
METALLOCENE COMPOUNDS, CATALYSTS COMPRISING THEM,
PROCESS FOR PRODUCING AN OLEFIN POLYMER BY USE OF THE
CATALYSTS, AND OLEFIN HOMO- AND COPOLYMERS BACKGROUND
1. Field of the Invention The present invention
relates to novel metallocene compounds useful as
components in polymerization catalysts, to catalysts
comprising such metallocene compounds, to a process
for the polymerization of olefins and to particularly
propylene, and olefin homopolymers, random, and impact
copolymers prepared by using the metallocene
catalysts. 2. Background of the Art One of the most
important factors determining the success of a
catalyst is its versatility, that is the possibility
to use it for the broadest possible range of products.
For a long time, the limitations for the development
of metallocene catalysts for polypropylene has been
their inability to produce propylene-ethylene
copolymers of high molar mass, due to the fact that
ethylene behaves as a chain transfer agent with most
metallocenes. This effect has been observed for all
basic metallocene structures, such as the
syndiospecific C symmetric Me2C(Cp)(FIu)ZrCI2, the
aspecific C2v symmetric Me2Si(FIu)2ZrCI2, and both the
C2 symmetric rac-Me2C(3-iPr-lnd) 2ZrCI2 and the
fluxional (2-Ph-lnd) 2ZrCI2 catalysts for elastomeric
polypropylene. This effect has also been found for the
isospecific C2 symmetric rac-Me2Si(2-Me-4,5-Benz-lnd)
2ZrCI2 and rac-Me2Si(2-Me-4-Phlnd) 2ZrCI2 [L. Resconi,
C. Fritze, "Metallocene Catalysts for Propylene
Polymerization" In Polypropylene Handbook (N.
Pasquini, Ed.), ch. 2.2, Hanser Publishers, Munic
2005]. While the 2-Me substitution of this catalyst
family suppresses the b-hydrogen transfer to the
propylene monomer and thus prevents the formation of
low molar mass polymer, it fails to prevent the
b-hydrogen transfer to the ethylene comonomer in case
of the latter's presence. This b-hydrogentransfer to
the ethylene comonomer becomes the favored chain
termination mechanism and leads to the formation of
low molar mass propylene-ethylene copolymers [A. Tynys
et al., Macromol. Chem. Phys. 2005, vol. 206, pp.
1043- 1056: "Ethylene-Propylene Copolymerizations:
Effect of Metallocene Structure on Termination
Reactions and Polymer Microstructure"]. Exceptions
have been found in some zirconocenes with highly bulky
ligands, such as rac-Me2C(3-tBud) 2ZrCI2, which show a
marked increase in molar masses by ethylene
incorporation. This catalyst, however, has
shortcomings in terms of homopolymer molar mass and
activity. Another key requirement of a metallocene
catalyst is its capability to produce polypropylene
with a high melting point. This is equivalent with a
catalyst that has a very high stereospecificity and
regioselectivity. Within the rac-Alk2Si(2- Alk-lnd)
2ZrCl2 catalyst family, the stereospecificity and
regioselectivity has continuously been improved during
the last 15 years. EP-A1 834 519 relates to
metallocenes of the rac-Me2Si(2-Me-4-Ar-lnd) 2ZrCl2
for the production of high rigid, high Tm
polypropylenes with very high stereoregularity and
very low amounts of regio errors. Although not tested
for their copolymerization performance, the
metallocenes disclosed in EP-A1 834 519 anticipated
substitution patterns in 2-position that would later
be identified as particularly suitable for the
production of propylene/ethylene random copolymers
when combined with additional substituents in certain
positions. However, the highly stereo- and regio
regular polypropylenes were not obtained under
commercially relevant process conditions and suffered
from too low activity/productivity levels. US-A1
2001/0053833 discloses metallocenes having
substituents in 2- position consisting of an
unsubstituted heteroaromatic ring or a heteroaromatic
ring having at least one substituent bonded to the
ring. Such catalysts afford C3/C2 copolymers with
reasonably high molar mass, but fail to produce high
Tm homopolymers under conditions typical for
commercial scale production, i. e. on a support and at
temperatures from 60 deg C and higher. Also, the
productivities of this catalyst family are
unsatisfactory.WO 01/058970 relates to impact
copolymers having a high melting point and a high
rubber molar mass, produced by catalysts comprising
metallocenes of the rac-Me2Si(2-Alk-4-Ar-lnd)2ZrCl2
family. High molar masses in the propylene/ethylene
rubber were achieved when both AIk substituents were
i-propyl groups. WO 02/002576 discloses bridged
metallocenes of the (2-R-4-Phlnd) 2ZrCl2 family having
particular combinations of substituents in the
2-positions of the indenyl ligands and the Ph
substituents. A high PP melting point is favored if
the Ph group exhibits a substitution pattern in the 3
and 5 positions, particularly in case of butyl
substituents. A combination of high homopolymer
melting point and high copolymer molar mass is
achieved if both substituents R in 2-position are
isopropyl groups. The major shortcoming is the very
low activity/productivity of the
rac-Me2Si(2-R-4-Ar-lnd) 2ZrCl2 catalysts if both
ligands R are branched in the a- position. WO
03/002583 discloses bridged metallocenes of the
(2-R-4-Phlnd) 2ZrCl2 family having particular
combinations of substituents in the 2-positions of the
indenyl ligands and the 4-Ph substituents. A high PP
melting point is favored if the Ph group exhibits a
substitution pattern in the 2-position, particularly
in case of biphenyl substituents. A combination of
high homopolymer melting point and high copolymer
molar mass is achieved if both substituents R in
2-position of the indenyl ligand are isopropyl groups.
One major shortcoming is the very low
activity/productivity of the
rac-Me2Si(2-R-4-Ar-lnd)2ZrCl2 catalysts if both
ligands R are branched in the a-position. Moreover,
the highest possible molar masses of the homopolymers
produced by using such catalysts are relatively low
which corresponds to relatively high melt flow rates.
This, in turn excludes such metallocenes from catering
applications such as pipe, blown film, cast film and
injection stretch blow molding. EP-A2 1 250 365, WO
97/40075 and WO 03/045551 relate to metallocenes
having substituents in the 2-positions of either of
the indenyl ligands with the imperative that at least
one of the ligands in 2-position is branched or
cyclicized in the a-position. WO 04/106351 relates to
metallocenes having subsitutents in the 2-positions of
the indenyl ligands with the proviso that one ligand
is unbranched orbound via an sp2-hybridized carbon
atom and the other ligand is branched in the
a-position. Such catalysts afford high Tm homopolymers
and high molar mass propylene/ethylene copolymers.
However, there still are limitations with regard to
catalyst activity/productivity and lowest achievable
homopolymer melt flow rate. In summary, the main
deficiency of supported catalyst systems comprising
metallocenes of the above mentioned prior art, is that
so far no catalyst has been found that, when used for
the homopolymerization of propylene, affords isotactic
polypropylene with a high melting point and very high
molar mass (or very low melt flow rate) and that, when
used for the copolymerization of propylene with
ethylene, affords high molar mass propylene/ethylene
copolymers, all at very high catalyst productivity. As
a consequence, when compared to Ziegler/Natta
catalysts, the industrial usefulness of these
catalysts is limited because certain applications that
require a combination of a high melting point, a very
low melt flow rate, and/or a high molar mass copolymer
or copolymer component, such as in impact copolymers,
are not available at cost competitive productivities.
