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@  Titanium  trichloride  compositions,  preparation  thereof,  catalyst  system  containing  them  and  polymerisation  of 
olefins  using  this  system. 

@  A  titanium  trichloride  composition  has  the  formula: 

where  E  is  an  ether  or  thioether;  L  is  an  organic  phospho- 
rus-containing  Lewis  Base;  and  a  and  b  are  each  greater 
than  0.001  and  not  more  than  0.50.  The  composition  has  a 
low  surface  area,  typically  less  than  50  m2/g.  The  compo- 
sition  can  be  prepared  by  reacting  titanium  tetrachloride 
with  an  organo-aluminium  compound,  optionally  heating 

the  reaction  product,  contacting  the  reaction  product  at  an 
elevated  temperature  with  at  least  one  of  E  and  L and  wash- 

i ing  the  product  subsequent  to  the  contacting  with  E.  In  the 
composition,  E  is  conveniently  di-n-butyl  ether  or  di-iso- 

amyl  ether  and  L  can  be  an  organic  phosphine,  phosphine 
oxide,  phosphite  or  phosphate.  The  composition  can  be 

used  in  a  polymerisation  catalyst  to  polymerise  or  copoly- 
merise  olefine  monomers.  Copolymers  having  an  advan- 
tageous  combination  of  low  temperature  brittle  point  and 
Flexural  Modulus  are  disclosed. 



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   t r a n s i t i o n   m e t a l  

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

t h e   u s e   o f   s u c h   c o m p o s i t i o n s   as  a  c o m p o n e n t   o f   a  c a t a l y s t  

s y s t e m   f o r   t h e   p o l y m e r i s a t i o n   o f   o l e f i n e   m o n o m e r s .  

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

s o - c a l l e d   Z i e g l e r - N a t t a   c a t a l y s t s   h a s   b e e n   known  f o r  

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

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

o f   a  n o n - t r a n s i t i o n   m e t a l .   T h e r e   h a v e   b e e n   many  p r o p o s a l s  

t o   i m p r o v e   t h e   a c t i v i t y   a n d / o r   s t e r e o s p e c i f i c i t y   o f  

t h e   c a t a l y s t   s y s t e m   by  t h e   u s e   o f   a d d i t i o n a l   c a t a l y s t  

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

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

A c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d ,  

as   a  new  c o m p o s i t i o n   o f   m a t t e r ,   a  p r o d u c t   o f   t h e   f o r m u l a :  

w h e r e  

R  i s   a  h y d r o c a r b y l   g r o u p ;  
X  i s   a  h a l o g e n   a tom  o t h e r   t h a n   f l u o r i n e ;  

E  i s   an  e t h e r   o r   a  t h i o e t h e r ;  
L  i s   an  o r g a n i c   p h o s p h o r u s - c o n t a i n i n g   L e w i s   B a s e  

c o m p o u n d ;  

x  i s   s u c h   t h a t   0 ≤ x ≤ 3 . 0 ;  

n  i s   f r o m   0  up  t o   0 . 5 ;   a n d  

a  and   b  a r e   e a c h ,   i n d e p e n d e n t l y ,   f r o m   0 . 0 0 1   u p  
t o   0 . 5 0 .  

The  g r o u p   R  i s   c o n v e n i e n t l y   a  h y d r o c a r b y l   g r o u p  
c o n t a i n i n g   f r o m   1  up  t o   20  c a r b o n   a t o m s   and  may  be  a n  

a l k y l ,   a r y l ,   c y c l o a l k y l ,   a l k a r y l   o r   a r a l k y l   g r o u p .  
T y p i c a l l y ,   t h e   g r o u p   R  i s   an  a l k y l   g r o u p   c o n t a i n i n g  
f r o m   2  up  t o   10  c a r b o n   a t o m s ,   f o r   e x a m p l e   an  e t h y l   o r  

b u t y l   g r o u p .  

T y p i c a l l y ,   X  i s   c h l o r i n e   and  t h e   v a l u e   o f   x  i s  

s u c h   t h a t   0 ≤ x ≤ 2 , 0   and  i s   e s p e c i a l l y   a b o u t   o n e .  



The  v a l u e   o f   n  i s   p r e f e r a b l y   g r e a t e r   t h a n   0  a n d  

l e s s   t h a n   0 . 3 ,   e s p e c i a l l y   g r e a t e r   t h a n   0  and  l e s s   t h a n  

0 . 2 .  

The  e t h e r   o r   t h i o e t h e r   w h i c h   i s   E  i s   a  m o n o e t h e r ,  

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

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

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

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

s e l e c t e d   f r o m   t h e   m o n o e t h e r ,   p o l y e t h e r ,   m o n o t h i o e t h e r  

and   p o l y t h i o e t h e r   t h e m s e l v e s ,   a r o m a t i c   and  a l i p h a t i c  

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

t h e r e o f .  

The  e t h e r   o r   t h i o e t h e r   w h i c h   i s   E  i s   a  c o m p o u n d  

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

p o l y e t h e r   and   t h e   p o l y t h i o e t h e r   c o n t a i n   a t   l e a s t   t w o  

e t h e r   g r o u p s   o r   a t   l e a s t   two  t h i o e t h e r   g r o u p s   r e s p e c t i v e l y .  

The  e t h e r   o r   t h i o e t h e r   may  be  a  c o m p o u n d   o f   t h e   t y p e  
R 1 - Z - R 2   w h e r e   R   and  R2,  w h i c h   may  be  t h e   same  o r   d i f f e r e n t ,  

a r e   h y d r o c a r b y l   g r o u p s   c o n t a i n i n g   1  up  t o   12  c a r b o n  

a t o m s ;   and  Z  i s   an  o x y g e n   o r   a  s u l p h u r   a t o m .  

The  g r o u p s   R1  and   R2  a r e   c o n v e n i e n t l y   t h e   s a m e  

and  may  be  a l k y l ,   a r y l ,   a l k a r y l ,   a r a l k y l   o r   c y c l o a l k y l  

g r o u p s .   I t   i s   p r e f e r r e d   t h a t   R1  and  R  a r e   p h e n y l   g r o u p s  

or   p a r t i c u l a r l y   a l k y l   g r o u p s   c o n t a i n i n g   f r o m   4  up  t o  

6  c a r b o n   a t o m s .   P o l y e t h e r s   w h i c h   may  be  u s e d   as  t h e  

c o m p o u n d  E   i n c l u d e   1 - m e t h o x y - 2 - ( β - m e t h o x y e t h o x y ) e t h a n e  

and  1 , 2 - d i p h e n o x y e t h a n e .   I t   i s   e s p e c i a l l y   p r e f e r r e d  

t h a t   E  i s   d i - n - b u t y l   e t h e r   o r   d i - i s o a m y l   e t h e r .   T h e  

c o m p o u n d   L  i s   a  p h o s p h o r u s - c o n t a i n i n g   L e w i s   B a s e   c o m p o u n d  

s u c h   as   an  o r g a n i c   p h o s p h i n e   o r   an  o r g a n i c   p h o s p h i n e  
o x i d e   o r   a  d e r i v a t i v e   t h e r e o f .   O r g a n i c   p h o s p h o r u s - c o n t a i n i n g  
L e w i s   B a s e   c o m p o u n d s   w h i c h   a r e   s u i t a b l e   f o r   u s e   as  c o m p o n e n t s  
o f  d e f i n e   p o l y m e r i s a t i o n   c a t a l y s t s ,   and  w h i c h   may  b e  

u s e d   as  t h e   c o m p o u n d   L,  a r e   d i s c l o s e d ,   i n t e r   a l i a ,   i n  

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   803  198 ;   920  118;   921  9 5 4 ;  
1  017  977 ;   1  049  723 ;   1  122  010 ;   1  150  845 ;   1  208  8 1 5 ;  



1  234  6 5 7 ;   1  324  1 7 3 ;   1  359  3 2 8 ;   1  383  2 0 7 ;   1  423  6 5 8 ;  

1  423  659  and  1  423  6 6 0 .   The  c o m p o u n d   L  i s   c o n v e n i e n t l y  

a  c o m p o u n d   o f   t h e   g e n e r a l   f o r m u l a :  

w h e r e  
R3  i s   a  h y d r o c a r b y l ,   o r   a  h y d r o c a r b y l o x y ,   g r o u p  

w h e r e i n   t h e   h y d r o c a r b y l   g r o u p   c o n t a i n s   up  t o   18  c a r b o n  

a t o m s ;  
R4  and  R5,  w h i c h   may  be  t h e   same  o r   d i f f e r e n t ,  

a r e   e a c h   a  h y d r o g e n   a t o m   o r   a  g r o u p   R3;  a n d  

m  i s   0  o r   1 .  

P r e f e r a b l y ,   R4  and  R5  a r e   h y d r o c a r b y l ,   o r   h y d r o -  

c a r b y l o x y ,   g r o u p s ,   f o r   e x a m p l e   as  i n   t r i - n - b u t y l   p h o s p h i n e ,  

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

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

p h o s p h i t e ,   t r i p h e n y l   p h o s p h i t e ,   t r i s ( n o n y l p h e n y l ) p h o s p h i t e ,  

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

p h o s p h a t e .  

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

0 . 0 1   up  t o   0 . 2   and  t h e   v a l u e   o f   b  i s   c o n v e n i e n t l y   f r o m  

0 . 0 0 5   up  t o   0 . 2 0 .  

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

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

w h e r e  

a   b,   n  and  x  a r e   a l l   as   d e f i n e d ;  
R  i s   an  a l k y l   g r o u p   h a v i n g   f r o m   2  up  t o   10  c a r b o n  

a t o m s ;  
R7  i s   a  p h e n y l   g r o u p   o r   an  a l k y l   g r o u p   h a v i n g   f r o m  

4  up  t o   6  c a r b o n   a t o m s ;   a n d  

L'  i s   t r i - n - b u t y l   p h o s p h i n e ,   t r i p h e n y l   p h o s p h i n e ,  

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

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



p h o s p h i t e ,   t r i s ( n o n y l p h e n y l ) p h o s p h i t e ,   t r i e t h y l   p h o s p h a t e ,  

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

s p e c i f i c   s u r f a c e   a r e a .   T h u s ,   t h e   s p e c i f i c   s u r f a c e   a r e a  
i s   t y p i c a l l y   l e s s   t h a n   50  m 2 / g   and  e s p e c i a l l y   f r o m   1 

up  t o   30  m 2 / g .   The  t e r m   " s p e c i f i c   s u r f a c e   a r e a "   a s  
u s e d   h e r e i n   i s   t h e   s u r f a c e   a r e a   o f   one  gramme  o f   t h e  

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

t h e   t e c h n i q u e   o f   BS  4 3 5 9 / 1 .  

The  c o l o u r   o f   t h e   c o m p o s i t i o n   o f   m a t t e r   may  b e  

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

t y p i c a l l y   a  r e d d i s h - b r o w n   i n   c o l o u r .   The  X - r a y   d i f f r a c t i o n  

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

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

l a y e r   l a t t i c e   f o r m s   ( f o r   e x a m p l e   a  l i n e   c o r r e s p o n d i n g  
to   a  l a t t i c e   s p a c i n g   o f   a b o u t   5 . 9 1 )   h a v e   a l s o   b e e n   o b s e r v e d  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n .  

As  a  f u r t h e r   a s p e c t   o f   t h e   p r e s e n t   i n v e n t i o n   t h e r e  

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

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

1)  r e d u c i n g   t i t a n i u m   t e t r a c h l o r i d e   by  r e a c t i n g  

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

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

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

a l u m i n i u m   c o m p o u n d   c o n t a i n i n g   a l u m i n i u m   a n d  

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

i s   f o r m e d   p r e d o m i n a n t l y   i n   t h e   b e t a - f o r m ;  
2)  c o n t a c t i n g   t h e   r e d u c t i o n   p r o d u c t   w i t h   c o m p o u n d   E  

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

a t   a  t e m p e r a t u r e   o f   a t   l e a s t   60°C  i n   t h e   p r e s e n c e  
o f   a t   l e a s t   c o m p o u n d   E  o r   c o m p o u n d   L;  a n d  

3)   s u b s e q u e n t   t o   t h e   c o n t a c t i n g   w i t h   t h e   c o m p o u n d  

E,  w a s h i n g   t h e   p r o d u c t   o b t a i n e d   w i t h   an  i n e r t  

h p d r o c a r b o n   o r   i n e r t   h a l o h y d r o c a r b o n   l i q u i d .  



The  r e d u c t i o n   p r o d u c t   may  be  s u b j e c t e d   t o   a  t h e r m a l  

t r e a t m e n t   a t   a  t e m p e r a t u r e   i n   t h e   r a n g e   f r o m   40°C  u p  

t o   130°C  f o r   a  p e r i o d   o f   f r o m   5  m i n u t e s   up  t o   20  h o u r s ,  

and  t h e   t h e r m a l l y   t r e a t e d   p r o d u c t   may  t h e n   be  s u b j e c t e d  

t o   s t a g e   2)  o f   t h e   p r o c e s s .  

A f t e r   s t e p   3 ) ,   t h e   p r o d u c t   may  be  s u b j e c t e d   t o  

an  a d d i t i o n a l   t r e a t m e n t   i n   w h i c h   an  a l u m i n i u m   a l k y l  

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

f o l l o w e d   by  an  o l e f i n e   m o n o m e r ,   t y p i c a l l y   p r o p y l e n e ,  

c o n v e n i e n t l y   i n   an  a m o u n t   o f   0 .1   up  t o   2 . 0   g r a m m e s   f o r  

e a c h   gramme  o f   t h e   t i t a n i u m   t r i c h l o r i d e - c o n t a i n i n g   p r o d u c t .  

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

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

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

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

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

h e p t a n e ,   d e c a n e   o r   d o d e c a n e   o r   m i x t u r e s   t h e r e o f .  

S u i t a b l e   r e d u c i n g   a g e n t s   i n c l u d e   o r g a n i c   a l u m i n i u m  

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

w h e r e i n  

R  and  X  a r e   b o t h   as   h e r e i n b e f o r e   d e f i n e d   a n d  

x '   i s   s u c h   t h a t   1 . 0 ≤ x ' ≤ 3 . 0 ;   a n d  

i t   i s   p r e f e r r e d ,   when   u s i n g   s u c h   r e d u c i n g   a g e n t s ,   t h a t  

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

a r o m a t i c   h y d r o c a r b o n s .   An  a l t e r n a t i v e   r e d u c i n g   a g e n t  

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

T i C l 2 . 2 A l C l 3 . a r e n e  

w h e r e   " a r e n e "   m e a n s   a  c o m p o u n d   c o n t a i n i n g   a  s i x - m e m b e r e d  

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

d o u b l e   b o n d   s y s t e m .   The  t e r m   " a r e n e "   i n c l u d e s   b e n z e n e ,  

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

c o m p o u n d s   s u c h   as   c h l o r o b e n z e n e .   The  c o m p o u n d  

T i C l 2 . 2 A l C l 3 . a r e n e   i s   s o l u b l e   i n   a r o m a t i c   l i q u i d s   a n d  

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



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

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

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

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

i t   i s   c o n v e n i e n t l y   one  i n   w h i c h   t h e   v a l u e   o f   x '   i s   f r o m  

1 . 5   up  t o   2 . 0 .   H o w e v e r ,   s a t i s f a c t o r y   p r o d u c t s   may  b e  

o b t a i n e d   when   x '   h a s   a  v a l u e   o f   3 . 0 .   The  o r g a n i c   a l u m i n i u m  

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

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

The  r e d u c t i o n   o f   t h e   t i t a n i u m   t e t r a c h l o r i d e   i s  

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

a b o u t   8 0 ° C .   The  t e m p e r a t u r e   u s e d   d e p e n d s   on  t h e   p a r t i c u l a r  

r e d u c i n g   a g e n t   w h i c h   i s   u s e d .   T h u s ,   i f   t h e   r e d u c i n g  

a g e n t   i s   an  a l k y l   a l u m i n i u m   s e s q u i h a l i d e ,   i t   i s   p r e f e r r e d  

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

- 2 0 ° C   and  + 2 0 ° C ,   v e r y   c o n v e n i e n t l y   a t   0°C.   I f   t h e   r e d u c i n g  

a g e n t   i s   a  d i a l k y l   a l u m i n i u m   h a l i d e ,   w h i l s t   t h e   t e m p e r a t u r e  

may  be  l o w e r ,   f o r   e x a m p l e   as  low  as  - 4 0 ° C ,   s a t i s f a c t o r y  

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

same  r a n g e ,   t h a t   i s   t e m p e r a t u r e s   i n   t h e   r a n g e   f r o m  -  

20°C  up  to   + 2 0 ° C ,   a l t h o u g h   t e m p e r a t u r e s   o f   - 4 0 ° C   u p  
t o   +10°C  a r e   p a r t i c u l a r l y   s u i t a b l e .   I f   t h e   r e d u c i n g  

a g e n t   i s   an  a l u m i n i u m   t r i a l k y l ,   o r   an  o r g a n i c   a l u m i n i u m  

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

p a r t i c u l a r l y   t e m p e r a t u r e s   f r o m   - 1 0 0 ° C   up  t o   0 °C ,   e s p e c i a l l y  
a b o u t   - 7 0 ° C   up  t o   a b o u t   - 4 0 ° C ,   I f   t h e   r e d u c i n g   a g e n t  
i s   an  a l k y l   a l u m i n i u m   d i h a l i d e   t h e   p r e f e r r e d   r e d u c t i o n  

t e m p e r a t u r e s   a r e   i n   t h e   r a n g e   f r o m   0°C  up  t o   4 0 ° C ,   e s p e c i a l l y  
f r o m   10°C  up  to   3 0 ° C .   U s i n g   t h e   c o m p o u n d   T i C l 2 . 2 A l C l 3 . a r e n e  
as  t h e   r e d u c i n g   a g e n t ,   t h e   r e d u c t i o n   may  be  e f f e c t e d  

a t   a  t e m p e r a t u r e   o f   f r o m   - 8 0 ° C   up  to   + 8 0 ° C ,   c o n v e n i e n t l y  
i n   t h e   r a n g e   f r o m   0°C  up  t o   4 0 ° C .  

