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METALLOCENE CATALYSTS, THEIR SYNTHESIS AND THEIR USE FOR THE 
POLYMERIZATION OF OLEFINS 

BACKGROUND 

1. Field of the Invention 

The present invention relates to highly active supported catalyst systems 
comprising metallocene(s) and cocatalyst(s) such as alumoxane(s), which can advantageously be 
used in olefin polymerization and to a process for the economical preparation of such catalyst 
systems, to a process using such catalyst systems for the polymerization and copolymerization of 
olefins and to polymers which are prepared using such catalyst systems. 

2. Background of the Art 

Metallocenes may be used as catalyst components for the polymerization and 
copolymerization of olefins, possibly in combination with one or more cocatalysts. In particular, 
halogen-containing metallocenes are used as catalyst precursors, which can be converted, for 
example, by an aluminoxane, to polymerization-active cationic metallocene complexes (EP 0 
129 368, EP 0 284 708 or EP 0 302 424). 

The synthesis of such metallocenes is well known (US Pat. Nos. 4,752,597; 
5,017,714; 5,391,790; 5,616,747 or EP Patent Nos. 0 320 762; 0 416 815; 0 537 686 and 0 669 
340). They may be produced, for example, by reacting cyclopentadienyl metal compounds with 
halides of transition metals, such as titanium, zirconium, and hafnium. 

It is also well known that basic properties of the metallocenes, such as 
polymerization activity, stereoselectivity, regioselectivity, and maximum achievable polymer 
molecular weight can be systematically controlled by specific substitution patterns of the ligand 
sphere. However, to use metallocenes for the stereoselective and regioselective polymerization 
of olefins, the preparation of the isomerically pure racemic form is absolutely necessary, since 
the corresponding meso form produces undesired atactic polymer, like atactic polypropylene. 
The isomerically pure racemic form is understood to mean a rac:meso ratio of at least 5, and 
preferably 10. 

Such stereoselective and/or regioselective metallocenes for the polymerization of 
olefins to polyolefins especially for the polymerization of propylene or the copolymerization of 
propylene with other olefins and which are useful and preferred as metallocenes for the catalyst 
systems of the present invention, are well known in the literature. As an example, such 
metallocenes are disclosed in U.S. Pat. Nos. 4,530,914; 4,542,199; 4,769,910; 4,808,561 ; 4,871 
,705; 4,931 ,417; 4,933,403; 4,937,299; 5,017,714; 5,026,798; 5,057,475; 5,120,867; 5,132,381; 
5,145,819; 5,155,180; 5,198,401 ; 5,239,022; 5,243,001; 5,276,208; 5,278,119; 5,296,434; 
5,304,614; 5,324,800; 5,328,969; 5,329,033; 5,350,723; 5,374,752; 5,391 ,790; 5,416,178; 
5,436,305; 5,455,366; 5,510,502; 5,532,396; 5,543,373; 5,554,704; 5,576,260; 5,612,428; 
5,616,663; 5,629,254; 5,635,437; 5,661 ,096; 5,672,668; 5,679,812; 5,723,640; 5,739,366; 
5,741,868; 5,770,753; 5,786,432; 5,830,821 ; 5,840,644; 5,840,948; 5,852,142; 5,929,264; 

METALLOCENE CATALYSTS, THEIR SYNTHESIS AND THEIR USE FOR
THE  POLYMERIZATION OF OLEFINS BACKGROUND  1. Field of the
Invention The present invention relates to highly active supported catalyst
systems  comprising metallocene(s) and cocatalyst(s) such as aiumoxare(s),
which can advantageously be  used in olefin polymerization and to a process
for the economical preparation of such catalyst  systems, to a process using
such catalyst systems for the polymerization and copolymerization of  olel ns
and to polymers which are prepared usi ng such catalyst systems. 2.
Background of the Art Metallocenes may be used as catalyst components for
the polymerization and  copolymnerrzatloEi of olefins, possibly in combination
with one or more cocatalysts. In particular,  halogen-containing metallocelles
are used as catalyst precursors, which can be converted, for  example, by an
aluminoxane, to polymerization-active cationic metallocene complexes (EP 0
1 29 W. EP 0 284 708 or EP 0 302 424). The synthesis of such metallocenes
is well known (US Pat. Nos. 4,752,597;  5,017,714; 5,391.790; 5
,616,711171, or EP Patent Nos. 0 320 762; 0 416 815. 0 537 686 axed 0 669
340). They may be produced, for example, by reacting cyclopentadienyI
metal compounds with  halides of transition metals, such as titanium,
zirconium, and hafnium. It is also well known that basic properties of the
anetallocenes such as  polymerization activity, stereo,selectivity,
regioslctivity, and maximum achievable polymer  molecular weight can be
systematically controlled by specific substitution patterns of the hgand
sphere. However, to use auetallocenes for the stereoselective and
regioselective polymerization  of olefins, the preparation of the isomerically
Pure racemic form is absolutely necessary, since  the corresponding; Eneso
foam- produces undesired atactic polymer, like atactic polypropylene.  The
isomerically pure racemic form is understood to mean a rac:meso ratio of at
least 5, and  preferably 10. Such stereoselectlve and/or negioselective
metallocenes for the polvnnerization of  olefins to polyolefins especially for
the polymerization of propylene or the copolymerization of  propylene with
other olhils and which are useful and Preferred as metallocenes for the
catalyst systems of the present invention, are well known in the literature. As
an example. such metallocenes are disclosed in U.S. Pat. Nos 4,53(),914;
4,542 1Q9; 4,769,910; 4,808,561 ; 4,8"1  11,05; 4,931 417; 4,933,403
4,9_375299; 5,0 11.714; 5,026,'98, 5,057,4" 5,120867, 5,132,3S1;  
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5,932,669; 6,017,841 ; 6,051 ,522; 6,051 ,727; 6,057,408; 6,087,291 ; 6,100,214; 6,114,479; 
6,117,955; 6,124,230; 6,140,432; 6,194,341 ; 6,218,558; 6,228,795; 6,242,544; 6,245,706; 
6,252,097; 6,255,506; 6,255,515; 6,376,407; 6,376,408; 6,376,409; 6,376,410; 6,376,411 ; 
6,376,412; 6,376,413; 6,376,627; 6,380,120; 6,380,121 ; 6,380,122; 6,380,123; 6,380,124; 
6,380,330; 6,380,331 ; 6,380,334; 6,399,723; 6,444,606; 6,469,114 and US Application Nos. 
2001021755; 20030149199 and EP 576 970; EP 611 773, and WO 97/32906; WO 98/014585; 
WO 98/22486; WO 00/12565; WO 01/48034; WO 03/045964; WO 03/106470.  

Processes for preparing polyolefins using soluble, homogeneous catalyst systems 
comprising a transition metal component of the metallocene type and a cocatalyst component of 
the type of an aluminoxane are well known. In polymerizations using such soluble, 
homogeneous catalyst systems, heavy deposits are formed on reactor walls and the stirrer if the 
polymer is obtained as a solid. These deposits are formed by agglomeration of the polymer 
particles whenever metallocene and/or cocatalyst are present in dissolved form in the suspension. 
The deposits in the reactor systems quickly reach considerable thickness and have a high 
strength. They prevent heat exchange to the cooling medium and therefore have to be removed 
regularly. Such homogeneous catalyst systems cannot be used industrially in liquid monomer or 
in the gas phase. 

To avoid deposit formation in the reactor, supported catalyst systems in which the 
metallocene and/or the aluminum compound serving as cocatalyst is/are fixed on an inorganic 
support material have been proposed. As an example, in EP-A-0 576 970 or WO 01/48034 
metallocenes and corresponding supported catalyst systems are disclosed. Such supported 
catalyst systems give polymers, in particular polypropylenes, having melting points of up to 
about 156 0C. 

A variety of different processes for preparing supported catalysts are known. As 
described in WO 94/28034 supported metallocene catalysts can, for example, be obtained by 
mixing a metallocene and aluminoxane containing solution with the support material and 
removing the solvent in vacuum. The solution volume of the impregnation solution is thereby 
greater than the pore volume of the support material. 

In another process, the metallocene containing solution is mixed with the support 
material whereby the solution volume of the impregnation is equal or smaller than the pore 
volume of the support material (WO 94/14856). The solid catalyst can be isolated as a dry 
powder by removing the solvent under vacuum. 

Other supported metallocene catalyst systems are disclosed in WO 98/01481. 
Here a metallocene is dissolved in a solvent and precipitated by addition of another solvent in 
which the metallocene compound is only slightly soluble in the presence of the support material. 
Thereby, the catalyst is immobilized on the surface and within the pores of the support. 

Yet another supported metallocene catalyst can be obtained by impregnation of a 
support material with an impregnation solution comprising the metallocene component, wherein 
the impregnation solution flows through the support material (WO 00/05277).  

5,145,519; 5,t55,180; 5,198,401 ; 5,219,02); 5,243,001; 5276,2.0S;
5,278,119; 5,296,434;  5,314,614; 5,324,900; 5,:28,9619 S ,:?2,0 3;
5,351,7235,'174,7521; 5,391 ,790; 5,416J78;  5,436,305; 5,455,366;
5,510,502 ., 532 396; 5,543,373; ., 554,704 5,576,260; 5,612,428;
5,616,663; 5,629,254; 3,635,437; 5,661 ,096 5,672,66S 5,679,812
55723,640; 5,719,366;  5,741,868; 5,7 0353: 5,786.432: 5,8 30.821
53,840,644; 53,840,943 .,11532,142; 5,929,264; 1  5,932,669; 6,017,841
6,051 ,522; 6,051 ,727; 6,057,408; 6,087,291 ; 6,100,214; 6,11,1,479:
6,11",955; 6,124,230 6140,432; 6,194,141 ; 6,218,558; 6,228,795; 6,242,544;
6,245,706;  6252,097; 6,2`5,`05; 6,255,515; 6,376,407; 6,176,408, 6,376,409;
6,+76,4100,+76,411  6,376.4121; 6, +76413 6,876.62' 6,880,120; 6880,121
6,380,122; 6,38012 , 6,380124;  fi,380,?30; 5,a8v;v'131 ; 6'180334; 6,~'194,
i3; 6,4 14,606 6,469,114 and U'S Application Nos.  2C-010'1755;
20010149199 and T;P 576 9"0; EP 611 773, and \V0 97/32906; L0
98/014585;  NVO 98/22486, W() 00/12565; W'0 01/18014; WO 01/045964;
W0 03/106470. Processes for preparing polyolefins using soluble,
homogeneous catalyst systems  comprising a transition metal component of
the metallocene type and a cocatalyst component of  the type of ,in
aluminoxane are well known. In polymertzattons using such soluble,
homogeneous catalyst systems, heavy deposits are formed on reactor walls
and the stirrer if the  polymer is obtained as 'a solid. These deposits are
formed by agglomeration of the polymer  particles whenever metallocene
and/or cocatalyst are present in dissolved form in the suspension.  The
deposits in the reactor systems quickly reach considerable thickness and
have a high  strength. They prevent heat exchange to the cooling medium
and therefore have to be removed  regularly. Such homogeneous catalyst
systems cannot be used industrially in liquid monomer or  in the gas phase.
To avoid deposit formation in the reactor, supported catalyst systems in
which the  metallocene and/or the aluminum compound serving as cocatalyst
is/are fixed on an inorganic  support material have been proposed. As an
example, in EP-A-0 576 970 or WO 01/48014  metallocenes and
corresponding supported catalyst systems are disclosed. Such supported
catalyst systems give polymers, in particular polypropylenes, having melting
points of up to  about 156 C. A variety of different processes for preparing
supported catalysts are known. As  described in WO 94/28034 supported
metallocene catalysts can, for- example, be obtained by  mixing a
metallocene and aluminoxane containing solution with the support material
and  removing the solvent in vacuum. The solution volume of the
impregnation solution is thereby  
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In general, the main deficiency of such supported catalyst systems, developed up 
to now, is their low productivity under industrially relevant polymerization temperatures of from 
50°C to 100°C. As a consequence, the industrial usefulness of these catalysts is questionable as 
long as the commercial competitiveness against the established Ziegler-Natta titanium catalysts 
is not reached. As the necessary catalyst components like metallocenes and cocatalysts are in 
general expensive chemicals, improvements of the competitiveness by reducing the catalyst costs 
are limited and the only other option is to increase the catalyst productivity.  

The object of the present invention is to address this main disadvantage of the 
state of the art catalyst systems and to provide supported catalyst systems with improved 
polymerization performance under industrially relevant polymerization conditions at 
temperatures of from 50°C to 100°C. 

Furthermore, it is an object of the present invention to provide an economical 
process for preparing supported metallocene catalysts, which is universally applicable e.g. with 
regard to different metallocene components and which results in catalyst systems with improved 
catalyst productivities. The resulting supported catalysts should be homogeneously loaded and 
should lead to good polymer particle morphologies.  

Another object of the present invention is to provide supported metallocene 
catalysts obtained by the above described process and to provide an environmentally friendly and 
economical process for preparing polyolefins under industrially relevant polymerization 
conditions using the catalyst systems of this invention. 

SUMMARY 

A process is provided herein for the preparation of a catalyst system. The process 
comprises the steps of combining a support material with a first composition which includes at 
least one aluminoxane in a first solvent to provide an aluminoxane loaded support; and, 
contacting the aluminoxane loaded support with a second composition which includes at least 
one metallocene compound, a second solvent, and a cocatalyst, wherein the cocatalyst includes a 
second portion of at least one aluminoxane alone or in combination with an ionic compound 
and/or a Lewis acid. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

The objects of the invention are achieved by a certain process for preparing a 
supported catalyst system comprising at least one metallocene, at least one cocatalyst, at least 
one support and, if desired, at least one metal compound and further one additive component. 
According to the present invention, the catalyst system is prepared by combining at least one 
metallocene, at least one cocatalyst, at least one support and if desired at least one metal 
compound and one further additive component. More specifically, the catalyst system of the 
present invention is prepared by combining at least one support material with a first portion of an 
aluminumoxane or a mixture of aluminoxanes in a suitable solvent at elevated temperatures. In a 
subsequent impregnation step the aluminoxane loaded support material is brought into contact 

greater than the pore volume of the support material. In another process, the
metallocene containing solution is mixed with the support  material whereby
the solution volume of the impregnation is equal or smaller than the pore
volume of the support material (WO 94/14856). The solid catalyst can be
isolated as a dry  powder by removing the solvent under vacuum. Other
supported metallocene catalyst systems are disclosed in WE) 98/01481.
Here a metallocene is dissolved in a solvent and precipitated by addition of
another solvent in  which the metallocene compound is only slightly soluble in
the presence of the support material.  Thereby, the catalyst is immobilized on
the surface and within the pores of the support. Yet another supported
metallocene catalyst can he obtained by impregnation of a  support material
with an impregnation solution comprising the metallocene component,
wherein  the impregnation solution flows through the support material (WO
00/05277), 2  In general, the main deficiency of such supported catalyst
systems, developed up  to now, is their low productivity under industrially
relevant polymerization temperatures of from  `0C, to 100C. As a
consequence, the industrial usefulness of these catalysts is questionable as
long as the commercial competitiveness against the established Ziegler-Natta
titanium catalysts  is not reached. As the necessary catalyst components like
metallocenes and cocatalysts are in  general expensive chemicals,
improvements of the competitiveness by reducing the catalyst costs  are
limited and the only other option is to increase the catalyst productivity. The
object of the present invention is to address this amain disadvantage of the
stale of the art catalyst systems and to provide supported catalyst systems
with improved  polymerization performance under industrially relevant
polymerization Conditions at  temperatures of from 50C to 1 Furthermore, it is
an object of the present invention to provide an economical  process for
preparing supported metallocene catalysts, which is universally applicable
e.g. with  regard to different metallocene components and Which results in
catalyst systerns with improved  catalyst productivities. The resulting
supported catalysts should be homogeneously loaded and  should lead to
good polymer particle morphologies. Another object of the present invention
is to provide supported metallocene  catalysts obtained by the above
described process and to provide arm- environmentally friendly and
economical process for preparing polyolefins under industrially relevant
polymerization  conditions using the catalyst systems of this invention. 
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with the metallocene component and a second portion of the aluminoxane or a mixture of 
aluminoxanes or an ionic compound and/or a Lewis acid.  

As metallocene component of the catalyst system of the present invention, use is 
made of at least one compound of the formula 1 below. The term metallocene component is 
thereby understood to be an organic transition metal compound as depicted in formula 1 that 
bears at least one substituted or unsubstituted cycolpentadienly group.  

(R9)n(L1)mM1(R1)q    (Formula 1 )  

where  

n is 0 or 1,  

m is 1 , 2 or 3  

q is 1 , 2 or 3 and  

the sum of m and q equals the oxidation state of M1 

L1 are identical or different and are each a substituted or unsubstituted 
mononuclear or polynuclear hydrocarbon radical or (a) hetero atom(s) containing hydrocarbon 
radical(s), for example substituted or unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl, 
azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, that coordinates to M1, 

R1 are identical or different and are each a hydrogen atom, an alkyl group of from 
1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group 
of from 6 to about 20 carbon atoms, an aryloxy group of from about 6 to about 10 carbon atoms, 
an alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 
group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 
to about 14 carbon atoms, and two or three R1 can form one or more ring system(s), 

M1 is a metal of group IVb of the Periodic Table of the Elements,  

R9 is a bridging group linking two ligands L1 wherein R9 is selected from: 

 

 

 

 

 

SUMMARY  A process is provided herein for the preparation- of a catalyst
system. The process  comprises the steps of combining a support material
with a first composition which includes at  least one aluminoxane in a first
solvent to provide an alrurninoxane loaded support; and,  contacting the
aluminoxane loaded support with a second composition which includes at
least  orne motallocene compound, a second solvent, and a cocatalyst,
wherein- the cocatalyst includes a  second portion of at least one
alumirnoxane alone or in combination with an ionic compound  and/or a
Lewis acid. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) The objects of the invention are achieved by a certain
process for preparing a  supported catalyst system- comprising at least one
metallocerre, at least one cocatalyst, at least  one support and, if desired, at
least and metal compound and further one additive component.  According to
the present invention, the catalyst system is prepared by combining at least
one  metallocene, at least one cocatalyst, at least one support and if desired
at least one metal  compound and one further additive component. More
specifically, the catalyst system of the  present invention- is prepared by
combining at least one support material with a first portion of an-
aluruinumoxane or a mixture of aluininoxanes in a suitable solvent at
elevated temperatures. In a  subsequent impregnation step the aluininoxane
loaded support material is brought into contact 3  with the metallocene
component and a second portion of the aluminoxane or a mixture of
aluminoxanes or an ionic compound and/or a Lewis acid. As metallocene
component of the catalyst system of the present invention, use is  made of at
least one compound of the formula I below. The term metallocene component
is  thereby understood to be an organic transition metal compound as
depicted in formula 1 that  bears at least one substituted or unsubstituted
cycolpentadienly group. (I )n(Li)m,NI'(R ),4 (Formula 1)  wliere n is 0or 1,
nais l,2of 3  gis 1,2or 3and the sum of in and q equals the oxidation state of
NIa Lr are identical or different: and are each a substituted or unsubstituted
mononuclear or polynuclear hydrocarbon radical or (a) hetero atom(s)
containing hydrocarbon  
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where 

R40 and R41, even when bearing the same index, can be identical or different and 
are each a hydrogen atom, a Ci-C40 group such as an alkyl group having from 1 to about 30 
carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of from 1 to 
about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of 
from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an 
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 
carbon atoms, a substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group.or an 
arylalkenyl group of from 8 to about 40 carbon atoms. R40 and R41 together with the atoms 
connecting them can form one or more cyclic systems or R40 and/or R41 can contain additional 
hetero atoms (i.e., non-carbon atoms) like Si, B, Al, O, S, N or P or halogen atoms like Cl or Br,  

radical(s), for example substituted or unsubstituted cyclopeiatadieuyl, indenyl,
tetralrydroindenyl,  azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or o
xapentalenyl, that coordinates to M', 11' are identical or different and axe
each a hydrogen atom, an alkyl group Of from  I to about 10 carbon atoms,
an alkoxy group of from 1 to about 10 carbon atoms, an aryl group  of from 6
to about 20 carbon atoms, an aiyloxy group of from about 6 to about 10
carbon atones,  an alkenyl group of from 2 to about 10 carbon atoms, an OH
group, a halogen atom, or It tiR2j`  group, where R' is an alkvi group of from 1
to about 10 carbon atoms or art aryl group of from 6  to about 14 carbon
atoms, and two or three 12' can form one or more ring system(s), ibh is a
metal of group IVb of the Periodic Table of the Elements, 1i' is a bridging
group linking two ligands Li wherein le is selected from:  Rau RHU R40 R' R4
-p-M'O- -U--- -C7-tvl(r) -G MM~=O 1 41 1 i 1 41 41 1 41 R R" R R FR 4  R
R40 Rri0 R40 R40  11 41 41 ki R47 A41 R40 R' 40 R44 RAi R4C R40 1 f 1 1
12 1 12  -C C C- -M C FvI- A41 R1 ft 41 R 41 (c)41 R41 X41 --R 40 A -R 40
-Ge _ --0 - -7 ~ O  f / 2  N --R 40 +..+ --R 4t4 or p(O)R40  where R40 and
R47, even when hearing the same index, can he identical or different and
are each a hydrogen atorn, a Ci C40 group such as an alkyl group having
from l to about 30  carbon atoms, an aryl group of from 6 to about 40 carbon
atoms, a fluoroalkyl group of from Ito  about 10 carbon atoms, an alkoxy
group of from 1 to about 1) carbon atoms, an aryloxy group of  from 6 to
about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms,
an  arylalkyl group of from 7 to about 40 carbon atoms, an alkyla3 yl group of
from ? to about 40  
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x is an integer from 1 to 18, 

M12 is silicon, germanium or tin, and 

R9 may also link two units of the formula 1 to one another,  

or R9 forms a R9-Z1 group, with R9 being linked to one L1 group and Z1 being 
linked to M1,  

where 

Z1 comprises nitrogen, phosphorus, oxygen or sulfur such as -O-, -S-, - NR42 or 
PR42-,  

where  

R42 is a hydrogen atom, a C1-C40 group such as an alkyl group having from 1 to 
about 30 carbon atoms, a cycloalkyl group of from 3 to 10 carbon atoms, an aryl group of from 6 
to about 40 carbon atoms, a fluoroalkyl group of from 1 to about 10 carbon atoms, an alkoxy 
group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, 
an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl group of from 7 to about 40 
carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a substituted or 
unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group, or an arylalkenyl group of from 8 to 
about 40 carbon atoms. 

As metallocene component of the catalyst system of the present invention, 
preference is given to use at least one compound of the formula 1 as below, 

R9L1L2M1R1R2      (Formula 1a)  

where 

L1 and L2 are identical or different and are each a substituted mononuclear or 
polynuclear hydrocarbon radical or (a) hetero atom(s) containing hydrocarbon radical(s), for 
example substituted cyclopentadienyl, indenyl, tetrahydroindenyl, azurenyl, fluorenyl, 
azapentalenyl, thiapentalenyl or oxapentalenyl, which can form a sandwich structure with the 
central atom M1, 

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group 
of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl 
group of from 6 to about 20 carbon atoms, an aryloxy group of from about 6 to about 10 carbon 
atoms, an alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a 
NR2

32 group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of 
from 6 to about 14 carbon atoms, and R1 and R2 can form one or more ring system(s).  

M1 is a metal of group IVb of the Periodic Table of the Elements,  

carbon atoms, a substituted or unsubstituted alkvlsilyl, aikyl(an'llsilyl or
andsilyl group.or an  anylalkenyl group of from 8 to about 40 carbon atoms.
R4" and R41 together with the atoms  connecting them can form one or more
cyclic systems or R`0 and/or lel can contain additional  hetero atoms (i.e..
non-carbon atoms) like Si, l3, Al, O, 5, Nor P or Halogen atoms like Cl or 13r,
5  x is an integer fro in I to 18, Rah` is silicon, germanium or tin, and R9 may
also link two units of the formula Ito one another, or R9 forms a R9-Z' group,
with R9 being linked to one L: group and Z being  linked to M , Micro  Z1
comprises nitrogen, phosphorus, oxygen or sulfur such as -O-, -5-, - NR`` or
where R42 is a hydrogen atom, a C-1 1?4.9 group such as an alkyl group
having from 1 to  about 30 carbon atoms, a cycloalkyl group of from 3 to 10
carbon atoms, an aryl group of from 6  to about 40 carbon atoiris, a
ffuoroalkyl group of froiri I to about 10 carbon atoms, an alkoxy  group of from
1 to about 10 carbon atoms, an aEyloxy group of from 6 to about 10 carbon
atoms,  an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl
group of from 7 to about 40  carbon atoms, an alkvlaryl group of from 7 to
about 40 carbon atoms, a substituted or  unsubstituted alkylsilyl,
alkyl(aryl)silyl or arylsilyl group, or an arylalkenyl group of from 8 to  about 40
carbon 'Ito m"'. As metallocene component of the catalyst system of the
present invention,  preference is given to use at least one compound of the
formula I as below, RQL'I.'M'R'R' (Formula fail  where L' and L` are identical
or different and are each a substituted mononuclear or  polymuclear
hydrocarbon radical or (a) hetero atom(s) containing hydrocarbon radica(s),
for  example substituted cyclopentadienyl, indenyl. tetralivrhoindenyl,
azurenyl, fluorenyl,  azapentalenyl, thiapentalenyl or oxapentalenyl, which
can form a sandwich structure with the  central atom N'I, RI and R2 are
identical or different and are each a hydrogen atom, an alkyl group  of from I
to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon
atoms, an aryl  group of from 6 to about 20 carbon atoms, an aryloxy group of
from about 6 to about 10 carbon  



° 7

R9 is a bridge between the ligands L1 and L2, wherein R9 is selected from: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where 

R40 and R41, even when bearing the same index, can be identical or different and 
are each a hydrogen atom, a C1-C40 group such as an alkyl group having from 1 to about 30 
carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of from 1 to 
about 10 carbon atoms, an alkoxy group of from about 6 to about 10 carbon atoms, an aryloxy 
group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, 
an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 

atoms; an alkenyl g3 out of from x 2 to about 10 cartoon atoms, an OH group,
a halogen atom, or a  NR23 2 group, where R" is an alkyl group of from Ito
about 10 carbon atoms or an aryl group of  from 6 to about 14 carbon atoms,
and RI and R2 can form one or more ring system(s). M' is a metal of group
lVb of the Periodic Table of the Elements, 6  R' is a 1?r3dg betWen the ~
tEc`CIId."< L' and L2, wherein R9 is scIccrcd from:  R40 R4Q 40 R6 R4C  1
12 1 1 12 '2  R31 R41 R1 R41 R R40 R40 R R40 R40 118 @97 1 1 1  _M --
...._._- -C -C R141 R41 11,11 F 41 Rai R4 ,19 049 R40 R41J b40 C C_-f C12
R41 41 41 8441 L 41 R41 0 ~ a0 -R Al ---R - Ge --0 --5 - 0 CCU 2  N --R 44 C
= --ft 40 or P(O)R4Q / / /  ,-here R40 and I>41, even when bearing the same
index, can be identical or different and  are each a hydrogen atom, a group
such as an alkyl group having from 1 to about 3G  carbon atoms, an aryl
group of from 6 to about 40 carbon atoms. a fluoroalkyl group of from I to
about 10 carbon atoms, an alkoxy group of from about 6 to about 10 carbon
atoms, an aryloxy  group of from 6 to about 10 carbon atoms, an alkenyl
group of from 2 to about 10 carbon atoms,  an arylalkyl group of from 7 to
about 401 carbon atoms, an alkylaryl group of from 7 to about 40 7  carbon
atoms, a substituted or unsubstituted alkylsily.l; all yl(ar lssilyl or arylsilyl-
group, or an  arylalkenyl group of from 8 to about 40 carbon atoms. R4" and
R41 together with the atoms  connecting there can form one or more cyclic
systems or R`0 and/or lel can contain additional  hetero atoms (i.e..
non-carbon atoms) like Si, B, Al, 0, 8, N or P or halogen atoms like Cl or Br.  
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carbon atoms, a substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group, or an 
arylalkenyl group of from 8 to about 40 carbon atoms. R40 and R41 together with the atoms 
connecting them can form one or more cyclic systems or R40 and/or R41 can contain additional 
hetero atoms (i.e., non-carbon atoms) like Si, B, Al, O, S, N or P or halogen atoms like Cl or Br, 

x is an integer from 1 to 18, 

M12 is silicon, germanium or tin, and 

R9 may also link two units of the formula 1a to one another. 

In formula 1a it is preferred that 

M1 is zirconium or hafnium 
 
L1 and L2 are identical or different and are each a substituted cyclopentadienyl, 

indenyl, tetrahydroindenyl, azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, 
which can form a sandwich structure with the central atom M1 

R9 is R40R41Si=, R40R41Ge=, R40R41C= or –(R40R41C-CR40R41)-, where R40 and 
R41 are identical or different and are each a hydrogen atom, a hydrocarbon group of from 6 to 
about 40 carbon atoms, an arylalkyl group of from 7 to about 14 carbon atoms, an alkylaryl 
group of from 7 to about 14 carbon atoms or a substituted or unstubstituted alkylsilyl group, an 
alkyl(aryl)silyl or an arylsilyl group. 

In formula 1a it is very particularly preferred that 

M1 is zirconium and L1 and L2 are identical or different and are each a substituted 
indenyl, azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, which can form a 
sandwich structure with the central atom M1, and the bridging unit R9 is R40R41Si= or 
R40R41Ge=, where R40 and R41 are identical or different and are methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclo-pentyl, cyclo-pentadienyl, 
cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-trifluoropropyl. 

More preferred, as the metallocene component of the catalyst system of the 
present invention, use is made of at least one compound of the formula 1 b below 

 

 

 

 

 

x is an integer tronx 1 to 18, \41 ` is silicon, germanium or tin, and RQ may
also link two units of the formula la to one another.  In formula la it is
preferred that M, is zirconium or hafnium L1 and L2 are identical or different
and are each a substituted cyclopentadienyl,  indenyl, tetrahydroindenyl,
azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl,  which
can forma sandwich structure with the central atom Ml R" is R '1 1 i R4 f
41(Fe---=, R4 R41C or -{I 40Ra3 (,f~40Ra3t where R40 and  I:4 are identical
or different and are each a hydrogen atom, a hydrocarbon group of from 6 to
about 40 carbon atoms. an arylalkyl group of fsorn 7 to about 14 carbon
atoms, an alkylaryl  group of from 7 to about 14 carbon atoms or a
substituted or unstulastituted alkylsilyl- group, an  alkyl-(ar ~lssilyl- or an
arvIsilyl group. In formula la it is very particularly preferred that 1y13 is
zirconium and I' and 1. are identical or different and are each a substituted
indenyl, azueiryl, tluoreiryl, azapentaleiryl, thiapentaleiryl or oxapentaleiryl,
which can foam a  sandwich structure with the central atom y%Iand the
bilging unit R" is 124QI2T3 ii or  1 4"R4 C~ _, where R4C and R4! are
identical or different and are mathyl, ethyl, propyl, butyl,  pent, 1, hexyl heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, cyclo-pentyl, cyclo-pentadienyl,
cyclohexyl, phenyl, benzyl, trimethylsilyl o ?, +,3-t ifluoropropyl. More
preferred, as the metallocene component of the catalyst system of the
present invention, use is made of at least one compound of the formula I h
below 8  R4 Rt) R6  Re M1R1R2  f R8 t, ,.  RT R6' R5" R4,  (Formula I b) 
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(Formula 1 b) 

 

where the substituents and indices have the following meanings: 

M1 is a metal of group IVb of the Periodic Table of the Elements,  

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group 
of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl 
group of from 6 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, 
an alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 
group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 
to about 14 carbon atoms and R1 and R2 may form one or more ring system(s), 

R3, R4, R5, R6, R7, R8 and also R3', R4', R5', R6', R7' and R8' are identical or different 
and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon group, for example an 
alkyl group of from 1 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon 
atoms, an aryl group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 
40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an arylalkenyl group 

where the substituents and indices have the following meanings:  Mj is a
metal of group TVh of the Periodic Table of the Elements, R- and R2 are
identical or different and are each a hydrogen atom, an alkyl group  of from I
to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon
atoms, an aryl  group of from 6 to about 20 carbon atoms, an aryloxy group of
from 6 to about. 10 carbon atoms,  an alkenyl group of from 2 to about 10
carbon atoms, an OH group, a halogen atom, or a NR? 32  group, where R3
is an alkyl group of from l to about 10 carbon atoms or an aryl group of from 6
to about 14 carbon atoms and RI and R2 may form one or more ring
systems), Rj, R4, R R, R , R8 and also R. R;, RG, R and Rs are identical or
different  and are each a hydrogen atom, a linear, cyclic or branched
hydrocarbon group, for example an  alkyl group of from 1 to about 10 carbon
atoms, an alkenyI group of from 2 to about 10 carbon  atoms, an aryl group of
from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about  40
carbon atoms, an alkylaryl group of from ? to about 40 carbon atoms, or an
aaylat kenyl group 9  of from 8 to about 40 carbon atoms or a substituted or
unsubstituted alkylsilyl group, an  alkvI(aryd)silyl group or an arylsilyl group,
with the proviso that le and R' are not hydrogen.  The groups may contain
one or more hetero atoms like Si, B, Al, 0, S. N~' or P. and/or may  contain
halogen atoms like f, C 1 or fir, and /or two adjacent radicals 1i', R or R , 1i6,
or R', R'  or Ra, R' , or 1t', lts or R7" lts' in each case may form a hydrocarbon
ring system and the bridging  unit it" has the meaning set forth above with
respect to formula la, The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s)
Containing indenyl  analogues corresponding to the compounds lb are
likewise of importance. In formula 1 b it is preferred that  Mj is Zirconium
orhafarium, Rr and R` are identical or different and are an alkyl group of from
1 to about 10  carbon atoms, an alkoxy group of from I to about 10 carbon
atoms, an aryloxy group of from 6  to about 10 Carbon atoms or a halogen
atom, or PI and Rs together may form one or more ring  system(s). R3 and
R', are identical or cliff rent and are each a linear, cyclic or branched
hydrocarbon group which may be halogenated, for example an alkyl group of
from l to 10  carbon atoms or an alkenyl group of from 2 to about 10 carbon
atoms, R R RE, R lts and also lt`, 12, R6. R and R? arc identical or different
and are  each a hydrogen atom, a substituted or unsubstiturted alkvlsilyl or
arylsilyl group, a linear, cyclic  
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of from 8 to about 40 carbon atoms or a substituted or unsubstituted alkylsilyl group, an 
alkyl(aryl)silyl group or an arylsilyl group, with the proviso that R3 and R3 ' are not hydrogen. 
The groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and/or may 
contain halogen atoms like F, Cl or Br, and /or two adjacent radicals R5, R6 or R5 ', R6', or R6, R7 
or R6', R7', or R7, R8 or R7', R8' in each case may form a hydrocarbon ring system and the bridging 
unit R9 has the meaning set forth above with respect to formula 1a. 

The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl 
analogues corresponding to the compounds 1b are likewise of importance.  

In formula 1 b it is preferred that  

M1 is zirconium or hafnium, 

R1 and R2 are identical or different and are an alkyl group of from 1 to about 10 
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 
to about 10 carbon atoms or a halogen atom, or R1 and R2 together may form one or more ring 
system(s),  

R3 and R3', are identical or different and are each a linear, cyclic or branched 
hydrocarbon group which may be halogenated, for example an alkyl group of from 1 to 10 
carbon atoms or an alkenyl group of from 2 to about 10 carbon atoms, 

R4, R5 R6, R7, R8 and also R4', R5', R6', R7' and R8' are identical or different and are 
each a hydrogen atom, a substituted or unsubstituted alkylsilyl or arylsilyl group, a linear, cyclic 
or branched alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to about 
10 carbon atoms, which may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / 
or may contain halogen atoms like F, Cl or Br, and /or the two adjacent radicals R5, R6 and R5 ', 
R6 ' may form a hydrocarbon ring system, 

R9 is R40R41Si=, R40R41Ge=, R40 R41C= or -(R40R41C-CR40R41)-, where R40 and 
R41 are identical or different and are each a hydrogen atom, a C1 -C30 - hydrocarbon group, in 
particular an alkyl group of from 1 to 10 carbon atoms, an aryl group of from 6 to about 40 
carbon atoms, an arylalkyl group of from 7 to about 14 carbon atoms or an alkylaryl group of 
from 7 to about 14 carbon atoms or a substituted or unsubstituted alkylsilyl group, an 
alkyl(aryl)silyl or an arylsilyl group. 

The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl 
analogues corresponding to the compounds 1b are likewise of importance.  

In formula 1 b it is very particularly preferred that 

M1 is zirconium, 

R1 and R2 are identical or different and are methyl, chlorine or phenolate, 

or branched alkyl group of from 1 to about 10 carbon atoms, or an aryl group
of from 6 to about  10 carbon atoms, which may contain one or more hetero
atoms like Si, B, Al, 0. S. N or P, and r  or may contain halogen atoms like F,
Cl or Per, and %or the two adjacent radicals lt~ and R'  R s may form a
hydrocarbon ring system; le is R OR'Si=, WORR'!G'e=, R/IO Rat'= or
-(pv'0R``rt:-t pvrORrri where Rand  K"! are identical or different and are each
a hydrogen atom, a C] -CS0 - hydrocarbon group, in  particular aar_ alkyl
group of from 1 to 10 carbon atoms, an aryl group of from 6 to about 40
carbon- atoms, an as ylalkyl group of from 7 to about 14 carbon atoms or an
alkylaryl group of  from 7 to about 14 carbon atoms or a substituted or
unsubstituted alkylsilyl group, an  alkyl(aryl)silyl or an arylsilyl group. The
4,5.6,7-tetrahydroindeny.l and the (a) hetriratom(s) containing rndenyl
analogues corresponding to the compounds lb are likewise of importance. In
forma to 1 b it is very particularly preferred that  M, is zirconium, 11 and Rare
identical or different and are methyl, chlorine or phenolate, 10  R3 and R3,
are identical or different and are each a linear, cyclic or branched
hydrocarbon group which may he halogenated, for example an alkyl group of
from 1 to about 10  carbon atoms or an alkehyl group of frown-2 to about 10
carbon atoms, Ra and also R4 are hydrogen, R`, RRR and also Il'. Itt, R R
,are identical or different and are each a  hydrogen atom or a linear, cyclic or
branched alkyl group of from Ito about 10 carbon atoms, or  an aryl group of
from 6 to about 10 carbon atoms and /or the two adjacent radicals R', R and
R',  RE respectively together may form a ring system. Fly is Il `' R i or 12 R
'Cie , where R40 and R3 are identical or different and are  methyl, ethyl.
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, cyclopentadienyI, cyclohexyI, phenyl, benzyl, trimetlaylsilyI or
3,3,3- trifluoropropyh Most preferred for the production of polypropylenes with
high melting points for  applications, where a high stiffness is required, as the
metallocene component of the catalyst  system of the present invention, use
is made of at least one compound of the formula Ic below R4 R5 6  
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R3 and R3', are identical or different and are each a linear, cyclic or branched 
hydrocarbon group which may be halogenated, for example an alkyl group of from 1 to about 10 
carbon atoms or an alkehyl group of from 2 to about 10 carbon atoms, 

R4 and also R4' are hydrogen, 

R5, R6, R7, R8 and also R5', R6', R7’, R8 'are identical or different and are each a 
hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, or 
an aryl group of from 6 to about 10 carbon atoms and /or the two adjacent radicals R5, R6 and R5', 
R6' respectively together may form a ring system, 

R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-
trifluoropropyl. 

Most preferred for the production of polypropylenes with high melting points for 
applications, where a high stiffness is required, as the metallocene component of the catalyst 
system of the present invention, use is made of at least one compound of the formula 1c below 

 

(Formula 1c) 

where the substituents and indices have the following meanings:  

M1 is a metal of group IVb of the Periodic Table of the Elements,  

7  R 19 ~R  M:RtR  R6 R3.  R Ra (Formula 1cl where the substituents and
indices have the followin*g meanings:  M' is a metal of group MD of the
Periodic Table of the Elements, 11  R' and R2 are identical or different and
are each a hydrogen atoan, an alkyl group  of from 1 to 10 carbon atoms, an
alkoxy group of from l to about 113 carbon atoms, an aryl group  of from 6 to
about 20 carbon atoms, air aryloxy group of frolic 6 to about 10 carbon
atoms, an  alkenyl group of from 2 to about 10 carbon atoms, an OFI group, a
halogen atom, or aNR_  group, where R 2 is an_ alkyl group of from l to
about 10 carbon atoms or an aryl group of from 6  to about 14 carbon. atoms,
and R' and R' may form one or more ring system(s), Rj, Rr, RRRRs and also
R` Rr R ' R R; and Rs are identical or  different and are cacti a hydrogen
atom, a linear, cyclic or branched hydrocarbon group, for  example an_ alkyl
group of from- I. to 10 carbon atones, an_ alkenyl group of from 2 to about 10
carbon atoms, an arenyl group of from 6 to about 20 carbon atoms, an a3
ylalkyl group of from 7  to about 40 carbon atones, an allylaryl group of from 7
to about 40 carbon atoms, or an  arylakenyl group of from 8 to about 40
carbon atoms, a substituted or uusubstituted alkylsilvl or  arylsilyl group, with
the proviso that Rz and R' are not hydrogen and that le and W are  identical
or different and are each a ,substituted or unsubstituted aryl group of from 6
to about 40  carbon atoms, The hydrocarbon groups may contain one or
more hetero atones like 'Si, B, Al, 0,  5, N or I', and / or may contain halogen
atones like F. Cl or Br, and  the bridging unit R5 has the meaning set fhrth
above with respect to formula la.  The, 4,5,6,7-tetrahydroindenyl and the (ai
heteroatom(s; containing indenvi analogues corresponding to the compounds
l c are likewise of importance.  In formula I c it is preferred that .M1 is
Zirconium or hafnium, 
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R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group 
of from 1 to 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group 
of from 6 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an 
alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 
group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 
to about 14 carbon atoms, and R1 and R2 may form one or more ring system(s),  

R3, R4, R5, R6, R7, R8 and also R3 ', R4 ', R5 ', R6 ', R7 ' and R8 ' are identical or 
different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon group, for 
example an alkyl group of from 1 to 10 carbon atoms, an alkenyl group of from 2 to about 10 
carbon atoms, an arenyl group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 
to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an 
arylakenyl group of from 8 to about 40 carbon atoms, a substituted or unsubstituted alkylsilyl or 
arylsilyl group, with the proviso that R3 and R3 ' are not hydrogen and that R5 and R5 ' are 
identical or different and are each a substituted or unsubstituted aryl group of from 6 to about 40 
carbon atoms. The hydrocarbon groups may contain one or more hetero atoms like Si, B, Al, O, 
S, N or P, and / or may contain halogen atoms like F, Cl or Br,  

and  

the bridging unit R9 has the meaning set forth above with respect to formula 1a.  

The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl 
analogues corresponding to the compounds 1c are likewise of importance. 

In formula 1c it is preferred that 

M1 is zirconium or hafnium, 

R1 and R2 are identical or different and are an alkyl group of from 1 to about 10 
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 
to about 10 carbon atoms, or a halogen atom, and R1 and R2 may form one or more ring 
system(s), 

R3 and R3 , are identical or different and are each a linear, cyclic or branched 
group which may be halogenated, for example an alkyl group of from 1 to about 10 carbon atoms 
or an alkenyl group of from 2 to about 10 carbon atoms, 

R4, R6, R7, R8 and also R4 ', R6 ', R7 ' and R8 ' are identical or different and are each 
a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, 
which may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may contain 
halogen atoms like F, Cl or Br,  

R5 and R5 ' are identical or different and are each a substituted or unsubstituted 
aryl group of from 6 to about 40 carbon atoms, 

R- and R` are identical or different and are an alkyl group of from 1 to about
10  carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryloxy group of from 6  to about 10 carbon atoms, or a halogen atom, and RI
and R` may form one or more ring  svstem_(s), R' and R' , are identical or
different and are each a linear, cyclic or branched  group which may be,
halogenated, for example an alkyl group of from 1 to about 10 carbon atoms
or an alkenyl group of from 2 to about 10 carbon atoms, R4, R6, R', Rs and
also R4', R6 , Ry and W", are identical or different and are each  a hydrogen
atom or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon.
atoms,  which may contain one or more hetero atoms like Si, 11, Al, (Z 5, N'
or P. and / or may contain  halogen atoms like F, Cl or Br, R` and R are
identical or different and are each a substituted or unsubstituted  aryl group of
from 6 to about 40 carbon atoms, 12  R' is R40R4ISi R4R4JGe=, R RG'C= or
where Ti "and R 41  are identical or different and are each a hydrogen atom,
a Ci-C .o-hydrocarbon group, in  particular as alkyl group of from I to about
10 carbon atoms, an aryl group of from 6 to about 40  carbon atoms, an
arylalkyl group of from 7 to about 14 carbon atoms, an alkylaiyl group of from
to about 14 carbon atoms or a substituted or unsub,stituted alkVisilyl group,
an alkyl(aryl)silyl  or an arylsilyl group. The 4,5,6,7-tetrahydroindenyl and the
(ai heteroatom(s) containing: indenyi  analogues corresponding to the
compounds 1c are likewise of importance. In formula I c it is very particularly
preferred that R- and R' are identical and are methyl, chlorine, or phenolate,
R3 and R3 are identical or different and are each a linear, cyclic or branched
methyl, ethyl, propyl, butyl, perltyl- or hexyl, R4 and also R4 axe hydrogen,
RR', R3 and also R', R and R8 are identical or different and are each a
hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about
10 carbon atoms,  which may contain one or more hetero atoms like Si, B,
AT, 0, S, N: or P, and i or may contain  halogen atoms like F, Cl or PAC, R~
and R5 are identical or different and are plienyl, naphtllyl, para-(Cl-Cro- 
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R9 is R40R41Si=, R40R41Ge=, R R41C= or -(R40R41C-CR40R41)-, where R40 and R41 
are identical or different and are each a hydrogen atom, a C1-C30-hydrocarbon group, in 
particular an alkyl group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 40 
carbon atoms, an arylalkyl group of from 7 to about 14 carbon atoms, an alkylaryl group of from 
7 to about 14 carbon atoms or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl 
or an arylsilyl group.  

The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl 
analogues corresponding to the compounds 1c are likewise of importance. 

In formula 1c it is very particularly preferred that 

M1 is zirconium, 

R1 and R2 are identical and are methyl, chlorine, or phenolate,  

R3 and R3 are identical or different and are each a linear, cyclic or branched 
methyl, ethyl, propyl, butyl, pentyl or hexyl, 

R4 and also R4 are hydrogen, 

R6, R7, R8 and also R6, R7 and R8 are identical or different and are each a 
hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, 
which may contain one or more hetero atoms like Si, B, AI, O, S, N or P, and / or may contain 
halogen atoms like F, Cl or Br, 

R5 and R5 are identical or different and are phenyl, naphthyl, para-(C1-C10- 
alkyl)phenyl, para-(C1-C10-fluoroalkyl)phenyl, meta-(C1-C-10-alkyl)phenyl, meta-(d- Cio-
alkyl)phenyl, meta, meta'-(C1-C10-alkyl)2phenyl or meta, meta'-(C1-C10- fluoroalkyl)2phenyl, 

R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-
trifluoropropyl.  

Most preferred for the production of high molecular weight random copolymers 
or of copolymer rubber, for the production of impact copolymers comprising high molecular 
weight copolymers or for the production of polypropylenes with melting points higher than 
155°C for applications, where a high stiffness is required, as the metallocene component of the 
catalyst system of the present invention use is made of at least one compound of the formula 1d 
below, 

alkyl)phcnyl, para (< 14 o fiiroroalhvl}phenyl, meta (C ;-f n all~yl}phenyl,
meta-(d- C io- alkyl)phenyl, meta, meta (C-Cie alkyl),phenyl or meta, n'aeta ({
-C ;o fluoroalkyl)2phenyl, R' is RrOR4 Si - or R49R4-Cie =, where R40 and
IC-'l are identical or different and are  methyl, ethyl. propyl, butyl, phetyl,
hexyl, heptyl, octyl, nonyl, docyl, irndecyI, dodecyl,  cyclopentyl,
cyclopentadienyl, cyclohe_xyl, phenyl, benzyl, trimethylsilyl or 3,3,3-
trifluoropropyl Most preferred for the production of high molecular weight
random copolymers  or of copolymer rubber, for the production of impact
copolymers comprising high molecular  weiglct copolymers or for file
production of polypropylenes with melting points higher than  155'C for
applications, where a high stiffness is required, as the metallocene
component of the  catalyst system of the present invention us is made of at
least one compound of the fbrnmla I d  below, 13  R4 R5 R  f \` \R  M1R1R2
R8' 1 / R7` `k /  R6.rr~ R4  R (Forrfn3la 1d) where the substituents and
indices have the following meanings:  M' is a metal of group TVh of the
Periodic Table of the Elements, Ri and R2 are identical or different and are
each a hydrogen atom, an alkyl group  of from I to about 10 carbon atoms, an
alkoxy group of from 1 to about 10 carbon atoms, an aryl  group of from 6 to
20 carbon atoms, an a3yloxv group of from 6 to about 10 carbon atoms, an
alkenyl group of from 2 to about 10 carbon atoms, an Oil group, a halogen
atom, or a NR, 32  group, where R Z is an alkyl group of from 1 to about 10
carbon atoms, or an aryl group of from  6 to about 14 carbon atoms, or RE
and R` together may form one or more ring systems), id. R', RT, R , if and
also R4 , R'', 1t6 , R'' and Rs' are identical or different and  are each a
hydrogen atom, a linear, cyclic or branched hydrocarbon group, for example
an alkyl  
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(Formula 1d) 

where the substituents and indices have the following meanings:  

M1 is a metal of group IVb of the Periodic Table of the Elements,  

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group 
of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl 
group of from 6 to 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an 
alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 
group, where R32 is an alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 
6 to about 14 carbon atoms, or R1 and R2 together may form one or more ring system(s),  

R4, R5, R6, R7, R8 and also R4 ', R5 ', R6 ', R7 ' and R8 ' are identical or different and 
are each a hydrogen atom, a linear, cyclic or branched hydrocarbon group, for example an alkyl 
group of from 1 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, 
an aryl group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 
carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an arylalkenyl group of 
from 8 to about 40 carbon atoms, a substituted or unsubstituted alkylsilyl or arylsilyl group, with 
the proviso that R5 and R5 are identical or different and are each a substituted or unsubstituted 
aryl group of from 6 to about 40 carbon atoms. The hydrocarbon groups may contain one or 
more hetero atoms like Si, B, Al, O, S, N or P, and / or may contain halogen atoms like F, Cl or 
Br, 

R3 is a hydrocarbon group, not cyclic or branched in the α-position, for example 
an alkyl group of from 1 to 20 carbon atoms, an aryl substituted alkyl group of from 7 to about 
40 carbon atoms, or an aryl substituted alkenyl group of from 8 to about 40 carbon atoms. The 

group of from I to about 10 carbon atoms, an alkenyl group of from ' to about
10 carbon atoms,  an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40  carbon atoms, an alkylaryl group of
from 7 to about 40 carbon atoarms, or an arylalkenyl grout) of  from 8 to
about 40 carbon atoms, a substituted or unsubstituted alkvlsilyl or arylsilyl
group, with  the proviso that R' and R- are identical or different and are each
a substituted or unsubstituted  aryl group of from 6 to about 40 carbon atoms.
The hydrocarbon groups may contain one or  more hetero atom:, like Si, B,
Al, O. S, `; or P, and / or may contain halogen atoms like F, Cl or  Br, R3 is a
hydrocarbon group, not cyclic or branched in the rr.-position, for example  an
alkyl group of from 1 to 20 carbon atom, an aryl substituted alkyl group of
from 7 to about  40 carbon atonms, or an aryl substituted alkenyl group of
from g to about 40 carbon atoms. The 14  hydrocarbon groups may contain
one or more hetero atoms like Si_, B, At, 0, 5, N or P, and / or  may contain
halogen atoms like F, Cl or Br, R3, is a cyclic or bra nctied hydrocarbon
group in the u.-position or a bra nctied  hydrocarbon group in the 3-position,
for example an alkyl group of from 3 to about 20 carbon  atoms, an alkenyl
group of from 3 to about 20 carbon atoms, an aryl group of from 6 to about 20
carbon atoms, an arylalkyl group of from' to about 40 carbon atoms, an
alkylaryl group of from  7 to about 40 carbon atoms or an aiylalkenyl group of
from 8 to about 40 carbon atoms. Tice  hydrocarbon groups may contain one
or adore hetero atoms like Si, B, Al, 0, S, N or P, and / or  may contain
halogen atoms like F. Cl or Br, and  the bridging unit R" has the meaning
mentioned above with respect to formula 1a.  In formula Id it is preferred that
M3 is Zirconium or hafnium, R- and R` are identical or different and are an
alkyl group of from 1 to about 10  carbon atoms, an alkoxy group of from 1 to
about 10 carbon atoms, an aryloxy group of from 6  to about 10 carbon atoms
or a halogen atom, and R' and R2 may form one or more ring  system(s), R3
is a linear alkyl group of from 1 to about 10 carbon atoms or an alkenyl group
of from 2 to 10 carbon atoms, ;vhich can be halogenated, R3, is in an
a-position or in P-position cyclic or branched alkyl group of from 3 to  about
20 carbon atoms, an alkenyl group of from 3 to about 20 carbon atoms, an
alkylaryl group  
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hydrocarbon groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or 
may contain halogen atoms like F, Cl or Br, 

R3' is a cyclic or branched hydrocarbon group in the α-position or a branched 
hydrocarbon group in the β-position, for example an alkyl group of from 3 to about 20 carbon 
atoms, an alkenyl group of from 3 to about 20 carbon atoms, an aryl group of from 6 to about 20 
carbon atoms, an arylalkyl group of from7 to about 40 carbon atoms, an alkylaryl group of from 
7 to about 40 carbon atoms or an arylalkenyl group of from 8 to about 40 carbon atoms. The 
hydrocarbon groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or 
may contain halogen atoms like F, Cl or Br,  

and  

the bridging unit R9 has the meaning mentioned above with respect to formula 1a.  

In formula 1d it is preferred that 

M1 is zirconium or hafnium, 

R1 and R2 are identical or different and are an alkyl group of from 1 to about 10 
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 
to about 10 carbon atoms or a halogen atom, and R1 and R2 may form one or more ring 
system(s), 

R3 is a linear alkyl group of from 1 to about 10 carbon atoms or an alkenyl group 
of from 2 to 10 carbon atoms, which can be halogenated, 

R3' is in an α-position or in β-position  cyclic or branched alkyl group of from 3 to 
about 20 carbon atoms, an alkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group 
of from 7 to about 20 carbon atoms, or a trimethylsilyl group, 

R4, R6, R7, R8 and also R4 ', R6 ', R7 ' and R8 ' are identical or different and are each 
a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, 
which may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may contain 
halogen atoms like F, Cl or Br, 

R5 and R5 ' are identical or different and are each a substituted or unsubstituted 
aryl group of from 6 to about 40 carbon atoms, like phenyl, naphthyl, para-(C1-C10-alkyl)phenyl, 
meta-(C1-C10-alkyl)phenyl, meta, meta '-(C1-C10- alkyl)2phenyl, 

R9 is R40R41Si=, R40R41Ge=, R40 R41C= or -(R40R41C-CR40R41)-, where R40 and 
R41 are identical or different and are each a hydrogen atom, a C1-C30 group, in particular an alkyl 
group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an 
arylalkyl group of from 7 to 14 carbon atoms, an alkylaryl group of from 7 to 14 carbon atoms or 
a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl or an arylsilyl group. 

of from 7 to about 20 carbon atoms, or a trimethylsilyl group, R4, R, R, R3
and also R7' and Rs are identical or different and are each  a hydrogen atom
or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms,
which may contain one or more hetero atoms like Si, B. Al, 0, S, `; or P, and /
or may contain  halogen atoms like F, Cl or BBC, R' and R` are identical or
different and are each a substituted or unsubstituted  aiyl group of from 6 to
about 40 carbon atoms, like phenyl, naphthyl, para-(CrC3o alkyl)phenyl,
meta {C3-C3o alkyl}phenyl, meta, rneta -iC,-C3o- affil)2phenyl, 11 is
R4`1143Si=, R411 'Cse=, R40 R` C= or -(Id0R43C''-CId0R4ij Where R`Q and
R4: are identical or different and are each a hydrogen atom, a C1 C<v group,
in particular an alkyl  group of from I to about 10 carbon atom, an aryl group
of from 6 to about 40 carbon atoms, an  arylalkyl group of from 7 to 14 carbon
atom, an alkylaryl group of from 7 to 14 carbon atoms or  a substituted or
unsubstituted alkylsilyl group, an allvliaryljsilyl or an arvlsilyl group. 15  The
x,5.6, -tetrahydroindenyl and the (a) heteroatom(s) containing indenyl
analogues corresponding to the compounds 1d are likewise of importance. In
formula I d, it is very particularly preferred that  MI is ZjEconium' R! and Ft`
are identical and are methyl, chlorine, or phenolate,  R3 is methyl, ethyl,
n-propyl, n-butyl, n-pentyl or n-hexyl, R-' is iso-propyl, iso-butyl, n-butyl,
sec-butyl, cyclobutyl, 1 -methyl-butyl, 1- ethyl-butyl, 1-methyl-pentyl,
cyclopentyl, cycloliexyl, .yelopertt-2-nyl, cyclopent-3- enyl,  cyclohex-2-enyl_,
cvcloheY 3-enyl, para-methyl-cyclohexyl or trimethylsilyl, R4 and also R4! are
Hydrogen, and R6, R. R8 and also RO, R71 and R`` are identical or different
and are each a  hydrogen atom or a linear, cyclic or branched alkyl group of
from I to about 10 carbon atoms.  which may contain one or more hetero
atoms like Si, Et, Al. 0, S, N or P, and / or may contain  halogen atoms like F,
Cl or BY, R:5 and R' are identical or different and are phenyl,
p-isopropyl-phenyl, p- tert,- butyl-phenyl, p-s-b itvl-phenyl, p-cyclohexyl,
p-trimethylsil l phenyl, p-adamantyl-phenyl, p- (trisllucrrltsiznetlxvl-phenyl or
nx.m' -dlnxetlayl-phenyl, R is F `R 5i== or R`'R4' -ie =, where Rao and Rot
are identical or different and are  methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cycl(,- 
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The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl 
analogues corresponding to the compounds 1d are likewise of importance. 

