
CHAPTER II 
LITERATURE SURVEY

C a ta ly s t a c tiv ity  is the  m o s t im p o rta n t c h a ra c te r is tic  fo r  c o m p a rin g  
d if fe re n t c a ta ly s t  sy s tem s. T h e  w id e ly  u se d  u n it o f  a c tiv ity  is  [g  P E /m o l Z r.h . 
a tm ]. T h e  u n it  can  b e  u se d  to  c o m p a re  re a c tio n s  u s in g  d if fe re n t a m o u n ts  o f  
c a ta ly s t, p o ly m e riz a tio n  tim e  and  m o n o m e r p re ssu re . H o w e v e r, th e  u n it d o es 
n o t tak e  in to  a c c o u n t m a n y  o th e r fa c to rs  in  p o ly m e riz a tio n  c o n d itio n s  tha t 
m a y  a f fe c t  th e  p o ly m e r y ie ld  such  as s tirr in g  ra te  an d  th e  c a p a c ity  o f  reac to r. 
A n o th e r  p ro b le m  o f  th is u n it is th e  u n it  o f  p o ly m e riz a tio n  tim e  w h ic h  is in  
h o u rs . M a n y  re p o r te d  p o ly m e riz a tio n s  a re  c a rr ie d  o u t in  a  v e ry  sh o rt tim e  
(3 0 -6 0  se c o n d s). T h e se  d a ta  c o v e r o n ly  the  in itia l p e r io d  w h ic h  u su a lly  has 
h ig h  a c tiv ity , in  a c c o rd a n c e  w ith  the  ty p ica l k in e tic  p ro f ile  o f  d ec re a s in g  
p o ly m e riz a tio n  ra te  w ith  p o ly m e riz a tio n  tim e . T h e re fo re  th e  ac tiv itie s  
re p o r te d  w ill  b e  e x a g g e ra te d  i f  the  ab o v e  u n it is u sed .

H o w e v e r  it is still a  v ery  u se fu l an d  th e  m o s t a c c e p ta b le  u n it at 
p re se n t. B rito v se k  e t al. (1 9 9 9 ) h as  d e f in e d  the  a c tiv ity  v a lu e  fro m  v ery  low  
to  v e ry  h ig h  as sh o w n  in  T a b le  2 .1 . T h is  u n it w ill b e  u se d  in  th is  re se a rc h  
w o rk .

Table 2.1 R a tin g  o f  the  e ffe c tiv e n e ss  o f  a c a ta ly s t b a se d  o n  its  ac tiv ity .

Rating Activity
[kg/mol Zr.atm.h]

very low < 1

low 1 - 1 0

moderate 1 0 - 1 0 0

high 1 0 0 - 1 , 0 0 0

very high > 1 , 0 0 0
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2.1 From Early Time to Typical Metallocene-Methylaluminoxane 
Catalyst System

T h e  re a c tio n  o f  b is (c y c lo p e n ta d ie n y l)  t ita n iu m  d ic h lo r id e  [C p 2T iC l2] 
w ith  d ie th y la lu m in u m  c h lo rid e  [(C 2H 5)2A1C1], c o m m o n  c o c a ta ly s t  in  Z ieg le r-  
N a tta  c a ta ly s t  sy s tem , h as  b ee n  in v e s tig a te d  b y  B re s lo w  a n d  N e w b u rg  (1 9 5 9 ). 
T h is  is  o n e  o f  th e  e a rly  s tu d ie s  o f  a so lu b le  m e ta llo c e n e  c a ta ly s t  fo r  e th y le n e  
p o ly m e riz a tio n . T h is  p o ly m e riz a tio n  to o k  p la c e  in  a s o lu tio n  o f  5 m m o l o f  
C p 2T iC l2 w ith  10 m m o l o f  (C 2H 5)2A1C1 in  1 lite r  o f  to lu e n e  as so lv e n t and  
125 g  o f  p o ly e th y le n e  w as o b ta in e d  in 9 0  m in u te s . T h e  p o ly e th y le n e  p ro d u c t 
h as  h ig h e r  m e ltin g  te m p e ra tu re  an d  d eg re e  o f  c ry s ta llin ity  th a n  p o ly e th y le n e  
p ro d u c e d  b y  Z ie g le r  c a ta ly s t. T h e  p o ly d isp e rs ity  is o n ly  3 .6  lo w e r th a n  7 .0  o f 
Z ie g le r ’s.