The  q u a n t i t y   o f   t h e   r e d u c i n g   a g e n t   d e p e n d s   on  t h e  

p a r t i c u l a r   r e d u c i n g   a g e n t   w h i c h   i s   u s e d .   U s i n g   an  o r g a n i c  
a l u m i n i u m   c o m p o u n d   t h e   p r o p o r t i o n   u s e d   i s   t y p i c a l l y  
f r o m   0 .1   up  to   2 . 0   m o l e s   o f   t h e   o r g a n i c   a l u m i n i u m   c o m p o u n d  



f o r   e a c h   mole   of   t i t a n i u m   t e t r a c h l o r i d e .   U s i n g   a  d i a l k y l  

a l u m i n i u m   h a l i d e ,   o r   a  m a t e r i a l   s u c h   as   an  a l u m i n i u m  

s e s q u i h a l i d e   w h i c h   may  be  r e g a r d e d   as   c o n t a i n i n g   a  p r o p o r t i o n  

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

o f   t h e   o r g a n i c   a l u m i n i u m   c o m p o u n d   a r e   f r o m   0 . 5   up  t o  

1 . 5   m o l e s   o f   d i a l k y l   a l u m i n i u m   h a l i d e   f o r  e a c h   m o l e  

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

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

i n   t h e   r a n g e   f r o m   0 . 2 5   up  t o   0 . 5   m o l e s   f o r   e v e r y   m o l e  

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

t y p e   T i C l 2 . 2 A l C l 3 . a r e n e ,   i t   i s   p r e f e r r e d   t o   u s e   e q u i m o l a r  

p r o p o r t i o n s   o f   t h e   two  r e a c t a n t s   o r   an  e x c e s s   q u a n t i t y  

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

The  t i t a n i u m   t r i c h l o r i d e - c o n t a i n i n g   p r o d u c t   o b t a i n e d  

i n   s t a g e   1)  o f   t h e   p r o c e s s   i s   a  s o l i d   w h i c h   may  be  s e p a r a t e d  

f r o m   t h e   r e a c t i o n   med ium  and  w a s h e d   s e v e r a l   t i m e s   a n d  

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

l i q u i d .   H o w e v e r ,   i t   i s   p r e f e r r e d   t h a t   s t a g e   2)  o r   t h e  

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

p r e s e n c e   o f   t h e   l i q u i d   r e a c t i o n   med ium  f r o m   s t a g e   1 )  

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

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

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

l e a s t   6 0 ° C .   The  t i m e   o f   h e a t i n g   i s   d e p e n d e n t   on  t h e  

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

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

o f   t e m p e r a t u r e   and  t i m e   a r e   s u c h   t h a t   t h e   h e a t e d   p r o d u c t  

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

as  shown  by  t h e   X - r a y   d i f f r a c t i o n   p a t t e r n   o f   t h i s   m a t e r i a l .  

I f   t h e   o p t i o n a l   t h e r m a l   t r e a t m e n t   s t a g e   i s   e f f e c t e d ,  
i t   i s   p r e f e r r e d   t h a t   t h e   h e a t e d   p r o d u c t   i s   s e p a r a t e d  
f r o m   t h e   r e a c t i o n   med ium  and  w a s h e d   s e v e r a l   t i m e s   b e f o r e  

e f f e c t i n g   s t a g e   2 ) .  

The  c o m p o u n d s   E  and  L  may  be  a d d e d   s i m u l t a n e o u s l y  

or   s e q u e n t i a l l y   a n d ,   i n   t h e   l a t t e r   c a s e ,   t h e   c o m p o u n d s  
E  and  L  may  be  a d d e d   i n   e i t h e r   o r d e r .   I t   i s   p r e f e r r e d  



t h a t   t h e   c o m p o u n d   E  and  t h e   c o m p o u n d   L  a r e   a d d e d   s e p a r a t e l y  

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

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

The  c o n t a c t i n g   o f   t h e   r e d u c t i o n   p r o d u c t   w i t h   t h e  

c o m p o u n d s   E  and  L  may  be  e f f e c t e d   by  a d d i n g   o n e ,   o r  

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

r e d u c t i o n   p r o d u c t   a t   a m b i e n t   t e m p e r a t u r e   and  t h e n   h e a t i n g  

t h e   m i x t u r e   t o   t h e   t e m p e r a t u r e   o f   a t   l e a s t   6 0 ° C .   H o w e v e r ,  

i t   i s   p r e f e r r e d   t o   h e a t   t h e   r e d u c t i o n   p r o d u c t   to   t h e  

t e m p e r a t u r e   of   a t   l e a s t   60°C  and  t h e n   add  o n e ,   o r   b o t h ,  

o f   t h e   c o m p o u n d s   E  and  L  t o   t h e   h e a t e d   m a t e r i a l .   I t  

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

a  t e m p e r a t u r e   o f   a t   l e a s t   60°C  w i t h   b o t h   c o m p o u n d   E  

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

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

one  o f   c o m p o u n d   E  o r   c o m p o u n d   L  a t   t h e   t e m p e r a t u r e   o f  

a t   l e a s t   60°C  and  t h e r e a f t e r   c o n t a c t i n g   t h e   r e d u c t i o n  

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

60°C  s u c h   as   a m b i e n t   t e m p e r a t u r e .   I t   i s   h o w e v e r   p r e f e r r e d  

t o   h e a t   t h e   r e d u c t i o n   p r o d u c t ,   w h i c h   may  h a v e   b e e n   s u b j e c t e d  

t o   t h e   o p t i o n a l   t h e r m a l   t r e a t m e n t ,   to   t h e   t e m p e r a t u r e  

o f   a t   l e a s t   6 0 ° C ,   and ,   w h i l s t   m a i n t a i n i n g   t h a t   t e m p e r a t u r e ,  

add  f i r s t   t h e   c o m p o u n d   E  and  t h e r e a f t e r   t h e   c o m p o u n d   L .  

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

c o m p o u n d   L  may  be  r e p e a t e d   and  u s i n g   s u c h   a  p r o c e d u r e  

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

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

w i t h   c o m p o u n d   E  o r   c o m p o u n d   L .  

C o n t a c t i n g   w i t h   c o m p o u n d s   E  and  L  may  be  e f f e c t e d  

in   more  t h a n   one  s t e p ,   f o r   e x a m p l e   by  r e p e a t i n g   t h e  

c o n t a c t i n g   w i t h   a t   l e a s t   one  o f   t h e   c o m p o u n d s   E  o r   L .  

A l t e r n a t i v e l y ,   a  f i r s t   c o n t a c t i n g   s t e p   may  be  e f f e c t e d  

w i t h   one  o f   t h e   c o m p o u n d s   E  and  L,  and  a  f u r t h e r   a n d  

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

one  o f   c o m p o u n d s   E  and  L.  I f   c o n t a c t i n g   i s   e f f e c t e d   i n  



more  t h a n   one  s t e p ,   i t   may  be  s u f f i c i e n t   t o   w a s h   t h e  

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

t h e   f i n a l   c o n t a c t i n g   s t e p   may  n o t   be  n e c e s s a r y .   H o w e v e r ,  

i t   w i l l   be  a p p r e c i a t e d   t h a t   s u c h   a  p r o c e d u r e   i s   p o s s i b l e  

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

E  and  t h e r e a f t e r   t h e   f i n a l   c o n t a c t i n g   s t e p   i s   e f f e c t e d  

w i t h o u t   t h e   a d d i t i o n   o f   any  o f   t h e   c o m p o u n d   E.  A  c o n v e n i e n t  

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

t h e   p r o d u c t   o f   s t a g e   1)  t o   t h e   t e m p e r a t u r e   o f   a t   l e a s t  

60*C ,   add  c o m p o u n d   E  t o   t h e   h e a t e d   p r o d u c t   some  t i m e  

a f t e r   t h e   d e s i r e d   t e m p e r a t u r e   h a s   b e e n   a t t a i n e d ,   f o r  

e x a m p l e   30  m i n u t e s   t o   two  h o u r s   a f t e r   a t t a i n i n g   t h e  

d e s i r e d   t e m p e r a t u r e ,   w a s h   t h e   h e a t e d   p r o d u c t ,   h e a t   t h e  

w a s h e d   p r o d u c t   t o   t h e   t e m p e r a t u r e   o f   a t   l e a s t   60°C  a n d  

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

t e m p e r a t u r e .  
I f   s t a g e   2 ) ,   t h e   c o n t a c t i n g   w i t h   c o m p o u n d s   E  a n d  

L,  i s   e f f e c t e d   i n   a  s i n g l e   s t e p ,   t h e n   t h e   f i n a l   s t a g e  

of   t h e   p r o c e s s   i s   t o   w a s h   t h e   p r o d u c t   o f   s t a g e   2 ) .  

H o w e v e r ,   i t   i s   n o t   n e c e s s a r y   t o   s u b j e c t   t h e   t i t a n i u m  

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

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

A l t h o u g h   w a s h i n g   c a n   be  e f f e c t e d   a t   v a r i o u s   s t a g e s  
o f   t h e   p r o c e s s ,   t h e   o n l y   n e c e s s a r y   w a s h i n g   s t a g e   i s  

s u b s e q u e n t   t o   t h e   c o n t a c t i n g ,   o r   t h e   f i n a l   c o n t a c t i n g ,  
w i t h   t h e   c o m p o u n d   E .  

The  a m o u n t   o f   t h e   c o m p o u n d   E  w h i c h   i s   u s e d   i s   p r e f e r a b l y  
f r o m   0 . 5   up  t o   3 . 0   m o l e s   f o r   e v e r y   m o l e   o f   t i t a n i u m  

t r i c h l o r i d e   p r e s e n t   i n   t h e   r e d u c t i o n   p r o d u c t   and  i t  

i s   p a r t i c u l a r l y   p r e f e r r e d   t o   u s e   b e t w e e n   0 . 8   and   2 . 5  

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

r e d u c t i o n   p r o d u c t .  

The  a m o u n t   o f   t h e   c o m p o u n d   L  w h i c h   i s   u s e d   i s  

c o n v e n i e n t l y   i n   t h e   r a n g e   f r o m   0 . 0 1   up  t o   2 . 0   m o l e s  



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

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

u s e   f r o m   0 . 0 1   up  t o   0 . 5   mo le   o f   t h e   c o m p o u n d   L,  e s p e c i a l l y  

f r o m   0 . 0 2   up  t o   0 . 2   m o l e   o f   t h e   c o m p o u n d   L .  

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

o f   t h e   c o m p o u n d s   L  a n d  E   w i l l   be  d e p e n d e n t   on  t h e   p a r t i c u l a r  

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

d e t e r m i n e d   r e a d i l y   by  e x p e r i m e n t .  

The  t e m p e r a t u r e   a t   w h i c h   t h e   c o n t a c t i n g   o f   t h e  

r e d u c t i o n   p r o d u c t   w i t h   t h e   c o m p o u n d   E  a n d / o r   t h e   c o m p o u n d   L  

i s   e f f e c t e d   i s   a t   l e a s t   60°C  and  may  be  up  t o   1 5 0 ° C .  

I t   i s   p r e f e r r e d   t o   u s e   t e m p e r a t u r e s   o f   a t   l e a s t   8 0 ° C  

and  n o t   more   t h a n   1 3 0 ° C .   E s p e c i a l l y   p r e f e r r e d   t e m p e r a t u r e s  

a r e   i n   t h e   r a n g e   f r o m   90°C  up  t o   1 2 0 ° C ,   The  h e a t i n g  

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

d o e s   n o t   e x c e e d   20  h o u r s ,   p a r t i c u l a r l y   a t   l e a s t   2  h o u r s  

and  n o t   more   t h a n   10  h o u r s .  

I f   c o m p o u n d s   E  and  L  a r e   a d d e d   t o   t h e   r e d u c t i o n  

p r o d u c t   a t   t h e   t e m p e r a t u r e   o f   a t   l e a s t   6 0 ° C ,   and  t h e  

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

t r e a t m e n t   s t a g e ,   i t   i s   p r e f e r r e d   t h a t   a t   l e a s t   one  o f  

t h e   c o m p o u n d s   E  o r   L  i s   a d d e d   as   s o o n   as   t h e   r e d u c t i o n  

p r o d u c t   a t t a i n s   t h e   d e s i r e d   t e m p e r a t u r e .   I f   c o m p o u n d s  

E  and  L  a r e   a d d e d   s e p a r a t e l y   i n   a  s i n g l e   s t e p ,   t h e   s e c o n d  

o f   t h e   two  c o m p o u n d s   i s   c o n v e n i e n t l y   a d d e d   5  m i n u t e s  

t o   two  h o u r s ,   f o r   e x a m p l e   30  m i n u t e s ,   a f t e r   t h e   a d d i t i o n  

o f   t h e   f i r s t   o f   t h e   two  c o m p o u n d s .  
The  new  c o m p o s i t i o n   o f   m a t t e r   o f   t h e   p r e s e n t   i n v e n t i o n  

may  be  u s e d   as  one  c o m p o n e n t   o f   an  o l e f i n e   p o l y m e r i s a t i o n  

c a t a l y s t .  

T h u s ,   a c c o r d i n g   to   a  f u r t h e r   a s p e c t   o f   t h e   p r e s e n t  
i n v e n t i o n   t h e r e   i s   p r o v i d e d   an  o l e f i n e   p o l y m e r i s a t i o n  

c a t a l y s t   c o m p r i s i n g :   1)  a  t i t a n i u m   t r i c h l o r i d e - c o n t a i n i n g  
m a t e r i a l   o f   t h e   t y p e   h e r e i n b e f o r e   d e s c r i b e d ;   a n d  



2)  a t   l e a s t   one  o r g a n o - m e t a l l i c   c o m p o u n d   o f   a l u m i n i u m ,  

or   o f   a  n o n - t r a n s i t i o n   m e t a l   o f   G r o u p   I IA   of   t h e   P e r i o d i c  

T a b l e ,   o r   a  c o m p l e x   o f   an  o r g a n o - m e t a l l i c   c o m p o u n d   o f  

a  n o n - t r a n s i t i o n   m e t a l   o f   G r o u p   IA  o r   Group   I IA   of   t h e  

P e r i o d i c   T a b l e   w i t h   an  o r g a n o - a l u m i n i u m   c o m p o u n d .  

The  o r g a n o - m e t a l l i c   c o m p o n e n t   w h i c h   i s   c o m p o n e n t   2 )  

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

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

m a g n e s i u m .   A l t e r n a t i v e l y ,   t h i s   c o m p o n e n t   c a n   be  a  c o m p l e x  

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

o f   G r o u p s   IA  or   I IA   w i t h   an  o r g a n o - a l u m i n i u m   c o m p o u n d ,  

f o r   e x a m p l e   M g [ A ' ( C 2 H 5 ) 4 3 2   o r   l i t h i u m   a l u m i n i u m   t e t r a a l k y l .  

I t   i s   p r e f e r r e d   t h a t   c o m p o n e n t   2)  i s   an  o r g a n o - a l u m i n i u m  

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

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

a  t r i h y d r o c a r b y l   a l u m i n i u m   o r   d i h y d r o c a r b y l   a l u m i n i u m  

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

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

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

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

y i e l d   of   t h e   d e s i r a b l e   i n s o l u b l e   ( i s o t a c t i c )   p o l y m e r .  

A  m i x t u r e   o f   c o m p o u n d s   c a n   be  u s e d   i f   d e s i r e d ,   f o r   e x a m p l e ,  

a  m i x t u r e   o f   a  t r i a l k y l   a l u m i n i u m   and  a  d i a l k y l   a l u m i n i u m  

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

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

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

a l u m i n i u m .  

The  c a t a l y s t   c a n   a l s o   c o n t a i n ,   i n   a d d i t i o n   to   c o m p o n e n t s  
1)  and  2 ) ,   a  f u r t h e r   c o m p o n e n t ,   c o m p o n e n t   3 ) ,   w h i c h  

i s   an  o r g a n o - L e w i s   B a s e   c o m p o u n d .   T h i s   c a n   be  any  L e w i s  

B a s e   w h i c h   i s   e f f e c t i v e   to   a l t e r   t h e   a c t i v i t y   a n d / o r  

s t e r e o s p e c i f i c i t y   o f   a  Z i e g l e r   c a t a l y s t   s y s t e m .   A  w i d e  

r a n g e   o f   L e w i s   B a s e s   h a v e   s u c h   an  e f f e c t   and  t h e s e   i n c l u d e  

c o m p o u n d s   c o n t a i n i n g   p h o s p h o r u s   a n d / o r   n i t r o g e n   a t o m s ,  



o x y g e n   c o m p o u n d s   s u c h   as  e t h e r s ,   e s t e r s ,   k e t o n e s ,   a n d  

a l c o h o l s ,   and  t h e i r   s u l p h u r - c o n t a i n i n g   a n a l o g u e s ,   s i l i c o n  

c o m p o u n d s   s u c h   as  s i l a n e s   and  s i l o x a n e s ,   s u l p h o n e s ,  

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

C a t a l y s t s   c o n t a i n i n g   o r g a n o - L e w i s   B a s e   c o m p o u n d s ,   o r  

c o m p l e x e s   i n c l u d i n g   o r g a n o - L e w i s   B a s e   c o m p o u n d s ,   a r e  

d i s c l o s e d ,   i n t e r   a l i a ,   i n   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  

803  198;   809  717 ;   880  998 ;   896  509 ;   920  118 ;   921  9 5 4 ;  

933  2 3 6 ;   940  125;   966  025 ;   969  074 ;   971  248 ;   1  013  3 6 3 ;  

1  017  9 7 7 ;   1  049   7 2 3 ;   1  122  0 1 0 ;   1  150  845 ;   1  208   8 1 5 ;  

1  234  6 5 7 ;   1  324   173 ;   1  359  3 2 8 ;   1  383  2 0 7 ;   1  423  6 5 8 ;  

1  423  659  and   1  423  6 6 0 ;   B e l g i a n   P a t e n t   S p e c i f i c a t i o n  

693  551 ;   and   p u b l i s h e d   G e r m a n   P a t e n t   A p p l i c a t i o n   2  600   5 5 2 .  