In formula 1d, it is very particularly preferred that  

M1 is zirconium, 

R1 and R2 are identical and are methyl, chlorine, or phenolate, 

R3 is methyl, ethyl, n-propyl, n-butyl, n-pentyl or n-hexyl, 

R3’ is iso-propyl, iso-butyl, n-butyl, sec-butyl, cyclobutyl, 1 -methyl-butyl, 1- 
ethyl-butyl, 1-methyl-pentyl, cyclopentyl, cyclohexyl, cyclopent-2-enyl, cyclopent-3- enyl, 
cyclohex-2-enyl, cyclohex-3-enyl, para-methyl-cyclohexyl or trimethylsilyl, 

R4 and also R4' are hydrogen, and 

R6, R7, R8 and also R6', R7' and R8' are identical or different and are each a 
hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, 
which may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may contain 
halogen atoms like F, Cl or Br, 

R5 and R5’ are identical or different and are phenyl, p-isopropyl-phenyl, p- tert.-
butyl-phenyl, p-s-butyl-phenyl, p-cyclohexyl, p-trimethylsilyl-phenyl, p-adamantyl-phenyl, p-
(trisfluor)trimethyl-phenyl or m,m’-dimethyl-phenyl,  

R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclo-
pentyl, cyclo-pentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-trifluoropropyl. 

Non-limiting examples for the particularly preferred metallocene compounds of 
the present invention are the following compounds of formulas 1a - 1d: 

A-(2-isopropyl-4-(p-isopropyl-phenyl)indenyl)(2-methyl-4-(p-isopropyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyl)(2-methyl-4-(p-tert.butyl-
phenyl)indenyl)zirconiumdichloride,  

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyl)(2,7-dimethyl-4-(p-tert.butyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyI)(2,5,6,7-tetramethyl-4-(p-tert. 
butyl-phenyl)indenyl)zirconiumdichloride, 

pentvl, cyclo-pentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or
1.3,3-trifluoropropyl. Non,-limiting examples for the particularly preferred
metallocene compounds of  the present invention are the following
compounds of formulas la - ld:  A-(2-isopropyl-4-IP-isopropyl-phenyliindenyl;
~2-methyl-4-lp-isopropyl- phenvl)indenyl)zirconiuindichloride,
~~-(%-isopropyl-~l-(t-r-feet.butyl-l>hefxyllindenyt)(i.-fnethy~l-4 -{p -tert.bntyl-
phenvi)indenyl)zarconiumdi chloride,
g-(2-isopropyl-4-(p-tert.buty-phenyl}indenyl)(2,7-dimethyl-44p-tert.butyl-
phenyl)indenyl)zirconiumdichloride, .<~-(2 -isol>rol-ryl
-~d-fp-tert.l>utyl-phenyl jifrdefryl;(;l,>,Er,? -tetrainethyl -~d-fp-tart.  butyl
-phenyl)ind eii_y~l)zi_rconiumdichlorid e, 16  (%-isopropyl-6-nietht l- I-
-tent.butyl-pheEryl)indenyl)(2.6-dinaethyl- I- >-tent.
butyl-phenyl)indenyl)zirconiumdichloride,
_'~-{2-isopropyl-4-{p-ses:..hutyl-plterayl3iudeuyl}{ 2-m thy1-4-{p-sec.hutyl-
paenyl)indenvl)zirconiumdichloride,
(2-isoprot-}yt44p-cyclohexyl-phenyllindcaz_yl)~'.>,-nzetla~l -(1-}-cyclohexyl-
pheny l)indenyl)zireoniumdichloride,
'~-i2-isopropyl-4-(p-ti'imellaylsily=l-phenyl}uidenyl}(2-methyl-~-(p-iiimettiyLsilvl
- phenvl)indenyl)zirconiutmdichloride,
(%-isopropyl-~I-(l-r-adanzanlyl-ph~r3yljindenyt)(i.-Enetlz_y~1-4-{p-adaEnacat
yl- phenvl )indenyl)zirconi umdichloride, -{2-isopropyl-4-{p-tais(taitluorcrnz
ttiyl3m thvl-plaeny1)ina nyI)(2-nfethyl- 4-(p- tide,  A- Q -isopropyl -4-phenyl-
indenyt)( .-Emetlzyl- 4-(p -lei! A>ntyt -pbonyl)iErdeErytj- zirconinmdichlor-ide:
A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyl)(2-methyl-4-phenyl-indenyi;-
zirconiumdichioride, A-(2-isopropyl-4-(p-tert.butyl-1>heEryllindenyr) 2;7.-di
methyl-4_phenyl- indenyl)zirconinmdichloride;
A-(2-isopropyl-44(p-tert.butyl-phenyl)indenyl)(2,5,6,7-tctramethyI-4-phenyl-
ndenvl)zirconiuraidicltlorid , A42 -isopcopyl -6- methyl- 4-{p-tort. butyl
-l=}lzonyl)indetnzl) 2;fi-di methyl 4-phenyl - 
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A-(2-isopropyl-6-methyl-4-(p-tert.butyl-phenyl)indenyl)(2,6-dimethyl-4-(p-tert. 
butyl-phenyl)indenyl)zirconiumdichloride,  

A-(2-isopropyl-4-(p-sec.butyl-phenyl)indenyl)(2-methyl-4-(p-sec.butyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-cyclohexyl-phenyl)indenyl)(2-methyl-4-(p-cyclohexyl- 
phenyl)indenyl)zirconiumdichloride,  

A-(2-isopropyl-4-(p-trimethylsilyl-phenyl)indenyl)(2-methyl-4-(p-trimethylsilyl-
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-adamantyl-phenyl)indenyl)(2-methyl-4-(p-adamantyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tris(trifluoromethyl)methyl-phenyl)indenyl)(2-methyl- 4-(p-
tris(trifluoromethyl)methyl-phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-phenyl-indenyl)(2-methyl-4-(p-tert.butyl-phenyl)indenyl)- 
zirconiumdichloride; 

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyl)(2-methyl-4-phenyl-indenyl)- 
zirconiumdichloride,  

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyr)(2,7-dimethyl-4-phenyl- 
indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyl)(2,5,6,7-tetramethyl-4-phenyl- 
indenyl)zirconiumdichloride, 

A-(2-isopropyl-6-methyl-4-(p-tert. butyl-phenyl)indenyl)(2,6-dimethyl- 4-phenyl-
indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-phenyl-indenyl)(2,7-dimethyl-4-(p-tert.butyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-phenyl-indenyl)(2,5,6,7-tetramethyl-4-(p-tert.butyl-phenyl)- 
indenyl)zirconiumdichloride,  

A-(2-isopropyl-6-methyl-4-phenyl-indenyl)(2,6-dimethyl-4-(p-tert.butyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tert.butyl-phenyl)indenyl)(2-methyl-4-(4-naphthyl)-
indenyl)indenyl)zirconiumdichloride, 

indeny l)zirco iiiuEndi clrlori de, A-(2-isopropyl-4-phenyl-indenyl)(2,
7-dimethyl-4-(p-tert.butyl-phenyl)- indenyl)zi rconiutmdichloride, A
(2-isopropyl-`kphenyl-indeEryl)(2,5,6.7-tetraEnethyl-.4_(p-tert.bntyl--phenyl)-
indenyl)zirconinmdichloride;
A-(2-isopropyl-6-methyl-4-phenyl-indenyl)('2,6-dimetttyh4-(p-terLbutvl-
phenyl)indenyl)zirconiumdichlori de, ~~ (2 -isoprol-}yl-4-fp-tert.l>izty l -phenyl
jiErdeEryllf 1.-mettayl ~I-(4-,ranl>htlz_y'1)- rttde
tyl)nrdenyl)zrrconinandichloride, 17
(2-isopropyt-4-(4naphthyl)-indenyllimleExyl)('.>,-nxothyt--1-(p-tert.butvl--
plaenyl)indeny l)zirconi umdichloride, A-hiss 4-naphthyl-in
denvl)zirconiurndichloride,  A-his(2-methyl-benzo-indenvl)zirconiu
mdichloaide  A:-bis(2-methyl- ndenyl)zircianiumdichlonde,
A-bis(2-methyl-4-(I -naphthyl)-indenyl)zirconiumdichloride.
A-bis(2-methyl-4-(2-naphthyl)-ind env1)zirconiumdichloaid e,
A-bis(2-anethyl-4-Phenyl-indenyl)zirconiu rndichloride,  A-bis(2- methyl- 4-t
-butyl A-bis(2-Fxxethyl-4-isopropyl-indenyl)zirccnni umdichloride,
_'v-his(2-rnettiyl-4-OthyI-indenyl} urconiumdichlcaide, A bis(2-methyl-4-
acenaphth-indenvOzirconiumdichloaide,  -di Enethyl-i
ndenvi)zireoniuEndiehloE A-bis(2-ethyl -in denyl)zirconiumdichloride,
A-bis(2-Othyl-4-ethyl-indenyl)zirconiun3dichlorid 0,  A-bis(
.-ethyt-.4.-phenyl.-indenyllzircomumd chlor de,  4 hiss2 methyl-4,6i-di
isopropyl A-his(2-ixxethyl-4,y-diisopropyl-indenyl)zirconiumidi chloride,
A-hiss2,4,6-trirnethyl-indexr_vI jzirconnimndichloride,  A:-his(2,5.6-tri
methyl-indenyl )zireoniu and ich to ride,
A-bis(2,4,7-trimethyl-indenyl)zirconiumdichloride,  A-bis(2-methyl-5-isobu
tyl-indenyl)zirconiumdichloride,  A-bis(2-methyl-5-t-butyl-indenyl}
urconiumdichIonde,  



° 18

A-(2-isopropyl-4-(4-naphthyl)-indenyl)indenyl)(2-methyl-4-(p-tert.butyl-- 
phenyl)indenyl)zirconiumdichloride,  

A-bis(4-naphthyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-benzo-indenyl)zirconiumdichloride  

A-bis(2-methyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(1-naphthyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(2-naphthyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-t-butyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-isopropyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-θthyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4- acenaphth-indenyOzirconiumdichloride, 

A-bis(2,4-dimethyl-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-indenyl)zirconiumdichloride,  

A-bis(2-θthyl-4-ethyl-indenyl)zirconiumdichloridθ,  

A-bis(2-ethyl-4-phenyl-indenyl)zirconiumdichloride, 

 A-bis(2-methyl-4,6-diisopropyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4,5-diisopropyl-indenyl)zirconiumdichloride,  

A-bis(2,4,6-trimethyl-indenyl)zirconiumdichloride,  

A-bis(2,5,6-trimethyl-indenyl)zirconiumdichloride,  

A-bis(2,4,7-trimethyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-5-isobutyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-5-t-butyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(tert-butyl-phenyl)-indenyl)zirconiumdichloride, 

<v-his(hmethyl--44teat-butyl--phenyl)-indenyl lzireoniumdiehioride, 18  A-100
methyl-4 s'4-methhyl-phenyl) indenyi_}zirconiumdichloride,
A-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-methyl-4-0-1 rilluorontethyl-phenyl)-i3iae3iyljzirconiumdichloEide,
A-bis{2-trtethvl-4-(4-meth+?~~y-phenyl }-indenyl}zirconium+iichlcaidEl,  z
bis{2.-. ethyt-.4--{4tort-butyl-pheEryt} indenyl)zir.eoniuuldiehloride,
4-bis(2-ethyl-4-(4-urethyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-ethyl-4-(4-ethyl-phenyl j-indenyl)zirconiuEndichloride, A his(2-ethyl
-4441--tritluoromethyl -phenyl)- indenyl}zirecxnitrtndielalo3 ide.
his(2-ethyl.-4-(4-meth oxy-ph83zyi)-indenyl)zireoniu mdichloride,
A-bis(2-methyl-4-(4-tert-butyl-phenyl;-indenyl)zirconiuurdimoLbyl,
A-bis(2-methyl-4-(4-uietliyl-phenyl)-indenyl)zipconiumditnethyl,  A
bis(2.-methyl- 4-s4-ethyl-phenyl)- indenyl_lzireonitnndinxethyl_, A-bis(2-
methyl- 444  4-bis(2-urethyl-4-(4-metltoxy-phOnyt)-indenyl)zircon
ttmdimrmethyl,  A-bis(2-ethy
1-4-(4-tent-butyl-phenyl)-in(lenyl)zirconiuntdirnethyl,  A bis(2.
ethyt-.4-(4-methyl-phenyl)-indenyljzireonitnntlinxethyl_.  A-bis(2
ethyl-4-(4-ethyl-phenyl)-indenylizirconiuurdimethyl, A-bis(2
methyl-4-(4-hillui~ra313ethyl-Phenyl;-ittdenyl}zirwniuurdimatl3yl,
A-bis(2-ethyl-4-{4-ntethoxy-phenyi)-indexiyl )zircoxriumdirnettiyl, z
bis{2-isopropyt 4-(tert-lautyt-phenyl} 3rde3z_yl)zirccrniurrdichloride,
4-bis{2-isopropyl-4-(4-urethyl-phenyl)-ittdettyl}zirconiumdichloride,
4-bis{2-isopropyl-4-{4 ethyl-pltenyli-indenyl)zirconittmdichloride,
A-bis{2-isopropyl-4-(4-trilluoromethyl-phenyl }-indenyl}zirconiumdichIoride, 19
A his(2-isopropyl-4-f l-nzetho y_phenyl_l-i_3zde3zyll i_3co3ziunadichloride,
A-bis(2-isopropyl-4-(4'-tort.-butyl-phonyl)-indenyl)zirconiunldichloride,
A-his(2-isopropyl-4-{4-'tort.-hutvl-phenyl)-indeny1)hafnium ichloride,
A-his(2-isopropyl-4-(4 -'tort.-hutvl-phenyl)-indeny1)t taniurndichloride, y
bis(2-isopropyl 4-(4 -methyl-phenyl)-iEZde3z_yl)zirc rniumdichlor de,
A-bis(2-isopropyl-4-(4-n-propyl-phenyl} indenyl)zircaniumdichloride,  A-hiss
soptopyl-4-(4 
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 A-bis(2-methyl-4-(4-methyl-phenyl)-indenyi)zirconiumdichloride, 

 A-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdichloridθ,  

A-bis(2-ethyl-4-(4-tert-butyI-phenyl)-indenyl)zir.coniumdichloride,  

A-bis(2-ethyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-methoxy-phθnyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4-tert-butyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-methyl-4-(4-methyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-methyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdimethyl, 

A-bis(2-methyl-4-(4-methoxy-phθnyl)-indenyl)zirconiumdimethyl, 

 A-bis(2-ethyl-4-(4-tert-butyl-phenyl)-indenyl)zirconiumdimethyl, 

 A-bis(2-ethyl-4-(4-methyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdimethyl, 

A-bis(2-ethyl-4-(4-methoxy-phenyi)-indenyl)zirconiumdimethyl,  

A-bis(2-isopropyl-4-(tert-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-isopropyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride, 

-n-butyl-phenyl}-indenvl)zirccuiurndicltlorid0,  A his(i? -isopropyl 4 .(4 - hexyl
-phenyl)- indenyl)zireonituudicl bride,  his(2-isopropyl 444'-sec
-butyl-phenyl)-iErdeEryllziecoEZiuEndiclzl ride,
A-bis(2-isopropyl-4-phenyl)-indenyl)zirconi umdichloride,
A-bis(2-isopropyl-4-(4-methyl-phenyl)-indeuyl)uruyniurndichloride,  A
bis(2-isopropyl 4 -(4'-ethyl-phenyl) it denyl)zlrconiunidichlor de, k
bis(2-isopropyl I-(4-n--propyl-phenyl)-iErdeEryl)zircoEiiuEndichloride,
A-bis(2-isopropyl-444'-n-butyl-phenyl)-indenyl)zirconiumdichloride,
A-hisi2-isopropyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  A
his(2-isopropyl 4-(4-pent l-phenyl) i3zdenyl)zirc rdumdichlor de,
A-bis(2-isopropyl-4-(4-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-isopropyl-444-sec-butyl-phonyd)-indenyl)zirconh mldichloride,
A-bis(2-isopropyl-4-(4 -tort.-butyl-phenyl )-i ndenyl)zitconiuntaichlor-ide,
A-bis(2-methyl-40 -tort.-butyl -l=rhenyl)- indenyllzireonitrEndiehlo3 ide,
A-bis(2-nrethyi-4-(4-tert.-butyl-phenyl)-indertyl)haffii umdichloride,
A-bis(2-trrethyI-4-(4-tort.-butyl-phenyl)-indenyl)titaniumdichlorid0
'y-hisi2-rnettiyl-4-(4-rnettiyhphexiyl)-indenyl} urconiumdichloride, 20  A
his(2-mettayl-.%I-(4-n-propyl,-phenyl)-iErdeEWI)zi rcoEaitundichloride,
A-bis(2-mathyl-4-(4'-m-butyl-phenyl}-indenyl}zirconiun-idicl~loride;
tk-bis(2-mxathyl-4-(41hexyl-p6enyl)-indenyl)zircon iurndichlorido,
A-bis(2-arxethyh4-(4'-sec-butyl-phenyl j-indenyl}zirconiuandichIoride,  A-bi
s(2-ethyl-4-pheEryt-indenyl}z irconii~nxdichloride;
A-bis(2-ethyl-4-(4-n-iethyl-phenyl)-iudauyl)zirconium-idichloride,
A-his(-ethyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride,  A
his(?-ethyl-4-(4-n-propyl-phenyl)-inndeEryljzirconiumndichloride,
.A-his(2-ethyl-4-(4-ax-butyl-.phen)yl)-indenyl )zirconiianxtiichloride;  A-bis(2
ethyl-4-(4-haxyl-phenyl)-indenyl)conimdichloride,  A-bis(2-ethyl-4-(4'-pen
tyl-phenyl)-indenyl)rrconiumdichloaide, A
bis(2.-ethyl-.4-(3'-cyclohexyl-phenyl)-indenyl_}zireon1umdiel ioride,
A-bis(2-ethyl-4-(4 -sec-butyl-phenyl)-indenylpirconiumdichiwide,  
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A-bis(2-isopropyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)hafniumdichloride, 

 A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)titaniumdichloride,  

A-bis(2-isopropyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-isopropyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloridθ,  

A-bis(2-isopropyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-isopropyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-isopropyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-pentyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)hafniumdichloride,  

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)titaniumdichloridθ,  

A-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-terL-butyl-phenyl)-in denyl)zirconiumdichloride,
A-hisi2-n-propyl-4-plienyl-indenyl)zirconiiarndichloride, A
his(2-n-propyl.-4-(4'-nxethyl-phenyl} indenyt)zirconiumdiclalor de,
A-bis(2-n-propyl-4-(4-ethyl-phauyl)-indenyl)zirconindichloride,
A-bis(2-n-propyl-4-(4 -iso-propyl-phenyl' -iudauyI Vircoui u mdicltlorida,
A-bis(2-n-propyl-4-(4-n-butyl-phenyl )-indenyl}zircon uan+iichloride,
-bis(2-nrpropyl-4-(4-hexyl-phenyl)-indenyl)zirconinmdichlor de,
A-bis(2-n-propyl-4-(4-ayclohexyl-phenyl)-iudauylVircoinumdicltlorida,
A-bis(2-n-propyl-4-(4 -sao-butyl-phenyl)-iudauyl Virconi umdicltlorida,
A-bis(2-n-propyl-4-{4-terte butyl-phenyl}-indenyljzia oxaiumdichlaride, 21  A
-lais(2-n-butyl-4-phenyl-indenyl}zixconii~nxtiichiori e;
A-bis(2-n-butyl-4443ethyl-phenyl}-in denvl}zirc(.)niunsdichloride,
A-bis(2-n-butyl-4-(4-ethyl-phenyl)-indenyl)coniumdichlcride,
A-bis(2-n-butyl-4-(4-ri-propyl-phenyl)-indenyl) irconiuni+iichi<ricl},
E1-butyl-4-(4 -iso-propyl-phenyl)- indenyl}zireoni axndielalo3 ide,
A-bis(2-n-butrvl-4-(4 -n-butyl-phenyl} indenylizir'~niuu3dichloride,  A-hiss
2-n-butyl-4-i 4-hexyl-phenyl}-in+ieuyl }zir uiuarfdichlorido, A -lais(i?
-n-butyl-4-(4- cyelohexyl -l-}henyl)-indent l}zireoni axndielalo3 ide.  A -lais(2
-n-butyl-4- 4-sec-butyl-phenyl)-indenyl}zireoniuEndielalo3 ide,
A-bis(2-n-butyl-4(4-pert.-butyl-phenyl)4ndenyl)zirconiumdichloride,
A-bis(2-hexyl-4-phetry] -in denyl)zirconiurndichloride, k
bis(2.-hcxyl-.-f4-methyl-phenyl)-indenyl)zireoniumdiehioride,  A
bis(2-.heNyl-.-{4-ethyl-pheExyl)-indany1)zirconiumdichioride,  A-b
is(2-haxyI-444-n-propyl-phenyl)-indony4)zircoinumdichlorido,  A bis(-'
-hexyl-4-(4-iso-propyl-phenyl} indenyljzircorliumdichlaride,  A.-bis(i?
-hexyl-4-(4-n-butyl -phenyl)- indenyl)zireoniumdiehloride,
A-bis(2-hexyl-4-(4-n-haxyI-phenyl)-in denyl)zirconi undichloride,
A-bis(2-hexyl-4-(4'-ayclohexyl-phenyl)-indenyl}zircoui umdicl~lorida,
A-bis(2-hexyl-4-{4 -sec-butyl-phenyl}-inaer vl jzircoruirxndicl loriae, A
bis(2-heNyh4-f4-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, .
4-bis(2-nsethyl-4 (4"-tart.-butyl-phauyl}- indenyl)zirconiumbis(dimethylamine),
A-bis(2-ethyl-4-(4-pert.-butyl-phenyl)-in denyl)zirconiumdibenzyl, 
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A-bis(2-methyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4'-n-butyl-phenyl)-indenyI)zirconiumdichloride, 

A-bis(2-methyl-4-(4'-hexyl-phenyI)-indenyI)zirconiumdichloridθ,  

A-bis(2-methyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-ethyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichIoride, 

A-bis(2-ethyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-pentyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichlόride, 

A-bis(2-ethyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-n-propyl-4-(4'-iso-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-hiss 2-rnetliyl-4-(4'-tert.-butyl-phenyl}-iudeuyl}uc+rniumdinaethyl, 22  A.-(2-
methyl 4-azapentalene)(2- meth_y l 4-(4 -methyl-.phenyl)-
indenyl}zirconiumdichloride, _'~-{2-methyl-5-azapentalene
j{2-nteihyl-4-(4'-methyl-~hexayl  indenyl)zirco ni13 nid ichloride,
kX2-mett3yi-6-az.apentalenel(2-meths ]r4-(4 -mett3gl-phenvfl
indenvl)zir'coniumdichloride, r-~-i"2-nretliyl-4-szapeutalene}i
2-n~z~llavl-4-(4-ethyl-phenyl)- indeny l}zirconiuntdichloride,
A.-(2.-.methyl-44hiarentalene}(i.-.methyh4- 4-.n-propyl-phenyl}-indenyl)-
zirconiumdichloride, 'y-(2-methyl-4-azaperttalene)(2-nxeth
-1-4-{4-isopropyl-plaeaiyl}-indent'-l}- zn comuntdichlor-ide,
kX2-methyl-6-az.apentalene)(2-meths 1 4 -(4 -isopropyl-phenyl)-indenyl}-
zirconinmdichlonide, ~1-(2,`,-dimethyl-6
thiapentalene)(2-metl~i~l--1-14-isol>ropyl-l-ahenyl)-ir~dcr~yl}-
zirccniumdichloride, ' -(2 -.methyl.-6-.oxapentalen)(2-.methyl.-4-.(~I
-.isopropyhphenyll-.  indenyl)zirconinmdichloridO.
g-(2-methyl-5-azapentaIene)(2-methyl-4-(4-n-butyl-Phenyl}- ndenvl)zircc ni13
rtrd icltloride, A- 2-methyl-S.-tlriapentalene) 2-meths 1-4-(4 -n-butyl -phenyl)-
indenyI)zi[coil iu3ndiclxloride.  A-(2-uxethyd-4-oxapentalena
j(2-methyl-4-(4-rt-butyl-phenyl}- indenyl}zirconiuntdichloride, A -(2-methyl
-4-thiapentalene)(2-methy 1 4 (4 -s-butyl- pile 3)yl)-
indenyl)zirconiunidichloride,
g-(2-methyl-<I-oYaperctalene}{2-uxetlryi-4-(4-s-butyl-Phenyl}-
indenyl)zircaniumd ichloridO, .kX2-methyl-4-az.apentalenel(2-meths 1 4 -(4
-test-butyhphenyll-indenyl)-  zirconinmdichlonide, 
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A-bis(2-n-butyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloridθ, 

A-bis(2-n-butyl-4-(4'-iso-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-n-butyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-iso-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-n-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, .  

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)- indenyl)zirconiumbis(dimethylamine), 

A-bis(2-ethyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdibenzyl,  

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdimethyl, 

23  A-(2- methyl 6- azapentalex a)(2- meth_y l 4 44 -tert-butyl,-ph wnyl)-in
deny t)- zir'coniumdichloride, A-(2-methyl-4-azapeutalene
)(2-n'(ethyl-4-07-n-phetyl-phonyl)-indenyl)- zn co nilrrndichloride, -(2-methyl-.
-phuntl-6-azapeE72a1en) 2 methyl-4- -m pelztyl-phenyl_l- indenyl)-
zirconiumdiclrloride, A42-methyl-4-oxapentaleuel(2-methyl-4-s
4-n-pentyhpheuyl j-indexiyl}- zircouiumdichloride, A-(2-methyl
4-azapentalexu)(2-methyl 444-1n-hexy_-phcnyll-i3 dell_yl)-
zir'coniumdichloride, A-(2-methyl-44hiapeutalene)(2-methyl-4-(4-n
lxe_{y1-phenyli-indenyl}- zncon uzndichloride, < -(2-methyl-6-tlriapentalene)
2-meths l-4-(4 -n hexyl-.pheny l)-indenyl j,~  zirconiumdichlonide,
A-(2,`,-dimetllyl-4 [hiap:;Dtalen:;)(2-methyl--1-14-1i-hezyl-l-ahelayl)-ir~dcr~yl}-
zircouiumdichloride, A -(2,5-dimethyl-6 thiapentaletic' )(2-methyl-4-(4
-n-liexyl-pliel)_yl)- indenyl)- zirco[713;1mdiehl r7'7(1e, A-(2,5-diDaethyd-6
thiapentalerre)(2-Diethyl-4-(4-cyclphexyl-phenyl)-indenyl)- zirconiuzndichlor
-(2-methyl-4 -alapc)ztalene)(2-methyl 4-(4 -trimethylsityl-pheryl)-indenyl) -
zirconiumdichloride, A-(2-methyl-4-thi ap-malone)(2-Diethyl-444
-trinlethyIsiiyl-phenyl)-iDdenyl)- zirconiumdichloride, A-(2.-methyl 5- thi
allentalenc)O-aleth y 1 4 -s 4 Irnncthylsilyl-phenyll-mdelzyll-
1717rmdiclllcr7')Cle, zi [co A42-meshyl-6-thiapentalene)(2-methyl-4-(4
-triinethyIsityl-phenyl)-indenyll- zn coniuzndichloride, (2,5-dimethyl -4
azal-lentalenc)(2-mclby1-4-( adammityi-phelrytl iDdeDyl)-
zirconiumdichlonidc, 24  
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A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-methyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-methyl-5-azapentalene)(2-methyl-4-(4'-methyl-phenyl)- 
indenyl)zirconiumdichloride,  

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-methyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-ethyl-phenyl)- 
indenyl)zirconiumdichloride,  

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-n-propyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-isopropyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-isopropyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4'-isopropyl-phenyl)-indenyl)-
zirconiumdichloride, 

A-(2-methyl-6-oxapentalen)(2-methyl-4-(4'-isopropyl-phenyl)- 
indenyl)zirconiumdichloridθ,  

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-n-butyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-methyl-5-thiapentalene)(2-methyl-4-(4'-n-butyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4'-n-butyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-s-butyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4'-s-butyl-phenyl)- 
indenyl)zirconiumdichloridθ,  

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-.methyl -4-thi apentalene)(2-.meth_y 1 4 44
-.adanlantyl-phenyl)-il)denyl)- zir'coniumdichloride,
k-(2-n'tethyl-6-thiape3italene)E2-meth 1-4-{4-aaarnantyl-phenyl)-inderyl)- A t
col)iurradichloride, A,42,5
-dimethyl-4thiapentalene)(2-mclbyl-4-(4I-adanlantyl-pherylj-illdenyl)- zirconi
umdichlorido.
A-(2-rnettiyl-4-azapentalene)(2-methyl-4-(4-tris(trialuoronaethy1)methyl-
phenyl)- indenyl}- zirconiumdichloride, -(2,5-dimethyl-4
azapetrtalene)(2-methyl-4-(4 -teas(triiluorotnetlzyl)lalethyl,- phenyl)-indenyl)
zirconiumdichloride, A-(2-methyl-44hiapentalene)(2-xnethyh4-(4-hiss
trifuoromethyl )methyl- phenyl)-indenyl)zirconiumdichlori de, .< -(2-me. t
vi-6-tlriapetrtalenc) 2-mctht l-4-(4.-teas(triiluoromethyl)mcthyl.- l_}henyl)-
indenv])zirconru tndtchiortde, A-(2-rrtethy
I-4-azaperrtalene)(2-cthyl-4-(4-tert-l)trtyI-phenyl)-indenyl)-
zirconiumdichloride, A-(2.-methyl 5-azapentalene)(2-n-butyl
4-(4-teat-hutyl-phcnyll-indenyl)- zlrcnt713 mdichl r7'7(le,
A-(2-mathyl-Llf-phenyl-6-azapentaler~eiC2-methyl-4-(4-tart-hutrvl-pl~enyli-
indenyl)- zircorutnndichloride, <--(2-methyl
`l-azapentalenel(2-methylindenyl)zirconiunldichloride, A-
.-methyl-l*-phenyl-4-.azapeMalene'ps2-methylindenyl)zirconiumdichioride,
A-(2-methyl-4-thiaperltalene)(2-)nethy4indenyl)rirconi umdichloride,
A-(2-methyl-5-thiapentalene)(2-xnethylindeny1)zirconiunaaich1oride,
-(2.-methyl-6-thi apentalene)(2.-anal) yli ndenyljzirco niuEndichloride,  A-(2.-
methyl 4- anal }ental ene )(indenyl )zi rcntlial mdi clrlo l'i de,
A-(2-methyl-5-azapentalene)(indenyl)zir'con iurrrdichloride,
A-(2-methyl-6-azapeMato ne)(indeny1)zirconiumdichloride, 25  A-(2-methyl
-N-phe3r_y1-4--a~ e tale31e)(indengllzir oninnl iclrl?ride,  A-(2-methyl-
-phenyl-5-aza eirtalene)(indenvi)zirconiumdichloride,  A-(2-methyl-
d-~heravl-6-a apciitalenc)(indenyl)zirconiunidichloride,  
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A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-n-pentyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4-(4'-n-pentyl-phenyl)- 
indenyl)- zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4'-n-pentyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)~ 
zirconiumdichloride, 

A-(2,5-dimethyl-4-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4'-cyclphexyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-5-thiapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2,5-dimethyl-4-azapentalene)(2-methyl-4-(4'-adamantyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2, 5-diaraethyl-N-phenyl-6-azapeatalene)(indenvl)zirc.oniurndichloiide,
A42 -methyl -4 A-(2-methyl-5-thiapentalene)(indenyl)rirconiumdichloride,
Amethyl-t}-thiapt)Male neXindenyfzircon iurndichloride,  -(2,5-dimethyl.-4
thinpeEltalenel(r37denyl) 1rconiitmdichiorlde, ~~-(%-Enethvl
d-azal-rentalene)(%-Enethvl-4-phenyl- itide nyl)zircr niumndtell loride,
A-(2-rnethy1- -azapeirtalane)(2-methyl-4-phenyl-indenyl)zirconiumdichlaride,
-(2 methyl-6-azapentaleii<)(2-nietliyl-4-phenyl- indenyl)zirconiurndichloride,
A-. 2-methyl- * -l hunt l- I- azal eatalen) 2-methyl-4-phe3r_y,l indenyI)zi[coil
iu3ndiclzloride.  A-(2 -nretlryl- "v -l-aheray 1-5-azapentalerae}(2-methyl-4-ph
err yl- indenyl)zirconiunrdichloride, '-( -methyl-4-thiapentalenej(
.-meth_y~l-4-phenyl- indenyllzirconiumdichioride,  A-(2.-methyl
5-thiapentaleuej(2.-methy~l-4-phenv - indent/ )zirconiumdichioride,
A-(2-methyd-6-thiapentaIene)(2-methyl-4-phenyl-
indenyl)zirconiumdichlaride,  A-(2-rnettiyl-4-oxapcntaleuei(2-methyl-4-phenyl-
indenyl)zirconiumdichloride,  z-
-(2-methyl-4-azapentalene)(2-methv[-4,5-benzo- indenyljzirconiumdichlaride,
A-(2-methyl-'-phenyl-4-azapentale ne)( 2-methy14,5-be nzo
indenyl)zirconiumndichloride,
A-(2-rnettiyl-I'd-phenyl-7-arzttpentalene)(2-methyl-4,5-henzo- ir3denyl)zi[coil
iu3ndiclzloride.  A-(2-nretlryl-"v -l-aheray 1-6-azapentalerae}(2-methyl-4,
5-heron-indenyl)  zirconiurndichloride, 26  A-( .-methyl--4-thiapentalene)(
.-tnetlxy1-4.5-be3xzo- indenyllzirconiumdichlorid9,  A-(2-uxethyl- -thiap
ntalane)(2-methyl-4,~-banzo- indenyl)zirconiumdichloride,
(2-methyh6-thiapentalene)(2-methyl-4, `-henzo- inc en yl
jzirconiumdichloriae,  A-{2-methyl-4 oxapexatalene){2-methvl-4,5-ben zo-
iudeuyl} ucon um<lichloride,  z- -.{2-methyl-5--ox rpentatene)(2-methyl 4,5
-benzo- indenyl)zirconiumdichloride,  4-(2-methyl-5-oxaperrtalene)(2-methyl
4, benzo- indenyl)zirconiumdichloride,
A-his(2-methyl-4-azapentalene)zirconinmdichIoride, 
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A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-adamantyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-adamantyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2,5-dimethyl-4-thiapentalene)(2-methyl-4-(4'-adamantyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- phenyl)-
indenyl)- zirconiumdichloride,  

A-(2,5-dimethyl-4-azapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- 
phenyl)-indenyl) zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- 
phenyl)-indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- 
phenyl)-indenyl)zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-ethyl-4-(4'-tert-butyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-5-azapentalene)(2-n-butyl-4-(4'-tert-butyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4-(4'-tert-butyl-phenyl)- 
indenyl)- zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methylindenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-4-azapentalene)(2-methylindenyl)zirconiumdichloride,  

A-(2-methyl-4-thiapentalene)(2-methylindenyl)zirconiumdichloride,  

A-(2-methyl-5-thiapentalene)(2-methylindenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methylindenyl)zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-5-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-6-azapentalene)(indenyl)zirconiumdichloride,  

A his(2-methyl-14' phenyl-4 azapentalene) zi3co3xiumdichloride,  A
bis{2-methyl-/I-xhiapentalene''lziicon iumdichloride. A is Dimethvlsilanediyl,
Diethylsilanedivl, Dipropylsilanediyl, Dihutvlsilauediyl,  Dipentylsilanediyl,
Diphenylsilaiiediyl, Dihexylsilanediyl, Diheptylsilanediyl, Dioctylsilanaedivl,
Dinonan_ylsilanediyl_, Ditleca3xylsila3xediyl, Diaandecauylsilanediyl; Didode
anylsilanediyl,  Di methylgermanedivl, Diethylgermanediyl,
Dipropylgermanediyl, Dibutylgermanediyl,  Dipenttilgermanedivl,
Diphenylgeriuanediyl, Dihexylnermanedivl, Diheptylgermanediyl,
Dioctylgermanediyl, Dinonanylgermanediyl, Di+iecanaylgernr3xaedivl,
Diura+iecaxaylgerrnaxaedivl  Of Didodes:.anvlgermanediy1,
Ilexvl{metlavljgermanediyl,Ethyl{methyl)gerarxaxaedivl,  Pile
nyl(methyl)gexmanedivl, Ethyl(methyl)silanediyl, Propel(nothyl)silanediyl, 3"1
?  trifluoropropyl(methyl}silanedivl, fropyl(athyl)silanediyI,
Phenyl{n-izthyl)siIauediyl  ButvI{methyd)silanedivl, lsutyl(ethyl)sllanediyI, Bu
tyl(propyl)silanediyl,  Pentyl(methyl)silanedivi Pentyl(e.thyl)silanedivl,
Pentvl(paopvljsilanedlvl,  Peutyl(l:}axtyl)sElanediyl, Hexyl{3nethyl)sila3xediyl,
liexyl(ethyl'jsdanediy1 or  llaxvl(propyl)s lanedivl, llaxvl(butyl)silanediyl or l~G
yl{pe3xtyll,silanecliy 1, such that the list of  bridge elements A is to be
understood in such a way that the naming of the suhstituents on the  bridge
atom is meant also to include all structural isomers as though they were
explicitly named.  For example, dibutylsilanediyl simultaneously includes
di(n-butyl)silanediyl, di(see- lsaattllsilanediyl, d,(tert- butyl)silanediyl_, or
mixtures of these structural isomers. S3milaxly, the  naming of
dipentylsilanediyl also includes, for example, di(cyclopentvl)silanediyl or the
naming  of hexyl(methvl)silanediy l also includes, for example,
syclohexyI(methyl)silanecliyl. Instead of the preferred pure Chiral bridged
racemic or pseudoracemic  metallocene compounds of f a r n x u l a s la to
Id, mixtures of the metallocenes of formulas la to I d  and the corresponding
meso or pseudouleso metallocenes may be used in the catalyst  preparation.
However, the isomerically pure racemic form is especially preferred for the
use of  metallocenes in the polymerization of olefins to isotactic polyolefins,
since the corresponding  meso form may produce undesired atactic
polypropylene {PI'). The isornerically pure racemic  form is understood to
mean a rac:meso ratio of at least 5:1 , preferably 10:1 and most preferred
20:1. 27  R4 R5 Ra R5  R' I R 1CN~ R'-JI  
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A-(2-methyl-N-phenyl-4-azapentalene)(indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-5-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-6-azapentalene)(indenyl)zirconiumdichloride,  

A-(2,5-dimethyl-N-phenyl-6-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-4-thiapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-5-thiapentalene)(indenyl)zirconiumdichloride,  

A^-methyl-θ-thiapΘntaleneXindenyOzirconiumdichloride, 

A-(2,5-dimethyl-4-thiapentalene)(indenyl)zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride,  

A-(2-methyl-5-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-6-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4-phenyl-
indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-5-azapentalene)(2-methyI-4-phenyl- 
indenyl)zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride,  

A-(2-methyl-5-thiapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4,5-benzo- 
indenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-5-azapentalene)(2-methyl-4,5-benzo- 
indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4,5-benzo-indenyl) 
zirconiumdichloride, 

\, R8 R 'R'R2 H M1R1R2  RS  RT~rf Rr R R4' R5' rae/pseudoracemic isom r
3Y3eso psel3 Clo3Y3eso isomer As already outlined, the present invention
relates to a catalyst system comprising  at least one compound of formulas 1
- Id, at least one support and at least one cocatalyst. A suitable cocatalyst
component which is present according to the present  invention in the
catalyst system comprises at least one compound of the type ofan
aluminoxane.  Aluminoxaries are oligon-ieric or polymeric aluminum oxy
compounds, which may exist in the form of linear, cyclic, caged or polymeric
structures, Although the exact  structuae(s) of alurninoxaiies is still
unknowns, it is well accepted that alkylalumiinoxaiies have the  general
forniuta 21 (R-.Al-O)p (Formula 2).  Examples for cyclic, linear or cage
structures of alumiinoxanes are depicted in the  formulas 1, 4 and 5. 28
------^----- ------- R (Formula 3} A! 0_- AE-0---A1  '_ . ; ` N  n sFor Dula 4) IR
Q AI RA i`- ~IAI~  AI -0 A II ov,  sFormula 5) 
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A-(2-methyl-4-thiapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloridθ,  

A-(2-methyl-5-thiapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride,  

A-(2-methyl-4-oxapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-5-oxapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-6-oxapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-azapentalene)zirconiumdichloride, 

A-bis(2-methyl-N-phenyl-4-azapentalene) zirconiumdichloride, 

A-bis(2-methyl-4-thiapentalene)zirconiumdichloride. 

A is Dimethylsilanediyl, Diethylsilanediyl, Dipropylsilanediyl, Dibutylsilanediyl, 
Dipentylsilanediyl, Diphenylsilanediyl, Dihexylsilanediyl, Diheptylsilanediyl, Dioctylsilanediyl, 
Dinonanylsilanediyl, Didecanylsilanediyl, Diundecanylsilanediyl, Didodecanylsilanediyl, 
Dimethylgermanediyl, Diethylgermanediyl, Dipropylgermanediyl, Dibutylgermanediyl, 
Dipentylgermanediyl, Diphenylgermanediyl, Dihexylgermanediyl, Diheptylgermanediyl, 
Dioctylgermanediyl, Dinonanylgermanediyl, Didecanylgermanediyl, Diundecanylgermanediyl 
or Didodecanylgermanediyl, Hexyl(methyl)germanediyl,Ethyl(methyl)germanediyl, 
Phenyl(methyl)germanediyl, Ethyl(methyl)silanediyl, Propyl(methyl)silanediyl, 3,3,3- 
trifluoropropyl(methyl)silanediyl, Propyl(ethyl)silanediyl, Phenyl(methyl)silanediyl, 
Butyl(methyl)silanediyl, Butyl(ethyl)silanediyl, Butyl(propyl)silanediyl, 
Pentyl(methyl)silanediyl, Pentyl(ethyl)silanediyl, Pentyl(propyl)silanediyl, 
Pentyl(butyl)silanediyl, Hexyl(methyl)silanediyl, Hexyl(ethyl)silanediyl or 
Hexyl(propyl)silanediyl, Hexyl(butyl)silanediyl or Hexyl(pentyl)silanediyl, such that the list of 
bridge elements A is to be understood in such a way that the naming of the substituents on the 
bridge atom is meant also to include all structural isomers as though they were explicitly named. 
For example, dibutylsilanediyl simultaneously includes di(n-butyl)silanediyl, di(sec-
butyl)silanediyl, d\(tert- butyl)silanediyl, or mixtures of these structural isomers. Similarly, the 
naming of dipentylsilanediyl also includes, for example, di(cyclopentyl)silanediyl or the naming 
of hexyl(methyl)silanediyl also includes, for example, cyclohexyl(methyl)silanediyl. 

Instead of the preferred pure chiral bridged racemic or pseudoracemic 
metallocene compounds of formulas 1a to 1d, mixtures of the metallocenes of formulas 1a to 1d 
and the corresponding meso or pseudomeso metallocenes may be used in the catalyst 
preparation. However, the isomerically pure racemic form is especially preferred for the use of 
metallocenes in the polymerization of olefins to isotactic polyolefins, since the corresponding 
meso form may produce undesired atactic polypropylene (PP). The isomerically pure racemic 
form is understood to mean a rac:meso ratio of at least 5:1 , preferably 10:1 and most preferred 
20:1. 

29  The radicals R in the formulas (2), (1), (4) and (`) can be identical or
different and  are each a hydrocarbon group such as an alkyl group of from
!to about Y) carbon atoms, an aryl  group of from b to about 18 carbon atoms,
benzyl or hydrogen and p is an integer ranging from 2  to about 50, preferably
at least about 4. Preferably, the radicals R are identical and are methyl, ethyl,
isobutyl, n-butyl,  phenyl or benzyl, particularly preferably methyl. If the
radicals R are different, they are preferably methyl and hydrogen, methyl  and
isobutyl or methyl and n-butyl, with hydrogen, isobutyl or n-hutyl preferably
being present  in a proportion of from (3.(31 to 40% (number ofradicals R).
The aluminoxane can be prepared in various ways by known methods. One
of the  methods comprises the reaction of an aluminum-hydrocarbon
compound and/or a  laydri+ioaluiriiiaum-hydrocarbon compound with water.
which may be gaseous, solid, liquid or  bound as water of crystallization, in as
inert ,solvent such as toluene. To prepare air aluminoxane  having different
alkyl groups It two different trialkylahrminums (z- IR_j +.<-IPU'3)
corresponding to  the desired composition and reactivity are reacted with
.Hater, cf. 8S. Pasynkiewicz, Polyhedron 9  (199()) 429 and F:P A-0 02 4214.
Regardless of the method of preparation, all aluminoxane solutions have in
common a variable content of unreacted aluminum starting compound which
is present in free  form or as an adduct. Furthermore. instead of the
alufninoxane compounds of the formulas 2, 3, 4 or 5,  it is also possible to
use modified aluminoxanes in which the hydrocarbon radicals or hydrogen
atoms have been partly replaced by alkoxy, a3 yloxy, siloxy or amide
radicals. The amounts of aiuurinoxane and metallocene used in the
preparation of the  supported catalyst system can be varied within a certain
range. However, it has been found to be  advantageous to use the
metallocene compound(s) of formulas 1-1d and the a luminoxane
compound(s) in such amounts that the atomic ratio of aluminum from the
aiirnrinoxane  compounds to the transition metal from the metallocene
compound is in the range from 10:1 to  1000:1, preferably from 20:1 to 500:1
and in particular in the range from 3(,-:1 to 400:1. In the  case of
inethylarlumiixsxauae., preference is given to using 30% strength toluene
solutions, but  the use of IO% strength solutions is also possible. In
accordance with the present invention, it is also possible to use mixtures
comprising aluminoxanes and an ionic compound, and/or a Lewis acid. 
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rac/pseudoracemic isomer    meso/pseudomeso isomer  

As already outlined, the present invention relates to a catalyst system comprising 
at least one compound of formulas 1 - 1d, at least one support and at least one cocatalyst. 

A suitable cocatalyst component which is present according to the present 
invention in the catalyst system comprises at least one compound of the type of an aluminoxane. 

Aluminoxanes are oligomeric or polymeric aluminum oxy compounds, which 
may exist in the form of linear, cyclic, caged or polymeric structures. Although the exact 
structure(s) of aluminoxanes is still unknown, it is well accepted that alkylaluminoxanes have the 
general formula 2. 

(R-A1-O)p        (Formula 2). 

 

Examples for cyclic, linear or cage structures of aluminoxanes are depicted in the 
formulas 3, 4 and 5: 

 

 

The catalyst system of the present invention can further comprise, as
additional  component, a metal compound of the formula 6, l1'(I2'`l,(Il``) (R'')t
(Formula 6)  where ia 30  M5 is an alkali, as alkali earth metal or a metal of
Group 13 of the Periodic Table  of the Elements, Pte22 is a hydrogen atom,
alkyl of from 1 to about 10 carbon atoms, aryl of from 6  to about 15 carbon
atoms, or alkylaryl or arylalkyl each having from 1 to 10 carbon atoms in the
alkyl part and from 6 to 20 carbon atoms in the aryl part, R2- and R24 are
each a hydrogen atom, a halogen atom, alkyl of from I to about  10 carbon
atoms, t_`,6-Cis-aryl of from about 6 to about 15 carbon atones, or alkylaryl,
arylalky l or  alkoxy. each having from 1 to 10 carbon atoms in the alkyl part
and from 6 to 20 carbon atoms in  the aryl radicaL r is an integer from I to 1
and s and t are integers from 0 to 2, where the sum  r_ s+t corresponds to the
Valence of M where this component is not identical with the above
mentioned cocatalyst compounds. It is also possible to use mixtures of
various metal compounds  of the formula 6. Among the metal compounds of
the formula 6 preference is given to those in  which 1`J15 Is lithium, ma
jtnesium or aluminum and R23 and 1 24 are each alkyl of from I to about 10
carbon atoms. Particularly preferred metal compounds of the formula 6 are n
hutyllithium, n- n-butyl-n- heptylmagnesium, tri-n-hexylalumuluui,
trlisol:altylaluminum, dusol:altylnluniinlrn2 hydr de, triethylaluminum,
trimethylalumitnm_2 or  mixtures thereof. If a metal compound of the formula
6 is used, it is pref rably= present in the  catalyst system in such an amount
that the molar ratio of W to the transition metal from the  metalhtcene
compound of formulas 1 -. I d is from 800:1 to l :1 , in particular from 200:1 to
2:1.  As Lewis acid, preference is given to using compounds of the formula ?
M' XIX2X' (Formula ?) where M2 is an element of Group 13 of the Periodic
Table of Elements, in  particular B, Al or Ga, preferably B or Al. X1, X2 and
X3 are the same or different and each are a hydrogen atom, an alkyl  
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group of from l to about 20 carbon atoms, an aryl group of from 6 to about 15
carbon atoms,  alkylaivl, atvlalkyl, haloalkyl or haloaryl each having from 1 to
10 carbon atoms in the alkyl  radical and from 6-20 carbon atoms in the aryl
radical or fluorine, chlorine, bromine or iodine.  Preferred examples for Xt, X2
and X3 are methyl. 12ropyl, Isopropyl, isobutyl or trifluoromethyl,
unsaturated groups such as aryl or haloaryl like phenyl, tolyl, benzyl groups,
p-fluorophenyl, 3,5- difluorophenyl, pentachlorophenyl, peantafluorophenyl,
3,4,5-tritiuorophenyl and ,,5- ai(trifluoromethyl)pheayl. Preferred Lewis acids
a:re trimethylaluminium, triethylaluminum,  tnisobutylalummum,
tributylaluminum, trifluorobor'ane, niphenylboraue, tris(4- 31
fluorophenyl)borane, tris(3,5--dithiorophe3i_yl)borane, trisfhl-
17iioromethylplxenyljlaorane,  tris(2;4,6-trifluorophanyI)borana, tris(penta-
fluorophenyl)borane, tris(tolyl)boraaie, tris(3;5- dimethyl-phenyl)borane,
tris(3,5- difluoropheniylil Drone and/or Iris (3,4,5- trifluorophenyl)borane.
Particular preference is given to txas >e3ztafh arophenyljla?rane. As ionic
cocatalysts, preference is given to using compounds which contain a
ninr-coordinating anion such as tetrakis(pnntdluarophenyl)1>orate,
tetraphenylborate, ShFF,  ('F;SOz or CR Suitable counterions are either
Lewis acid or Broenstedt acid cation. As Prroensted acids, particular
preference is given to protonated amine or aniline  derivatives such as
meiiiylaiximoiiirur, anilinium, dimethylammonium, diethylammonhun, N-
methylanilinium, diphenylammonium, N,iN-dimethylanihnium;
trimeiiiylaiximoiiirur,  triethylammoninm , t i-n-bntylaxnmoruum,
nxothyldiphoniylammonuun - pyriduuusn, p-brorno- N.N-dinxethyla nifinium or
p-nitro- N,N-dinxethyla niliniurn, Suitable Lewis-acid cations are cations of the
formula S  (f*)Q C?7...C?,..)Ct (Formula 8) where  Y is an element of Groups
1 to 16 of the Periodic Table of the Elements, Qi to Qi are singly negatively
charged groups such as C 1-t;n-alkyl, C'6 C - aryl,  alkylaryl, arylalhyl,
haloalkyl, haloaryl each having from 6 to 20 carbon atoms in the aryl radical
and from 1 to 28 carbon atoms in the alkyl radical, cycloalkvl groups of from 3
to about 10  carbon atoms, which may in turn bear alkyl groups of from 1 to
about 10 carbon atoms as  substitutents, halogen, alkoxy groups of from 1 to
28 carbon atoms, aryloxy groups of from 6 to  15 carbon atones, silyl or
mercaptyl groups. 
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The radicals R in the formulas (2), (3), (4) and (5) can be identical or different and 
are each a hydrocarbon group such as an alkyl group of from 1 to about 10 carbon atoms, an aryl 
group of from 6 to about 18 carbon atoms, benzyl or hydrogen and p is an integer ranging from 2 
to about 50, preferably at least about 4. 

Preferably, the radicals R are identical and are methyl, ethyl, isobutyl, n-butyl, 
phenyl or benzyl, particularly preferably methyl. 

If the radicals R are different, they are preferably methyl and hydrogen, methyl 
and isobutyl or methyl and n-butyl, with hydrogen, isobutyl or n-butyl preferably being present 
in a proportion of from 0.01 to 40% (number of radicals R).  

The aluminoxane can be prepared in various ways by known methods. One of the 
methods comprises the reaction of an aluminum-hydrocarbon compound and/or a 
hydridoaluminum-hydrocarbon compound with water, which may be gaseous, solid, liquid or 
bound as water of crystallization, in an inert solvent such as toluene. To prepare an aluminoxane 
having different alkyl groups R, two different trialkylaluminums (AIR3 +AIR'3) corresponding to 
the desired composition and reactivity are reacted with water, cf. S. Pasynkiewicz, Polyhedron 9 
(1990) 429 and EP-A-0 02 424. 

Regardless of the method of preparation, all aluminoxane solutions have in 
common a variable content of unreacted aluminum starting compound which is present in free 
form or as an adduct. 

Furthermore, instead of the aluminoxane compounds of the formulas 2, 3, 4 or 5, 
it is also possible to use modified aluminoxanes in which the hydrocarbon radicals or hydrogen 
atoms have been partly replaced by alkoxy, aryloxy, siloxy or amide radicals. 

The amounts of aiuminoxane and metallocene used in the preparation of the 
supported catalyst system can be varied within a certain range. However, it has been found to be 
advantageous to use the metallocene compound(s) of formulas 1-1d and the aluminoxane 
compound(s) in such amounts that the atomic ratio of aluminum from the aiuminoxane 
compounds to the transition metal from the metallocene compound is in the range from 10:1 to 
1000:1, preferably from 20:1 to 500:1 and in particular in the range from 30:1 to 400:1. In the 
case of methylaluminoxane, preference is given to using ≥ 30% strength toluene solutions, but 
the use of 10% strength solutions is also possible. 

In accordance with the present invention, it is also possible to use mixtures 
comprising aluminoxanes and an ionic compound, and/or a Lewis acid. 