T h e  re a c tio n  b e tw ee n  a lk y la lu m in u m  (A 1R3) an d  w a te r  h as  b een  
s tu d ie d  b y  S in n  an d  K am in sk y  (1 9 8 0 ) to  u n d e rs ta n d  th e  h ig h  p o ly m e riz a tio n  
a c tiv ity  o f  m e ta llo c e n e  in  th e ir  p re se n c e . T h e y  fo u n d  th a t an  o lig o m e ric  
a lu m in o x a n e  w as  fo rm e d  b y  the  re a c tio n  o f  T M A  an d  w a te r  (S c h e m e  2 .1). 
T h is  h ig h ly  a c tiv e  m e th y la lu m in o x a n e  w ith  b is (c y c lo p e n ta d ie n y l)  d im e th y l 
z irc o n iu m  [C p 2Z r(C H 3)2] sy s tem  g a v e  h ig h  a c tiv ity  o f  2 ,5 0 0 -2 0 ,0 0 0  kg 
P E /m o l Z r.a tm .h .

ttA l(C H 3)3 +  n H 20  ------ ►  - [A l(C H 3)-0 - ] -„  +  2 « C H 4

Scheme 2.1 T h e  re a c tio n  o f  tr im e th y la lu m in u m  an d  w ate r.

C h ie n  an d  W a n g  (1 9 8 8 , 1990) s tu d ie d  e th y le n e  p o ly m e riz a tio n  by  
C p 2Z rC l2-m e th y la lu m in o x a n e  (M A O ) ca ta ly s ts . T h e  p ro d u c tiv ity  w as fo u n d  
to  in c re a se  w ith  A l/Z r  ra tio . It can  b e  as h ig h  as 3 8 7 ,0 0 0  k g P E /([Z r] .h . 
[e th y len e ])  a t A l/Z r  ra tio  o f  9 3 ,4 0 0 .
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2.2 Tris (pentafluorophenyl) Borane lB(CftFsR1 as Lewis Acid for 
Zirconocene in MAO-Free Olefin Polymerization

T ris  (p e n ta flu o ro p h e n y l)  b o ran e  [B (C 6F 5)3] as c o c a ta ly s t in 
m e ta llo c e n e  c a ta ly s t sy s tem  w as firs t  s tu d ie d  b y  Y an g  e t al. (1 9 9 1 , 1994). It 
w as u se d  s to ic h io m e tr ic a lly  w ith  a v a rie ty  o f  z irc o n o c e n e  d im e th y l c o m p le x e s  
[L2Z r(C H 3)2] (T = L ig an d ). T h ey  fo u n d  th a t th ese  c a ta ly s t sy s te m s  w ere  ac tiv e  
fo r  e th y le n e  p o ly m e riz a tio n . A t 2 5 ° c ,  [Zr] =  0 .2 1 -0 .3 2  m M , 1 a tm  o f  
e th y le n e , 3 ,2 0 0  -  6 ,8 0 0  k g P E /(m o lZ r .a tm .h ) o f  p o ly e th y le n e  w as o b ta in e d . 
T h e  p o ly m e riz a tio n  tim e  u se d  in th is  s tu d y  w as o n ly  4 0 -8 0  se c o n d s , w h ich  
c o v e re d  the  in itia l re a c tio n  p e r io d  w ith  the  c a ta ly s t re a c h in g  th e  h ig h e s t 
ac tiv ity . T h e re fo re  th e  re su lts  m ay  n o t b e  c o rre c tly  c o m p a ra b le  to  o th e r 
lo n g e r p e r io d  p o ly m e riz a tio n  sy stem s.

T h e  p o ly e th y le n e  p ro d u c e d  b y  the  a b o v e  c a ta ly s t sy s te m  is h ig h ly  
lin e a r  w ith  re la tiv e ly  h ig h  m o le c u la r  w e ig h t (M w = 1 2 4 ,00 0 , M n =  6 1 ,2 0 0 ) and  
n a rro w  M W D  (~ 2). F ro m  N M R  re su lts  sh o w  the  c o o rd in a te d  c o m p le x  
s tru c tu re  b e tw e e n  z irc o n o c e n e  an d  B (C 6F 5)3 is  fo rm ed  v ia  the  m e th y l b rid g e  
(F ig . 2 .1 ). T h e  m e th y l lig a n d  is o n ly  p a r tly  a b s tra c te d  f ro m  z irc o n o c e n e  
lea d in g  to  a  c o o rd in a te d  c o m p le x  w ith  a ‘c a tio n - l ik e ’ c a ta ly tic  sp e c ie s . T h ey  
a lso  su g g e s te d  th a t (b ) sh o u ld  be a m o re  a c c u ra te  s tru c tu re  th a n  (a).