I t   i s   p r e f e r r e d   t o   u s e ,   as  t h e   o r g a n o - L e w i s   B a s e   c o m p o u n d ,  

a  L e w i s   B a s e   w h i c h   c o n t a i n s   a t   l e a s t   one  a tom  of   s u l p h u r ,  

n i t r o g e n . a n d / o r   p h o s p h o r u s .   Thus   p r e f e r r e d   o r g a n o - L e w i s  

B a s e   c o m p o u n d s ,   w h i c h   c a n   be  u s e d   as  t h e   o p t i o n a l   c o m p o n e n t  
3)  o f   t h e   c a t a l y s t ,   i n c l u d e   s u l p h u r   c o m p o u n d s   s u c h   a s  

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

as  d i b u t y l a m i n e   o r   t r i b u t y l a m i n e ,   d i a m i n e s   s u c h   as  N , N , N ' , N ' -  

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

b o t h   p h o s p h o r u s   and  n i t r o g e n   a t o m s ,   s u c h   as  h e x a m e t h y l p h o s p h o r i c  

t r i a m i d e ;   N , N , N ' , N ' - t e t r a m e t h y l e t h y l   p h o s p h o r o d i a m i d a t e ;  

N , N , N ' , N ' , N " - p e n t a m e t h y l - N " - β - d i m e t h y l a m i n o e t h y l p h o s p h o r i c  

t r i a m i d e ;   2 - d i m e t h y l a m i n o - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a - p h o s p h o l i d i n e -  

2 - o x i d e   and  o c t a m e t h y l - p y r o p h o s p h o r a m i d e .  

I n   a d d i t i o n   t o ,   o r   i n s t e a d   o f ,   t h e   o r g a n o - L e w i s   B a s e  

c o m p o u n d   w h i c h   i s   c o m p o n e n t   3 ) ,   t h e   c a t a l y s t   may  a l s o  

i n c l u d e   a  s u b s t i t u t e d   o r   u n s u b s t i t u t e d   p o l y e n e   ( c o m p o n e n t   4 ) ) ,  

w h i c h   may  be  an  a c y c l i c   p o l y e n e   s u c h   as  3 - m e t h y l - h e p t a t r i e n e  
( 1 , 4 , 6 )   o r   a  c y c l i c   p o l y e n e   s u c h   as  c y c l o o c t a t r i e n e ,  
c y c l o o c t a t e t r a e n e   o r   c y c l o h e p t a t r i e n e   o r   d e r i v a t i v e s  

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

t r o p o l o n e   o r   t r o p o n e .  



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

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

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

T y p i c a l l y   f o r   e a c h   gramme  a t o m   o f   t h e   t r a n s i t i o n   m e t a l  

w h i c h   i s   p r e s e n t   i n   c o m p o n e n t   1)  o f   t h e   c a t a l y s t ,   t h e r e  

i s   p r e s e n t   a t   l e a s t   0 . 0 5 ,   and  p r e f e r a b l y   a t   l e a s t   1 . 0 ,  

and  i f   d e s i r e d   as   many  as  50  o r   e v e n   m o r e ,   m o l e s   o f  

c o m p o n e n t   2 ) .   In   g e n e r a l   i t   i s   p r e f e r r e d   t o   u s e   n o t  

more   t h a n   25  m o l e s   o f   t h e   o r g a n o - m e t a l l i c   c o m p o n e n t  

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

p r e s e n t   i n   c o m p o n e n t   1 ) .   I f   a  L e w i s   B a s e   i s   i n c l u d e d ,  

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

t h e r e   i s   c o n v e n i e n t l y   p r e s e n t   f r o m   0 . 0 1   up  t o   10 ,   p r e f e r a b l y  

f r o m   0 .1   up  t o   4,  m o l e s   o f   t h e   L e w i s   B a s e ,   p r o v i d e d  

t h a t   t h e   a m o u n t   o f   L e w i s   B a s e   i s   l e s s   t h a n   t h e   a m o u n t  

of   c o m p o n e n t   2 ) .   Any  p o l y e n e   w h i c h   i s   p r e s e n t ,   p l u s  

any  L e w i s   B a s e ,   s h o u l d   p r e f e r a b l y ,   i n   t o t a l   n u m b e r   o f  

m o l e s ,   be  l e s s   t h a n   t h e   n u m b e r   o f   m o l e s   o f   c o m p o n e n t   2 ) .  

F o r   e a c h   mo le   o f   c o m p o n e n t   2 ) ,   t h e   n u m b e r   of   m o l e s   o f  

p o l y e n e   i s   c o n v e n i e n t l y   i n   t h e   r a n g e   0 . 0 1   up  t o   1 . 0 ,  

e s p e c i a l l y   0 . 0 5   up  t o   0 . 5 ,   f o r   e x a m p l e   f r o m   0 .1   up  t o  

0 . 2 .   I f   b o t h   L e w i s   B a s e   and  p o l y e n e   a r e   i n c l u d e d ,   t h e s e  

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

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

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

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

o f   o l e f i n e   m o n o m e r s   by  c o n t a c t i n g   a t   l e a s t   one  o l e f i n e  

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

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

m o n o m e r   w h e r e i n   a t   l e a s t   one  o l e f i n e   m o n o m e r ,   o r   a  m i x t u r e  

of   a t   l e a s t   one  o l e f i n e   monomer   and  e t h y l e n e ,   i s   p o l y m e r i s e d  

by  c o n t a c t i n g   t h e   a t   l e a s t   one  o l e f i n e ,   o r   m i x t u r e   t h e r e o f  

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

an  o l e f i n e   p o l y m e r i s a t i o n   c a t a l y s t   as  h e r e i n b e f o r e   d e f i n e d .  



M o n o m e r s   w h i c h   c a n   be  p o l y m e r i s e d   by  t h e   p r e s e n t  

p r o c e s s   i n c l u d e   b u t e n e - 1 ,   and  4 - m e t h y l p e n t e n e - 1   a n d  

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

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

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

s u c h   as   i s   d e s c r i b e d   i n   B r i t i s h   P a t e n t s   970  4 7 8 ;   970  4 7 9  

and  1  014  9 4 4 .  

S u r p r i s i n g l y ,   a l t h o u g h   c o m p o n e n t   1)  o f   t h e   c a t a l y s t  

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

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

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

s o l u b l e   p o l y m e r .   F u r t h e r m o r e ,   many  o f   t h e   c a t a l y s t  

s y s t e m s   g i v e   a  h i g h   r a t e   o f   p o l y m e r i s a t i o n .  

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

m o n o m e r s . ( a n d   d i l u e n t s   when  u s e d )   w h i c h   h a v e   a  h i g h  

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

t h a n   5  ppm  by  w e i g h t   o f   w a t e r   and  l e s s   t h a n   1  ppm  b y  

w e i g h t   o f   o x y g e n .   M a t e r i a l s   h a v i n g   a  h i g h   d e g r e e   o f  

p u r i t y  c a n   be  o b t a i n e d   by  p r o c e s s e s   s u c h   as   t h o s e   d e s c r i b e d  

i n   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  111  4 9 3 ,   1  226  6 5 9  

and  1  383  6 1 1 .  

P o l y m e r i s a t i o n   c an   be  c a r r i e d   o u t   i n   t h e   k n o w n  

m a n n e r ,   f o r   e x a m p l e   i n   t h e   p r e s e n c e   o r   a b s e n c e   o f   a n  

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

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

monomer   o r   i n   t h e   g a s e o u s   p h a s e .  

I f   p o l y m e r i s a t i o n   i s   e f f e c t e d   i n   t h e   g a s e o u s   p h a s e ,  
i t   may  be  e f f e c t e d   by  i n t r o d u c i n g   t h e   m o n o m e r ,   f o r   e x a m p l e  

p r o p y l e n e ,   i n t o   t h e   p o l y m e r i s a t i o n   v e s s e l   as   a  l i q u i d  
and   o p e r a t i n g   w i t h   c o n d i t i o n s   o f   t e m p e r a t u r e   and  p r e s s u r e  
w i t h i n   t h e   p o l y m e r i s a t i o n   v e s s e l   w h i c h   a r e   s u c h   t h a t  
t h e   l i q u i d   monomer   v a p o r i s e s ,   t h e r e b y   g i v i n g   an  e v a p o r a t i v e  

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



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

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

w h i c h   a r e   s u c h   t h a t   t h e   monomer   i s   a t   a  t e m p e r a t u r e  

and  p a r t i a l   p r e s s u r e   w h i c h   a r e   c l o s e   t o   t h e   dew  p o i n t  

t e m p e r a t u r e   and  p r e s s u r e   f o r   t h a t   m o n o m e r .   S u c h   a  p r o c e d u r e  

i s   d e s c r i b e d   i n   more   d e t a i l   i n   p u b l i s h e d   German   P a t e n t  

A p p l i c a t i o n   2  616  3 5 6 .   P o l y m e r i s a t i o n   i n   t h e   g a s e o u s  

p h a s e   c a n   be  e f f e c t e d   u s i n g   any  t e c h n i q u e   s u i t a b l e   f o r  

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

r e a c t o r   s y s t e m ,   a  s t i r r e d   bed   r e a c t o r   s y s t e m   o r   a  r i b b o n  

b l e n d e r   t y p e   o f   r e a c t o r .  

P o l y m e r i s a t i o n   may  be  e f f e c t e d   e i t h e r   i n   a  b a t c h  

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

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

or   a l l   t h e   c a t a l y s t   c o m p o n e n t s   may  be  m i x e d   t o g e t h e r  

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

The  p o l y m e r i s a t i o n   c an   be  e f f e c t e d   i n   t h e   p r e s e n c e  
of   a  c h a i n   t r a n s f e r   a g e n t   s u c h   as  h y d r o g e n   or   a  z i n c  

d i a l k y l ,   i n   o r d e r   t o   c o n t r o l   t h e   m o l e c u l a r   w e i g h t   o f  

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

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

o f   f r o m   0 . 0 1   up  t o   5 . 0 % ,   p a r t i c u l a r l y   f r o m   0 . 0 5   up  t o  

2.0%  m o l a r   r e l a t i v e   t o   t h e   m o n o m e r .   The  a m o u n t   o f   c h a i n  

t r a n s f e r   a g e n t   w i l l   be  d e p e n d e n t   on  t h e   p o l y m e r i s a t i o n  

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

i n   t h e   r a n g e   f r o m   20°C  up  t o   1 0 0 ° C ,   p r e f e r a b l y   f r o m  

50°C  up  t o   8 5 ° C .  

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

i n v e n t i o n   p r o p y l e n e   may  be  p o l y m e r i s e d   t o   g i v e   a  p o l y m e r  

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

1 . 0 0   GN/m2,  p a r t i c u l a r l y   a t   l e a s t   1 . 3 0   GN/m*  and  e s p e c i a l l y  

up  t o   1 . 7 0   G N / m 2 .  

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

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



T h u s ,   as  a  f u r t h e r   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n  

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

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

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

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

o f   - 2 0 ° C   o r   l o w e r   and   a  f l e x u r a l   m o d u l u s   o f   a t   l e a s t  

1 . 3 5   G N / m 2 .  

The  f l e x u r a l   m o d u l u s   i s   d e t e r m i n e d   i n   t h e   m a n n e r  

as  s e t   o u t   i n   N o t e   (h )   to   T a b l e   5  h e r e a f t e r   and  t h e   l o w  

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

s e t   o u t   i n   N o t e   (k)   t o   T a b l e   6  h e r e a f t e r .   The  f l e x u r a l  

m o d u l u s   may  be  as   h i g h   as   1 . 5 0   GN/nf  and  p r e f e r r e d   c o p o l y m e r s  

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

m o d u l u s   o f   a t   l e a s t   1 . 4 0   GN/m2.  The  low  t e m p e r a t u r e  

b r i t t l e   p o i n t   may  be  as  low  as  - 3 5 ° C   and  i s   p r e f e r a b l y  

- 2 5 ° C   o r   l o w e r .   P a r t i c u l a r l y   p r e f e r r e d   c o p o l y m e r s   h a v e  

a  low  t e m p e r a t u r e   b r i t t l e   p o i n t   o f   - 2 5 ° C   o r   l o w e r   a n d  

a  f l e x u r a l   m o d u l u s   o f   a t   l e a s t   1 . 4 0   G N / m 2 .  

As  y e t   a  f u r t h e r   a s p e c t   o f   t h e   p r e s e n t   i n v e n t i o n  

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

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

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

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

o f   - 4 0 ° C   o r   l o w e r   and  a  f l e x u r a l   m o d u l u s   o f   a t   l e a s t  

1 . 2 0   G N / m 2 .  

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

i s   t y p i c a l l y   i n   t h e   r a n g e   - 4 0 ° C   to   - 5 0 ° C   and  t h e   f l e x u r a l  

m o d u l u s   may  be  as  h i g h   as  1 . 3 0   G N / m 2 .  

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

by  t h e   m e l t   f l o w   i n d e x   m e a s u r e d   a c c o r d i n g   to   ASTM  T e s t  

M e t h o d   D  1 2 3 8 - 7 0 ,   u s i n g   C o n d i t i o n   N  ( t h a t   i s   a  t e m p e r a t u r e  
o f   190°C  and  a  w e i g h t   o f   10  k g m ) .   P o l y m e r s   o b t a i n e d  

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



f l o w   i n d e x   o f   l e s s   t h a n   200  and  p r e f e r r e d   p o l y m e r s   h a v e  

a  m e l t   f l o w   i n d e x   o f   l e s s   t h a n   100 ,   p a r t i c u l a r l y   l e s s  

t h a n   50 ,   f o r   e x a m p l e   b e t w e e n   5  and  5 0 .  

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

be  d e s c r i b e d   w i t h   r e f e r e n c e   t o   t h e   f o l l o w i n g   E x a m p l e s  

w h i c h   a r e   i l l u s t r a t i v e   of   t h e   i n v e n t i o n .   In   t h e   E x a m p l e s ,  

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

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

EXAMPLE  1 

A)  R e d u c t i o n   o f   t i t a n i u m   t e t r a c h l o r i d e  

A  s o l u t i o n   o f   4 . 2 1   m o l e s   of   t i t a n i u m   t e t r a c h l o r i d e  

i n   2 . 2   l i t r e s   o f   p u r e   n - h e p t a n e   was  p l a c e d   i n   a  f i v e  

l i t r e   n i t r o g e n - p u r g e d   d r y   j a c k e t e d   g l a s s   r e a c t i o n   v e s s e l .  

The  s o l u t i o n   was  c o o l e d   t o   a  t e m p e r a t u r e   i n   t h e   r a n g e  
8°C  t o   10°C  and  s t i r r e d   a t   250  rpm.   A  s o l u t i o n   of   e t h y l  

a l u m i n i u m   s e s q u i c h l o r i d e   i n   n - h e p t a n e   ( c o n t a i n i n g   500  g r a m m e s  
of   t h e   s e s q u i c h l o r i d e   f o r   e a c h   l i t r e   o f   n - h e p t a n e )   w a s  

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

p e r i o d   of   90  m i n u t e s .   The  q u a n t i t y   a d d e d   was  s u f f i c i e n t  

t o   p r o v i d e   2 . 8 6 8   m o l e s   o f   t h e   e t h y l   a l u m i n i u m   s e s q u i c h l o r i d e  

( t h i s   c o n t a i n e d   2 . 8 6 8   m o l e s   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e ) .  

The  t e m p e r a t u r e   was  m a i n t a i n e d   a t   8°C  t o   10°C  t h r o u g h o u t  

t h e   a d d i t i o n   and  t h e   m i x t u r e   was  s t i r r e d .   At  t h e   e n d  

o f   t h e   a d d i t i o n   o f   t h e   s e s q u i c h l o r i d e   s o l u t i o n ,   t h e  

m i x t u r e   was  s t i r r e d   f o r   a  f u r t h e r   4  h o u r s   w h i l s t   m a i n t a i n i n g  

t h e   t e m p e r a t u r e   o f   8°C  t o   1 0 ° C .  

The  w h o l e   m i x t u r e   was  t h e n   h e a t e d   up  t o   a  t e m p e r a t u r e  

of   90°C  w h i l s t   s t i l l   s t i r r i n g .   The  t e m p e r a t u r e   w a s  

m a i n t a i n e d   a t   90°C  f o r   90  m i n u t e s ,   t h e   m i x t u r e   was  a l l o w e d  

to   c o o l   and  s e t t l e ,   t h e   s u p e r n a t a n t   l i q u i d   was  d e c a n t e d  

o f f   and  t h e   r e s i d u a l   s o l i d   was  t h e n   w a s h e d   5  t i m e s   u s i n g  
2  l i t r e s   of   p u r i f i e d   n - h e p t a n e   f o r   e a c h   w a s h .   The  w a s h e d  

p r o d u c t   was  t h e n   s u s p e n d e d   i n   2 . 5   l i t r e s   o f   h e p t a n e  

and  t h e   s u s p e n s i o n   o b t a i n e d   was  t h e n   s p l i t   up  i n t o   s e v e r a l  

p o r t i o n s .  



B)  T r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r  

A  p o r t i o n   e q u i v a l e n t   to   one  f i f t h   o f   t h e   s u s p e n s i o n  

o b t a i n e d   by  t h e   f o r e g o i n g   p r o c e d u r e   was  t h e n   t r e a t e d  

w i t h   n e a t   d i - n - b u t y l   e t h e r   i n   t h e   f o l l o w i n g   m a n n e r .  

A  s u f f i c i e n t   q u a n t i t y   o f   t h e   d i - n - b u t y l   e t h e r   was  a d d e d  

to   p r o v i d e   1.1  mole   o f   t h e   e t h e r   f o r   e a c h   mole   o f   t i t a n i u m  

t r i c h l o r i d e   p r e s e n t   i n   t h e   s u s p e n s i o n ,   w h i c h   was  b e i n g  

s t i r r e d .   The  a d d i t i o n   was  e f f e c t e d   a t   room  t e m p e r a t u r e  

and  t h e   p r o d u c t   was  t h e n   h e a t e d   up  to   90°C  w h i c h   t e m p e r a t u r e  

was  m a i n t a i n e d   f o r   1  h o u r .  