The catalyst system of the present invention can further comprise, as additional 
component, a metal compound of the formula 6,  

M5(R22)r(R23)s(R24)t    (Formula 6)  

wherein 

a is an integer from 1-6, z is an integer horn 0 to 5 and d corresponds to the
differene a- z, tact d is larger than or equal to 1 Particulary suitable cations
are, carbonium cations such as triphenylcarbenium,  oxonuiun cations,
sulfoniurn cations such as let ahvdrottuoplien unx, phosphoniiirm cations
such  as triothylphusplionium, triphenylphosphonriunx and d
phenylphosphcninrn, and also cationic  transition metal complexes such as
the silver cation and the 1,1'-diinethyiferroce3iiu3n cation. Preferred ionic
compounds which can be used according to the present invention  include:
32  tri ethy.la3nmoni unltetra (phenyl)borate,  tr
butvlammoniumtetra(phenyl)borate,  trimethylammouiuzntetra(tolyl}borate,
tnI)utylanamcuithntetna(tolyl }borate,  talbutylammoniumtetra(penta_tluor;
lplre3lyl}borale, trihutylammoniumtetralpentafLluoraphenyl) aluminate,
tripropylarmnoniumtetra(diniethvlphenyl)borate,  tri butylanimo niuEntet
va(taifluo romethy lphenrvl)borate,  tri bulylanimo niumtetra(41-tluorciph
enyl}borate,  N,N-dimetlhylcystolhexylammoniunrtot
akis(pentatluorophenyl)borate,  N,N'-+dirnethylbenzylarnrnoniun
letrakis(pentafl uo rophenyl)borate .\,N -di methylaniliniu3ntetraphenyl}borate,
N,N -di ethylauihniu mtetxa(pheuvl)borate,
N,iN-dimethylaaniliniuurtetrakis(pentatluorophonyl,borate,  i4,N-di
methylanilirniumtetrakis(pentafluorophexryl}aluminate,
di(propyl}anlmoniumtetrakiss peE3tathrorophenyl)borate,
di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl}borate,
triphenylphosphoniumtetrakis(phenyl jborate,
triethyiphosphoniumtetrakis(phenyl )borate,  dipheny.lphosphoniumtetrak
:,(pheEryllborate.  tri(methylpheuyl;phosphoniumtetraki s(phe.ivl)borate,
tri(dimethylphenyl)phosphoniumtetralds(phenyl )borate,
triphenylcarheniuzntetral is(perataflucroplienyl}berate, 
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M5 is an alkali, an alkali earth metal or a metal of Group 13 of the Periodic Table 
of the Elements,  

R22 is a hydrogen atom, alkyl of from 1 to about 10 carbon atoms, aryl of from 6 
to about 15 carbon atoms, or alkylaryl or arylalkyl each having from 1 to 10 carbon atoms in the 
alkyl part and from 6 to 20 carbon atoms in the aryl part,  

R23 and R24 are each a hydrogen atom, a halogen atom, alkyl of from 1 to about 
10 carbon atoms, C6-Ci5-aryl of from about 6 to about 15 carbon atoms, or alkylaryl, arylalkyl or 
alkoxy, each having from 1 to 10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in 
the aryl radical,  

r is an integer from 1 to 3 and s and t are integers from 0 to 2, where the sum 
r+s+t corresponds to the valence of M5, where this component is not identical with the above 
mentioned cocatalyst compounds. It is also possible to use mixtures of various metal compounds 
of the formula 6. 

Among the metal compounds of the formula 6 preference is given to those in 
which M5 is lithium, magnesium or aluminum and R23 and R24 are each alkyl of from 1 to about 
10 carbon atoms. Particularly preferred metal compounds of the formula 6 are n-butyllithium, n-
butyl-n-octyl-magnesium, n-butyl-n- heptylmagnesium, tri-n-hexylaluminum, 
triisobutylaluminum, diisobutylaluminum hydride, triethylaluminum, trimethylaluminum or 
mixtures thereof. 

If a metal compound of the formula 6 is used, it is preferably present in the 
catalyst system in such an amount that the molar ratio of M5 to the transition metal from the 
metallocene compound of formulas 1 - 1d is from 800:1 to 1 :1 , in particular from 200:1 to 2:1. 

As Lewis acid, preference is given to using compounds of the formula 7 

M2X1X2X3    (Formula 7)  

where M2 is an element of Group 13 of the Periodic Table of Elements, in 
particular B, Al or Ga, preferably B or Al, 

X1, X2 and X3 are the same or different and each are a hydrogen atom, an alkyl 
group of from 1 to about 20 carbon atoms, an aryl group of from 6 to about 15 carbon atoms, 
alkylaryl, arylalkyl, haloalkyl or haloaryl each having from 1 to 10 carbon atoms in the alkyl 
radical and from 6-20 carbon atoms in the aryl radical or fluorine, chlorine, bromine or iodine. 
Preferred examples for X1, X2 and X3 are methyl, propyl, isopropyl, isobutyl or trifluoromethyl, 
unsaturated groups such as aryl or haloaryl like phenyl, tolyl, benzyl groups, p-fluorophenyl, 3,5-
difluorophenyl, pentachlorophenyl, pentafluorophenyl, 3,4,5-trifluorophenyl and 3,5- 
di(trifluoromethyl)phenyl. 

Preferred Lewis acids are trimethylaluminium, triethylaluminum, 
triisobutylaluminum, tributylaluminum, trifluoroborane, triphenylborane, tris(4- 

33  t3 iplaenylcarbniitult(3trakis(pntafluorophe3)yl)aiuEntnate,  triphet
ylcarbeniumtetrakis(phenyl)almrritrate,
ferroceniunitetralas(plitafhiorophenyl)borate and/Or Preference is given to
triphe vicarbeEiirl3ntetrakis(putaflitoroplie3ry 1) borate, N,N-
dimethylcycIohexylauimouiumtetrakis(pentafIuorophaiyl}baste or
aimethylbenzylammoruumtetralas(pentatluorophenyl}borate, It is also
possible to use mixtures of all of the above and below mentioned cation-
forming; compounds. preferred mixtures comprise aluminoxanes and an ionic
compound, and/ol  a Lewis acid. The amount of Lewis acids or ionic
compounds leaving Lewis-acid or 13roensted- acid cations is preferably from
0,1 to 20 equivalents, preferably from I to 10 equivalents, based  on the
metallocene compound of the formulas 1 - 1 d. The support component of the
catalyst system of the present invention can be any  organic or inorganic inert
solid or a mixture of such solids, in particulate porous solids such as
hydrotalcites, talc, inorganic oxides and finely divided polymer powders.
Suitable inorganic oxides, which are preferably employed include from the
Periodic Table of Elements Groups :?, 3, 4, 5, 131, 14, 15 and 16 metal
oxides such as silicon  dioxide, aluminium oxide, alumin( siIiCates, zeolites
\IpO, Zro-- 'lion or B2O -" C'aO, mnO,  Th0-, Na,O. l*i20, Li0; or mixed oxides
like tit/Si oxides, Mg, 'Al oxides or Al/mg/Si oxides.  Other suitaNc inorganic
support materials are "v a,{.;C);, K0C;0, C aC03, MgCl,, \a,SOa,
A12(S04)3,13aSO, K sf33,1rfg(N03)z and 1(NO3)3. Suitable polymer
powders are houtopolyuters, copolymers, crosslinhed polymers  or polymer
blends. Examples of such polymers are polyethylene, polypropylene,
polybutene,  polystyrene, di vinylberizene-crosslinked polystyrene, polyvinyl
chloride, aciylonitrile-butadiene- styrene copolymer, polvamide,
polymethacrylate, polycarbonate, polyester, polyactal or  polyvinyl alcohol.
The preferred support materials have a specific surface area in the range
from 10  to 1000 m`i8, a pore volume in the range from 0,1 to 5 cm` %8 and a
mean particle size of from I  to 500 inn. Preference is given to supports
having a specific Surface area in the range from 50 to  500 a pole volume in
the range from 0.5 to 3.5 cm ,'g and a mean particle size in the range from 5
to 250 m. Particular preference is given to supports having a specific surface
area in the  range from 200 to 400 era %g, a pore volume in the range from
0.8 to 3.0 cm3; g and a mean  
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fluorophenyl)borane, tris(3,5-difluorophenyl)borane, tris(4- fluoromethylphenyl)borane, 
tris(2,4,6-trifluorophenyl)borane, tris(penta- fluorophenyl)borane, tris(tolyl)borane, tris(3,5-
dimethyl-phenyl)borane, tris(3,5- difluorophenyl)borane and/or tris (3,4,5-
trifluorophenyl)borane. 

Particular preference is given to tris(pentafluorophenyl)borane.  

As ionic cocatalysts, preference is given to using compounds which contain a 
non-coordinating anion such as tetrakis(pentafluorophenyl)borate, tetraphenylborate, SbF6

', 
CF3SO3

" or CIO4
'. Suitable counterions are either Lewis acid or Broenstedt acid cation. 

As Broensted acids, particular preference is given to protonated amine or aniline 
derivatives such as methylammonium, anilinium, dimethylammonium, diethylammonium, N-
methylanilinium, diphenylammonium, N,N-dimethylanilinium, trimethylammonium, 
triethylammonium, tri-n-butylammonium, methyldiphenylammonium, pyridinium, p-bromo-
N.N-dimethylanilinium or p-nitro- N,N-dimethylanilinium, 

Suitable Lewis-acid cations are cations of the formula 8 

[(Ya+)Q1Q2...Qz]d+   (Formula 8)  

where  

Y is an element of Groups 1 to 16 of the Periodic Table of the Elements, 

Q1 to Q1 are singly negatively charged groups such as C1-C28-aIkyl, C6-C15- aryl, 
alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in the aryl radical 
and from 1 to 28 carbon atoms in the alkyl radical, cycloalkyl groups of from 3 to about 10 
carbon atoms, which may in turn bear alkyl groups of from 1 to about 10 carbon atoms as 
substitutents, halogen, alkoxy groups of from 1 to 28 carbon atoms, aryloxy groups of from 6 to 
15 carbon atoms, silyl or mercaptyl groups.  

a is an integer from 1-6,  

z is an integer from 0 to 5 and  

d corresponds to the difference a-z, but d is larger than or equal to 1 

Particulary suitable cations are carbonium cations such as triphenylcarbenium, 
oxonium cations, sulfonium cations such as tetrahydrothiophenium, phosphonium cations such 
as triethylphosphonium, triphenylphosphonium and diphenylphosphonium, and also cationic 
transition metal complexes such as the silver cation and the 1,1'-dimethylferrocenium cation.  

Preferred ionic compounds which can be used according to the present invention 
include:  

particle size of from 10 to 100 lain, 34  The support material:, can be
thermally and/or chemically be pretreated in order to  adjust certain
properties of the carrier such as the water and/or the hydroxyl group content.
If the support material has a low moisture content or residual solvent content,
dehydration or drying before use can be omitted. If this is not the case, as
when using silica gel  as support imaterial, dehydration or drying is advisable.
Thermal dehydration or drying of the  support material can be carried out
under reduced pressure with or without simultaneous inert  gas blanketing
(nitrogen). The drying temperature is in the range from 80 "!_` to 1000 C,
preferably from 150 C to 800 C and most preferred from 150 C to 400 V. The
duration of the  drying process can be from 1 to 24 hours. But shorter or
longer drying; periods are also possible. In a preferred embodiment of the
present invention, support materials with a  weight loss on dryness (LOD) of
t3.5 wt...4 or less, and even more preferred with a LOIN of 0.3  wt% or less
are used. Higher amounts of physically adsorbed water tap to I wt% are
possible, but  result in reduced catalyst activities. The loss on ignition (LOT)
of the support material is  preferably 1 ut% or greater or even more preferred
between 1.5 and 3.5 wt%. Thu weight loss on  dryness (LOD) is thereby
defined as the weight loss bet,veen room temperature and 300C and  the
weight loss on ignition (LOT) as the weight loss between 3000! ` and
11000"C. In addition or alternatively, dehydration or drying of the support
material can also  be carried out by chemical means, by, reacting; the
adsorbed water and/or the surface hydroxyl  groups with suitably passivating
agents. Reaction with the passivating reagent can convert the  hydroxyl
groups completely or partially into a form, which does not show any adverse
interaction with the catalytically active centers. Suitable passivating agents
are silicon halides,  silanes or amines, e& silicon tetrachloride,
chlorotrimethylsilane, dichlorodialkylsilanes,  dinietlaylaminotrichlorosilati s \
dimeth3yla31ibn or N,N-dimethylbenzylainine or  orgaatometallic compounds
of aluminum, boron and magnesium, eg. aluminoxanes,  trirmethylaluminum,
triethylaluminum, triisobutvlaluminum, diisohutylaluminum hydride,
triethylborane or dibutylmagnesium. As outlined above, organic support
materials such as finely divided polymer  powders, can also be used and
should, before use, likewise be freed from any adhering moisture,  solvent
residues or other impurities by means of appropriate purification and drying
operations. Preference is giver/ to using silica gels having the defined
parameters as support  materials. Spray dried silica grades, which inherently
exhibit meso and 3macro pores, cavities and  
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triethylammoniumtetra(phenyl)borate,  

tributylammoniumtetra(phenyl)borate, 

 trimethylammoniumtetra(tolyl)borate,  

tributylammoniumtetra(tolyl)borate,  

tributylammoniumtetra(pentafluorophenyl)borate,  

tributylammoniumtetra(pentaffluorophenyl) aluminate,  

tripropylammoniumtetra(dimethylphenyl)borate,  

tributylammoniumtetra(trifluoromethylphenyl)borate,  

tributylammoniumtetra(4-fluorophenyl)borate, 

N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate, 

N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate 

N,N-dimethylaniliniumtetra(phenyl)borate,  

N,N-diethylaniliniumtetra(phenyl)borate, 

N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate, 

N,N-dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,  

di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,  

di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl)borate,  

triphenylphosphoniumtetrakis(phenyl)borate,  

triethyiphosphoniumtetrakis(phenyl)borate,  

diphenylphosphoniumtetrakis(phenyl)borate,  

tri(methylphenyl)phosphoniumtetrakis(pheπyl)borate,  

tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,  

triphenylcarbeniumtetrakis(pentafluorophenyl)borate,  

channels are preferred over granular silica grades. The present invention
relates to a process for the preparation of supported  metallocenes, which
comprises as a first step contacting at least one support material with a first
portion of at least one co cataly,st in a suitable solvent. In a second step
(impreg_natiou_ step), the  co-catalyst loaded support is impregnated with a
suspension or solution, which comprises at least one metallocene and a
second portion of at least one co-catalyst in a suitable solvent. The  preferred
co-catalyst is an alurninoxane or a mixture of alumiraoxanes. However, it is
also  possible to use mixtures comprising aluzminoxanes and an ionic
compound and/or a Lewis acid. 35  More specifically, the catalyst system of
the present invention is prepared by  contacting at least one support material
With a first portion of an aluminoxane or a mixture of  aluminoxanes in a
suitable solvent at elevated temperatures. In a subsequent impregnation step
the alurnino_tane loaded support material is brought into contact with a
suspension or solution of  at least one of the above described metallocene
components of formulas I - I d and a second  portion of the aluminoxane or a
mixture of aluminoxanes or an ionic compound and/or a Lewis  acid in a
suitable solvent as defined below. The thus obtained supported catalysts are
homogeneously loaded, show high catalyst activities and result in good
polymer particle  morphologies, In accordance with the present invention, the
reaction of the support material with  the first portion of an aluminumoxane or
a mixture of aluminoxanes is carried out by mixing,  under the exclusion of air
and moisture, a suspension of the support material in a suitable solvent  with
the first portion of an alurniniunoxane or a mixture of ahirninoxaties dissolved
in a suitable  solvent like aliphatic or aromatic hydrocarbons such as pentane,
hexane, isolrexane, heptane,  toluene or xylene. The reaction is carried out at
temperatures from 30 T to 2(30 (:, preferably  from 50 C to 160 6:, particulary
preferred from 801 C to 140 C. The duration of the reaction is  from 30
minutes to 20 hours, preferably from I to 6 hours. Subsequently the
aluminoxane loaded  support material is isolated by filtration or by
Sedimentation of the solid and decantation of the  solvent under inert
Conditions, and optimally washed one or more times with suitable inert
solvents as described above, The alum inoxane loaded support material is
subsequently dried in a  stream of inert gas or under reduced pressure or is
dispersed in a suitable solvent. In the process for the preparation of
supported metallocenes in accordance with  the present: invention
preference is ' given to react the support material with a first portion of an
aluminumoxane or of a mixture of aluminoxanes by suspending The support
material, pref rably  
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triphenylcarbeniumtθtrakis(pentafluorophenyl)aluminate,  

triphenylcarbeniumtetrakis(phenyl)aluminate,  

ferroceniumtetrakis(pentafluorophenyl)borate and/or  

ferroceniumtetrakis(pentafluorophenyl)aluminate.  

Preference is given to triphenylcarbeniumtetrakis(pentafluorophenyl) borate, N,N-
dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate or N,N-
dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate. 

It is also possible to use mixtures of all of the above and below mentioned cation-
forming compounds. Preferred mixtures comprise aluminoxanes and an ionic compound, and/or 
a Lewis acid. 

The amount of Lewis acids or ionic compounds having Lewis-acid or Broensted-
acid cations is preferably from 0.1 to 20 equivalents, preferably from 1 to 10 equivalents, based 
on the metallocene compound of the formulas 1 - 1 d. 

The support component of the catalyst system of the present invention can be any 
organic or inorganic inert solid or a mixture of such solids, in particulate porous solids such as 
hydrotalcites, talc, inorganic oxides and finely divided polymer powders. 

Suitable inorganic oxides, which are preferably employed include from the 
Periodic Table of Elements Groups 2, 3, 4, 5, 13, 14, 15 and 16 metal oxides such as silicon 
dioxide, aluminum oxide, aluminosilicates, zeolites, MgO, ZrO2, TiO2 or B2O3, CaO, ZnO, 
ThO2, Na2O, K2O, LiO2 or mixed oxides like Al/Si oxides, Mg/AI oxides or Al/Mg/Si oxides. 
Other suitable inorganic support materials are Na2CO3, K2CO3, CaCO3, MgCI2, Na2SO4, 
AI2(SO4)3, BaSO4, KNO3, Mg(NO3)2 and AI(NO3)3. 

Suitable polymer powders are homopolymers, copolymers, crosslinked polymers 
or polymer blends. Examples of such polymers are polyethylene, polypropylene, polybutene, 
polystyrene, divinylbenzene-crosslinked polystyrene, polyvinyl chloride, acrylonitrile-butadiene-
styrene copolymer, polyamide, polymethacrylate, polycarbonate, polyester, polyacetal or 
polyvinyl alcohol. 

The preferred support materials have a specific surface area in the range from 10 
to 1000 m2/g, a pore volume in the range from 0.1 to 5 cm3/g and a mean particle size of from 1 
to 500 μm. Preference is given to supports having a specific surface area in the range from 50 to 
500 m2/g, a pore volume in the range from 0.5 to 3.5 cm3/g and a mean particle size in the range 
from 5 to 250 μm. Particular preference is given to supports having a specific surface area in the 
range from 200 to 400 m2/g, a pore volume in the range from 0.8 to 3.0 cm3/g and a mean 
particle size of from 10 to 100 μm. 

a thermally pretreated silica, in a suitable solvent such as toluene and
bringing the suspension  into contact with a solution of a tmt1_{true of
aluminoxanes or an aluminoxane, preferably  methy'laluminoxa31e; in a
suitable solvent, at temperatures of I.0 to l0 C. Once the aluminoxane
addition is complete, the reaction mixture can be kept from 0 to 12 hours,
preferably from 0.15 to  2 hours at 20 f before heated to elevated
temperatures. In a subsequent step the  support'aluminoxane mixture is
heated to temperatures from 30 C to 200 C, preferably= from 50  T to 160 t,
and most preferred to temperatures from 80 C" to 140 4:, The duration of the
reaction at these elevated temperatures is from 30 minutes to 20 hours,
preferably from 1 to 6  hours. In accordance with the present invention only
part of the mixture of aluminoxanes  or of the aluminoxane, preferably
metliylal trimoxaue, is added in the first step of the catalyst  preparation
procedure. The employed amount can vary to a certain extent, however, it
has been  found to be advantageous to treat the support material with at least
5 (rumor., preferably 7  mmole, most preferably 10 mmole of the aluminoxane
or of the mixture of aluminoxanes per g  support material. The suspension or
solution used in the impregnation step is generally prepared by  suspending
or dissolving at least one of the metallocene components of formulas 1 - Id,
the  36  second portion of an aluminunioxane or of a mixture of
ahaminoxanes or an ionic compound  and/or a Lewis acid and if desired
other additives, as defined below, in a suitable solvent. Suitable solvents are
hydrocarbons and hydrocarbon mixtures, which are liquid at the selected
reaction temperature and in which the individual components preferably
dissolve.  The sohrbility of the individual components is, however, not a
prerequisite as long as it is  ensured that once the impregnation process is
completed, no further undissolved components are  present in the solvent
selected. Preferred solvents are allcanes such as pentane, isopentane,
hexane, isohe_tane, heptane, octane and nonane, cycloalkauies such as
cyclopentane and  cyclohexane and aromatics such as bedizen, toluene,
ethylbenzeae and diethylbenzene. Very  particular preference is (given to
tohiene, heptane and ethylbenzene. The preparation of the impregnation
suspension or solution used for the  impregnation step is carried out at
temperatures between from 0 C to 100 C, preferably= from 20  (, to 30 t:.
higher and lower temperatures are possible. At least one of the metallocenes
of  formulas 1 Id in the form of a solid is dissolved iu_ a solution of the
co-catalyst such as all  aluminoxane or a mixture of aliurinoxanes or an ionic
compound and/or a Lewis acid in a  
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The support materials can be thermally and/or chemically be pretreated in order to 
adjust certain properties of the carrier such as the water and/or the hydroxyl group content.  

If the support material has a low moisture content or residual solvent content, 
dehydration or drying before use can be omitted. If this is not the case, as when using silica gel 
as support material, dehydration or drying is advisable. Thermal dehydration or drying of the 
support material can be carried out under reduced pressure with or without simultaneous inert 
gas blanketing (nitrogen). The drying temperature is in the range from 80 °C to 1000 0C, 
preferably from 150 0C to 800 0C and most preferred from 150 0C to 400 0C. The duration of the 
drying process can be from 1 to 24 hours. But shorter or longer drying periods are also possible. 

In a preferred embodiment of the present invention, support materials with a 
weight loss on dryness (LOD) of 0.5 wt.% or less, and even more preferred with a LOD of 0.3 
wt% or less are used. Higher amounts of physically adsorbed water up to 1 wt% are possible, but 
result in reduced catalyst activities. The loss on ignition (LOI) of the support material is 
preferably 1 wt% or greater or even more preferred between 1.5 and 3.5 wt%. The weight loss on 
dryness (LOD) is thereby defined as the weight loss between room temperature and 3000C and 
the weight loss on ignition (LOI) as the weight loss between 3000C and 10000C. 

In addition or alternatively, dehydration or drying of the support material can also 
be carried out by chemical means, by reacting the adsorbed water and/or the surface hydroxyl 
groups with suitable passivating agents. Reaction with the passivating reagent can convert the 
hydroxyl groups completely or partially into a form, which does not show any adverse 
interaction with the catalytically active centers. Suitable passivating agents are silicon halides, 
silanes or amines, eg. silicon tetrachloride, chlorotrimethylsilane, dichlorodialkylsilanes, 
dimethylaminotrichlorosilane, N,N-dimethylanilin or N,N-dimethylbenzylamine or 
organometallic compounds of aluminum, boron and magnesium, eg. aluminoxanes, 
trimethylaluminum, triethylaluminum, triisobutylaluminum, diisobutylaluminum hydride, 
triethylborane or dibutylmagnesium. 

As outlined above, organic support materials such as finely divided polymer 
powders, can also be used and should, before use, likewise be freed from any adhering moisture, 
solvent residues or other impurities by means of appropriate purification and drying operations. 

Preference is given to using silica gels having the defined parameters as support 
materials. Spray dried silica grades, which inherently exhibit meso and macro pores, cavities and 
channels are preferred over granular silica grades. 

The present invention relates to a process for the preparation of supported 
metallocenes, which comprises as a first step contacting at least one support material with a first 
portion of at least one co-catalyst in a suitable solvent. In a second step (impregnation step), the 
co-catalyst loaded support is impregnated with a suspension or solution, which comprises at least 
one metallocene and a second portion of at least one co-catalyst in a suitable solvent. The 
preferred co-catalyst is an aluminoxane or a mixture of aluminoxanes. However, it is also 
possible to use mixtures comprising aluminoxanes and an ionic compound and/or a Lewis acid.  

suitable solvent. It is also possible to dissolve the metallocene se parately in
a suitable solvent and  subsequently to combine this solution with the
co-catalyst solution. Preference is given to using  toluene. If desired, the
resultant suspension or solution can be preactivated. The preactivation  time
is from 1 minute to 200 hours. The preactivation can take place at
temperatures from 10 to  100 C preferably from 20 to 30 C. In individual
cases, the use of higher temperatures can  reduce the required preactivation
time and give an additional increase in catalyst activity.  Elevated
temperatures in this case refer to a range from 3t0 C to 100 C. In the
impregnation step of the Present invention the cocatalyst loaded support
material is brought into contact with the impregnation suspension or solution
which comprises at  least one of the above described metallocene
components of formulas 1 - ld in a suitable solvent  as defined above and a
suitable co-catalyst such as an aluniuioxatie or a mixture of aluminoxanes  or
an ionic compound and/or a Lewis acid. The amount of co -catalyst employed
in this step can  vary to a certain extent. However, it has been found to be
advantageous to use at least 0,5 mmole  co-catalyst per g support material
and preferably at least 1.0 mmole co-catalyst per g support  material. 'I he
total amount of co-catalyst such as an aluminoxane or mixtures of  Mural
nkxaues employed in the catalyst preparation procedure of the present
invention depends  on the nature of the metallocene Compound and on the
physical properties of the support and is  typically between 6 mmole and 24
muiole alurnino xane per g support material. Preference is  given to use
between 8 and 20 rmnole alrunin+oxane per g support and particular
preference is  given to use between 1 t mmole and 18 mmole aluminoxane
per g support. Metalloceue loadings  may vary, depending on the type and
performance features of the respective metallocene  compound but are
preferably between 0.1 and 1.7 mol% of employed aluminoxane per g
support  material. The impregnation process itself can be carried out iu
various ways. In general, the  impregnation suspension or solution as
described above is combined with the cocatalyst loaded  37  support
material, which is in the form of a dry powder or as a suspension in one of the
,solvents  mentioned above. Usually, the cocatalyt loaded support material is
used as a dry powder or used  as obtained after separation from the
suspension medium. The impregnation suspension or  solution can be either
added to the cocatalyst loaded support material, or else the cocatalyst
loaded support material can be introduced into the initially charged
impregnation suspension or  solution. The volume of the impregnation
suspension or solution can exceed 100% of the total  
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More specifically, the catalyst system of the present invention is prepared by 
contacting at least one support material with a first portion of an aluminoxane or a mixture of 
aluminoxanes in a suitable solvent at elevated temperatures. In a subsequent impregnation step 
the aluminoxane loaded support material is brought into contact with a suspension or solution of 
at least one of the above-described metallocene components of formulas 1 - 1d and a second 
portion of the aluminoxane or a mixture of aluminoxanes or an ionic compound and/or a Lewis 
acid in a suitable solvent as defined below. The thus obtained supported catalysts are 
homogeneously loaded, show high catalyst activities and result in good polymer particle 
morphologies. 

In accordance with the present invention, the reaction of the support material with 
the first portion of an aluminumoxane or a mixture of aluminoxanes is carried out by mixing, 
under the exclusion of air and moisture, a suspension of the support material in a suitable solvent 
with the first portion of an aluminumoxane or a mixture of aluminoxanes dissolved in a suitable 
solvent like aliphatic or aromatic hydrocarbons such as pentane, hexane, isohexane, heptane, 
toluene or xylene. The reaction is carried out at temperatures from 30 0C to 200 0C, preferably 
from 50 0C to 160 0C, particulary preferred from 80 0C to 140 0C. The duration of the reaction is 
from 30 minutes to 20 hours, preferably from 1 to 6 hours. Subsequently the aluminoxane loaded 
support material is isolated by filtration or by sedimentation of the solid and decantation of the 
solvent under inert conditions, and optinally washed one or more times with suitable inert 
solvents as described above. The aluminoxane loaded support material is subsequently dried in a 
stream of inert gas or under reduced pressure or is dispersed in a suitable solvent.  

In the process for the preparation of supported metallocenes in accordance with 
the present invention preference is given to react the support material with a first portion of an 
aluminumoxane or of a mixture of aluminoxanes by suspending the support material, preferably 
a thermally pretreated silica, in a suitable solvent such as toluene and bringing the suspension 
into contact with a solution of a mixture of aluminoxanes or an aluminoxane, preferably 
methylaluminoxane, in a suitable solvent, at temperatures of 10 to 30 0C. Once the aluminoxane 
addition is complete, the reaction mixture can be kept from 0 to 12 hours, preferably from 0.15 to 
2 hours at 20 °C before heated to elevated temperatures. In a subsequent step the 
support/aluminoxane mixture is heated to temperatures from 30 °C to 200 0C, preferably from 50 
0C to 160 0C, and most preferred to temperatures from 80 0C to 140 0C. The duration of the 
reaction at these elevated temperatures is from 30 minutes to 20 hours, preferably from 1 to 6 
hours. 

In accordance with the present invention only part of the mixture of aluminoxanes 
or of the aluminoxane, preferably methylaluminoxane, is added in the first step of the catalyst 
preparation procedure. The employed amount can vary to a certain extent, however, it has been 
found to be advantageous to treat the support material with at least 5 mmole, preferably 7 
mmole, most preferably 10 mmole of the aluminoxane or of the mixture of aluminoxanes per g 
support material.  

The suspension or solution used in the impregnation step is generally prepared by 
suspending or dissolving at least one of the metallocene components of formulas 1 - 1d, the 

pore volume of the support material used or else be up to 10040 of the total
pore voluxle. The temperature at which the impregnation suspension or
solution is brought into  contact with the co-catalyst loaded support material
can vane within the range from 10 t to 100  U4 'file time for which the
imprecation suspension or solution is brought into contact with the
co-catalyst loaded support material and for which they are allowed to react
with each other is  between I minute and 24 hours, preferably between 5
minutes and 6 hours. In a preferred e3nbodi3nenf of the present invention,
the impregnation process is  carried out by having the impregnation
suspension or solution flow through the co-catalyst  loaded support material
in a direct manner. Usually this procedure is carried out in a column- shaped
or cylindrical or tubular or conical reaction vessel with inlet and outlet
devices, which is  filled with the co-catalyst loaded support material. The
impregnation process can be performed  in three different variants as
described in US 6,559.905 and W000/05)77 respectively, both of  which are
herein incorporated by refere3nce. In another preferred embodiment, the
catalyst systems of the present invention are  formed by an incipient wetness
impregnation technique, where the Volume of the impregnation  suspension
or solution or the total liquid volume used in the impregnation step,
respectively,  does not exceed 250 o of the total pore volume of the support
material. According to the present invention particular preference is given to
use at least l0  mmole of the aluminoxan or of the mixture of aluminoxanes
per g support material in the first  step of the catalyst preparation procedure
and to carry out the impregnation step by passing the  itill) regnatio3n
suspension or solution through the cocatalyst loaded support material in a
direct  flow. In one embodiment of the present invention the resulting
supported metallocene  catalyst system is optionally washed and then dried
to ensure that the solvent is completely or  mostly removed from the pores of
the support material. The supported catalyst is obtained as a  free-flowing
powder. In another embodiment of this invention the supported catalyst is
recovered  and optionally washed with an aromatic hydrocarbon and/or
paraffinic hydrocarbon solvent. The  isolated catalyst is then dispersed in a
non-reactive suspension media such as a paraffinic  hydrocarbon solvent, a
mineral oil or a wax. While the solvent is completely or mostly removed from
the supported catalyst  system, the mixture can be stirred and, if desired, also
heated. Preferably, both the visible portion  of the solvent and the portion in
the pores of the support material are removed. The removal of  the solvent
can be carried out in a conventional way using reduced pressure and/or
purging with  
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second portion of an aluminumoxane or of a mixture of aluminoxanes or an ionic compound 
and/or a Lewis acid and if desired other additives, as defined below, in a suitable solvent.  

Suitable solvents are hydrocarbons and hydrocarbon mixtures, which are liquid at 
the selected reaction temperature and in which the individual components preferably dissolve. 
The solubility of the individual components is, however, not a prerequisite as long as it is 
ensured that once the impregnation process is completed, no further undissolved components are 
present in the solvent selected. Preferred solvents are alkanes such as pentane, isopentane, 
hexane, isohexane, heptane, octane and nonane, cycloalkanes such as cyclopentane and 
cyclohexane and aromatics such as benzene, toluene, ethylbenzene and diethylbenzene. Very 
particular preference is given to toluene, heptane and ethylbenzene.  

The preparation of the impregnation suspension or solution used for the 
impregnation step is carried out at temperatures between from 0 0C to 100 0C, preferably from 20 
0C to 30 0C. Higher and lower temperatures are possible. At least one of the metallocenes of 
formulas 1 — 1d in the form of a solid is dissolved in a solution of the co-catalyst such as an 
aluminoxane or a mixture of aluminoxanes or an ionic compound and/or a Lewis acid in a 
suitable solvent. It is also possible to dissolve the metallocene separately in a suitable solvent and 
subsequently to combine this solution with the co-catalyst solution. Preference is given to using 
toluene. If desired, the resultant suspension or solution can be preactivated. The preactivation 
time is from 1 minute to 200 hours. The preactivation can take place at temperatures from 10 to 
100 0C preferably from 20 to 30 0C. In individual cases, the use of higher temperatures can 
reduce the required preactivation time and give an additional increase in catalyst activity. 
Elevated temperatures in this case refer to a range from 30 0C to 100 0C. 

In the impregnation step of the present invention the cocatalyst loaded support 
material is brought into contact with the impregnation suspension or solution which comprises at 
least one of the above-described metallocene components of formulas 1 - 1d in a suitable solvent 
as defined above and a suitable co-catalyst such as an aluminoxane or a mixture of aluminoxanes 
or an ionic compound and/or a Lewis acid. The amount of co-catalyst employed in this step can 
vary to a certain extent. However, it has been found to be advantageous to use at least 0.5 mmole 
co-catalyst per g support material and preferably at least 1.0 mmole co-catalyst per g support 
material. 

The total amount of co-catalyst such as an aluminoxane or mixtures of 
aluminoxanes employed in the catalyst preparation procedure of the present invention depends 
on the nature of the metallocene compound and on the physical properties of the support and is 
typically between 6 mmole and 24 mmole aluminoxane per g support material. Preference is 
given to use between 8 and 20 mmole aluminoxane per g support and particular preference is 
given to use between 11 mmole and 18 mmole aluminoxane per g support. Metallocene loadings 
may vary, depending on the type and performance features of the respective metallocene 
compound but are preferably between 0.1 and 1.7 mol% of employed aluminoxane per g support 
material. 

The impregnation process itself can be carried out in various ways. In general, the 
impregnation suspension or solution as described above is combined with the cocatalyst loaded 

inert gas. During the drying process, the mixture can be heated until the free
solvent has been 38  removed, which usually takes from 1 to :3 hours at a
preferred temperature of from 30 C. to 60  P. (_. The free solvent is the
visible portion of the solvent in the mixture. For the purposes of the present
invention, residual solvent is the portion present in the pores. As an
alternative to the complete removal of the solvent, the supported catalyst
system can also be dried until only a certain residual solvent content is left,
with the free solvent  having been completely removed. Subsequently, the
supported catalyst system can be washed  with a low-boiling hydrocarbon
such as pentane, hexane, isohexane or heptane and dried again. Thus, the
process for preparing a free-flowing supported catalyst system  according to
the present invention comprises the following Steps: a) Contacting a support
material with a first composition which includes at least  one aluminoxane in a
first solvent at a temperature of about 10 to .'()PC followed by keeping the
mixture at about 20C: for 00 to 12 hours, subsequently heating the resulting
mixture to a  temperature of 10 to 200"C: and keeping the mixture at 30 to
NOT for 30 minutes to 20 hours,  optionally followed by removing all or part of
the first solvent and/or optionally followed by one  or more washing step(s)
using a suitable solvent, b) Suspending author dissolving, respectively, at
least one rnetallocene of formula  I - I d and a second portion of an
aluminoxane or of a mixture of aluninoxanes or of au ionic  compound and/or
a Lewis acid in a second solvent or suspension medium at a temperature of 0
to 10-0"C, optionally followed by a preactivation time of I minute to 200 hours
at a temperature  of 10 to 100, c) Applying the mixture prepared in h) to the
alumin.oxane loaded support  material produced in a), at a temperature of 10
to 100C and a contact time of 1 minute to 24  hours, d) Removing the major
part of the solvent from the resulting mixture and  optionally washing the
resulting supported catalyst with a suitable solvent, e) Isolating the supported
catalyst system and f) Optionally prepolymerizing the resulting supported
catalyst system with one or  more olefinic monomer(s), to obtain a
prepolymerized supported catalyst system. More specifically, the process for
preparing a free-flowing supported catalyst  system according to the present
invention comprises the following steps: 
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support material, which is in the form of a dry powder or as a suspension in one of the solvents 
mentioned above. Usually, the cocatalyt loaded support material is used as a dry powder or used 
as obtained after separation from the suspension medium. The impregnation suspension or 
solution can be either added to the cocatalyst loaded support material, or else the cocatalyst 
loaded support material can be introduced into the initially charged impregnation suspension or 
solution. The volume of the impregnation suspension or solution can exceed 100% of the total 
pore volume of the support material used or else be up to 100% of the total pore volume. 

The temperature at which the impregnation suspension or solution is brought into 
contact with the co-catalyst loaded support material can vary within the range from 10 0C to 100 
0C. The time for which the impregnation suspension or solution is brought into contact with the 
co-catalyst loaded support material and for which they are allowed to react with each other is 
between 1 minute and 24 hours, preferably between 5 minutes and 6 hours.  

In a preferred embodiment of the present invention, the impregnation process is 
carried out by having the impregnation suspension or solution flow through the co-catalyst 
loaded support material in a direct manner. Usually this procedure is carried out in a column-
shaped or cylindrical or tubular or conical reaction vessel with inlet and outlet devices, which is 
filled with the co-catalyst loaded support material. The impregnation process can be performed 
in three different variants as described in US 6,589,905 and WO00/05277 respectively, both of 
which are herein incorporated by reference. 

In another preferred embodiment, the catalyst systems of the present invention are 
formed by an incipient wetness impregnation technique, where the volume of the impregnation 
suspension or solution or the total liquid volume used in the impregnation step, respectively, 
does not exceed 250% of the total pore volume of the support material. 

According to the present invention particular preference is given to use at least 10 
mmole of the aluminoxan or of the mixture of aluminoxanes per g support material in the first 
step of the catalyst preparation procedure and to carry out the impregnation step by passing the 
impregnation suspension or solution through the co-catalyst loaded support material in a direct 
flow. 

In one embodiment of the present invention the resulting supported metallocene 
catalyst system is optionally washed and then dried to ensure that the solvent is completely or 
mostly removed from the pores of the support material. The supported catalyst is obtained as a 
free-flowing powder. In another embodiment of this invention the supported catalyst is recovered 
and optionally washed with an aromatic hydrocarbon and/or paraffinic hydrocarbon solvent. The 
isolated catalyst is then dispersed in a non-reactive suspension media such as a paraffinic 
hydrocarbon solvent, a mineral oil or a wax. 

While the solvent is completely or mostly removed from the supported catalyst 
system, the mixture can be stirred and, if desired, also heated. Preferably, both the visible portion 
of the solvent and the portion in the pores of the support material are removed. The removal of 
the solvent can be carried out in a conventional way using reduced pressure and/or purging with 
inert gas. During the drying process, the mixture can be heated until the free solvent has been 

a) Contacting a ,support material with a first composition which includes at
least 5  mmoI of an aluminoxane or of a mixture of aluminoxanes per g
support material in a first solvent  at a temperature of about 20C followed by
keeping the mixture at about 200C for 0.15 to 2  hours, subsequently heating
the resulting mixture to a temperature of 50 to 160C and keeping  the mixture
at 50 to 160C for Ito 6 hours, optionally followed bty removing all or part of
the  first solvent and/or optionally followed by one or more washing step(s)
using a suitable solvent, 39  bi Suspending; and/or dissoi i3ra;, respectively,
at least one metallocene of formula  I Id and at least 0.5 mmole of a second
portion of an aluminoxane or of a mixture of  alum no xanes per g support
material in a second solvent or suspension medium, where the  metallocene
is used in an amount of at least 0.1 mol% of the total amount of aluniinoxane
or of a  cuixtirre of alum3noxane per g support material, at a temperature of
20 to 50C, optionally  followed by a pE eactivati on time of 1 minute to 200
hours at a temperature of 20 to 30, c) Applying the mixture prepared in b) to
the aluminoxane loaded support  material produced in a), at a temperature of
10 to 100C and a contact time of 1 minute to 24  hours, dj Removing the
major part of the solvent from- the resulting mixture and e) Optionally
washing the resulting supported catalyst with a suitable solvent,  and/or
drying the resulting supported catalyst at temperatures of 30 to 60C, and 1)
Optionally prepolymeriziErg the resulting supported catalyst system with one
or  more olefinic monomers s), to obtain a prepolymerized supported catalyst
system. In a preferred embodiment the process for preparing a tie::-flowing
supported  catalyst system according to the present invention comprises the
following steps: a) Contacting an optionally thermally pretreated silica support
material with at  least 10 nunol of an aluminoxane per g support material in a
suitable solvent ,such as toluene at a  temperature of about 20C followed by
subsequently heating the resulting mixture to a  temperature of 80 to 140C
and keeping the mixture at 80 to 14()'(-' for 1 to 6 hours, optionally  followed
by removing all or part of the suitable solvent such as toluene, and/or
optionally  followed by. one or more washing step(s) using; a suitable solvent,
bi Suspending and/or dissolving, respectively, at least one metallocene of
formula  la - Id and at least 0.5 nrmole of a second portion of alulninoxane
per g support material in  toluene, where the irietalloceno is used in an
airiou-nit of at least 0. 1 molio of the total aniou-nit of  aluminoxaue or of a
mixture of aluminox ne per g support material, at a temperature of 20 to  
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removed, which usually takes from 1 to 3 hours at a preferred temperature of from 30 0C. to 60 
0C. The free solvent is the visible portion of the solvent in the mixture. For the purposes of the 
present invention, residual solvent is the portion present in the pores. 

As an alternative to the complete removal of the solvent, the supported catalyst 
system can also be dried until only a certain residual solvent content is left, with the free solvent 
having been completely removed. Subsequently, the supported catalyst system can be washed 
with a low-boiling hydrocarbon such as pentane, hexane, isohexane or heptane and dried again.  

Thus, the process for preparing a free-flowing supported catalyst system 
according to the present invention comprises the following steps:  

a) Contacting a support material with a first composition which includes at least 
one aluminoxane in a first solvent at a temperature of about 10 to 300C followed by keeping the 
mixture at about 200C for 0 to 12 hours, subsequently heating the resulting mixture to a 
temperature of 30 to 2000C and keeping the mixture at 30 to 2000C for 30 minutes to 20 hours, 
optionally followed by removing all or part of the first solvent and/or optionally followed by one 
or more washing step(s) using a suitable solvent,  

b) Suspending and/or dissolving, respectively, at least one metallocene of formula 
1 - 1d and a second portion of an aluminoxane or of a mixture of aluminoxanes or of an ionic 
compound and/or a Lewis acid in a second solvent or suspension medium at a temperature of 0 
to 1000C, optionally followed by a preactivation time of 1 minute to 200 hours at a temperature 
of 10 to 100°,  

c) Applying the mixture prepared in b) to the aluminoxane loaded support 
material produced in a), at a temperature of 10 to 1000C and a contact time of 1 minute to 24 
hours,  

d) Removing the major part of the solvent from the resulting mixture and 
optionally washing the resulting supported catalyst with a suitable solvent, 

 e) Isolating the supported catalyst system and  

f) Optionally prepolymerizing the resulting supported catalyst system with one or 
more olefinic monomer(s), to obtain a prepolymerized supported catalyst system. 

More specifically, the process for preparing a free-flowing supported catalyst 
system according to the present invention comprises the following steps:  

a) Contacting a support material with a first composition which includes at least 5 
mmol of an aluminoxane or of a mixture of aluminoxanes per g support material in a first solvent 
at a temperature of about 20°C followed by keeping the mixture at about 20°C for 0.15 to 2 
hours, subsequently heating the resulting mixture to a temperature of 50 to 1600C and keeping 
the mixture at 50 to 1600C for 1 to 6 hours, optionally followed by removing all or part of the 
first solvent and/or optionally followed by one or more washing step(s) using a suitable solvent,  

50'C', optionally followed by a preactivationr time of 1 minute to 2100 hours at
a temperature of 20  to 30 c) Applying the mixture prepared in b) to the
aluminoxane loaded support  material produced in al. at a temperature of 10
to 1OOC and a contact time of t minute to 24  hours, d) Removin ; the major
part of the toluene from the resulting mixture and e) Optionally washing the
resulting supported catalyst with a suitable solvent,  and/or drying the
resulting supported catalyst at temperatures of 30 to 60('C, and 40  f;
Optionally prepolyznerizina the resulting supported catalyst system with one
or  more olelinic monomer(s), to obtain a prepolymerized supported catalyst
system. In a more preferred embodiment the process for preparing a
free-flowing  supported catalyst system according to the present invention
comprises the following steps: a) contacting a3z_ optionally thermally
pretreated Silica support material with a  weight loss on dryness (I OD of 0.5
wt...o or lass and a weight loss on ignition (101) of l.0- wt...4 or greater with a
first composition which includes at least 11) mmol of methylaluminoxane  per
g support material in toluene at a temperature of about 20{' followed by
subsequently  heating; the resulting mixture to a temperature of 110"C and
keeping the mixture at 110"t. for I  to 6 hours, optionally followed by removing
all or part of the toluene, and/or optionally followed  by one or more washing
step(s) using a suitable solvent, b) Suspending and%or dissolving,
respectively, at least one metallocene of formula  1 b - ld and at least I
m3nole of a ,second portion of methylalunxinoxane per g ,support material in
toluene, where the metallocene is used in a3z_ amount of at least 0.1 mol%
of the total amount of  aluminoxane per g support material, at a temperature
of 20 to 50x, optionally followed by a  preactivation time of 1 minute to '2(30
hours at a temperature of 20 to 30, c) Applying the mixture prepared in b) to
the methylaluu noxanne loaded support  material produced in a), by passing
the imprecation suspension or solution b) through the  methylalumirnoxa3ne
loaded support material in a direct flow or by using an incipient wetness
impregnation technique, whore the volume of the impregnation suspension or
solution or the  total liquid volume used in the impregnation step,
respectively. does not exceed 250'% of the  total pore volume of the support
material, at a temperature of 10 to 10(3C' and a contact time of 1  minute to
2A houus, d) Removing the major part of the toluene from the resulting
mixture and 
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b) Suspending and/or dissolving, respectively, at least one metallocene of formula 
1 — 1d and at least 0.5 mmole of a second portion of an aluminoxane or of a mixture of 
aluminoxanes per g support material in a second solvent or suspension medium, where the 
metallocene is used in an amount of at least 0.1 mol% of the total amount of aluminoxane or of a 
mixture of aluminoxane per g support material, at a temperature of 20 to 500C, optionally 
followed by a preactivation time of 1 minute to 200 hours at a temperature of 20 to 30°,  

c) Applying the mixture prepared in b) to the aluminoxane loaded support 
material produced in a), at a temperature of 10 to 1000C and a contact time of 1 minute to 24 
hours,  

d) Removing the major part of the solvent from the resulting mixture and  

e) Optionally washing the resulting supported catalyst with a suitable solvent, 
and/or drying the resulting supported catalyst at temperatures of 30 to 60°C, and  

f) Optionally prepolymerizing the resulting supported catalyst system with one or 
more olefinic monomer(s), to obtain a prepolymerized supported catalyst system. 

In a preferred embodiment the process for preparing a free-flowing supported 
catalyst system according to the present invention comprises the following steps:  

a) Contacting an optionally thermally pretreated silica support material with at 
least 10 mmol of an aluminoxane per g support material in a suitable solvent such as toluene at a 
temperature of about 200C followed by subsequently heating the resulting mixture to a 
temperature of 80 to 1400C and keeping the mixture at 80 to 1400C for 1 to 6 hours, optionally 
followed by removing all or part of the suitable solvent such as toluene, and/or optionally 
followed by one or more washing step(s) using a suitable solvent,  

b) Suspending and/or dissolving, respectively, at least one metallocene of formula 
1a - 1d and at least 0.5 mmole of a second portion of aluminoxane per g support material in 
toluene, where the metallocene is used in an amount of at least 0.1 mol% of the total amount of 
aluminoxane or of a mixture of aluminoxane per g support material, at a temperature of 20 to 
500C, optionally followed by a preactivation time of 1 minute to 200 hours at a temperature of 20 
to 30°,  

c) Applying the mixture prepared in b) to the aluminoxane loaded support 
material produced in a), at a temperature of 10 to 1000C and a contact time of 1 minute to 24 
hours,  

d) Removing the major part of the toluene from the resulting mixture and  

e) Optionally washing the resulting supported catalyst with a suitable solvent, 
and/or drying the resulting supported catalyst at temperatures of 30 to 600C, and  

e) Optionally washing the resulting supported catalyst with a suitable solvent,
and/or eying the resulting supported catalyst at temperatures of 30 to 60C,
and f) Optionally prepolymeriziu_g the resulting supported catalyst system
with one or  more olefrnic monomer(s), to obtain a prepolyanerized supported
catalyst system. In a particular preferred embodiment the process for
preparing a free- flowing  supported catalyst system according to the present
invention comprises the following steps: a) Contacting an optionally thermally
pretreated silica support material with a  weight loss on dryness (LO1)) of 0.3
;a't.% or lass and a weight loss on ignition (LOI) between  ley and 3.5 wt.%.
with at least 10 mmol of methylahuninoxane per g support material in toluene
at a temperature of about 20C followed by subsequently heating the resulting
mixture to a  temperature of 110C and keeping the mixture at 110C for 1 to 6
hours, optionally tollowed by  removing all or part of the toluene, and/or
optionally followed by one or more washing step(s)  using a suitable solvent,
41  b) Suspending and/or dissolving, respectively, at least one mnetallocene
of formula  lb Id and at least I mmole, of a second portion of
rrrethylaluminoxane per g support material  in toluene, where the irxtalloeelte
is used in an amount of at least 0.1 rnoli, of the total amount  of alumino_tane
per-g support material, at a temperature of 20 to 50(', optionally followed by a
preaetlvation time of 1 minute tit 200 hours at a temperature of 20 to 30', c)
Applying the mixture prepared in b) to the methylaliurinoxane loaded support
material produced in a), by passing the impregnation suspension or solution
b) through the  aluminoxa ne loaded support material a) in a direct flow or by
using an incipient wetness  impregnation technique, where the volume of the
impregnation suspension or solution or the  total liquid volume used in the
impregnation step, respectively, does not exceed 250% of the  total pore
volume of the support material, at a temperature of Y) to 100 and a contact
time of 1  minute to 24 hours, d) Removing the major part of the toluene from
the resulting mixture and e) Optionally washing the resulting supported
catalyst with a suitable solvent,  and/or drying the resulting supported catalyst
at temperatures of 30 to 60C., and f) Optionally prepolyxnerizing the resulting
supported catalyst system with one or  more olefinic nlonomi'{s ), to obtain a
prepolymerized supported catalyst system. The supported catalyst system
prepared according to the present invention can be  used either directly for
the polymerization of olefins or be prepolvmerized with one or more  
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f) Optionally prepolymerizing the resulting supported catalyst system with one or 
more olefinic monomer(s), to obtain a prepolymerized supported catalyst system. 

In a more preferred embodiment the process for preparing a free-flowing 
supported catalyst system according to the present invention comprises the following steps:  

a) Contacting an optionally thermally pretreated silica support material with a 
weight loss on dryness (LOD) of 0.5 wt.% or less and a weight loss on ignition (LOI) of 1.0 
wt.% or greater with a first composition which includes at least 10 mmol of methylaluminoxane 
per g support material in toluene at a temperature of about 200C followed by subsequently 
heating the resulting mixture to a temperature of 110°C and keeping the mixture at 1100C for 1 
to 6 hours, optionally followed by removing all or part of the toluene, and/or optionally followed 
by one or more washing step(s) using a suitable solvent,  

b) Suspending and/or dissolving, respectively, at least one metallocene of formula 
1 b -1d and at least 1 mmole of a second portion of methylaluminoxane per g support material in 
toluene, where the metallocene is used in an amount of at least 0.1 mol% of the total amount of 
aluminoxane per g support material, at a temperature of 20 to 500C, optionally followed by a 
preactivation time of 1 minute to 200 hours at a temperature of 20 to 30°,  

c) Applying the mixture prepared in b) to the methylaluminoxane loaded support 
material produced in a), by passing the impregnation suspension or solution b) through the 
methylaluminoxane loaded support material in a direct flow or by using an incipient wetness 
impregnation technique, where the volume of the impregnation suspension or solution or the 
total liquid volume used in the impregnation step, respectively, does not exceed 250% of the 
total pore volume of the support material, at a temperature of 10 to 1000C and a contact time of 1 
minute to 24 hours,  

d) Removing the major part of the toluene from the resulting mixture and  

e) Optionally washing the resulting supported catalyst with a suitable solvent, 
and/or drying the resulting supported catalyst at temperatures of 30 to 60°C, and  

f) Optionally prepolymerizing the resulting supported catalyst system with one or 
more olefinic monomer(s), to obtain a prepolymerized supported catalyst system. 

In a particular preferred embodiment the process for preparing a free- flowing 
supported catalyst system according to the present invention comprises the following steps:  

a) Contacting an optionally thermally pretreated silica support material with a 
weight loss on dryness (LOD) of 0.3 wt.% or less and a weight loss on ignition (LOI) between 
1.5 and 3.5 wt.%, with at least 10 mmol of methylaluminoxane per g support material in toluene 
at a temperature of about 200C followed by subsequently heating the resulting mixture to a 
temperature of 1100C and keeping the mixture at 1100C for 1 to 6 hours, optionally followed by 
removing all or part of the toluene, and/or optionally followed by one or more washing step(s) 
using a suitable solvent,  

olefinic rrlonomers, with or without the use of hydrogen as molar crass
regulating agent, prior to  use in a polymerization process. The procedure for
the prepolymerization of supported catalyst  systems is described in WO
134/28034, which is herein incorporated by reference. As additive, it is
possible to add, during or after the preparation of the supported  catalyst
system, a small amount of an olefin, preferably an alpha-olefin such as
styrene or  phenyldimethylvinylsilane as activity-increasing component or an
antistatic, as described in U.S.  Ser. No, 08/365,280. The molar ratio of
additive to rnetallocene component of formulas 1 -- I d is  preferably from 1
:1000 to 1000:1 , very particularly preferably from 1 :20 to 2.0:1. The present
invention also provides a process for preparing a polyolefin by
polymerization of one or more olefins in the presence of the catalyst system
of the present  invention comprising at least one transition metal component
of the formulas 1 - Id, at least one  support and at least one cocatalyst. For
the purposes of the present invention, the term  polymerization refers to both
homopolymerization and copolymerization and the term  copolymerization
includes torpolymerization or copolymerization of more than three different
monomers. Preference is given to polymerizing olefins of the formula Rm-t"H
t"H-12", where  Y"' and R" are identical or different and are each a hydrogen
atom or a radical having from 1 to  20 carbon atoms, in particular from Ito 10
carbon atoms, and hl' and R' together with the, atoms  connecting them can
form one or more rings. 42  Suitable olefins are I -olefins, eg, ethene,
propene, 1-britene, 1-pentene, 1-hexane, 4-methyl-l-pentane or 1-octene,
styrene, dienes such as 1 ,3-butadiene, 1 ,4-hexadiene,  vinylnorh+ rncne,
norhoinadiene, ethylnorbomadiene and cyclic olefins such as norhoirxexie,
tetracyclododecene or ilethylnorhornene. In the process of the present
invention preference is  given to ixomopolymeri?mg prim-}one or ethene or
Copolvmnerizing propene with ethene and/or one  or more 1- olefins having
from 4 to 20 carbon aton-is, eg, t-hutene, 1-pentene or hexane, andi'or  one
or more dienes having from 4 to 20 carbon atoms, eg. I 4-butadiene,
norbornadiene,  ethylidenenorbornene or ethylnorbomadiene. Very suitable
copolymers are propene-ethene  copolymers, propene-l-butane copolymers
propene 1-pethene copolymers and pros-rene-aflame-.  1-~:?titeae,
propene-etl3ene- I- 1>ente3xe or propene-ethene-1 ,4-hexaih ene
terpi?lymers The polymerization is carried out at from -60 C to 300 PC
preferably from 50 C  to 200 f7, very particularly preferably from 50 C to 100
C'.. The pressure is from 0.5 to 2000  bar, preferably from 5 to 100 bar. The
polymerization call_ be carried out in solution, in hulk, in suspension or in the
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b) Suspending and/or dissolving, respectively, at least one metallocene of formula 
1b — 1d and at least 1 mmole of a second portion of methylaluminoxane per g support material 
in toluene, where the metallocene is used in an amount of at least 0.1 mol% of the total amount 
of aluminoxane per-g support material, at a temperature of 20 to 50°C, optionally followed by a 
preactivation time of 1 minute to 200 hours at a temperature of 20 to 30°,  

c) Applying the mixture prepared in b) to the methylaluminoxane loaded support 
material produced in a), by passing the impregnation suspension or solution b) through the 
aluminoxane loaded support material a) in a direct flow or by using an incipient wetness 
impregnation technique, where the volume of the impregnation suspension or solution or the 
total liquid volume used in the impregnation step, respectively, does not exceed 250% of the 
total pore volume of the support material, at a temperature of 10 to 1000C and a contact time of 1 
minute to 24 hours,  

d) Removing the major part of the toluene from the resulting mixture and  

e) Optionally washing the resulting supported catalyst with a suitable solvent, 
and/or drying the resulting supported catalyst at temperatures of 30 to 600C., and  

f) Optionally prepolymerizing the resulting supported catalyst system with one or 
more olefinic monomer(s), to obtain a prepolymerized supported catalyst system. 