Figure 2.1 P ro p o se d  s tru c tu re  o f  L 2Z r(C H 3)-C H 3-B (C 6F 5)3 fro m
(a) (b)

N M R .
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Y an g  e t al (1 9 9 2 ) a lso  sh o w e d  th a t C p ’2Z rH 2 (C p ’ =  C 5R 5; R  ะ: H o r 
a lk y l g ro u p ) w ith  B (C 6F 5)3 is a h ig h ly  a c tiv e  c a ta ly s t sy s te m  fo r  e th y len e  
p o ly m e riz a tio n . T h e  p o ly m e riz a tio n  p ro c e e d e d  ra p id ly  a t 2 5 ° c ,  1 a tm  to 
y ie ld  a  l in e a r  p o ly e th y le n e  (M w = 4 3 4 ,0 0 0 , M n ะ= 1 5 4 ,20 0 ) w ith  3 ,2 0 0  k g P E / 
(m o lZ r.a tm .h ). T h e  N M R  re su lts  sh o w  th e  c o o rd in a tio n  is v ia  th e  Z r-F  b o n d  
(F ig . 2 .2 ).

HB(C6 F5 )'

Figure 2 .2  P ro p o se d  s tru c tu re  o f  L 2Z rH -H B (C 6F 5)3 fro m  N M R  
e x p e rim e n ts .

T h e  te rn a ry  sy s tem s o f  E t(In d )2Z rC l2, A lE t3, an d  c a tio n  fo rm in g  
a g e n ts  B (C 6F 5)3 w ere  firs t  d e m o n s tra te d  b y  C h ie n  (1 9 9 4 ) fo r  p ro p y le n e  
p o ly m e riz a tio n . In  the  te rn a ry  sy s te m  w h ic h  B (C 6F 5)3 as th e  c a tio n  fo rm in g  
a g en t, v e ry  lo w  y ie ld  w as o b ta in e d  (0 .7 -6 .1  g P E /(m o lZ r. [p ro p y le n e ],h )  w ith  
A l/Z r ra tio  6 0 -9 0 ).

L iu  e t al. (1 9 9 7 ) a lso  s tu d ie d  the  te rn a ry  sy s te m  o f  z irc o n o c e n e - B 
(C 6F 5)3 c a ta ly s ts  w ith  v a rio u s  a lu m in u m  c o m p o u n d s  fo r  e th y len e  
p o ly m e riz a tio n . T h e y  fo u n d  th a t fo r  C p 2Z rC l2, the  a c tiv ity  d e c re a se d  w ith  the  
ty p e  o f  a lu m in u m  c o m p o u n d s  as fo llo w s: i-B u 3A l >  M e 3A l »  E t3A l.

Q u y o u m  et al. (1 9 9 4 ) su g g e s te d  th a t the  re a c tio n  o f  C p ’T i(C H 3)3 w ith  
B (C 6F 5)3 w o u ld  g iv e  [C p 'T i(C H 3)2] [B C H 3(C 6F 5)3] c o m p le x  w h ic h  sh o u ld  
in itia te  th e  p o ly m e riz a tio n  o f  e le c tro n -r ic h  o le f in s  as in  S c h e m e  2 .2 . T h e  
se c o n d  m o n o m e r w ill a tta c k  the  c a rb o c a tio n ic  c e n te r  o f  a m e ta l io n -a c tiv a te d  
o le fin  fo llo w e d  b y  its in se r tio n  o n to  the  g ro w in g  ch a in .
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CH 3 h '-'J

'c — B(C6 F5 ) 3

Scheme 2.2 P ro p o se d  o le fin  p o ly m e riz a tio n  m e c h a n is m  b y  [C p ’Ti 
(C H 3)2] [B C H 3(C 6F 5)3].

