a i n  

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

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



s a t u r a t e d   or  u n s a t u r a t e d   a c i d s .   However  t h e  a c i d   mus t   b e  

such  t h a t   the   s a l t   t h e r e o f   t h a t   is  used  in  t h e   p r o c e s s   of  t h e  

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

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

2 - e t h y l   h e x a n o a t e ,   c a l c i u m   n a p h t h e n a t e ,   c a l c i u m   t a l l a t e -   o r  

the   l i k e .  

In  the   p r o c e s s  o f   t h e   p r e s e n t   i n v e n t i o n   t h e  

d e a c t i v a t e d   p o l y m e r i z a t i o n   m i x t u r e   i s   fed  to  a  s e p a r a t o r ,  
which   may  be  a  m u l t i s t a g e   s e p a r a t o r ,   to   s e p a r a t e   u n r e a c t e d  

monomer,   h y d r o c a r b o n   s o l v e n t   and  any  o t h e r   v o l a t i l e   m a t t e r  
from  the  p o l y m e r .   In  c o n t r a s t   to  t he   u s u a l   p r a c t i c e   in  a  
s o l u t i o n   p r o c e s s ,   no  s t e p s   a re   t a k e n   to  remove  c a t a l y s t  
r e s i d u e s   a n d / o r   d e a c t i v a t o r   from  the   p o l y m e r   u s i n g   a d s o r b e n t s  

or  o t h e r   t e c h n i q u e s .   In  t h e   p r e s e n t   i n v e n t i o n   t h e  

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

s o l v e n t   and  u n r e a c t e d   monomer,   t h e  p o l y m e r   may  be  e x t r u d e d  

i n t o   w a t e r   and  cu t   i n t o  p e l l e t s   or  o t h e r   s u i t a b l e   c o m m i n u t e d  

s h a p e s .   P i g m e n t s ,   a n t i o x i d a n t s   and  o t h e r   a d d i t i v e s   may  b e  

added   to  t h e   p o l y m e r ,   e s p e c i a l l y   i m m e d i a t e l y   p r i o r   to  t h e  
f o r m a t i o n   of  t h e   p e l l e t s   or  o t h e r   c o m m i n u t e d   s h a p e s .  

The  p o l y m e r   o b t a i n e d   a c c o r d i n g   to  the   p r o c e s s   o f  

t he   p r e s e n t   i n v e n t i o n   may  be  used   in  a  wide  v a r i e t y   of   e n d -  

u s e s ,   as  i s  k n o w n   f o r   h o m o p o l y m e r s   of  e t h y l e n e   and  c o p o l y m e r s  
of   e t h y l e n e   and  h i g h e r   @ - o l e f i n s .  

The  use  of   t h e   d e a c t i v a t i o n  p r o c e s s   of  t he   p r e s e n t  
i n v e n t i o n   may  r e s u l t   in  a  r e d u c t i o n   in  c o r r o s i o n   of  t h o s e  

p a r t s   o f   t he   a p p a r a t u s  o f  t h e   p r o c e s s   t h a t   a re   l o c a t e d   d o w n -  
s t r e a m   from  the   i n t r o d u c t i o n   o f - d e a c t i v a t o r .   The  use  of  t h e  

d e a c t i v a t i o n   p r o c e s s   o f   t h e   p r e s e n t   i n v e n t i o n   may  a l s o   r e s u l t  
in  t he   p r o d u c t i o n   o f  p o l y m e r   of   i m p r o v e d   c o l o u r ,   e s p e c i a l l y  
when  the   c o o r d i n a t i o n   c a t a l y s t   used   in  t he   p r o c e s s   c o n t a i n s  
v a n a d i u m .  

The  p r e s e n t   i n v e n t i o n   is  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 .  

Example   I  
A  p o l y m e r i z a t i o n   c a t a l y s t   was  p r e p a r e d   by  i n - l i n e  

m i x i n g   a  s o l u t i o n   c o n t a i n i n g   0 . 3 6   m m o l / l   of   t i t a n i u m   t e t r a -  
c h l o r i d e   and  1 .44   m m o l / l   of  v a n a d i u m   o x y t r i c h l o r i d e   in  c y c l o -  



h e x a n e   w i t h   a  3 .6   mmol/1  s o l u t i o n  o f   i s o p r e n y l   a luminum  i n  

c y c l o h e x a n e .   The  c a t a l y s t   was  fed   to  a  c o n t i n u o u s   70  m l  

s t i r r e d   p o l y m e r i z a t i o n   r e a c t o r .   A  s o l u t i o n  c o n t a i n i n g  a b o u t  
3%  e t h y l e n e   in  c y c l o h e x a n e   was  a l s o   fed   to  t h e   r e a c t o r .   T h e  