C)  T r e a t m e n t  w i t h   t r i b u t y l   p h o s p h i n e  

To  t h e   s t i r r e d   s u s p e n s i o n   f r o m   B ) ,   w h i c h   was  b e i n g  

m a i n t a i n e d   a t   9 0 ° C ,   t r i b u t y l   p h o s p h i n e   was  a d d e d   ( n e a t )  

i n   a  q u a n t i t y   s u f f i c i e n t   to   p r o v i d e   0 . 0 8 4   m o l e s   o f   t r i b u t y l  

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

The  t e m p e r a t u r e   o f   90°C  was  m a i n t a i n e d   f o r   a  f u r t h e r  

one  h o u r   w i t h   s t i r r i n g .   The  m i x t u r e   was  t h e n   a l l o w e d  

to   c o o l   t o   room  t e m p e r a t u r e   and  t h e   s o l i d   was  a l l o w e d  

to   s e t t l e .   The  s u p e r n a t a n t   l i q u i d   was  d e c a n t e d   o f f   a n d  

t h e   s o l i d   was  t h e n   w a s h e d   5  t i m e s   w i t h   n - h e p t a n e   u s i n g  

500  ml  o f   n - h e p t a n e   f o r   e a c h   w a s h .   A  s a m p l e   o f   t h e   p r o d u c t  

was  d r i e d   and  s u b j e c t e d   t o   s u r f a c e   a r e a   m e a s u r e m e n t s  

and  to   a n a l y s i s .   The  r e m a i n d e r   o f   t h e   p r o d u c t   was  s u s p e n d e d  

i n   500  ml  o f   n - h e p t a n e .  

COMPARATIVE  EXAMPLE  A 

T r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r   o n l y  

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

e t h e r   d e s c r i b e d   i n   E x a m p l e   1  was  r e p e a t e d   e x c e p t   t h a t  

t h e   r e a c t i o n   m i x t u r e   was  m a i n t a i n e d   a t   90°C  f o r   a  t i m e  

o f   2  h o u r s .   T h i s   h e a t e d   p r o d u c t   was  t h e n   a l l o w e d   t o  

c o o l   and  was  w a s h e d   5  t i m e s   w i t h   n - h e p t a n e   and  f i n a l l y  

r e s u s p e n d e d   i n   n - h e p t a n e .   The  w a s h i n g   p r o c e d u r e   w a s  

a l s o   as   d e s c r i b e d   i n   E x a m p l e   1 .  



EXAMPLE  2  

A  q u a n t i t y   o f   n - h e p t a n e   s u p p l i e d   by  B r i t i s h   D r u g  

H o u s e s   and  c o n f o r m i n g   to   t h e   I n s t i t u t e   o f   P e t r o l e u m  

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

a  c o l u m n   c o n t a i n i n g   BTS  c a t a l y s t   and  a  m o l e c u l a r   s i e v e .  

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

d e t e c t e d   was  t o l u e n e   a t   a  l e v e l   o f   a b o u t   0 . 0 1 %   by  v o l u m e .  

T h i s   w i l l   be  r e f e r r e d   t o   as  " p u r i f i e d   n - h e p t a n e " .  

A  f u r t h e r   q u a n t i t y   o f   n - h e p t a n e   was  p u r g e d   w i t h  

n i t r o g e n   a t   a m b i e n t   t e m p e r a t u r e   f o r   one  h o u r .   T h i s   w i l l  

be  r e f e r r e d   t o   as   " p u r g e d   n - h e p t a n e " .  

The  r e d u c t i o n   s t a g e   was  as  d e s c r i b e d   i n   E x a m p l e   1 A )  

and  u s e d   t h e   p u r i f i e d   n - h e p t a n e .  

The  t r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r   was  e f f e c t e d  

on  a  one  s i x t h   p o r t i o n   o f   t h e   p r o d u c t   f r o m   s t a g e   A ) ,  

t h e  e t h e r   b e i n g   a d d e d   i n   an  a m o u n t   o f   1 .1   m o l e s   o f   e t h e r  

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

a d d i t i o n   b e i n g   made  when   t h e   s u s p e n s i o n   h a d   a t t a i n e d  

a  t e m p e r a t u r e   o f   9 0 ° C .   A f t e r   one  h o u r   a t   9 0 ° C ,   0 . 0 8 4   m o l e s  

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

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

h e a t i n g   a t   90°C  was  c o n t i n u e d   f o r   a  f u r t h e r   h o u r .  

The  p r o d u c t   o b t a i n e d   was  a l l o w e d   to   c o o l   and  w a s  

w a s h e d   as   in   E x a m p l e   1.  A l l   s t a g e s   of   t h e   p r e p a r a t i o n ,  

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

p u r i f i e d   n - h e p t a n e .   The  l a s t   t h r e e   w a s h e s   w e r e   e f f e c t e d  

u s i n g   p u r g e d   n - h e p t a n e   and  t h e   p r o d u c t   was  s u s p e n d e d  

in   p u r g e d   n - h e p t a n e .  

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

h a n d l e d   e a s i l y   and  t h e r e   w e r e   no  p r o b l e m s   o f   a g g l o m e r a t i o n  

of   t h e   s o l i d   p a r t i c l e s .   In   t h e   p r o c e s s   o f   E x a m p l e   1 

t h e r e   w e r e   a g g l o m e r a t i o n   p r o b l e m s   and  t h e s e   p r o b l e m s  

w e r e   r e d u c e d   o n l y   when  t h e   t e m p e r a t u r e   o f   90°C  was  a t t a i n e d .  

The  p r o d u c t   o f   t h i s   E x a m p l e   h a d   a  s u p e r i o r   p a r t i c l e  
f o r m   c o m p a r e d   to   t h e   p r o d u c t   of   E x a m p l e   1,  and  c o u l d  

be  h a n d l e d   more   r e a d i l y   t h a n   t h e   p r o d u c t   o f   E x a m p l e   1 .  



EXAMPLE 3  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

t h e   q u a n t i t y   o f   t r i b u t y l   p h o s p h i n e   was  0 . 0 2 8   m o l e s   f o r  

e a c h   mo le   o f   t i t a n i u m   t r i c h l o r i d e .  

EXAMPLE  4  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

t h e   q u a n t i t y   of   t r i b u t y l   p h o s p h i n e   was  0 . 1 4   m o l e s   f o r  

e a c h   mo le   o f   t i t a n i u m   t r i c h l o r i d e .  

EXAMPLES  5  TO  7  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

t h e   t r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r ,   and  t h e   s u b s e q u e n t  

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

o t h e r   t h a n   9 0 ° C ,   A d d i t i o n a l l y   s u b s e q u e n t   to   t h e   h e a t i n g  

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

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

c o n s i s t i n g   p r e d o m i n a n t l y   of   C12  i s o m e r s .  

The  t e m p e r a t u r e s   o f   t h e   t r e a t m e n t s   w i t h   t h e   e t h e r  

and  p h o s p h i n e   a r e   s e t   o u t   i n   T a b l e   1 .  



COMPARATIVE  EXAMPLE  B 

T r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r  

The  r e d u c e d   and  h e a t - t r e a t e d   s o l i d   u s e d   i n   t h e   p r e p a r a t i o n  

of   t h e   p r o d u c t s   o f   E x a m p l e s   5  t o   7  w a s  h e a t e d   to   9 0 ° C  

and  1.1  m o l e s   o f   d i - n - b u t y l   e t h e r   was  a d d e d   f o r   e a c h  

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

a t   90°C  f o r   two  h o u r s   and  t h e   p r o d u c t   o b t a i n e d   was  w a s h e d  

5  t i m e s .   S u b s e q u e n t   to   t h e   h e a t i n g   o f   t h e   r e d u c t i o n  

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

h y d r o c a r b o n   as   was  u s e d   i n   E x a m p l e s   5  t o   7 .  

EXAMPLE  8  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

d i - n - b u t y l   e t h e r   and  t r i b u t y l   p h o s p h i n e   w e r e   m i x e d   t o g e t h e r  

and   t h e   m i x t u r e   f o r m e d   was  a d d e d   to   t h e   r e d u c t i o n   p r o d u c t  

when  i t   a t t a i n e d   a  t e m p e r a t u r e   o f   9 0 ° C .   The  t e m p e r a t u r e  

of   90°C  was  m a i n t a i n e d   f o r   two  h o u r s .  

EXAMPLE  9  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

t h e   t r i b u t y l   p h o s p h i n e   was  a d d e d   f i r s t ,   when  t h e   t e m p e r a t u r e  

a t t a i n e d   9 0 ° C ,   and  t h e   d i - n - b u t y l   e t h e r   was  a d d e d   a f t e r  

t h e   m i x t u r e   had   b e e n   a t   90°C  f o r   one  h o u r .  

EXAMPLE  1 0  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

o n l y   d i - n - b u t y l   e t h e r   was  a d d e d   to   t h e   r e d u c t i o n   p r o d u c t  

a t   9 0 ° C ,   t h e   t e m p e r a t u r e   was  m a i n t a i n e d   f o r   two  h o u r s ,  

t h e   m i x t u r e   was  a l l o w e d   to   c o o l   t o   a m b i e n t   t e m p e r a t u r e  

( a b o u t   2 0 ° C ) ,   and  t h e n   t h e   t r i b u t y l   p h o s p h i n e   was  a d d e d .  

The  s o l i d   was  c o n t a c t e d   w i t h   t h e   t r i b u t y l   p h o s p h i n e   a t  

a m b i e n t   t e m p e r a t u r e   f o r   30  m i n u t e s   and  was  t h e n   w a s h e d  

as  in   E x a m p l e   2 .  

EXAMPLES  11  TO  1 3  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

t h e   t h e r m a l   t r e a t m e n t   o f   t h e   r e d u c e d   s o l i d   was  e i t h e r  

o m i t t e d   o r   v a r i e d .   D e t a i l s   o f   t h e   t h e r m a l   t r e a t m e n t  

a r e   s e t   o u t   i n   T a b l e   2 .  



EXAMPLES  14  AND  1 5  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

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

as   s e t   o u t   i n   T a b l e   3 .  

The  p r o d u c t s   o f   E x a m p l e s   1  t o  7   and  11  to   15  w e r e  

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

a r e a .   The  X - r a y   s p e c t r u m   was  o b t a i n e d   f o r   some  of   t h e  

p r o d u c t s .   The  r e s u l t s   a r e   s e t   o u t   i n   T a b l e   4 .  





N o t e s   t o   T a b l e   4  

( a )   D e d u c e d   f r o m   e t h e r   a n a l y s i s   on  s o l u t i o n s   o f   t h e  

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

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

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

EXAMPLES  16  T O  3 0  

P o l y m e r i s a t i o n s   w e r e   c a r r i e d   o u t   i n   a  20  g a l l o n  

(91  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 .  

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

u s e d   i n   E x a m p l e s   5  t o  7   and  C o m p a r a t i v e   E x a m p l e   B)  w e r e  

c h a r g e d   i n t o   t h e   v e s s e l ,   and  d e g a s s e d   a t   60°C  f o r   30  m i n u t e s  

a t   a  p r e s s u r e   o f   50  m i l l i m e t r e s   o f   m e r c u r y .   P r o p y l e n e  

c o n t a i n f n g   0 .15%  by  v o l u m e   o f   h y d r o g e n ,   was  t h e n   a d m i t t e d  

t o   t h e   v e s s e l   i n   an  a m o u n t   t o   g i v e   a  p r e s s u r e   o f   1  p s i  

( 6 . 9   k N / r )   g a u g e .   The  d i l u e n t   was  s t i r r e d   and  s t i r r i n g  

was   c o n t i n u e d   t h r o u g h o u t   t h e   f o l l o w i n g   p r o c e d u r e s .  

0 . 5 3 6   m o l e   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e ,   as  a  25%  b y  

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

a d d e d   t o   t h e   a u t o c l a v e   f o l l o w e d   by  1  l i t r e   o f   t h e   h y d r o c a r b o n  

d i l u e n t .   0 . 1 3 4   mole   o f   t i t a n i u m   t r i c h l o r i d e   ( p r e p a r e d  

as  d e s c r i b e d   i n   E x a m p l e s   1  t o   15  o r   C o m p a r a t i v e   E x a m p l e s  

A  o r   B)  was  a d d e d   as   a  s u s p e n s i o n   o f   t i t a n i u m   t r i c h l o r i d e  

i n   t h e   h y d r o c a r b o n   d i l u e n t .   2  l i t r e s   o f   t h e   h y d r o c a r b o n  

d i l u e n t   w e r e   t h e n   a d d e d .  

The  a u t o c l a v e   was  m a i n t a i n e d   a t   60°C  w h i l e   p r o p y l e n e  

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

22  p o u n d s   p e r   h o u r   ( a b o u t   10  k i l o g r a m s   p e r   h o u r ) .   T h e  

p r o p y l e n e   c h a r g e   c o n t a i n e d   0 .15%  by  v o l u m e   o f   h y d r o g e n .  

A  t o t a l   o f   3 3 . 5   k i l o g r a m s   o f   p r o p y l e n e   w e r e   p a s s e d   i n t o  

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

a n d  t h e   a u t o c l a v e   p r e s s u r e   was  a l l o w e d   t o   r u n   down  t o  

5  p s i   ( 3 4 . 5   kN/m2)   g a u g e .   The  r e s i d u a l   p r o p y l e n e   w a s  
t h e n   v e n t e d   o f f   and  t h e   p o l y m e r   s u s p e n s i o n   p a s s e d   i n t o  

a  g l a s s - l i n e d   v e s s e l .   The  a u t o c l a v e   was  w a s h e d   w i t h  

20  l i t r e s   o f   t h e   d i l u e n t   w h i c h   was  a l s o   a d d e d   t o   t h e  



g l a s s - l i n e d   v e s s e l .   The  c o n t e n t s   o f   t h e   g l a s s - l i n e d  

v e s s e l   w e r e   m i x e d   w i t h   i s o p r o p a n o l   in   an  a m o u n t   o f   2% 

by  v o l u m e   r e l a t i v e   t o   t h e   d i l u e n t .   The  m i x t u r e   w a s  

s t i r r e d   f o r   1  h o u r   a t   7 0 ° C ,   a  m i x t u r e   o f   i s o p r o p a n o l  

and  w a t e r   ( c o n t a i n i n g   10%  by  v o l u m e   o f   w a t e r )   was  a d d e d  

i n   an  a m o u n t   o f   0 .6%  by  v o l u m e   r e l a t i v e   to   t h e   d i l u e n t  

and   s t i r r i n g   a t   70°C  was  c o n t i n u e d   f o r   a  f u r t h e r   2  h o u r s .  

The  p o l y m e r   s u s p e n s i o n   was  t h e n   r u n   i n t o   a  f u r t h e r  

v e s s e l   c o n t a i n i n g   40  l i t r e s   o f   d e m i n e r a l i s e d   w a t e r   a t  

a m b i e n t   t e m p e r a t u r e ,   and  t h e   m i x t u r e   was  s t i r r e d   f o r  

30  m i n u t e s .   The  a q u e o u s   p h a s e   was  t h e n   d e c a n t e d   o f f  

and   a  f u r t h e r   40  l i t r e s   o f   d e m i n e r a l i s e d   w a t e r   a t   a m b i e n t  

t e m p e r a t u r e   w e r e   a d d e d   and  t h e   p r o c e s s   was  r e p e a t e d .  

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

d r i e d   a t   100°C  i n   t h e   f l u i d i s e d   bed   u s i n g   n i t r o g e n   a s  

f l u i d i s i n g   g a s .  
The  r e s u l t s   o b t a i n e d ,   w h i c h   i n c l u d e   i n f o r m a t i o n  

on  t h e   p r o p e r t i e s   o f   t h e   p o l y m e r   f o r m e d ,   a r e   s e t   o u t  

i n   T a b l e   5 .  







N o t e s   t o   T a b l e   5  

( c )   P r o d u c t   o f   E x a m p l e s   1  t o   15  o r   C o m p a r a t i v e   E x a m p l e s  

A  o r   B  r e s p e c t i v e l y .  

(d )   D e t e r m i n e d   a t   t h e   end  o f   t h e   p o l y m e r i s a t i o n   a f t e r  

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

* D e t e r m i n e d   by  t a k i n g   an  a l i q u o t   p o r t i o n   o f   t h e  

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

b e f o r e   a d d i n g   t h e   i s o p r o p a n o l .  

( e )   D e t e r m i n e d   by  d i s s o l v i n g   1  gramme  o f   s o l i d   p o l y m e r  

i n   50  ml  o f   t h e   same  h y d r o c a r b o n   d i l u e n t   as   i s   u s e d  

f o r   t h e   p o l y m e r i s a t i o n ,   by  h e a t i n g   a t   1 8 5 ° C .   T h e  

s o l u t i o n   i s   c o o l e d   t o   60°C  and  s t i r r e d   a t   t h i s   t e m p e r a t u r e  

f o r   18  h o u r s .   The  p r e c i p i t a t e d   p o l y m e r   i s   s e p a r a t e d  

by  f i l t r a t i o n   a t   6 0 ° C ,   and  t h e   p r o p o r t i o n   o f   p o l y m e r  

w h i c h   r e m a i n s   d i s s o l v e d   i n   t h e   d i l u e n t   a t   60°C  i s  

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

( f )   D e t e r m i n e d   by  i n t r o d u c i n g   10  g r a m m e s   o f   t h e   p o l y m e r  

p o w d e r   i n t o   a  50  ml  f l a t - b o t t o m e d   g r a d u a t e d   t u b e  

o f   2  cm  i n t e r n a l   d i a m e t e r .   The  p o w d e r   was  c o m p a c t e d  

by  s t r i k i n g   t h e   b a s e   o f   t h e   t u b e   a g a i n s t   a  h o r i z o n t a l  

s u r f a c e   a  t o t a l   o f   30  t i m e s .   The  v o l u m e   o c c u p i e d  

by  t h e   p o l y m e r   p o w d e r   was  t h e n   d e t e r m i n e d .   D u p l i c a t e  

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

(g )   The  m e l t   f l o w   i n d e x   (MFI)  was  m e a s u r e d   by  ASTM  T e s t  

M e t h o d   D  1 2 3 8 - 7 0 ,   C o n d i t i o n   N  ( 1 9 0 ° C   and  10  k g ) .  