The object of the present invention is to address this
shortcoming of the state of the art metallocene
compounds and to provide metallocenes that afford high
melting point, high molar mass homopolymers and high
molar mass copolymers at high productivities when used
as components of supported catalysts under
industrially relevant polymerization conditions at
temperatures of from 50 0C to 100 0C. Another
objective of the present invention is to provide a
process for the polymerization of olefins,
particularly propylene, ethylene, and optionally one
or more higher 1-olefins. Furthermore, it is an
objective of the present invention to provide olefin
polymers, particularly propylene homopolymers, random
copolymers of propylene with ethylene and/or higher
1-olefins, impact copolymers comprised of propylene,
ethylene and/or optionally higher 1-olefins, and
random impact copolymers comprised of propylene,
ethylene and/or optionally higher 1-olefins.SUMMARY
Certain metallocene compounds are provided that, when
used as a component in a supported polymerization
catalyst under industrially relevant polymerization
conditions, afford high molar mass homo polymers or
copolymers like polypropylene or propylene/ethylene
copolymers without the need for any a- branched
substituent in either of the two available 2-positions
of the indenyl ligands. The substituent in the
2-position of one indenyl ligand is a methyl group and
the substituent in the 2-position of the other indenyl
ligand is an ethyl group. This metallocene topology
affords high melting point, very high molar mass homo
polypropylene and very high molar mass propylene-based
copolymers. Furthermore, the activity/productivity
levels of catalysts comprising the metallocenes of the
present invention are exceptionally high. While
various metallocenes are disclosed, for example, in
U.S. Publication No. 2006/01 16490, the improvement in
olefin polymerization achieved by the metallocene
topology of the present invention is both new and
unexpected. Accordingly, provided herein is a process
for olefin polymerization comprising: contacting one
or more olefin with a catalyst system under
polymerization reaction conditions, wherein said
catalyst system includes at least one metallocene
component of the general Formula 1 below,(Formula 1)
where 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), R4 and R4 are each a hydrogen
atom, R10 is a bridging group wherein R10 is selected
from:-O- \ \ \ [B-R ,40 Al-R 40 -Ge- - O- - S- so \ \
\ \ 



SO2 N-R 40 IP-R 40 P(O)R,40 \ or C=O / / / where R40
and R4 1, even when bearing the same index, can be
identical or different and are each selected from the
group consisting of a hydrogen atom, 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 orarylsilyl group and an arylalkenyl
group of from 8 to about 40 carbon atoms or wherein
R40 and R4 1 together with the atoms connecting them
form one or more cyclic systems or wherein R40 and/or
R4 1 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 R10 may also link two units of
the formula 1 to one another, and R11 and R11 are
identical or different and are each a divalent C2-C40
group which together with the cyclopentadienyl ring
forms a further saturated or unsaturated ring system
having a ring size of from 5 to 7 atoms, with or
without heteroatoms selected from the group consisting
of Si, Ge, N P, O and S within the ring system fused
onto the cyclopentadienyl ring, and wherein the
symbols * and ** denote chemical bonds joining R1 1
and R11' to the cyclopentadienyl ring. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT(S) We have
found that this object is achieved by a supported
catalyst system comprising at least one specifically
substituted and bridged 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 mixing at least one
specifically substituted and bridged metallocene, at
least one cocatalyst, at least one support and if
desired at least one metal compound and one further
additive component. The first embodyment of the
invention relates to a specifically substituted,
bridged metallocene component of the general Formula 1
below,(Formula 1) where M1 is a metal of Group IVb of
the Periodic Table of the Elements, preferably
Zirconium or Hafnium, and particularly preferably
Zirconium. 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). Preferably, R1 and R2 are
identical or different and are an alkyl group of fromi
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).
Particularly preferably, R1 and R2 are identical or
different and are methyl, chlorine or phenolate. R4
and R4 are each a hydrogen atom, R10 is a bridging
group wherein R10 is selected from:,41 R40 R40 R40 R40
R40 R40 I I I I - C -c- -c- -M'12 - C- -M'12- I 4 1 4
1 ' 4 1 ,41 ,41 ,41 \ \ \ B-R 40 Al-R 40 -Ge- - O- -
S- SO / \ \ \ SO2 N 0 f - R,4 fP-R 40 \ P(O)R40 \ or
C=O / / where R40 and R4 1, 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 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 arylsilylgroup.or an arylalkenyl
group of from 8 to about 40 carbon atoms. R40 and R4 1
together with the atoms connecting them can form one
or more cyclic systems or R40 and/or R4 1 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 R10 may also link two units of
the formula 1 to one another, Preferably, R10 is R40R4
1Si=, R40R4 1Ge=, R40 R4 1C= Or -(R40R4 1C-CR40R4 1)-,
where R40 and R4 1 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 or
an arylsilyl group. Particularly preferably, the
bridging unit R10 is R40R4 1Si= or R40R4 1Ge=, where
R40 and R4 1 are identical or different and are
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl,
cyclopentadienyl, cyclohexyl, phenyl, naphthyl,
benzyl, trimethylsilyl or 3,3,3- trifluoropropyl. R11
and R1 1 are identical or different and are each a
divalent C2-C40 group which together with the
cyclopentadienyl ring forms a further saturated or
unsaturated ring system having a ring size of from 5
to 7 atoms, where R1 1 and R1 1 may contain the
heteroatoms Si, Ge, N, P, O or S within the ring
system fused onto the cyclopentadienyl ring.
Preferably, the groups R11 and R1 1 are identical or
different and are each a divalent group selected from
those given in Formulae 1 a, b, g, d, f, and v and
Formulae 1 a', b', g', d', f' , and v', respectively.
The asterisks "* " and "**" in Formula 1 and Formulae
1 a- v and 1 a'-v', repectively, denote the chemical
bonds joining R11 and R11 to the cyclopentadienyl
rings. For illustration, if R11 is represented by
Formula 1g and R1 1 is represented by Formula1g' ,
then the structure given in Formula 1a (see below) is
obtained. Particularly preferably, R1 1 and R11 are
identical or different and R1 1 is a divalent group
according to Formula 1g and R1 1 is selected from the
divalent groups in Formulae 1a' , b' , and g' or R11
and R1 1 are identical or different and are divalent
groups according to Formula 1a and 1a' or Formula 1b
and 1b' or Formula 1g and 1g' or Formula 1d and 1d' or
Formula 1f and 1f' or Formula 1v and 1v\ respectively.
Formula 1g Formula 1g'Formula 1d Formula 1d' Formula
1f Formula 1f' Formula 1v Formula 1v' R5, R6, R7, R8,
and R9 and also R5' , R6' , R7' , R8' and R9' as well
as R55, R66, R77, R88 and R99 and also R55' , R66' ,
R77' , R88' and R99' are identical or different and
are each a hydrogen atom, a linear, cyclic or branched
hydrocarbon group, for example an alkyl group of from
2 to about 20 carbon atoms, an alkenyl group of from 2
to about 20 carbon atoms, an aryl group of from 6 to
about 40 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 or a substituted or
unsubstituted alkylsilyl group, an alkyl(aryl)silyl
group or an arylsilyl group. Two adjacent radicals R5,
R6 or R5 , R6 or R6, R7 or R6 , R7' or R7, R8 or R7' ,
R8' or R8, R9 or R8' , R9' as well as R55, R66 or R55'
, R66' or R66,R77 or R66' , R77' or R77, R88 or R77'
R88' or R88, R99 or R88' , R99' in each case may form
a saturated or unsaturated hydrocarbon ring system.