e t h y l e n e   was  p o l y m e r i z e d  i n  t h e   r e a c t o r   which   was  o p e r a t e d  
u n d e r   s o l u t i o n   p o l y m e r i z a t i o n   c o n d i t i o n s .   The  r a t i o   of  a l u -  
minum  to  the.  sum  of   t i t a n i u m   and  v a n a d i u m ,   on.  an  a t o m i c  

b a s i s ,   in   the   c a t a l y s t   was  a d j u s t e d   so  as  to  a c h i e v e   t h e  

opt imum  c o n v e r s i o n   of   e t h y l e n e   to  p o l y m e r ;   t h a t   r a t i o   was  i n  
the   r a n g e   1 . 4  -   2 . 0 .   The  r e a c t o r   was  o p e r a t e d   a t   a  t e m p e r a -  
t u r e   of   200°C,   a  p r e s s u r e   of  7 .5   MPa,  a  s p a c e   v e l o c i t y   o f  
0 . 3 6   m i n - 1 ,   a  c o n v e r s i o n   o f  e t h y l e n e   to   p o l y m e r   o f  

g r e a t e r   t h a n   80%,  a  combined   c o n c e n t r a t i o n   of  t i t a n i u m   a n d  
v a n a d i u m ,   a t o m i c   b a s i s ,   of   0 . 3  -   0 .4   mmol /1   a n d  a   c o n c e n t r a -  
t i o n   of   a l u m i n u m ,   a t o m i c   b a s i s ,   of   0 . 5  -   0 .8   m m o l e / l .  

A  d e a c t i v a t o r   w a s  c o n t i n u o u s l y   added   to  t h e  
r e a c t i o n   m i x t u r e   s h o r t l y   a f t e r   i t   p a s s e d   from  the   r e a c t o r .  
The  p r e s s u r e   of   t h e  d e a c t i v a t e d   r e a c t i o n   m i x t u r e   was  t h e n  
r e d u c e d   to   110  kPa  by  means  of  a  n e e d l e   v a l v e   made  of   s t a i n -  
l e s s   s t e e l .   T h e  p o l y m e r :   s l u r r y   t h u s   o b t a i n e d   was  c o o l e d   t o  
a m b i e n t   t e m p e r a t u r e  a n d   s u b j e c t e d  t o   a  War ing*   b l e n d e r   f o r  
a b o u t   30  s e c o n d s .   The  p o l y m e r ,   i n c l u d i n g   d e a c t i v a t o r ,   w a s  
s e p a r a t e d   f r o m  t h e   s o l v e n t   by  f i l t r a t i o n ,   d r i e d   at   r o o m  
t e m p e r a t u r e   in   t h e   d a r k   and  p r e s s e d  a t   a b o u t   190°C  i n t o  

p l a q u e s   m e a s u r i n g   a b o u t  2   mm  in  t h i c k n e s s .  
The  c o l o u r   of  t he   p l a q u e s   was  r a t e d   v i s u a l l y   on  a  

s c a l e   o f  0 - 5 ,   t h e   f o r m e r   r e p r e s e n t i n g   c o l o u r l e s s .   The  hue  o f  
the   c o l o u r   was  a l s o   n o t e d .  

The  r e s u l t s   o b t a i n e d   fo r   t h r e e   d i f f e r e n t  
d e a c t i v a t o r s   were   a s  f o l l o w s :  

*  d e n o t e s   t r a d e   m a r k  



Example   I I  

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

p r o c e d u r e   of  Run  1  of   Example   I .   A f t e r   a b o u t   150  h o u r s   o f  

o p e r a t i o n   of  t h e   c o n t i n u o u s   r e a c t o r ,   the   p r e s s u r e - r e d u c i n g  
n e e d l e   v a l v e   was  c o r r o d e d   to  such  an  e x t e n t   t h a t  t h e   v a l v e  

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

c o r r o s i o n   was  n o t e d ,   e s p e c i a l l y   on  t h e   s e a t   of  the   v a l v e .  

Example   I I I  

A  number   of   p o l y m e r s   were  p r e p a r e d   u s i n g   t h e  

p r o c e d u r e   of   Run  3  of   Example   I.   A f t e r   o p e r a t i n g   the  p o l y -  
m e r i z a t i o n   u n i t   fo r   a b o u t   2000  h o u r s ,   an  i n s p e c t i o n   showed  no  

s i g n i f i c a n t   c o r r o s i o n   of   t he   p r e s s u r e - r e d u c i n g   n e e d l e   v a l v e .  