(h)   The  f l e x u r a l   m o d u l u s   was  m e a s u r e d   u s i n g   a  c a n t i l e v e r  

beam  a p p a r a t u s   as  d e s c r i b e d   in   P o l y m e r   Age,   M a r c h   1 9 7 0 ,  

p a g e s   57  and  58 .   The  d e f o r m a t i o n   o f   a  t e s t   s t r i p  

a t   1%  s k i n   s t r a i n   a f t e r   60  s e c o n d s   a t   23°C  and  50% 

r e l a t i v e   h u m i d i t y   was  m e a s u r e d .   The  t e s t   s t r i p ,  

w h i c h   h a d   d i m e n s i o n s   o f   a p p r o x i m a t e l y   150  x  19  x  1 . 6   mm, 

was  p r e p a r e d   by  m i x i n g   23  g  of   t h e   p o l y m e r   w i t h  

0.1%  by  w e i g h t   o f   an  a n t i - o x i d a n t   ( ' T o p a n o l *   C A ) ,  

and  a d d i n g   t h e   m i x t u r e   to   a  B r a b e n d e r   P l a s t i c i s e r ,  

a t   1 9 0 ° C ,   30  rpm  and  u n d e r   a  l o a d   o f   10  kg  t o   c o n v e r t  



i t   t o   a  c r e p e .   The  c r e p e   was  p l a c e d   w i t h i n   a  t e m p l a t e ,  

b e t w e e n   a l u m i n i u m   f o i l   and  p r e s s e d   by  m e a n s   o f  

an  e l e c t r i c   T a n g y e   p r e s s   a t   a  t e m p e r a t u r e   o f   2 5 0 ° C .  

The  p r e s s i n g   was  p r e - h e a t e d   f o r   a  p e r i o d   o f   6  m i n u t e s ,  

u n d e r   j u s t   e n o u g h   p r e s s u r e   t o   make  t h e   p o l y m e r  

f l o w   a c r o s s   t h e   t e m p l a t e ,   t h a t   i s   an  a p p l i e d   f o r c e  

o f   a b o u t   1  t o n n e .   A f t e r   t h e   p r e - h e a t   p e r i o d ,   t h e  

a p p l i e d   f o r c e   was  r a i s e d   t o   1 5 . 2 4   t o n n e s   i n   5 . 0 8  

t o n n e   i n c r e m e n t s ,   d e g a s s i n g   ( t h a t   i s   r e l e a s i n g  

p r e s s u r e )   e v e r y   5 . 0 8   t o n n e s .   A f t e r   2  m i n u t e s   a t  

1 5 . 2 4   t o n n e s ,   t h e   p r e s s   was  c o o l e d   by  m e a n s   o f  

a i r   and  w a t e r   f o r   10  m i n u t e s   o r   u n t i l   room  t e m p e r a t u r e  

was  r e a c h e d .   The  p l a q u e   o b t a i n e d   was  t h e n   c u t  

i n t o   s t r i p s   o f   d i m e n s i o n s   150  x  19  x  1 . 6   mm.  D u p l i c a t e  

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

o v e n   a t   130°C  and  a f t e r   2  h o u r s   a t   t h i s   t e m p e r a t u r e  

t h e   h e a t   was  s w i t c h e d   o f f   and  t h e   o v e n   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 t   15°C  p e r   h o u r .  

( i )   C a l c u l a t e d   f r o m   t h e   w e i g h t   o f   m o n o m e r   f e d   p e r   m i l l i m o l e  

o f   T i C l 3   in   t h e   c a t a l y s t   d u r i n g   t h e   f i n a l   h o u r  

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

by  c o r r e c t i n g   t h e   t o t a l   p r e s s u r e   f o r   t h e   p r e s e n c e  
o f   i n e r t   m a t e r i a l s   s u c h   as   n i t r o g e n   and  p r o p a n e  
w h i c h   a r e   d e t e r m i n e d   by  t i t r a t i n g   t h e   gas   s p a c e  
a t   t h e   end   o f   t h e   p o l y m e r i s a t i o n   w i t h   b r o m i n e   w a t e r .  

EXAMPLE  3 1  

The  p r o d u c t   o f   E x a m p l e   2  was  u s e d   t o   p r e p a r e   a  

c o p o l y m e r   o f   p r o p y l e n e   w i t h   e t h y l e n e .  

P o l y m e r i s a t i o n   was  e f f e c t e d   i n   a  20  g a l l o n   (91  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 .   64  l i t r e s   o f   t h e   h y d r o c a r b o n  

d i l u e n t   ( a s   u s e d   i n   E x a m p l e s   16  to   30)   w e r e   c h a r g e d  
i n t o   t h e   v e s s e l   and  d e g a s s e d   a t   60°C  f o r   30  m i n u t e s  

a t   a  p r e s s u r e   o f   50  mm  Hg.  P r o p y l e n e   c o n t a i n i n g   0 , 1 4 5 %  

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



a t   a  r a t e   o f   22  l b s / h o u r   i n   an  a m o u n t   t o   g i v e   a  p r e s s u r e  
o f   1  p s i   ( 6 . 9   kN/m2)   g a u g e .   A  v e n t   on  t h e   v e s s e l   w a s  

o p e n e d   and   t h e   p r o p y l e n e / h y d r o g e n   a d d i t i o n   was  c o n t i n u e d  

f o r   a  f u r t h e r   5  m i n u t e s ,   t h e   p r e s s u r e   i n   t h e   a u t o c l a v e  

b e i n g   m a i n t a i n e d   a t   1  p s i   ( 6 . 9   kN/m2)   g a u g e   t h r o u g h o u t .  

The  v e n t   was  t h e n   c l o s e d   and  t h e   a d d i t i o n   o f   t h e  

p r o p y l e n e / h y d r o g e n   m i x t u r e   s t o p p e d .   The  c o n t e n t s   o f  

t h e   v e s s e l   w e r e   s t i r r e d   t h r o u g h o u t   t h e   f o l l o w i n g   p r o c e d u r e s .  

0 . 5 3 6   mo le   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e ,   as   a  25%  b y  

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

t o   t h e   a u t o c l a v e ,   f o l l o w e d   by  1  l i t r e   o f   t h e   h y d r o c a r b o n  

d i l u e n t .   0 . 1 3 4   mo le   o f   t h e   p r o d u c t   o f   E x a m p l e   2  w a s  

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

t h e   h y d r o c a r b o n   d i l u e n t .   T h i s   was  w a s h e d   i n   w i t h   a  
f u r t h e r   1  l i t r e   o f   h y d r o c a r b o n   d i l u e n t .  

T h e . a u t o c l a v e   t e m p e r a t u r e   was  m a i n t a i n e d   a t   6 0 ° C  

w h i l s t   a  t o t a l   o f   5 5 . 3   l b s   ( 2 5 . 1   kg)   o f   p r o p y l e n e   c o n t a i n i n g  

0 . 1 4 5 %   by  v o l u m e   o f   h y d r o g e n   was  p a s s e d   i n t o   t h e   a u t o c l a v e  

a t   a  c o n s t a n t   r a t e   o f   22  l b s / h o u r   ( a b o u t   10  k g / h o u r ) ,  

a f t e r   w h i c h   t h e   p r o p y l e n e / h y d r o g e n   f e e d   was  t e r m i n a t e d  

and  t h e   a u t o c l a v e   p r e s s u r e   was  a l l o w e d   t o   r u n   down  t o  

18  p s i   ( 1 2 4   kN/m2)   g a u g e ,   ( e q u i v a l e n t   t o   30  p s i  

(207   kN/m2)   a b s o l u t e   o f   p r o p y l e n e ) ,   t h e   e x c e s s   p r e s s u r e  

b e i n g   due  to   t h e   p r e s e n c e   o f   i n e r t   m a t e r i a l s .   A  t o t a l  

o f   4 . 4   kg  o f   e t h y l e n e   was  t h e n   m e t e r e d   i n t o   t h e   a u t o c l a v e  

a t   a  f e e d   r a t e   o f   2 . 3   k g / h o u r   f o r   20  m i n u t e s ,   t h e n  

4 . 0   k g m / h o u r   f o r   56  m i n u t e s .   The  e t h y l e n e   f e e d   w a s  
t h e n   t e r m i n a t e d   and  t h e   a u t o c l a v e   p r e s s u r e   a l l o w e d   t o  

r u n   down  to   a  t o t a l   p r e s s u r e   o f   2  p s i   ( 1 3 . 8   kN/m2)   g a u g e .  
The  p o l y m e r   s u s p e n s i o n   was  p a s s e d   i n t o   a  20  g a l l o n  

(91  l i t r e )   g l a s s - l i n e d   v e s s e l .   The  a u t o c l a v e   was  w a s h e d  

w i t h   20  l i t r e s   o f   t h e   h y d r o c a r b o n   d i l u e n t   w h i c h   w a s  
a l s o   a d d e d   t o   t h e   g l a s s - l i n e d   v e s s e l .   The  c o n t e n t s  

o f   t h e   g l a s s - l i n e d   v e s s e l   w e r e   m i x e d   w i t h   i s o p r o p a n o l  
i n   an  a m o u n t   of   3%  by  v o l u m e   r e l a t i v e   to   t h e   d i l u e n t .  



The  m i x t u r e   was  s t i r r e d   f o r  1 6   h o u r   a t   7 0 ° C ,   and  a  m i x t u r e  

o f   i s o p r o p a n o l   and  d i s t i l l e d   w a t e r   ( c o n t a i n i n g   10%  b y  

v o l u m e   o f   w a t e r )   was  a d d e d   i n   an  a m o u n t   o f   0 .6%  b y  

v o l u m e   r e l a t i v e   t o   t h e   d i l u e n t   and  s t i r r i n g   a t   7 0 ° C  

c o n t i n u e d   f o r   a  f u r t h e r   1 ½   h o u r s .  

The  p o l y m e r   s u s p e n s i o n   was  r u n   i n t o   a  f u r t h e r  

20  g a l l o n   v e s s e l   c o n t a i n i n g   40  l i t r e s   o f   d e m i n e r a l i s e d  

w a t e r   a t   a m b i e n t   t e m p e r a t u r e   and  t h e   m i x t u r e   was  s t i r r e d  

f o r   30  m i n u t e s .   The  s t i r r e r   was  t h e n   s t o p p e d   and  t h e  

a q u e o u s   p h a s e   d e c a n t e d   o f f .   A  f u r t h e r   40  l i t r e s   o f  

d e m i n e r a l i s e d   w a t e r   was  a d d e d ,   s t i r r i n g   r e s t a r t e d   a n d  

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

o f f   and  t h e   p o l y m e r   was  d r i e d   a t   100°C  i n   a  f l u i d i s e d  

bed   u s i n g   n i t r o g e n   as   t h e   f l u i d i s i n g   g a s .  
The  p o l y m e r   o b t a i n e d   had   t h e   p r o p e r t i e s   s e t   o u t  

i n   T a b l e   6 .  





EXAMPLE  3 2  

The  p r o c e d u r e   of   E x a m p l e   2  was  r e p e a t e d   w i t h   t h e  

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

f r a c t i o n   c o n s i s t i n g   m a i n l y   o f   C 7  i s o m e r s   and  h a v i n g  

a  b o i l i n g   p o i n t   r a n g e   o f   97°C  t o   103°C  ( t h i s   m a t e r i a l  

w i l l   h e r e a f t e r   be  r e f e r r e d   t o   as  " d i l u e n t   7 " ) .  

EXAMPLE  3 3  

T i t a n i u m   t e t r a c h l o r i d e   was  r e d u c e d   w i t h   e t h y l   a l u m i n i u m  

s e s q u i c h l o r i d e   u s i n g   t h e   p r o c e d u r e   o f   E x a m p l e   1  w i t h  

t h e   e x c e p t i o n   t h a t   t h e   n - h e p t a n e   was  r e p l a c e d   by  d i l u e n t   7 .  

At  t h e   end   o f   t h e   a d d i t i o n   o f   t h e   s e s q u i c h l o r i d e   s o l u t i o n ,  

t h e   m i x t u r e   was  s t i r r e d   f o r   a  f u r t h e r   4  h o u r s   w h i l s t  

m a i n t a i n i n g   a  t e m p e r a t u r e   o f   8°C  t o   1 0 ° C .  

A  s a m p l e   c o n t a i n i n g   a b o u t   1  mole   o f   t i t a n i u m   t r i c h l o r i d e  

was  s e p a r a t e d   f r o m   t h e   r e a c t i o n   m i x t u r e   and  t h e   s u s p e n s i o n  

was  d i l u t e d   by  t h e   a d d i t i o n   of   an  e q u a l   v o l u m e   o f   a  

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

of   C12  i s o m e r s .   The  m i x t u r e   was  t h e n   h e a t e d   a t   1 0 2 ° C  

and  m a i n t a i n e d   a t   t h a t   t e m p e r a t u r e   f o r   90  m i n u t e s .  

The  s u p e r n a t a n t   l i q u i d   was  d e c a n t e d   o f f   and   t h e   s o l i d  

was  t h e n   w a s h e d   f i v e   t i m e s   w i t h   700  ml  o f   t h e   m i x e d  

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

was  t h e n   s u s p e n d e d   i n   700  ml  o f   t h e   a l i p h a t i c   h y d r o c a r b o n  

f r a c t i o n .  

The  p r o d u c t   was  t h e n   t r e a t e d   w i t h   d i - n - b u t y l   e t h e r  

and  t r i b u t y l   p h o s p h i n e   as  d e s c r i b e d   i n   E x a m p l e   2  w i t h  

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

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

w e r e   e f f e c t e d   u s i n g   d i l u e n t   7,  t h e   t e m p e r a t u r e   u s e d  

was  110°C  and  0 . 1 1 2   mole   o f   t r i b u t y l   p h o s p h i n e   was  u s e d .  

The  f i n a l   p r o d u c t   was  s u s p e n d e d   i n   700  ml  of   t h e  

m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n .  

EXAMPLE  3 4  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   w i t h   a  

n u m b e r   o f   v a r i a t i o n s   as  f o l l o w s : -  



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

R e d u c t i o n   was  e f f e c t e d   by  a d d i n g   a  25%  by  w e i g h t  

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

s u f f i c i e n t   to   p r o v i d e   2 . 8   m o l e s   of   t h e   d i e t h y l   a l u m i n i u m  

c h l o r i d e ,   to   4  m o l e s   o f   t i t a n i u m   t e t r a c h l o r i d e .  

The  r e d u c e d   p r o d u c t   was  i n i t i a l l y   h e a t e d   a t   1 1 0 ° C .  

The  t r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r   and  t r i b u t y l  

p h o s p h i n e   was  e f f e c t e d   a t   120°C  and  0 . 1 1 2   mole   o f   t r i b u t y l  

p h o s p h i n e   was  u s e d .  

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

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

t r i c h l o r i d e   c o n c e n t r a t i o n   o f   0 . 9   mole   p e r   l i t r e   o f   s u s p e n s i o n .  

EXAMPLES  35  TO  3 7  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   w i t h   t h e  

e x c e p t i o n   t h a t   t h e   n - h e p t a n e   was  r e p l a c e d   by  t h e   m i x e d  

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

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

w i t h   t h e   e t h e r   and  p h o s p h i n e ,   v a r i a t i o n s   i n   t h i s   l a t t e r  

t r e a t m e n t   b e i n g   i n d i c a t e d   i n   T a b l e   7 .  



EXAMPLES  38  TO  4 0  

A)  R e d u c t i o n   o f   t i t a n i u m   t e t r a c h l o r i d e  

A  s o l u t i o n   o f   4 . 0 0   m o l e s   o f   t i t a n i u m   t e t r a c h l o r i d e  

i n   880  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

was  p l a c e d   i n   a  6 . 5   l i t r e   n i t r o g e n - p u r g e d   d r y   j a c k e t e d  

g l a s s   r e a c t i o n   v e s s e l .   The  s o l u t i o n   was  m a i n t a i n e d  

a t   a  t e m p e r a t u r e   o f   25°C  and  s t i r r e d   a t   250  rpm.   A 

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

a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n   ( c o n t a i n i n g   0 . 8 5   m o l e  

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

was  a d d e d   to   t h e   c o n t e n t s   o f   t h e   r e a c t i o n   v e s s e l   o v e r  

a  p e r i o d   o f   4  h o u r s .   The  q u a n t i t y   a d d e d   was  s u f f i c i e n t  

to   p r o v i d e   2 . 0   m o l e s   o f   t h e   e t h y l   a l u m i n i u m   s e s q u i c h l o r i d e  

( t h i s   c o n t a i n e d   2 . 0   m o l e s   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e ) .  

The  t e m p e r a t u r e   was  m a i n t a i n e d   a t   25°C  t h r o u g h o u t   t h e  

a d d i t i o n   and  t h e   m i x t u r e   was  s t i r r e d .   At  t h e   end  o f  

t h e   a d d i t i o n   o f   t h e   s e s q u i c h l o r i d e   s o l u t i o n ,   t h e   m i x t u r e  

was  s t i r r e d   f o r   a  f u r t h e r   1  h o u r   w h i l s t   m a i n t a i n i n g   t h e  

t e m p e r a t u r e   of   2 5 ° C .  

The  w h o l e   m i x t u r e   was  t h e n   h e a t e d   up  to   a  t e m p e r a t u r e  

o f   90°C  w h i l s t   s t i l l   s t i r r i n g .   The  t e m p e r a t u r e   was  m a i n t a i n e d  

a t   90°C  f o r   90  m i n u t e s ,   t h e   m i x t u r e   was  a l l o w e d   to   c o o l  

and  s e t t l e ,   t h e   s u p e r n a t a n t   l i q u i d   was  d e c a n t e d   o f f  

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

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

f o r   e a c h   w a s h .   The  w a s h e d   p r o d u c t   was  t h e n   s u s p e n d e d  

i n   3  l i t r e s   of   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

and   t h e   s u s p e n s i o n   o b t a i n e d   was  t h e n   s p l i t   up  i n t o   s e v e r a l  

p o r t i o n s .  

B)  T r e a t m e n t   w i t h   d i - n - b u t y l   e t h e r   and  t r i b u t y l  p h o s p h i n e  
The  p r o c e d u r e   u s e d   was  e s s e n t i a l l y   as  d e s c r i b e d  

i n   E x a m p l e   2  w i t h   t h e   e x c e p t i o n   t h a t   n - h e p t a n e   was  r e p l a c e d  

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

c h a n g e s   w e r e   made  w h i c h   a r e   i n d i c a t e d   i n   T a b l e   8 .  



Note   t o   T a b l e   8  

(1 )   DBE  i s   d i - n - b u t y l   e t h e r  

TBP  i s   t r i b u t y l   p h o s p h i n e .  