The supported catalyst system prepared according to the present invention can be 
used either directly for the polymerization of olefins or be prepolymerized with one or more 
olefinic monomers, with or without the use of hydrogen as molar mass regulating agent, prior to 
use in a polymerization process. The procedure for the prepolymerization of supported catalyst 
systems is described in WO 94/28034, which is herein incorporated by reference. 

As additive, it is possible to add, during or after the preparation of the supported 
catalyst system, a small amount of an olefin, preferably an alpha-olefin such as styrene or 
phenyldimethylvinylsilane as activity-increasing component or an antistatic, as described in U.S. 
Ser. No. 08/365,280. The molar ratio of additive to metallocene component of formulas 1 - 1 d is 
preferably from 1 :1000 to 1000:1 , very particularly preferably from 1 :20 to 20:1.  

The present invention also provides a process for preparing a polyolefin by 
polymerization of one or more olefins in the presence of the catalyst system of the present 
invention comprising at least one transition metal component of the formulas 1 - 1d, at least one 
support and at least one cocatalyst. For the purposes of the present invention, the term 
polymerization refers to both homopolymerization and copolymerization and the term 
copolymerization includes terpolymerization or copolymerization of more than three different 
monomers. 

Preference is given to polymerizing olefins of the formula Rm-CH=CH-Rn, where 
Rm and Rn are identical or different and are each a hydrogen atom or a radical having from 1 to 
20 carbon atoms, in particular from 1 to 10 carbon atoms, and Rm and Rn together with the atoms 
connecting them can form one or more rings. 

gas phase, continuously or batch,vise, in one or more stages and /or in a
reactor with different  reaction zones. As an e_{ample, impact copolymers are
preferably- produced in more than one  stage, The homopolymer or random
copolymer content of such a polymer can be produced in (a)  first stage(s)
and the copolymer rubber content can be produced in (a) consecutive
statue(s).  I lotnopoly3tiers or random copolymers having a broad molecular
weight distribution or  homopol5rners or random copolymers having bimodal
or multimodaI molecular weight  distribution can he produced in two or multi
reactor cascades by applying different hydrogen  add/or different co3m omer
concentrations. In addition, by applying different comono3ner  contents in two
or multi reactor cascades, polymers with broad, bimodal or multmodal melting
behaviour can he realized. The supported catalyst system prepared
according to the present invention can be  used as sole catalyst component
for the polymerization of olefins or preferably in combination  with at least one
alkyl compound of elements of Main Groups I to Ill of the Periodic Table, for
example an aluminum alkyl, magnesium alkyl or lithium alkyl or an
ahiminoxane. The alkyl  compound is added to the monomer or suspension
medium and serves to free the monomer of  substances, which can impair
the catalytic activity. The amount of alkyl compound added  depends on the
quality of the 3nonomers Used. As an alternative to use more than one
reactor to prepare olefin polymers having a  broad, bimodal or inultmodal
molecular weight distribution or a broad, bimodal or multimodal  melting
range rests. melting behaviour, it is recommended to use a catalyst system
comprising  two or more different metallocenes. Alternatively two or more
different catalyst systems of the  present invention can be used as a mixture.
As molar mass regulator and/or to increase the activity, hydrogen is added if
required. The catalyst system may be supplied to the polymerization system
as a solid, a  paste or in the form of a suspensionin a hydrocarbon or may be
treated With inert components,  43  such as paraffins, oils, or waxes, to
achieve better metering. If the catalyst system is to be  metered into the
reactor together with the monomer to be polymerized or the monomer
mixture  to he polymerized. the mixing unit and the metering line are
preferably cooled. Furthermore. an additive such as an antistatic or an
alcohol can he used in the  Process of the present invention, for example to
improve the particle morphology of the olefin  polymer. In general it is
possible to use all antistatics, which are suitable in olefin polymerization  
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Suitable olefins are 1 -olefins, eg. ethene, propene, 1-butene, 1-pentene, 1- 
hexene, 4-methyl-1-pentene or 1-octene, styrene, dienes such as 1 ,3-butadiene, 1 ,4-hexadiene, 
vinylnorbornene, norbornadiene, ethylnorbomadiene and cyclic olefins such as norbomene, 
tetracyclododecene or methylnorbornene. In the process of the present invention, preference is 
given to homopolymerizing propene or ethene or copolymerizing propene with ethene and/or one 
or more 1- olefins having from 4 to 20 carbon atoms, eg. 1-butene, 1-pentene or hexene, and/or 
one or more dienes having from 4 to 20 carbon atoms, eg. 1 ,4-butadiene, norbornadiene, 
ethylidenenorbornene or ethylnorbomadiene. Very suitable copolymers are propene-ethene 
copolymers, propene-1-butene copolymers propene-1-pentene copolymers and propene-ethene-
1-butene, propene-ethene-1- pentene or propene-ethene-1 ,4-hexadiene terpolymers. 

The polymerization is carried out at from -60 0C to 300 0C preferably from 50 0C 
to 200 0C, very particularly preferably from 50 0C to 100 0C. The pressure is from 0.5 to 2000 
bar, preferably from 5 to 100 bar. 

The polymerization can be carried out in solution, in bulk, in suspension or in the 
gas phase, continuously or batchwise, in one or more stages and /or in a reactor with different 
reaction zones. As an example, impact copolymers are preferably- produced in more than one 
stage. The homopolymer or random copolymer content of such a polymer can be produced in (a) 
first stage(s) and the copolymer rubber content can be produced in (a) consecutive stage(s). 
Homopolymers or random copolymers having a broad molecular weight distribution or 
homopolymers or random copolymers having bimodal or multimodal molecular weight 
distribution can be produced in two or multi reactor cascades by applying different hydrogen 
and/or different comonomer concentrations. In addition, by applying different comonomer 
contents in two or multi reactor cascades, polymers with broad, bimodal or multimodal melting 
behaviour can be realized.  

The supported catalyst system prepared according to the present invention can be 
used as sole catalyst component for the polymerization of olefins or preferably in combination 
with at least one alkyl compound of elements of Main Groups I to III of the Periodic Table, for 
example an aluminum alkyl, magnesium alkyl or lithium alkyl or an aluminoxane. The alkyl 
compound is added to the monomer or suspension medium and serves to free the monomer of 
substances, which can impair the catalytic activity. The amount of alkyl compound added 
depends on the quality of the monomers used. 

As an alternative to use more than one reactor to prepare olefin polymers having a 
broad, bimodal or multimodal molecular weight distribution or a broad, bimodal or multimodal 
melting range resp. melting behaviour, it is recommended to use a catalyst system comprising 
two or more different metallocenes. Alternatively two or more different catalyst systems of the 
present invention can be used as a mixture. 

As molar mass regulator and/or to increase the activity, hydrogen is added if 
required. 

The catalyst system may be supplied to the polymerization system as a solid, a 
paste or in the form of a suspension in a hydrocarbon or may be treated with inert components, 

processes. It is preferred to dose the antistatic directly into the polymerization
system, either  together with or separately from the catalyst system used.
The polymers prepared using; the catalyst systems of the present invention
display  uniform particle morphology and contain no fines. No agglomerates
or deposits are obtained in  the polymerization using the catalyst system of
the present invention. The catalyst systems of the present invention give
polymers such as  polypropylene having; a low content of catalyst residues,
high molecular weight and cover a  broad range of stereospecificity. and
regiospecificity. The copolymers which can be prepared using the catalyst
system based on  metallocenes of formula Id of the present invention have a
significantly higher molar mass  compared to the prior art. At the same time,
such copolymers can be prepared using the catalyst  system of the present
invention at a high productivity and at industrially E levant process
parameters without deposit formation. The polymers prepared by the process
of the present invention are suitable, in  particular, for producing products
such as fibers, filaments, invection-molded parts, films, sheets,  caps,
closures, bottles or large hollow bodies such as pipes with excellent
properties. The invention is further illustrated by, but not intended to he
limited to, the  following Examples. EXAMPLES  General Procedures All
preparative work was carried out under argon using Schlenk techniques or in
a  glove box. All solvents were purged with argon and dried over molecular
sieves before use. The polymers produced and the metallocenes used were
characterized by -I1- NMI1., -\' Ilt, DSC, t_Gt_, and 112 spectroscopy. The
following abbreviations are employed:  PP - polypropylene MC' metallocene
44  Cat = supported catalyst system  h - hour VN = viscosity nrunber in ctri ; g
My, = weight average molar mass of the polymer in grtnol Mw /y1[-..
polydispersity, determined by gel permeation chromatography (GI'C)  
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such as paraffins, oils, or waxes, to achieve better metering. If the catalyst system is to be 
metered into the reactor together with the monomer to be polymerized or the monomer mixture 
to be polymerized, the mixing unit and the metering line are preferably cooled. 

Furthermore, an additive such as an antistatic or an alcohol can be used in the 
process of the present invention, for example to improve the particle morphology of the olefin 
polymer. In general it is possible to use all antistatics, which are suitable in olefin polymerization 
processes. It is preferred to dose the antistatic directly into the polymerization system, either 
together with or separately from the catalyst system used. 

The polymers prepared using the catalyst systems of the present invention display 
uniform particle morphology and contain no fines. No agglomerates or deposits are obtained in 
the polymerization using the catalyst system of the present invention. 

The catalyst systems of the present invention give polymers such as 
polypropylene having a low content of catalyst residues, high molecular weight and cover a 
broad range of stereospecificity and regiospecificity.  

The copolymers which can be prepared using the catalyst system based on 
metallocenes of formula 1d of the present invention have a significantly higher molar mass 
compared to the prior art. At the same time, such copolymers can be prepared using the catalyst 
system of the present invention at a high productivity and at industrially relevant process 
parameters without deposit formation.  

The polymers prepared by the process of the present invention are suitable, in 
particular, for producing products such as fibers, filaments, injection-molded parts, films, sheets, 
caps, closures, bottles or large hollow bodies such as pipes with excellent properties. 

The invention is further illustrated by, but not intended to be limited to, the 
following Examples.  

EXAMPLES  

General Procedures  

All preparative work was carried out under argon using Schlenk techniques or in a 
glove box. All solvents were purged with argon and dried over molecular sieves before use. 

The polymers produced and the metallocenes used were characterized by 1H-
NMR, 13C-NMR, DSC, GPC and IR spectroscopy.  

The following abbreviations are employed: 

PP = polypropylene  

MC = metallocene  

MFR = melt flow rate, measured at 230 T. with a load of 2,161 (ISO 1133)
m.p. = polymer melting point in C, determined by differential scanning
calonmehy (DSC;, ISO 3146) with a 1" heating / coohag i 2`0 heating rate of
:.0'C,. / mril 1g glass transition temperature in 'C, determined by differential
scanning  calorimetty tDSC, conditions see above)  Room temperature: 20 C.
The ethylene content of copolymers was determined by III and i'C; NMR
spectroscopy, Example I Preparation of Di -n hexytsilanediylbis(2-methyt 4
(4'-tent- butylphenyl)indene) 10 9 g (41.5 mn-ioles) of
2-methyl-4-(4'-terf-butrvlplieny'1)-1 -indene were  introduced into 190 nil of
toluene and 11 ml. of THF, and 17.4 ml, of n-butylllithium t 2.5 M in  toluene)
were added without interruption at room temperature. Alter this addition is
complete,  the mixture was heated to 80C and stirred at this temperature for
one hour. It was allowed to  cool to 40C, and then 5.8 ml (2t).7 mn-ioles) of
di-n-Iiexvldichlorosilane were slowly added  dropwise. After this addition, the
reaction solution was stirred for three hours at 60C and then  overnight at
room temperature. 60 niL, of water were added, and the phases that form
were  separated. The organic phase was washed with 100 mL of water, and
the aqueous phase was  extracted three times with a total of 100 mL of
toluene. The combined organic phases were dried  over magnesium sulfate.
After separation of the magnesium sulfate, the solvent was removed and  the
residue was purified by column chromatography. The desired product di-n-
hexvlsilanedivibis(2-methyl-11_(4 tent-lsiatylphenvl)indone) was isolated in a
yield of 6.6 g (44%)  (purity 98%). '11-NiMR (400 Mi-Iz, CDC13): 45
7,42-1.04 (m, 1411, arom--H) 6.72 (s, lar, 211, olotia-H iudene), 3.60 3.48
;'each s,  each 1 11, 2M4, 2.132 (each s, each 31-1, CH,), 1.33, 131 (each s,
each 9111 tert-butyl),  1 20-1.()2 (m, 1611, aIipln-H), 0.78-0.72 (m, 611,
C:F13}; 0.67- 0.50 (m, 4H, aliph-FT). Example 2: Preparation of
Di-n-hexyylsilanediylbis(2-methyl-4-(4'-tert- Isaatylphenyl)-i3rde3ryl) 3co3rium
dichloride 7.3 g (10.1 mmoles) of di-n-hexvl ilanediylbis(2-methyl-4-(4'-tert- 
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Cat = supported catalyst system  

h = hour  

VN = viscosity number in cm3 /g 

Mw = weight average molar mass of the polymer in g/mol  

Mw / Mn = polydispersity, determined by gel permeation chromatography (GPC) 

MFR = melt flow rate, measured at 230 0C. with a load of 2,16 kg (ISO 1133)  

m.p. = polymer melting point in 0C, determined by differential scanning 
calorimetry  

(DSC, ISO 3146) with a 1st heating / cooling / 2nd heating rate of 20 0C. / min  

Tg = glass transition temperature in 0C, determined by differential scanning 
calorimetry  

(DSC, conditions see above) 

Room temperature: 20 0C.  

The ethylene content of copolymers was determined by IR and 13C-NMR 
spectroscopy. 

Example 1  

Preparation of Di-n-hexylsilanediylbis(2-methyl-4-(4'-tert- butylphenyl)indene) 

 10.9 g (41.5 mmoles) of 2-methyl-4-(4'-terf-butylphenyl)-1 -indene were 
introduced into 190 ml_of toluene and 11 mL of THF, and 17.4 mL of n-butyllithium (2.5 M in 
toluene) were added without interruption at room temperature. After this addition is complete, 
the mixture was heated to 800C and stirred at this temperature for one hour. It was allowed to 
cool to 400C, and then 5.8 mL (20.7 mmoles) of di-n-hexyldichlorosilane were slowly added 
dropwise. After this addition, the reaction solution was stirred for three hours at 600C and then 
overnight at room temperature. 60 mL of water were added, and the phases that form were 
separated. The organic phase was washed with 100 mL of water, and the aqueous phase was 
extracted three times with a total of 100 mL of toluene. The combined organic phases were dried 
over magnesium sulfate. After separation of the magnesium sulfate, the solvent was removed and 
the residue was purified by column chromatography. The desired product di-n- 
hexylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)indene) was isolated in a yield of 6.6 g (44%) 
(purity 98%).  

1H-NMR (400 MHz, CDCI3): 

butylpheuyl)indene were introduced into 800 ml of diethyl ether, and 8.1 nil of
xi- buty llithium  solution (2.5 l t in toluene) were added at room temperature.
After this addition was coarmplete,  the mixture was stirred overnight at this
temperature. It was cooled to OUC, and then 2.36 g (10.1  mmoles) of
zirconium tetrachloride were added in portions. After the addition of 20 nil of
diethyl  ether, the mixture was allowed to warm to room temperature and was
then stirred for two hours at this temperature. The precipitate that forms was
separated through a (3 fritted glass filter and  washed once with 20 Enl of
diethyl ether. Ihe residue was then dried in an oil-pump Vacuum. The
desired product was obtained in a yield of 4.9 g (55%) and a rac:3neso ratio
> 20:1. 'II-NMR (400 MIiz, CDC;I:): 7.60-6.96 (m, 16111 arum F1), 2.22 (s,
6H, C'113},  L87-1 35 (m. 2011, alipla-14), 1.31 (s, 18H tort-butyl) 0.92 (t, 6H,
C:F13). Example 3: Preparation of Iyimethvlsilanedivlt is(2-methyl-4-(4'-test-l
utvl- phenyl)indonyl)ziroonium_ dichloride 143 g (13..54 3noles) of 2-methyl 1
(I'-tern-butylpheEly I)-l-- indene were introduced into 2.4 L of toluene and 143
mL of tetrahydrofuran, and 234 ml of an li- butyllithium solution (2.5 NI in
toluene) were added without interruption at room tempera re.  After this
addition was complete, the mixture was heated to 80C and stirred for one
hour at this  temperature. It was allowed to cool to X10C, then 33.6 g (0.26
moles) of di3nethyldichlorosilane  were added dropwise to this reaction
solution. The reaction solution was stirred for three hours at  6i 13C`. It was
cooled to room temperature, and then 218 mL of an L-butyllithium solution
(2.5 NI  in toluene) were added dropwise. After this addition was complete,
the solution was heated to  80C and stirred for one hour at this temperature.
It was allowed to cool to room temperature,  then 71.1 g (0.305 moles) of
zirconium tetrachloride were added in portions. The solution was  stirred for
two hours at 45C and the precipitate that forms was separated by filtration
through a  113 fritted glass filter and then carefully washed with 700-mL
portions of EcLrarlaydrofirran, Tire  residue was dried in an oil-pump vacuum,
and the product was obtained in a yield of 155 g  'SK") and with a rac:meso
ratio of 1 :1. The isomers must be separated in an additional step to  obtain
selective catalysts for propylene polymerization. all-NMR (4130 yil-iz3 CDC;
1_:): 7.63-6.85 (in, 16th arom-H). 2.44 is, 3H. meso CH3). 2.24 (s, 3H. rac-(
3). 1.46  (`3; 1.511; 3rre:,o siy!te ), 1.31-L29 (m, 21 11, tent-butyl, 3 c-SiMe,),
1.23 (s, 1.511, Eneso-013).  Example 4: Preparation of
Dimethylbis(2-anethyl-4,~ benzoiErdeEryllsilane A solution of 7.0 g (38.8
mmoles) of the isomeric nii;ture of 2-methyl-4,5- benzoindene and 2-
anethyl-6,7-benzoindene in 65 mL. of tetrahydrofuran was treated with 15.6
Erd of an n- butyllithiurn solution (2,5 M in hexane) and heated under reflux
for one hour. The resulting red 
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7.42-7.04 (m, 14H, arom-H), 6.72 (s, br, 2H, olefin-H indene), 3.60, 3.48 (each s, 
each 1 H, SiC-H), 2.04, 2.02 (each s, each 3H, CH3), 1.33, 1.31 (each s, each 9H1 tert-butyl), 
1.20-1.02 (m, 16H, aliph-H), 0.78-0.72 (m, 6H, CH3), 0.67- 0.50 (m, 4H, aliph-H).  

Example 2: Preparation of Di-n-hexylsilanediylbis(2-methyl-4-(4'-tert- 
butylphenyl)-indenyl)zirconium dichloride 

7.3 g (10.1 mmoles) of di-n-hexylsilanediylbis(2-methyl-4-(4'-tert- 
butylphenyl)indene were introduced into 80 ml of diethyl ether, and 8.1 ml of n- butyllithium 
solution (2.5 M in toluene) were added at room temperature. After this addition was complete, 
the mixture was stirred overnight at this temperature. It was cooled to 00C, and then 2.36 g (10.1 
mmoles) of zirconium tetrachloride were added in portions. After the addition of 20 ml of diethyl 
ether, the mixture was allowed to warm to room temperature and was then stirred for two hours 
at this temperature. The precipitate that forms was separated through a G3 fritted glass filter and 
washed once with 20 ml of diethyl ether. The residue was then dried in an oil-pump vacuum. The 
desired product was obtained in a yield of 4.9 g (55%) and a rac:meso ratio > 20:1. 

1H-NMR (400 MHz, CDCI3): 7.60-6.96 (m, 16H1 arom-H), 2.22 (s, 6H, CH3), 
1.87-1.35 (m,.2OH, aliph-H), 1.31 (s, 18H, tert-butyl), 0.92 (t, 6H, CH3). 

Example 3: Preparation of Dimethylsilanediylbis(2-methyl-4-(4'-tert-butyl- 
phenyl)indenyl)zirconium dichloride 143 g (0.54 moles) of 2-methyl-4-(4'-tert-butylphenyl)-1-
indene were introduced into 2.4 L of toluene and 143 mL of tetrahydrofuran, and 234 ml of an n-
butyllithium solution (2.5 M in toluene) were added without interruption at room temperature. 
After this addition was complete, the mixture was heated to 80°C and stirred for one hour at this 
temperature. It was allowed to cool to 40°C, then 33.6 g (0.26 moles) of dimethyldichlorosilane 
were added dropwise to this reaction solution. The reaction solution was stirred for three hours at 
60°C. It was cooled to room temperature, and then 218 mL of an π-butyllithium solution (2.5 M 
in toluene) were added dropwise. After this addition was complete, the solution was heated to 
80°C and stirred for one hour at this temperature. It was allowed to cool to room temperature, 
then 71.1 g (0.305 moles) of zirconium tetrachloride were added in portions. The solution was 
stirred for two hours at 45°C and the precipitate that forms was separated by filtration through a 
G3 fritted glass filter and then carefully washed with 700-mL portions of tetrahydrofuran. The 
residue was dried in an oil-pump vacuum, and the product was obtained in a yield of 155 g 
(80%) and with a rac:meso ratio of 1 :1. The isomers must be separated in an additional step to 
obtain selective catalysts for propylene polymerization. 

1H-NMR (400 MHz1 CDCI3): 

7.63-6.85 (m, 16H, arom-H), 2.44 (s, 3H, meso-CH3), 2.24 (s, 3H, rac-CH3), 1.46 
(S1 1.5H, meso-SiMe2), 1.33-1.29 (m, 21 H, tert-butyl, rac-SiMe2), 1.23 (s, 1.5H, meso-CH3). 

Example 4: Preparation of Dimethylbis(2-methyl-4,5-benzoindenyl)silane A 
solution of 7.0 g (38.8 mmoles) of the isomeric mixture of 2-methyl-4,5- benzoindene and 2-
methyl-6,7-benzoindene in 65 mL of tetrahydrofuran was treated with 15.6 mL of an n-
butyllithium solution (2.5 M in hexane) and heated under reflux for one hour. The resulting red 

46  solution was then added dropwise at room temperature to a solution of
2.51 g (19.4 mmoles) of  dimethyldichlorosilane in 10 nil, of THF, and the
resulting solution was heated under reflex for  5-6 hours. The reaction
solution was then cooled to room tearap rature and pouted into ice water.
The aqueous phase was repeatedly extracted with 60 mL of diethyl ether.
After the organic phase  has been dried with magnesium sulfate, the solvent
was removed and the residue was purified by  column chromatography. The
desired product was isolated in a yield of 4,85 g (60 o). 'I-1-" MR (4()0 Ml-iz,
CDCI,)8.01-7.16 (m, 1211, arom-ID, 7.21 (s, br, 211, olefin- H indene), 3.96
(s, 2H. SW-11), 2.43 (s, 611, CH), -0,22 t s, 6H `siMe2). Example 5:
Preparation of Di metlzylsilaE ediylbis( methyl-4,5-benzoindenyl)zilconium
dichloride A solution of 3.0 _g (7.2 mmoles) of dimethylbis(2-methyl-
4,5-benzo-indenyl)silane in 30 ml of tetrahydrofuran was treated with 5.8 ml
of all n- butyllithiurn solution (2.5 M in hexane) and stirred for 16 hours at
room temperature. The  reaction solution was cooled to 0C and L68 g (7.2
mmoles) of zirconium tetrachloride were  added in portions. After this
addition, the solution was warmed to room temperature and stirred  for two
hours at this temperature, The precipitate that forms was filtered through a
Ci3 fritted  glass filter and the residue was washed once with 5 and of diethyl
ether. The residue was then  dried in a vacuum, and the desired product was
obtained in a yield of 1-12 g (56%) with a  rac:3neso ratio of about 1:1. The
isomers must be separated in a subsequent step to obtain  selective catalysts
for propylene polymerization, aH-NiMR (400 MITz, CDC13): 7 85-7.10 (m,
14H, arum-H)125 (s, 6H, ('113), 1.30 (s. 6 H. ('FT3). Example 6: Preparation
of i3methvlbis(2-metlrylindcuvl)slane 8.0 g (61.4  mmoles) of 2-methylind no
were introduced into 175 ell of toluene and 13 ulL of TI-TF, and 24.6  nm, of
n-butyllithium (2.5 M in toluene) were added without interruption at room
temperature.  After this addition was complete, the mixture was heated to
80C and stirred at this temperature  for one hoar. It was allowed to cool to
40C, then 3.96 Co (30.7 mmoles) of  di3nethyldichlorosilati were slowly
added dropwi,se. After this addition, the reaction solution  was stirred for
three hours at 6t.C and then overnight at room temperature 70 eat, of water
were  added and the phases that form were separated. The organic phase
was washed with 100 nmL of  water, and the aqueous phase was extracted
three times with a total of 100 nit. of toluene. The combi3led organic phases
were dried over magnesium sulfate. After separation of the magnesium
sulfate, the solvent was removed and the residue was purified by column
chromatography. The  desired product was isolated in a yield of 8.16 g (84%)
(purity 99%), 
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solution was then added dropwise at room temperature to a solution of 2.51 g (19.4 mmoles) of 
dimethyldichlorosilane in 10 mL of THF, and the resulting solution was heated under reflux for 
5-6 hours. The reaction solution was then cooled to room temperature and poured into ice water. 
The aqueous phase was repeatedly extracted with 60 mL of diethyl ether. After the organic phase 
has been dried with magnesium sulfate, the solvent was removed and the residue was purified by 
column chromatography. The desired product was isolated in a yield of 4.85 g (60%).  

1H-NMR (400 MHz, CDCI3): 8.01-7.36 (m, 12H, arom-H), 7.21 (s, br, 2H, olefin-
H indene), 3.96 (s, 2H, SiC-H), 2.43 (s, 6H, CH3), -0.22 (s, 6H, SiMe2). 

Example 5: Preparation of Dimethylsilanediylbis(2-methyl-4,5- 
benzoindenyl)zirconium dichloride A solution of 3.0 g (7.2 mmoles) of dimethylbis(2-methyl-
4,5-benzo-indenyl)silane in 30 ml of tetrahydrofuran was treated with 5.8 ml of an n- 
butyllithium solution (2.5 M in hexane) and stirred for 16 hours at room temperature. The 
reaction solution was cooled to 0°C and 1.68 g (7.2 mmoles) of zirconium tetrachloride were 
added in portions. After this addition, the solution was warmed to room temperature and stirred 
for two hours at this temperature. The precipitate that forms was filtered through a G3 fritted 
glass filter and the residue was washed once with 5 ml of diethyl ether. The residue was then 
dried in a vacuum, and the desired product was obtained in a yield of 2.32 g (56%) with a 
rac:meso ratio of about 1:1. The isomers must be separated in a subsequent step to obtain 
selective catalysts for propylene polymerization. 

1H-NMR (400 MHz, CDCI3): 

7.85-7.10 (m, 14H, arom-H), 2.25 (s, 6H, CH3), 1.30 (s, 6 H, CH3). 

Example 6: Preparation of Dimethylbis(2-methylindenyl)silane 8.0 g (61.4 
mmoles) of 2-methylindene were introduced into 175 ml of toluene and 13 mL of THF, and 24.6 
mL of n-butyllithium (2.5 M in toluene) were added without interruption at room temperature. 
After this addition was complete, the mixture was heated to 80°C and stirred at this temperature 
for one hour. It was allowed to cool to 40°C, then 3.96 g (30.7 mmoles) of 
dimethyldichlorosilane were slowly added dropwise. After this addition, the reaction solution 
was stirred for three hours at 60°C and then overnight at room temperature 70 mL of water were 
added and the phases that form were separated. The organic phase was washed with 100 mL of 
water, and the aqueous phase was extracted three times with a total of 100 mL of toluene. The 
combined organic phases were dried over magnesium sulfate. After separation of the magnesium 
sulfate, the solvent was removed and the residue was purified by column chromatography. The 
desired product was isolated in a yield of 8.16 g (84%) (purity 99%).  

1H-NMR (400 MHz, CDCI3):  

7.55-7.12 (m, 8H1 arom-H), 6.40 (s, br, 2H, olefin-H indene), 3.51 , 3.48 (each s, 
each 1 H, SiC-H), 2.09, 2.04 (each s, each 3H, CH3), 1.71 (s, 6H, CH3), 0.08 (s, 6H1 SiMe2). 

Example 7: Preparation of Dimethylsilanediylbis(2-methylindenyl)zirconium 
dichloride A solution of 5.0 g (15.8 mmoles) of dimethylbis(2-methylindenyl)silane in 45 mL of 

'Il NMR (400 MHz. CDCI3): 7.55 7.12 (m, 811, arom-H) 6.40 (s, hr, 2H,
olefin-Ii indene), 3.51 , 3.48 (each s,  each 111, SiC H), 2.09, 2.04 (each s,
each 3F1. CH3), 1,7111 (s, 6H, CH3), 0.08 (s, 611 siMe2).  Example 7:
preparation of Tiimethylsilalaediylbis('>-methylindenyl)zirconieau dichloride A
solution of 5.0 g (15.8 mmoles) of thane ahylbis(2-methylindenyl jsilnne in 45
till of  47  tetrahydrofizraEi was treated with 12.6 nil of au n-butyllilhium_
solution (2.5 M in hexane) and  stirred for 16 hours at room temperature. 'The
reaction solution was cooled to OC and 1.84 g(',9  mmoles) of zirconium
tetrachloride were added in portions. After this addition, the solution was
heated to room temperature and stirred for two hours at this temperature.
The precipitate that  forms was filtered through a (j:" fritted -lass filter, and the
residue was washed once ;with 10 ml  of diethyl ether. The residue was then
dried in a vacuum, and the desired product was obtained in  a yield of 1.89 g
(50r) with a rac:meso ratio close to 1:1. The isomers rust be separated in a
subsequent step to obtain selective catalysts for propylene polvnxer nation
'II-AMR (400 MIT=,, C I)('I<): 7.75 6.85 (m, 1011, arom II), 2.24 (s; 611, CH3\
1.25 (s, 61-1, aliph-11). Example 8: preparation of l7imethylbis(2-methyl-4
phenylirrclenyl)silaire 8.0 g  (38.8 mtrmles) of 2-trethyrl-4-phenylindene were
introduced into 180 ml. of toluene and 10 nil  of THE then 15.5 mL of
n-butyllithium_ solution (2.5 M in toluene) were added without  interruption at
room temperature. After this addition was complete, the mixture was heated
to  80C and stirred at this temperature for one hour. It was allowed to cool to
400C; then 2.5 g (19.4  mmoles) of dimethvldichlorosilatu were slowly added
dropwise. After this addition, the reaction  solution was stirred for three hours
at 60cC and then overnight at room temperature. 80 niL of  water were added
and the phases that form were separated. The organic phase was washed
with  800 mL of ,vater, and the aqueous phase was extracted three times with
a total of 800 mL of  toluene. The combined organic phases were dried over
magnesium sulfate, After separation of  the magnesium sulfate, the solvent
was removed and the residue was purified by column  chromatography. The
desired product was isolated in a yield of 7,27 g (8070) (purity: 97%).
aH-NvIR (400 MHz, C;l)(:i.) r8-7.12 (m, 16H, arom-H) 6.75 (s, br, 211, olefin-
11 indene), 8.76 (s, 211 , i( -11), 2.17 (s, 61I, CI13); -0.20 (rrr; 6I1i 1e>).
Example 9: Preparation of lyimothvlsilane+livlbis(2-methyl-4- Pilo
ny.linaenyljzirconium dichloride 5.0 g (10.7 rtmoles) of
ditnetliylsihntediylbis(2-metliyl-4- l_}lienyl)indeuc were introduced into 80 ml,
of diethyl ether. and 8.6 ml of an n-laurtyllithnmi  
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tetrahydrofuran was treated with 12.6 ml of an n-butyllithium solution (2.5 M in hexane) and 
stirred for 16 hours at room temperature. The reaction solution was cooled to 00C and 1.84 g (7.9 
mmoles) of zirconium tetrachloride were added in portions. After this addition, the solution was 
heated to room temperature and stirred for two hours at this temperature. The precipitate that 
forms was filtered through a G3 fritted glass filter, and the residue was washed once with 10 mL 
of diethyl ether. The residue was then dried in a vacuum, and the desired product was obtained in 
a yield of 1.89 g (50%) with a rac:meso ratio close to 1:1. The isomers must be separated in a 
subsequent step to obtain selective catalysts for propylene polymerization.  

1H-NMR (400 MHz, CDCI3): 7.75-6.85 (m, 10H, arom-H), 2.24 (s, 6H, CH3), 
1.25 (s, 6H, aliph-H). 

Example 8: Preparation of Dimethylbis(2-methyl-4-phenylindenyl)silane 8.0 g 
(38.8 mmoles) of 2-methyl-4-phenylindene were introduced into 180 mL of toluene and 10 mL 
of THF, then 15.5 mL of n-butyllithium solution (2.5 M in toluene) were added without 
interruption at room temperature. After this addition was complete, the mixture was heated to 
80°C and stirred at this temperature for one hour. It was allowed to cool to 400C, then 2.5 g (19.4 
mmoles) of dimethyldichlorosilane were slowly added dropwise. After this addition, the reaction 
solution was stirred for three hours at 600C and then overnight at room temperature. 80 mL of 
water were added and the phases that form were separated. The organic phase was washed with 
80 mL of water, and the aqueous phase was extracted three times with a total of 80 mL of 
toluene. The combined organic phases were dried over magnesium sulfate. After separation of 
the magnesium sulfate, the solvent was removed and the residue was purified by column 
chromatography. The desired product was isolated in a yield of 7.27 g (80%) (purity 97%). 

1H-NMR (400 MHz, CDCI3): 7.73-7.12 (m, 16H, arom-H), 6.75 (s, br, 2H, olefin-
H indene), 3.76 (s, 2H,SiC-H), 2.17 (s, 6H, CH3), -0.20 (m, 6H,SiMe2). 

Example 9: Preparation of Dimethylsilanediylbis(2-methyl-4- 
phenylindenyl)zirconium dichloride 5.0 g (10.7 mmoles) of dimethylsilanediylbis(2-methyl-4-
phenyl)indene were introduced into 80 mL of diethyl ether, and 8.6 ml of an n-butyllithium 
solution (2.5 M in toluene) were added at room temperature. After this addition was complete, 
the mixture was stirred overnight at this temperature. It was cooled to 0°C, then 2.49 g (10.7 
mmoles) of zirconium tetrachloride were added in portions. 20 mL of diethyl ether were added, 
then the solution was heated to room temperature and stirred for two hours at this temperature. 
The precipitate that forms was filtered through a G3 fritted glass filter and washed once with 20 
mL of diethyl ether. The residue was then dried in an oil-pump vacuum, and the desired product 
was obtained in a yield of 3.70 g (55%) with a rac:meso ratio close to 1 :1. The isomers must be 
separated in a subsequent step to obtain selective catalysts for propylene polymerization. 

1H-NMR (400 MHz, CDCI3): 7.69-6.93 (in, 18H, arom-H), 2.24 (s, 6H, CH3), 
1.30 (s, 6H, SiMe2) 

Example 10: Preparation of Di-n-hexylgermanediylbis(2-methyl-4-(4'-tert- 
butylphenyl)indene) 

solution (2.5 M in toluene) were added at room temperature. After this
addition was complete,  the mixture was stirred overnight at dris temperature.
It was cooled to 0C; then 2.49 g (10.7  mmoles) of zirconium tetrachloride
were added in portions. 20 ntL. of diethyl ether were added,  then the
solutiion. was heated to room temperature and stirred for two hours at this
temperature.  The precipitate that forms was filtered through a (8 fitted glass
filter and washed once with 20  ml, of diethyl ether. The residue ,vas their
dried in an oil-pump vacuumm, and the desired product  was obtained in a
yield of". 70 g (55%) with a rac:meso ratio close to 1 :1. The isomers trust be
separated in a subsequent step to obtain selective catalysts for propylene
polymerization. H-NMR (400 MHIz, C18C13): 7.69-6.93 (in, 18II_ arum-H),
2.2 l (s, 6H;  1.80 (s, 611, SiMe2) Example 10: Preparation of
Di-rt-hexylgormanodiy=lbis(2-methyl-4 (4`-tort- butylphenyl)indetie) 48  12.3
(46.9 mmoles) of 2..metlryl4-(4'-feet-l:artylphenvi)..l-.indene were  introduced
into 790 mL of toluene and 11 nif, of TH1, and 18.8 ml, of n-butyllithium (2.5
M in  toluene) were added without interruption at room temperature. After this
addition was coariplete,  the mixture was heated to 80C and stirred at this
temperature for one hour. It was allowed to  cool to 40C', then- 7.1 g (23.5
nvnoles) of di-n hexvldichlaeogernxane were slowly added  dropwise. After
this addition. the reaction solution was stirred for three hours at 60C and then
overnight at room temperature. 70 nil, of water were added and the phases
that form were  separated. The organic phase was washed with 100 mL of
water, and the aqueous phase was  extracted three times with a total of 100
mL of toluene, The combined organic phases were dried  over magnesium
sulfate. Alter separation of the magnesium sulfate, the solvent was removed,
and the residue was purified by column chromatography, The desired
product, i.e., di-n-
hexylgerrnauedrylhis(2-methyl-4-(4`-text-butvlpheaxyl)indene}, was isolated
in a yield of 11,0 g  (61 %) (purity 95%). 'H-NMR (100 MHz, 4 DCI_) .5(i-7.14
(m, 14H, aroan-11), 6.75 (s, br, 2H, olefn- 11 indene), 3,6 3, 3.S(:' (each s,
each 1 II, ;ii(`-11), 106, 2.02 (each s, each 3H, C11;), 1.36, 1,33  (each s,
each 911, tert-butyl), 1.23-1.07 On, 1611, aliph-11), U94).71 On, 611, (II;},
O,65- +0.50  (m, 411, aliph-H). Example I1 : Preparation of
Di-3x-,heaylgexmanedivibis(i.-methyl--4-t4'--tert-
butv1phenyl}-indenyljzirconium dichloride 63 g (8.2 mmoles} of
di-nhexylgermanedivlbis(2- m(nhyl-4-(4`-tert- butylpheny l)indene were
introduced into SO nil, of diethyl ether, and 6.6 mL, of  
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12.3 g (46.9 mmoles) of 2-methyl-4-(4'-tert-butylphenyl)-1-indene were 
introduced into 190 mL of toluene and 11 mL of THF, and 18.8 mL of n-butyllithium (2.5 M in 
toluene) were added without interruption at room temperature. After this addition was complete, 
the mixture was heated to 80°C and stirred at this temperature for one hour. It was allowed to 
cool to 400C, then 7.4 g (23.5 mmoles) of di-n-hexyldichlorogermane were slowly added 
dropwise. After this addition, the reaction solution was stirred for three hours at 600C and then 
overnight at room temperature. 70 mL of water were added and the phases that form were 
separated. The organic phase was washed with 100 mL of water, and the aqueous phase was 
extracted three times with a total of 100 mL of toluene. The combined organic phases were dried 
over magnesium sulfate. After separation of the magnesium sulfate, the solvent was removed, 
and the residue was purified by column chromatography. The desired product, i.e., di-n- 
hexylgermanediylbis(2-methyl-4-(4'-tert-butylphenyl)indene), was isolated in a yield of 11.0 g 
(61 %) (purity 95%).  

1H-NMR (400 MHz, CDCI3):7.50-7.14 (m, 14H, arom-H), 6.75 (s, br, 2H, olefin-
H indene), 3.63, 3.50 (each s, each 1 H, SiC-H), 2.06, 2.02 (each s, each 3H, CH3), 1.36, 1.33 
(each s, each 9H, tert-butyl), 1.23-1.07 (m, 16H, aliph-H), 0.79-0.71 (m, 6H, CH3), 0.65- 0.50 
(m, 4H, aliph-H). 

Example 11 : Preparation of Di-n-hexylgermanediylbis(2-methyl-4-(4'-tert- 
butylphenyl)-indenyl)zirconium dichloride 6.3 g (8.2 mmoles) of di-n-hexylgermanediylbis(2-
methyl-4-(4'-tert- butylphenyl)indene were introduced into 80 mL of diethyl ether, and 6.6 mL of 
n- butyllithium solution (2.5 M in toluene) were added at room temperature. After this addition 
was complete, the mixture was stirred overnight at this temperature. It was cooled to 0°C, and 
then 1.9 g (8.2 mmoles) of zirconium tetrachloride were added in portions. After the addition of 
20 mL of diethyl ether, the mixture was allowed to warm to room temperature and was then 
stirred for two hours at this temperature. The precipitate that forms was separated through a G3 
fritted glass filter and washed once with 10 mL of diethyl ether. The residue was then dried in an 
oil-pump vacuum. The desired product was obtained in a yield of 3.6 g (47%) and a rac:meso 
ratio > 20:1.  

1H-NMR (400 MHz, CDCI3): 7.74-7.03 (in, 16H, arom-H), 2.23 (s, 6H, CH3), 
1.92-1.40 (m, 20 H, aliph- H), 1.36 (s, 18H, tert-butyl), 0.94 (t, 6H, CH3). 

Example 12: Preparation of Cyclohexyl(methyl)silanediylbis(2-methyl-4-(4'- tert-
butyl-phenyl)indene) 

4.0 g (15.2 mmoles) of 2-methyl-4-(4'-tert-butylphenyl)-1-indene were introduced 
into 68 ml of toluene and 4 ml of THF, and 6.5 ml of n-butyllithium (2.5 M in toluene) were 
added without interruption at room temperature. After this addition was complete, the mixture 
was heated to 80°C and stirred at this temperature for one hour. It was allowed to cool to 40°C, 
then 5.8 ml (20.7 mmoles) of cyclohexyl(methyl)dichlorosilane were slowly added dropwise. 
After this addition, the reaction solution was stirred for three hours at 600C and then overnight at 
room temperature. 50 mL of water were added and the phases that form were separated. The 
organic phase was washed with 25 mL of water, and the aqueous phase was extracted twice with 
a total of 20 mL of toluene. The combined organic phases were dried over magnesium sulfate. 

n- butyllithium solution t2.5 M in toluene) were added at room temperature.
After this addition  was coanplete, the mixture was stirred overnight at this
temperature. It was cooled to 0C, and  then 1.9 g (8.) mmoles) of zirconium
tetrachloride were added in portions. After the addition of  20 nil, of diethyl
ether, the mixture was allowed to warm to room temperature and was then
stirred for two horns at this temperature. The precipitate that forms was
separated through a tai  fritted glass filter and washed once with 10 ml- of
diethyl ether, The residue was then dried in an  oil-pump vacuum. The
desired product was obtained in a yield of 3.6 g (47%) and a rac:meso  ratio
23:1. Ii N'MR (400 MHz. CDCIi): 7.74-7.03 tin, I6H, arom-1f), 2.23 (s, 611,
C11;),  1.92-1.40 (m, 20 IT, aliph-1l), 1.36 (s, 1811, tort-butyl), 094 (t, 611,
('H;}. Example I%: Preparation of ( clohexyl(methtllsilanediyll.rist2
methyl-4-(4`-feet- butyl-phenyl)mdene) 4.0 g (15.2 mmoles) of
2-methyl-4-(4'-tent-butylphenyl)-l-indene were introduced  into 68 rat of
toluene and 4 nil of TIdh, and 6.5 nil of n-hutyllithium (2.5 M in toluene) were
added without interruption at room temperature. After this addition was
complete, the mixture  was heated to 80C and stirred at this temperature for
one hour. It was allowed to coot to 40C,  then 5.8 nil (20.7 mmoles} of
cyclolaexyl(uxethyl)dichlorosilane were slowly added dropwise.  After this
addition, the reaction solution was stirred for three hours at 60C and then
overnight at  room temperature. 50 mL. of water were added and the phases
that fora were separated. The  organic phase was washed with 25 mL of
water, and the aqueous phase was extracted twice with  a total of 20 mL of
toluene. The combined organic phases were dried over magnesium sulfate.
49  After separation of the magnesia sal ate the solvent was removed, and
the residue was purified  by Column Chromatography. The desired product,
i.e., c- clol ex) l(methyl)s l me iylbis(2-m thyI- 4-(4'-tort-butylphenyl)iltdelte}
was isolated in a yield of 2.35 g (48%) (purity 97%). 11-NMR (400 MHz,
CDCI2): 7.457.02 (u3, 1411, aronn-11), 6.76 (s, I H, olefin-11  indene), 3.61
(s. 1 11, Sit- I1), 3 50 (s, 211benzvMl), 2.21 , ? 0b (each s, each "3I1, CH3l
1.81- 1.23 (Di, 11 11, aliph-H), 138, 1..37 (each s, each 911, tort-butyl), 0.18
(s 3H, Me). Example 13: Preparation of
:yclohexyl(meiltyl)silanediylbis(2-methyl-4-(4'- tert- bzttyl-plnenyl}inndennyl
}zir .onnitun dichloride 7.0 g (10.8 mmolesl of
cyclohexyl(3netlxyl)sila3rediylbis(2-methyl-4-(4'- tert  butylphenyl}indene)
were introduced into 70 mL of diethyl other, and 8.6 mL of an n- btrtyllitl3ium
solution (2.5 M in toluene) were added at room temperature. After this
addition was  
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After separation of the magnesium sulfate, the solvent was removed, and the residue was purified 
by column chromatography. The desired product, i.e., cyclohexyl(methyl)silanediylbis(2-methyl-
4-(4'-tert-butylphenyl)indene) was isolated in a yield of 2.35 g (48%) (purity 97%).  

1H-NMR (400 MHz, CDCI3): 7.45-7.02 (m, 14H, arom-H), 6.76 (s, 1 H, olefin-H 
indene), 3.61 (s, 1 H, SiC- H), 3.50 (s, 2H, benzyl-H), 2.21 , 2.06 (each s, each 3H, CH3),1.81-
1.23 (m, 11 H, aliph-H), 1.38, 1.37 (each s, each 9H, tert-butyl), 0.18 (s, 3H, Me). 

Example 13: Preparation of Cyclohexyl(methyl)silanediylbis(2-methyl-4-(4'- tert-
butyl-phenyl)indenyl)zirconium dichloride  

7.0 g (10.8 mmoles) of cyclohexyl(methyl)silanediylbis(2-methyl-4-(4'- tert - 
butylphenyl)indene) were introduced into 70 mL of diethyl ether, and 8.6 mL of an n-
butyllithium solution (2.5 M in toluene) were added at room temperature. After this addition was 
complete, the mixture was stirred overnight at this temperature. It was cooled to 0°C, and then 
2.51 g (10.8 mmoles) of zirconium tetrachloride were added in portions. The solution was stirred 
for two hours at room temperature. The precipitate that forms was separated by filtration through 
a G3 fritted glass filter and washed twice with 6 ml of diethyl ether. The residue was then dried 
in an oil-pump vacuum, and the desired product was obtained in a yield of 4.66 g (53%) with a 
rac:meso ratio > 20:1. 

1H-NMR (400 MHz, CDCI3): 7.40-6.97 (m, 16H, arom-H), 2.22 (s, 6H, CH3), 
2.19-1.46 (m, 11 H, aliph-H), 1.32 (s, 18H, tert -butyl), 1.27 (s, 3H, CH3). 

Example 14: Preparation of (2-methyl-4-(4'- tert-butylphenyl)-1- 
indenyl)dimethylchloro-silane 20 g (76 mmoles) of 2-methyl-4-(4'- tert -butylphenyl)-1 -indene 
were introduced into 160 ml of toluene and 5.0 ml of DME, and 28.4 mL of an n- butyllithium 
solution (2.68 M in toluene) were added dropwise at room temperature. After this addition was 
complete, the mixture was heated to 8O0C and stirred for one hour at this temperature. It was 
then slowy added to a solution of 27.7 mL (229 mmoles) of dimethylsichlorosilane in 260 mL of 
THF, which has been cooled to -40°C. The mixture was allowed to warm to room temperature 
and was stirred overnight. The solvent was removed in an oil-pump vacuum and the residue was 
dissolved in 100 mL of toluene. The insoluble lithium chloride was filtered through a G4 glass 
filter. The solvent was removed in an oil-pump vacuum. The desired product was obtained in a 
yield of 24.8 g (98%).  

1H-NMR(400 MHz, CDCI3): 7.3-7.0 (m, 7H, arom-H), 6.7 (s, 1 H, olefin-H-
indene) 3.5 (s, 1H, H-indene), 2.1 (s, 3H, CH3), 1.3 (s, 9H, tert-butyl), 0.3, 0.05 (each s, each 3H, 
CH3-Si). 

Example 15: Preparation of Dimethylsilanediyl(2-methyl-4-(4'-tert-butylpheny!)-
1-indene)(2-isopropyl-4-(4'- tert -butylphenyl)-1-indene) 

16.8 g (57.7 mmoles) of 2-isopropyl-4-(4'- tert -butylphenyl)-1-indene were 
introduced into 131 mL of toluene and 5.0 mL of THF, and 21.5 ml of an n- butyliithium 
solution (2.68 M in toluene) were added without interruption at room temperature. After this 

complete, the mixture was stirred overnight at this temperature. It was cooled
to 0C, and then  2.51 g00.8 mmoIes) of zirconium tetrachloride were added in
portions. The solution was stirred  for two hours at room temperature. The
procipitate that farms was ,separated by filtration- through  a i3 frilled glass
filter and washed twice with 6 nil of diethyl ether. The residue was then dried
in an oil-pump vacuum, and the desired product was obtained in a yield of
4.66 g (53%) with a  rae:meso ratio > 20:1. H-NMR (400 MHz, C L)CE):
7.40-6.97 (m-, 1611, arom H), 2.22 (s, 611, CHs),  2.19-1.45 (m, 11 11,
aliph-11}, 1321 (s, USE, tent -but} l), 1.2 ' (s 1I, CHs). Example 14:
Preparation of (2-methyl-4-(47- tort-butylphenyl)-1- udeuyl}dim
thvleitloro-silnne 20 g (76 mirnoles) of 2-methyl-444'- tort -hutylphenyl}-1
-indene  were introduced into 160 ml of toluene and 5.0 ml of DME, and 2.8.
nxL of an n- butyll-itlriil3n  solution (2.68 M in toluene} were added dropwise
at room temperature. After this addition was  complete, the mixture was
heated to 8(3{ ` and stirred for one hour at this temperature. It was  then
slows' added to a solution of 27.7 Ent- (229 mmoles) of
dimethylsichloEosilane in _160 ml. of  THF, which has been cooled to 11(fC.
The mixture was allowed to warm to room temperature  and was stirred
overnight. The ,solvent was removed in an oil-pump vacuum and the residue
was  dissolved in 10-0 mL of toluene. The insoluble lithium chloride was
filtered through a G4 glass  filter. The solvent was removed in an oil-pump
vacuum. The desired product was obtained in a  yield of 24.8 g (98'X,).
H-NMR(400 MHz, CDCI.)7.s-7.0 (3n, 711arom-11), 6.7 (s, 1 11, olefiir-H-
indene) 3.5 (s, 111, H-iudeue), 2.1 (s, 311 C113), 13 (s,911, tent-butyl), 13
?),()5 (each s, ettcit 311,  Cl-Is-Si). Example 15: Preparation of
Dimetlnylsilauediyl(2-methyl-4-(4'-tent-hrtylplneinyl}-
1-mdcne)('.>,-isopropyl-4 (4'- feet-hutylphe3nyll-l-iadene) 16.8 g (57.7
mmoles) of 2-isopropyl-4-(4'- tart -butylphenyl)-t-indene were  introduced into
131 ml. of toluene and 5.0 ml, of Ti-IF, and 2L5 nil of an n- butyliithium
solution (2.68 111 in toluene) were added without interruption at room
temperature. After this 50  addition was complete, the mixture was heated to
80C; and stirred for one hour at this  temperature. It was then allowed to cool
to room temperature. The resulting reaction solution  was added dropwise to
a solution of 20,5 g (57.7 mmoles) of (2-rnethyl-4-(4'- tent -hutylphenyl i- 1-
indenylj+iirnethvlcliloxosilane in 246 nil of toluene over a period of one hour.
The mixture  was stirred overnight at room temperature. Then 60 mL of
wate.r were added and the phases  
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addition was complete, the mixture was heated to 80°C and stirred for one hour at this 
temperature. It was then allowed to cool to room temperature. The resulting reaction solution 
was added dropwise to a solution of 20.5 g (57.7 mmoles) of (2-methyl-4-(4'- tert -butylphenyl)-
1- indenyl)dimethylchlorosilane in 246 mL of toluene over a period of one hour. The mixture 
was stirred overnight at room temperature. Then 60 mL of water were added and the phases 
which form were separated. The organic phase was washed with 100 mL of water and the 
combined aqueous phases were extracted twice with a total of 100 mL of toluene. The combined 
organic phases were dried over magnesium sulfate. After filtering off the magnesium sulfate, the 
solvent was removed and the residue was dried in an oil pump vacuum. The desired product was 
isolated in a yield of 31.6 g (90%) (purity: 90%).  

1H-NMR (400 MHz, CDCI3): 7.51-7.1 (m, 14H, arom-H), 6.71 , 6.62 (each s, 
each 1 H, olefin-H-indene), 3.35, 3.31 (each s, each 2H, CH2-H), 2.65 (m, 1 H, CH-isopropyl), 
2.41 (s, 3H CH3- H), 1.35, 1.33 (each s, each 9H, tert -butyl), 1.15 (d, 6H, isopropyl-CH3), 0.2, 
0.0 (each d, each 3H, SiCH3). 

Example 16: Preparation of Dimethylsilanediyl(2-methyl-4-(4'- tert - 
butylphenyl)indenyl)(2-isopropyl-4-(4'- tert -butylphenyl)indenyl)zirconium dichloride  

36.6 g (60 mmoles) of dimethylsilanediyl(2-methyl-4-(4'- tert -butylphenyl)-1 - 
indene)(2-isopropyl-4-(4'- tert -butylphenyl)-1-indene) were introduced into 366 ml of diethyl 
ether, and 44.9 mL of an n-butyllithium solution (2.68 M in toluene) were added without 
interruption at room temperature. After this addition was complete, the mixture was stirred over 
night at this temperature. It was then cooled to 00C and 14.0 g (60 mmoles) of zirconium 
tetrachloride were added in portions. The mixture was allowed to warm to room temperature and 
was stirred for another two hours at this temperature. The precipitate that forms was separated by 
filtration through a G3 fritted glass filter and was washed with two 50 mL portions of 
tetrahydrofuran and with one 70 mL portion of pentane. The residue was dried in an oil-pump 
vacuum, and the product was obtained in a yield of 23.5 g (50%) and with a rac:meso ratio of 
about 1 :1. The isomers must be separated in a subsequent step to obtain selective catalysts for 
propylene polymerization. 

1H-NMR (400 MHz, CDCI3): 7.7-6.9 (m, 14H, arom-H), 3.26 (m, 1 H, CH-
isopropyl), 2.23 (s, 3H, CH3), 1.31 (s, 18H, tert -butyl), 1.33, 1.32 (each s, each 3H, Si-CH3), 
1.08, 1.03 (each d, each 3H, isopropyl-CH3). 