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. Preferably, R55, R66, R77, R88
and R99 and also R55' , R66' , R77' , R88' and R99'
are each a hydrogen atom and R5, R6, R7, R8 and R9 and
also R5' , R6' , R7', R8' and R9 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 40 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. The two
adjacent radicals R5/R6 and also R5'/R6 may form a
hydrocarbon ring system or R5 and R5 are identical or
different and are each a substituted or unsubstituted
aryl group of from 6 to about 40 carbon atoms.
Particularly preferably, R55, R66, R77, R88 and R99
and also R55' , R66' , R77' , R88' and R99' are each a
hydrogen atom and R5, R6, R7, R8 and R9 and also R5' ,
R6 , R7 , R8 and R9 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 40 carbon atoms. The two
adjacent radicals R5, R6 and also R5' , R6 together
may form a ring system or R5 and R5 are identical or
different and are each a substituted or unsubstituted
aryl group of from 6 to about 40 carbon atoms.
Preferably, the specifically substituted, bridged
metallocene component of the first embodyment of the
invention is as given in Formula 1a below.Formula 1a
M1, R1, R2, R4, R4 and R10 have the meaning set forth
above with respect to Formula 1. For the substituents
R5, R6, R7 and R8 and also R5' , R6 , R7' and R8 of
Formula 1a, there are two equitable sustitution
patterns. In the first substitution pattern, R5, R6,
R7 and R8 and also 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 20 



carbon atoms, an alkenyl group of from 2 to about 20
carbon atoms, an aryl group of from 6 to about 40
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 or a substituted or
unsubstituted alkylsilyl group, an alkyl(aryl)silyl
group or an arylsilyl group. 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 R6, R7 or R7,
R8 and also R5', R6' or R6' , R7' or R7' , R8' in each
case may form a hydrocarbon ring system.Preferably,
R5, R6, R7 and R8 and also 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 40 carbon atoms, which may contain one
or more hetero atoms like Si, B, Al, O, S1N or P, and
/ or may contain halogen atoms like F, Cl or Br, and /
or the two adjacent radicals R5, R6 and also R5 , R6
may form a saturated or unsaturated hydrocarbon ring
system. Particularly preferably, R5, R6, R7 and R8 and
also R5' , 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, or an aryl group of from 6 to about 40
carbon atoms and / or the two adjacent radicals R5, R6
and also R5 , R6 together may form a saturated or
unsaturated ring system. In the second substitution
pattern, R6, R7, R8 and also 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 or a substituted or unsubstituted
alkylsilyl group, an alkyl(aryl)silyl group or an
arylsilyl group. Two adjacent radicals R6, R7 or R7,
R8 as well as R6 , R7 or R7 , R8 in each case may form
a hydrocarbon ring system. 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. R5
and R5 are identical or different and are each a
substituted or unsubstituted aryl group of from 6 to
about 40 carbon atoms. They may contain one or more
hetero atoms like Si, B Al, O, S1N or P, and / or may
contain halogen atoms like F, Cl or Br. Preferably,
R6, R7 and R8 and also 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. R5
and R5 are identical or different and are each a
substituted or unsubstituted aryl group of from 6 to
about 40 carbon atoms. Particularly preferably, R6, R7
and 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, or an aryl group of from 6 to about 10
carbon atoms. R5 and R5 are identical or different and
are each naphthyl, 4-(Cr Cio-alkyl)phenyl or
4-(C6-C2o-aryl)phenyl such as 4-methyl-phenyl,
4-biphenyl, 4- ethyl-phenyl, 4-n-propyl-phenyl,
4-isopropyl-phenyl, 4-tert-butyl-phenyl, 4-secbutyl-
phenyl, 4-cyclohexyl-phenyl, 4-trimethylsilyl-phenyl,
4-adamantyl-phenyl, 4- (C-i-Cio-fluoroalkyl)-phenyl,
3-(Ci-C-io-alkyl)-phenyl,
3-(Ci-Cio-fluoroalkyl)-phenyl, 3-(C6-C2o-aryl)phenyl
like 3-biphenyl, 3,5-di-(Ci-Cio-alkyl)-phenyl such as
3,5- dimethyl-phenyl,
3,5-di-(Ci-Cio-fluroalkyl)-phenyl, such as
3,5-di(trifluoromethyl)- phenyl or
3,5-(C6-C2o-aryl)phenyl like 3,5-terphenyl. Very
particularly preferred metallocenes of formula 1a are
compounds, where: M1 is Zirconium, R1 and R2 are
identical and are methyl, chlorine or phenolate, R4
and R4 are hydrogen, R10 is R40R4 1Si= or R40R4 1Ge=,
where R40 and R4 1 are identical or different and are
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl,
cyclopentadienyl, cyclohexyl, phenyl, naphthyl,
benzyl, trimethylsilyl or 3,3,3-trifluoropropyl, and
R6, R7 and 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, or an aryl group of from 6 to about 10
carbon atoms. R5 and R5 are identical and are
naphthyl, 4-(Ci-Ci O-alkyl)phenyl or 4-(C6-
C2o-aryl)phenyl such as 4-methyl-phenyl, 4-biphenyl,
4-ethyl-phenyl, 4-n-propylphenyl, 4-isopropyl-phenyl,
4-tert-butyl-phenyl, 4-sec-butyl-phenyl,
4-cyclohexylphenyl, 4-trimethylsilyl-phenyl,
4-adamantyl-phenyl, 4-(CrCi 0-fluoroalkyl)-phenyl,
3-(Cr Cio-alkyl)-phenyl, 3-(CrCi
0-fluoroalkyl)-phenyl, 3-(C6-C2o-aryl)phenyl like 3-
biphenyl, 3,5-di-(CrC 10-alkyl)-phenyl such as
3,5-dimethyl-phenyl, 3,5-di-(CrCiofluroalkyl)- phenyl,
such as 3,5-di(trifluoromethyl)-phenyl or
3,5-(C6-C2o-aryl)phenyl like 3,5-terphenyl.