EXAMPLES  41  TO  4 3  

The  p r o c e d u r e   o f   E x a m p l e   34  was  r e p e a t e d   w i t h   t h e  

e x c e p t i o n   t h a t   t h e   c o n d i t i o n s   of   t r e a t m e n t   w i t h   d i - n -  

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

c h a n g e s   a r e   s u m m a r i s e d   i n   T a b l e   9 .  



EXAMPLE  4 4  

The  p r o c e d u r e   of   E x a m p l e   34  was  r e p e a t e d   w i t h   t h e  

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

t r i b u t y l   p h o s p h i n e   was  e f f e c t e d   a t   115°C  and  0 . 1 0   m o l e  

of   t r i b u t y l   p h o s p h i n e   was  u s e d .  

EXAMPLES  45  TO  4 9  

A)  R e d u c t i o n   o f   t i t a n i u m   t e t r a c h l o r i d e  

A  s o l u t i o n   o f   4 . 0 0   m o l e s   of   t i t a n i u m   t e t r a c h l o r i d e  

in   880  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

was  p l a c e d   i n   a  6 . 5   l i t r e   n i t r o g e n - p u r g e d   d r y   j a c k e t e d  

g l a s s   r e a c t i o n   v e s s e l .   The  s o l u t i o n   was  c o o l e d   to   a  

t e m p e r a t u r e   o f   0°C  and  s t i r r e d   a t   250  rpm.   A  25%  b y  

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

m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n   was  a d d e d   t o   t h e  

c o n t e n t s   o f   t h e   r e a c t i o n   v e s s e l   o v e r   a  p e r i o d   o f   8  h o u r s .  

The  q u a n t i t y   a d d e d   was  s u f f i c i e n t   to   p r o v i d e   2 . 8   m o l e s  

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

was  m a i n t a i n e d   a t   0°C  t h r o u g h o u t   t h e   a d d i t i o n   and  t h e  

m i x t u r e   was  s t i r r e d .   At  t h e   end  o f   t h e   a d d i t i o n   o f  

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

was  s t i r r e d   f o r   a  f u r t h e r   2  h o u r s   w h i l s t   m a i n t a i n i n g  

t h e   t e m p e r a t u r e   a t   0 ° C ,  

The  w h o l e   m i x t u r e   was  t h e n   h e a t e d   up  to   a  t e m p e r a t u r e  

of   100°C  w h i l s t   s t i l l   s t i r r i n g .   The  t e m p e r a t u r e   w a s  
m a i n t a i n e d   a t   100°C  f o r   90  m i n u t e s ,   t h e   m i x t u r e   w a s  

a l l o w e d   to   c o o l   and  s e t t l e ,   t h e   s u p e r n a t a n t   l i q u i d   w a s  
d e c a n t e d   o f f   and  t h e   r e s i d u a l   s o l i d   was  t h e n   w a s h e d  

t w i c e   u s i n g   3  l i t r e s   of   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n  
f r a c t i o n   f o r   e a c h   w a s h .   The  w a s h e d   p r o d u c t   was  t h e n  

s u s p e n d e d   i n   3  l i t r e s   o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n  
f r a c t i o n   and  a  o n e - s i x t h   p o r t i o n   was  s e p a r a t e d .  

EXAMPLE  4 5  

The  o n e - s i x t h   p o r t i o n   s e p a r a t e d   i n   A)  was  t r e a t e d  

w i t h   d i - n - b u t y l   e t h e r   and  t r i b u t y l   p h o s p h i n e   in   t h e  

m a n n e r   d e s c r i b e d   i n   E x a m p l e   2  e x c e p t   t h a t   n - h e p t a n e  



was  r e p l a c e d   by  t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n ,  

t h e   t e m p e r a t u r e   u s e d   was  120°C  and  0 . 1 0   mole   o f   t r i b u t y l  

p h o s p h i n e   was  u s e d .  

EXAMPLES  46  TO  4 9  

B)  T r e a t m e n t   w i t h   d i - n - b u t v l   e t h e r  

The  r e s i d u a l   m a j o r   p o r t i o n   f r o m   A)  was  h e a t e d ,  

w i t h   s t i r r i n g ,   t o   1 0 0 ° C .   On  a t t a i n i n g   t h e   t e m p e r a t u r e  

of   1 0 0 ° C ,   d i - n - b u t y l   e t h e r   was  a d d e d   i n   an  a m o u n t   o f  

1.1  m o l e s   o f   e t h e r   f o r   e a c h   mole   o f   t i t a n i u m   t r i c h l o r i d e  

p r e s e n t   and  t h e   m i x t u r e   was  s t i r r e d   a t   100°C  f o r   1  h o u r  

and  was  t h e n   s e p a r a t e d   i n t o   two  p o r t i o n s   e q u a l   t o   o n e -  

h a l f   and  o n e - t h i r d   o f   t h e   w a s h e d   p r o d u c t   o f   A ) .  

EXAMPLES  46  AND  4 7  

C)  T r e a t m e n t   w i t h   t r i b u t y l   p h o s p h i n e  

To  t h e   o n e - t h i r d   p o r t i o n   f r o m   B) ,   w h i l s t   s t i l l  

a t   1 0 0 ° C ,   was  a d d e d   0 . 1 0   mole   of   t r i b u t y l   p h o s p h i n e  

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

c o n t i n u e d   f o r   a  f u r t h e r   1  h o u r   a t   1 0 0 ° C .   The  m i x t u r e  

was  t h e n   a l l o w e d   t o   s e t t l e   and  c o o l   and  was  t h e n   w a s h e d  

t w i c e   w i t h   1  l i t r e   of   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n  

f r a c t i o n ,   s u s p e n d e d   i n   1  l i t r e   o f   t h e   m i x e d   a l i p h a t i c  

h y d r o c a r b o n   f r a c t i o n   and  s p l i t   i n t o   two  e q u a l   p o r t i o n s .  

EXAMPLE  4 6  

One  o f   t h e   p o r t i o n s   f r o m   C)  was  w a s h e d   t w i c e   m o r e  

w i t h   500  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

and  f i n a l l y   s u s p e n d e d   in   500  ml  o f   t h e   m i x e d   a l i p h a t i c  

h y d r o c a r b o n   f r a c t i o n .  

EXAMPLE  4 7  

The  o t h e r   p o r t i o n   f r o m   C)  was  h e a t e d   a g a i n ,   w i t h  

s t i r r i n g ,   t o   1 0 0 ° C ,   0 . 1 0   mole   o f   t r i b u t y l   p h o s p h i n e  
f o r   e a c h   mo le   o f   t i t a n i u m   t r i c h l o r i d e   was  a d d e d   o n c e  

a  t e m p e r a t u r e   o f   100°C  had   b e e n   a t t a i n e d   and  t h e   t e m p e r a t u r e  

of   100°C  was  m a i n t a i n e d   f o r   1  h o u r .   The  m i x t u r e   w a s  
t h e n   a l l o w e d   t o   s e t t l e   and  c o o l ,   w a s h e d   f o u r   t i m e s   w i t h  



500  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n   a n d  

f i n a l l y   s u s p e n d e d   i n   500  ml  of   t h e   m i x e d   a l i p h a t i c   h y d r o -  

c a r b o n   f r a c t i o n .  

EXAMPLES  48  AND  4 9  

D)  W a s h i n g   s t a g e  

The  o n e - h a l f   p o r t i o n   f r o m   B)  was  w a s h e d   t w i c e   w i t h  

1 . 5   l i t r e s   of   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

and  s u s p e n d e d   i n   1 . 5   l i t r e s   of   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n  

f r a c t i o n .   A  o n e - t h i r d   p o r t i o n   was  t h e n   s e p a r a t e d .  

EXAMPLE  4 8  

The  o n e - t h i r d   p o r t i o n   f r o m   D)  was  h e a t e d ,   w i t h  

s t i r r i n g ,   t o   1 0 0 ° C ,   0 . 1 0   mole   o f   t r i b u t y l   p h o s p h i n e  

f o r   e a c h   mo le   of   t i t a n i u m   t r i c h l o r i d e   was  a d d e d   on  a t t a i n i n g  

1 0 0 ° C ,   and  t h e   t e m p e r a t u r e   of   t h e   m i x t u r e   was  m a i n t a i n e d  

a t   100°C  f o r   1  h o u r .   The  m i x t u r e   was  t h e n   a l l o w e d   t o  

s e t t l e   and  c o o l ,   w a s h e d   f o u r   t i m e s   w i t h   500  ml  of   t h e  

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

i n   500  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n .  

EXAMPLE  4 9  

The  r e s i d u a l   p o r t i o n   f r o m   D)  was  h e a t e d ,   w i t h   s t i r r i n g ,  

t o   1 0 0 ° C ,   1 .1   m o l e s   of   d i - n - b u t y l   e t h e r ,   f o r   e a c h   m o l e  

of   t i t a n i u m   t r i c h l o r i d e ,   w e r e   a d d e d   on  a t t a i n i n g   1 0 0 ° C  

and  t h e   t e m p e r a t u r e   was  m a i n t a i n e d   a t   100°C  f o r   1  h o u r .  

A f t e r   1  h o u r   a t   1 0 0 ° C ,   t h e   s u s p e n s i o n   was  s e p a r a t e d  

i n t o   two  e q u a l   p o r t i o n s .  

One  p o r t i o n   ( C o m p a r a t i v e   E x a m p l e   E)  was  a l l o w e d  

t o   s e t t l e   and  was  w a s h e d   f o u r   t i m e s   w i t h   500  ml  of   t h e  

m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n   and  t h e n   s u s p e n d e d  
i n   500  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n .  

To  t h e   o t h e r   p o r t i o n ,   w h i l s t   s t i l l   a t   1 0 0 ° C ,   w a s  
a d d e d   0 . 1 0   mo le   o f   t r i b u t y l   p h o s p h i n e   f o r   e a c h   m o l e  

of   t i t a n i u m   t r i c h l o r i d e ,   t h e   m i x t u r e   was  s t i r r e d   f o r  

1  h o u r   a t   1 0 0 ° C ,   a l l o w e d   t o   s e t t l e   and  w a s h e d   f o u r   t i m e s  

w i t h   500  ml  o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

and  t h e n   s u s p e n d e d   i n   500  ml  of   t h e   m i x e d   a l i p h a t i c  

h y d r o c a r b o n   f r a c t i o n .  



EXAMPLE  5 0  

The  r e d u c t i o n   p r o c e d u r e   d e s c r i b e d   as   s t a g e   A)  o f  

E x a m p l e s   45  to   49  was  r e p e a t e d   w i t h   t h e   e x c e p t i o n   t h a t  

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

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

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

A f t e r   h o l d i n g   a t   0°C  f o r   2  h o u r s ,   t h e   w h o l e   m i x t u r e  

was  h e a t e d   t o   120°C  and  m a i n t a i n e d   a t   t h a t   t e m p e r a t u r e  

f o r   90  m i n u t e s .   The  m i x t u r e   was  t h e n   c o o l e d   and  w a s h e d  

as   i n   s t a g e   A)  o f   E x a m p l e s   45  to   49  and  t h e   w h o l e   m i x t u r e  

was  t r e a t e d   w i t h   d i - n - b u t y l   e t h e r   and  t r i b u t y l   p h o s p h i n e  

as  d e s c r i b e d   i n   E x a m p l e   2  w i t h   t h e   e x c e p t i o n   t h a t   n -  

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

f r a c t i o n ,   t h e   t e m p e r a t u r e   was  120°C  and  0 . 1 0   m o l e   o f  

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

t r i c h l o r - i d e .   The  f i n a l   p r o d u c t   was  w a s h e d   s e v e n   t i m e s .  

EXAMPLE  51 

The  p r o c e d u r e   o f   E x a m p l e   50  was  r e p e a t e d   w i t h   t h e  

e x c e p t i o n   t h a t   t h e   i n i t i a l   h e a t i n g   was  up  to   a  t e m p e r a t u r e  

o f   1 0 0 ° C ,   t h e   t r e a t m e n t   w i t h   t h e   e t h e r   and  t h e   p h o s p h i n e  

was  e f f e c t e d   a t   115°C  and  t h e   f i n a l   p r o d u c t   was  w a s h e d  

f i v e   t i m e s .  

EXAMPLE  5 2  

The  r e d u c t i o n   was  e f f e c t e d   i n   t h e   m a n n e r   d e s c r i b e d  

f o r   s t a g e   A)  o f   E x a m p l e s   45  t o   49 .   The  r e d u c e d   p r o d u c t  

was  h e a t e d   a t   110°C  f o r   90  m i n u t e s   and  t h e   p r o c e d u r e  

was  t h e n   as   d e s c r i b e d   f o r   E x a m p l e   51  w i t h   t h e   e x c e p t i o n  

t h a t   a  t e m p e r a t u r e   o f   110°C  was  u s e d .  

EXAMPlES  53  TO  6 4  

S e v e r a l   o f   t h e   p r o d u c t s   o f   E x a m p l e s   32  to   52  w e r e  

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

E x a m p l e s   16  to   30 .   The  r e s u l t s   o b t a i n e d   a r e   s e t   o u t  

i n   T a b l e   1 0 .  





N o t e s   t o   T a b l e   1 0  

N o t e s   (d)   t o   ( i )   a r e   as  d e f i n e d   i n   N o t e s   t o   T a b l e   5 .  

(m)*  P o l y m e r i s a t i o n   e f f e c t e d   a t   7 0 ° C .  
( n ) t   C a t a l y s t   s y s t e m   c o n t a i n e d   0 . 6 0 3   mole   o f   d i e t h y l  

a l u m i n i u m   c h l o r i d e   and  0 . 4 0 2   mo le   o f   t i t a n i u m  

t r i c h l o r i d e   ( m o l a r   r a t i o   9 : 6 ) .  
t t   C a t a l y s t   s y s t e m   c o n t a i n e d   0 . 5 3 6   mole   o f   d i e t h y l  

a l u m i n i u m   c h l o r i d e   and  0 . 2 6 8   mo le   o f   t i t a n i u m  

t r i c h l o r i d e   ( m o l a r   r a t i o   8 : 4 ) .  

( p ) * *   The  c a t a l y s t   was  p r e t r e a t e d   by  a d d i n g   d i e t h y l  

a l u m i n i u m   c h l o r i d e   ( 0 . 5 3 6   m o l e )   and  t i t a n i u m  

t r i c h l o r i d e   ( 0 . 1 3 4   m o l e )   to   t h e   p o l y m e r i s a t i o n  

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

t h e s e   t o g e t h e r   f o r   one  h o u r   a t   30°C  b e f o r e   r a i s i n g  

t h e   t e m p e r a t u r e   to   60°C  and  i n t r o d u c i n g   t h e   p r o p y l e n e .  

(q)  P r o d u c t   o f   E x a m p l e s   34  t o   4 0 .  

EXAMPLES  65  TO  6 7  

The  p r o d u c t s   o f   E x a m p l e s   38 ,   39  and  44  w e r e   u s e d  

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

t h e   p r o c e d u r e   o f   E x a m p l e   31 .   The  r e s u l t s   o b t a i n e d   a r e  

s e t   o u t   i n   T a b l e   1 1 .  





EXAMPLES  68  TO  8 0  

Some  of   t h e   p r o d u c t s   o f   E x a m p l e s   32  t o   52  w e r e  

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

P o l y m e r i s a t i o n   was  e f f e c t e d   i n   a  20  g a l l o n   (91  1 )  

s t a i n l e s s   s t e e l   a u t o c l a v e .   64  l i t r e s   o f   t h e   h y d r o c a r b o n  

d i l u e n t   ( a s   u s e d   i n   E x a m p l e s   16  t o   30)   w e r e   c h a r g e d  

i n t o   t h e   v e s s e l   and   d e g a s s e d   a t   60°C  f o r   30  m i n u t e s  

a t   a  p r e s s u r e   o f   50  mm  Hg.  P r o p y l e n e   c o n t a i n i n g   0 . 1 7 5 %  

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

a t   a  r a t e   o f   22  l b s / h r   i n   an  a m o u n t   t o   g i v e   a  p r e s s u r e  
of   1  p s i   ( 6 . 9   kN/m2)   g a u g e .   A  v e n t   on  t h e   v e s s e l   w a s  

o p e n e d   and   t h e   p r o p y l e n e / h y d r o g e n   a d d i t i o n   was  c o n t i n u e d  

f o r   a  f u r t h e r   5  m i n u t e s ,   t h e   p r e s s u r e   i n   t h e   a u t o c l a v e  

b e i n g   m a i n t a i n e d   a t   1  p s i   ( 6 . 9   kN/m2)   g a u g e   t h r o u g h o u t .  

The  v e n t   was  t h e n   c l o s e d   and  t h e   a d d i t i o n   o f   t h e  

p r o p y l e n e / h y d r o g e n   m i x t u r e   s t o p p e d .   The  c o n t e n t s   o f  

t h e   v e s s e l   w e r e   s t i r r e d   t h r o u g h o u t   t h e   f o l l o w i n g   p r o c e d u r e s .  

0 . 5 3 6   mole   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e ,   as   a  25%  b y  

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

t o   t h e   a u t o c l a v e ,   f o l l o w e d   by  1  l i t r e   o f   t h e   h y d r o c a r b o n  

d i l u e n t .   0 . 1 3 4   mole   o f   a  t i t a n i u m   t r i c h l o r i d e   p r o d u c t  

o f   one  o f   E x a m p l e s   32  t o   52  was  a d d e d   as   a  s u s p e n s i o n  

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

a  f u r t h e r   1  l i t r e   of   h y d r o c a r b o n   d i l u e n t .  

