
CHAPTER I
INTRODUCTION

S in c e  th e  d is c o v e r y  o f  m e ta llo c e n e  c a ta ly s ts  b y  S in n  an d  K a m in sk y  in 
1 9 8 0  (S in  an d  K a m in sk y , 1 9 8 0 ) , th e  m a n u fa c tu re  o f  p o ly o le f in s  b y  
m e ta llo c e n e  c a ta ly s ts  rep resen ts  a r e v o lu t io n  in  p o ly m e r  in d u stry . 
P o ly m e r iz a t io n  o f  o le f in  m o n o m e r s  w ith  s in g le - s i t e  m e ta llo c e n e  c a ta ly s ts  
a l lo w s  th e  p r o d u c tio n  o f  p o ly o le f in s ,  su c h  as p o ly e th y le n e  an d  p o ly p r o p y le n e  
w ith  a h ig h ly  d e f in e d  stru ctu re  an d  su p er io r  p ro p ertie s .

M e ta llo c e n e  p o ly m e r iz a t io n  c a ta ly s ts  g e n e r a lly  h a v e  a co n str a in e d  
tra n sitio n  m eta l (u s u a lly  a grou p  4 b  m e ta l, su ch  as T i, Z r or  H f)  w h ic h  is  
sa n d w ic h e d  b e tw e e n  c y c lo p e n ta d ie n v l  r in g  stru ctu re  to  form  a s te r ic a lly  
h in d ered  s ite . V a r ia tio n  in th is  th e m e  in c lu d e s  r in g  fu n c t io n a liz a t io n  w ith  
v a r io u s  a lk y l or a ro m a tic  g ro u p s , r in g  b r id g in g  w ith  e ith e r  a S i or  c  a to m  and  
m eta l c o o r d in a t io n  to  e ith er  an a lk y l g rou p  or h a lo g e n  a to m .

T h e  term  m e ta llo c e n e  c la s s ic a l ly  d e sc r ib e s  c o m p o u n d s  w ith  a 7t-bound  
c y c lo p e n ta d ie n y l  r in g  stru ctu re . T o d a y 's  c a ta ly s ts  are b e tter  d e sc r ib e d  as  
s in g le - s i t e  ca ta ly s t . T h e y  d iffe r  fro m  tra d itio n a l o le f in  p o ly m e r iz a t io n  c a ta ly s ts  
b y  th e  fa c t that th e  c a ta ly t ic a lly  a c t iv e  m eta l a to m  is g e n e r a lly  in  a c o n str a in e d  
e n v ir o n m e n t  and th e r e b y  o n ly  p erm its  s in g le  a c c e s s  b y  m o n o m e r s . B y  l im it in g  
th e  p o ly m e r iz a t io n  r e a c tio n  to  a s in g le  s ite  in s te a d  o f  th e  c o n v e n t io n a l  
m u lt ip le  s ite s , th e s e  ty p e s  o f  c a ta ly s ts  a l lo w  c lo s e  c o n tr o l o v e r  c o m o n o m e r  
p la c e m e n t , s id e  c h a in  le n g th  an d  b ra n ch in g . S u c h  s in g le - s i t e  c a ta ly s ts  g iv e  
p r e c is e  c o n tr o l o v e r  p o ly m e r  d e s ig n  b e c a u se  th e  p o ly m e r  g r o w s  b y  a s in g le  
m e c h a n ism  rather th an  m u lt ip le  ro u tes . T h is  n e w  c a ta ly s t  t e c h n o lo g y  h a s  b e e n  
c o m m e r c ia l iz e d  an d  it a d v a n ta g e o u s ly  c o m b in e s  h ig h  a c t iv ity  w ith  th e  
p o s s ib i l i ty  to  ta ilo r  p o ly m e r  p ro p er tie s  su c h  as, m o le c u la r  w e ig h t ,  m o le c u la r  
w e ig h t  d is tr ib u tio n , c o m o n o m e r  in se r t io n  and d is tr ib u tio n , as w e l l  as
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s te r e o r eg u la r ity  o f  a - o le f in  p o ly m e r s  th ro u g h  a ra tio n a l lig a n d  d e s ig n  at th e  
tra n s it io n  m eta l cen ter .