Non-limiting examples for the very particularly
preferred metallocene compounds according to Formula
1a are given below:
Dimethylsilanediyl[2-ethyl-4-(1-naphthyl)-indenyl][2-m
ethyl-4-(1-naphthyl)- indenyljzirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(2-naphthyl)-indenyl][2-m
ethyl-4-(2-naphthyl)- indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-methyl-phenyl)-indenyl
][2-methyl-4-(4-
methyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-biphenyl)-indenyl][2-m
ethyl-4-(4-biphenyl)- indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-ethyl-phenyl)-indenyl]
[2-methyl-4-(4-ethylphenyl)-
indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-n-propyl-phenyl)-inden
yl][2-methyl-4-(4-npropyl-
phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-i-propyl-phenyl)-inden
yl][2-methyl-4-(4-ipropyl-
phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-t-butyl-phenyl)-indeny
l][2-methyl-4-(4-t-butylphenyl)-
indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-sec-butyl-phenyl)-inde
nyl][2-methyl-4-(4-secbutyl-
phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-cyclohexyl-phenyl)-ind
enyl][2-methyl-4-(4-
cyclohexyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-trimethylsilyl-phenyl)
-indenyl][2-methyl-4-(4-
trimethylsilyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-adamantyl-phenyl)-inde
nyl][2-methyl-4-(4-
adamantyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3-biphenyl)-indenyl][2-m
ethyl-4-(3-biphenyl)- indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-dimethyl-phenyl)-ind
enyl][2-methyl-4-(3,5-
dimethyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-di-(trifluoromethyl)
-phenyl)-indenyl][2-
methyl-4-(3,5-di-(trifluoromethyl)-phenyl)-indenyl]zir
coniumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-terphenyl)-indenyl][
2-methyl-4-(3,5-
terphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(1-naphthyl)-indenyl][2-me
thyl-4-(1-naphthyl)- indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(2-naphthyl)-indenyl][2-me
thyl-4-(2-naphthyl)- indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-methyl-phenyl)-indenyl]
[2-methyl-4-(4-methylphenyl)-
indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-biphenyl)-indenyl][2-me
thyl-4-(4-biphenyl)- indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-ethyl-phenyl)-indenyl][
2-methyl-4-(4-ethylphenyl)-
indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-n-propyl-phenyl)-indeny
l][2-methyl-4-(4-npropyl-
phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-i-propyl-phenyl)-indeny
l][2-methyl-4-(4-ipropyl-
phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-t-butyl-phenyl)-indenyl
][2-methyl-4-(4-t-butylphenyl)-
indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-sec-butyl-phenyl)-inden
yl][2-methyl-4-(4-secbutyl-
phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-cyclohexyl-phenyl)-inde
nyl][2-methyl-4-(4-
cyclohexyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-trimethylsilyl-phenyl)-
indenyl][2-methyl-4-(4-
trimethylsilyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-adamantyl-phenyl)-inden
yl][2-methyl-4-(4-
adamantyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3-biphenyl)-indenyl][2-me
thyl-4-(3-biphenyl)- indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-dimethyl-phenyl)-inde
nyl][2-methyl-4-(3,5-
dimethyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-di-(trifluoromethyl)-
phenyl)-indenyl][2-
methyl-4-(3,5-di-(trifluoromethyl)-phenyl)-indenyl]zir
coniumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-terphenyl)-indenyl][2
-methyl-4-(3,5-
terphenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(1-naphthyl)-6-methyl-ind
enyl][2,6-dimethyl-4-
(1-naphthyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(2-naphthyl)-6-methyl-ind
enyl][2,6-dimethyl-4-
(2-naphthyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-methyl-phenyl)-6-methy
l-indenyl][2,6-
dimethyl-4-(4-methyl-phenyl)-indenyl]zirconiumdichlori
de;
Dimethylsilanediyl[2-ethyl-4-(4-biphenyl)-6-methyl-ind
enyl][2,6-dimethyl-4-
(4-biphenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-ethyl-phenyl)-6-methyl
-indenyl][2,6-dimethyl-
4-(4-ethyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-n-propyl-phenyl)-6-met
hyl-indenyl][2,6-
dimethyl-4-(4-n-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Dimethylsilanediyl[2-ethyl-4-(4-i-propyl-phenyl)-6-met
hyl-indenyl][2,6- 



dimethyl-4-(4-i-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Dimethylsilanediyl[2-ethyl-4-(4-t-butyl-phenyl)-6-meth
yl-indenyl][2,6-
dimethyl-4-(4-t-butyl-phenyl)-indenyl]zirconiumdichlor
ide;
Dimethylsilanediyl[2-ethyl-4-(4-sec-butyl-phenyl)-6-me
thyl-indenyl][2,6-
dimethyM^-sec-butyl-phenyO-indenylJzirconiumdichloride
;Dimethylsilanediyl[2-ethyl-4-(4-cyclohexyl-phenyl)-6-
methyl-indenyl][2,6-
dinriethyl-4-(4-cyclohexyl-phenyl)-indenyl]zirconiumcl
ichloride;
Dimethylsilanediyl[2-ethyl-4-(4-trimethylsilyl-phenyl)
-6-methyl-indenyl][2,6-
dimethyl-4-(4-trimethylsilyl-phenyl)-indenyl]zirconium
dichloride;
Dimethylsilanediyl[2-ethyl-4-(4-adamantyl-phenyl)-6-me
thyl-indenyl][2,6-
dimethyl-4-(4-adamantyl-phenyl)-indenyl]zirconiumdichl
oride;
Dimethylsilanediyl[2-ethyl-4-(3-biphenyl)-6-methyl-ind
enyl][2,6-dimethyl-4-
(3-biphenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-dimethyl-phenyl)-6-m
ethyl-indenyl][2,6-
dimethyl-4-(3,5-dimethyl-phenyl)-indenyl]zirconiumdich
loride;
Dimethylsilanediyl[2-ethyl-4-(3,5-di-(trifluoromethyl)
-phenyl)-6-methylindenyl][
2,6-dimethyl-4-(3,5-di-(trifluoromethyl)-phenyl)-
indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-terphenyl)-6-methyl-
indenyl][2,6-dimethyl-
4-(3,5-terphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(1-naphthyl)-6-methyl-inde
nyl][2,6-dimethyl-4-(1-
naphthyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(2-naphthyl)-6-methyl-inde
nyl][2,6-dimethyl-4-(2-
naphthyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-methyl-phenyl)-6-methyl
-indenyl][2,6-dimethyl-
4-(4-methyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-biphenyl)-6-methyl-inde
nyl][2,6-dimethyl-4-(4-
biphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-ethyl-phenyl)-6-methyl-
indenyl][2,6-dimethyl-4-
(4-ethyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-n-propyl-phenyl)-6-meth
yl-indenyl][2,6-
dimethyl-4-(4-n-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Diethylsilanediyl[2-ethyl-4-(4-i-propyl-phenyl)-6-meth
yl-indenyl][2,6-
dimethyl-4-(4-i-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Diethylsilanediyl[2-ethyl-4-(4-t-butyl-phenyl)-6-methy
l-indenyl][2,6-dimethyl-
4-(4-t-butyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-sec-butyl-phenyl)-6-met
hyl-indenyl][2,6-
dimethyl-4-(4-sec-butyl-phenyl)-indenyl]zirconiumdichl
oride; Diethylsilanediyl^-ethyl^^-cyclohexyl-phenyO-
-methyl-indenyll^. d-
dimethyl-4-(4-cyclohexyl-phenyl)-indenyl]zirconiumdich
loride;
Diethylsilanediyl[2-ethyl-4-(4-trimethylsilyl-phenyl)-
6-methyl-indenyl][2>6-
dimethyl-4-(4-trimethylsilyl-phenyl)-indenyl]zirconium
dichloride;
Diethylsilanediyl[2-ethyl-4-(4-adamantyl-phenyl)-6-met
hyl-indenyl][2,6-
dimethyl-4-(4-adamantyl-phenyl)-indenyl]zirconiumdichl
oride;
Diethylsilanediyl[2-ethyl-4-(3-biphenyl)-6-methyl-inde
nyl][2,6-dimethyl-4-(3-
biphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-dimethyl-phenyl)-6-me
thyl-indenyl][2,6-
dimethyl-4-(3,5-dimethyl-phenyl)-indenyl]zirconiumdich
loride;
Diethylsilanediyl[2-ethyl-4-(3,5-di-(trifluoromethyl)-
phenyl)-6-methylindenyl][
2,6-dimethyl-4-(3,5-di-(trifluoromethyl)-phenyl)-
indenyljzirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-terphenyl)-6-methyl-i
ndenyl][2,6-dimethyl-4-
(3,5-terphenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(1-naphthyl)-7-methyl-ind
enyl][2,7-dimethyl-4-
(1-naphthyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(2-naphthyl)-7-methyl-ind
enyl][2,7-dimethyl-4-
(2-naphthyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-methyl-phenyl)-7-methy
l-indenyl][2 7-
dimethyl-4-(4-methyl-phenyl)-indenyl]zirconiumdichlori
de;
Dimethylsilanediyl[2-ethyl-4-(4-biphenyl)-7-methyl-ind
enyl][2,7-dimethyl-4-
(4-biphenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-ethyl-phenyl)-7-methyl
-indenyl][2,7-dimethyl-
4-(4-ethyl-phenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(4-n-propyl-phenyl)-7-met
hyl-indenyl][2,7-
dimethyl-4-(4-n-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Dimethylsilanediyl[2-ethyl-4-(4-i-propyl-phenyl)-7-met
hyl-indenyl][2,7-
dimethyl-4-(4-i-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Dimethylsilanediyl[2-ethyl-4-(4-t-butyl-phenyl)-7-meth
yl-indenyl][2,7-
dimethyl-4-(4-t-butyl-phenyl)-indenyl]zirconiumdichlor
ide;
Dimethylsilanediyl[2-ethyl-4-(4-sec-butyl-phenyl)-7-me
thyl-indenyl][2,7-
dimethyl^^-sec-butyl-phenylj-indenyllzirconiumdichlori
de;
Dimethylsilanediyl[2-ethyl-4-(4-cyclohexyl-phenyl)-7-m
ethyl-indenyl][2,7-
dimethyl-4-(4-cyclohexyl-phenyl)-indenyl]zirconiumdich
loride;
Dimethylsilanediyl[2-ethyl-4-(4-trimethylsilyl-phenyl)
-7-methyl-indenyl][2,7-
dimethyl-4-(4-trimethylsilyl-phenyl)-indenyl]zirconium
dichloride;
Dimethylsilanediyl[2-ethyl-4-(4-adamantyl-phenyl)-7-me
thyl-indenyl][2,7-
dimethyl-4-(4-adamantyl-phenyl)-indenyl]zirconiumdichl
oride;
Dimethylsilanediyl[2-ethyl-4-(3-biphenyl)-7-methyl-ind
enyl][2,7-dimethyl-4-
(3-biphenyl)-indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-dimethyl-phenyl)-7-m
ethyl-indenyl][2,7- dimethyl .
-dimethyl-phenyO-indenyllzirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-di-(trifluoromethyl)
-phenyl)-7-methylindenyl][
2,7-dimethyl-4-(3,5-di-(trifluoromethyl)-phenyl)-
indenyl]zirconiumdichloride;
Dimethylsilanediyl[2-ethyl-4-(3,5-terphenyl)-7-methyl-
indenyl][2,7-dimethyl-
4-(3,5-terphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(1-naphthyl)-7-methyl-inde
nyl][2,7-dimethyl-4-(1-
naphthyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(2-naphthyl)-7-methyl-inde
nyl][2,7-dimethyl-4-(2-
naphthyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-methyl-phenyl)-7-methyl
-indenyl][2,7-dimethyl-
4-(4-methyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-biphenyl)-7-methyl-inde
nyl][2 >7-dimethyl-4-(4-
biphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-ethyl-phenyl)-7-methyl-
indenyl][2,7-dimethyl-4-
(4-ethyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-n-propyl-phenyl)-7-meth
yl-indenyl][2,7-
dimethyl-4-(4-n-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Diethylsilanediyl[2-ethyl-4-(4-i-propyl-phenyl)-7-meth
yl-indenyl][2,7-
dimethyl-4-(4-i-propyl-phenyl)-indenyl]zirconiumdichlo
ride;
Diethylsilanediyl[2-ethyl-4-(4-t-butyl-phenyl)-7-methy
l-indenyl][2,7-dimethyl-
4-(4-t-butyl-phenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(4-sec-butyl-phenyl)-7-met
hyl-indenyl][2,7-
dimethyl-4-(4-sec-butyl-phenyl)-indenyl]zirconiumdichl
oride;
Diethylsilanediyl[2-ethyl-4-(4-cyclohexyl-phenyl)-7-me
thyl-indenyl][2,7-
dimethyl-4-(4-cyclohexyl-phenyl)-indenyl]zirconiumdich
loride;
Diethylsilanediyl[2-ethyl-4-(4-trimethylsilyl-phenyl)-
7-methyl-indenyl][2,7-
dimethyl-4-(4-trimethylsilyl-phenyl)-indenyl]zirconium
dichloride;
Diethylsilanediyl[2-ethyl-4-(4-adamantyl-phenyl)-7-met
hyl-indenyl][2,7-
dimethyl-4-(4-adamantyl-phenyl)-indenyl]zirconiumdichl
oride;
Diethylsilanediyl[2-ethyl-4-(3-biphenyl)-7-methyl-inde
nyl][2,7-dimethyl-4-(3-
biphenyl)-indenyl]zirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-dimethyl-phenyl)-7-me
thyl-indenyl][2,7-
dimethyl-4-(3,5-dimethyl-phenyl)-indenyl]zirconiumdich
loride;
Diethylsilanediyl[2-ethyl-4-(3,5-di-(trifluoromethyl)-
phenyl)-7-methylindenyl][
2,7-dimethyl-4-(3,5-di-(trifluoromethyl)-phenyl)-
indenyljzirconiumdichloride;
Diethylsilanediyl[2-ethyl-4-(3,5-terphenyl)-7-methyl-i
ndenyl][2,7-dimethyl-4-
(3,5-terphenyl)-indenyl]zirconiumdichloride, as well
as the analogous zirconiumdimethyl-compounds and
zirconiumbiphenolates and zirconium-bisphenolates.
Instead of the preferred pure chiral bridged racemic
or pseudoracemicmetallocene compounds of formulas 1
and 1a, mixtures of the metallocenes of formulas 1 and
1a and the corresponding meso or pseudomeso
metallocenes may be used in the catalyst preparation.