Example 17a: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 22.4 g of silica (Grace XPO2107, dried at 1800C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt% ) in 112 mL of toluene was added slowly 
57 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room 
temperature. During the addition the temperature must not exceed 300C. After the addition was 
complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for four hours. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 112 mL portions of toluene and three 

which form were separated. The organic phase was washed with 11;0) mL of
water and the  combined aqueous phases were extracted twice with a total of
100 ml, of toluene. The combined  organic phases were dried over
magnesium sulfate. After filtering off the magnesium sulfate, the  solvent was
removed and the residue was dried in an oil pump vacuum. 'The desired
product was  isolated in a yield of 31.6 g (90%) (purity: 401)0). 3I1N'MP (400
MHz. CIOCI,): 7.51-7.1 (m, 1411, arom-H), 6.71 , 6.62 (each s,  each 1 H,
olefin-H- ndcne). 335. 3.31 (each s, each 211, CFL-H}, 2,65 (in, 1 H,
CH-isopropyl),  2.41 (s, 311 (;II3- 11), 1.35, 1.33 (each s, each 411, tent
-butyl), L 1:5 (d, 611, isopropyl-CH-j), G.  O.0 (each d, each 311, 3iCHs).
Example 16: preparation of IOimet vlsilanediyl(2-methyl-4-(4'- tent
butylphenyl}indenyI)(2-isopropyl-4-(4'- tort -hutylphenyl)iandeanyl)zircoaniu m
dichloride 36.6 g (60 mmoles) of +iirnethvlsilacied yl{?-methyl-4-(4`- text
-hutylphenyl)-I - iade Gl(2-isoprol-rpl-d-{~I'- text -l>utylphentll-1~-inden) were
introduced into 366 nil of diethyl  other, and 44.9 mL of an n-butyllithium
solution (2.68 M in toluene) were added without  interruption at room
temperature. After this addition was complete, the mixture was stirred over
night at this temperature. It was then cooled to 0C and 14.0 g (60 mmoles) of
zirconium  tetrachloride were added in portions. The mixture was allowed to
warm to room temperature and  was stirred for another two hours at this
temperature. The precipitate that forms was separated by  filtration through a
G3 trifled glass filter and was washed with two 50 mL portions of
tetrahydrofuran and with one 70 mL portion of pentane. The residue was
dried in an oil-pump  vacuum, and the product was obtained in a yield of 23,5
g (50'%) and with a r tc:meso ratio of  about 1 :1. The isomers must be
separated in a. subsequent step to obtain selective catalysts for  propylene
polymerization. 11-NMR (40) MHz, CDCI,): 7.7-6.9 (m, 1411, arom-H), 3.26
(in, 1 H, C11- isopropy1), 2.23 (s, 311, CII ), 1 31 (s, 1811, text -butyl), 1.33,
132 (each s, each 311, Si-( H, s,  1.08, 1.03 (each d, each 3H,
isopropyl-CH3}. Example 17a: Preparation of 3xiathylalum 3xoxa3xe treated
silica To a stirred suspension of 22.4 g of silica {Grace XP02107, dried at
180C; and 1  mbar for 16 hours. LOB , 0.5 wt?'i, and LOI = 2.6 wt'%) in 112
mnL of toluene was wade+i slowly  57 mL of a 30 wt-% solution of
3nethylaluminoxane in toluene (Albemarle Corporation) at room
temperature. During the addition the temperature must not exceed 30'T, After
the addition was  complete, the mixture was stirred for half an hour at room
temperature and then heated and  allowed to reflux for four hours. After
cooling: down. to room temperature the solvent was  
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112 mL portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 36.2 g. 

Example 17b: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 29.0 g of silica (Grace XPO2107, dried at 90°C and 1 
mbar for 16 hours, LOD = 0.9 wt% and LOI = 2.6 wt% ) in 145 mL of toluene was added slowly 
73 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room 
temperature. During the addition the temperature must not exceed 30°C. After the addition was 
complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for four hours. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 145 ml portions of toluene and three 
145 ml portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 53.7 g. 

Example 17c: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 28.1 g of silica (Grace XPO2107, evacuated and purged 
five times with argon, LOD > 2wt%) in 140 mL of toluene was added slowly 71 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation) at room temperature. 
During the addition the temperature must not exceed 300C. After the addition was complete, the 
mixture was stirred for half an hour at room temperature and then heated and allowed to reflux 
for four hours. After cooling down to room temperature the solvent was separated by filtration. 
The residue was washed with two 140 mL portions of toluene and three 140 mL portions of 
isohexane and dried in vacuum to constant weight. The methylaluminoxane treated silica was 
obtained as a free-flowing powder in a yield of 49.8 g. In comparison to Examples 17a and 17b, 
a more violent reaction can be observed while adding the MAO. The obtained 
methylaluminoxane treated silica exhibits a large amount of small particles (fragments). 

Example 18a: Preparation of supported metallocene catalyst  

17.5 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 313 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed with 44 
mL of toluene and 4.9 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 17.1 g. 

Example 18b: Preparation of supported metallocene catalyst  

separated by filtration. The residue was washed with two 112 mL portions of
toluene and three 51  1 12 mL portions of isohexane and dried in vacuum to
constant weight, The methylalrminoxane  treated silica was obtained as a
free-llowin<g powder in a yield of 36.:2 g. Example 17b: Preparation of
methylalununoxane treated silica To a stirred suspension of 29,0 g of'silica
(Grace XP02107, dried at 90C and 1  mbar for 16 hours, LOD 09 tNt% and
LOT 2,6,,,,-t%') in 145 mL of toluene was added slowly  73 mL of a 30 wt-ro
solution of methylaluminoxane in toluene tAlbemarle Corporation) at room
temperature. During the addition the temperature must not exceed 30C. After
the addition was  complete, the mixture was stirred for half an hour at room
temperature and then heated and  allowed to reflux for four hours. After
cooling down to room temperature the solvent was  separated by filtration.
The residue was washed with two 145 ml portions of toluene and three  145
mI portions of isohexane and dried in vacuum to constant weight. The
methylalunlinoxane  treated silica was obtained as a tree-flowing powder in a
Yield of 5 ; 7 g. Example 17c: Preparation of inethvlaluiriinoxarre treated
silica To a stirred suspension of 28.1 g of silica (Grace XPO21077,
evacuated and purged  five times with arg(.m, LOD 2wT%) in 140 mL of
toluene was added slowly 71 mL of a 30 wt- % solution of methylaluniinoxane
in toluene (Albemarle Corporation) at roorn temperature.  During the addition
the temperature must not exceed 3WC, After the addition was complete, the
m3xtrre was stirred for half an hour at room temperature and then heated and
allowed to reflux for four hours. After cooling down to room temperature the
solvent was separated by filtration.  The residue was washed with two 140
mL portions of toluene and three 140 mL portions of  isohexane and dried in
vacuum to constant weight. The rnethylaluminoxane treated silica was
obtained as a free-flowing powder in a yield of 49.8 g. In comparison to
Examples 17a and 17b,  a more violent reaction can be observed while
adding the MAO. The obtained  metlhylaluminoxane treated silica exhibits a
large amount of small particles (fragments?. Example 18a: Preparation
of'supported metallocene catalyst 17.5 g of the methylaluminoxane treated
silica prepared in Example 17a were  placed in a fritted glass filter as a
column with a smooth :arrface. 1u a separate flask 313 mg of
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl}zirconium dichloride
were mixed with 44  rnL of toluene and 4.9 rnL of a 30 wt % solution of
methyladuminoxane in toluene (Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deeply red  solution 'T'his
solution was then carefully added on top of the methylalmninoxane treated
silica  
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17.0 g of the methylaluminoxane treated silica prepared in Example 17b were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 265 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed with 40 
ml_ of toluene and 4.2 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 16.2 g. 

Example 18c: Preparation of supported metallocene catalyst  

15.4 g of the methylaluminoxane treated silica prepared in Example 17c were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 251 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed with 36 
ml_ of toluene and 4.0 ml of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 20.1 g. 

Comparative Example 19: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 8.3 g of silica (Grace XPO2107, dried at 180°C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 41 mL of toluene was added slowly 
20.9 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 30°C. After the addition 
was complete, the mixture was stirred for two hours at room temperature. The solvent was 
filtered off and the MAO treated silica was dried in a stream of nitrogen. 

Comparative Example 20: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 19 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 239 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 34 
mL of toluene and 3.9 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 

and slowly filtered off within approximately 30 minutes. When the surface of
the colored  solution reaches the top of the silica, the filtration process was
stopped and the filter cake was  carefully and thoroughly stirred by means of
a spatula, The catalyst was then allowed to rest for  one hour. The residual
solvent was filtered off and the catalyst was dried in a nitrogen purge to
constant weight. The catalyst was obtained as free-flowing powder in a yield
of 17.1 Example I S;b: Preparation of supported metallocene catalyst 52
17.0 g of the methylaluaniaoxaae treated silica prepared in Example 17b
were  placed in a fritted glass filter as a column with a smooth surface. In a
separate flask 265 Fn*a of  roc-+iirnethvlsilanediylbis(2-rnethvl 4,5
benzoinden yljzirconium dichloride were mixed with 40  nit of toluene and 4.2
mL of a 30 wt-% solution of rnethylaluminoxane in toluene (Albemarle
Corporation). The slurry was stirred at room- temperature for one hour to give
a deeply red  solution. This solution was then carefully added on top of the
metirylaluminaxaue treated silica  and slowly filtered off wvithin approximately
313 minutes. When the surface of the colored  solution reaches the top of the
silica, the filtration process was stopped and the filter cake was  carefully and
thoroughly stirred by means of a spatula. The catalyst was their allowed to
rest for  one hour. The residual solvent was filtered off and the catalyst was
dried in a nitrogen purge to  constant wei,,,zht, The catalyst was obtained as
free-flowing powder in a yield of 16.2 g. Example 18c: Preparation
of'supported metallocene catalyst 15A4 g of the methylalrorincrxane treated
silica prepared in Example 11c were  placed in a fritted glass filter as a
column with a smooth surf,2ce. In a separate flask 2.51 mg of
roc-climethylsilanediylhis(2-methyl-4,5- henzoindenyl}zirconium dichloride
were mixed with 36  all of toluene and 4.0 oral of a 30 wt-Rio solution of
methylalurmnoxane in toluene {Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deeply red  solution 't'his
solution was then carefully added on top of the aneth_ylafinniaoxanc treated
silica  and slowly filtered off within approximately 30 minutes. When the
surface of the colored  solution reaches the top of the silica, the filtration
process was stopped and the filter cake was  carefully and thoroughly stirred
by means of a spatula, The catalyst was then allowed to rest for  one hour.
The residual solvent was filtered off and the catalyst was dried in a nitrogen
purge to  constant weight. The catalyst was obtained as free-flowing powder
in a yield of 20.1 g. Comparative Example 19: Preparation of
methylaluuainoxane treated silica To a stirred suspension of 8.3 g of silica
(Grace XPO2107, dried at 180C and 1  mbar for 16 hours, LOD < 00.5 wt%
and LOT = 2.6 wt%) in 41 mL of toluene was added slowly  20.9 nmL of a 30
wvt-% solution of methylaluminoxaua in toluene (Albemarle Corporation) at  
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one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 14.5 g. 

Comparative Example 21 : Preparation of methylaluminoxane treated silica  

To a stirred suspension of 19.7 g of silica (Grace XPO2107, dried at 180°C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 98 mL of toluene was added slowly 
20 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room 
temperature. During the addition the temperature must not exceed 3O0C. After the addition was 
complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for four hours. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 100 mL portions of toluene and three 
100 mL portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 24.3 g. 

Comparative Example 22: Preparation of supported metallocene catalyst  

10.3 g of the methylaluminoxane treated silica prepared in Comparative Example 
21 were placed in a fritted glass filter as a column with a smooth surface. In a separate flask 243 
mg of rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed 
with 34 mL of toluene and 16.4 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The slurry was stirred at room temperature for one hour to give a deep 
red solution. This solution was then carefully added on top of the methylaluminoxane treated 
silica and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried to constant weight in a 
stream of nitrogen. The catalyst was obtained as a free-flowing powder in a yield of 14.4 g.  

Comparative Example 23: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 16.0 g of silica (Grace XPO2107, dried at 180°C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 80 mL of toluene was added slowly 
16.3 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 300C. After the addition 
was complete, the mixture was stirred for two hours at room temperature. The solvent was 
filtered off and the MAO treated silica was dried in a stream of nitrogen. 

Comparative Example 24: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 23 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 464 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 65 
mL of toluene and 31.6 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 

room temperature. During the addition the temperature must not exceed 3
0C. After the addition  was complete, the mixture was stirred for t vo hours at
room temperature. The solvent was  filtered off and the MAO treated silica
was died in a stream of nitrogen. Comparative Example 20: Preparation of
supported metallocene catalyst The methylaluminoxane treated silica
prepared in Comparative Example 19 was  placed in a fritted glass filter as a
column with a smooth surface. In a separate flask 239 Fn*a of  ra
+iirnethvlsilanediylbis(2-rnethvl 4,5-henzoira+ierayl izir .onitun dichloride were
mixed with 34  mL: of toluene and 3.9 mL: of a 30 wt-,~% solution of
methylaluminoxaare in toluene (Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deep red  solution. This
solution was then carefully added on top of the metirylaluminaxaue treated
silica  and slowly filtered off within approximately 30 minutes, \Vhen the
surface of the colored  solution reaches the top of the silica, the filtration
process was stopped and the filter cake was  carefully and thoroughly stirred
by means of a spatula. The catalyst was their allowed to rest for 53  one
hour. The residual solvent was filtered off and the catalyst was dried in a
nitrogen purge to  con font weight. The catalyst was obtained as fret flowing,
powder in a yield of 14.5 g. Comparative Example 21 : Preparation of
tnethvlalutrrinoxarte treated silica To a stirred suspension of 19.7 g of silica
(Grace XP02107, dried at 180C and 1  mbar for 16 hours, LOD < 0.5 wtt%o
and LOT = 2..6 wl%) in 48 mL of toluene was added slowly  21) mL of a 30
wt-0ro solution of methylaluminoxane in toluene (Albemarle Corporation) at
room  temperature. During; the addition the temperature must not exceed
30C. After the addition was  complete, the mixture was stirred for half an hour
at room temperature and then heated and  allowed to reflux for four hours.
After cooling down to room temperature the solvent was  separated by
filtration. The residue was washed with two 11?l) mL portions of toluene and
three  1000 mL portions of isohexane and dried in vacuum to constant
weight. The methylaluminoxane  treated silica was obtained as a tree-flowing
powder in a yield of 24.3 g. Comparative Example 22: Preparation of
supported metallocene catalyst 10.3 g of the methylaluminoxaac treated
silica prepared in Comparative Example  21 were placed in a fritted glass
filter as a column with a smooth surface. In a separate flask 243  mg of
roc-dimthvlsilanediylbis(2-methyl-4, `- benzoirt+iertylizirc.ortitun dichloride
were mixed  with 34 nil of toluene and 16.4 rnL of a 30 wt-"% solution of
tnethylalutrrinoxarte in toluene  Albemarle Corporation;. The slurry was
stirred at room temperature for one hour to give a deep  red solution. This
solution was then carefully added on top of the n-iethylalu minoxane treated  
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and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as a free-flowing powder in a yield of 26.5 g. 

Comparative Example 25: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 9.8 g of silica (Grace XPO2107, dried at 18O0C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 49 mL of toluene was added slowly 
10.0 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 300C. After the addition 
was complete, the mixture was stirred for two hours at room temperature. The solvent was 
filtered off, the MAO treated silica was washed three times with 75 ml-portions of isohexane and 
dried in a stream of nitrogen. 

Comparative Example 26: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 25 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 283 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 40 
ml_ of toluene and 19.3 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 16.6 g. 

Comparative Example 27: Preparation of supported metallocene catalyst  

13.1 g of the methylaluminoxane treated silica prepared in Example 17a were 
suspended in 80 mL of toluene. In a separate flask 234 mg of rac- dimethylsilanediylbis(2-
methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 20 mL of toluene and 3.8 mL of 
a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was 
stirred at room temperature for one hour to give a deep red solution and then added to the 
methylaluminoxane treated silica suspension. The metallocene flask was rinsed with 20 mL of 
toluene. The catalyst mixture was stirred for two hours at room temperature. Then the solvent 
was filtered off, the catalyst was washed with three 140 mL portions of isohexane and dried to 
constant weight in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a 
yield of 14.0 g. 

Comparative Example 28: Preparation of methylaluminoxane treated silica  

silica and slowly filtered off within approximately 30 minutes, When the
surface of the colored  solution reaches the top of the silica, the filtration
process was stopped and the filter cake was  carefully and thoroughly stirred
by means of a spatula. The catalyst was then allowed to rest for  one hour.
The residual solvent was filtered off and the catalyst was dried to constant
weight in a  stream of nitrogen. The catalyst was obtained as a free-flowing
powder in a yield of 14.4 g. Comparative Example 23: Preparation of
tnethylalutrrinoxarte treated silica To a stirred suspension of 16.0 g of silica
(Grace .XP02107, dried at 150C and 1  mbar for 16 hours, LCD < 0.5 and WI
= 2.6 wt%) in 50 mL of toluene was added slowly:  16.3 all, of a 30 wt-%
solution of methylaluminoxarae in toluene (_Albemarle Corporation) at  room
temperature. During the addition the temperature must not exceed 30C. After
the addition  was complete. the mixture was stirred for two hours at room
temperature. The solvent was  filtered off and the MAO treated sil ica was
dried in a stream of nitrogen. Comparative Example 24: Preparation of
supported metallocene catalyst The methvlalurnino_tatre treated silica
prepared in Comparative Example 23 was  placed in a fritted glass filter as a
column with a smooth surface. In a separate flask 464 nag of
racdimethylsrlanediyllsis(2-methyl,4,5-lsenaoirrderz_yl)~irconium dichloride
were mixed with 65  all, of toluene and 31.6 mI, of a 30 wt /o solution of
methylaluminoxane in toluene (Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deep red  solution. This
solution was then carefully added on top of the rnethylaluminoxane treated
silica 54  and slowly filtered off within approximately 30 minutes. When the
surface of the colored  solution reaches the top of the silica, the filtration
process was stopped and the filter cake was  carefully and thoroughly stirred
by means of a spatula, The catalyst was then allowed to rest for  one hour.
The residual solvent was filtered off and the catalyst was dried in a nitrogen
purge to  constant weight, The catalyst was obtained a< a free-flowing
powder in a yield of 26.5 g. Comparative Example 25: Preparation of
methylaluminoxane treated silica  Fo a stirred suspension of 9.8 g of silica
(Grace XP02107, dried at I8D0 'C and 1  mbar for 16 hours, LOD < 0.5 wt%
and LGI = 2.6 wt%) in 49 mL of toluene was added slowly  10.0 mL: of a 30
w"-t-% solution of methylabuniaoxaue in toluene (Albemarle Corporation) at
room temperature. During the addition the temperature must not exceed 30C.
After the addition  was complete, the mixture was stirred for two hours at
room temperature. The solvent was  filtered off, the MAO treated silica was
washed three times with 75 m1-portions of isohexane and  
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To a stirred suspension of 21.0 g of silica (Grace XPO2107, dried at 18O0C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 105 mL of toluene was added slowly 
62.5 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 30°C. After the addition 
was complete, the mixture was stirred for two hours at room temperature. The solvent was 
filtered off, the residue washed with two 100 mL portions of toluene and three 100 mL portions 
of isohexane and dried in vacuum to constant weight. The MAO treated silica was obtained as 
free- flowing powder in a yield of 30.9 g. 

Comparative Example 29: Preparation of supported metallocene catalyst 

12.2 g of the methylaluminoxane treated silica prepared in Comparative Example 
28 were suspended in 41 mL of toluene. In a separate flask 240 mg of rac-
dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 41 mL 
of toluene. The metallocene suspension was stirred for 5 minutes and then added to the 
methylaluminoxane treated silica suspension. The metallocene flask was rinsed with 5 mL of 
toluene. The catalyst mixture was stirred for two hours at room temperature. Then the solvent 
was filtered off, the catalyst was washed with three 115 mL portions of isohexane and dried to 
constant weight in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a 
yield of 14.9 g. 

Comparative Example 30: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 28.3 g of silica (Grace XPO2107, dried at 18O0C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 141 mL of toluene was added slowly 
84.5 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 30°C. After the addition 
was complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for four hours. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 280 ml portions of toluene and three 
280 ml portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 41.8 g. 

Comparative Example 31: Preparation of supported metallocene catalyst 

11.5 g of the methylaluminoxane treated silica prepared in Example 30 were 
suspended in 69 mL of toluene. In a separate flask 231 mg of rac- dimethylsilanediylbis(2-
methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 20 mL of toluene. The 
metallocene suspension was stirred for 5 minutes and then added to the methylaluminoxane 
treated silica suspension. The metallocene flask was rinsed with 5 mL of toluene. The catalyst 
mixture was stirred for two hours at room temperature. Then the solvent was filtered off, the 
catalyst was washed with three 115 mL portions of isohexane and dried to constant weight in a 
stream of nitrogen. The catalyst was obtained as free-flowing powder in a yield of 11.4 g. 

Comparative Example 32: Preparation of methylaluminoxane treated silica  

dried in a stream of nitrogen. Comparative Example 2.6: Preparation of
,supported 3netallocene catalyst The methylalumainoxane treated silica
prepared in Comparative Example 25 was  placed in a fritted glass filter as a
column with a smooth surface. In a separate flask 283 nag of
rac-dmrethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride
were mixed with 40  rml of toluene and 19.3 ]BI, of a 30 wt-% solution of
methylaluminoxane in toluene (Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deep red  solution. This
solution was then carefully added on top of the methylaluminoxane treated
silica  and slowly filtered off within approximately 30 minutes. When the
surface of the colored  solution reaches the top of the silica, the filtration
process was stopped and the filter cake was  carefully and thoroughly stirred
by means of a spatula. The catalyst was then allowed to rest for  one hour,
The residual solvent was filtered off and the catalyst was dried in a nitrogen
purge to  constant weight. The catalyst was obtained as fi'ee-flowing powder
in a yield of 16,6 g. Comparative Example 22: Preparation of supported
metallocene catalyst 13.1 g of the 3-rethylaluminoxaae treated silica
prepared in Example 17a were  suspended in 8() mL of toluene. In a
separate flask 234 mg of rac- dimethylsilanediylbis(2-
anethyf-4,5-6enzora+ioravl3zir .orri z n dichloride were mixed with 20 mL of
toluene and 3.8 mL of  a 30 wt-% solution of anethyfalrarrinoxarae in toluene
(Albemarle Corporation). The slurry was  stirred at room temperature for one
hour to give a deep red solution and then added to the  metlrylaluminoxane
treated silica suspension. The metallocene flask was rinsed with 20 ad, of
toluene. The catalyst mixture was stirred for two hours at room temperature.
then the solvent  was filtered off, the catalyst was washed with three 140 ml-
portions of isohexane and dried to  const lint weight in a stream of nitrogen.
The catalyst was obtained as tree-flowing powder in a  yield of 14,0 g.
Comparative Example-28: Preparation of methylaluminoxane treated silica 55
To a stirred suspension of 2L0 g of silica (Grace XP02107, dried at 180C and
1  mbar for 16 hours, LOD < 0.5 wt`?% and L01= 2.6 in 105 mL of toluene
was added slowly  62.5 mL of a 30 wt-% solution of rnethylaluminoxane in
toluene (Albemarle Corporation) at  room temperature. During the addition
the temperature must not exceed 3t0C. After the addition  was complete, the
mixture was stirred for two hours at room temperature. The solvent was
filtered off, the, residue washed with two 70(3 mL: portions of toluene and
three 103 mL portions  of isohexane and dried in vacuum to constant weight.
The MAO treated silica was obtained as  
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To a stirred suspension of 25.0 g of silica (Grace XPO2107, dried at 1800C and 1 
mbarfor 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 250 mL of toluene was added slowly 
80.0 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 30°C. After the addition 
was complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for four hours. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 250 mL portions of toluene and three 
250 ml portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 42.1 g. 

Comparative Example 33: Preparation of supported metallocene catalyst 

11.8 g of the methylaluminoxane treated silica prepared in Example 32 were 
suspended in 34 ml of toluene and cooled to 0 0C by means of an ice bath. In a separate flask 203 
mg of rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed 
with 34 ml of toluene and also cooled to 0 0C. The metallocene suspension was stirred for 5 
minutes and then added to the methylaluminoxane treated silica suspension. The catalyst mixture 
was stirred for two hours at 0 0C. Then the solvent was filtered off, the catalyst was washed with 
three 120 mL portions of isohexane and dried to constant weight in a stream of nitrogen. The 
catalyst was obtained as free-flowing powder in a yield of 11.4 g. 

Example 34: Preparation of supported metallocene catalyst  

16.5 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 296 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed with 40 
mL of toluene and 4.8 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off, the catalyst was washed three times with 50 mL 
portions of isohexane and dried in vacuum to constant weight. The catalyst was obtained as free-
flowing powder in a yield of 18.5 g. 

Example 35: Preparation of supported metallocene catalyst  

12.7 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter. In a separate flask 228 mg of rac- dimethylsilanediylbis(2-methyl-
4,5-benzoindenyl)zirconium dichloride were mixed with 33 mL of toluene and 3.7 mL of a 30 
wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred 
at room temperature for one hour to give a deep red solution. This solution was then added to the 
methylaluminoxane treated silica. The mixture was thoroughly stirred by means of a spatula until 
all solid particles show the same color. The catalyst was then allowed to rest for one hour. The 

free- flowing powder in a yield of 30.9 g. Comparative Example 29:
Preparation of supported 3netallocene catalyst 12.21 of the
methylalumltoxane treated silica prepared in Comparative Example  28 were
suspended in 41 ml, of toluene. In a separate flask 240 mrg of  me- dichloride
were mixed with 41 nit, of toluene, The metallocene Suspension was stirred
for 5 minutes and then added to the  ruethy.lalummoxane treated silica
suspension. The metallocene flask was rinsed with 5 mL of  toluene. The
catalyst mixture was stirred for two hours at room temperature. then the
solvent  was filtered off, the catalyst was washed with three 115 ml- portions
of isohexane and dried to  constant weight in a stream of nitrogen, The
catalyst was obtained as free-flowing powder in a  yield of 14,9 g.
Comparative Example 30: Preparation of nleth_ylalummoxane treated silica
to a stirred suspension of 28.3 g of silica (Grace XP02107, dried at 180C and
1  mbar for 16 hours, LOD < 0.5 wt% and LO1 = 2.6 wt%b) in 141 mL, of
toluene was added slowly  84,5 mL: of a 30 N,,-t-% solution of
methylalu3ninoxafe in toluene (Albemarle Corporation) at  room temperature.
During the addition the temperature must not exceed 30C. After the addition
was complete, the mixture was stirred for half an hour at room temperature
and then heated and  allowed to reflux for four hours. After cooling down to
room temperature the solvent was  separated by filtration. The residue was
washed with two 280 ml portions of toluene and three  280 ml portions of
isoh_exane and dried in vacuum to constant weight. The methylalu3ninoxane
treated silica was obtained as a free-flowing powder in a yield of 41.8 g.
Comparative Example 31: Preparation of supported inetallocene catalyst 11.5
g of the iuethylaluminoxane treated silica prepared in Example 30 were
suspended in. 69 ml, of toluene. In a separate flask 231 mg of rac-
dimethyl:,ilanediyll isf2- metltyl-4,5-6eltzoindenyljzirconium dichloride were
mixed with 210 mL, of toluene, The  metallocene suspension was stirred for 5
minutes and then added to the methytaluminoxane  treated ,silica
suspension. The metallocene flask was rinsed with 5 ml of toluene. The
catalyst  mixture was stirred for two hours at room temperature. Then the
solvent was filtered off, the  catalyst was washed with three 115 mL portions
of isohexane and dried to constant weight in a  stream of nitrogen. The
catalyst was obtained as free flowing powder in a yield of 11.4 g.
Comparative Example 32: Preparation of inethylaluirainoxarre treated silica
56  To a stirred suspension of 25.0 g of silica ((Trace XP02107, dried at
180C: and 1  
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residual solvent was slowly filtered off and the catalyst was dried to constant weight in a stream 
of nitogen. The catalyst was obtained as free-flowing powder in a yield of 13.8 g. 

Example 36: Preparation of methylaluminoxane treated silica  

To a stirred suspension of 30.3 g of silica (Grace XPO2107, dried at 180°C and 1 
mbar for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 156 mL of toluene was added slowly 
79 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room 
temperature. During the addition the temperature must not exceed 300C. After the addition was 
complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for one hour. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 155 mL portions of toluene and three 
155 mL portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 55.0 g. 

Example 37: Preparation of supported metallocene catalyst  

16.5 g of the methylaluminoxane treated silica prepared in Example 36 were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 262 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed with 37 
ml of toluene and 4.2 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then, carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 17.0 g. 

Example 38: Preparation of methylaluminoxane treated silica 

To a stirred suspension of 29.0 g of silica (Grace XPO2107, dried at 180°C and 1 
mbarfor 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in 145 mL of toluene was added slowly 
62.1 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at 
room temperature. During the addition the temperature must not exceed 300C. After the addition 
was complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for 4 hours. After cooling down to room temperature the solvent was separated 
by filtration. The residue was washed with two 145 mL portions of toluene and three 145 mL 
portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane treated 
silica was obtained as a free-flowing powder in a yield of 49.8 g. 

Example 39: Preparation of supported metallocene catalyst  

16.5 g of the methylaluminoxane treated silica prepared in Example 38 were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 277 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5- benzoindenyl)zirconium dichloride were mixed with 40 

mbarfor 16 hours, LOD 0.5 wt% and LOI = 2.6 wt/o) in 2150 nil, of toluene
was added slowly  80.0 mL of a 30 wt-% solution of rnethylaluminoxane in
toluene (Albemarle Corporation) at  room temperature. During the addition
the temperature must not exceed 3t0C. After the addition  was complete, the
mixture was stirred for half an hour at room temperature and then heated and
allowed to reflux for four hours. After cooling down to room temperature the
solvent was  separated by filtration. The residue was washed with two 2513
mL portions of toluene and three  250 anal portions of isohexane and dried in
vacuum to constant weight. The methylaluminoxane  treated silica was
obtained as a free-flowing powder in a yield of 42.1 g. Comparative Example
:?3: preparation of supported metallocene catalyst 11.8 g of the methy
laluminoxane treated silica prepared in Example 32 were  suspended in 34
ml of toluene and cooled to 0 by means of an ice bath. In a separate flask
203  mg of rac-dimethvl,s lanediyll.}iss2 methvl_'I,5-- beuzoin lentllzirconium
dichloride were mixed  with 34 ml of toluene and also cooled to 0Th. The
metalloc'ne suspension was stirred for 5  minutes and then added to the
methylalumitroxane treated silica suspension. The catalyst mixture  was
stirred for two horns at (c)C. Then the solvent was filtered off, the catalyst
was washed with  three 120 mL portions of isohexane and dried to constant
weight in a stream of nitrogen. The  catalyst was obtained as free- flowing
powder in a yield of 1 IA g. Example 34: Preparation of .supported
metallocene catalyst 16.5 *,4 of the niethvialuminoxane treated silica
prepared in Example I7a were  placed in a fritted glass filter as a column with
a smooth surface. In a separate flask 296 nag of
rac-drmethyasnlanedrylls3s(2-methyl -4,5- ben~orndenvll~rrcon.ium
dichloride were mixed with 40  mL of toluene and 1,8 mL of a 30 svt-%
solution of methylaluminoxane in toluene (Albemarle  Corporation). The slurry
was stirred at room temperature for one hour to give a deep red  solution.
This solution was then carefully added on top of the methylaluminoxane
treated silica  and slowly filtered off within approximately 30 minutes. When
the surface of the colored  solution reaches the top of the silica, the filtration.
process was slopped and the filter cako was  carefully and thoroughly stirred
by means of a spatula. The catalyst was then allowed to rest for  one hour.
The residual solvent was filtered off, the catalyst vas washed three times with
50 mL  portions of isohexane and dried in vacuum to constant weight. The
catalyst was obtained as free- flowing powder in a yield of 18.5 g. Example
35: Preparation of'supported metallocene catalyst 12.7 *,4 of the
niethvialuminoxane treated silica prepared in Example I7a were  placed in a
fritted glass filter. In a separate flask 228 mg, of rac-
dimethvlsilanediylbis(2-methvl- 
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ml of toluene and 6.5 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 17.2 g. 

Example 40: Preparation of methylaluminoxane treated silica 

To a stirred suspension of 29.2 g of a spray-dried silica (mean particle diameter: 
20 microns; specific surface: 310 m2/g; pore volume: 1.5 ml/g; dried at 180°C and 1 mbar for 16 
hours, LOD < 0.3 wt% and LOI = 2.5 wt%) in 146 mL of toluene was added slowly 74 mL of a 
30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room 
temperature. During the addition the temperature must not exceed 300C. After the addition was 
complete, the mixture was stirred for half an hour at room temperature and then heated and 
allowed to reflux for four hours. After cooling down to room temperature the solvent was 
separated by filtration. The residue was washed with two 150 mL portions of toluene and three 
150 mL portions of isohexane and dried in vacuum to constant weight. The methylaluminoxane 
treated silica was obtained as a free-flowing powder in a yield of 53.2 g. 

Example 41 : Preparation of supported metallocene catalyst  

14.9 g of the methylaluminoxane treated silica prepared in Example 40 were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 236 mg of 
rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride were mixed with 34 
ml of toluene and 3.8 ml of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deep red 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried to constant weight in a 
stream of nitrogen. The catalyst was obtained as free-flowing powder in a yield of 14.7 g. 

Example 42: Production of supported metallocene catalyst  

20 kg of a supported catalyst were prepared according to Examples 17a and 18a in 
a pilot plant. 

Example 43: Preparation of supported metallocene catalyst  

12.7 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 303 mg of 
rac-dimethylsilanediyl(2-methyl-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4'- tert -butyl-

4,5-ben~oindenyllzirconirr3n dichloride were mixed with 33 nil. of toluene and
3,71 n1L of a 30  wt-`?% solution of 3nethylalunuinoxane in toluene
(Albemarle Corporation;. The sherry was stirred  at room temperature for one
hour to give a deep red solution. This solution was then added to the
methylalurnino .ane treated silica. The mixture was thoroughly stirred by
means of a spatula until  all solid particles show the same color. The catalyst
was then allowed to rest for one hour. The 57  residual solvent was slowly
filtered off and the catalyst was dried to constant weight in a stream  ofnrti ert.
Tlt catalyst was obtained as free flowing powder in a yield of 13.8 g. Example
36: Preparation of methylahnuinoKane treated silica To a stirred suspension
of 30.3 g of silica (Grace XP02107, dried at 180C and 1  mbar for 16 hours,
LCD < 0.5 wt%%o and LOT = 2.6 t%) in 156 mL of toluene was added slowly
79 mL of a 30 wt-ro solution of methylaluminoxane in toluene (Albemarle
Cor)oration) at room  temperature. luring; the addition the temperature must
not exceed After the addition was  complete, the mixture was stirred for half
an hour at room temperature and then heated and  allowed to reflux for one
hour. After cooling down to room temperature the solvent was  separated by
filtration. The residue was washed with two 155 mL portions of toluene and
three  155 mL portions of isohexane and dried in vacuum to constant ,veight.
The methylaluminoxane  treated silica was obtained as a free-flowing powder
in a yield of 55.0 g. Example 37: Preparation of supported metallocene
catalyst 16.5 g of the methylaluminoxaae treated silica prepared in Example
36 were  placed in a fritted glass filter as a column with a smooth surface. In
a separate flask 262 mg of  rac-+iirnethvlsilanzdiylbis(2-rnethvl 4,5
benzoinden yljzirconium dichloride were mixed with 37  nil of toluene and 4.2
nil of a 30 wt-% solution of traeth54alumirroxarre in toluene (Albemarle
Corporation). The slurry was stirred at room temperature for one hour to give
a deep red  solution. This solution was then, carefully added on top of the i
rethylalunvnoxane treated silica  and slowly filtered off ,vithin approximately
313 minutes. When the surface of the colored  solution reaches the top of the
silica, the filtration process was stopped and the filter cake was  carefully and
thoroughly stirred by means of a spatula. The catalyst was then allowed to
rest for  one hour. The residual solvent was filtered off and the catalyst was
dried in a nitrogen purge to  constant weight. The catalyst was obtained as
froe-flowing powder in a yield of 17.0 ;;. Example 38: Preparation of
rnethvlalutrairroxane treated silica To a stirred suspension of 29.0 Co of silica
(Grace .XP02107, dried at 1 80C and 1  mbarfor 16 hours, LOD 0,5 wt`?%
and L OI - 2.6 wt%%o) in 145 mL of toluene was added slowly  
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phenyl)indenyl)zirconium dichloride were mixed with 32 mL of toluene and 3.7 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at 
room temperature for one hour to give a deeply colored solution. This solution was carefully 
added on top of the methylaluminoxane treated silica and slowly filtered off within 
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica, 
the filtration process was stopped and the filter cake was carefully and thoroughly stirred by 
means of a spatula. The catalyst was then allowed to rest for one hour. The residual solvent was 
filtered off and the catalyst was dried to constant weight in a nitrogen purge. The catalyst was 
obtained as free-flowing powder in a yield of 14.4 g.  

Example 44: Preparation of supported metallocene catalyst  

16.7 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 320 mg of 
rac-dimethylsilanediyl(2-methyl-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4'-tert-butyl-
phenyl)indenyl)zirconium dichloride were mixed with 42 mL of toluene and 4.8 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at 
room temperature for one hour to give a deeply colored solution. This solution was carefully 
added on top of the methylaluminoxane treated silica and slowly filtered off within 
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica, 
the filtration process was stopped and the filter cake was carefully and thoroughly stirred by 
means of a spatula. The catalyst was then allowed to rest for one hour. The residual solvent was 
filtered off and the catalyst was dried to constant weight in a stream of nitrogen. The catalyst was 
obtained as free-flowing powder in a yield of 18.2 g. 

Example 45: Preparation of supported metallocene catalyst 

14.3 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 205 mg of 
rac-dimethylsilanediyl(2-methyl-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4'-tert-butyl-
phenyl)indenyl)zirconium dichloride were mixed with 35 ml of toluene and 4.1 mL of a 30 wt-% 
solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at 
room temperature for one hour to give a deeply colored solution. This solution was carefully 
added on top of the methylaluminoxane treated silica and slowly filtered off within 
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica, 
the filtration process was stopped and the filter cake was carefully and thoroughly stirred by 
means of a spatula. The catalyst was then allowed to rest for one hour. The residual solvent was 
filtered off and the catalyst was dried to constant weight in a stream of nitrogen. The catalyst was 
obtained as free-flowing powder in a yield of 15.6 g. 

Comparative Example 46: Preparation of methylaluminoxane treated silica  

The methylaluminoxane treated silica was prepared according to Comparative 
Example 19 employing 8.4 g of silica, 42 ml of toluene and 8.6 ml of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

62.1 nil, of a 300 wt-% solution of methylaluminoxane in toluene (Albemarle
Corporation) at  room temperature. During the addition the temperature must
not exceed 30C. After the addition  was complete, the mixture was stirred for
half an hour at room temperature and then heated and  allowed to reflux for 4
hours. After cooling; down to room temperature the ,solvent was separated
by filtration. The residue was washed with two 145 mL portions of toluene
and three 145 mL  portions of isohexane and dried in vacuum to constant
,vight. The methylaluminoxane treated  silica was obtained as a free.-flowing
powder in a yield of 49.8 g. Example 39: Preparation of supported
metallocene catalyst 16.5 g of the methylaluminoxane treated silica prepared
in Example 38 were  placed in a flitted glass filter as a column with a smooth
surface. In a separate flask 277 mg of  roe-drnretltylsilanediylbis(?-meth
1-4,5- benzoirulerrvl)zirconium dichloride were mixed with 40 58  nil of
toluene and 6 .5 ml, of a 30 vet-% solution of methylabaminoxaae in toluene
(Albemarle  Corporation). The slurry was stirred at room temperature for one
hour to give a deep red  solution. This solution was their carefully added on
top of the araethylaluminoxan treated silica  and slowly filtered off within
approximately 30 minutes. When the surface of the colored  solution reaches
the top of the silica., the filtration process was stopped and the filter cake was
carefully and thoroughly stirred by means of a spatula. The catalyst was then
allowed to rest for  one hour. The residual solvent was filtered off and the
catalyst was dried in a nitrogen purge to  constant weight, The catalyst was
obtained as free-flowing powder in a yield of 11.2 g, Example 40: Preparation
of nlethylahrmzuw~xan treated ,silica To a stirred suspension of 24.2 g of a
spray-dried silica (mean particle diameter:  2t,' microns; specific sulfltce:310
tnr/g; pore volume: 1.5 ill/g; dried at 180C and 1 mbar for 16  hours, LOD ,
0.3 wr% and 1-0I 2.3 wt% in 146 mL of toluene was added slowly 74 nay of a
:30 NN-t-% ,solution- of nlethylahrmzuw~xan in toluene (Albemarle
Corporation) at room  temperature. Durin-' the addition the temperature must
not exceed :30C'. After the addition was  complete, the mixture was stirred for
half an hour at room temperature and then heated and  allowed to reflux for
four hours. After cooling down to room temperature the solvent was
separated by filtration. The residue was washed with two 150 nay portions of
toluene and three  150 mL portions of isohexan and dried in vacuum to
constant weight. The methylalr3mno a3?  treated silica was obtained "I" 'a
free-flowing powder in a yield of 53.2 g. Example 41 : Preparation of
supported metallocene catalyst 14.9 g of the rnethylaluminoxane treated
silica prepared in Example 40 were  
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Comparative Example 47: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 46 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 259 mg of 
dimethylsilanediyl(2-methyl-4-(4'-tert-butylphenyl)indenyl)(2- isopropyl-4-(4'-tert-butyl-
phenyl)indenyl)zirconium dichloride were mixed with 34 mL of toluene and 16.6 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at 
room temperature for one hour to give a deeply colored solution. This solution was then carefully 
added on top of the methylaluminoxane treated silica and slowly filtered off within 
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica, 
the filtration process was stopped and the filter cake was carefully and thoroughly stirred by 
means of a spatula. The catalyst was then allowed to rest for one hour. The residual solvent was 
filtered off and the catalyst was dried in a nitrogen purge to constant weight. The catalyst was 
obtained as free-flowing powder in a yield of 14.6 g. 

Comparative Example 48: Preparation of methylaluminoxane treated silica 

The methylaluminoxane treated silica was prepared according to Comparative 
Example 19 employing 8.4 g of silica, 42 mL of toluene and 21.3 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

Comparative Example 49: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 48 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 259 mg of 
dimethylsilanediyl(2-methyl-4-(4'-tert-butylphenyl)indenyl)(2- isopropyl-4-(4'-tert-butyl-
phenyl)indenyl)zirconium dichloride were mixed with 34 mL of toluene and 3.9 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at 
room temperature for one hour to give a deeply colored solution. This solution was then carefully 
added on top of the methylaluminoxane treated silica and slowly filtered off within 
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica, 
the filtration process was stopped and the filter cake was carefully and thoroughly stirred by 
means of a spatula. The catalyst was then allowed to rest for one hour. The residual solvent was 
filtered off and the catalyst was dried in a nitrogen purge to constant weight. The catalyst was 
obtained as free-flowing powder in a yield of 13.6 g. 

Comparative Example 50: Preparation of supported metallocene catalyst  

11.8 g of the methylaluminoxane treated silica prepared in Comparative Example 
30 were suspended in 71 mL of toluene. In a separate flask 247 mg of rac-dimethylsilanediyl(2-
methyl-4-(4'-tert-butylphenyl)indenyl)(2-isopropyl-4-(4'-tert-butyl-phenyl)indenyl)zirconium 
dichloride were mixed with 20 mL of toluene. The metallocene suspension was stirred for 5 
minutes and then added to the methylaluminoxane treated silica suspension. The metallocene 
flask was rinsed with 5 mL of toluene. The catalyst mixture was stirred for two hours at room 
temperature. Then the solvent was filtered off, the catalyst was washed with three 120 mL 

placed in a fritted glass filter as a column with a smooth surface. In a
separate flask 2.36 mg of  roc-dnilethylsila3ledivihis(2-.methyl 4,
-be37zoindenel)zuconnnil dichloride were mixed with 34  ml of toluene and
3.8 n-al of a 30 wt-%%o solution of n-iethylalunvatoxane in toluene
(Albemarle  Corporation). The slutry was stirred at room temperature for one
hour to -ive a deep red  solution. This solution was their carefully added on
top of the araethylaluminoxan treated ,silica  and slowly filtered off within
approximately 30 minutes. When the surface of the colored  solution reaches
the top of the silica, the filtration process was stopped and the filter cake was
carefully and thoroughly stirred by means of a spatula. The catalyst was then
allowed to rest for  one hour. The residual solvent was filtered off and the
catalyst was dried to constant weight in a  stream of nitrogen. The catalyst
was obtained as free flowing powder in a yield of 14.7 g. Example 42:
Production of supported tnetallocene catalyst 20 kg of a supported catalyst
were prepared according to Examples l7a and 18a in  a pilot plant. Example
43: Preparation ol'supported metallocene catalyst 12.7 g of the
tuethy`laluminoxane treated silica prepared in Example I7a were  placed in a
flitted glass filter as a column with a smooth surface, In a separate flask 303
mg of  roc-d imethylsilauediyl(2-methyl-4-(4'-tert-buttylphenyl}inden y1)(2
-isopropyl-4-(4'- tert -butyl 59  I-}honyl;zudenyljzircauium dichloride were
mixed with- 32. mL of toluene and 3 7 mL, of a 30 wt- ..4, solution of
urethylahiminoxane in toluene (Albemarle Corporation). The slurry was
stirred at  room temperature for one hour to give a deeply colored solution.
This solution was carefully  added on top of the rrrothylalumirioxarie treated
silica and slowly filtered off within  approximately 30 minutes. When the
surface of the colored solution reaches the top of the silica,  the filtration
process was stopped and the filter cake was carefully and thoroughly stirred
by  means of a spatula. The catalyst was then allowed to rest for one hour.
The residual solvent was  filtered off and the catalyst was dried to constant
weight in a nitrogen purge. The catalyst was  obtained as free -flowing
powder in a yield of 14.4 g. Example 44: Preparation of supported
metallocene catalyst 16.7 g of the urethylalurninoxane treated silica prepared
in Example 17a were  placed in a flitted glass filter as a .olurrrn with a smooth
surface. In a separate flask 320 nig of  Vac-di
rnethvlsilanc.diyA(2-methvl-4-(4`-text-butylphenylsi ndenvi)(2-isoprupy,l-
4{1-tort-butyl- l-}honyl;zudenyljzi.rcauium dichloride were mixed with- 42 rnL
of toluene and 4.8 mL, of a 30 wt- ..4, solution of methylaluminoxane in
toluene (Albemarle Corporation). The slurry was stirred at  
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portions of isohexane and dried to constant weight in a stream of nitrogen. The catalyst was 
obtained as free-flowing powder in a yield of 12.6 g. 

Example 51 : Preparation of supported metallocene catalyst  

9.02 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 133 mg of 
rac-dimethylsilanediylbis(2-methylindenyl)zirconium dichloride were mixed with 23 mL of 
toluene and 2.6 ml of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply colored 
solution. This solution was carefully added on top of the methylaluminoxane treated silica and 
slowly filtered off within approximately 30 minutes. When the surface of the colored solution 
reaches the top of the silica, the filtration process was stopped and the filter cake was carefully 
and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for one hour. 
The residual solvent was filtered off and the catalyst was dried to constant weight in a stream of 
nitrogen. The catalyst was obtained as free-flowing powder in a yield of 9.8 g. 

Comparative Example 52: Preparation of methylaluminoxane treated silica  

The methylaluminoxane treated silica was prepared according to Comparative 
Example 19, employing 10.25 g of silica, 51 mL of toluene and 10.4 mL of a 30 wt-% solution 
of methylaluminoxane in toluene (Albemarle Corporation). 

Comparative Example 53: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica, prepared in Comparative Example 52 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 244 mg of 
rac-dimethylsilanediylbis(2-methylindenyl)zirconium dichloride were mixed with 42 mL of 
toluene and 20.2 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply colored 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 17.2 g. 

Example 54: Preparation of supported metallocene catalyst  

14.2 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 322 mg of 
rac-dimethylsilanediylbis(2-methyl-4- phenylindenyl)zirconium dichloride were mixed with 35 
ml of toluene and 4.1 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply colored 
solution. This solution was carefully added on top of the methylaluminoxane treated silica and 
slowly filtered off within approximately 30 minutes. When the surface of the colored solution 

room temperature for one hour to give a deeply colored solution. This
solution was carefully  added on top of the rrrothylalumirioxarie treated silica
and slowly filtered off within  approximately 30 minutes. When the surface of
the colored solution reaches the top of the silica,  the filtration process was
stopped and the filter cake was carefully and thoroughly stirred by  means of
a spatula. The catalyst was then allowed to rest for one hour. The residual
solvent was  filtered off and the catalyst was dried to constant weight in a
stream of nitrogen. The catalyst was  obtained as free -flowing powder in a
yield of 18.2 g. Example 45: Preparation of supported metallocene catalyst
143 g of the urethylalurninoxane treated silica prepared in Example 17a were
placed in a flitted glass filter as a .olurrrn with a smooth surface. In a separate
flask 205 mg of
roc-+iirnethvlsilariediyl(2-methyl-4-(4`-tert-bntvlphenyl)uidenyl}{2-isopr+?py1-
4-{4'-tort-hutyl- f-rhonyl;zadenyljzi.rcauirian dichloride were mixed with 33 nil
of toluene and 4.1 mL of a 30 wt-%  solution of methylaluurinoxane in toluene
(Albemarle Corporation). The slurry was stirred at  room temperature for one
hour to give a deeply colored solution. This solution was carefully  added on
top of the rrrothylalumirioxarie treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches
the top of the silica,  the filtration- process was stopped and the filter cake
was carefully and thoroughly, stirred by  means of a spatula. The catalyst
was then allowed to rest for one hour. The residual solvent was  filtered off
and the catalyst was dried to constant weight in a stream of nitrogen. The
catalyst was  obtained as free -flowing powder in a yield of 15.6 g.
Comparative Example 46: Preparation ofinethylalum noxarie treated silica
The methylaluurin.oxane treated silica was prepared according to
Comparative  Example 19 employing 8.4 g of silica, 42 ml of toluene and 8.6
nil of a 30 wt-Rio solution of  rnethylalunrinoxane in toluene (Albernarle
Corporation). 60  Comparative Example 47: Preparation of supported
metallocene catalyst The urethylahrminoxane treated silica prepared in
Comparative Example 46 was  placed in a flitted glass falter as a column with
a smooth surface. In a separate flask 259 rang of
dimethylsilane+iivlt2-methyl-4 {4'-tort-butylphenyI indenyl}{2-
isopropyl-4-(4'-tert-butyl- fahenyl}iadenyljzircaarilaan dichloride were mixed
with 34 ml, of toluene and 16.6 mL of a 30 wt- ..4, solution of
urethylahlminoxane in toluene (Albemarle Corporation). The slurry was
stirred at  room temperature for one hour to give a deeply colored solution.
This solution vas then carefully  added on top of the methylalumirioxane
treated silica and slowly filtered off within  
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reaches the top of the silica, the filtration process was stopped and the filter cake was carefully 
and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for one hour. 
The residual solvent was filtered off and the catalyst was dried to constant weight in a stream of 
nitrogen. The catalyst was obtained as free-flowing powder in a yield of 15.3 g. 

Comparative Example 55: Preparation of methylaluminoxane treated silica  

The methylaluminoxane treated silica was prepared according to Comparative 
Example 19, employing 8.5 g of silica, 43 mL of toluene and 8.7 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

Comparative Example 56: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 55 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 312 mg of 
rac-dimethylsilanediylbis(2-methyl-4-phenylindenyl)zirconium dichloride were mixed with 35 
mL of toluene and 16.8 mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle 
Corporation). The slurry was stirred at room temperature for one hour to give a deeply colored 
solution. This solution was then carefully added on top of the methylaluminoxane treated silica 
and slowly filtered off within approximately 30 minutes. When the surface of the colored 
solution reaches the top of the silica, the filtration process was stopped and the filter cake was 
carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest for 
one hour. The residual solvent was filtered off and the catalyst was dried in a nitrogen purge to 
constant weight. The catalyst was obtained as free-flowing powder in a yield of 14.3 g. 

Example 57: Preparation of supported metallocene catalyst  

13.1 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 330 mg of 
rac-cyclohexyl(methyl)silanediylbis(2-methyl-4-(4'-tert-butyl-phenyl)indenyl)zirconium 
dichloride are mixed with 33 mL of toluene and 3.8 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at room 
temperature for one hour to give a deeply colored solution. This solution was carefully added on 
top of the methylaluminoxane treated silica and slowly filtered off within approximately 30 
minutes. When the surface of the colored solution reaches the top of the silica, the filtration 
process was stopped and the filter cake was carefully and thoroughly stirred by means of a 
spatula. The catalyst was then allowed to rest for one hour. The residual solvent was filtered off 
and the catalyst was dried to constant weight in a stream of nitrogen. The catalyst was obtained 
as free-flowing powder in a yield of 14.9 g. 

Comparative Example 58: Preparation of methylaluminoxane treated silica 

The methylaluminoxane treated silica was prepared according to Comparative 
Example 19, employing 9.3 g of silica, 47 mL of toluene and 9.5 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

approximately 30 minutes. When the surface of the colored solution reaches
the top of the silica,  the filtration process was stopped and the filter cake was
carefully and thoroughly, stirred by  means of a spatula. The catalyst was
then allowed to rest for one hour. The residual solvent was  filtered off and
the catalyst was dried in a nitrogen purge to constant weight. The catalyst
was  obtained as fre flowing powder in a yield of 14.6 g. Comparative
Example 48: Preparation of rrrathylallrnrirroxane treated silica The
methylaluurinoxaue treated silica was prepared according to Comparative
Example 19 employing 8.4 g of silica, 42 mL. of toluene and 21.3 rmL of a 30
wt-% solution of  anethvlalunauioxaxie in toluene (Albernarle Corporation).
Comparative Example 49: Preparation of ,supported metallocene catalyst
The methylaluminoxane treated silica prepared in Comparative Example 48
was  placed in a fritted glass filter as a colurnu with a smooth surface. In a
separate flask 259 nag of  dimethylsilanediy1(2-m
thvl-4-i"4'-tent-butylphenyl}iri+ieuyl}(2- isopropyl 4-i"4'-tert-butvl-
phenyl}indenyl}zirconium dichloride were mixed with 3/I nrL of toluene and
3.9 in I, of a 3.0 wt  % solution of methylaluminoxane in toluene (Albemarle
Corporation). The slimy was stirred at  room temperature for one hour to give
a deeply colored solution. T'his solution was then carefully  added on top of
the rnethylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches
the top of the ,silica,  the filtration process was stopped and the filter cake
was carefully and thoroughly stirred by  means of a spatula. The catalyst was
then allowed to rest for One hour. The residual soh-cu vas  filtered off and the
catalyst was dried in a nitrogen purge to constant weight. The catalyst was
obtained as free-flowing powder in a yield of 13.6 g. Comparative Example
50: Preparation of ,supported metallocene catalyst 11.8 g of the
methylahurvnoxane treated silica prepared in Comparative Example  301
were suspended in 71 ml, of toluene. In a separate flask 247 mg of
rac-dimethylsilanediyl(2- meth /l-4-t
T-tent-butylpheny1iiuderiyl)(2-isopropy-1-4-(4'-tert-butyl-pheuyl}indenyl}zircon
ium  dichloride were mixed with 20 mL of toluene. The a>letalloeene
,suspension was stirred for S  minutes and then added to the
methylaluminoxane treated silica suspension. The metallocene  flask was
rinsed with S mL of toluene. The catalyst mixture was stirred for two hours at
room  temperature. Then the solvent was filtered off, the catalyst was washed
with three 120 anL 61  portions of isohe\ane and dried to constant ,weight in
a stream of nitrogen. The catalyst was  obtained as free-flowing powder in a
yield of 126 g. 
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Comparative Example 59: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 58 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 376 mg of 
rac-cyclohexyl(methyl)silanediylbis(2-methyl-4-(4'-tert-butyl-phenyl)indenyl)zirconium 
dichloride were mixed with 38 mL of toluene and 18.3 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). The slurry was stirred at room 
temperature for one hour to give a deeply colored solution. This solution was then carefully 
added on top of the methylaluminoxane treated silica and slowly filtered off within 
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica, 
the filtration process was stopped and the filter cake was carefully and thoroughly stirred by 
means of a spatula. The catalyst was then allowed to rest for one hour. The residual solvent was 
filtered off and the catalyst was dried in a nitrogen purge to constant weight. The catalyst was 
obtained as free-flowing powder in a yield of 16.2 g. 