C h e n  e t al. (1 9 9 6 ) in d ic a te d  th a t in  C p 2Z r(C H 3)2-B (C i2F 9)3 sy stem , 
the  a c tiv a te d  m e ta llo c e n e  c a ta ly s ts  w o u ld  c o m b in e  to  e a ch  o th e r  to  fo rm  
d in u c le a r  c a tio n -a n io n  p a irs  w ith  n ea rly  sy m m e tric a l / I -C H 3 b r id g in g  in  ca tio n  
m o le c u le s  (F ig . 2 .3 ). W h ile  in  the  C p 2Z r(C H 3)2-B (C 6F 5)3 sy s tem , o n ly  s im p le  
c o o rd in a te d  [C p 2Z rC H 3][C H 3B (C 6F 5)3] c o m p le x  is fo u n d . In  an y  c a se  b o th  
sy s tem s a re  v e ry  a c tiv e  fo r  e th y le n e  p o ly m e riz a tio n  w ith  a c tiv ity  o f  3 ,2 0 0- 
7 ,8 0 0  g P E / m o lZ r.a tm .h . B u t th is  p o ly m e riz a tio n  re a c tio n  tak es  p la c e  o n ly  
w ith in  4 0 -6 0  se c o n d s  w h ic h  is too  sh o rt a p e r io d  as d e sc r ib e d  ab o v e .

Figure 2 .3  T h e  s tru c tu re  p ro p o se d  fro m  N M R  o f  d in u c le a r  ca tio n ic  
(a) an d  a n io n ic  (b ) p a ir , [(C p 2Z rC H 3)2(/r-C H 3)]+[C H 3B (C 6F 5)3]'.

(a) (b)

B o th  d in u c le a r  [(C p 2Z rC H 3)2(/r-C H 3)]+[C H 3B (C 6F 5)3]" and
m o n o n u c le a r  [C p 2Z rC H 3]+ [C H 3B (C 6F 5)3] ' ion  p a irs  a re  fo rm e d  in d if fe re n t 
a m o u n ts  d e p e n d in g  o n  th e  B /Z r m o le  ra tio  as m e n tio n e d  b y  T ritto  e t al.
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(1 9 9 9 ) fro m  l3C -N M R . A t B :Z r =  1:2 o n ly  d in u c le a r  ion  p a ir  w as  o b se rv ed . 
W h ile  b o th  o f  th em  w ere  fo u n d  a t B :Z r =  1:1, an d  o n ly  m o n o n u c le a r  ion  p a ir 
at B :Z r  =  2 :1 .

R e c e n tly  th e  n ew  g e n e ra tio n  o f  a c a ta ly tic  a c tiv e  sp e c ie s  h as been  
in tro d u c e d  b y  T e m m e  e t al. (1 9 9 5 ) an d  K arl e t al. (1 9 9 7 ). T h e  re a c tio n  o f  
[C p 2Z r(b u ta d ie n e )J  w ith  B (C 6F 5)3 re su lts  in a c o m p le x  w h ic h  c o n s is ts  o f  bo th  
c a tio n ic  an d  a n io n ic  p a r ts  in o n e  m o lec u le  c a lle d  ‘z w itte r io n ic  m e ta l lo c e n e ’ 
(S c h e m e  2 .3 ). T h e  C 6F 5 b rid g e  is e a s ily  o p e n e d  a llo w in g  o le fin  
p o ly m e riz a tio n  to  o ccu r. T h is  c o m p le x  can  p ro d u c e  p o ly e th y le n e  w ith  
a c tiv ity  a b o u t 135 kg  P E /m o l Z r.h  an d  p o ly p ro p y le n e  w ith  2 ,2 0 0  kg P E /m o l 
Z r.h .

Scheme 2.3 T h e  z w itte r io n ic  m e ta llo c e n e , C p 2Z r(p .-C 4H 6)B (C 6F 5)3.
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2.3 Objectives

1) T o  s tu d y  th e  p o ly e th y le n e  p ro p e rtie s  p ro d u c e d  b y  Z ie g le r -N a tta  
an d  m e ta llo c e n e  c a ta ly s t sy stem .

2 ) T o  s tu d y  the  e ffe c ts  o f  tem p e ra tu re  an d  a lk y la lu m in u m  
c o n c e n tra tio n  in  Z ie g le r -N a tta  and  m e ta llo c e n e  c a ta ly s t sy s tem .

3) T o  s tu d y  the  in f lu e n c e s  o f  tr is (p e n ta f lu o ro p h e n y l)b o ra n e  (B 
(C 6F 5)3) o n  p ro d u c tiv ity  and  e th y le n e  p ro p e rtie s  in m e ta llo c e n e  c a ta ly s t 
sy stem .
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