O le f in  p o ly m e r iz a t io n  b y  m e ta llo c e n e  c a ta ly s ts  is  b e l ie v e d  to  o c c u r  v ia  
C o s s e e -A r lm a n  m e c h a n ism  lik e  tra d itio n a l Z ie g le r -N a tta  c a ta ly s t  (D a n ie l ,  
2 0 0 0 ) .  A  s ig n if ic a n t  a m o u n t o f  e x p e r im e n ta l an d  th e o r e tic a l e v id e n c e  s u g g e s t  
that a  c a t io n ic  a lk y l-m e ta llo c e n e  c o m p le x  is  th e  a c t iv e  s p e c ie s  in  
p o ly m e r iz a t io n  (P e titje a n  e t .  a l ,  1 9 9 9 ) . T y p ic a lly , m e ta l lo c e n e  c a ta ly s ts  are  
g e n e r a te d  b y  a c t iv a t in g  m e ta llo c e n e  h a lid e s  w ith  m e th y la lu m in o x a n e  (M A O )  
(J a n ia k  e t  a l ,  1 9 9 3 ) . H o w e v e r , in  ord er  to  a c h ie v e  th e  h ig h  a c t iv it ie s ,  
e x tr e m e ly  h ig h  m o la r  A1 to  tra n s it io n a l m eta l ra tio s (A 1:M ) o f  b e tw e e n  1 0 0 0 -  
15 0 0 0  :1 w e r e  req u ired  (M a rk s and C h en , 1 9 9 7 ) . S u c h  r a tio s  are  
c o m m e r c ia l ly  u n a c c e p ta b le  in  term s o f  c o s t  an d  th e  a m o u n t o f  r e s id u e s  in  th e  
r e su lt in g  p o ly m e r . A  s ig n if ic a n t  e ffo r t  h a s  b e e n  p ut in to  r e d u c in g  th e  a m o u n t  
o f  M A O  an d  th is  h a s  led  to  th e  d e v e lo p m e n t  o f  m a n y  a ltern a tiv e  s y s te m s .  
M e ta l lo c e n e  c a ta ly s ts  m a y  b e  g en e r a te d  in  th e  a b se n c e  o f  M A O  b y  trea tin g  
m e ta llo c e n e  a lk y l w ith  a c a tio n  g e n e r a tin g  a g e n ts  su c h  a s, [H N R 3] [B (C 6F 5)4 ], 
[C P h 3] [B (C 6F 5)4 ] or  B (C 6F 5)3 to  o b ta in  an  e q u ilib r iu m  c o n c e n tr a tio n  o f  
c a ta ly t ic a lly  a c t iv e  s p e c ie s  [C p 2M R ]+. T h e  a c t iv ity  an d  s ta b ility  o f  s u c h  M A O -  
free  c a t io n ic  c a ta ly s ts  are s tr o n g ly  d e p e n d e n t o n  th e  w e a k ly  c o o r d in a t in g  
n atu re  o f  c o u n te r io n  w ith  [B (C 6F 5) 4]' an d  [R B (C 6F 5)3]' b e in g  p a rticu la r ly  
s u c c e s s fu l .

T r is (p e n ta f lu o r o p h e n y l)b o r a n e , B (C 6F 5) 3, is  s e le c te d  to  b e  an  
a lte r n a tiv e  c o c a ta ly s t  in th is  resea rch  w o rk . T h e  b o ra n e  is  a r e la t iv e ly  s tro n g  
m o le c u la r  L e w is  a c id  (a c id ity  b e tw e e n  B C 13 and B F 3) an d  it h a s  g o o d  
s o lu b il ity  in  n o n p o la r , n o n c o o r d in a tin g  s o lv e n ts . C o n s e q u e n t ly , th is  h ig h ly  

a c t iv e  c o c a ta ly s t  is  su ita b le  fo r  th e  p o ly m e r iz a t io n  o f  e th y le n e  an d  a - o le f in s .  
It h a s  b e e n  fo u n d  th at o n ly  a s to ic h io m e tr ic  a m o u n t o f  th e  c o c a ta ly s t  is  
req u ired  to  a c h ie v e  th e  m a x im u m  c a ta ly t ic  a c t iv ity . H o w e v e r  th e  b o ra n e  
c a n n o t s c a v e n g e  im p u r it ie s  p resen t in  th e  sy s te m . T h e r e fo r e  to  o v e r c o m e  th is
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prob lem  a lky la lum inum  compounds are usua lly in troduced to accomplish this 
task. E thylene po lym e riza tion  w ith  a lum inoxane-free cata lyst was studied in  
th is w o rk  by using b is(cyc lopen tad ieny l)z irconocene d ich lo ride  
(C p2Z rC l2)/tris(pen ta fluo rophenyl)borane B (C 6F5)3)/tr ie th y la lum iuum  (T E A )  
cata lyst system. The effects o f  catalyst concentration, ethylene pressure and 
ethylene consumption p ro file , po lym e riza tion  temperature on p roduc tiv ity , 
m olecu la r w e igh t, m olecu la r w e igh t d is tribu tion , c ry s ta llin ity  and m e lting  
temperature o f  po lye thy lene obtained were studied.
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