Example 60: Preparation of supported metallocene catalyst 

12.9 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 298 mg of 
rac-dimethylsilanediylbis(2-methyl-4-(4'- tert-butyl- phenyl)indenyl)zirconium dichloride were 
mixed with 33 mL of toluene and 5.4 ml of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The slurry was stirred at room temperature for one hour to give a 
deeply colored solution. This solution was carefully added on top of the methylaluminoxane 
treated silica and slowly filtered off within approximately 30 minutes. When the surface of the 
colored solution reaches the top of the silica, the filtration process was stopped and the filter cake 
was carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest 
for one hour. The residual solvent was filtered off and the catalyst was dried to constant weight 
in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a yield of 14.3 g.  

Example 61 : Preparation of supported metallocene catalyst  

14.6 g of the methylaluminoxane treated silica prepared in Example 38 were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 314 mg of 
rac-dimethylsilanediylbis(2-methyl-4-(4'- tert -butyl- phenyl)indenyl)zirconium dichloride were 
mixed with 42 mL of toluene and 5.8 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The slurry was heated to 400C and stirred at this temperature for one 
hour to give a deeply colored solution. This solution was carefully added on top of the 
methylaluminoxane treated silica and slowly filtered off within approximately 30 minutes. When 
the surface of the colored solution reaches the top of the silica, the filtration process was stopped 
and the filter cake was carefully and thoroughly stirred by means of a spatula. The catalyst was 
then allowed to rest for one hour. The residual solvent was filtered off and the catalyst was dried 
to constant weight in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a 
yield of 15.6 g. 

Comparative Example 62: Preparation of methylaluminoxane treated silica  

Example 51 : Preparation of supported metallocene catalyst 9.02 g of the
methylaluminoxane treated silica prepared in Example 17a were  placed in a
fritted glass filter as a column with a smooth surf Ice. In a separate flask- 133
mg of  ra -dimetllylsilanediyIbis(2-metllylindenyIjzirconium dichloride were
mixed with 23 mL of  toluene and 2.6 ml of a 30 ,vt-% solution of
methylaluminoxane in toluene (Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deeply colored  solution.
This solution was carefully added on top of the methylaluminox ane treated
silica and  slowly filtered off within approximately 30 minutes. When the
surface of the colored solution  reaches the top of the silica, the filtration
process was stopped and the filter cake was carefully  and thoroughly stirred
by means of a spatula. The catalyst was then allowed to rest for one hour.
The residual solvent was filtered off and the catalyst was dried to constant
weight in_ a streaan of  nitrogen. The catalyst was obtained as free-flowing
powder in a yield of 9.& g. Comparative Example 52: Preparation of
methylaluminoxane treated silica The metlfylnluminorane treated silica was
prepared according to Comparative  Example 19, employing 1025 g of silica,
51 nil of toluene and 10.4 nil of a 30 wt-`% solution  of methylaluminoxane in
toluene (Albemarle Corporation). Comparative Example 53: Preparation of
supported metallocene catalyst The methylaluuunoxane treated silica,
prepared in Comparative Example 52 was  placed in a fretted glass filter as a
column with a smooth surface. In a separate flask 244 nig of
I'aC-dllnethylsalaneCtiy~ll.nst 2-methyli7Yde7Yy~l)zlrconium dichlorid` were
mixed with 42 mL, of  toluene and 20.2 mL of a 30 wt-% solution of
methylaluminoxane in toluene (Albemarle  Corporation). The slurry was
stirred at room temperature for one hour to give a deeply colored  solution.
This solution was then carefully added on top of the rnethylaluminoxane
treated silica  and slowly filtered off within approximately 30 minutes. When
the surface of the colored  solution reaches the top of the silica, the filtration
process was Stopped and the filter cake was  carefully and thoroughly stirred
by means of a spatula. The catalyst was then allowed to rest for  one hour,
The residual solvent was filtered off and the catalyst was dried in a nitrogen
purge to  constant weight. The catalyst was obtained as free-flowing powder
in a yield of 17,2 g. Example 54: preparation of supported metallocene
catalyst 14.2 g of the nrethylalurninoxane treated silica prepared in Example
17a were  placed in a flitted glass filter as a column with a smooth surface. In
a separate flask 322 rag of  xac-+iiinethvlsilaiiediylbis(2-methyl-4-
phenylindenyl)zircoriium dichloride were mixed with 35  ml of toluene and 4.1
all, of a 30 wvt- o solution of inethylahriniuoyaue in toluene (Albemarle  
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The methylaluminoxane treated silica was prepared according to Comparative 
Example 19, employing 7.6 g of silica, 38 mL of toluene and 7.7 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

Comparative Example 63: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 62 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 285 mg of 
rac-dimethylsilanediylbis(2-methyl-4-(4'- tert -butyl- phenyl)indenyl)zirconium dichloride were 
mixed with 31 mL of toluene and 15.0 mL of a 30 wt-% solution of methylaluminoxane in 
toluene (Albemarle Corporation). The slurry was stirred at room temperature for one hour to give 
a deeply colored solution. This solution was then carefully added on top of the 
methylaluminoxane treated silica and slowly filtered off within approximately 30 minutes. When 
the surface of the colored solution reaches the top of the silica, the filtration process was stopped 
and the filter cake was carefully and thoroughly stirred by means of a spatula. The catalyst was 
then allowed to rest for one hour. The residual solvent was filtered off and the catalyst was dried 
in a nitrogen purge to constant weight. The catalyst was obtained as free-flowing powder in a 
yield of 13.2 g. 

Example 64: Preparation of supported metallocene catalyst 

14.4 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 394 mg of 
rac-di-n-hexylsilanediylbis(2-methyl-4-(4'- tert - butylphenyl)-indenyl)zirconium dichloride were 
mixed with 36 mL of toluene and 4.1 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The slurry was stirred at room temperature for one hour to give a 
deeply colored solution. This solution was carefully added on top of the methylaluminoxane 
treated silica and slowly filtered off within approximately 30 minutes. When the surface of the 
colored solution reaches the top of the silica, the filtration process was stopped and the filter cake 
was carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest 
for one hour. The residual solvent was filtered off and the catalyst was dried to constant weight 
in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a yield of 17.1 g. 

Comparative Example 65: Preparation of methylaluminoxane treated silica  

The methylaluminoxane treated silica was prepared according to Comparative 
Example19, employing 10.8 g of silica, 54 mL of toluene and 11.0 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

Comparative Example 66: Preparation of supported metallocene catalyst  

The methylaluminoxane treated silica prepared in Comparative Example 65 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 476 mg of 
rac-di-n-hexylsilanediylbis(2-methyl-4-(4'- tert -butylphenyl)- indenyl)zirconium dichloride were 
mixed with 44 mL of toluene and 21.3 mL of a 30 wt-% solution of methylaluminoxane in 
toluene (Albemarle Corporation). The slurry was stirred at room temperature for one hour to give 

Corporation). The slurry was stirred at room temperature for one hour to give
a deeply colored  solution. This solution was carefully added on top of the
methylaluminoxane treated silica and  slowly filtered off within approximately
30 minutes. When the surface of the colored solution 62  reaches the top of
the silica, the filtration process was stopped and the filter cake was carefully
and thoroughly stirred by means of a spatula. The catalyst was then allowed
to rest for one hour.  The residual solvent was filtered off and the catalyst was
(tried to constant weight in a stream of  nitrogen. The catalyst was obtained
as free-flowing powder in a yield of 15.3 g. Comparative Example 55:
Preparation of 3nathylalum 3roxa3re treated silica The methylaluminoxaue
treated silica was prepared according to Comparative  Example 19,
employing 8.5 g of silica, 43 ml, of toluene and 8.7 mL of a 30 ;art-% solution
of  rnethvlalumurcxarr in toluene (Albemarle Corporation). Comparative
Example 56: Preparation of supported metallocene catalyst The
methylaluminoxane treated silica prepared in Comparative Example 55 was
placed in a fatted glass flier as a column with a smooth surface. In a separate
flask 312 mg of  roc-dimethylsilane(tiylbis(2-methyl-4-phenylin(tnyl)zirconiurrr
dichloride were mixed with 35  ruL of toluene and 16.8 ml, of a 30 NN-t-%
solution of m;thylalnminoxa3re in toluene (Albemarle  Corporation). The
slurry was stirred at room temperature for one hour to give a deeply colored
solution. 'This solution was then carefully added on top of the
methylaluurinoxane treated silica  and slowly filtered off within approximately
30 minutes. When the surface of the colored  solution reaches the top of the
silica, the filtration process was stopped and the filter cake was  carefully and
thorough) stirred by means of a spatula. The catalyst was then allowed to
rest for  one hour. The residual solvent was filtered off and the catalyst was
dried in a nitrogen purge to  constant weight. The catalyst was obtained as
fret flowing powder in a yield of 14.3 g. Example 57: Preparation of supported
metallocene catalyst 13.1 g of the 3nethylaluminoxarre treated silica
prepared in Example 17a were  placed in a fritted glass filter as a column with
a smooth surface. In a separate flask 330 ur*g of
roc-cyclohexyl(methyl)silanediylhis(2-methyl-4-(4'-tert-butyl-phenvl)indenyl}zir
conium  dichloride are mixed with 33 3uL of toluene and 3.8 mL of a 30 wt-%
solution of  methylalumiuoxane in toluene (Albemarle Corporation). The slurry
was stirred at room  temperature for one hour to give a deeply colored
solution. This solution was carefully added on  top of the methylaluusinoxane
treated silica and slowly filtered off within approximately 30  minutes. When
the surface of the colored solution reaches the top of the silica, the filtration  
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a deeply colored solution. This solution was then carefully added on top of the 
methylaluminoxane treated silica and slowly filtered off within approximately 30 minutes. When 
the surface of the colored solution reaches the top of the silica, the filtration process was stopped 
and the filter cake was carefully and thoroughly stirred by means of a spatula. The catalyst was 
then allowed to rest for one hour. The residual solvent was filtered off and the catalyst was dried 
in a nitrogen purge to constant weight. The catalyst was obtained as free-flowing powder in a 
yield of 17.9 g. 

Example 67: Preparation of supported metallocene catalyst  

12.9 g of the methylaluminoxane treated silica prepared in Example 17a were 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 372 mg of 
rac-di-n-hexylgermanediylbis(2-methyl-4-(4'- tert - butylphenyl)-indenyl)zirconium dichloride 
were mixed with 33 mL of toluene and 3.4 mL of a 30 wt-% solution of methylaluminoxane in 
toluene (Albemarle Corporation). The slurry was stirred at room temperature for one hour to give 
a deeply colored solution. This solution was carefully added on top of the methylaluminoxane 
treated silica and slowly filtered off within approximately 30 minutes. When the surface of the 
colored solution reaches the top of the silica, the filtration process was stopped and the filter cake 
was carefully and thoroughly stirred by means of a spatula. The catalyst was then allowed to rest 
for one hour. The residual solvent was filtered off and the catalyst was dried to constant weight 
in a stream of nitrogen. The catalyst was obtained as free-flowing powder in a yield of 14.8 g. 

Comparative Example 68: Preparation of methylaluminoxane treated silica  

The methylaluminoxane treated silica was prepared according to Comparative 
Example 19, employing 8.8 g of silica, 44 mL of toluene and 8.9 mL of a 30 wt-% solution of 
methylaluminoxane in toluene (Albemarle Corporation). 

Comparative Example 69: Preparation of supported metallocene catalyst 

The methylaluminoxane treated silica prepared in Comparative Example 68 was 
placed in a fritted glass filter as a column with a smooth surface. In a separate flask 405 mg of 
rac-di-n-hexylgermanediylbis(2-methyl-4-(4'- tert -butylphenyl)- indenyl)zirconium dichloride 
were mixed with 36 mL of toluene and 17.3 mL of a 30 wt-% solution of methylaluminoxane in 
toluene (Albemarle Corporation). The slurry was stirred at room temperature for one hour to give 
a deeply colored solution. This solution was then carefully added on top of the 
methylaluminoxane treated silica and slowly filtered off within approximately 30 minutes. When 
the surface of the colored solution reaches the top of the silica, the filtration process was stopped 
and the filter cake was carefully and thoroughly stirred by means of a spatula. The catalyst was 
then allowed to rest for one hour. The residual solvent was filtered off and the catalyst was dried 
in a nitrogen purge to constant weight. The catalyst was obtained as free-flowing powder in a 
yield of 14.3 g. 

Example 70: Preparation of supported metallocene catalyst 

process was stopped and the filter cake was carefully and thoroughly stirred
by means of a  spatula. The catalyst was then allowed to rest for one hour.
The residual solvent was filtered off  and the catalyst was dried to constant
weight in a stream of nitrogen. The catalyst was obtained  as free-flowing
powder in a yield of 14.9 g. Comparative Example 58: Preparation of
metlrylah3rn noxane treated silica The methylalu3ninoxane treated silica was
prepared according; to Comparative  Example 19, employing 9.3 g of silica,
47 ml, of toluene and 9.5 mL of a 30 solution of  methylaluminoxane in
toluene (Albemarle Corporation). 63  Comparative Example 59: Preparation
of supported nretallocene catalyst The methylaluminoxane treated silica
prepared in Comparative Example 58 was  placed in a flitted glass falter as a
column with a smooth surface. In a separate flask 376 rang of
sac-cyclchexyl(methyl}salaraec3iylhiti"2-rnetlnyl-4-{4'-tort-hartyl-phenyl}iaulen
vl}uirconium  dichloride were mixed with 38 sass of toluene and 18.3 sass of
a 30 wt-`?',, solution of  methylaluminoxane in toluene (Albemarle
Corporation). The slurry was stirred at room  temperature for one hour to give
a deeply colored solution, 'This solution was then carefully  added on top of
the araothylalumirnoxaaae treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches
the top of the silica,  the filtration process was stopped and the filter cake was
carefully and thoroughly, stirred by  means of a spatula. The catalyst was
then allowed to rest for one hour. The residual solvent was  filtered off and
the catalyst was dried in a nitrogen purge to constant weight. The catalyst
was  obtained as fre flowirng powder in a yield of 16.2 g. Example 60:
Preparation of supported metallocene catalyst 12.9 g of the
methylalurninoxane treated silica prepared in Example 17a were  placed in a
flitted glass falter as a column with a smooth surface. In a separate flask 298
rang of  rac-+dimnethylsilanediylbis(2-anetlnyl-4-(4'- test-butyl- phennyl}ana
nyljzir opium dichloride were  mixed with 3vt ml, of toluene and 5A ml of a 30
wt-~ o solution of rnethylaluminoxane in toluene  (Albemarle Corporation).
The slurry was stirred at room temperature for one hour to give a  deeply
colored solution. 'T'his solution was carefully added on top of the
methylaluminoxane  treated silica and slowly filtered off' within approximately
30 minutes. When the surface of the  colored solution reaches the top of the
silica, the filtration process was ,stol_ped and the filter cake  was carefully
and thoroughly stirred by means of a spatula. The catalyst was then allowed
to rest  for one hour. 'I he residual solvent was filtered off and the catalyst
was dried to constant weight  
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223 mg of rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium 
dichloride were dissolved in 3.6 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The solution was diluted with 11 mL of toluene and stirred at room 
temperature for 1 hour. This solution was then added to 12.4 g of the methylaluminoxane treated 
silica prepared in Example 17a while stirring. The volume of the impregnation solution was 
125% of the pore volume of the support material. After the addition was complete, the mixture 
was stirred for another 5 -10 minutes and then allowed to rest for one hour. The catalyst was 
dried in a nitrogen purge to constant weight. The catalyst was obtained as free- flowing powder 
in a yield of 12.9 g.  

Example 71 : Preparation of supported metallocene catalyst  

231 mg of rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium 
dichloride were dissolved in 3.7 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The solution was diluted with 14.5 mL of toluene and stirred at room 
temperature for 1 hour. This solution was then added to 12.9 g of the methylaluminoxane treated 
silica prepared in Example 17a while stirring. The volume of the impregnation solution was 
150% of the pore volume of the support material. After the addition was complete, the mixture 
was stirred for another 5 -10 minutes and then allowed to rest for one hour. The catalyst was 
dried in a nitrogen purge to constant weight. The catalyst was obtained as free- flowing powder 
in a yield of 13.3 g. 

Example 72: Preparation of supported metallocene catalyst  

224 mg of rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium 
dichloride were dissolved in 3.6 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The solution was diluted with 19.9 mL of toluene and stirred at room 
temperature for 1 hour. This solution was then added to 12.5 g of the methylaluminoxane treated 
silica prepared in Example 17a while stirring. The volume of the impregnation solution was 
200% of the pore volume of the support material. After the addition was complete, the mixture 
was stirred for another 5 -10 minutes and then allowed to rest for one hour. The catalyst was 
dried in a nitrogen purge to constant weight. The catalyst was obtained as free- flowing powder 
in a yield of 13.5 g. 

Example 73: Preparation of supported metallocene catalyst  

233 mg of rac-dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium 
dichloride were dissolved in 3.7 mL of a 30 wt-% solution of methylaluminoxane in toluene 
(Albemarle Corporation). The solution was diluted with 26.7 mL of toluene and stirred at room 
temperature for 1 hour. This solution was then added to 13.0 g of the methylaluminoxane treated 
silica prepared in Example 17a while stirring. The volume of the impregnation solution was 
250% of the pore volume of the support material. After the addition was complete, the mixture 
was stirred for another 5 -10 minutes and then allowed to rest for one hour. The catalyst was 
dried in a nitrogen purge to constant weight. The catalyst was obtained as free- flowing powder 
in a yield of 14.0 g. 

in a stream of nitrogen. f'l catalyst was obtained as free flowing powder in a
yield of 14.3 g.  Example 61 : Preparation of'supported metallocene catalyst
11.6 g of the methylaluminoxane treated silica prepared in Example 38 were
placed in a flitted glass filter as a column with a smooth surface. In a
separate flask 314 mg of  sac-dannetlaylsilanediylbis(2-methyl-4-(4`- teat
-butyl- hhenyljirndeanyl}zirconium dichloride were  mixed with 42 ml. of
toluene and 5.8 nil of a 30 wt-% solution of anethylalumianoxauae in toluene
(Albemarle Corporation). The slurry was heated to 40C and stirred at this
temperature for one  hour to give a deeply colored solution. This solution was
carefully added on top of the  methylaluminoxane treated silica and slowly
filtered off within approximately 30 minutes. When  the surface of the colored
solution reaches the top of the silica, the filtration process was stopped  and
the filter cake was carefully and thoroughly stirred by means of a spatula. The
catalyst was  then allowed to rest for one hours The residual ,solvent was
filtered off and the catalyst was dried  to constant weight in a stream of
nitrogen. The catalyst was obtained as free-flowing powder in a  yield of 15.6
g. Comparative Example 62: Preparation of anethylaluarainoxarae treated
silica 64  The methylalucninoxane treated silica was prepared according to
Comparative  Example 19, employing 7.6 g of silica, 38 n11, of toluene and
7.7 it-J. of a 30 v,,t-`1_1 solution (if  methylaluminoxane in toluene (Albemarle
Corporation). Comparative Example 63: Preparation of supported
metallocene catalyst The methylaluminoxane treated silica prepared in
Comparative Example 62 was  placed in a frilled glass filter as a column with
a smooth surface, In a separate flask 285 mg of
rac-dimethylsilanediylbis('2-methyl-4-{ `- tart -butyl- phenyl)indenyl)zirconium
dichloride were  mixed with 31 nil of toluene and 15,0 nil- of a 30 wt-%
solution of methylaluarainoxarae in  toluene (Albemarle Corporation). The
slurry was stirred at room temperature for one hour to give  a deeply colored
solution. This solution was then carefully added on top of the
methylaluminoxane treated silica and slowly filtered off within approximately
30 minutes. When  the surface of the colored solution reaches the top of the
silica, the filtration process was stopped  and the filter cake was carefully and
thoroughly stirred by means of a spatula. The catalyst was  then allowed to
rest for one hour The residual ,solvent Was filtered off and the catalyst was
dried  in a nitrogen purge to constant weight. The catalyst was obtained as
free flowing powder in a  yield of 13.2 g. Example 64: Preparation of
supported metallocene catalyst 
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Polymerization Procedure A 

A dry and nitrogen purged 5 dm3 autoclave equipped with a helical stirrer was 
charged with if desired 100 g of metallocene polymer seed bed, 1 cm3 of triisobutylaluminum 
(10 wt.-% solution in heptane) and 1500 cm3 of liquid propylene. The mixture was stirred for at 
least 5 minutes (stirrer speed 200 rpm) at 20 0C. Then about 70 - 100 mg of supported 
metallocene catalyst, suspended in 5 cm3 of white oil, were injected with 1500 cm3 of liquid 
propylene. The reactor was heated to an internal temperature of 65 0C. within 11 minutes. The 
polymerization reaction was allowed to proceed at 65 0C. for 60 minutes. The polymerization 
was stopped by releasing the monomer and cooling down the reactor. The polymer was 
discharged and dried under reduced pressure. 

Polymerization Procedure B (Using hydrogen as Mole weight Regulator) 

A dry and nitrogen purged 5 dm3 autoclave equipped with a helical stirrer was 
charged with if desired 100 g of metallocene polymer seed bed, 1 cm3 of triisobutylaluminum 
(10 wt.-% solution in heptane), 24.3 mmole hydrogen and 1500 cm3 of liquid propylene. The 
mixture was stirred for at least 5 minutes (stirrer speed 200 rpm) at 20 0C. Then about 40 - 70 mg 
of supported metallocene catalyst, suspended in 5 cm3 of white oil, are injected with 1500 cm3 of 
liquid propylene. The reactor was heated to an internal temperature of 65 0C. within 11 minutes. 
The polymerization reaction was allowed to proceed at 65 0C. for 60 minutes. The 
polymerization was stopped by releasing the monomer and cooling down the reactor. The 
polymer was discharged and dried. 

Polymerization Procedure C (propylene/ethylene co-polymerization) 

A dry and nitrogen purged 5 dm3 autoclave equipped with a helical stirrer was 
charged with 0.049 g hydrogen, 1 cm3 of triisobutylaluminum (25 wt.-% solution in heptane) and 
1500 cm3 of liquid propylene. The mixture was stirred for at least 5 minutes (stirrer speed 200 
rpm) at 20 0C. Then approx. 50 mg of the respective metallocene catalyst (see table 4) were 
suspended in 5 cm3 of white oil and were injected with 1500 cm3 of liquid propylene. The 
autoclave was heated up to an internal temperature of 65 0C. within 11 minutes. The 
polymerization reaction was allowed to proceed at 65 0C. for 60 minutes. The addition of 
ethylene was started after the injection of the catalyst into the autoclave and continued at a 
constant rate during the heating up phase and polymerization time. The co- polymerization was 
stopped by releasing the monomers and cooling down the reactor. The produced co-poiymer was 
dried under reduced pressure at 80 0C (the added co-monomer amounts and the results of the co-
polymerizations are summarized in Table 4 and 5). 

 

 

 

 

144 g of the treated silica prepared in Example 17a were  placed in a frilled
glass filter as a column with a smooth surface. In a separate flask 394 mg of
rac-di-au-hexylsllanecliylbis{2-methyl-4-(4'- tort -
butylphenyl)-indenyl)rirconium dichloride were  mixed with 36 rmL of toluene
and 4.1 nil of a, 30 wt-% solution of methylaluminoxauae in toluene
(z-\ihemarle Corporation). The slurry was stirred at room temperature for one
hour to give a  de-ply colored solution. This solution was carefully added on
top of the methylalunrinoxa3ze  treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the  colored solution reaches
the top of the silica, the filtration process was stopped and the filter cake  was
carefully and thoroughly stirred by means of a spatula, The catalyst was then
allowed to rest  for one hour, The residual solvent was filtered off and the
catalyst was dried to constant weight  in a stream of nitrogen. The catalyst
;vas obtained as free-flowing powder in a yield of 17.1 g, Comparative
Example 65: Preparation of methylaluminoxane treated silica The
methylaluminoxauae treated silica was prepared according to Comparative
Examplel 9, employing 10.8 g of silica, 51 mL of toluene and 11.0 mL of a 30
sv1A',, solution of  methylaluminoxane in toluene (Albemarle Corporation).
Comparative Example 66: Preparation of supported metallocene catalyst The
methylaluaraiaa+>xane treated silica prepared in C'ornparative Example 65
was  placed in a fritted glass filter as a column with a smooth surf,2ce. In a
separate flask 476 mg of  rac-di-au-hexylsllaarecliylbis{2-methyl-4 (4'- tort
-butylphenyl)- indenyl) 'conium dichloride were  mixed with 44 mL of toluene
and 21.3 mL, of a 30 wt-% solution of n3ethylaluminoxane in  toluene
{Albemarle Corporation). The slurry was stirred at room tearaperature for one
hour to give 65  a deeply colored solution. This solution was then carefully
added on top of the  methylaluminoxane treated silica and slowly filtered off
within approximately 30 minutes, When  the surface of the colored solution
reaches the top of the silica, the filtration process was stopped  and the filter
cake was carefully and thoroughly stirred by means of a spatula. The catalyst
was  then allowed to rest for one hour. The residual solvent was filtered off
and the catalyst was dried  in a nitrogen purge to constant weight. The
catalyst was obtained as free-flowing powder in a  yield of 17.4 g: Example
67: Preparation of'supported metallocene catalyst 12.9 g of the
methylaluminoxane treated silica prepared in Example 17a were  placed in a
fritted glass filter as a column with a smooth surface. In a separate flask 372
m*a of  ra -di n hexylganrianediylbis~'3-methyl-4 {4`- tert - butylphenyl)-in
denyl)zirconium dichloride  
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Table 1: Polymerization results (Polymerization Procedure A) 

were mixed with 33 ml- of toluene and 34 mL of a 0 wt-% solution of anethvlal
mriinoxari in  toluene (Albemarle Corporation) The slurry was stirred at room
temperature for one hour to give  a deeply colored solution. This solution was
carefully added on top of the methylalu3ninoxane  treated silica and slowly
filtered off within approximately 313 minutes. When the surface of the
colored solution reaches the top of the silica, the filtration process was
stopped and the filter cake  was carefully and thoroughly stirred by means of
a spatula. The catalyst was then allowed to rest  for one hour. The residual
solvent was filtered off and the catalyst was tided to constant weight  in a
stream of nitrogen. The catalyst was obtained as free-flowing powder in a
yield of 14.8 g. Comparative Example 68: Preparation of methylaluminoxane
treated silica The meiliylnlum noxane treated silica was prepared according
to Comparative  Example 19, employing 8.8 g of silica. 44 mL of toluene and
8.4 3nL of a 30 wt-% solution of  a methylaluminoxane in toluene (Albemarle
Corporation). Comparative Example 69: Preparation of supported
metallocene catalyst The methvlalurninoxaae treated silica prepared in
Comparative Example 68 was  placed in a fritted glass filter as a column with
a smooth surface. In a separate flask 405 mg of raC-tai-33_-he
yl~er3n3Eledix lhts -Ymethyl-. 1._(4 terl -l:riltS'lphnS'1)- indenyl)'m'COnium
dichloride were mixed with 36 mL of toluene and 17.3 mL of a 30 wt-6,%
solution of methvlaluminoxair in  toluene (Albemarle Corporation). The slurry
was stirred at room temperature for one hour to give  a deeply colored
solution. This solution was then carefully added on top of the
nicibVlalummoxane treated silica and slowly filtered off within approximately
30 minutes. When  the surface of the colored solution reaches the top of the
silica, the filtration process was stopped  and the filter cake was carefully and
thoroughly stirred by means of a spatula. The catalyst was  then allowed to
rest for one hour. The residual solvent was filtered off and the catalyst was
dried  in a nitrogen purge to constant weight. The catalyst was obtained as
free-flowing powder in a  yield of 14.3 g. Example 713: Preparation of
supported metallocene catalyst 66  223 rmg of rac-dmmthyls31atied
iylbls(2-m thyl-4,5-henzo fndenyl )7nCOnmmx  dichloride were dissolved in
3.6 nal, of a 30 wt -% solution of methylahuminoxane in toluene  (Albemarle
Corporation}. The solution was diluted with 11 rnL of toluene and stirred at
room  temperature for 1 hour. This solution was then added to 114 g of the
methylahtmino_tane treated  silica prepared in Example I 7a while stirring.
The volume of the impregnation solution was  125% of the pore volume of the
support material. After the addition was complete, the mixture  
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was stirred for another 5 -10 minutes and then allowed to rest for one hour.
The catalyst was  dried in a nitrogen purge to constant weight. The catalyst
was obtained as free- flowing powder  in a yield of 12.9 g. Example 71 :
Preparation of supported metallocene catalyst 231 mg of rac-din
ethylsilanediyl6is(2-n ethyl-4,5-6enzoindenyl}zirconiun  dichloride were
dissolved in 3.7 ml of a 3il vvt-'>o solution of methvlahnninoxane in toluene
(Albemarle Corporation_}. The solution was diluted with 14,5 mL: of toluene
and stirred at room  temperature far 1 hour, This solution was then added to
12.0 g of the 3nethylalumimo~.ane treated  silica prepared in Example 17a
while stirring. The volume of the impregnation solution was  150;% of the
pore volume of the support material. After the addition was complete, the
mixture  was stirred for another 5 -10 minutes and then allowed to rest for
one hour. The catalyst was  dried in a nitrogen purge to constant weight. The
catalyst was obtained as free- flowing powder  in a yield of 13.3 g. Example
72: Preparation of supported rmetallocene catalyst  2-14 ing of dichloride
were dissolved in 3.6 ml., of a 30 wt- o solution of methylaluminoxane in
toluene  (Albemarle Corporation_}. The solution was diluted with 14.0 mL of
toluene and stirred at room  temperature for 1 hour. This solution was then
added to 12.5 g of the methylahuminoxane treated  silica prepared in
Example 17a while stirring. The volume of the impregnation solution was
2004% of the pore volume of the support material. After the addition was
complete, the mixture  was stirred for another 5 --10 minutes and then
allowed to rest far one hour. The catalyst was  dried in a nitrogen purge to
constant weight. The catalyst was obtained as free- flowing powder  in a yield
of 13.5 g Example 73: Preparation of supported metallocene catalyst 233 mg
of rao-dimthylsilanediylbis(2-methyl-d,5-ben oifldeflyll irc?f7ium  dichloride
were dissolved in 3.7 mT, of a 30 solution of i rethvlalunvnoxane in toluene
(Albemarle Corporation). The solution was diluted with 26.7 ml. of toluene
and stirred at room  temperature for 1 hour. This solution was then added to
13.0 g of the metl7vlal uirxinoxan treated  silica prepared in Example 17a
while stirring. The volume of the impreg aatio n. solution was  250% of the
pore volume of the support material. After the addition was complete, the
mixture  was stirred for another 5 -10 minutes and then allowed to rest for
one hour. The catalyst Was  dried in a nitrogen purge to constant weight. The
catalyst was obtained as free flowing powder  in a yield of 14.0 ". 
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Table 2: Polymerization results using hydrogen as mole weight regulator (Polymerization 
Procedure B) 

67  Polymerization Procedure A A dry and nitrogen purged 5 dm3 autoclave
equipped with a helical stirrer was  charged with if desired 100 g of
uretallocene polymer seed bed, I car' of triisobutylaluminuirl  (10 wt.-Rio
solution in heptane) and 1500 cm3 of liquid propylene. The mixture was
stirred for at  least 5 minutes (stirrer speed 200 rpm) at 20 T. Then about 70 .
100 tag of supported  metallocene catalyst, suspended in 5 cm' of white oil,
were injected with 15130 cm3 of liquid  propylene. The reactor was heated to
an internal temperature of 65 C. within 11 minutes. The  polymerization
reaction was allowed to proceed at 65 C, for 60 minutes. The polymerization
was stopped by releasing the monomer and cooling down the reactor. The
polymer was  discharged and dried under reduced pressure. Polymerization
Procedure B (1 using hydrogen as Mole weight Regulator) A dry and nitrogen
purged 5 din3 autoclave equipped with a helical stirrer was  charged with if
desired 100 g of metallocene polymer seed bed, I cm' of trusobutylaluminum
uL-% solution in h ptane), 24.31 mrnole hydrogen and 1500 cm3 of liquid
propylene. The  '10 mixture was stirred for at least 5 minutes (stirrer speed
201) rpm) at 20 C. Then about 40 - 70 urg  of supported rnetallocene
catalyst, suspended in 5 car' of white oil, are injected with 1500 car' of  liquid
propylene. The reactor was heated to an internal temperature of 65 C. within
11 minutes.  The polymerization reaction was allowed to proceed at 65 C. for
60 minutes. The  polymerization was stopped by releasing the monomer and
cooling down the reactor. The  polymer was discharged and dried.
Polymerization Procedure C {propylene/ethylene co-polymerization) A dry
and nitrogen purged 5 dm.' autoclave equipped with a helical stirrer was
charged ;with 0.049 g hydrogen, I cur' of triisobutylaluminum (25 wt.-0ro
solution in heptane) and  1500 cm- of liquid propylene. The mixture was
stirred for at least 5 minutes (stirrer speed 2100  ran) at 20 C:. Their approx.
50 mg of the respective metallocene catalyst (see table 4) were  suspended
in 5 cm3 of white oil and were injected with 1500 cm3 of liquid propylene. The
autoclave was heated up to an internal temperature of 65 C. within 11
minutes. The  polymerization reaction was allowed to proceed at 65 C. for
613 minutes. The addition of  ethylene was started after the injection of the
catalyst into the autoclave and continued at a  constant rate during the
heating up phase and polymerization time. The co- polymerization was
Stopped by releasing the monomers and cooling down the reactor. The
produced co--porymer was  
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dried under reduced pressure at 80 C (the added co-monomer amounts and
the results of the co- polvmnerizations are summarized in Table 4 and 5). 68
"fable 1: Polymerization results (Poly zerization Procedure A) ----- ----- --------
--------- -------- --------- Polymerization Example Supported Catalyst
Productivity [g PPIg catalyst x hj  P 1 Examplei8a 8,700 P 2 Example 18b
7,600  P 3 ExamplelBc 1,900  P 4 CE Example 20 3,800  --------- --- --- 6 P 5
CE Example e 22 4,200  P 8 CE Example 24 4,600  P 7 CE Example 26
4,400  P B CE Example 27 4:700 69  Polymerization Example Supported
Catalyst Productivity jg PPig catalyst x h]  --- P 9 CE Example 29 3,3cit3
------------ --- P 10 -CE Exampe 3t 7,400 P 11 CE Example 33 7.200  P 12
Example 34 8,700 P 13 Example 35 7,900 E  P 14 Example 37 -------- 7,700
--- P 15 Example 39 8,900  P 16 Example 41 8,900  P 17 Example 42 7300
--------- P 18 Example 43 5,300 ------- 19 Example 44 4,400 
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Table 3: Polymer properties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- = not determined 

- ------------- P 20 Example 45 4,800  v 21 CE Example 47 3,100  P 22 CE
Example 49 3,800  P 23 CE Example 60 3,400  P 24 Example 51 7,500
----------- --------- P 25 CE Example 53 4,600  25 Example 54 6,300  P27 CE
Example 56 2,600  P28 Example 57 9,300  l P 29 CE Example 59 ---- -----
4,200 P 30 ---- Example 60 9,800  P 31 Example 61 10,300  P 32 CE
-Example 63 4,700 --------- P 33 Example 64 11,400 P 34 CE Example 66
5,100  P 35 - Example 67 14,300  P 36 CE Example 69 4,900  P 37 Example
70 7800  P38 Example 71 -----870(c) ----- P 39 Example 72 7800  P40
Example 73 7600 70  'fable 2: Polymerization- results using hydrogen as
mole weight regulator (Polymerization Procedure B) Polymerization Example
Supported Catalyst Productivity (c PP/g catalyst x h]  P 41 Examplel8a
18.004 P 42 Examplr?18b 16,600  
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Table 4: Polymerization Procedure C: Co-polymerization conditions and catalyst 
productivities 

 

 

 

 

 

 

 

 Table 5: Polymerization Procedure C: Co-polymer properties 

 

P 43 Examplel8c 3,400  P 44 CE Example 20 6,100  P 45 CE Example 22
7,200  - ---  P 46 CE Exampe- 24 8,100  P47 CE Example 26 8,000  P 48 CE
Example 27 8,800  P49 CE Example 29 mm 5,900 - 50 -ICE Example 31
11$00  P 51 ' CE Example 33 13,000 --------------------------- - - P 52 Example
34 17,600  P 53 Example 35 16,000'  P 54 Example 37 15,700  P 55
Example 39 18,100  P 56 Example 41 17,500  P 57 Example 42 16,500  P 58
Example 43 22,404  ------- ------------------------------------------------- P 59
Example 44 16,500  P 60 Example 45 18,400  P 61 CE Example 47 12,600
P 62 CE Example 49 15,300  P 63 CE Example 50 15,900  P 64 Example 51
11,700 ---- P 65 CE Example 53 -6,900 P 66 Example 54 11,200  P67 CE
Example 56 5,100  P 68 Example 57 21,600  P69 CE Example 59 7,700  P
70 Example 60 24,100  ---------- 
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Polymerization Example P 87 

Polymerization Example P 85 was repeated but 30 mg of catalyst and 0.05 Ndm3 
hydrogen have been used, the polymerisation time was 90 minutes and the addition of the 
comonomer was not started until 60 minutes after the addition of the catalyst i.e. the amount of 
ethylene was dosed to the autoclave during the remaining 30 minutes of the polymerisation time. 
Instead of 300 g, only 200 g of ethylene were added. 

The isolated impact co-polymer had a MFR of 10 dg/min. The polymer was 
fractionated and the homopolymer part (83 wt.-%) showed a melting point of 155 0C, while the 
copolymer rubber part (17 wt.-%) showed a T9 of - 53 0C and an ethylene content of 41.5 wt.-%. 
Injection molded parts produced using the polymer, additivated with 0.05 wt.% calcium stearate, 
0.1 % Irganox 1010 and lrgafos 168 each, showed an excellent stress whitening behavior. 

Polymerization Example P 88  

Polymerization Example P 87 was repeated, but instead of 200 g, only 90 g of 
ethylene were added. 

The isolated impact co-polymer had a MFR of 14 dg/min. The polymer was 
fractionated and the homopolymer part (75 wt.-%) showed a melting point of 156 0C, while the 
copolymer rubber part (25 wt.-%) showed a Tg of - 29 0C and an ethylene content of 15.2 wt.-%. 
Injection molded parts produced using the polymer, additivated with 0.25 wt.-% Miliad 3988, 
0.05 wt.% calcium stearate, 0.1 wt.-% Irganox 1010 and 0.1 wt.-% lrgafos 168, showed an 
excellent combination of stiffness, transparency and low temperature impact strength. 

Polymerization Example P 89 

Polymerization Example P 87 was repeated, but instead of 200 g, only 60 g of 
ethylene were added. 

The isolated impact co-polymer had a MFR of 18 dg/min. The polymer was 
fractionated and the homopolymer part (81 wt.-%) showed a melting point of 155 0C, while the 
copolymer rubber part (19 wt.-%) showed a T9 of - 10 0C and an ethylene content of 12.2 wt.-%. 
Injection molded parts produced using the polymer, additivated with 0.20 wt.-% Miliad 3988, 
0.05 wt.% calcium stearate, 0.1 wt.-% Irganox 1010 and 0.1 wt.-% lrgafos 168, showed an 
excellent combination of stiffness, transparency and impact strength at 0 0C. 

Polymerization Example P 90 

Polymerization Example P 87 was repeated. But the addition of the comonomer 
was performed in the following manner: After the addition of the catalyst and during the first 60 
minutes of the polymerisation, 30 g of ethylene were added and during the remaining 30 minutes 
of the polymerisation time additional 120 g of ethylene were added. 

P 71 Example 61 22,900 71  Polymerization Example Supported Catalyst
Productivty [g PPIg catalyst  P 72 CE Example 63 8,400 P 73 Example 64
24,700  P 74 C Example 66 9,00  P.5 P 75 - Example 67 23,000
------------------------ CE Example 69 8,600 P77 Example 70 15.600 ~~  P 78
Example 71 16,700 -~  P 79 Example 72 15,900 P80 Example 773 15,100
------------------------- 72  `['able '3: Polymer Properties  --------------------------
Polymeri 8tion Polymer m.p. MFR M .v h1,,.Jtv1" Xylene Sdtibles  Example [t]
[gi10 minj [kglmolj [wt.%] P 1 145 4.6 272 2.9 1.0  P18 156 1.8 404 3.1 1.G
P24 147 14 193 27 1.2  P 26 150 5.15 856 2.7 1.1  P 28 150 0.18 1020 3.3
1.3  P 30 151 0.30 920 3.2 0.9  P 33 153 0.16 768 3.0 1  7-1 .2  P 35 151
0.21 870 3.0 1.1  P 41 65 P 58 157 35 - - - P 64 30 200 2.8 
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The isolated random impact co-polymer had a MFR of 8 dg/min. The polymer 
was fractionated and the random copolymer part (84 wt.-%) showed a melting point of 147 0C 
and an ethylene content of 2.5 wt.-%, while the copolymer rubber part (16 wt.-%) showed a Tg of 
- 40 0C and an ethylene content of 22.5 wt- .%. Injection molded parts produced using the 
polymer, additivated with 0.22 wt.-% Miliad 3988, 0.05 wt.% calcium stearate, 0.1 wt.-% 
Irganox 1010 and 0.1 wt.-% lrgafos 168, showed an excellent combination of stiffness, 
transparency and low temperature impact strength at - 30 0C.  

While the above description contains many specifics, these specifics should not be construed as 
limitations on the scope of the invention, but merely as exemplifications of preferred 
embodiments therof. Those skilled in the art will envision many other possibilities within the 
scope and spirit of the invention as defined by the claims appended hereto.

P 66 - 5.8  P68 152 3.7 P 70 - 4.3 -  P 73 152 7.6 - - - P 74 6.8 not
determined 73  Table 4: Polymerization Procedure C: Co-polymerization
conditions and catalyst  producti v hies ~- Catalyst produetRVtf
Polymerization example Suported Catalyst from Comonomer added
copoiumerl g  Example i P [g ethylene] catalyst x h]  p 8I 57 25 23.900 P 82
57 50 25,100  - ---------- - --------- P 83 43 30 __20,600  P84 43 60 22,100  .-P
85 43 _ 300 22,000  { P 86 16a 25 20,'500  Table 5: Polytnerization
Procedure C: Co-polymer properties  Ethylene content Polymer m.p. MFR
Polymerization Example [wt !"j [C' [dglmin  PSI 2.0 145 10  P 82 3.5 138 35
P 83 2.5 150 20  P &4 4.6 135 5 P 85 25.5 To = 41 0.5  P 86 1.8 140 100 74
Polymerization Example P 87 Polymerization Example P 85 was repeated
but 3() mg of catalyst and 0.05 Ndm'  
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CLAIMS 

What is claimed is: 

1. A process for the preparation of a catalyst system, comprising the steps of:  

a) combining a support material with a first composition, the first composition comprising a first 
portion of at least one aluminoxane or mixtures thereof in a first solvent, wherein the first 
composition contains at least 5 mmole of the aluminoxane per gram of the support material;  

 b) heating the combined support material with the first composition to a temperature of from  at 
least 300 C to about 2000 C to provide an aluminoxane loaded support; and,  

c) contacting the aluminoxane loaded support with a second composition, the second 
composition comprising at least one metallocene compound, a second solvent, and a cocatalyst, 
wherein the cocatalyst includes a second portion of the at least one aluminoxane, alone or in 
combination with an ionic compound and/or a Lewis acid. 

2. The process of claim 1 wherein the heating step (b) is performed at a temperature of from at 
least 500 C to about 1600 C. 

3. The process of claim 1 wherein the heating step (b) is performed at a temperature of from at 
least 800 C to about 1400 C. 

4. The process of claim 1 wherein the support material is treated to achieve a loss on dryness of 
less than 0.5 wt % before performing step a). 

5. The process of claim 1 wherein the first composition is further defined in that it contains at 
least about 7 mmoles of the aluminoxane per gram of support material. 

6. The process of claim 1 wherein the first composition is further defined in that it contains at 
least about 10 mmoles of the aluminoxane per gram of support material. 

7. The process of claim 1 wherein the first composition comprises at least one compound 
selected from the group consisting of pentane, hexane, isohexane, heptane, toluene and xylene. 

8. The process of claim 1 wherein the support material is a silica support, the aluminoxane is 
methylaluminoxane and the first solvent is toluene, and wherein the silica support and the first 
composition are contacted at a temperature of from about 100 C to less than 300 C and kept at 
said temperature for up to about 12 hours, and wherein heating step (b) is subsequently 
performed at a temperature of at least 300 C for from about 30 minutes to about 20 hours. 

9. The process of claim 1 wherein the support material is a silica support, the aluminoxane is 
methylaluminoxane and the first solvent is toluene, and wherein the silica support and the first 
composition are contacted at a temperature of about 18° C to 220 C and kept at said temperature 

hydrogen have been used, the polymerisation time was 90 minutes and the
addition of the  comonomer was not started until 60 minutes after the addition
of the catalyst r.e, the amount of  ethylene was dosed to the autoclave during
the remaining; 30 minutes of the polymerisation time.  Instead of 300 g, only
200 g of ethylene were added. The isolated impact co-polymer had a MFR of
10 dgimin. The polymer was  fractionated and the homopolymer part (83
wt.-%) showed a melting point of 155 C, while the  copolymer rubber part (17
w-t.-%)showed a T, of - 5, C add an ethylene Content of 41,5 wt.-`i  Injection
molded parts produced using the polymer, additivated with 0.05 wt,% calcium
stearate,  0.1 Irganox 10-10 and Irgafos 168 each, showed an excellent
stress whitening behavior. Polymerization Example P 88 Polymerization
Example P 87 was repeated, but instead of 200 g, only 90 g of  ethylene
were added. The isolated impact co-polymer had a MFR of 14 dg/min. 'I lie
polymer was  fractionated and the hornopolyrner pail (75 wt-%) showed a
melting point of 156 C, while the  copolymer rubber part (25 wt.- %) showed a
Ts of - 29 C and ,in ethylene content of 15.2 wl.-~ o.  Injection molded parts
produced using the polymer. additivated with 0.25 wt. io Miliad 3988,  0.05
wt.% calcium stearate, O.1 Irganox 1010 and 0.1 wt.-% Irgafos 168, showed
an  excellent combination of stiffness, transparency and low temperature
impact strength. Polymerization Example P 89 Polymerization Example P 87
was repeated, but instead of 200 g, only 60 g of  ethylene were added. The
isolated impact co-polymer had a MFR of 18 (Igrrnin. The polymer was
fractionated and the hornopolyrner pail (81 wt,-%) showed a melting point of
155 t, while the  copolymer rubber Part (19 wt.-%) showed a TG of - 10 C and
an ethylene content of l 2.2 Injection molded parts produced using the
polymer, additivated with 0.2() wt.-:%% Miliad 3958, 0.05 wt.% calcium
stearate, O.1 Irgaarox 1010 and 0.1 wt.-% Irgafos 168, showed an  excellent
combination of stiffnes,t transparency and impact strength at 0 C,
Polymerization Example P 90 Polymerization Example P 87 was repeated.
But the addition of the comonomer  was performed in the following manner:
After the addition of the catalyst and during the first 600  minutes of the
polymerisation, 30 g of ethylene were added and during the remaining 30
minutes  of the polymerisation time additional 120 g of ethylene were added.
75  The isolated random impact co-polymer had a MFR of 8 dg/min. The
polymer  
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for from about 0.15 hours to about 2 hours, and wherein heating step (b) is subsequently 
performed at a temperature of at least 300 C for from about 1 to about 6 hours. 

10. The process of claim 1 wherein the support material is a silica support, the aluminoxane is 
methylaluminoxane and the first solvent is toluene, and wherein the silica support and the first 
composition are contacted at a temperature of about 18° C to 22° C and kept at said temperature 
for from about 0.15 hours to about 2 hours, and wherein heating step (b) is subsequently 
performed at a temperature of at least 500 C for from about 1 to about 6 hours. 

11. The process of claim 1 wherein the support material is a silica support, the aluminoxane is 
methylaluminoxane and the first solvent is toluene, and wherein the silica support and the first 
composition are contacted at a temperature of about 18° C to 22° C and kept at said temperature 
for from about 0.15 hours to about 2 hours, and wherein heating step (b) is subsequently 
performed at a temperature of at least 800 C for from about 1 to about 6 hours. 

12. The process of claim 1 wherein the support material is a silica support, the aluminoxane is 
methylaluminoxane and the first solvent is toluene, and wherein the silica support and the first 
composition are contacted at a temperature of about 18° C to 22° C and kept at said temperature 
for from about 0.15 hours to about 2 hours, and wherein heating step (b) is subsequently 
performed at a temperature of at least 1100 C for from about 1 to about 6 hours. 

13. The process of claim 1 wherein the contacting step (c) is performed at a temperature between 
0° C to 100° C for 1 minute to 200 hours.  

14. The process of claim 1 wherein the contacting step (c) is performed at a temperature between 
20° C to 300 C for 1 min to 200 hours. 

15. The process of claim 1 wherein in contacting step (c) the second composition contains at 
least about 0.5 mmole of the at least one aluminoxane or mixture of aluminoxanes per gram of 
the support material. 

16. The process of claim 1 wherein in contacting step (c) the second composition contains at 
least about 1.0 mmole of the at least one aluminoxane or mixture of aluminoxanes per gram of 
the support material. 

17. The process of claim 1 wherein in contacting step (c) the aluminoxane loaded support is 
contacted with the second composition for a period of time of from about 1 minute to about 24 
hours. 

18. The process of claim 1 wherein in contacting step (c) the aluminoxane loaded support is 
contacted with the second composition for a period of time of from about 5 minutes to 6 hours. 

19. The process of claim 1 wherein contacting step (c) comprises passing the second composition 
through the aluminoxane loaded support material in a direct flow. 

was fractionated and the random copolymer part (84 wt.-%) showed a
melting point of 147 "C  and an ethylene content of 2.5 wt,-%, while the
copolymer rubber part (16 wt-%) showed a T. of  - 40 oC and an ethylene
content of 22,5 wt- %. Injection molded parts produced using the  polymer,
additivated with 0.22 zrt.-" , Miliad 3988, 0,05 wt,% calcium stearate. 0.1
Irganox 1010 and 0.1 wt.-%%% Irgafos 168, shoved an excellent
combination of stiffness,  transparency and Io,v temperature impact strength
at - 30, C. While the above description contains many specifics, these
specifics should not be construed as  limitations on the scope of the
invention, but merely as exemplifications of preferred  embodiments therof.
Those skilled in the art will envision many other possibilities within the  scope
and spirit of the invention as defined by the claims appended hereto. 76
CLAIMS  What is claimed is: 1. A process for the preparation of a catalyst
system, comprising the steps of: a) Combining a support material with a first
Composition, the first composition comprising a first  portion of at least one
alunvitoxane or mixtures thereof in a first solvent, wherein the first
composition contains at least 5 mmole of the alumunoxane per gram of the
support material; h) heating the combined support material with the first
composition to a temperature of from at  least 30 C to about 200 C to provide
an aluarainoxane loaded support; and, c) contacting the ahtnzinoxane loaded
support with a second composition, the second  composition comprising at
least one metallocene compound, a second solvent, and a cocatalyst,
wherein the cocatalyst includes a second portion of the at least one
alumirroxane, alone or in  combination with an ionic compound arid/or a
Lewis acid. 2. The process of claim 1 Wherein the heating step (b) is
performed at a temperature of from at  least 50' C to about 160 C. 3. The
process of claim 1 wherein the heating step (h) is perfornmed at a
temperature of from at  least 80 C` to about 140 C. 4. The process of claim 1
wherein the support material is treated to achieve a loss on dryness of  less
than 0.5 wt before performing step a). 5. The process of claim I wherein the
first composition is further defined in that it contains at  least about 7 mmoles
of the aluminoxane per gram of support material. 6. The process of claim 1
wherein the first composition is further defined in that it contains at least
about 10 mmoles of the aunninoxane per gram of support material. 
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20. The process of claim 1 wherein in contacting step (c) the total volume of the second 
composition does not exceed 250% of the pore volume of the support material. 

21. The process of claim 1 wherein the total amount of aluminoxane used in steps (a) and (c) 
together is between 6 mmoles and 24 mmoles of aluminoxane per gram of support material. 

22. The process of claim 1 wherein the total amount of aluminoxane used in steps (a) and (c) 
together is between 8 mmoles and 20 mmoles of aluminoxane per gram of support material.  

23. The process of claim 1 wherein the total amount of aluminoxane used in steps (a) and (c) 
together is between 11 mmoles and 18 mmoles of aluminoxane per gram of support material. 

24. A process of claim 1 wherein the amount of metallocene compound used is between 0.1 
mol% and 1.7 mol% of aluminoxane per gram of support material. 

25. The process of claim 1 wherein the at least one aluminoxane includes a compound having the 
formula 

(R-AL-O)p 

wherein R includes one or more groups selected from alkyl groups having from 1 to about 10 
carbon atoms, an aryl group having from 6 to about 18 carbon atoms, benzyl, or hydrogen, and p 
is an integer of from 2 to about 50. 

26. The process of claim 25 wherein R is either methyl, ethyl, isobutyl, n- butyl, phenyl or 
benzyl. 

27. The process of claim 25 wherein R includes at least about 60% methyl radicals and from 
about 0.01% to about 40% of either hydrogen, isobutyl or n-butyl radicals, based upon the total 
number of R radicals. 

28. The process of claim 25 wherein the at least one aluminoxane includes a compound having 
the formula 

 

 

 

wherein R includes one or more groups selected from alkyl groups having from 1 to about 10 
carbon atoms, an aryl group having from 6 to about 18 carbon atoms, benzyl, or hydrogen, and p 
is an integer of from 2 to about 50.  

29. The process of claim 28 wherein R is either methyl, ethyl, isobutyl, n-butyl, phenyl or 
benzyl. 

7. The process of claim 1 wherein the first composition comprises at least
one compound  selected from the group consisting of pentane, hexan
isohexane, heptane, toluene and xylono, 8. The process of claim 1 wherein.
the support material is a silica support, the aluminoxane is
methylaluminoxaite and the first solvent is toluene, and therein the silica
support and the first  composition are contacted at a temperature of from
about 1() C to less than 30" C and kept at  said temperature for up to about
12 hours, and wherein heating step (h) is subsequently  performed at a
temperature of at least 30 C for from about 30 minutes to about 20 hours. 9.
The process of claim I wherein the support material is a silica support, the
aluminoxane is  methylaluminoxane and the first solvent is toluene, and
wherein the silica support and the first  composition are contacted at a
temperature of about 1 8' C to 22` C and kept at said temperature 77  for
from about 0.15 hours to about 7. hours, and wherein heating step (b) is
subsequently  performed at a temperature of at least 30"C' for from about 1
to about 6 hours. 10, The process of claim 1 wherein the support material is a
silica support, the afurninoxane is  nnethvlaluarnirnoxarne and the first
solvent is toluene, and wherein the silica support and the first  composition
are contacted at a temperature of about 18' C to 2)' C: and kept at said
temperature  for from about 0.15 hours to about 2 hours, and ;wherein
heating step (b) is subsequently  performed at a temperature of at least 50 C
for from about 1 to about 6 hours. 11. The process of claim I wherein the
support material is a silica support, the aluaninoxane is
methy.laluminoxanow and the first solvent is toluene, and wherein the silica
support and the first  composition are contacted at a temperature of about 18
C to 22 C and kept at said temperature  for from about (1.15 hours to about 2
hours, and wherein heating step (h) is subsequently  performed at a
temperature of at least 80 C for from about 1 to about 6 hours. 12. The
process of claim 1 wherein the support material is a silica support, the
aluminoxaize is  metlivlalumiuoxane and the first solvent is toluene, and
wherein the silica support and the first  composition are contacted at a
temperature of about 18 C to 22 C and kept at said temperature  for from
about 0.15 hours to about 2 hours, and wherein heating step (h) is
subsequently  performed at a temperature oT at least 110 C for from about 1
to about 6 hours. 13. The l-}3crcess of claim 1 wherein the contacting step (c)
is performed at a temperature between  0' C to 100x' C for 1 minute to 200
hours. 14. The process of claim I wherein the contacting step (c) is performed
at a temperature between  20 C to 30 C for I mm n to 200 hours. 15. The
process of claim 1 wherein in contacting; step (c) the second composition
contains at  
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30. The process of claim 28 wherein R includes at least about 60% methyl radicals and from 
about 0.01 % to about 40% of either hydrogen, isobutyl or n-butyl radicals, based upon the total 
number of R radicals. 

