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PROCESS FOR THE PREPARATION OF
POLYOLEFINS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 1s a divisional of copending application Ser. No.
08/107,187 filed on Aug. 16, 1993.

For the preparation of highly 1sotactic polyolefins by
means of stereospecific racemic metallocene/cocatalyst
systems, the highest possible 1sotacticity 1s desired. This
means that very stereoselective racemic metallocene types
are employed which are able to build up polymer chains
having very few construction faults. The consequence of this
1s that products having high crystallinity, high melting point
and thus also high hardness and excellent modulus of
clasticity 1n flexing are obtained as desired.

However, it 1s disadvantageous that these polymers are
difficult to process, and in particular problems occur during
extrusion, mjection molding and thermoforming. Admixing
of flow improvers and other modilying components could

help here, but results 1n the good product properties, such as,
for example, the high hardness, being drastically reduced. In
addition, tackiness and fogging also occur. The object was
thus to improve the processing properties of highly 1sotactic
polyolefins of this type without in this way impairing the
good properties of the moldings produced therefrom.

Surprisingly, we have found that if rac/meso mixtures of
certain metallocenes are used, the processing problems can
be eliminated without the abovementioned good product
properties being lost.

In addition, the use of these specific metallocenes 1n their
pure meso-form makes i1t possible to prepare high-
molecular-weight atactic polyolefins which can be homoge-
neously admixed, as additives, with other polyolefins.

This was not possible with the low-molecular weight
polyolefins accessible hitherto due to the large diflerences in
viscosity between the polyolefin matrix and the atactic
component.

Such admixtures improve polyolefin moldings with
respect to their surface gloss, their impact strength and their
transparency. In addition, the processing properties of such
polyolefins are likewise improved by admixing the high-
molecular-weight atactic polyolefin. Likewise, tackiness and
fogging do not occur.

Homogeneous miscibility of the atactic component is so
important because only with a homogeneous material can a
usable molding with a good surface and long service life be
produced and only 1n the case of homogeneous distribution
do the qualities of the atactic component come out 1n full.

The invention thus relates to the preparation of polyole-

fins which
1) are atactic, 1.e. have an 1sotactic index of =60%, and
are high-molecular, 1.e. have a viscosity index of >80
cm’/g and a molecular weight M, of >100,000 g/mol
with a polydispersity M_/M_ of 4.0, or
2) comprise at least two types of polyolefin chains,
namely
a) a maximum of 99% by weight, preferably a maxi-
mum of 98% by weight, of the polymer chains in the
polyolefin as a whole comprise a.-olefin units linked
in a highly 1sotactic manner, with an 1sotactic index
of >90% and a polydispersity of =4.0, and
b) at least 1% by weight, preferably at least 2% by
weight, of the polymer chains 1n the polyolefin as a
whole comprise atactic polyolefins of the type
described under 1).

Polyolefins which conform to the description under 2) can
cither be prepared directly in the polymerization or are
prepared by melt-mixing 1n an extruder or compounder.
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2

The invention thus relates to a process for the preparation

of an olefin polymer by polymerization or copolymerization
of an olefin of the formula R CH=CH-—R?”, in which R?

and R” are identical or different and are a hydrogen atom or
a hydrocarbon radical having 1 to 14 carbon atoms, or R”
and R”, together with the atoms connecting them, can form
a ring, at a temperature of from —60° to 200° C., at a pressure
of from 0.5 to 100 bar, in solution, in suspension or in the

gas phase, 1 the presence of a catalyst formed from a
metallocene as transition-metal compound and a cocatalyst,
wherein the metallocene 1s a compound of the formula I
which 1s used in the pure meso-form for the preparation of
polyolefins of type 1 and used 1n a meso:rac ratio of greater
than 1:99, preferably greater than 2:98, for the preparation of
type 2 polyolefins,