Example   IV  
A  t h i c k - w a l l e d   g l a s s   t u b e   m e a s u r i n g   a p p r o x i m a t e l y  

14  cm  in  l e n g t h   and  2 .5  cm  in  d i a m e t e r   was  c h a r g e d ,   unde r   an  

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

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

num,  each  in  d e c a l i n   s o l v e n t ,   so  t h a t   the   t ube   c o n t a i n e d  

0 . 0 0 6   mmol  of  t i t a n i u m   t e t r a c h l o r i d e ,   0 . 0 2 4   mmol  of  v a n a d i u m  

o x y t r i c h l o r i d e   and  0 . 0 5 3 . m m o l   of  i s o p r e n y l   a luminum.   I n  

a d d i t i o n   0 . 0 2 6   mmoles  o f   each   of  a c e t y l a c e t o n e   and  of  p e l a r -  
g o n i c   a c i d ,   in  d e c a l i n   s o l v e n t ,   were   c h a r g e d   to  the  t u b e .  

A d d i t i o n a l   d e c a l i n   was  added   to  b r i n g   the  t o t a l   volume  in  t h e  

t u b e   to  10  ml.  The  t ube   was  t h e n   s e a l e d   under   vacuum.  The 

s e a l e d   t u b e   was  immersed   in  a  s i l i c o n e   o i l   b a t h   at  3 0 0 ° C  



fo r   15  m i n u t e s ,   b r i e f l y   i n s p e c t e d   v i s u a l l y ,   and  h e a t e d   a t  

300°C  fo r   a  f u r t h e r   15  m i n u t e s .   The  c o n t e n t s   of  the   t u b e ,   o n  

c o o l i n g ,   were  b r i g h t   y e l l o w   in  c o l o u r ;   a  s m a l l   amount   of  a  

l i g h t   c o l o u r e d   p r e c i p i t a t e   was  a l s o   p r e s e n t .   A f t e r   e x p o s u r e  
to  a i r  f o r   s e v e r a l   days   t he   c o n t e n t s   of  t he   t ube   had  t u r n e d   a  

g r e e n   c o l o u r   and  a  p r e c i p i t a t e   of  g r e e n   s o l i d s   had   f o r m e d .  

E x a m p l e  V  
The  p r o c e d u r e   of  Example   IV  was  r e p e a t e d   e x c e p t  

t h a t   t he   a c e t y l a c e t o n e   and  p e l a r g o n i c   a c i d   were   r e p l a c e d   w i t h  

0 .415   mmoles  of   p e l a r g o n i c   a c i d .  

A f t e r   h e a t i n g   a t   300°C  f o r   30  m i n u t e s ,   the   c o n t e n t s  

of  the   t u b e   we re ,   on  c o o l i n g ,   f a i n t l y   s t r a w   y e l l o w   in   c o l o u r .  

A f t e r   e x p o s u r e   to   a i r   f o r   a b o u t   one  week,  a  h e a v y   b r i g h t  

g r e e n   p r e c i p i t a t e   had  f o r m e d .  

Example   V I  

The  p r o c e d u r e  o f   Example   IV  was  r e p e a t e d   e x c e p t  
t h a t   the   a c e t y l a c e t o n e   and  p e l a r g o n i c   a c i d   were  r e p l a c e d   w i t h  

0 . 4 1 8  m m o l e s   o f   c a l c i u m   2 - e t h y l   h e x a n o a t e .  

A f t e r   h e a t i n g   a t   300°C  f o r   30  m i n u t e s ,   t he   c o n t e n t s  
of  t he   t u b e   w e r e ,   on  c o o l i n g ,   f a i n t l y   s t r a w   y e l l o w  i n   c o l o u r  

w i t h   a  d a r k e r   "gummy"  r e s i d u e   at   t he   b a s e   of  the   t u b e .   A f t e r  

e x p o s u r e   to  a i r   f o r   s e v e r a l   weeks  no  c o l o u r   c h a n g e   w a s  
a p p a r e n t .  

E x a m p l e s   IV-VI  i n d i c a t e  t h a t   t h e   u s e   of  a  c a t a l y s t  
d e a c t i v a t o r   of  t he   p r e s e n t   i n v e n t i o n   v i z .   c a l c i u m  2 - e t h y l  
h e x a n o a t e ,   i s  l e s s   s u s c e p t i b l e   to  c o l o u r  f o r m a t i o n   w i t h   t h e  

c a t a l y s t   s y s t e m   used   t h a n   t h e   use  o f   a c e t y l a c e t o n e   a n d / o r  

g e l a r g o n i o   a c i d   d e a c t i v a t o r s .  