31. The process of claim 1 wherein the at least one aluminoxane includes a compound having the 
formula 

 

 

 

 

 

wherein R includes one or more groups selected from alkyl groups having from 1 to about 10 
carbon atoms, an aryl group having from 6 to about 18 carbon atoms, benzyl, or hydrogen, and p 
is an integer of from 2 to about 50. 

32. The process of claim 31 wherein R is either methyl, ethyl, isobutyl, n-butyl, phenyl or 
benzyl. 

33. The process of claim 31 wherein R includes at least about 60% methyl radicals and from 
about 0.01 % to about 40% of either hydrogen, isobutyl or n-butyl radicals, based upon the total 
number of R radicals.  

34. The process of claim 1 wherein the at least one aluminoxane includes a compound having the 
formula  

 

 

 

 

 

wherein R includes one or more groups selected from alkyl groups having from 1 to about 10 
carbon atoms, an aryl group having from 6 to about 18 carbon atoms, benzyl, or hydrogen, and p 
is an integer of from 2 to about 50. 

least about 0.5 mmole of the at least one aluminoxane or mixture of
aluminoxanes per gram of  the support material. 16. The process of claim I
wherein in contacting step (c) the second composition contains at  least
about 1.0 mmole of the at least one aluminoxane or mixture of aluminoxanes
per gram of  the support material. 17. The process of claim 1 ;wherein in
contacting step (c) the ahurinoxane loaded support is  contacted with the
second composition for a period of time of from about 1 minute to about 24
hours. 18. The process of claim 1 wherein in contacting step (c) the
aluminoxane loaded support is  contacted with the second composition for a
period of time of from about 5 minutes to 6 hours.  19, The process of claim I
wherein contacting step (c) comprises passing the second composition
through the aluminoxane loaded support material in a direct flow. 78  20. The
process of claim 1 wherein in contacting step (c) the total volume of the
second  composition does not exceod 250% of the pore volume of the
support material. 21, The process of claim I wherein the total amount of
aluaninoxane used in steps (a) and (c)  together is between 6 minoles and 24
irimoles of ahiminoxane per gram of support material. 22. The process of
claim 1 wherein the total amount of ah3nnnoxane used in steps (a) and (c)
together is betwoen 8 mmoles and 20 mmoles of aluniinoxane per gram of
support material. 23. The process of claim 1 wherein the total amount of
ahnninoxane used in steps (a) and (c)  together is between 11 mmoles and
18 mrnoles of aluaraiiloxarae per gram of support material. 24. A process of
claim 1 wherein the amount of metallocene compound used is between 0.1
mol% and 1.7 mol..4, of aluaiiinoxane par grain of support material. 25. The
process of claim I herein the at toast one alu minoxane includes a compound
ha6u- tile  formula (R.AL.-O)r,  wherein it includes one or more groups
selected from alkyl groups having from 1 to about 10  carbon atoms, an aa-j1
group having from G to about 18 carbon atoms, bonzyl, or hydrogen, and p
is an integer of from 2 to about 7i1. 26. The process of claim 25 ;wherein R is
either methyl, ethyl, isolautvl, n- butyl, phenyl or  be3izyl 27. The process of
claim 25 wherein R includes at least about 60-%,) methyl radicals and from
about 0e01% to about 40% of either hydrogen, isohutyl or n-butyl radicals.
based upon the total  
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35. The process of claim 34 wherein R is either methyl, ethyl, isobutyl, n- butyl, phenyl or 
benzyl. 

36. The process of claim 34 wherein R includes at least about 60% methyl radicals and from 
about 0.01% to about 40% of either hydrogen, isobutyl or n-butyl radicals, based upon the total 
number of R radicals. 

37. The process of claim 1 wherein the first solvent and second solvent are hydrocarbon 
compounds. 

38. The process of claim 37 wherein the first solvent and second solvent are individually selected 
from the group consisting of pentane, isopentane, hexane, isohexane, heptane, octane, nonane, 
cyclopentane, cyclohexane, benzene, toluene, ethylbenzene and diethylbenzene. 

39. The process of claim 1 wherein the support material comprises a particulate porous solid 
selected from the group consisting of inorganic compounds and finely divided polymer powder.  

40. The process of claim 39 wherein the support material comprises a particulate inorganic 
compound selected from the group consisting of silicon dioxide, aluminum oxide, 
aluminosilicates, zeolites, MgO, ZrO2 TiO2, B2O3, CaO, ZnO, ThO2, Na2O, K2O, Li2O, mixed 
aluminum and silicon oxides, mixed magnesium aluminum oxides, mixed aluminum magnesium 
oxides, Na2CO3, K2CO3, CaCO3, MgCl2, Na2SO4, AI2(SO4)3 BaSO4, KNO3, Mg(NO3)2 and 
AI(NO3)3 . 

41. The process of claim 1 wherein the support material is silica. 

42. The process of claim 1 wherein the support material is thermally pretreated at a temperature 
of from about 800 C to about 10000 C in an inert gas atmosphere for from about 1 to about 24 
hours. 

43. The process of claim 1 wherein the support material is thermally pretreated at a temperature 
of from about 1500 C to about 4000 C in an inert gas atmosphere for from about 1 to about 24 
hours. 

44. The process of claim 1 for preparing a supported catalyst system wherein the support 
material is silica with a loss on ignition of 1 wt% or greater. 

45. The process of claim 1 for preparing a supported catalyst system wherein the support 
material is silica with a loss on ignition between 1.5 and 3.5 wt%. 

46. The process of claim 1 wherein the metallocene compound has the formula (1): 

(R9)n(L1)m M1(R1)q   

where  

number of 1i radicals. 28. The process of claim 25 wherein the at least one
aluminoxane includes a compound having  the formula p+Z  wherein R
includes one or more groups selected from alkyl groups having from 1 to
about 10  carbon atoms, an aryl group having from 6 to about 18 carbon
atoms, benzyl, or hydrogen, and p  is an integer of from 2 to about 50. 29.
The process of claim 28 wherein It is either methyl, ethyl, isobutyl, n-butyl,
phenyl or  benzvl. 79  30. The process of claim 28 wherein R includes at least
about 60% 3nethyl radicals and from  about 0.01 % to about 4(3%..4% of
either hydrogen, isobutyl or n-btrtyI radicals, based upon the total  number of
R radicals. 31. The process of claim 1 wherein the at least one aluaninoxane
includes a compound having the  fo rnnula (~  I p R  A 3 .__ 17 --------- A -0 -[
A I R fz R wherein R includes one or more groups selected from alkyl groups
having from 1 to about 10  carbon atoms, an aryl group having from 6 to
about 18 carbon atoms, benzyl, or hydrogen, and p  is an integer of from 7. to
about 50. 321. T'he process of claim 31 wherein R is either methyl, ethyl,
isobutyl, n-butyl, phenyl or  ben zyl. 33, The process of claim 31 wherein 11
includes at least about 60% methyl radicals and from  about 0.01 to about
413 o of either hydrogen, isobutyl or 31-butyl radicals, based upon the total
number of R radicals. 34. The process of claim 1 wherein the at least one
aluaminoxane includes a compound having the  formula p-A I  R-A.1 ~~(r)A
14R  Al-0  
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n is 0 or 1 ,  

m is 1 , 2 or 3  

q is 1 , 2 or 3 and  

the sum of m and q equals the oxidation state of M1 

L1 are identical or different and are each a substituted or unsubstituted mononuclear or 
polynuclear hydrocarbon radical or (a) hetero atom(s) containing hydrocarbon radical(s) that 
coordinates to M1, 

R1 are identical or different and are each a hydrogen atom, an alkyl group of from 1 to about 10 
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to 
about 20 carbon atoms, an aryloxy group of from about 6 to about 10 carbon atoms, an alkenyl 
group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 group, 
where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to 
about 14 carbon atoms, and two or three R1 can form one or more ring system(s), 

M1 is a metal of group IVb of the Periodic Table of the Elements, 

R9 is a bridging group linking two ligands L1 selected from 

 

 

 

 

 

 

 

 

 

 

 

 

A$IIIUP wherein R includes one or more groups selected from alkyl groups
having from 1 to about 10  carbon atoms, an axyl group having from G to
about I3 carbon atoms, benzyl, or hydrogen, and p  is an integer of from 2 to
about 80  3 . The process of claim 34 wherein R is either methyl, ethyl,
isolautvl, n- butyl, phenyl or  benzyl. 36, The process of claim 34 wherein Ii
includes at least about 60% methyl radicals and from  about 0.01% to about
40% of either hydrogen" isobutyl or n-butyl radicals, based upon the total
number of R radicals. 37. The process of claim 1 wherein the first solvent and
second solvent are hydrocarbon  comsrpounds. 38, The process of claim 37
wherein the first solvent and second solvent are individually selected  from
the group consisting of pentane, isopentane, hexane, isohexa:ae, heptane,
octane, nona:ae,  cyclopentane, cyclohexane, benzene, toluene, ethylb
Irzene and diethy.lbenzene, 39. The process of claim I wherein the support
material comprises a particulate porous solid  selected from the group
consisting of inorganic compounds and finely divided polymer powder.  40.
The process of claim 39 ;wherein the support material comprises a
particulate inorganic  compound selected from the group consisting of silicon
dioxide, aluminum oxide,  aIurrrinosilicatas; zeolites, ibtg0, /rO, ItO, &rC}:
C:at) tmO ThO;, AazO, K ,O, T,i3O, mixed  aluminum and silicon oxides,
mixed magnesium aluminum oxides, mixed aluminum magnesium  oxides
NarC"C)3, K-C;03, C;al0. MgClr \a,S04, .\ln(S0s), 13aSO4, K,\Th \'L,(\f33)2
dad  AI(N03)j . 41. The process of claim I wherein the support material is
silica. 42. The process of claim I wherein the support material is thermally
pretreated at a teirxperature  of from about 8O C to about 1000 C in an inert
gas atmosphere for from about I to about 24  hours. 43. The process of claim
I wherein the support material is thermally pretreated at a temperature  of
from about I50 C to about 4000 C in an inert gas atmosphere for from about 1
to about 24  hours. 44. The process of claim 1 for preparing a supported
catalyst system wherein the support  material is silica with a loss on ignition
of I wt`ro or greater. 45. The process of claim I for preparing a supported
catalyst system wherein the support  
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where 

R40 and R41, even when bearing the same index, can be identical or different and are each a 
hydrogen atom, a C1 - C40 group selected from an alkyl group having from 1 to about 30 carbon 
atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of from 1 to about 
10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 
6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl 
group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon 
atoms, a substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group, or an 
arylalkenyl group of from 8 to about 40 carbon atoms, wherein R40 and R41 together with the 
atoms connecting them can form one or more cyclic systems or R40 and/or R41 can contain 
additional hetero atoms selected from Si, B, Al, O, S, N, P, Cl and Br,  

x is an integer from 1 to 18, 

M12 is silicon, germanium or tin, and 

R9 can link two units of the formula 1 to one another,  

material is silica with a loss on issution between 1.5 and 3.5 wt%. 46. The
process of claim 1 wherein the metallocene compound has the formula (1):
(R'3a(L1),,, ibti(R5q where 81  nis0or1,  mis12or3  it is 1,2or3and the sung of
in and it equals the oxidation state of M1 L,1 are identical or different and are
each a substituted or unsubstitilted mononuclear or  polynuclear hydrocarbon
radical or (a) hetero atom(s) containing hydrocarbon radical(s) that
coordinates to M1. R1 are identical or different and are each a hydrogen
atom, an alkyl group of from 1 to about 10  carbon atoms, an aikoxv group of
from 1 to about 10 carbon atoms, an aryl group of from- 6 to  about 20'0
carbon atoms, an ai loxy group of from about 6 to about 10 carbon atonxs, an
alkenvl  group of from 2 to about 10 carhop atoms, an 011 group, a halogen
atom, or a \R,'- group,  where R'1 is an alkyl group of from I to about 10
carbon atoms or an aryl group of from 6 to  about 14 carbon atoms, and two
or throe R' can form 01l_e or more ling syste3x (s), M- is a metal of group IV,
of the Periodic Table of the Elements,  le is a bridging group linking two
ligands 0 selected from pR 40 R40 R40 R 40 R40  1 12 f 12 1 1 1$ --a-M_O-
-C- M_ -C-M-0 R1 51 , 41 R41 1.1 41 1 4i  R40 MR 4C, R4G Roo  _M12
-IMF,t2 N11 [i1 R  iV1 iV~ A41 R41 45 R4i R41 82  R40 R40 R40 R40 n40
n40 1 I 1 112 1 12  -C C C-- -M--C- -. .. R41 R41 X41 141 i 41 R43 



° 84

or R9 forms a R9-Z1 group, with R9 being linked to one L1 group and Z1 being linked to M1, 
where 

Z1 comprises nitrogen, phosphorus, oxygen or sulfur such as -O-, -S-, - NR42 or PR42-,  

where  

R42 is a hydrogen atom, a C1-C40 group such as an alkyl group having from 1 to about 30 carbon 
atoms, a cycloalkyl group of from 3 to 10 carbon atoms, an aryl group of from 6 to about 40 
carbon atoms, a fluoroalkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 
to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl 
group of from 2 to about 10 carbon atoms, an arylalkyl group of from 7 to about 40 carbon 
atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a substituted or unsubstituted 
alkylsilyl, alkyl(aryl)silyl or arylsilyl group.or an arylalkenyl group of from 8 to about 40 carbon 
atoms. 

47. The process of claim 46 wherein the L1 hydrocarbon radicals are selected from the group 
consisting of substituted or unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl, azurenyl, 
fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl. 

48. The process of claim 1 wherein the metallocene compound has the formula 1a: 

R9L1L2 M1R1R2   (1 a)  

where  

L1 and L2 are identical or different and are each a substituted mononuclear or polynuclear 
hydrocarbon radical or (a) hetero atom(s) containing hydrocarbon radical(s) which can form a 
sandwich structure with the central atom M1, 

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group of from 1 to 
about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of 
from 6 to about 20 carbon atoms, an aryloxy group of from about 6 to about 10 carbon atoms, an 
alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 
group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 
to about 14 carbon atoms, and R1 and R2 can form one or more ring system(s),  

M1 is a metal of group IVb of the Periodic Table of the Elements,  

R9 is a bridge between the ligands L1 and L2 

 

 

 

/ / / / 2  N --R ` N P -R40 or \ P(O)R40  where 1(4 and R4', even when
bearing the same index, can be identical or different and are each a
hyd3'0gen ato3n, a C1 - C.10 groups `lected from an alkyd group having from
1 to about 31) carbon  atoms, an aryl group of from 6 to about 40 carbon
atoms, a fluoroalkyl group Of from I to about 10 carbon atoms, an alkoxy
group of from 1 to about 10 carbon atoms, an aryloxy group of from  6 to
about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms,
an arylalkyl  group of from 7 to about 40 carbon atoms, an. alkylary] group of
from- 7 to about 40 carbon  atoms, a substituted or unsubstituted alkylsily.l,
alkN'd'a3yi)sily.l or arylslly.l group, er an  arvlalkenyl group of from l; to about
40 carbon atoms, wherein 1>40 and R41 together ;a~ith the  atones
connecting them can form one or more cyclic systems or R40 and/or R41 can
contain  additional hetero atoms selected from Si, B. Al, O. S, N, P, (.11 and
Br, x is an integer from 1 to 18, ti~l its silicon, germanium or tin, and pp can
link two units of the formula 1 to one another, 83  or It' forms a R -Z:t group,
with R" being linked to one Lr group and Z:t being linked to M',  where Zl
comprises nitrogen, phosphorus, oxygen or sulfur such as -0-, -8-, - NR12 or
I'R-,  where R'` is a hydrogen atom, a (:. wo group such as an alkyl grout-}
having from 1 to about 30 carbon  atones, a cycloalkyl group of from 3 to 10
carbon atoms, an aryl group of from 6 to about 40  carbon atoms, a
fluoroalkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from
I  to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms, an alkenyl  group of from 2 to about 10 cartoon atoms, an arylalkyl
group of from 7 to about 40 carbon  atones, an allcylary l group of from 7 to
about 40 carbon atoms, a substituted or unsubstituted  alkvlsilyl, alkI(arylisilyI
or arylsilyl group.or an arylallcenyl group of from 8 to about 4t;- carbon
atoms. 47. The process of claim 46 wherein the L3 hydrocarbon radicals are
selected from the group  consisting of substituted or unsubstituted
cyclopentadienyl, indenyl, tetrahydroindenyl, azurenyl,  fluorenyl,
azapentalenyl, thiapera.talenyl or oaapentadenyl. 
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where 

R40 and R41, even when bearing the same index, can be identical or different and are each a 
hydrogen atom, a C1-C40 group selected from an alkyl group having from 1 to about 30 carbon 
atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group of from 1 to about 
10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 
6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl 

48, The process of claim I wherein the metallocene compound has the
formula la:  IsLL' M'RR` (l a) where  Lt and L2 are identical or different and
are each a substituted mononuclear or polynuclear  hydrocarbon radical or
(a) hetero atom(s) containing hydrocarbon radical(s) which can form a
sandwich structure with the central atom M`, Rr and R' are identical or
different and are each a hydrogen atom, an alkyl group of from I to  about 10
carbon atoms, an allcoxy group of from 1 to about 10 carbon atoms, all aryl
group of  from 6 to about 20 carbon atoms, an aryloxy group of from about 6
to about 10 carbon atoms, an  alkenyl group of from 2 to about 10 carbon
atoms, an 0LI group, a halogen atom, or a R2sz.  group, where R'" is an
a1_kyl_ group of from 1 to about 10 carbon atoms or an aryl group of from 6
to about 14 carbon atoms, and R" and Rs can for-u, one or more ring
system(s), M' is a metal of group Il'b of the Periodic "fable of the Elements,  le
is a bridge between the ligands Ll and 1 z 84  R40 R40 R40 R40 R40 1 1
M-0- 1 z e x  -u- _ O_M - -C-M-0- -O_+ a 1 43 1 41 1 41 1 41 1 41 FR R R R
R R40 RAC  R 4t5 R 43 R 46 _M H:: M12, R4, R Ali R44 R47 R47  R40 R40
{R 40 R40 R40 R40 66+ p~ ~~ss p'17  41 R41 141 041 04', 141  R f! f \ PR f't
] V -R 40 ...SJ -R or \t. P(O)R40  where R40 and 11.4:, even when bearing
the same index, can be identical or different: and are each a  
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group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon 
atoms, a substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group and an 
arylalkenyl group of from 8 to about 40 carbon atoms, wherein R40 and R41 together with the 
atoms connecting them can form one or more cyclic systems or R40 and/or R41 can contain 
additional hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and Br,  

x is an integer from 1 to 18, 

M12 is silicon, germanium or tin, and 

R9 may also link two units of the formula (1a) to one another. 

49. The process of claim 48 wherein: 

M1 is zirconium or hafnium, 

L1 and L2 are identical or different and are each a substituted cyclopentadienyl, indenyl, 
tetrahydroindenyl, azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, which can 
form a sandwich structure with the central atom M1, 

R9 is R40R41Si=, R40R41Ge=, R40 R41C= or -(R40R41C-CR40R41)-, where R40 and R41 are identical 
or different and are each a hydrogen atom, a hydrocarbon group of from 1 to about 30 carbon 
atoms, in particular an alkyl group of from 1 to about 10 carbon atoms, an aryl group of from 6 
to about 40 carbon atoms, an arylalkyl group of from 7 to about 14 carbon atoms, an alkylaryl 
group of from 7 to about 14 carbon atoms or a substituted or unsubstituted alkylsilyl group, an 
alkyl(aryl)silyl and an arylsilyl group. 

50. The process of claim 48 wherein M1 is zirconium and L1 and L2 are identical or different and 
are each a substituted indenyl, azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or 
oxapentalenyl, which can form a sandwich structure with the central atom M1, and the bridging 
unit R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclo-pentyl, 
cyclo-pentadienyl, cyclohexyl, phenyl, benzyl, trimethyisilyl or 3,3,3- trifluoropropyl. 

51. The process of claim 48 wherein the metallocene compound has formula 1 b below: 

 

 

 

 

 

hydrogen atonx, 1 C_-C40 group selected from an alkyl group having; from 1
to about 30 carbon  atoms, an aryl group of from 6 to about 40 carbon atoms,
a fluoroalkyl group of from I to about  10 carbon atoms, an alkoxy group of
from I to about 10 carbon atoms, all aryloxy group of from  6 to about 10
carbon atoms, an alkenyl group of from 2 to about 10 carbon atoiris, an
arylalkyl 85  Group of from 7 to about 40 carbon atoms, an allytaryl group of
from 7 to about 40 carbon  atones, a substituted or unsubs tituted alk lsilyl,
alkylt ' aryl 'silyl or arylsilyl group and an  arylalkenyl group of from 8 to about
40 carbon atoms, wherein R40 and R41 together with the  atoms connecting
them can R~rlr2 one or more cyclic sYSteu3:, or IL 40 auk'or Pi 41 can
contain  additional hetcro atoms selected from the group consisting of 8i, Ii, A
i, C), 8, t', P. {"t and fir, x is an integer from 1 to 18, M'z is silicon, germanium
or tin, and le may also link two units of the formula (la) to one another,  49.
The process of claim 48 wherein: M is zirconium or hafnium. L1 and L2 are
identical or different and are each a substituted cyclopentadienyl, indenyl,
tetrahydroindenyl, azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or
oxapentalenyl, which can  form a ,sandwich structure with the central atom
1M3 ,  9 is R ,'Ip4-; i -, IZ`''R41CTO _-, R40 R41~; or (R40R4f CR40I:41)
where R40 and RTi are identical  or different and are each a hydrogen atom,
a hydrocarbon group of from 1 to about 30 carbon  atoms, in particular an
alkyl group of from I to about 10 carbon atoms, an aryl group of from 6  to
about 40 carbon atoms, an arylalkyt group of from 7 to about 14 carbon
atoms, an alkylayl  group of from 7 to about 1/1 carbon atoms or a substituted
or unsubstituted alkyisilyl group, an  alkvl(ai l)silyl and an arvlsilyl group. 50.
The process of claim 48 wherein M is zirconium and Ii and L` are identical or
different and  are each a substituted indenyl, azurenyl, fluorenyl,
zapeixtnlenyt, thiapentalenyl or  oxapentalenyl, which can form a sandwich
structure with the central atom lilt, and the bridging  unit Rt is R1.uR 1rSi- or
R41- 41Ci:.-, ;Nhere R40 aim R"1 are identical or different and are moihVI,
ethyl, propyl, butyl, peenyl, hexyl, lieptyl. octyl, nonyl, decvl, undecyl, dodecyl,
cycclo-peenyl,  cycclo-pentadienyl, cycloliexyl, phenyl, ben =yl, trimethyisilyl
or 3,3,3- trifluoropropyl. 51. The process of claim 48 wherein the metallocene
compound has formula 1 b below: 86  
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(Formula 1 b) 

 

 

 

 

 

 

 

 

 

 

wherein 

M1 is a metal of group IVb of the Periodic Table of the Elements,  

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group of from 1 to 
about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of 
from 6 to about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an 
alkenyl group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR232 
group, where R32 is an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 
to about 14 carbon atoms and R1 and R2 may form one or more ring system(s), 

R3, R4, R5, R6, R7, R8 and also R3', R4', R5', R6', R7' and R8' are identical or different and are each a 
hydrogen atom, a linear, cyclic or branched hydrocarbon group, for example, an alkyl group of 
from 1 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an aryl 
group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 carbon 
atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an arylalkenyl group of from 8 
to about 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl 
group and an arylsilyl group, with the proviso that R3 and R3' are not hydrogen, wherein said 
groups may contain one or more hetero atoms selected from the groups consisting of Si, B, Al, 
O, S, N, P, F, Cl and Br, and two adjacent radicals R5, R6 or R5', R6', or R6, R7 or R6', R7', or R7, 
R8 or R7', R8' in each case may form a hydrocarbon ring system and the bridging unit R9 has the 
meaning set forth above with respect to formula (1a). 

52. The process of claim 51 wherein: 

(Formula 1 b) R4 R'.  R~' R  R7 R 1R1R2  R8 \ f,/  Rife ,  R Rr~'r~````` I 1 R5
R4  Wherein m is a metal of group IVb of the Periodic 'Table of the Elements,
P and R are identical or different and are each a hydrogen atom, an alkyl
group of from 1 to  about 10 carbon atoms, an allcoxy group of from 1 to
about 10 carbon atoms, an aryl group of  from 6 to about 20 carbon atoms,
alz_ arvloxy group of from 6 to about 10 carbon atoms, a3z_  alkenyl group of
from 2 to about 10 carbon atoms, an OH group, a halogen atom-, or a
NR.2,3'  group, inhere R'' is an alkyl group of from 1 to about 10 carbon
atoms or an aryl group of from 6  to about 14 carbon atoms and Ra and P
may form one or more ring; systems), R', K`, R6, It , R and also R`, It", It`,
TK", FRS and RS, are identical or different a:ad are each a hydrogen atom a
linear, cyclic or branched hydrocarbon group, for example, an alkyl group of
from I to about 10,0 carbon atoms, an alkenyl group of from 2 to about 10
carbon atoms, an aryl  group of from 6 to about 20 carbon atoms. an arvlalkvl
group of from 7 to about 40 carbon  atoms, an alkylaryl group of from 7 to
about 40 carbon atoms, or an arylalkeiryl group of from 8  to about 40 carbon
atoms, a substituted or nnsubstituted alkyisilyl group, an alkyt(arylssilyi
group and an arylsilyl group, with the proviso that Iii and R'' are not hydrogen,
wherein said  groups may contain one or more hetero atones selected from
the groups consisting of Si, 11, Al.  0, S N, P, F, ('l and Bi. and two adjacent
radicals R', R or le. W". or Re, R' or Rte, R'', or R'  Ps or R'', Rs' in each case
may form a hydrocarbon ring system and the bridging unit R has the
meam:Crg Set forth above with respect to formula (ta). 52. The process of
claim 51 wherein: 87  M is zirconium or hafnium, Rt and R2 are identical or
different and are, an alkyl group of from 1 to about 10 carbon atoms, an  
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M1 is zirconium or hafnium,  

R1 and R2 are identical or different and are an alkyl group of from 1 to about 10 carbon atoms, an 
alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon 
atoms or a halogen atom, or R1 and R2 together may form one or more ring system(s), 

R3 and R3', are identical or different and are each a linear, cyclic or branched hydrocarbon group 
which may be halogenated, for example an alkyl group of from 1 to 10 carbon atoms or an 
alkenyl group of from 2 to about 10 carbon atoms, 

R4, R5 R6, R7, R8 and also R4', R5', R6', R7' and R8' are identical or different and are each a 
hydrogen atom, a substituted or unsubstituted alkylsilyl or arylsilyl group, a linear, cyclic or 
branched alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to about 10 
carbon atoms, which may contain one or more hetero atoms selected from the group consisting 
of Si, B, Al, O, S, N, P, F, Cl and Br, and the two adjacent radicals R5, R6 and R5', R6' can form a 
hydrocarbon ring system,  

R9 is R40R41Si=, R40R41Ge=, R40 R41C= or -(R40R41C-CR40R41)-, where R40 and R41 are identical 
or different and are each a hydrogen atom, an alkyl group of from 1 to 10 carbon atoms, an aryl 
group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to about 14 carbon atoms 
or an alkylaryl group of from 7 to about 14 carbon atoms or a substituted or unsubstituted 
alkylsilyl group, an alkyl(aryl)silyl or an arylsilyl group. 

53. The process of claim 51 wherein:  

M1 is zirconium,  

R1 and R2 are identical or different and are methyl, chlorine or phenolate, 

R3 and R3', are identical or different and are each a linear, cyclic or branched hydrocarbon group 
which may be halogenated, for example an alkyl group of from 1 to about 10 carbon atoms or an 
alkenyl group of from 2 to about 10 carbon atoms,  

R4 and also R4' are hydrogen, 

R5, R6, R7, R8 and also R5', R6', R7', R8' are identical or different and are each a hydrogen atom or 
a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, or an aryl group of 
from 6 to about 10 carbon atoms and/or the two adjacent radicals R5, R6 and R5', R6' respectively 
together may form a ring system, 

R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, 
cyclopentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-trifluoropropyl. 

54. The process of claim 48 wherein the metallocene compound has formula 1c:  

alko_{y group of from I to about 10 carbon atoms, an aryloxy group of from 6
to about 10 carbon  atoms or a halogen atom, or Rt and R` together may
form one or more ring systenx(s}, R3 and R', are identical or different and are
each a linear, cyclic or branched hydrocarbon group  ;which may be
Halogenated, for example an alkyl group of from 1 co 10 carbon atoms or an
alkenyl group of from'--' co about 10 carbon atoms, it4, W R", R', Rs and also
Rr', R'', Rs`, R' and Rs' are identical or different and are each a  hydrogen
atom, a substituted or ircisulastitiated alkylsilyl or arylsilyl group, a linear,
cyclic or  branched alkyl group of from 1 to about 10 carbon atoms, or an aryl
group of from 6 to about 10;0  carbon atoms, which may contain one or more
hetero atoms selected from the group consisting  of Si B, Al, 0, S, N, P. F, Cl
and Br, and the two adjacent radicals R_', le and R. R' can form a
hydrocarbon ring system, It is R 'R`t'St 12 1t`tlre . R- !Z-"Cor where ii and let
are identical  or different and are, each a hydrogen atom, an alkyl group of
from I to 10 carbon atoms, an aay l  group of from 6 to about 40 carbon
atoms, an arylalkyl group of from 7 to about 14 carbon atoms  or an allcylaiyl
group of from 7 to about 14 carbon atoms or a substituted or unsubstituted
al_lcylsilyl group, an alkyl(arvi)silyl or an arylsilyl group. 53. 'fhe process of
claim 51 wherein:  N'I, is zirconium, Rt and R` are identical or different and
are methyl, chlorine or phenolate. R3 and R3, are identical or different and
are each a linear, cyclic or branched hydrocarbon group  which may be
Halogenated, for example an alkyl group of from I to about 10 carbon atoms
or an  alkenyl group of from 2 to about 10 carbon atoms, R4 and also it4 are
hydrogen, R', R'. W, Rs and also R'', R6, R , Rs are identical or different and
are each a hydrogen atom or  a linear, cyclic or branched alkyl group of from
I to about 10 carbon atoms, or an aryl group of  from 6 to about 10 carbon
atoms and/or the two adjacent radicals R~, R6 and R~1, R6 respectively
together may form a ring system, Ry is 11 R tSi - or R`t`''R; C e , where R40
and R4' are identical or different and are methyl, ethyl,  propyl, butyl, pentyl,
hexyl, heptyI, octyl, nonyl, deeyl, undecyl. dodecyl, cyclopentyl,
cyelopentadienyl, cycloliexyl, phenyl, benzyL trinsethylsilyl or
3,3,3-1rifluoropropyl. 54, The process of claim 48 wherein the irxetallo .ene
compound has formula Icc: 88  (Formula 1 0 
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where the substituents and indices have the following meanings:  

M1 is a metal of group IVb of the Periodic Table of the Elements, 

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group of from 1 to 10 
carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to 
about 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group 
of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 group, where R32Is 
an alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to about 14 carbon 
atoms, and R1 and R2 may form one or more ring system(s), 

R3, R4, R5, R6, R7, R8 and also R3', R4', R5', R6', R7' and R8' are identical or different and are each a 
hydrogen atom, a linear, cyclic or branched hydrocarbon group, for example an alkyl group of 
from 1 to 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arenyl group 
of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 catrbon atoms, an 
alkylaryl group of from 7 to about 40 carbon atoms, or an arylakenyl group of from 8 to about 40 
carbon atoms and a substituted or unsubstituted alkylsilyl or arylsilyl group, with the proviso that 
R3 and R3' are not hydrogen and that R5 and R5' are identical or different and are each a 
substituted or unsubstituted aryl group of from 6 to about 40 carbon atoms, the hydrocarbon 
groups may contain one or more hetero atoms selected from the group consisting of Si, B, Al, O, 
S, N, P, F, Cl and Br,  

R4 R5 fi  Ra R9 lV1t R1R`  R8 R4  where the substituents and indices have
the fellowino meanings: M 'is a metal of group TVb of the periodic "fable of
the Elements, Ra and R are identical or different and are each a hydrogen
atom, an alkyl group of from I to 10  carbon atoms, an alkoxv group of from 1
to about 10 carbon atoms, as aryl group of from 6 to  about 20 carbon atoms,
an aryloxy group of from 6 to about 10 carbon atoms, an alkenyI group  of
from 2 to about 10 carbon atoms, an Off group, a halogen atom, or a NR ``
group, Where 321s  an alkyl group of from 1 to about 10 carbon atoms or an
aryl group of from 6 to about 14 carbon  7 atom:,, and R and R7 may form
one or mor wing systin{ s}, R3, R`~, KE', R". It , 11s and also KE3, It`, KZ', tt,
11' and 11s are identical or different acrd are each a  hydrogen atom, a
linear, cyclic or branched hydrocarbon group, for example an alkyl group of
from 1 to 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon
atoms, an arenyl group  of from 6 to about 20 carbon atoms, an arylalkyl
group of from 7 to about 40 eatrhon atou s, an  alkylaxyl group of from ? to
about 40 carbon atoms, or an a3 ylake3xyl group of from 8 to about 40
carbon atoms and a substituted or unsuhstitutod alkylsityl or arylsilyl group,
with the proviso that  Y and R are not hydrogen and that Ra' and R are
identical or different and are each a  substituted or misuhstituted aryl group of
from 6 to about 40 carbon atoms, the hydrocarbon  groups may contain one
or more hetexo atoms selected from the group Consisting of Si, B, A J, 0,  S.
"s', F, F, Cl and Br, 89  and  the bridging unit R' has the meaning set forth
above with respect to formula 1a,  55. The process of claim 54 wherein: M' is
zirconium or hafnium, RI and R` are identical or different and are an alkyl
group of from Ito about 10 carbon atomns, an  alkoxy group of from 1 to
about 100 carbon atoms, an aiylosy group of from 6 to about 10 carbon  
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and  

the bridging unit R9 has the meaning set forth above with respect to formula 1a. 

55. The process of claim 54 wherein:  

M1 is zirconium or hafnium,  

R1 and R2 are identical or different and are an alkyl group of from 1 to about 10 carbon atoms, an 
alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon 
atoms, or a halogen atom, and R1 and R2 may form one or more ring system(s), 

R3 and R3', are identical or different and are each a linear, cyclic or branched group which may 
be halogenated, for example an alkyl group of from 1 to about 10 carbon atoms or an alkenyl 
group of from 2 to about 10 carbon atoms, 

R4, R6, R7, R8 and also R4', R6', R7' and R8' are identical or different and are each a hydrogen atom 
or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, which may 
contain one or more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, F, 
Cl and Br, 

R5 and R5' are identical or different and are each a substituted or unsubstituted aryl group of from 
6 to about 40 carbon atoms, 

R9 is R40R41Si=, R40R41Ge=, R R41C= or -(R40R41C-CR40R41)-, where R40 and R41 are identical or 
different and are each a hydrogen atom, or a C1 -C40 - hydrocarbon group selected from an alkyl 
group of from 1 to about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an 
arylalkyl group of from 7 to about 14 carbon atoms, an alkylaryl group of from 7 to about 14 
carbon atoms or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl and an arylsilyl 
group.  

56. The process of claim 54 wherein: 

M1 is zirconium, 

R1 and R2 are identical and are methyl, chlorine, or phenolate, 

R3 and R3' are identical or different and are each a linear, cyclic or branched methyl, ethyl, 
propyl, butyl, pentyl or hexyl, 

R4 and also R4' are hydrogen, 

R6, R7, R8 and also R6', R7 and R8' are identical or different and are each a hydrogen atom or a 
linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, which may contain 
one or more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, F, Cl and 
Br, 

atoms>, or a halogen atoarx, and R' and R" may form one or more ring
systemic}, IT' and R', are identical or different and are each a linear, cyclic or
branched group which may  be halogenated, for example an alkyl group of
from 1 to about 10 carbon atoms or an alkenyl  group of from 2 to about 10
carbon atoms, R4, R'. R', R8 and also II', R", R' and R``' are identical or
different and are each a hydrogen atom  or a linear, cyclic or branched alkyl
group of froari I to about 10 carbon atoms, which may  Contain one or more
hetero atoms selected from the group consisting of Si, B. A1, 0, S, N, P, F,
Cl and Br. R ' and R are identical or different and are each a substituted or
unsubstitu ted aryl group of from  6 to about 40 carbon atoms, Rs is
1240R`ISx = pxI_ R C= or -(R40R`C CT "lei)-, where R`a and R41 are
identical or  different and are each a hydrogen atom, or a C, -C40 -
hydrocarbon group selected from an alkyl  group Of from I to about 10
Carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an
axylalkyl group of froirx 7 to about 14 carbon atoms, an alkylaryl group of
from 7 to about 14  carbon atoms or a ,substituted o3' unsubstftuted alkz lsilyl
group, an a]kyl(aryl;silyl and an arylsilyl  group. 56. The process of claim 54
wherein:  itl, is zirconium, R3 and R? are identical and are methyl, chlorine, or
phenolate, R' and R_'1 are identical or different and are each a linnear, cyclic
or branched methyl, ethyl,  propyl, butyl, pentyl or hesyI, R4 and also R" are
hydrogen, R", R , Rs and also Rfi, R and R` are identical or different and are
each a hydrogen atom or a  linear, cyclic or branched alkyl group of from I to
about 10 carbon atoms, which nay- contain  One or more hetero atoms
selected from the group consisting of Si, 11, Al, O. S, \', P, F, Ci and  Br, 90
R` and R are identical or different and are phenyl, naphthyi, para-(Ca 4:_0-
aikyl)pheaa_yl, para- (E`a C`io fruoroalkyI)plaenyl, meta (:a-C o
alkyl)pheaayL meta iE~a 0`ao alkyl)pherryi; meta, araeta- (Gr (_a vI)2phenyl
or meta, meta -( j lac t13-loroalkyl)2phenyl, W is It 40 Si::: or R`' `'R r t ie
where Rr'and It 41 are identical or different and are methyl, ethyl,  
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R5 and R5' are identical or different and are phenyl, naphthyl, para-(C1-C10- alkyl)phenyl, para-
(C1-C10-fluoroalkyl)phenyl, meta-(C1-C10-alkyl)phenyl, meta-(C1-C10-alkyl)phenyl, meta, meta'-
(C1-C10-alkyl)2phenyl or meta, meta'-(C1-C10-fluoroalkyl)2phenyl,  

R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, 
cyclopentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-trifluoropropyl. 

57. The process of claim 48 wherein the metallocene compound has the formula 1d:  

 

(Formula 1d) 

 

 

 

 

 

 

 

 

 

wherein: 

M1 is a metal of group IVb of the Periodic Table of the Elements, 

R1 and R2 are identical or different and are each a hydrogen atom, an alkyl group of from 1 to 
about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryl group of 
from 6 to 20 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl 
group of from 2 to about 10 carbon atoms, an OH group, a halogen atom, or a NR2

32 group, 
where R32 is an alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to 
about 14 carbon atoms, or R1 and R2 together may form one or more ring system(s), 

R4, R5, R6, R7, R8 and also R4', R5', R6', R7' and R8' are identical or different and are each a 
hydrogen atom, or a linear, cyclic or branched hydrocarbon group,  for example an alkyl group 
of from 1 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an aryl 

propyl, butyl, peatyl, hexvl, heptyl, octyl, nonyl, decd, undecyl, dodecyl,
cyclopentyl,  cyclopentadienyl, cyclohexyl, phenyl, benzyd, triaraethylsilyl or
3,3,3-trifluoropropyl. 57. The process of claim 48 wherein the metallocene
compound has the formula I d:  (Formula 1 d) R8 V' M1R1R2  R9' R7, ff R  R
R 51 R 4'  whereatl: M' is a metal of group lYb of the Periodic Table of the
Elements, Ra and R3 are identical or different and are each a hydrogen
atom, an alkyl group of from I to  about 10 carbon atoms, an allcoxy group of
from 1 to about 10 carbon atoms, an aryl group of  from 6 to 20 carbon
atoms, an aryloxy group of from 6 to about 10 carbon atoms. an alkenyl
group of from 2 to about 10 carbon atoms, au OH group, a halogen atoms, or
a NR-' group,  where R32 is an alkyl group of from I to about 10 carbon
atoms, or an aryl group of from 6 to  about 14 carbon atoms, or R" and R'
together may form one or more ring system(s), le. Rs, R0, R', R~ and also hi',
Ks", R6', R' and It are identical or different and are each a  hydrogen atom, or
a linear, cyclic or branched hydrocarbon group, for example an alkyl group  of
from I to about 10 carbon atoms, an alkenyl group of from 2 to about 10
carbon atoms, an aryl 91  group of from 6 to about 20 carbon atoms, an
arylalkylgroup of from 7 to about 40 carbon  atoms, an alkylaryl group of from
about 7 to about 40 carbon atoms, an arylalkenyl group of  from about 8 to
about 40 carbon atoms and a substituted or u3usubstituted alkylsilyl or
auylsilyl  group, with the proviso that R' and R` are identical or different and
are each a substituted or  u3nsubstituted aryl group of from 6 to about 40
carbon atoms, the hydrocarbon groups can contain  one or more hetero
atoms selected from the group consisting of Si, B, At, 0, S N, P F, Cl and  Br.
R' is a hydrocarbon group, not cyclic or branched in the u.-position, for
example an alkyl group  of from 1 to 20 carbon atoms, an aryl substituted
alkyl group of from 7 to about 40 carbon atoms,  or ,in aryl substituted alkenyl
group of from 8 to about 40 carbon atoms, the hydrocarbon groups  
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group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 carbon 
atoms, an alkylaryl group of from about 7 to about 40 carbon atoms, an arylalkenyl group of 
from about 8 to about 40 carbon atoms and a substituted or unsubstituted alkylsilyl or arylsilyl 
group, with the proviso that R5 and R5’ are identical or different and are each a substituted or 
unsubstituted aryl group of from 6 to about 40 carbon atoms, the hydrocarbon groups can contain 
one or more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, F, Cl and 
Br, 

R3 is a hydrocarbon group, not cyclic or branched in the α-position, for example an alkyl group 
of from 1 to 20 carbon atoms, an aryl substituted alkyl group of from 7 to about 40 carbon atoms, 
or an aryl substituted alkenyl group of from 8 to about 40 carbon atoms, the hydrocarbon groups 
can contain one or more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, 
F, Cl and Br,  

R3’ is a hydrocarbon group which in the α-position is cyclic or branched or which in the β-
position is brancehed, the hydrocarbon group, for example an alkyl group of from 3 to about 20 
carbon atoms, an alkenyl group of from 3 to about 20 carbon atoms, an aryl group of from 6 to 
about 20 carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl 
group of from 7 to about 40 carbon atoms or an arylalkenyl group of from 8 to about 40 carbon 
atoms, the hydrocarbon groups may contain one or more hetero atoms selected from the group 
consisting of Si, B, Al, O, S, N, P, F, Cl and Br,  

and  

the bridging unit R9 has the meaning mentioned above with respect to formula 1a. 

58. The process of claim 57 wherein:  

M1 is zirconium or hafnium, 

R1 and R2 are identical or different and are an alkyl group of from 1 to about 10 carbon atoms, an 
alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon 
atoms or a halogen atom, and R1 and R2 may form one or more ring system(s), 

R3 is a linear alkyl group of from 1 to about 10 carbon atoms or an alkenyl group of from 2 to 10 
carbon atoms, which can be halogenated,  

R3’ is a in α-position or in the β-position cyclic or branched alkyl group of from 3 to about 20 
carbon atoms, an alkenyl group of from 3 to about 20 carbon atoms, an alkylaryl group of from 7 
to about 20 carbon atoms, and a trimethylsilyl group, 

R4, R6, R7, R8 and also R4', R6', R7' and R8' are identical or different and are each a hydrogen atom 
or a linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, which may 
contain one or more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, F, 
Cl and Br, 

can contain one or more hetera atoms selected from the group consisting of
Si, B Al, U, S \, P,  F.Cland Br, i23 is a hydrocarbon group which in the
a-position is cyclic or branched or which in the f3- Position is brancelred, the
hydrocarbon group, for example an alkyl group of from 3 to about 20  carbon
atoms, an alkenyl group of from 3 to about 20 carbon atoms, an aryl group of
from 6 to  about 20 carbon atoms, an arylalkyl group of from 7 to about 40
carbon atoms, an alkylarvl  group of from 7 to about 40 carbon atoms or an
arylalkenvl group of from 8 to about 40 carbon  atoms, the hydrocarbon
groups may contain one or more hetera atoms selected from the group
consisting of Si, F, Avg, C), S, N, P. F, Cl and Br, and  the bridging unit R'
has the meaning mentioned above with respect to formula 1a.  58. The
process of claim 57 wherein: Mi is Zirconium or hafnium, R7 and R? are
identical or different and are an alkyl group of from 1 to about 10 carbon
atoms. an  alkoxy group of from 1 to about 10 carbon atoms, an aryla_{y
group of'trom 6 to about 10 carbon  atoms or a halogen atom, and R' and R2
may farm one or mor ring; system(s), Rs is a linear alkyl group of from I to
about 10 carbon atoms or an alkenyl group of from 2 to 10  carbon atoms,
which can be halogenated, R'' is a in a-position or in the P-position cyclic or
branched alkyl group of frond 3 to about 20  carbon atoms, ,in alkenvl group
of from 3 to about 20 carbon atoms, an alkylaryl group of from 7  to about 20
carbon atoms, and a trimethylsilyl group, R`3, R6, R7, Rs and also R`3', R',
R7' and Rs' are identical or different and are each a hydrogen atom  or a
linear, cyclic or branched alkyl group of from I to about 10 carbon atoms,
which may  contain one or more hetero atoms selected from the group
consisting of Si, B. Al, 0, S. N. P. F,  Cl and Br. 92  R and R' are identical or
different and are each a substituted or unsubstituted aryl group of from  6 to
about 40 carbon atoms, like phenyl, naphthyl, para-(t C1(,-alkyl)phenyl,
meta-(C 3-C3e- alkyl)phenyl, meta, meta -(C:1-C1o-alkyl)sphenyl, R9 is
R`ORO'Sn:. R`OR`3Cse , R`0 R'1C - or (R`0R0C CR`ORO ), where R  and
R`3 are identical  or different and are each a hydrogen atom, a C1 --Co
C3group, in particular an alkyl group of from- 1 to about 10 carbon atoms, an
aryl group of from 6 to about 40 carbon atoms, an arylallyl group  of from 7 to
14 carbon atoms, an alkylaryl group of from 7 to 14 carbon atoms or a
substituted or  
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R5 and R5’ are identical or different and are each a substituted or unsubstituted aryl group of from 
6 to about 40 carbon atoms, like phenyl, naphthyl, para-(C1-C10-alkyl)phenyl, meta-(C1-C10-
alkyl)phenyl, meta, meta'-(C1-C10- alkyl)2phenyl, 

R9 is R40R41Si=, R40R41Ge=, R40 R41C= or -(R40R41C-CR40R41)-, where R40 and R41 are identical 
or different and are each a hydrogen atom, a C1 -C30 group, in particular an alkyl group of from 1 
to about 10 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylalkyl group 
of from 7 to 14 carbon atoms, an alkylaryl group of from 7 to 14 carbon atoms or a substituted or 
unsubstituted alkylsilyl group, an alkyl(aryl)silyl or an arylsilyl group. 

59. The process of claim 57 wherein:  

M1 is zirconium, 

R1 and R2 are identical and are methyl, chlorine, or phenolate, R3 is methyl, ethyl, n-propyl, n-
butyl, n-pentyl or n-hexyl, R3 is iso-propyl, iso-butyl, n-butyl, sec-butyl, cyclobutyl, 1 -methyl-
butyl, 1- ethyl-butyl, 1-methyl-pentyl, cyclopentyl, cyclohexyl, cyclopent-2-enyl, cyclopent-3- 
enyl, cyclohex-2-enyl, cyclohex-3-enyl, para-methyl-cyclohexyl or trimethylsilyl,  

R4 and also R4' are hydrogen, and 

R6, R7, R8 and also R6', R7' and R8' are identical or different and are each a hydrogen atom or a 
linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, which may contain 
one or more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, F, Cl and 
Br,  

R5 and R5’ are identical or different and are phenyl, p-isopropyl-phenyl, p- tert-butyl-phenyl, p-s-
butyl-phenyl, p-cyclohexyl, p-trimethylsilyl-phenyl, p-adamantyl-phenyl, p-(trisfluor)trimethyl-
phenyl or m,m'-dimethyl-phenyl, 

R9 is R40R41Si= or R40R41Ge=, where R40 and R41 are identical or different and are methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclo-pentyl, cyclo-
pentadienyl, cyclohexyl, phenyl, benzyl, trimethylsilyl or 3,3,3-trifluoropropyl. 