(1)
R4
R4 R4
e
m
R R3
Rl
N
27 M R’
R RT
R> (CR®R"),
R* \R4
in which

M' is a metal from group IVb, Vb or VIb of the Periodic
Table,

R' and R” are identical or different and are a hydrogen atom,
a C,—C,,-alkyl group, a C,—C, ,-alkoxy group, a C.—C, -
aryl group, a C.—C,,-aryloxy group, a C,—C,,-alkenyl
group, a C—C,,-arylalkyl group, a C,—C,,-alkylaryl
group, a C,—C ,,-arylalkenyl group, or a halogen atom,

the radicals R* and R” are identical or different and are a
hydrogen atom, a halogen atom, a C,-C, ,-alkyl group,
which may be halogenated, a C.—C,,-aryl group, which
may be halogenated, and an —NR'®,, —SR"'",
—OSiR'"",, —SiR"™, or —PR"", radical in which R’ is
a halogen atom, a C,—C,-alkyl group or a C.—C, -aryl
group,

R and R° are identical or different and are as defined as for
R*, with the proviso that R® and R°® are not hydrogen,
or two or more of the radicals R> to R®, together with the

atoms connecting them, form a ring system,

Rll Rll Rll Rll Rll
R is —h‘/Iz—;—DJF—I\‘/IZ—; —h!iz—(CR313)—=—O—I\‘/[2—O—
]5‘{12 Ile ]5‘{12 I!le ]5‘{12
Rll Rll
|
—C— —O0—M*—>
]J{D Rlz
=BR"', =AIR"", —Ge—, —Sn—, —O—, —S—, =S80,

=S()25 =NR113 =CO: =PR11 Or =P(O)Rllﬂ
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where

R'' R'*and R’ are identical or dif
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erent and are a hydrogen

atom, a halogen atom, a C,—C,,-alkyl group, a C,—C, -
fluoroalkyl group, a C,C,,-aryl group, a C,—C,,-
fluoroalkyl group, a C,—C, -alkoxy group, a C,—C,,-
alkenyl group, a C.,—C,,-arylalkyl group, a C.—C,,-
arylalkenyl group or a C,—C,,-alkylaryl group, or R and
R'? or R'" and R'°, in each case together with the atoms

connecting them, form a ring,
M= is silicon, germanium or tin,

R® and R” are identical or different and are as defined for

R'! and

m and n are identical or di

Terent and are zero, 1 or 2, where

m plus n 1s zero, 1 or 2.

Alkyl 1s straight-chain or branched alkyl. Halogen
(halogenated) means fluorine, chlorine, bromine or 10dine,
preferably fluorine or chlorine.

The substitutents R”, R*, R> and R° may be dif
spite of the same indexing.

The catalyst to be used for the process according to the
invention comprises a cocatalyst and a metallocene of the
formula I.

In the formula I, M* is a metal from group IVb, Vb or VIb
of the Periodic Table, for example titanium, zirconium,
hatnium, vanadium, niobium, tantalum, chromium, molyb-
denum or tungsten, preferably zirconium, hainium or tita-
nium.

R' and R* are identical or different and are a hydrogen
atom, a C,—C, 5-, preferably C,—C;-alkyl group, a C,—C, -,
preferably C,—C;-alkoxy group, a C.C,,-, preferably
C—Cg-aryl group, a C,—C,,-, preferably C.Cqs-aryloxy
group, a C,—C,,-, preferably C,—C,-alkenyl group, a
C,—C,5-, preferably C,—C,-arylalkyl group, a C,—C,-.
preferably a C.—C,,-alkylaryl group, a C,—C_-, preferably
a C,—C, ,-arylalkenyl group, or a halogen atom, preferably
chlorine.