However, the preparation of 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 greater than
5:1 preferably of at least 10:1 , more preferred of at
least 15:1 and most preferred of at least 20:1 . As
used herein the term "racemic" (or "rac") includes
"pseudoracemic" (or "pseudorac"), and the term "meso"
includes "pseudomeso." rac/pseudoracemic isomer
meso/pseudomeso isomer The present invention also
includes a process for producing the transitionmetal
compounds of formulas 1 and 1a of the invention. An
object of the invention is thus a process for
producing compounds of formula 1a,in which the
variables R and M1 have the meaning specified above,
including the preferred embodiments, comprising the
steps of: a) Deprotonation of the compound of formula
2: with a base, in which R4 , R5 , R6 , R7 , and R8
have the meaning specified above. b) If R10 has the
meaning M12R40R4 1, then the further production
proceeds by the reaction of the deprotonated compounds
from step (a) with R40R4 1M12X2 to form the compound
of formula 3, where R40, R4 1, and M12 have the
meanings specified above, and X may be the same or
different and means a halogen atom, preferably
chlorine, bromine, or iodine, or another leaving
group, preferably triflate, tosylate, or
mesylate.(Formula 3) After the production of
chlorosilane indenes or chlorogermane indenes of
formula 3, these are reacted with a metal-indene
compound of formula 4 (Formula 4) in which M stands
for Li, Na, or K, and R4, R5, R6, R7, and R8 have the
meanings specified above, to obtain the compound of
formula 5.d) Reaction of the compound of formula 5
with a base and addition of M1CI , 



in which M1 stands for zirconium, titanium, or
hafnium, to form the compound of formula 1a. In step
(a), the compound of formula 2, for example,
2-(ethyl)-7-(4'-te/fbutylphenyl) indene in an inert
solvent, which consists of one or more aromatic or
aliphatic hydrocarbons and/or one or more polar,
aprotic solvents, is deprotonated with a strong base,
for example, /7-butyllithium. The deprotonation is
carried out at temperatures of -7O0C to 800C, and
preferably O0C to 8O0C. The resulting metal salt is
then reacted directly, without further isolation, in
step (b) with a silicon compound or germanium compound
that contains two leaving groups. Compounds of formula
3 are reacted in step (c) with a metal-indenyl
compound of formula 4 and compounds of formula 5 are
formed. In the following step (d), the
bis(indenyl)silanes of formula 5 are doubly
deprotonated with a strong base, such as
/7-butyllithium, in an inert solvent, which consists
of one or more aromatic or aliphatic hydrocarbons
and/or one or more polar, aprotic solvents, and the
bislithium salt formed in this way is reacted, without
isolation, directly with a source of Ti, Zr, or Hf to
obtain the compound of formula 1a. The deprotonation
is carried out at temperatures of -70 0C to 800C, and
preferably 00C to 800C. Depending onthe nature of the
ligand system of formula 5, the metallocenes are
isolated directly from the reaction mixture with
rac:meso ratios or pseudo-rac:meso ratios of greater
than 5:1 preferably of at least 10:1 , more preferred
of at least 15:1 and most preferred of at least 20:1
or further rac:meso separation steps have to be
applied to reach rac:meso ratios or pseudo-rac:meso
ratios of at least 5:1 preferably of at least 10:1 ,
more preferred of at least 15:1 and most preferred of
at least 20:1 to obtain a suitable catalyst. In the
following diagram 1, the individual steps of the
process of the invention for producing
transition-metal compounds of formulas 1a are shown
once again for the example of a preferred embodiment.
Diagram 1In addition, the present invention relates to
a catalyst system comprising at least one compound of
formulas 1 or 1a and at least one cocatalyst. A
suitable cocatalyst component which may be present
according to the present invention in the catalyst
system comprises at least one compound of the type of
an aluminoxane, a Lewis acid or an ionic compound
which reacts with a metallocene to convert the latter
into a cationic compound. 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 6.
(R-AI-O)p (Formula 6). Examples for cyclic, linear or
cage structures of aluminoxanes are depicted in the
formulas 7, 8 and 9: (Formula 7) (Formula 8)R (Formula
9) The radicals R in the formulas (6), (7), (8) and
(9) can be identical or different and are each a Ci
-C2ogroup such as an alkyl group of from 1 to about 6
carbon atoms, an aryl group of from 6 to about 18
carbon atoms, benzyl or hydrogen and p is an integer
from 2 to 50, preferably from 10 to 35. Preferably,
the radicals R are identical and are methyl, 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 MIR'
3) corresponding to the desired composition and
reactivity are reacted with water, cf. S.
Pasynkiewicz, Polyhedron 9 (1990) 429 and EP-A-O 302
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
6, 7, 8 or 9, 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
aluminoxane and metallocene used in the preparation of
the supported catalyst system can be varied within a
wide range. However, it has been found to be
advantageous to use the metallocene compound of
formulas 1 or 1a and the aluminoxane compounds in such
amounts that the atomic ratio of aluminum from the
aluminoxane 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. As Lewis
acid, preference is given to using compounds of the
formula 10 M2X1X2X3 (Formula 10) 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
trimethylaluminum, triethylaluminum,
triisobutylaluminum, tributylaluminum,
trifluoroborane, triphenylborane, tris(4-
fluorophenyl)borane, tris(3,5-difluorophenyl)borane,
tris(4- fluoromethylphenyl)borane,
tris(2,4,6-trifluorophenyl)borane,
tris(pentafluorophenyl) 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,
SbF , 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 11 [(Y3+)QiQ 2...Qz]d+ (Formula
11) where Y is an element of Groups 1 to 16 of the
Periodic Table of the Elements, Qi to Qz are singly
negatively charged groups such as CrC 28-alkyl, CQC-
15-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, alkoxygroups 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:
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(pentafluorophen
yl)borate,
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)b
orate N,N-dimethylaniliniumtetra(phenyl)borate,
N,N-diethylaniliniumtetra(phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate
,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)alumin
ate,
di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl)bora
te,
triphenylphosphoniumtetrakis(phenyl)borate,triethylpho
sphoniumtetrakis(phenyl)borate,
diphenylphosphoniumtetrakis(phenyl)borate,
tri(methylphenyl)phosphoniumtetrakis(phenyl)borate,
tri(dimethylphenyl)phosphoniumtetrakis(phenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
triphenylcarbeniumtetrakis(pentafluorophenyl)aluminate
, 



triphenylcarbeniumtetrakis(phenyl)aluminate,
ferroceniumtetrakis(pentafluorophenyl)borate and/or
ferroceniumtetrakis(pentafluorophenyl)aluminate,
Preference is given to triphenylcarbeniumtetrakis
entafluorophenyl) borate,
N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophen
yl)borate or
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)b
orate. 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. Other
useful cocatalyst components are likewise borane or
carborane compounds such as 7,8-dicarbaundecaborane(1
3),
undecahydrido-Z.S-dimethyl-Z.d-dicarbaundecaborane,
dodecahydrido-1 -phenyl-1 ,3-dicarbanonaborane,
tri(butyl)ammoniumun
decahydrido-8-ethyl-7,9-dicarbaundecaborate,
4-carbanonaborane(14),
bis(tri(butyl)ammonium)nonaborate,
bis(tri(butyl)ammonium)undecaborate,
bis(tri(butyl)ammonium)dodecaborate,
bis(tri(butyl)ammonium)decachlorodecaborate,
tri(butyl)ammonium-1-carbadecaborate,
tri(butyl)ammonium-1-carbadodecaborate,
tri(butyl)ammonium-1 -trimethylsilyl-1
-carbadecaborate,tri(buyl)ammoniumbis(nonahydrido-1 ,
3-dicarbanonaborato)cobaltate(lll), tri(butyl)ammonium
bis(undecahydrido-7,8-dicarbaundecaborato)ferrate(lll)
. 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 or 1a. Combinations of at least one Lewis
base with bimetallic compounds of the type
Rj17M3(-O-M3Rj18)v or Ri18M3(-O-M3Rj 17)v (formula
12), as described in Patent Application WO 99/40,129,
are likewise important as cocatalyst systems. In this
regard, R17 and R18 are the same or different and
represent a hydrogen atom, a halogen atom, a C1-C40
carbon-containing group, especially an alkyl group of
from 1 to about 20 carbon atoms, haloalkyl of from 1