1.  A  s o l u t i o n   p o l y m e r i z a t i o n   p r o c e s s   f o r   the   p r e p a r -  

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

s e l e c t e d   from  the   g roup   c o n s i s t i n g   of  h o m o p o l y m e r s   of  e t h y l -  

ene  and  c o p o l y m e r s  o f   e t h y l e n e   and  C 3 - C 1 2   @ - o l e f i n s ,   s a i d  

p r o c e s s   c o m p r i s i n g   f e e d i n g   monomer  s e l e c t e d   from  the   g r o u p  

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

one  C3  -   C12  @ - o l e f i n ,   a  c o o r d i n a t i o n   c a t a l y s t   and  i n e r t  

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

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

of  up  to  320°C  and  a  p r e s s u r e   of  l e s s   t h a n   25  MPa,  d e -  

a c t i v a t i n g   t he   c a t a l y s t   i n  t h e   s o l u t i o n   so  o b t a i n e d   b y  

a d m i x i n g   t h e r e w i t h   a  s o l u t i o n   of  a  s a l t   of  an  a l k a l i n e  e a r t h  

m e t a l   or  z i n c   and  an  a l i p h a t i c   m o n o c a r b o x y l i c   a c i d   d i s s o l v e d  

in   h y d r o c a r b o n   s o l v e n t ,   s e p a r a t i n g   the   h y d r o c a r b o n   s o l v e n t  

and  o t h e r   v o l a t i l e   m a t t e r   from  t he   r e s u l t a n t   s o l u t i o n   a n d  

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

w e i g h t   p o l y m e r .  

2.  A  s o l u t i o n  p o l y m e r i z a t i o n   p r o c e s s   fo r   the   p r e p a r -  

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

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

c o p o l y m e r s   of  e t h y l e n e   a n d  C 3 - C 1 2  @ - o l e f i n s ,   s a i d   p r o c e s s  

c o m p r i s i n g   f e e d i n g ,   monomer  s e l e c t e d   from  the   g roup   c o n s i s t i n g  

of  e t h y l e n e   and  m i x t u r e s   of  e t h y l e n e   and  a t   l e a s t   one  C 3  -  

C12  a - p l e f i n ,   a  c o o r d i n a t i o n   c a t a l y s t   and  i n e r t   h y d r o c a r b o n  

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

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

d i t i o n s   a t   a  t e m p e r a t u r e   of  up  to  320°C  and  a  p r e s s u r e   o f  



l e s s   t h a n   25  MPa,  d e a c t i v a t i n g   t he   c a t a l y s t   in  the   s o l u t i o n  

so  o b t a i n e d   by  a d m i x i n g   t h e r e w i t h   a  s o l u t i o n   of  a  s a l t   of  a n  

a l k a l i n e   e a r t h   m e t a l   or  z i n c   and  an  a l i p h a t i c   m o n o c a r b o x y l -  

ic  a c i d   d i s s o l v e d   in  h y d r o c a r b o n   s o l v e n t ,   s e p a r a t i n g   t h e  

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

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

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

3.  The  p r o c e s s   of  C la im  1  or  C la im  2  in  wh ich   t h e  

a l i p h a t i c   m o n o c a r b o x y l i c   a c i d   has  6  to  20  c a r b o n   a t o m s .  

4.  The  p r o c e s s   of  C l a i m   1  or  C la im   2,  in  wh ich   t h e  

a l i p h a t i c   m o n o c a r b o x y l i c   a c i d   has   8  to  12  c a r b o n   a t o m s .  

5.  The  p r o c e s s  o f   any  one  of  C la ims   1  to  4,  in  w h i c h  

the   s a l t   is  a  c a l c i u m   s a l t .  

6.  The  p r o c e s s   o f   a n y  o n e   of  C l a i m s   1  to  5  in  w h i c h  

the   a l i p h a t i c   m o n o c a r b o x y l i c   a c i d   is  a  C8  a l i p h a t i c   a c i d .  

7.  The  p r o c e s s   of  C l a i m   5  in   w h i c h   the   s a l t   is  c a l c i u m  

2 - e t h y l   h e x a n o a t e .  

8.  The  p r o c e s s   of   a n y  o n e   of   C la ims   1  to  7  in   w h i c h  

the  h y d r o c a r b o n   s o l v e n t   of  t h e   s a l t   s o l u t i o n   is  t he   same  a s  

t h a t   f ed   to  t h e   r e a c t o r .   ; 

9.  The  p r o c e s s   o f   a n y  o n e   of   C la ims   1  to  8  in  w h i c h  

the   t e m p e r a t u r e   is   i n  t h e   r a n g e   of  1 0 5  -   3 2 0 ° C .  
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