The  a u t o c l a v e   t e m p e r a t u r e   was  m a i n t a i n e d   a t   6 0 ° C  

w h i l s t   a  t o t a l   o f   6 0 . 3   l b s   ( 2 7 . 4   kg)   o f   p r o p y l e n e   c o n t a i n i n g  

0 . 1 7 5   v o l u m e   %  o f   h y d r o g e n   was  p a s s e d   i n t o   t h e   a u t o c l a v e  

a t   a  c o n s t a n t   r a t e   o f   22  l b s / h o u r   ( a b o u t   10  k g / h o u r ) ,  

a f t e r   w h i c h   t h e   p r o p y l e n e / h y d r o g e n   f e e d   was  t e r m i n a t e d  

and  t h e   a u t o c l a v e   p r e s s u r e   was  a l l o w e d   t o   r u n   down  t o  

10  p s i   (69  kN/m2)   g a u g e ,   ( e q u i v a l e n t   to   20  p s i   ( 138   k N / n f )  

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

t o   t h e   p r e s e n c e   o f   i n e r t   m a t e r i a l s .   A  t o t a l   o f   2 . 0 7   k g  
o f   e t h y l e n e   was  t h e n   m e t e r e d   i n t o   t h e   a u t o c l a v e   a t   a  
f e e d   r a t e   of   2 . 3   k g / h o u r   f o r   20  m i n u t e s ,   t h e n   4 . 0   k g m / h o u r  



f o r   20  m i n u t e s .   The  e t h y l e n e   f e e d   was  t h e n   t e r m i n a t e d  

and   t h e   a u t o c l a v e   p r e s s u r e   a l l o w e d   to   r u n   down  to   a  

t o t a l   p r e s s u r e   o f   2  p s i   ( 1 3 . 8   kN/m2)   g a u g e .  
The  p o l y m e r   s u s p e n s i o n   was  p a s s e d   i n t o   a  20  g a l l o n  

(91  1)  g l a s s - l i n e d   v e s s e l .   The  a u t o c l a v e   was  w a s h e d  

w i t h   20  l i t r e s   o f   t h e   h y d r o c a r b o n   d i l u e n t   w h i c h   w a s  

a l s o   a d d e d   t o   t h e   g l a s s - l i n e d   v e s s e l .   The  c o n t e n t s  

o f   t h e   g l a s s - l i n e d   v e s s e l   w e r e   m i x e d   w i t h   i s o p r o p a n o l  

i n   an  a m o u n t   of   396  by  v o l u m e   r e l a t i v e   to   t h e   d i l u e n t .  

The  m i x t u r e   was  s t i r r e d   f o r   1/2  h o u r   a t   7 0 ° C ,   and  a  m i x t u r e  

o f   i s o p r o p a n o l   and  d i s t i l l e d   w a t e r   ( c o n t a i n i n g   10%  b y  

v o l u m e   o f   w a t e r )   was  a d d e d   i n   an  a m o u n t   of   0 .6%  by  v o l u m e  

r e l a t i v e   t o   t h e   d i l u e n t   and  s t i r r i n g   a t   70°C  c o n t i n u e d  

f o r   a  f u r t h e r   11/2  h o u r s .  

The  p o l y m e r   s u s p e n s i o n   was  r u n   i n t o   a  f u r t h e r   2 0  

g a l l o n   v e s s e l   c o n t a i n i n g   40  l i t r e s   o f   d e m i n e r a l i s e d  

w a t e r   a t   a m b i e n t   t e m p e r a t u r e   and  t h e   m i x t u r e   was  s t i r r e d  

f o r   30  m i n u t e s .   The  s t i r r e r   was  t h e n   s t o p p e d   and  t h e  

a q u e o u s   p h a s e   d e c a n t e d   o f f .   A  f u r t h e r   40  l i t r e s   o f  

d e m i n e r a l i s e d   w a t e r   w e r e   a d d e d ,   s t i r r i n g   r e s t a r t e d   a n d  

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

o f f   and  t h e   p o l y m e r   was  d r i e d   a t   100°C  i n   a  f l u i d i s e d  

b e d   u s i n g   n i t r o g e n   as   t h e   f l u i d i s i n g   g a s .  
F u r t h e r   d e t a i l s   o f   t h e   p r o c e s s   u s e d   and  t h e   p r o p e r t i e s  

of   t h e   p o l y m e r s   o b t a i n e d   a r e   s e t   o u t   i n   T a b l e   1 2 .  







N o t e s   to   T a b l e   1 2  

N o t e s   (d)   t o   ( i )   a r e   as  d e f i n e d   i n   N o t e s   t o   T a b l e   5 .  

N o t e   (k)   i s   as  d e f i n e d   i n   N o t e s   to   T a b l e   6 .  

N o t e s   (n)   and  (p )   a r e   as  d e f i n e d   i n   N o t e s   to   T a b l e   1 0 .  

( r )   P r o d u c t   o f   E x a m p l e s   34  t o   52  and  C o m p a r a t i v e   E x a m p l e   E .  

EXAMPLE  81 

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

i n   a  s e r i e s   o f   5  i n t e r c o n n e c t e d   5  g a l l o n   s t a i n l e s s   s t e e l  

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

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

I n t o   e a c h   o f   t h e   s e c o n d ,   t h i r d ,   f o u r t h   and  f i f t h  

a u t o c l a v e s   was  p l a c e d   a  s a m p l e   o f   a  l i v e   p o l y m e r   s u s p e n s i o n  
( t h a t   i s   one  i n   w h i c h   t h e r e   had   b e e n   no  t r e a t m e n t   t o  

d e a c t i v a t e   t h e   c a t a l y s t )   w h i c h   had   b e e n   p r e p a r e d   b y  

a  t e c h n i q u e   as  d e s c r i b e d   i n   E x a m p l e s   16  to   30  b u t   o m i t t i n g  

t h e   t r e a t m e n t   w i t h   i s o p r o p a n o l ,   and  s u b s e q u e n t   t r e a t m e n t s .  

The  c o n t e n t s   o f   t h e s e   v e s s e l s   w e r e   s t i r r e d ,   t h e   v e s s e l s  

w e r e   m a i n t a i n e d   a t   60°C  and  t h e   i s o l a t i o n   v a l v e s   w e r e  

k e p t   c l o s e d .  

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

f i r s t   v e s s e l   a t   60°C  by  a d d i n g   p r o p y l e n e   gas   c o n t a i n i n g  
0 .26%  by  v o l u m e   o f   h y d r o g e n ,   a t   a  r a t e   s u f f i c i e n t   t o  

m a i n t a i n   t h e   a u t o c l a v e   p r e s s u r e   a t   35  p s i   (241  k N / m 2 )  

g a u g e   i n t o   15  l i t r e s   of   s t i r r e d ,   d e g a s s e d   h y d r o c a r b o n  

d i l u e n t   c o n t a i n i n g   0 . 1 4   mole   d i e t h y l   a l u m i n i u m   c h l o r i d e  

and  0 . 0 7   mo le   o f   t h e   t i t a n i u m   t r i c h l o r i d e   p r o d u c t   o f  

E x a m p l e   4 1 .  

When  a  p o l y m e r   c o n c e n t r a t i o n   o f   200   g  o f   p o l y m e r  

p e r   l i t r e   of   d i l u e n t   had   b e e n   a t t a i n e d   i n   t h e   f i r s t  

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

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

e a c h   p a i r   of   a u t o c l a v e s .   The  f e e d s   t o   t h e   v e s s e l s   w e r e  

as  f o l l o w s : -  

F i r s t   v e s s e l  -   7  l i t r e s   p e r   h o u r   o f   t h e   h y d r o c a r b o n  

d i l u e n t ;   2  l i t r e s   p e r   h o u r   o f   a  c a t a l y s t   m i x t u r e   c o n t a i n i n g  



0 . 0 1 8   mole   o f   t i t a n i u m   t r i c h l o r i d e   p e r   l i t r e   o f   d i l u e n t  

and  0 . 0 3 6   mole   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e   p e r   l i t r e  

o f   d i l u e n t ;   and  s u f f i c i e n t   o f   t h e   p r o p y l e n e / 0 . 2 6 %   b y  

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

35  p s i   (241  kN/m2)   g a u g e   i n   t h i s   v e s s e l .  

S e c o n d   v e s s e l  -   The  p r o p y l e n e / h y d r o g e n   m i x t u r e  

was  a l s o   a d d e d   t o   t h i s   v e s s e l .   The  r e l a t i v e   r a t e s   o f  

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

and  s e c o n d   v e s s e l s   w e r e   c o n t r o l l e d   i n   d e p e n d e n c e   o n  

t h e   l i q u i d   l e v e l   o f   t h e   s u s p e n s i o n   i n   e a c h   v e s s e l   t o  

m a i n t a i n   t h e   l e v e l s   i n   e a c h   v e s s e l   a t   b e t w e e n   22  a n d  

25  l i t r e s   o f   s u s p e n s i o n .  

T h i r d   v e s s e l  -   The  p r o p y l e n e / h y d r o g e n   m i x t u r e   w a s  

f e d   t o   t h i s   v e s s e l   i n   an  a m o u n t   e q u i v a l e n t   to   2 1 . 5 %  

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

F o u r t h   and  F i f t h   v e s s e l s  -   No  a d d i t i o n s   w e r e   m a d e  

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

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

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

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

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

t o   t h a t   d e s c r i b e d   i n   E x a m p l e s   16  to   30 .   The  r a t e   o f  

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

v e s s e l   was  c o n t r o l l e d   t o   m a i n t a i n   e q u i l i b r i u m   l e v e l l s  

w i t h i n   t h e   s y s t e m .  

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

30  h o u r s .  

The  p o l y m e r   o b t a i n e d   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

(d)   t o   (h )   a r e   as  d e f i n e d   i n   N o t e s   t o   T a b l e   5 .  



EXAMPLE  8 2  

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

i n   t h e   a p p a r a t u s   d e s c r i b e d   i n   E x a m p l e   8 1 .  

I n t o   e a c h   o f   t h e   s e c o n d ,   t h i r d ,   f o u r t h   and  f i f t h  

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

( t h a t   i s   one  i n   w h i c h   t h e r e   had  b e e n   no  t r e a t m e n t   t o  

d e a c t i v a t e   t h e   c a t a l y s t )   w h i c h   had   b e e n   p r e p a r e d   b y  

a  t e c h n i q u e   as  d e s c r i b e d   i n   E x a m p l e s   16  t o   30  b u t   o m i t t i n g  

t h e   t r e a t m e n t   w i t h   i s o p r o p a n o l ,   and  s u b s e q u e n t   t r e a t m e n t s .  

The  c o n t e n t s   o f   t h e s e   v e s s e l s   w e r e   s t i r r e d ,   t h e   v e s s e l s  

w e r e   m a i n t a i n e d   a t   60°C  and  t h e   i s o l a t i o n   v a l v e s   w e r e  

k e p t   c l o s e d .  

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

f i r s t   v e s s e l   a t   60°C  by  a d d i n g   p r o p y l e n e   gas   c o n t a i n i n g  

0 . 3 2 %   by  v o l u m e   o f   h y d r o g e n ,   a t   a  r a t e   s u f f i c i e n t   t o  

m a i n t a i n . t h e   a u t o c l a v e   p r e s s u r e   a t   35  p s i   (241  k N / m 2 )  

g a u g e   i n t o   15  l i t r e s   o f   s t i r r e d ,   d e g a s s e d   h y d r o c a r b o n  

d i l u e n t   c o n t a i n i n g   0 . 1 2   mole   d i e t h y l   a l u m i n i u m   c h l o r i d e  

and  0 . 0 6   mo le   o f   t h e   t i t a n i u m   t r i c h l o r i d e   p r o d u c t   o f  

E x a m p l e   4 1 .  

When  a  p o l y m e r   c o n c e n t r a t i o n   o f   200  g  o f   p o l y m e r  

p e r   l i t r e   o f   d i l u e n t   had   b e e n   a t t a i n e d   i n   t h e   f i r s t  

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

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

e a c h   p a i r   of   a u t o c l a v e s .   The  f e e d s   t o   t h e   v e s s e l s   w e r e  

as  f o l l o w s : -  

F i r s t   v e s s e l  -   7  l i t r e s   p e r   h o u r   o f   t h e   h y d r o c a r b o n  

d i l u e n t ;   2  l i t r e s   p e r   h o u r   o f   a  c a t a l y s t   m i x t u r e   c o n t a i n i n g  

0 . 0 1 8   m o l e   o f   t i t a n i u m   t r i c h l o r i d e   p e r   l i t r e   o f   d i l u e n t  

and  0 . 0 3 6   mo le   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e   p e r   l i t r e  

o f   d i l u e n t ;   and  s u f f i c i e n t   o f   t h e   p r o p y l e n e / 0 . 3 2 %   b y  
v o l u m e   o f   h y d r o g e n   m i x t u r e   t o   m a i n t a i n   a  p r e s s u r e   o f  

35  p s i   (241  kNIme)   g a u g e   i n   t h i s   v e s s e l .  

S e c o n d   v e s s e l  -   The  p r o p y l e n e / h y d r o g e n   m i x t u r e  

was  a l s o   a d d e d   t o   t h i s   v e s s e l .   The  r e l a t i v e   r a t e s   o f  



f e e d   o f   t h e   p r o p y l e n e / h y d r o g e n   m i x t u r e   to   t h e   f i r s t  

and  s e c o n d   v e s s e l s   w e r e   c o n t r o l l e d   i n   d e p e n d e n c e   o n  

t h e   l i q u i d   l e v e l   o f   t h e   s u s p e n s i o n   i n   e a c h   v e s s e l   t o  

m a i n t a i n   t h e   l e v e l s   i n   e a c h   v e s s e l   a t   b e t w e e n   22  a n d  

25  l i t r e s   o f   s u s p e n s i o n .  

T h i r d   and  F o u r t h   v e s s e l s  -   No  a d d i t i o n s   w e r e   m a d e  

to   t h e s e   v e s s e l s ,   o t h e r   t h a n   t h e   p o l y m e r   s u s p e n s i o n  

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

F i f t h   v e s s e l  -   E t h y l e n e   and  t h e   p r o p y l e n e / h y d r o g e n  

m i x t u r e   w e r e   s e p a r a t e l y   f e d   i n t o   t h i s   v e s s e l .   The  a m o u n t  

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

t o   be  7 .4%  by  w e i g h t   o f   t h e   t o t a l   monomer   b e i n g   f e d  

t o   t h e   w h o l e   s y s t e m .   The  a m o u n t   o f   t h e   p r o p y l e n e / h y d r o g e n  

m i x t u r e   was  a l s o   c o n t r o l l e d   s u c h   t h a t   t h e   m o l a r   r a t i o  

o f   p r o p y l e n e   to   e t h y l e n e   p o l y m e r i s e d   w i t h i n   t h e   f i f t h  

v e s s e l   was  0 . 5 8 : 1 .  

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

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

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

t o   t h a t   d e s c r i b e d   i n   E x a m p l e s   16  t o   30 .   The  r a t e   o f  

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

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

t h e   s y s t e m .  

P o l y m e r i s a t i o n   was  e f f e c t e d   c o n t i n u o u s l y   f o r   40  h o u r s .  

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

as  f o l l o w s : -  



EXAMPLES  83  T O  8 5  

T i t a n i u m   t e t r a c h l o r i d e   was  r e d u c e d ,   h e a t e d   to   1 0 0 ° C ,  

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

i n   s t a g e   A)  o f   E x a m p l e s   45  t o   4 9 .  

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

g e n e r a l l y   d e s c r i b e d   i n   E x a m p l e   2  w i t h   t h e   e x c e p t i o n  

t h a t   t h e   t e m p e r a t u r e   was  v a r i e d ,   d i f f e r e n t   p h o s p h o r u s  

c o m p o u n d s   w e r e   u s e d   i n   v a r y i n g   p r o p o r t i o n s ,   t h e   m i x e d  

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

t h a n   n - h e p t a n e ) ,   and  t h e   h e a t e d   p r o d u c t   was  w a s h e d   o n l y  

t h r e e   t i m e s .   F u r t h e r   d e t a i l s   a r e   s e t   o u t   i n   T a b l e   1 3 .  

EXAMPLES  86  TO  8 8  

The  p r o c e d u r e   o f   E x a m p l e s   83  to   85  was  r e p e a t e d  

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

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

to   p r o v i d e   0 . 7   mole   o f   d i e t h y l   a l u m i n i u m   c h l o r i d e   f o r  

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

b e i n g   as  s e t   o u t   i n   T a b l e   1 3 .  



N o t e s   t o   T a b l e   1 3  

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

EASC  i s   e t h y l   a l u m i n i u m   s e s q u i c h l o r i d e  

( t )   TBPO  i s   t r i - n - b u t y l   p h o s p h i n e   o x i d e  

TPPO  i s   t r i p h e n y l   p h o s p h i n e   o x i d e .  

EXAMPLE  8 9  

The  p r o c e d u r e   o f   E x a m p l e s   83  t o   85  was  r e p e a t e d  

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

was  more  d i l u t e   (1  v o l u m e   o f   t i t a n i u m   t e t r a c h l o r i d e  

to   4  v o l u m e s   o f   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n ) ,  

t h e   t e m p e r a t u r e   was  1 1 0 ° C ,   and  0 . 1 0   m o l e ,   f o r   e a c h   m o l e  

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

was  u s e d .  

EXAMPLES  90  TO  9 6  

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

68  t o   80  was  c a r r i e d   o u t   u s i n g   0 . 5 3 6   mole   o f   d i e t h y l  

a l u m i n i u m   m o n o c h l o r i d e   and  0 . 2 6 8   mole   o f   a  t i t a n i u m  

t r i c h l o r i d e   p r o d u c t   o f   one  o f   E x a m p l e s   83  to   89.   T h e  

p o l y m e r i s a t i o n   r e s u l t s   a r e   s u m m a r i s e d   i n   T a b l e   1 4 .  





EXAMPLES  9 7  T O  9 9  

The  p r o c e d u r e   was  g e n e r a l l y   as  d e s c r i b e d   f o r   E x a m p l e s  

83  t o   85  w i t h   t h e   e x c e p t i o n   t h a t   t h e   t e m p e r a t u r e   w a s  

110°C  i n   a l l   c a s e s   and  0 . 1 0   m o l e ,   f o r   e a c h   mole   o f   t i t a n i u m  

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

The  p h o s p h o r u s   c o m p o u n d s   u s e d   a r e   s e t   o u t   i n   T a b l e   1 5 .  

EXAMPLE  1 0 0  

The  p r o c e d u r e   of   E x a m p l e s   97  t o   99  was  r e p e a t e d  

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

of   1  v o l u m e   of   t i t a n i u m   t e t r a c h l o r i d e   t o   3  v o l u m e s   o f  

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

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

EXAMPLE  1 0 1  

The  p r o c e d u r e   of   E x a m p l e s   97  t o   99  was  r e p e a t e d  

e x c e p t   t h a t ,   a f t e r   t h e   i n i t i a l   h e a t i n g   to   1 0 0 ° C ,   t h e  

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

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

p h o s p h i n e .  