to about 20 carbon atoms, alkoxy of from 1 to about 10
carbon atoms, aryl of from 6 to about 20 carbon atoms,
haloaryl of from 6 to about 20 carbon atoms, aryloxy
of from 6 to about 20 carbon atoms, arylalkyl of from
7 to about 40 carbon atoms, haloarylalkyl of from 7 to
about 40 carbon atoms, alkylaryl of from 7 to about 40
carbon atoms, or haloalkylaryl of from 7 to about 40
carbon atoms. R17 may also be an -OSiR 5 1 3 group, in
which the R5 1 groups are the same or different and
have the same meaning as R17, M3 is the same or
different and represents an element of main group III
of the periodic table of elements, i, j , and v each
stands for a whole number 0, 1, or 2, and i + j + v is
not equal to 0. Preferred cocatalyst systems are the
compounds of formulas (A) and (B)R17 R18 R18 \ / ' Al-
0 - -B O Al R18 R18 (B) where R17 and R18 have the
same meaning as specified above. Furthermore,
compounds that are generally to be regarded as
preferred are those formed by the reaction of at least
one compound of formulas (C) and/or (D) and/or (E)
with at least one compound of formula (F). Rf
17B-(DR27)g (C) 17 R (E) (F) in which R27 may be a
hydrogen atom or a boron-free CrC 40 carbon-containing
group, such as an alkyl of from 1 to about 20 carbon
atoms, aryl of from 6 to about20 carbon atoms,
arylalkyl of from 7 to about 40 carbon atoms, and
alkylaryl of from 7 to about 40 carbon atoms, and in
which R17, R18 have the same meaning as specified
above, D is an element of main Group Vl of the
periodic table of elements or an NR6 1 group, where
R61 is a hydrogen atom or a C1-C20 hydrocarbon group,
such as alkyl of from 1 to about 20 carbon atoms or
aryl of from 6 to about 20 carbon atoms, f is a whole
number from 0 to 3, g is a whole number from 0 to 3
where f + g corresponds to the valency of Boron, and h
is a whole number from 1 to 10. The bimetallic
compounds of formula 12 are possibly combined with an
organometallic compound of formula 13, i.e., [M4R19
q]k, in which M4 is an element of main Group I, II, or
III of the periodic table of the elements, R19 is the
same or different and represents a hydrogen atom, a
halogen atom, a C1-C40 carboncontaining group, an
alkyl group of from 1 to about 20 carbon atoms, an
aryl group of from about 6 to about 40 carbon atoms,
arylalkyl of from 7 to about 40 carbon atoms, and
alkylaryl of from 7 to about 40 carbon atoms, q is a
whole number from 1 to 3, and k is a whole number from
1 to 4. The organometallic compounds of formula 13 are
preferably neutral Lewis acids, in which M4 stands for
lithium, magnesium, and/or aluminum, especially
aluminum. Examples of preferred organometallic
compounds of formula 13 are trimethylaluminum,
triethylaluminum, triisopropylaluminum,
trihexylaluminum, trioctylaluminum,
tri-n-butylaluminum, tri-n-propylaluminum, triisoprene
aluminum, dimethyl aluminum monochloride, aluminum
monochloride, diisobutyl aluminum monochloride, methyl
aluminum sesquichloride, ethyl aluminum
sesquichloride, dimethyl aluminum hydride, aluminum
hydride, diisopropyl aluminum hydride, dimethyl
aluminum(trimethylsiloxide), dimethyl
aluminum(triethylsiloxide), phenylalan,
pentafluorophenylalan, and o-tolylalan. The catalyst
system of the invention contains an
organoboroaluminumcompound, which contains units of
formula 12, as the cocatalytically active chemical
compound. Compounds of formula 12 in which M3 stands
for boron or aluminum are preferred. The compounds
that contain units of formula 12 may be present as
monomers or as linear, cyclic, or cage-like oligomers.
Two or more chemical compounds that contain units of
formula 12 may also form dimers, trimers, or higher
combinations among themselves by Lewis acid-base
interactions. Preferred cocatalytically active
bimetallic compounds correspond to formulas 14 and 15,
R R R 0 Al -O - -O -Al '100 100 R R (formula 14) R 0 "
R , B -O -Al -O -B '100 100 R R (formula 15) in which
R100 and R200 have the same meaning as the
substituents R17 and R18 in formula 12. Examples of
the cocatalytically active compounds of formulas 14
and 15 areMULTI FILTRATION CARTRIDGE FILTRATION
APPARATUS CROSS-REFERENCE RELATED APPLICATIONS This
application claims the benefit of U.S. Provisional
Patent Application No. 61/065,1 17, filed on February
8, 2008 the entire contents of which are incorporated
by reference herein. BACKGROUND OF THE INVENTION This
invention relates to a filtration apparatus utilizing
multiple spiral wound filtration cartridges. In
filtration, it is desirable to maximize filter area
while minimizing the volume of the filter construction
employed. One common means for attaining this result
is to provide a construction formed by spirally
winding a multi-layer material having a filter layer
to form a tightly wound cylinder into which liquid is
introduced at one spiral end and removed from the
opposite spiral end. Means must be provided in the
filter construction for assuring that all entering
liquid passes through the filter medium prior to being
removed, that is, the entering liquid must be
prevented from simply passing through the spaces
between the wound filter material without passing
through the filter medium. Such constructions are
shown, for example in U.S. Patent 3,962,097. A problem
encountered in spiral wound construction results from
the fragile characteristic of some membranes, such as
ultrafiltration membranes which tear during filter
cartridge construction. hi one process, spiral wound
filters are formed of multiple layers of membrane
filter and screens wherein a membrane filter layer is
folded onto itself to form a V shape and two filter
layers. Multiple leaves of membrane/screen stacks are
glued in a flat orientation, and then rolled onto a
perforated core. Layers are formed of feed and
permeate screens. During the rolling operation, to
form the spiral wound filter, because the membrane
layers are sticky, they tend to wrinkle instead of
sliding past each other. As a result, retention
integrity is compromised. Flow properties are good, as
negligible parasitic losses are measured from flow
through the relatively short permeate channel (about
18 inches long).In a second process, a single long
leaf is used to form the spiral device. Glue is
applied only in the rolled form. This limits the
number of leaves to one, but reduces the stress on the
membrane as it is being rolled i a single layer
format, devices made with this technique are shown to
be integral. However, because the permeate channel is
long (about 40 inches) the parasitic losses, primarily
due to high pressure drop, in that channel are
unacceptable high. 



Accordingly, it would be desirable to provide a
filtration apparatus which utilizes spiral wound
filter cartridge construction to minimize permeate
flow losses while providing satisfactory permeate
production capacity. SUMMARY OF THE INVENTION The
present invention provides a filtration apparatus
having a housing with an inlet and an outlet and a
plurality of filtration cartridges positioned within
the housing. The filtration cartridges include a
plurality of flat layer materials wound about a
perforated core. The flat layers include two filter
layers which are formed by folding a flat filter sheet
into a V shape. Fluid permeable layers are also
provided comprising a feed spacer layer and a permeate
spacer layer. The filter layers and feed spacer layers
are adhered to the perforated core. The permeate
spacer layer is sealed to accept permeate passed
through the filter layers and to direct permeate into
the perforated core. The feed spacer layer is sealed
to accept fluid feed and to direct feed through the
filter layers. The filtration cartridges are sealed to
prevent admixture of feed and permeate. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a perspective
view of the filtration apparatus of this invention.
Figure 2 is a cross sectional view of the filtration
apparatus of Figure 1 illustrating fluid flow to form
permeate. Figure 3 is an exploded view of a filtration
cartridge of this invention. Figure 4 is a schematic
diagram of one method of forming the filtration
cartridge of this invention. Figure 5 is a perspective
view of an additional permeate spacer layer which can
be utilized in a filtration cartridge of this
invention. Figure 6 is a partial cross sectional view
of the filtration cartridge of this invention.Figure 7
illustrates an adhesive pattern for the feed spacer
layer and the permeate spacer layer of this invention.
Figure 8 illustrates an alternative adhesive pattern
for a permeate spacer layer of this invention.