60. The process of claim 1 wherein the at least one metallocene compound is selected from the 
group consisting of: 

A-(2-isopropyl-4-(p-isopropyl-phenyl)indenyl)(2-methyl-4-(p-isopropyl-
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2-methyl-4-(p-tert. butyl- 
phenyl)indenyl)zirconiumdichloride,  

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2,7-dimethyl-4-(p-tert. butyl- 
phenyl)indenyl)zirconiumdichloride, 

unsubstituted alkylsilyl group, an alkyl{aryl)silyl or an arylsilyl group. 59, The
process of claim 57 wherein:  yl- is zirconium, RI and R` are identical and are
methyl, chlorine, or phenolate, p3 is methyl, ethyl, n-prapyl, a_  butyl. n-pentyl
or n-hexyl, R` is iso-propel, iso-butyl, n-butyl, sec-butyl, cyclobutyl, I -methyl-
butyl, l- ethyl-butyl, l-methyl-pentyl, cyclopentyl, cyclohexyl, cyclop nt-2-enyl,
cyclopent-:3.- enyt, cyclohex 2-enyl, cyclohe.-3 enyl, para-methyl cyclohexyl
or triznetlnylsilyl. RF and also R' are hydrogen, and RE, R', R5 and also R;,
R'' and Rx are identical or different and are each a hydrogen atom or a
linear, cyclic or branched alkyl group of from l to about 10 carbon atoms,
which 3nay contain  one or more hetero atoms selected from the group
consisting of Si, B, Al, 0, S, N, 11, F, Cl and  Br, R' and Re' are identical or
different and are phenyl, p-isopropyl-phenyl, p- tert-butyl-phenyi, p-s-
butyl-phenyl, p-cyclohexyl, p-t imetlavlsilyl-phenyl, p-adarnantyl-phenyh
p-{taisfluor)trimethyl- phenyt or m,3n -dimethyl-phenyl, RY is R`40R41Si_ or
R`40R4 Cie==-, ,-here R4% and R"; are identical or different and are methyl,
ethyl,  propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decvl. widecvl, dodeevl,
cyclo-pentyl, cyclo- pentadienyl, cvclohexyl, phenyl, benzyi, trimethylsilyl or
3,3,3-lrifluoropropyl. 60. The process of claim 1 wherein the at least one
metallocene compound is selected from the  group consisting of:
3-(2-isopropyl-4-(p-isopropyl-plienyl)indenyl)(2-methyl-4-(p-isopropyl-
phenyi)indenyl)zirconiumdichlori de, :(2-isopropyl-4-(p--tert,
buryl-phe3nyllindent_Ij(2-4nethyl-d-(p-cert. butyl -
t-chenyl)iadenyi)zirconiumdichloride, A-(2-isopropyl-4-(p-cert,
butyl-Phenyl)indenylic2;?-dimethyl-4 (p-tort. butyl- 9 3
A-(2-isopropyl-4-(p-teat. butyl-plxenyl) ndenytl('~ >,{>.' tetranlethvl-4-(p-cert.
butyl- phenyl )indanyl)zirconi umdiclilorida, -(2-isopropyl-6-methyl-4-(p-tea-t.
butyl-plienvl}iraaeraylj(2,6-diraxetliyl- 4-(p-tert, butvl-
phenyl)indenyl)zirconiumdichlori de, r(2-isopropyl-~t-(p-sec.
butyl-phenyl)indenyl)(2-methyl --4-(p-sec. butyl- phenyl)indenyl
)zreoniumdichloride, A-(2 isopropyl4-(p-cylohexyl-phenyl)in
denyl)(2-methyl-4-(p-eyclohexyl- 
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A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2,5,6,7-tetramethyl-4-(p-tert. butyl-
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-6-methyl-4-(p-tert. butyl-phenyl)indenyl)(2,6-dimethyl- 4-(p-tert. butyl-
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-sec. butyl-phenyl)indenyl)(2-methyl-4-(p-sec. butyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-cyclohexyl-phenyl)indenyl)(2-methyl-4-(p-cyclohexyl- 
phenyl)indenyl)zirconiumdichloride,  

A-(2-isopropyl-4-(p-trimethylsilyl-phenyl)indenyl)(2-methyl- 

4-(p-trimethylsilyl-phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-adamantyl-phenyl)indenyl)(2-methyl-4-(p-adamantyl- 
phenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tris(trifluoromethyl)methyl-phenyl)indenyl)(2-methyl-4-(p-
tris(trifluoromethyl)methyl-phenyl)indenyl)zirconiumdichloride,  

A-(2-isopropyl-4-phenyl-indenyl)(2-methyl-4-( p-tert. butyl-phenyl)indenyl)- 
zirconiumdichloride; 

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2-methyl-4-phenyl-indenyl)- 
zirconiumdichloride,  

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2,7-dimethyl-4-phenyl- 
indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2,5,6,7-tθtramethyl-4-phenyl- 
indenyl)zirconiumdichloride, 

A-(2-isopropyl-6-methyl-4-(p-tert. butyl-phenyl)indenyl)(2,6-dimethyl- 4-phenyl-
indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-phenyl-indenyl)(2,7-dimethyl-4-(p-tert. butyl-phenyl)- 
indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-phenyl-indenyl)(2,5,6,7-tetramethyl-4-(p-tert. butyl-phenyl)- 
indenyl)zirconiumdichloride,  

A-(2-isopropyl-6-methyl-4-phenyl-indenyl)(2,6-dimethyl-4-(p-tert. butyl- 
phenyl)indenyl)zirconiumdichloride, 

phenyl)indenyl)zireoniuntdichloride, A-(2 -isopropyl-4- (p -trimethylsilyl
-phenyl)i EadenyI)(2-methyl-
4-(p-trimethylsilyl-phenyl)indenyl)zirconiumdichloride,
r~-(2-isopropyl-4-(p-adaxnantvl-phenyl}iatdeatyl 3(2-methyl-4-(p-adamantyl-
phenyl)indenyl)zirconiuntdichl?ride, A- (2 -isopropyl -4- (p-tris(trifl a oro
methyl)methyl -phenyl )indeny l)(2 -nxathy i- 4-(3-
tris(trifluoromethyl)methyl-phenyl)indenyl)zireoniumdiehloride,  -(2
isopropyl-4-plteny=l-utdeatyl s(2-metlxvl-4-s; p-1ert. butyl-phentyl)indenyl)-
Atconiuntdichl ride; .(2-isopropyl 4-(p-tert. butyl- phenyl)i tide
nyl)(2--methya,-4-phe3) _y i-indenyl }- zirconiumdichloride,
A-(2-isopropyl-4-(p-teat. butyl-pheatyl}indenyl j(2,?-dirnett yl-4-phenyl-
indenyl)zirconiuntdiehloride, A-(2-isopropyl-4-(p-teat. l:artyl
plxenyljt31denyi)(2,5,0.7-ttitra3nethyl- -.pheEiyl-.
indenvl)zirconiumdichtoride, 3-(2-is(lpropyl-6-n-iothyl-4-(p-tort
butyl-phewtyl)indentil)(2,6-diaaaethyl- 4-phanyl- ndenvl)zireoniurnd icltloride,
~y-(2-isopropyl-4-plxenyl -inde3a_y~l)~'.>,,?-di3ntlzpl -d-fp-tent.
butyl-phenyl)- i 3denyI)zirca3aiu3ndiclxloride. A-(2-isopr(lpyl-4-ph
enyl-indenyl}(2, 5, 6, 7-tetramethyl-4-(p-tert, butyl-phenyl)-
indenyl)zirconiuntdiehloride, A-(.>,-isopropyl,-6-aa3thyl-4-pheEiyt-indenyai(
.,6-dimatt3t l- I- p-.tri. butyl- phenyl)indenyl)zirconiumdichloride, 94
A-(2-isopropyl-4-(p-teat. butyl-pheaiyl)indentd)(2-methyl - 4-(4,naphthyl)-
indenyl)indenyl)zirconiumdichloride, A-i2-isopropyl-4-i 4-riaplithyl)-in
denvl)indenyl)(2-methyl-4-i p-tort. butyl- phenyl)indenyl)zirconiumdichlori de, -
bis(4 -naphthyl-indenyl)z ireonittnxdichloride;
3-bis(2-n-iethyl-benzo-indenyi)zirconiumdichloride  A-bis(2-methyl-indenyl}zn
coniumdichkaride,
A-bis(2-methyl-4-(1-3iaphthyl)-indenyl)uruoniumdichloride,  A-bis(2- methyl
442 
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A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2-methyl- 4-(4-naphthyl)-
indenyl)indenyl)zirconiumdichloride, 

A-(2-isopropyl-4-(4-naphthyl)-indenyl)indenyl)(2-methyl-4-(p-tert. butyl- 
phenyl)indenyl)zirconiumdichloride, 

A-bis(4-naphthyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-benzo-indenyl)zirconiumdichloride 

A-bis(2-methyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-(1-naphthyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(2-naphthyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-phenyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-t-butyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-isopropyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-ethyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4- acenaphth-indenyl)zirconiumdichloride,  

A-bis(2,4-dimethyl-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-indenyl)zirconiumdichloride,  

A-bis(2-ethyI-4-ethyl-indenyl)2irconiumdichloride,  

A-bis(2-ethyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4,6-diisopropyl-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4,5-diisopropyl-indenyl)zirconiumdichloride,  

A-bis(214,6-trimethyl-indenyl)zirconiumdichloride,  

A-bis(2,5,6-trimethyl-ind8nyl)zirconiumdichloride,  

A-bis(2,4,7-trimethyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-5-isobutyl-indenyl)zirconiumdichloride, 

A-bisl2-methyl-4-phenyl-indenyl)zirconiumdichloride,
A-hisi2-methyl-4-t-butyl-indenyl)zirconimridichloride,
A-hisi2-methyl-4-isopropyl-iirdeiryl}zirconiumdichlori<le, -bis(2 -methy
1-4-ethyl,-iErdeazyllzircoaz iunrdiclxloride,  3-bis(2-methyl-4-
acenaphtlt-indenyli ~niuaa3dichloride,  A-bis(2,4-dimethyl-iaxdeaxyl
)zireoaxiumdicliloride,  A-bis(2-ethyl-indenyllziaconitanldicl bride, ,
-bis(2-ethyl-4-ethyl-indenylj2ireomumd3ehlonde.  A-bisl2-ethyl-4
phenyl-indenyl)zirconittmdichloride,  A-hisi2-methyl-4,fi-diiscpropyl-iaxdeaxyl
jzireoaxiumdicliloride,  A
-bis(2-methyl-4,5-diisopropyl-indenyl)zireoniumdiehlcride,  Ar
bis(214,6-trimethyl-iardeaz_yl)zia coniumdichl pride,
3-bis(2,5,G-triinethyl-ind8nyl)zireoniumdiehloride,
A-bis(2,4,7-ttimethyl-indenyl}zirconiurndichloride,  A--bisO--methyl-
-isobutyl-indenyl)zirconiumdichloride; 95  A-bis(2- methyl -5-1
A-bis(2-u1ethyl-4-(tert-butyl-phenyl}-indenylizirconiunxdichloride,
A-his{2-methyl-4 {4-meth~l phenyl}-ixa+iexaylizir .ouiumdichloride,
A-his{2-methyl-4 {4-ethyl-phenyl}-indanvl}zirconiumdiclaloride,
A-bjs(2,-methyl-4--{4-taifhraronxathyl-phenyl} iuda3xyl}zircoxiumdichlor da,
3-bis(2-methyl-4-(4-niethoxy-phamyl;-indenyl}zirconiumdichloride,
A-bis{2-ethyl-4-(4-tert-hutyl-phenyl 3-indenyl}zirconiumdi chlond e,
A-bis(2-ethyi-4-{4-methyl -phenyl)-inden ljzireomumndichloride,
4>is{2-ethy,l-.444-wthWl-phe3Wl)-indenyl jzircon3nmdict3loride;
A-bis(2-ethyl-4 (4-triouoromethyl-phenyl)-indenyl)zirconiumdichloride,
A-his{2-ethyl-4 (4-mathoxy-phenyl}-indenyl}zirconiumdiclaloride, A - bis(2
-methyl 4-(4-tea t-butyl,-phenyl )-i nden yljzi rco niumdlmethyl,  A-bisG7
-methyl-.4-{4-3netlxyl-l-'harxyl;-lndenyl}zlreouu ax>ldimathyl,
3-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdimethyl,  -bis{2-n
ethyl-4-i 4-tailh3cr~n ethyl-phenyl)-ira+ierayl3zir .ouiu1ndirnethyl , A-bis(2-
methyl -4- (1 A-bis(2-ethyl-4 (4-tart-butyl-phenyl)-indenyl)zirconiumdinxethyl,  
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A-bis(2-methyl-5-t-butyl-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(tert-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-tert-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-ethyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4-tert-butyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-methyl-4-(4-methyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-methyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-methyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdimethyl, 

A-bis(2-methyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-tert-butyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-methyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdimethyl,  

A-bis(2-ethyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdimethyl, 

 A-bis(2-isopropyl-4-(tert-buty!-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-isopropyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4-methyl-phenyl}-indenylizirconiunxdimethyl,  r\-his{
2-ethyl-4-(4-ethyl-phexayl)-j ndenyl)zirconiumdirnethyl, -inde3ry
l}rirca33iu3ndlnxethyl,  A 0 & -ethyl 4-(4--trltluoromethy l,-phenyl )
_g-bis(2-ethyl-4-{4-methoxy-phenyl)-i3xdenyl Virconi unidimcthyl
4-bis{2-isopropyl-4-(tart-butt'!-phenyl)-indenyl} zirconiumdichloride,
A-his(2-isopropyl-4-(4-methyl-phenyl)-indenyl)urconiumdichloaide, 96
A-bis(2-.isopropyl-4-(4-ethyl-lphenyi)-indenyl)zirconiunxdichloride,
A-hisl2-isopropyl-4-(4-trifluoron-iathyl-plien yI)-indenyl}zircon Ermdichlorida,
A-his{ 2-isopropyl-4-i 4-mettioxv-phenyl)-indenyl)zirconiurndichloride,
A-bisi2-isopropyl-4-i 4-torte-butyl-pheuy=1}-index vl jzircoxaiumdidalaride, A
-bi<(2 -isopropy 1,-4-(4 -tern.-butyl- phenyl)-indenyl)ha fnumdichioride,
3-bis(24sopropyh4-(4-tart.-hErtyI-phenyl)-indenyl)utamu mdichloride,
A-bis(2-isopropyl-4-(4-rnethyl-phenyl)-indenyl) irconiumdichloride,
A-.bis(2-.isopropyl- 1(4-n-propyl-phenyl}-iazdeaxvl)zircoaxnrrxdichloride,
A-.bis(2-.isopropyl- 1-(3 n-butyl-phenyl}-indenyllzirconiuandichloride,
A-bis(2-isopropyh4-(4-hexyhphenyl}-indenyl)zirconiumdicldorida,
ry-bisi2-isopropyl-4-{ 4-sac-bratyl-phenyl j-in<lenyl)zirconiuarxdichl+?a i<la,
Arhis(2-isopropyl,-4-phenyl)- indenyUzirconunxdichiaride, A -bi<(2 -isopropy
1,-4-(4 -naethhyl-phenyl)-j ndeny l)zirco Eaiuandlclxlorlde,
3-bis(2-isopropy1-4-(4-ethyl-phenyl)-indenyl)zircoa i umdichloride,
A-bis(2-isopropyl-4-(4-xa-propyl-phexayl }-indenyl)zirconiumdichloaide,
A-.bis(2-.isopropyl-4-(4'-n-butyl-lphenyll-indenyl)zirconjunxdichloride,
A-bis(2-isopropyh4-(4-hexyhphenyl}-indenyl)zirconiumdicldorida,
A-bis(2-isopropyh4-(4-pentyhphenyl} indenylizirroniumdichloride,
ry-bisi2-iscpprohyl-4-i4-cyc.I+?hex, l phanylj-in<lenyl)zirconiuarxdichl+?ri<la,
A-bis(2-isopropyl-4-i4 sec-butyl phenyl)-indeuyl)zireoniuEndiehloride,
3-bis(24sopropyh4-(4-tart.-hErtyI-phenyl)-indenyl)nrconiumdichloride,
3-bis(2-me thvi-4-(4-ter L-butyl-phenyl)-in denvI)zirconiunidi chlori de,
A-bis(2-anethvl-4-(4-torte butyl-phenyl}-indanvljhafniumdich1oride, 97
A-bis(2-methyl -4-(4 tert.-butyl-pheEZ_yl)-indenyl}titaninnxdiehloride;  
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A-bis(2-isopropyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-isopropyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)hafniumdichloride,  

A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)titaniumdichloride, 

 A-bis(2-isopropyl-4-(4/-methyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-isopropyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-isopropyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-n-butyl-phenyl)-indenyl)zirconjumdichloride,  

A-bis(2-isopropyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-isopropyl-4-(4'-pentyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-isopropyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)hafniumdichloride,  

A-bis(2-miethy1-4-(4-methyl-phenyl)-in den vl)zirconiumdichloride,
A-his{2-methyl-4-(4-m-propyl-phenyli-indenvl} irc+?num+iichloride,  A-his{
2-methyl-4-(4 -m-butyl-phenyl)-irrdeiryl)A E coniunndichloride,
A-methyl-.4.-(4.-hexvl-pheEryt) indenpl)zirconiumdichlor de,
A-bis(2-mc[hyi-4-(4-sao-butyl-pl~cnvl)-indanyl )zircomi umdichloride,
A-bis(2-ethyl-4-phenyl-indenyl)zirconiurndichloride, A-bis(2-ethy,l-.4.-(4-
methyl-phenyl)-indenyl}zirconirruldich to ride,
A-bis(2-ethy,l-.4.-(4-ethyl-phenyl} ErdeEZ_y~l)z rcomiumdichtoride,
A-bis(2-ethyl-4-(4`-n-propyl-phenyl)-indenyl}zirconhumdichloride,  A-bi
s(2-ethyl-4-(4-m-butyl-phenyl)-indenyl)zirconiumdichioride..
A-bis(2-ethyl-4-(4-hexyl-phenyl)-iErdeEryllzirco iuandichloride.  A-his(7
ethyl-4-(4-pdntyl-phe3iy~i)-indenyl}zireoniumdiehloride,
A-bis(2-ethyl-4-(4-cyclohexyl-phenyl)-in denyl}airconiwndichtoride,
-bls(2-ethyl-4-(4-ses:.-butyl-phenyl}-Indenvl jzlrconiumdicirlaride,  A-bis(2
ethyl-4 (4-terL-butyl-phe v]}-indeEZ_yl)zircomiumdichtoride,
A-bis(2-n-propyl-4-phenyl-indamyl}zircomi u mdichloride,
A-his(>-n-propyl-4-(4-methyl-phenyl} indenvlizirconium3dichtoride,  A-his{
2-m-propvh4-(4 -ethyl-phenyl)4ndexryl }zirconiumdichloride,  A-his(7 -n
-propy]-4-(4 -iso-propyl-phenyll-indenyl}zireoni umdichioride;
A-his(2-ri-propyl-4-(4 -n-hutyhphenyl}-iridenyl}zirconiumdichIoride,
A-his(2-n-propyl-4-(4 -hexyl-phenyl)-indenyl)zirconiwndichl on de,
A-bis(2-n-propyl-4-(4-c'yclohexy=l-phony=i}-indenvljzircomiumdicliloride, 98
A-bis(2-3)-propyt-4-{4 -sec-butyyl-pheuvl)-iudenyl}zirconiunxdichtoride;
A-bis(2-n-propyl-4-(4-tert.-butyl-phenyl)-indonyI)zircoxxiE3mdichloride,
A-his{ 2-rr-bratyl-4-phenyt-irr+ierryl }zir riiurndic.htoride, A-hi
s(2-n-butyl-4-(4-methyl-phenyl)-indenvl)zirconiuntdichloride.
A-bis(2-.a-butyl-.4_('t-.ethyl-l>heExyll-iudenyl)zirconinnxdichlolido,
4-bis(2-n-butyl-4-(4-n-pro pyl-phenyl)-in denyl}zirconiumdichloride,
A-bis(2-n-butyt-4-(4-iso-propyl-phenyl)-iudenyl)zircouiuiridichloride,
A-bis(2-3)-.butyl-4-(4-n,butyt-phe yt}-i3xde3xyllzirco3riumdchloride,
A-bis(2-3)-.butyl-4-(4 -hexy-phenyl)-indeuyl)zircouiumdichtoride;
A-bis(2-n-butyl-4-(4-cyclohexyl-phenyl}-iudenyl}zirconiumdichloride,  
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A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)titaniumdichloride,  

A-bis(2-methyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiunndichloride1  

A-bis(2-methyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-ethyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-pentyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-ethyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-ethyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-phenyl-indenyl)zirconiumdichloride, 

 A-bis(2-n-propyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-n-propyl-4-(4'-iso-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-propyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-u-butyl-4-(4-sec-butyl-phenyl)-in denyOzirecniumdichloride,
A-bi<(2-n-butt' 4-(4'-tern.-butyl-phenyl)-indenyl)zireonitmdichtoride,
rhis(2-hexyt-4-plxenyl -iErdeEryllzirco3ziu3ndichloricle,  3-his(2-hexy-4-(4-in
thy-phenyli-indamyl)zirconiumdichlorida,
A-bis(2-hexvl-4-(4-ethyt-ptienyt}-indenyl)zia oniuxxdictrloride,
A-bis(2-hexvl-4-(4 n-propyt-phenyll-iudenyl)zireoniumdiehloride;
A-bis(2-hexyh4-(4 -iso-propyhphenyl }-iudenyl)zircomi umdichloride,
A-bis(2-hexyh4-(4-n-butyl-phenyl}-iudenyl}zirconiumdichloride,  ry-his{
24iOxyt-4-(4-u-Ixexyhpheuyl }-iudenyl}zirconiumdichIoride, Ar his(7 -hexy t -
t-(4 -eyctohexy Lpheny t}-i3x d e3xy~l)zirconiumdichl pride,
4-bis(2-hexyI-444-sec-butyI-phemyI)-iudenyl)zirconiumdichloride,
3-bis(2-hexy-4-(4-tert.-butyl-phauyl} indenvl)'coniumdichloride,
-bis(2-methy-4-(4-terte butyhphenyt}- iudenyl}zirconiumbis(dimethylainiue},
99  A-bis(2 ethyl-4 (4-tort.-1a31 l-phc~yl} i3zdG3z_yI)~i3co iumdibe3izv],
A-bis(2-molhy1-4-(4-tart.-butyl-phenyl}-indenylizireoniui ndi methyl, A-(2-
zethyl-4-azapexatalene }(2-methyl-4-(4-methyl-phenyl)- indenyl}zircon
ztmdichloride,  A-(2- zethyl-5-azapexatalene }(2-methyl-4-(4-methyl-phenyl}-
indenyl}zircon ztmdichloride,  A-(2-ax3ethyl-6
azaper3taICne)(2-methyl-4-.(I'-methyl phenyl)-
i3ide3z_y~l)~i3comunadichloride,
A-(2-3r3ethyl-4-azapentalene)(2-3r3ethyl-4-(4-ethyl-phenyl)- in
denyl)zirconiumdichloride,
A-(2-methyl-4-thiapeutalene}i2-rnetliyl-4-(4-xr-paopyl-pheuylj-iti(ienyl)- zircon
iuuidichloride, -('.>, nxetlayl-4
azapentaleExe)('.>,-nxethyt-%I-(4-isol>eopyl-phenyl} zc3de~3yt}
ziecomun)dichloride,  -('.>,-nxetlayl-f3
azapentaleExe)('.>,-nxethyt-%I-(4-isol>eopyl-phenyl} zc3de~3yt}
ziecomun)dichloride,  A-(2
,5-din3ethyl-6-tl3iapentalene}(2-metlxyI-4-(4-isopropyl-pl3enyli-indenyl)-
zirconiumdichloride, A-('1,-methyl-.6-o
apentalen)(2-.methyl-4--(3-isopropyl-phenyl)- indenyl)zirconir3nxdichlolido,
A-(2-methyl-{s azapentalene)(2-mett3yl-.4-(4.-n-butyl
phenyl)-indenylairconlumdichloride,  A-(2
methyl-5-thiapentalena)(2-methyl-4-(4-13-butyl-phenyl}
indenyl)zirconittmdichloride,
A-(2-methyl-4-o_{apentaleue}(2-methyl-4-(4-xi-butyl-phenyl)-indenvl)zir
onii3mdichloride,  A-(2 ax3ethyl -4-thiapent tl ~ne)(2- methyl-4-(I -s-butyl
phenyl)-i3zdenyllzi_3 co3z iumdichloride,  A-(2 ax
ethyl-4-o~.apenta]e3xe}(2-nx~thyl-.4_( -s-butyl-l>he3zyll-itide
nyl)zirconiumdiehlo ride,
A-(2-n3ethyl-4-azapentalene)(2-n3ethyl-444-tart-butyl-phea3yl)-indenyl)-
zirconiumdichloride,  A-(2-methyl-o-azapentale
ne)(2-methyl-4-(4-tart-6uty1-phenyl)-iuaeuyl)- z reoruunxdi .Mori+ie, 
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A-bis(2-n-propyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-n-propyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-phenyl-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-n-butyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-n-butyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-n-butyl-4-(4'-iso-propyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-hexyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-n-butyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-n-butyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-phenyl-indenyl)zirconiumdichloricle, 

A-bis(2-hexyl-4-(4'-methyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-ethyl-phenyl)-indenyl)zirconiumdichloride,  

A-bis(2-hexyl-4-(4'-n-propyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-iso-propyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-n-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hθxyl-4-(4'-n-hexyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-cyclohexyl-phenyl)-indenyl)zirconiumdichloride, 

 A-bis(2-hexyl-4-(4'-sec-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-hexyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdichloride, 

A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)- indenyl)zirconiumbis(dimethylamine), 

-('.>, nxethyl-4 azapentale3xe)('.>,-nxett yl-%L-(d n -l-rentyl-l>t
e3xyll-indenyl}- zirconinnrdichloride,  A-(2-n ethyl-
v`-pl3enyl-5-azapentalene)(2-matt y1-4-(4'-n-peartyl-phenyl)- indenyl)-
zireoniumdiehloride, A-{ 2-methyl-4 c apexttalerte)(2-methyl-4-(4
-n-phnnyl-phenyl }- ndenyl}- ireoniunidichloride,  -(.>, nxetlayl-4
azapentaleExe)('.>,-nxethyl-%I-(d n Lxeyl phenyl} indetryl}
zi_reoniumdichloride, 100  A-(".>. methyl.4.4hiapc3italcael(.2 me.tt3vh4-(4 n
hcxyt-phenyl)-ic3der3yl}- zirconiumdichloridc.
A42-incLhyl-6-thiapentaieno)(2-methyl-4-(4-a~-hexyi-phenyl}-indenyl}-
zirconiunidichloride,  y-(2,7-dimetliyl-~
thiapentalene}(2-rnettiyl-4-(4-n-hezvl-phenyl}-iri+ieri~l3 zirconiunidichloride,
A42, 5 -dimethyl-6-thiapen tale ne)2-3nettiyl-4-(4-n-hexyl-phenyl}-iri+ieri~l3
zirconiun dichloride,  A (2,5 -dinxetliyl-6-tliiapentale3iel(2 -methyl -l -(4
-oydohe~.yi_-phenyl}- indemd)- zirconi umdichloride.
A-(2-methyl-4-azapentalene )(2-methyl-4-(44rin ethvlsilyl-plieiiyl)-indenyl}-
zirecniurndiehloride, -('.>,
nxetliyl-l-tliiapentale3iel(2-methyl-%I-(4-t3imethylsilyl l-}lxenyl}-indenyl}
zirconiunxdichloride, A-(2
methyl-:i-thiapentalene)(2-rnelhyl-4-(4-trirnethylsityl-phenyl)-uidenyl}-
zuconiuiridichlo ry-(2-anathyl -6-thiapent it ~nej(2-methyl-4-(4
-trimethylsilyl-phrnyl}-indcnyl)- zirconi umdichloride. A
(2,7-dimethyl-4-azapentalene){2-rnettiyl-4-(4-adamantyl-phenyl)- indernyl}-
zirecniurndiehloride, A-('.>,
methyl-4-thiapentalcnc)(.>,-methyl-.4-(4.-adamantyl,-phenyl}-indcnyl)-
zirconiumdichloride,
A-(2-incthyh6-thiapentalena)(2_methyl-4-(4'-adaniantyhplienvI)4ndanyl)-
zirconiumdichloride,  A
(2,7-dimethyl-4-thiapentalene}(2-methyl-4-(4-adamantyl-phenyl)- inderiyl)-
zireoniumdiehloride, A-('.>, methyl-44
azapentalcne}(1,-methyl-.4-(4.-tris(tritluoromcthyl)methyl.-
phenyl-}-i3xde3xyi)- zirconiumdichloride, A-(2, 5-d nnethyl
-4-azapentatene)2-nittin1-4-(4-tiis(tiilluoroinethyl) methyl- phenyl}-indenyl)
znconiuiridichlo ide, Ar(2 methyl -4-thiapent ilcne)(2-methyl-4-(I
-tais(tzifluaronxethyl)mcthyl- phenyl}- indenyI)zi[coil iu3ndichloride, 1-(2-n
ethyl-6-thiapentalena)('>_methyl-4-(4-Ir s{h fluoraniethyl}meiiiyl- phenyl)- 
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A-bis(2-ethyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdibenzyl, 

 A-bis(2-methyl-4-(4'-tert.-butyl-phenyl)-indenyl)zirconiumdimethyl, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-methyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-5-azapentalene)(2-methyl-4-(4'-methyl-phenyl)- indenyl)zirconiumdichloride,  

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-methyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-ethyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-n-propyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-isopropyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-isopropyl-phenyl)-indenyl)- zirconiumdichloride,  

A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4'-isopropyl-phenyl)-indenyl)- -
zirconiumdichloride, 

A-(2-methyl-6-oxapentalen)(2-methyl-4-(4'-isopropyl-phenyl)- indenyl)zirconiumdichloride,  

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-n-butyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-5-thiapentalene)(2-methyl-4-(4'-n-butyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4'-n-butyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-s-butyl-phenyl)- indenyl)zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4'-s-butyl-phenyl)- indenyl)zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-6-azapentalene)(2-methyl-4-(4'-tert-butyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-n-pentyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4-(4'-n-pentyl-phenyl)- indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4'-n-pentyl-phenyl)-indenyl)- zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- zirconiumdichloride, 

101  ,y-('.>, methyl-.; azapentalene)(.>,-n
butyl-4-(~-tert-lautyi-phnyll-inde3z_yt)- zirconionmdichtoride,  A-(2-n
methyl-v`-phenyl-5-azapentaIene)(2-matiyl-4-(4-tert-lxutyl-phenyl)- indenylj-
zirconiumdichloride, A-(2-methyl-4-azapentale ne)(2-rnethyliudenyl)zitcon
unaaiehl+~a~i<le,  ~'~-(2-Entlxyl-`v-phe3xyl 4 a.,apent ~la3xe;
(2-metlxylinclc3yllzirccxni~rEndichlo3 irl;
A-(2-methyh4-thiapentalene)(2-mathylindenyi)zirconiumdichloride,
A-(2-niethyh5-thiapentalene)(2-anethylindeny1)zirconiumdichloride,
A-(2-niethyl-b-thiapentalene)(2-anethylindeny1)zirconiumdichloride,
A-(2-anethyl-4- azapentalenl(iErdeEryllzieco 3ziu3ndi chloride,
A-(2-methyl-5-azapentalene)(indenyl)zirconiumdi chlori de,
A-(2-methyl-6-azapentalene)(indenyl )zirconiumdichloride, A-(2 methyt
N-phenyl-4 azapentalene)findenyl;zirconiumdichioride,  A-(2 methyt
N-phenyl-5 azapentalene)findenyl)zirconiumdichioride,  A-(2-methyl-N
pl1envt-5-azapentalene)(indauyl)zirconiumdichIorida,  A-(2,5-dirnethyl-y;
-phenyl-6-azapentalene)(indenyl)zirconinrndichloride,
A-(2-amethyl-4-thiapentalene)(iadeayt)zirco iu3ndiclxloride,
A-(2-methyl-5-thiapentalen)(indeEryt)zi rcoE3iu3ndi chloride.
A-(2-methyl-6-thiapentalene)(indenyl)zirconiumdichloride,
A-(2,5-diniethyl-4-thiapentalene j(indenyl)zirconiunidichIoride, ,y-(2 methyl-~1
~aapentalene)(2-medal-4-phenyl- indenyl)zirconiunxdichtoride,
A-(2-methyl-5-azapartaien)(2-methyl-4-phenyl- indenyt)zirconiunrdichlar de,
A-(2-methyl-6-a apautalnaj(2-n athyl-4-phenyl- indenyl)zirconiumdichloride,
A-(2
methyl-PV-phenyl-4-azaperatalene)(2-nxethyl-4-plaexxyl-ux+lcxxyl3zircoxuun
xdic.hlorid, A-(~ 3nethyl-N-phenyl> azapentalene)(2.-Enethyl-4-phnyt-
3ndenvflzireoniu Endiehloride, 102  A-.(.>, methyl- -thiapentalc
fxe)('.>,-methyl-.4-phenyl - indenyl)zirconiumdichioride,  y-(2-n
thyl-5-thiapentalenaj(2-mathyl-4-phenyl- indenyI)zirconiumdiclilorida,
-(2-methyl-b-Lliiapexitalenei(2-iriethyl-4-phenyl- iudeuyl}zirconiunidichloride,
-(2-methyl- -o_{apentaleue)E2-rnethvl- -phenyl-indenyljzirconiuindichloiiae,
Ay-(2.3nethyl.-4_-azapc talene)(2--methyl:-4,S benzo-
indenyl)zirconiumdichloxide,  3-(2-3r3ethyl-id-phenyl-4
azapei~talane}(2-ixaethyl-4,5-bax o- indenyl)airsaniumdiEhloride, -{ 2
methyl-~ -plieuyl-` azapent rlexie}i`2-rnetliyl-4, ` heuzo- indenyl
jzirc.onitundichloride,  



° 101

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- zirconiumdichloride,  

A-(2,5-dimethyl-4-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4'-n-hexyl-phenyl)-indenyl)- zirconiumdichloride,  

A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4'-cyclohexyl-phenyl)- indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-5-thiapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-trimethylsilyl-phenyl)-indenyl)- 
zirconiumdichloride,  

A-(2,5-dimethyl-4-azapentalene)(2-methyl-4-(4'-adamantyl-phenyl)- indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-adamantyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-adamantyl-phenyl)-indenyl)- zirconiumdichloride, 

A-(2,5-dimethyl-4-thiapentalene)(2-methyl-4-(4'-adamantyl-phenyl)- indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- phenyl)-indenyl)- 
zirconiumdichloride, 

 A-(2,5-dimethyl-4-azapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- phenyl)-indenyl) 
zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- phenyl)-
indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4'-tris(trifluoromethyl)methyl- phenyl)-
indenyl)zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(2-ethyl-4-(4'-tert-butyl-phenyl)-indenyl)- zirconiumdichloride, 

A-('1, nxethyl.N-phenyl-b azapentalene)C -methyl-4,S-laenzo.-i3zde3iy~l}
zirconiumdichlaride,  A-.(2 methyl-.4-tlxiape3xtalefle}(2-methyl-.4 5.-henzo.-
3ndenyi)zircomnmdiehioride, A-(2-methyl-5-thiapentalene)(2-mathyl-4,5-ben
zo- indenyl)zirconiumdichloride,
-(2-methyl-b-tliiapexitalenei(2-methyl-4,5-ben zo- in
denyl)zirconiumdichloride,  Ay-(2 3nethyl-4-oxapentalene)(2-m
thyl-4.5-hef3zo-indcnyl)zireoniumdiehlo3ide,  Ay-(2
3nethyl-5-oxapentalene)(2-m thyl-4.5-hef3zo-it3dcnyI)zireoniumdiehlo3ide,
3-(2-routhyl-5-oxapentalene2-nlethyl-4,5-ben zo- indenyl)zirconiumdichloride,
k-bis(2-methyl-4-azapexitalene )zircoxutrindic.hloride, A-bis(2-methyl
N-phenyl 4 azapentalene) zirconiumclichioride, and  .
-Leis(2-methyl-4-thiapentalene}zirconiumdichloride, wherein  A is
Dinxethylsilanediyl, Diethylsilanediyl, Dipropylsilanediyl, Dibu3tylsilamediyl,
1)ipe31tylSdanediyl, l)iphenylsilaned3yl, 1)ihc.vylsilanediyl,
Diheptylsilaned3yl, 1)loctyl:,3laned yi,  Dinonanylsilanediyl,
Didecanylsilanediyl, Diimdecanylsilanediyl, Didodecanylsilaatediyl,
I)imethylgermanediyl, DiethylgermanediyI, I)3 propylgermanediyl,
Dibutylge33nanediyl,  Dipentylgerinanediyl, Diphenylgermanediyl,
Dihexylgerinanediyl, Diheptylgermaniediyl,  Dtoctylgernxanediyl,
Dinonanylgermatied iy-l,L)idccaaylgermatied iyl, 1-)iundeca3zylgermamediyl
or  Didodeeanylgcrmanediyl,
Ilexyl(methyllgerminediyl,Ethyl(methyl)germanediyl,  }?henyl(3n
thyl}*acrmtuxecliyI I; thyl(3nelhyl)silanediyl, Propyl(nre(hyl)silanediyl, 2,3 t
trillmoropropyl(methyl}silaxiediyl, Piop VI(ethy l)silanediyl,
lhexiyl(methyl}silaxi+iiyl,  Butyl(methyl)silanediyl, Butyl(ethyl)silanediyl,
Butyl(propyl)silauiediyl, 103  Pentyl(nnethyllsilanediy 1,
1'entyl(et)yl)silanediyl, Pentyl(propyl)silanediyl,  pentyl(buutyl)silanediyl,
IIexyl(mcthyl)silanediyl, Ifoxyl(ethyI)silanediyl or  l4exyl(piopyl)silanedivl,
flexyl(hutyl)silanedivl or Hexyl(pentyljsilanediyl, including all  structural
isomers. 61. The process of claim I wherein the Lewis acid is a compound
having the formula.  M2 IXLX wherein M2 is selected from boron, aluminum
or gallium, and X', X2 and X- are the same or different and are each
individually hydrogen, an alkyl group of  from I to about 20 carbon atoms, an
aryl group of from 6 to about 15 carbon atoms, or an  alkaryl, aralkyl,
halo-all-.yl or haloaryl group having I to about 10 carbon atoms in the alkyl
radical and from 6 to about 20 carbon atoms in the aryl radical, wherein the
halogen component  
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A-(2-methyl-5-azapentalene)(2-n-butyl-4-(4'-tert-butyi-phenyl)-indenyl)- zirconiumdichloride,  

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4-(4'-tert-butyl-phenyl)- indenyl)- 
zirconiumdichloride, 

A-(2-methyl-4-azapentalene)(2-methyIindenyl)zirconiumdichloride, 

 A-(2-methyl-N-phenyl-4-azapentalene)(2-methylindenyl)zirconiumdichloride)  

A-(2-methyl-4-thiapentalene)(2-methylindenyl)zirconiumdichloride,  

A-(2-methyl-5-thiapentalene)(2-methylindenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methylindenyl)zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(indenyl)zirconiumdichIoride,  

A-(2-methyl-5-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-6-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-4-azapentalene)(indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-5-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-6-azapentalene)(indenyl)zirconiumdichloride,  

A-(2,5-dimethyl-N-phenyl-6-azapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-4-thiapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-5-thiapentalene)(indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(indenyl)zirconiumdichloride,  

A-(2,5-dimethyl-4-thiapentalene)(indenyl)zirconiumdichloride,  

A-(2-methyl-4-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

 A-(2-methyl-5-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-6-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-5-azapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

can be fluorine, chlorine, bromine or iodine. 62. The process of claim 1
wherein the Lewis acid is selected from the group consisting of
trimethylaluminium, triethylahrminum, triisobutylalunrinum, iisobutylahrminum
hydride,  tributylahrminum, trifluoroborane, triphenylborane,
tris(4-fiuoraphenyI)borane, tris(3,5- difluoroplienyl)borane, tris(4-
flucaoiriethvlphenVI*'orane, inns{1.4,6-taifluoiohhenyljhMane,  tris(penta-
fluorophenyl)boratic, In'iolyfborane, tris(3,> d methyl-plnenyljborane, U
ditluorophenyl)borane and iris (3,4;5-trill uoropheayl)boranc. 63. The process
of claim 1 wherein the ionic compound comprises a non-coordinating anion
selected from the group consisting of tetrakis (pentafluorophenyl) borate,
tetraphenylborate,  4bF6. CF2S03 and (104 . 64. A process for preparing a
supported catalyst system comprising the steps: a) contacting a support
material with a first composition, said first composition comprising a first
portion of at least one alumina-{are or mixtures thereof in a first solvent,
wherein the first  composition contains at least about 5 rm oles of
ahnnino_{ace per gram of the support material,  at a temperature of about 10
C: 1030 C followed by keeping the mixture at about 20 C for 0 to  12 hours,
subsequently heating the resulting mixture to a temperature of 30C to 2000C
and  keeping the mixture at 01 C to 200x`' C for 30 minutes to 20 hours,
optionally followed by  removing all or part of the first solvent and/or
optionally followed by one or more washing  step(s) using a solvent to
provide an almninoxane loaded support material; b) suspending and; for
dissolving, respectively, at least one metallocene and a second portion of an
alummoxane or of a mixture of alumnnoxanes, which may or may not be the
same as the first  portion of the at least one aluminoxaune or of a mixture
thereof or of an ionic compound and/or a  Lewis acid in a second solvent,
which may or rnav not be the same as the first solvent, or  suspension
medium at a temperature of 0 to 100 C. optionally followed by a pre activation
time  of 1 minute to 200 hours at a temperature of 10 to 10-0' to provide an
impregnation solution; 104  c) applying the impregnation solution prepared in
step (b) to the aluminoxane loaded support  material produced in step (a), at
a temperature of l t;~ to 7 00 C and a contact time of 1 minute to  24 hours to
provide a supported catalyst; (1) removing the major part of the solvent from
the supported catalyst and optionally washing the  supported catalyst with a
suitable ,solvent; e) isolating the supported catalyst; and, fi optionally prepoly
erizing the resulting supported catalyst witli one or more olefinic  
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A-(2-methyl-4-thiapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride,  

A-(2-methyl-5-thiapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-4-oxapentalene)(2-methyl-4-phenyl- indenyl)zirconiumdichloride, 

A-(2-methyl-4~azapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride,  

A-(2-methyl-N-phenyl-5-azapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4,5-benzo-indenyl) zirconiumdichloride, 

A-(2-methyl-4-thiapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-5-thiapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-6-thiapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride,  

A-(2-methyl-4-oxapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-5-oxapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride, 

A-(2-methyl-6-oxapentalene)(2-methyl-4,5-benzo- indenyl)zirconiumdichloride,  

A-bis(2-methyl-4-azapentalene)zirconiumdichloride,  

A-bis(2-methyl-N-phenyl-4-azapentalene) zirconiumclichloride, and  

A-bis(2-methyl-4-thiapentalene)zirconiumdichloride,  

wherein  

A is Dimethylsilanediyl, Diethylsilanediyl, Dipropylsilanediyl, Dibutylsilanediyl, 
Dipentylsilanediyl, Diphenylsilanediyl, Dihexylsilanediyl, Diheptylsilanediyl, Dioctylsilanediyl, 
Dinonanylsilanediyl, Didecanylsilanediyl, Diundecanylsilanediyl, Didodecanylsilanediyl, 
Dimethylgermanediyl, Diethylgermanediyl, Dipropylgermanediyl, Dibutylgermanediyl, 
Dipentylgermanediyl, Diphenylgermanediyl, Dihexylgermanediyl, Diheptylgermanediyl, 
Dioctylgermanediyl, Dinonanylgermanediyl,Didecanylgermanediyl, Diundecanylgermanediyl or 
Didodecanylgermanediyl, Hexyl(methyl)germanediyl,Ethyl(methyl)germanediyl, 
Phenyl(methyl)germanediyl, Ethyl(methyl)silanediyl, Propyl(methyl)silanediyl, 3,3,3- 
trifluoropropyl(methyl)silanediyl, Propyl(ethyl)silanediyl, Phenyl(methyl)silandiyl, 
Butyl(methyl)silanediyl, Butyl(ethyl)silanediyl, Butyl(propyl)silanediyl, 

monoaraer(si, to obtain a prepolymerrzed supported catalyst system. 65. A
process fir preparing a supported catalyst system comprising the steps: a)
contacting a support material with a first composition which includes at least
5 mmol of an  aluminoxane or of a mixture of aluminoxanes per g support
material in a first solvent at a  temperature of about 20 C followed by keeping
the mixture at about 20 C for 0.15 to 2 hours,  subsequently heating the
resulting mixture to a temperature of 50 C to 1600 C and keeping the  mixture
at 50 C to 160 C for 7 to 6 hours, optionally followed by removing all or part of
the  first solvent and/or optionally followed by one or more washing step(s)
using a solvent to  provide an aluminoxaune loaded support material; b)
suspending and/or dissolving, respectively, at least one metallocene and at
least O 5 mmol of  a second portion of an ahlfllfn0%a17 or of a mixture of
ahl3mmoxaneS per g snpp03't 3material in a second solvent or suspension
medium, Where the metallocene is used in an amount of at least t3.1  mol'%
of the total amount of aluminoxane or mixture of alum inoxane per g support
material, at a temperature of 20 to 50 C:, optionally followed by a
preactication time of 1 minute to 200 hours  at a temperature of 20 to 30 to
provide an impregnation solution, c) applying the impregnation solution
prepared in step (b) to the aluminoxane loaded support  material produced in
step (a), at a temperature of P0 C to 100 C and a contact time of 1 minute  to
24 hours to provide a supported catalyst; d) removing the major part of the
solvent from the supported catalyst; e) optionally washing the supported
catalyst with a suitable solvent, and/or drying the supported  nC' catalyst at
temperatures of t3 to 6(3r ' C; and, fi optionally prepolymerizing the supported
catalyst with one or more olefinic monomer(s), to  obtain a prepolymerized
supported catalyst system. 66. A process fir preparing a supported catalyst
system comprising the steps: a) contacting an optionally thermally pretreated
silica support material with at least l0 mrmol of  an aluminoxane per g support
material in a suitable solvent such as toluene at a temperature of  about 20"C
followed by subsequently heating the resulting mixture to a temperature of
SOT to 105  140C, and keeping the mixture at 80C" to 140C for 1 to 6 hours,
optionally followed by  removing all or part of the suitable solvent such as
toluene, and/or optionally` followed by one or  more washing step(s) using a
solvent to provide analuminoxane loaded support material; 
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Pentyl(methyl)silanediyl, Pentyl(ethyl)silanediyl, Pentyl(propyl)silanediyl, 
Pentyl(butyl)silanediyl, Hexyl(methyl)silanediyl, Hexyl(ethyl)silanediyl or 
Hexyl(propyl)silanediyl, Hexyl(butyl)silanediyl or Hexyl(pentyl)silanediyl, including all 
structural isomers. 

61. The process of claim 1 wherein the Lewis acid is a compound having the formula 

M2X1X2X3  

wherein M2 is selected from boron, aluminum or gallium, and  

X1, X2 and X3 are the same or different and are each individually hydrogen, an alkyl group of 
from 1 to about 20 carbon atoms, an aryl group of from 6 to about 15 carbon atoms, or an 
alkaryl, aralkyl, halo-alkyl or haloaryl group having 1 to about 10 carbon atoms in the alkyl 
radical and from 6 to about 20 carbon atoms in the aryl radical, wherein the halogen component 
can be fluorine, chlorine, bromine or iodine.  

62. The process of claim 1 wherein the Lewis acid is selected from the group consisting of 
trimethylaluminium, triethylaluminum, triisobutylaluminum, iisobutylaluminum hydride, 
tributylaluminum, trifluoroborane, triphenylborane, tris(4-fluorophenyl)borane, tris(3,5-
difluorophenyl)borane, tris(4- fluoromethylphenyl)borane, tris(2,4,6-trifluorophenyl)borane, 
tris(penta- fluorophenyl)borane, tris(tolyl)borane, tris(3,5-dimethyl-phenyl)borane, tris(3,5- 
difluorophenyl)borane and tris (3,4,5-trifluorophenyl)borane. 

63. The process of claim 1 wherein the ionic compound comprises a non-coordinating anion 
selected from the group consisting of tetrakis (pentafluorophenyl) borate, tetraphenylborate, 
SbF6

-, CF3SO3
- and ClO4

-. 

64. A process for preparing a supported catalyst system comprising the steps:  

a) contacting a support material with a first composition, said first composition comprising a first 
portion of at least one aluminoxane or mixtures thereof in a first solvent, wherein the first 
composition contains at least about 5 mmoles of aluminoxane per gram of the support material, 
at a temperature of about 100 C to 300 C followed by keeping the mixture at about 200 C for 0 to 
12 hours, subsequently heating the resulting mixture to a temperature of 300C to 2000C and 
keeping the mixture at 300 C to 2000 C for 30 minutes to 20 hours, optionally followed by 
removing all or part of the first solvent and/or optionally followed by one or more washing 
step(s) using a solvent to provide an aluminoxane loaded support material;  

b) suspending and/or dissolving, respectively, at least one metallocene and a second portion of an 
aluminoxane or of a mixture of aluminoxanes, which may or may not be the same as the first 
portion of the at least one aluminoxane or of a mixture thereof, or of an ionic compound and/or a 
Lewis acid in a second solvent, which may or may not be the same as the first solvent, or 
suspension medium at a temperature of 0 to 1000 C, optionally followed by a preactivation time 
of 1 minute to 200 hours at a temperature of 10 to 100° to provide an impregnation solution;  

b) suspending and" OE dissolving, respectively, at least one metarllocene
and at least 0.5 rumole of  a second portion of an alu minoxane Pet g support
3naterial in toluene, where the metallocene is  used in an amount of at least
0.1 mol% of the total amount of aluminoxane or mixture of  aluminoxane per
n support material, at a temperature of 20 to 50C, optionally followed by a
preactivation time of 1 minute to 200 hours at a temperature of 20 to 30 to
provide an  impregnation fluid, c) applying the impregnation fluid prepared in
step (b) to the aluminoxane loaded support  material produced in step (a}, at
a temperature of 10 to 100C and a contact time of 1 minute to  24 hours to
provide a supported catalyst; d) removing the major part of the toluene from
the supported catalyst; e) optionally washing; the supported catalyst with a
suitable solvent, and/or drying the supported  catalyst at temperatures of 30C
to 60C:; and, f) optionally prepolymerizing the supported catalyst with one or
more olefinic mononner s}, to  obtain a prepolymer zed supported catalyst
system. 67. A process for preparing a supported catalyst system comprising
the steps: a) contacting an optionally thermally pretreated silica support
material with a weight loss on  dryness of 0e5 wt.% or less and a weight loss
on ignition of 1.0 wt .% or greater ~.vith a first  composition which includes at
least 10 rumol of methylaluminoxane per gram support material  in toluene at
a temperature of about 20 C followed by subsequently heating the resulting
mixture to a temperature of 110' C and keeping the mixture at 1 i O C for I to
6 hours, optionally  followed by removing all or part of the toluene, and/or
optionally followed by one or more  washing step(s) using a solvent to
provide an aluminoxane loaded support material; h) Suspending and/or
dissolving, respectively, at least one metallocene and at least 1 mmole of a
second portion of methylaluminoxane per g support material in toluene,
where the metallocene is  used in an amount of at least 13.1 mol% of the
total amount of aluminoxane per g support  material, at a temperature of 20
to 50C, optionally followed by a preactivation time of 1 minute  to 200 hours
at a temperature of 20 to 30 to provide an impregnation fluid; c) applying the
impregnation fluid prepared in step (b) to the methylaluminoxa3ze loaded
support  material produced in step (a), by passing the impregnation fluid
through the methylaluminoxane  loaded support material in a direct flow or by
using an incipient wetness impregnation technique,  where the volume of the
impregnation fluid or the total liquid volume used in the impregnation  step
respectively, does not exceed 250% of total pore volume of the support
material, at a  temperature of 1 t;. C; to 100 C and a contact time of 1 minute
to 24 hours to provide a supported  
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c) applying the impregnation solution prepared in step (b) to the aluminoxane loaded support 
material produced in step (a), at a temperature of 10 to 100° C and a contact time of 1 minute to 
24 hours to provide a supported catalyst;  

d) removing the major part of the solvent from the supported catalyst and optionally washing the 
supported catalyst with a suitable solvent;  

e) isolating the supported catalyst; and,  

f) optionally prepolymerizing the resulting supported catalyst with one or more olefinic 
monomer(s), to obtain a prepolymerized supported catalyst system. 

65. A process for preparing a supported catalyst system comprising the steps:  

a) contacting a support material with a first composition which includes at least 5 mmol of an 
aluminoxane or of a mixture of aluminoxanes per g support material in a first solvent at a 
temperature of about 200 C followed by keeping the mixture at about 200 C for 0.15 to 2 hours, 
subsequently heating the resulting mixture to a temperature of 500 C to 1600 C and keeping the 
mixture at 500 C to 160° C for 1 to 6 hours, optionally followed by removing all or part of the 
first solvent and/or optionally followed by one or more washing step(s) using a solvent to 
provide an aluminoxane loaded support material;  

b) suspending and/or dissolving, respectively, at least one metallocene and at least 0.5 mmole of 
a second portion of an aluminoxane or of a mixture of aluminoxanes per g support material in a 
second solvent or suspension medium, where the metallocene is used in an amount of at least 0.1 
mol% of the total amount of aluminoxane or mixture of aluminoxane per g support material, at a 
temperature of 20 to 500 C, optionally followed by a preactivation time of 1 minute to 200 hours 
at a temperature of 20 to 30° to provide an impregnation solution,  

c) applying the impregnation solution prepared in step (b) to the aluminoxane loaded support 
material produced in step (a), at a temperature of 100 C to 100° C and a contact time of 1 minute 
to 24 hours to provide a supported catalyst;  

d) removing the major part of the solvent from the supported catalyst;  

e) optionally washing the supported catalyst with a suitable solvent, and/or drying the supported 
catalyst at temperatures of 300 C to 600 C; and,  

f) optionally prepolymerizing the supported catalyst with one or more olefinic monomer(s), to 
obtain a prepolymerized supported catalyst system. 

66. A process for preparing a supported catalyst system comprising the steps:  

a) contacting an optionally thermally pretreated silica support material with at least 10 mmol of 
an aluminoxane per g support material in a suitable solvent such as toluene at a temperature of 
about 2O0C followed by subsequently heating the resulting mixture to a temperature of 80°C to 

catalyst; 106  d) removing the major part of the toluene from the ,supported
catalyst; e) optionally washing the supported catalyst with a suitable solvent,
and/or drying the resulting  supported catalyst at temperatures of 30 C to 60
C; and, 1) optionally prepolymerizing the resulting supported catalyst With
one or more olefinic  monomer(s), to obtain a prepolvni rued supported
catalyst system. 68. A process for preparing a supported catalyst system
comprising the steps: a) contacting an optionally thermally pretreated silica
support material with a weight loss on  dryness of 0.3 wt.% or less and a
weight loss on ignition between 1.5 and 3.5 iti L. , With at least  10 mmol of a
leth_ylalummoxa:uc per gjaa1 support material iEr_ toluene at a temperature
of about  20 C followed by subsequently heating the resulting mixture to a
temperature of 1100 C and  keeping the mixture at 110C for I to 6 hours,
optionally followed by removing all or part of the  toluene, and/or optionally
followed by one or more washing steps s) using a solvent to provide an
aluminoxane loaded support material; b) suspending and/or dissolving,
respectively, at least one metallocene and at least I mrm'ale of a  second
portion of methylaluulinoxane per g support material in toluene, where the
metallocene is  used in an amount of at least 0.1 viol%o of the total amount
of almninoxane per g support  material, at a temperature of 20 to 50 C
optionally followed by a preactivatioEr time of 1 minute  to provide an iml-rr
gnation tluid; to 200 t or rs at a temperature of 20 to 10C c) applying the
impregnation fluid prepared in step (h) to the methylaluminoxane loaded
support  material produced in step (a), by passing the impregnation fluid
through the alumiuoxane loaded  support material in a direct flow or by using
an incipient wetness impregnation technique, where  the volume of the
impregnation suspension or solution or the total liquid volume used in The
impregnation step, respectively, does not exceed 250% of the total pore
volume of the support  material, at a temperature of 10 C to 10(;x C and a
contact time of 1 minute to 24 hours to  provide a supported catalyst; d)
removing the major part of the toluene from the supported catalyst; e)
optionally washing the supported catalyst With a suitable solvent, and/or
dr-/ing the supported  catalyst at a temperature of from about 313 C to 613 C;
and, 1) optionally prepolvmeriziug the supported catalyst with one or more
olelinie monomer s}, to  obtain a prepolymerized supported catalyst system. 
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140°C and keeping the mixture at 800C to 1400C for 1 to 6 hours, optionally followed by 
removing all or part of the suitable solvent such as toluene, and/or optionally followed by one or 
more washing step(s) using a solvent to provide analuminoxane loaded support material;  

b) suspending and/or dissolving, respectively, at least one metallocene and at least 0.5 mmole of 
a second portion of an aluminoxane per g support material in toluene, where the metallocene is 
used in an amount of at least 0.1 mol% of the total amount of aluminoxane or mixture of 
aluminoxane per g support material, at a temperature of 20 to 5O0C, optionally followed by a 
preactivation time of 1 minute to 200 hours at a temperature of 20 to 30° to provide an 
impregnation fluid,  

c) applying the impregnation fluid prepared in step (b) to the aluminoxane loaded support 
material produced in step (a), at a temperature of 10 to 100°C and a contact time of 1 minute to 
24 hours to provide a supported catalyst;  

d) removing the major part of the toluene from the supported catalyst;  

e) optionally washing the supported catalyst with a suitable solvent, and/or drying the supported 
catalyst at temperatures of 300C to 600C; and,  

f) optionally prepolymerizing the supported catalyst with one or more olefinic monomer(s), to 
obtain a prepolymerized supported catalyst system.  

67. A process for preparing a supported catalyst system comprising the steps:  

a) contacting an optionally thermally pretreated silica support material with a weight loss on 
dryness of 0.5 wt.% or less and a weight loss on ignition of 1.0 wt.% or greater with a first 
composition which includes at least 10 mmol of methylaluminoxane per gram support material 
in toluene at a temperature of about 2O0 C followed by subsequently heating the resulting 
mixture to a temperature of 1100 C and keeping the mixture at 1100 C for 1 to 6 hours, optionally 
followed by removing all or part of the toluene, and/or optionally followed by one or more 
washing step(s) using a solvent to provide an aluminoxane loaded support material;  

b) Suspending and/or dissolving, respectively, at least one metallocene and at least 1 mmole of a 
second portion of methylaluminoxane per g support material in toluene, where the metallocene is 
used in an amount of at least 0.1 mol% of the total amount of aluminoxane per g support 
material, at a temperature of 20 to 500 C, optionally followed by a preactivation time of 1 minute 
to 200 hours at a temperature of 20 to 30° to provide an impregnation fluid;  

c) applying the impregnation fluid prepared in step (b) to the methylaluminoxane loaded support 
material produced in step (a), by passing the impregnation fluid through the methylaluminoxane 
loaded support material in a direct flow or by using an incipient wetness impregnation technique, 
where the volume of the impregnation fluid or the total liquid volume used in the impregnation 
step, respectively, does not exceed 250% of total pore volume of the support material, at a 
temperature of 100 C to 100° C and a contact time of 1 minute to 24 hours to provide a supported 
catalyst;  

69. A process for the polymerization of olefins comprising: a) pr parin; a
catalyst system in accordance with the process of claim I ; and, 107  b)
contacting one or more olefins each having from about 2. to about 20 carbon
atoms under  polymerization reaction conditions with the catalyst system
prepared in accordance with the  process of claim 1. 70. The process of claim
69 wherein at least one olefin is a 1-olefin.  71. 'The process of claim 69
wherein at least one olefin has the formula  R~ -~_Tf=CH R" wherein R"' and
R" can be identical or different and are each individually a hydrogen atom or
a  radical having from 1 to about 20 carbon atoms or RT and R together can
foram ")Be or more  rings. 721. The process of claim 69 wherein the olefins
include ethylene and one or more 1 -olefins  having from 4 to about 20
carbon atoms. 73, The process of claim 69 wherein the olefins include
propylene. 74. The process of claim 69 ;wherein the olefins include propylene
and ethylene. 75. The process of claim 4 wherein the support material is
treated to achieve a loss on dryness of  about 0.3% or less before performing
stop (a). 76, The process of claim 64 wherein the support material is treated
to achieve a loss on dryness  of less than 0.5% before performing step (a).
77. The process of claim 65 wherein the support material is treated to
achieve a loss on dryness  of lass than 0.5%,) before performing step (a). 78.
The process of claim 66 wherein the support material is treated to achieve a
loss on dryness  of less than 0.5% before performi ug step (a). 108  
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d) removing the major part of the toluene from the supported catalyst;  

e) optionally washing the supported catalyst with a suitable solvent, and/or drying the resulting 
supported catalyst at temperatures of 300 C to 600 C; and,  

f) optionally prepolymerizing the resulting supported catalyst with one or more olefinic 
monomer(s), to obtain a prepolymerized supported catalyst system.  

68. A process for preparing a supported catalyst system comprising the steps:  

a) contacting an optionally thermally pretreated silica support material with a weight loss on 
dryness of 0.3 wt.% or less and a weight loss on ignition between 1.5 and 3.5 wt.%, with at least 
10 mmol of methylaluminoxane per gram support material in toluene at a temperature of about 
200 C followed by subsequently heating the resulting mixture to a temperature of 1100 C and 
keeping the mixture at 1100 C for 1 to 6 hours, optionally followed by removing all or part of the 
toluene, and/or optionally followed by one or more washing step(s) using a solvent to provide an 
aluminoxane loaded support material;  

b) suspending and/or dissolving, respectively, at least one metallocene and at least 1 mmole of a 
second portion of methylaluminoxane per g support material in toluene, where the metallocene is 
used in an amount of at least 0.1 mol% of the total amount of aluminoxane per g support 
material, at a temperature of 20 to 500 C, optionally followed by a preactivation time of 1 minute 
to 200 hours at a temperature of 20 to 300 C to provide an impregnation fluid;  

c) applying the impregnation fluid prepared in step (b) to the methylaluminoxane loaded support 
material produced in step (a), by passing the impregnation fluid through the aluminoxane loaded 
support material in a direct flow or by using an incipient wetness impregnation technique, where 
the volume of the impregnation suspension or solution or the total liquid volume used in the 
impregnation step, respectively, does not exceed 250% of the total pore volume of the support 
material, at a temperature of 100 C to 1000 C and a contact time of 1 minute to 24 hours to 
provide a supported catalyst;  

d) removing the major part of the toluene from the supported catalyst;  

e) optionally washing the supported catalyst with a suitable solvent, and/or drying the supported 
catalyst at a temperature of from about 30° C to 600 C; and,  

f) optionally prepolymerizing the supported catalyst with one or more olefinic monomer(s), to 
obtain a prepolymerized supported catalyst system.  

69. A process for the polymerization of olefins comprising: 

 a) preparing a catalyst system in accordance with the process of claim 1 ; and, 
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 b) contacting one or more olefins each having from about 2 to about 20 carbon atoms under 
polymerization reaction conditions with the catalyst system prepared in accordance with the 
process of claim 1. 

70. The process of claim 69 wherein at least one olefin is a 1-olefin. 

71. The process of claim 69 wherein at least one olefin has the formula 

Rm-CH=CH-Rn  

wherein Rm and Rn can be identical or different and are each individually a hydrogen atom or a 
radical having from 1 to about 20 carbon atoms or Rm and Rn together can form one or more 
rings. 

72. The process of claim 69 wherein the olefins include ethylene and one or more 1 -olefins 
having from 4 to about 20 carbon atoms. 

73. The process of claim 69 wherein the olefins include propylene. 

74. The process of claim 69 wherein the olefins include propylene and ethylene.  

75. The process of claim 4 wherein the support material is treated to achieve a loss on dryness of 
about 0.3% or less before performing step (a). 

76. The process of claim 64 wherein the support material is treated to achieve a loss on dryness 
of less than 0.5% before performing step (a). 

77. The process of claim 65 wherein the support material is treated to achieve a loss on dryness 
of less than 0.5% before performing step (a). 

78. The process of claim 66 wherein the support material is treated to achieve a loss on dryness 
of less than 0.5% before performing step (a). 

 

 

 

 