EXAMPLE  1 0 2  

The  p r o c e d u r e   of   E x a m p l e s   97  t o   99  was  r e p e a t e d  

w i t h   t h e   e x c e p t i o n   t h a t   t h e   i n i t i a l   h e a t i n g   to   1 0 0 ° C  

was  o m i t t e d   ( b u t   t h e   w a s h i n g   s t a g e   was  r e t a i n e d ) ,   t h e  

e t h e r   was  d i p h e n y l   e t h e r   ( u s e d   as  a  m i x t u r e   of   75%  b y  



w e i g h t   of   d i p h e n y l   e t h e r   and  25%  by  w e i g h t   o f   d i p h e n y l )  

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

EXAMPLE  1 0 3  

The  p r o c e d u r e   o f   E x a m p l e s   97  to   99  was  r e p e a t e d  

w i t h   t h e   e x c e p t i o n   t h a t   t h e   e t h e r   was  d i p h e n y l   e t h e r  

( u s e d   as  a  m i x t u r e   o f   75%  by  w e i g h t   o f   d i p h e n y l   e t h e r  

and   25%  by  w e i g h t   o f   d i p h e n y l )   and  t h e   p h o s p h o r u s   c o m p o u n d  

u s e d   was  t r i b u t y l   p h o s p h i n e .  

EXAMPLES  104  TO  1 1 0  

The  p o l y m e r i s a t i o n   p r o c e d u r e   d e s c r i b e d   i n   E x a m p l e s  
68  t o   80  was  c a r r i e d   o u t   u s i n g   0 . 5 3 6   mole   o f   d i e t h y l  

a l u m i n i u m   c h l o r i d e   and  0 . 2 6 8   mole   of   a  t i t a n i u m   t r i c h l o r i d e  

p r o d u c t   o f   one  o f   E x a m p l e s   97  t o   103 .   The  p o l y m e r i s a t i o n  

r e s u l t s   a r e   s u m m a r i s e d   i n   T a b l e   1 6 .  





EXAMPLES  111  TO  1 2 3  

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

p r o d u c t   w e r e   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   o f   s t a g e   A) 

o f   E x a m p l e s   45  t o   4 9 .  

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

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

E x a m p l e   2  w i t h   t h e   e x c e p t i o n   t h a t   t h e   t e m p e r a t u r e   w a s  

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

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

f r a c t i o n   was  u s e d   t h r o u g h o u t   ( r a t h e r   t h a n   n - h e p t a n e ) ,  

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

F u r t h e r   d e t a i l s   a r e   s e t   o u t   i n   T a b l e   1 7 .  



N o t e s   t o   T a b l e   1 7  

N o t e   ( t )   i s   as  d e f i n e d   i n   N o t e s   t o   T a b l e   1 3  

N o t e   (u)   TEPAT  i s   t r i e t h y l   p h o s p h a t e  

TPPAT  i s   t r i p h e n y l   p h o s p h a t e  

TPP  i s   t r i p h e n y l   p h o s p h i n e  

TPIT  i s   t r i p h e n y l   p h o s p h i t e  

TNPIT  i s   t r i s ( n o n y l p h e n y l ) p h o s p h i t e  

TOPO  i s   t r i o c t y l   p h o s p h i n e   o x i d e .  

EXAMPLES  124  T O  1 3 8  

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

68  t o   80  was  c a r r i e d   o u t   u s i n g   a  t i t a n i u m   t r i c h l o r i d e  

p r o d u c t   o b t a i n e d   as  d e s c r i b e d   i n   E x a m p l e s   111  to   1 2 3 .  

E x c e p t   w h e r e   o t h e r w i s e   i n d i c a t e d ,   0 . 5 3 6   mole   o f   d i e t h y l  

a l u m i n i u m   c h l o r i d e   and  0 . 2 6 8   mole   o f   t i t a n i u m   t r i c h l o r i d e  

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

i n   T a b l e   1 8 .  





N o t e s   t o   T a b l e   1 8  

N o t e s   (d)   t o   ( i )   a r e   as  d e f i n e d   i n   N o t e s   t o   T a b l e   5  

N o t e   (k)   i s   as  d e f i n e d   i n   N o t e s   t o   T a b l e   6  

No te   (p )   i s   as  d e f i n e d   i n   N o t e s   t o   T a b l e   1 0  

N o t e   (v)   ° C a t a l y s t   s y s t e m   c o n t a i n e d   0 . 5 3 6   mole   o f  

d i e t h y l   a l u m i n i u m   c h l o r i d e   and  0 . 1 3 4   m o l e  

o f   t i t a n i u m   t r i c h l o r i d e   ( m o l a r   r a t i o   8 : 2 ) .  

EXAMPLES  139  TO  1 4 2  

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

d e s c r i b e d   i n   s t a g e   A)  o f   E x a m p l e s   45  t o   4 9 .  

A f t e r   h o l d i n g   a t   0°C  f o r   2  h o u r s ,   t h e   w h o l e   m i x t u r e  

was  t h e n   h e a t e d   up  t o   a  t e m p e r a t u r e   o f   100°C  w h i l s t  

s t i l l   s t i r r i n g .   The  t e m p e r a t u r e   was  m a i n t a i n e d   a t   1 0 0 ° C  

f o r   one  h o u r   and  t h e n   d i - n - b u t y l   e t h e r   was  a d d e d   i n  

a  q u a n t i t y   s u f f i c i e n t   t o   p r o v i d e   1 .1  mole   o f   t h e   e t h e r  

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

s u s p e n s i o n .   S t i r r i n g   a t   100°C  was  c o n t i n u e d   f o r   a  f u r t h e r  

h o u r ,   t h e   m i x t u r e   was  a l l o w e d   to   c o o l   and  s e t t l e ,   t h e  

s u p e r n a t a n t   l i q u i d   was  d e c a n t e d   o f f ,   and  t h e   r e s i d u a l  

s o l i d   was  t h e n   w a s h e d   t h r e e   t i m e s   u s i n g   3  l i t r e s   o f  

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

The  w a s h e d   p r o d u c t   was  t h e n   s u s p e n d e d   i n   3  l i t r e s   o f  

t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n .  

Two  o n e - t h i r d   p o r t i o n s   o f   t h e   f o r e g o i n g   s u s p e n s i o n  

w e r e   h e a t e d   t o   1 0 0 ° C ,   w i t h   s t i r r i n g ,   a  p h o s p h o r u s   c o m p o u n d  

was  a d d e d   on  a t t a i n i n g   100°C  and  s t i r r i n g   a t   100°C  w a s  

c o n t i n u e d   f o r   one  h o u r .   E a c h   p o r t i o n   was  t h e n   a l l o w e d  

t o   c o o l   and  was  d i v i d e d   i n t o   two  e q u a l   f r a c t i o n s .   F r o m  

one  f r a c t i o n   o f   e a c h   p o r t i o n   t h e   s u p e r n a t a n t   l i q u i d  

was  d e c a n t e d ,   and  t h e   p r o d u c t   was  w a s h e d   t h r e e   t i m e s  

u s i n g   700  ml  of   t h e   m i x e d   a l i p h a t i c   h y d r o c a r b o n   f r a c t i o n  

f o r   e a c h   w a s h   and  was  f i n a l l y   s u s p e n d e d   i n   700  ml  o f  

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

f r a c t i o n   o f   e a c h   p o r t i o n   was  n o t   w a s h e d .  

F u r t h e r   d e t a i l s   a r e   s e t   o u t   i n   T a b l e   1 9 .  



N o t e s   t o   T a b l e   1 9  

No te   ( 1 )  i s   as  d e f i n e d   i n   N o t e   t o   T a b l e   8  

No te   (u)   i s   as  d e f i n e d   i n   N o t e s   t o   T a b l e   1 7 .  

EXAMPLES  143  TO  1 4 6  

The  p o l y m e r i s a t i o n   p r o c e d u r e   d e s c r i b e d   i n   E x a m p l e s  
68  t o   80  was  c a r r i e d   o u t   u s i n g   0 . 5 3 6   mole   o f   d i e t h y l  

a l u m i n i u m   c h l o r i d e   and  0 . 2 6 8   mole   o f   a  t i t a n i u m   t r i c h l o r i d e  

p r o d u c t   o f   one  o f   E x a m p l e s   139  t o   142 ,   and  d i f f e r e n t  

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

a r e   s u m m a r i s e d   i n   T a b l e   2 0 .  





1.  A  c o m p o s i t i o n   of   m a t t e r   w h i c h   i s   c h a r a c t e r i s e d  

by  t h e   f o r m u l a :  

w h e r e  

R  i s   a  h y d r o c a r b y l   g r o u p ;  

X  i s   a  h a l o g e n   a tom  o t h e r   t h a n   f l u o r i n e ;  

E  i s   an  e t h e r   or   a  t h i o e t h e r ;  

L  i s   an  o r g a n i c   p h o s p h o r u s - c o n t a i n i n g   L e w i s   B a s e  

c o m p o u n d ;  

x  i s   s u c h   t h a t   0 ≤ x ≤ 3 . 0 ;  

n  i s   f r o m   0  up  to   0 . 5 ;   a n d  

a  and  b  a r e   e a c h ,   i n d e p e n d e n t l y ,   f r o m   0 . 0 0 1   u p  

to   0 . 5 0 .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   1  w h e r e i n  

t h e   g r o u p   R . i s   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   2  up  t o  

10  c a r b o n   a t o m s ,   X  i s   c h l o r i n e   and  t h e   v a l u e   of   x  i s  

s u c h   t h a t   0 ≤ x ≤ 2 . 0 .  

3.  A  c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   1  or   c l a i m   2  

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

e t h e r .  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in   any  one  of   c l a i m s  

1  to   3  w h e r e i n   t h e   c o m p o u n d   L  i s   a  c o m p o u n d   o f   t h e   g e n e r a l  

f o r m u l a  

w h e r e  
R3  i s   a  h y d r o c a r b y l ,   or   a  h y d r o c a r b y l o x y ,   g r o u p  

w h e r e i n   t h e   h y d r o c a r b y l   g r o u p   c o n t a i n s   up  t o   18  c a r b o n  

a t o m s ;  
R4  and  R5,  w h i c h   may  be  t h e   same  or   d i f f e r e n t ,  

a r e   e a c h   a  h y d r o g e n   a tom  or   a  g r o u p   R3;  a n d  

m  i s   0  o r   1 .  

5.  A  c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   4  w h e r e i n   t h e  

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

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



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

p h o s p h i t e ,   t r i s ( n o n y l p h e n y l ) p h o s p h i t e ,   t r i e t h y l   p h o s p h a t e ,  

t r i b u t y l   p h o s p h a t e   or   t r i p h e n y l   p h o s p h a t e .  

6.  A  c o m p o s i t i o n   as   c l a i m e d   i n   any  one  of   c l a i m s  

1  to   5  w h e r e i n   t h e   v a l u e s   of   a  and  b  a r e   d i f f e r e n t ,  

t h e   v a l u e   of   a  i s   f r o m   0 . 0 1   up  t o   0 . 2 0   and  t h e   v a l u e  

of   b  i s   f r o m   0 . 0 0 5   up  t o   0 . 2 0 .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in   any  one  o f   c l a i m s  

1  t o   6  w h e r e i n   t h e   s p e c i f i c   s u r f a c e   a r e a   i s   f r o m   1  u p  

to   30  m 2 / g .  

8.  A  c o m p o s i t i o n   as   c l a i m e d   in   any  one  of   c l a i m s  

1  t o   7  w h e r e o f   t h e   X - r a y   d i f f r a c t i o n   s p e c t r u m   i s   t h a t  

o f   t h e   b e t a - f o r m   of   t i t a n i u m   t r i c h l o r i d e .  

9.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of   a  t i t a n i u m  

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

1)  r e d u c i n g   t i t a n i u m   t e t r a c h l o r i d e   by  r e a c t i n g  

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

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

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

a l u m i n i u m   c o m p o u n d   c o n t a i n i n g   a l u m i n i u m   a n d  

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

i s   f o r m e d   p r e d o m i n a n t l y   in   t h e   b e t a - f o r m ;  

2)  c o n t a c t i n g   t h e   r e d u c t i o n   p r o d u c t   w i t h   an  o r g a n i c  

L e w i s   Base   c o m p o u n d   L;  a n d  

3)  w a s h i n g   w i t h   an  i n e r t   h y d r o c a r b o n   or   i n e r t  

h a l o h y d r o c a r b o n   l i q u i d ;  

c h a r a c t e r i s e d   i n   t h a t   in   s t a g e   2)  t h e   r e d u c t i o n   p r o d u c t  

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

w i t h   c o m p o u n d   E  and  c o m p o u n d   L,  a t   l e a s t   p a r t   of   t h e  

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

60°C  in   t h e   p r e s e n c e   of   a t   l e a s t   c o m p o u n d   E  or   c o m p o u n d   L ,  

and  t h e   w a s h i n g   i s   e f f e c t e d   s u b s e q u e n t   t o   t h e   c o n t a c t i n g  

w i t h   c o m p o u n d   E ,  

w h e r e i n  

E  i s   an  e t h e r   or   a  t h i o e t h e r ;   a n d  



L  i s   an  o r g a n i c   p h o s p h o r u s - c o n t a i n i n g   L e w i s   B a s e  

c o m p o u n d .  

10.   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   9  w h e r e i n   t h e  

p r o d u c t   of   s t a g e   1)  i s   s u b j e c t e d   to   a  t h e r m a l   t r e a t m e n t  

a t   a  t e m p e r a t u r e   i n   t h e   r a n g e   f r o m   40°C  up  to   1 3 0 ° C  

f o r   a  p e r i o d   of   f r o m   5  m i n u t e s   up  to   20  h o u r s ,   and  t h e  

t h e r m a l l y   t r e a t e d   p r o d u c t   i s   t h e n   s u b j e c t e d   to   s t a g e   2 )  

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

11.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   9  or   c l a i m   1 0  

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

c o m p o u n d   of   t h e   f o r m u l a  

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

of   a r o m a t i c . h y d r o c a r b o n s ,  

w h e r e i n  

R  i s   a  h y d r o c a r b y l   g r o u p ;  

x  i s   a  h a l o g e n   a t o m   o t h e r   t h a n   f l u o r i n e ;   a n d  

x '   i s   s u c h   t h a t   1 . 0 ≤ x ' ≤ 3 . 0 .  

12.   A  p r o c e s s   as  c l a i m e d   in   any  one  o f   c l a i m s  

9  to   11  w h e r e i n ,   in   s t a g e   2 ) ,   t h e   c o m p o u n d   E  and  t h e  

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

f i r s t   and  i s   a d d e d   as  s o o n   as  t h e   r e d u c t i o n   p r o d u c t  

a t t a i n s   t h e   t e m p e r a t u r e   of   a t   l e a s t   6 0 ° C .  

13.   A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of   c l a i m s  

9  to   12  w h e r e i n ,   in   s t a g e   2 ) ,   t h e   r e d u c t i o n   p r o d u c t  

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

l e a s t   6 0 ° C ,   t h e   p r o d u c t   i s   w a s h e d   and  t h e   w a s h e d   p r o d u c t  

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

l e a s t   6 0 ° C .  

14.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s  

9  to   13  w h e r e i n ,   in   s t a g e   2 ) ,   t h e   r e d u c t i o n   p r o d u c t  

i s   h e a t e d   to   a  t e m p e r a t u r e   i n   t h e   r a n g e   f r o m   90°C  u p  
to   1 2 0 ° C ,   and  t h e  h e a t i n g   t i m e   i s   a t   l e a s t   2  h o u r s   a n d  

n o t   more  t h a n   10  h o u r s .  



15.  An  o l e f i n e   p o l y m e r i s a t i o n   c a t a l y s t   c o m p r i s i n g :  
1)  a  t i t a n i u m   t r i c h l o r i d e - c o n t a i n i n g   m a t e r i a l ;   a n d  

2)  a t   l e a s t   one  o r g a n o - m e t a l l i c   c o m p o u n d   of   a l u m i n i u m ,  

or   of   a  n o n - t r a n s i t i o n   m e t a l   of   Group   I IA   of   t h e   P e r i o d i c  

T a b l e ,   or   a  c o m p l e x   of   an  o r g a n o - m e t a l l i c   c o m p o u n d   o f  

a  n o n - t r a n s i t i o n   m e t a l   of   Group   IA  or   Group   I IA  of   t h e  

P e r i o d i c   T a b l e   w i t h   an  o r g a n o - a l u m i n i u m   c o m p o u n d ,  

c h a r a c t e r i s e d   in   t h a t   c o m p o n e n t   1)  i s   a  c o m p o s i t i o n  

of   m a t t e r   as   c l a i m e d   in   any  one  of   c l a i m s   1  to   8 .  

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

or   c o p o l y m e r   o f   an  o l e f i n e   monomer   w h e r e i n   a t   l e a s t  

one  o l e f i n e   m o n o m e r ,   o r   a  m i x t u r e   of   a t   l e a s t   one  o l e f i n e  

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

a t   l e a s t   one  o l e f i n e ,   o r   m i x t u r e   t h e r e o f   w i t h   e t h y l e n e ,  

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

i s a t i o n   c a t a l y s t ,   c h a r a c t e r i s e d   in   t h a t   t h e   o l e f i n e  

p o l y m e r i s a t i o n   c a t a l y s t   i s   as  c l a i m e d   in   c l a i m   1 5 .  

17.  A  c o p o l y m e r   of   p r o p y l e n e   and  e t h y l e n e   c o m p r i s i n g  

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

h a v i n g   a  low  t e m p e r a t u r e   b r i t t l e   p o i n t   o f   - 2 0 ° C   or   l o w e r  

and  a  f l e x u r a l   m o d u l u s   of   a t   l e a s t   1 . 3 5   G N / c r .  

18.   A  c o p o l y m e r   of   p r o p y l e n e   and  e t h y l e n e   c o m p r i s i n g  

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

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

h a v i n g   a  low  t e m p e r a t u r e   b r i t t l e   p o i n t   o f   - 4 0 ° C   or   l o w e r  

and  a  f l e x u r a l   m o d u l u s   of   a t   l e a s t   1 . 2 0   G N / m 2 .  
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