DESCRIPTION OF SPECIFIC EMBODIMENTS Referring to
Figure 1, the filtration apparatus 10 of this
invention comprises a housing 12 having an inlet 14,
an outlet 16 and a plurality of filtration cartridges
18, 20, 22, 24 and 26 and preferably five or six
filtration cartridges. The fluid flow path within the
filtration apparatus will be described with reference
to Figures 2, 3, 6 and 7. As shown therein, incoming
fluid feed 39 enters housing 12 through inlet 14. The
fluid feed enters the filtration cartridges 18, 20,
22, 24 and 26 (Figure 1) at the top surfaces and
bottom surfaces thereof and into feed spacer layer 28.
By causing the fluid feed to enter the filtration
cartridges at their top surfaces and bottom surfaces,
undesirable pressure drop along the feed paths is
reduced as compared to causing the fluid feed to enter
at only the top surfaces or the bottom surfaces. The
top surface 30 of permeate spacer layer 32 is sealed
by seals 3 1 from the interior of housing 12.
Filtration layers 33 and 34 are positioned between
feed spacer layer 28 and permeate spacer layer 32. The
bottom surfaces 29 and 35 of both permeate spacer
layer 32 and feed spacer layer 28 are sealed with
seals 36 and 37 (Figure 7). The feed spacer layer 28
includes side seals 43 and 45. The permeate spacer
layer 32 includes side seal 42. The outer surface of
each filtration cartridge 18, 20, 22, 24 and 26 is
sealed with a fluid impermeable sheet 38 (Figure 2).
Incoming fluid feed 39 fills the spaces 40 (Figure 2)
between the filtration cartridges 18, 20, 22, 24 and
26 and enters these filtration cartridges through
spirally wound feed spacer layer 28 as shown by arrows
43. The feed 39 passes through the filter layer 33 and
34 to form permeate 44. The permeate 44 travels in a
spiral path within permeate spacer layer 32 as
indicated by arrow 46 and passes through perforations
48 of core 50. The permeate then travels through
pathways 52 (Figure 2) and then through outlet 16 as
indicated by arrow 54. The filtration layers can
comprise one or more filter layers formed of a V
shaped filter sheet. The filter layers can be adhered
to each other at the Vjuncture 55 (Figure 3). It is
preferred to utilize two V shaped filter sheets
positioned in contact with each other to form the
filtration layers 33 and 34.Referring to Figure 4, the
process of forming the spirally wound multilayer
filter cartridge of this invention is illustrated. The
filtration layers 33 and 34 are formed at the
Vjuncture such as with an adhesive. Filtration layer
33 is unrolled from roller 57 and filtration layer 34
is unrolled from roller 58. Feed spacer layer 28 is
unrolled from roller 59 and permeate spacer layer 32
is unrolled from roller 60. The feed spacer layer 28
and the permeate spacer layer 32 are sealed as shown
in Figure 7. The filter layer junction 55 is adhered
to core 50. Alternatively, the permeate spacer layer
can include a plurality of spaced apart seals 6 1 and
62 (Figure 8) to promote adhesion to core 50 while
promoting permeate flow through perforations 48. A
filtration cartridge of this invention having a single
spacer layer provides efficient filtration when its
length in the spiral wound direction is less than
about 24 inches, preferably about 16 to 20 inches and
most preferably about 18 inches. Referring to Figure
5, a second permeate spacer layer 32b is shown. The
permeate spacer layer 32b is positioned adjacent
permeate spacer layer 32 and rolled as shown in Figure
4. The result is a thicker permeate spacer layer which
promotes permeate flow. The feed and permeate spacer
layers can comprise either a woven or nonwoven
material having a high void volume which is permeable
to fluid flow in the edgewise direction and at
reasonably high rates without the need for high inlet
pressures. In addition, the spacer layer should have a
thickness sufficiently great to permit substantial
fluid flow rates but not so thick as to reduce filter
surface area and filter capacity substantially for a
given filter volume. It is preferred that the spacer
layer be between about 0.020 and 0.030 inches thick.
Suitable spacer layers include netting formed by two
sets of parallel plastic strands; one set of strands
is laid on and adhered to one surface of the other set
in an arrangement so that the sets of strands
intersect at an angle. Suitable netting is available
under the trade name "Vexar" from E.I. DuPont
deNemours & Co. The strands have a generally circular
cross section. This structure when placed adjacent two
flat filter layers has each set of strands in contact
with only one adjacent filter layer so that fluid can
pass easily into the spacer layer and between the two
adjacent filter layers.The filter layer must be
sufficiently pliable to permit winding it around the
core without fracturing the filter. While many filter
materials are sufficiently pliable for this purpose,
some filter materials are too brittle to afford their
use and must be modified prior to being incorporated
in the multi-layer web. Such filter materials include
microporous ultrafiltration and filters formed from
cellulose esters such as cellulose acetate and
cellulose nitrate and having an average pore size
extending into the submicrometer range as small as
about 0.025 micrometer, marketed by Millipore
Corporation including Celolate(r) filters, Duralon(r)
filters, Mitex(r) filters Polyvic(r) filters,
Solvinert(r) filters and Microweb(r) filters. To
render these filters sufficiently pliable, they may be
laminated between two pliable porous materials such as
a woven cloth formed from polyester fibers with a net
adhesive formed with heat-sealable resin fiber such as
polyester, polyethylene or polyamide fibers. However,
it is to be understood that the present invention is
not limited to the use of ultrafiltration or
microporous filter layers but includes the use of any
flat filter medium that can be wound in the desired
configuration shown. The type and amount of adhesive
employed is such that adhesive will penetrate into the
filter layer but not through the filter layer when
applied so that sealing on one surface of a filter
layer does not result in sealing on the opposite
surface. Epoxy or polyurethane-based adhesives are
particularly useful for providing the desired
sealing.CLAIMS What is claimed: 1. A filtration
apparatus comprising: a housing having an inlet and an
outlet, a plurality of filtration cartridges having
inlet means and outlet means, said filtration
cartridges comprising a perforated core and a spirally
wound multi-layer material having two opposed spiral
end surfaces, said multi-layer material including two
flat filter layers formed by folding a filter sheet, a
permeate spacer layer and a feed spacer layer, a first
surface of each filter layer contacting said permeate
spacer layer and a second surface of each filter layer
contacting said feed spacer layer, said feed spacer
layer being sealed to permit fluid feed to enter said
feed spacer layer and to pass through said filter
layers, and said permeate spacer layer being sealed to
accept permeate from said filter layer and to direct
permeate into said core. 2. The filtration apparatus
of Claim 1 having between five and six filter
cartridges. 3. The filtration apparatus of Claim 1
wherein the length of the permeate spacer layer in a
spirally wound direction is less than about 24 inches.
4. The filtration apparatus of Claim 1 wherein the
length of the permeate spacer layer in a spirally
wound direction is between about 16 and about 20
inches. 5. The filtration apparatus of Claim 1 wherein
the length of the permeate spacer layer in a spirally
wound direction is about 18 inches. 6. The filtration
apparatus of Claim 1 wherein said flat filter layers
are ultrafiltration membranes. 7. The filtration
apparatus of Claim 1 wherein said flat filter layers
are microporous membranes.8. The filtration apparatus
of Claim1 wherein the core of each filtration
cartridge is connected by a pathway to the outlet of
the housing. 9. The filtration apparatus of Claim 1
wherein the fluid feed of the housing inlet enters the
filtration cartridges at the top surfaces and bottom
surfaces and into feed spacer layer thereof. 