The radicals R* and R are identical or different and are
a hydrogen atom, a halogen atom, preferably a fluorine,
chlorine or bromine atom, a C,—C,,-, preterably C,—C,-
alkyl group, which may be halogenated, a C.—C, -, prefer-
ably a C.—Cg,-aryl group, which may be halogenated, an
—NR",_, —SR'™, —0OSiR",, —SiR"", or —PR'", radical,
in which R'” is a halogen atom, preferably a chlorine atom,
ora C,—C,,-, preterably a C,—C;-alkyl group, or a C.—C, -,
preferably C.—Cg-aryl group. R* and R’ are particularly
preferably hydrogen, C,—C,-alkyl or C,—C,-aryl.

R? and R° are identical or different and are defined for R*,
with the proviso that R® and R°® must not be hydrogen. R”
and R® are preferably (C,—C,)-alkyl or C.—C,-aryl, both of
which may be halogenated, such as methyl, ethyl, propyvl,
1sopropyl, butyl, 1sobutyl, trifluoromethyl, phenyl, tolyl or
mesityl, in particular methyl, 1sopropyl or phenyl.

Two or more of the radicals R® to R°® may alternatively,
together with the atoms connecting them, form an aromatic
or aliphatic ring system. Adjacent radicals, in particular R*
and R°, together preferably form a ring.

‘erent 1n

Rll Rll R]l Rll Rll
R is —h‘/iz—:—Mz—h‘/Iz—p —h‘/Iz—(Cng)—:—O—h‘/IE—O—
]5‘{12 R12 ]5‘{12 ]5‘{12 ]5‘{12
Rll Rll
|
C—:> —O0—M?*—
]5‘{12 R12
—BR'", =AIR'"", —Ge—, —Sn O—, S—,

—S0, =S0,, =NR"'", =CO, =PR"" or 5=P(O)R”,, where
R"™, R"* and R"® are identical and are a hydrogen atom, a
halogen atom, a C,—C, -, preterably C,—C,-alkyl group, in
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4

particular a methyl group, a C,—C, s-fluoroalkyl group, prei-
erably a CF, group, a C.—C, -, preferably C.—Cq-aryl group,
a C—C,,-fluoroaryl group, preterably a pentafluorophenyl
group, a C,—C,,-, preferably a C,—C,-alkoxy group, 1n
particular a methoxy group, a C,—C,,-, preterably C,—C,-
alkenyl group, a C,—C,,-, preferably C.—C,,-arylalkyl
group, a C.—C,,-, preferably C,—C, ,-arylalkenyl group or a
C.—C,,-, preferably C.—C, ,-alkylaryl group, or R'' and R'*
or R'"" and R'°, in each case together with the atoms
connecting them, form a ring.

M?* is silicon, germanium or tin, preferably silicon or
germaniuim.

R’ is preferably =CR'"'R"*, =SiR''R'*, =GeR''R"?,

O—, —S—, =SO, =PR"" or =P(O)R"".

R® and R are identical or dif

‘erent and are as defined for

R

m and n are identical or different and are zero, 1 or 2,
preferably zero or 1, where m plus n 1s zero, 1 or 2,
preferably zero or 1.

Particularly preferred metallocenes are thus the com-
pounds of the formulae A and B

. (A)
R
R’ R®
: R?
e
R8ROC . R
| D3
R 11 R 12 C : R
/ R>
R* R*
R* R*
. (B)
R
R’ R®
| R*
M
Rl 1 i
RI2 / RS
R4
R? R*
where

M' is Zr or Hf; R' and R? are methyl or chlorine; R and
R°® are methyl, isopropyl, phenyl, ethyl or trifluoromethyl;
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~
R* and R> are hydrogen or as defined for R® and R°®, or R*

can form an aliphatic or aromatic ring with R°; the same also
applies to adjacent radicals R*; and R®, R”, R'! and R'* are
as defined above, 1n particular the compounds I listed 1n the
working examples.

This means that the indenyl radicals of the compounds I
are substituted, i particular, 1n the 2,4-position, 1 the
2.4,6-position, 1 the 2.,4,5-position or in the 2,4,5,6-
position, and the radicals i1n the 3- and 7-positions are
preferably hydrogen.

Nomenclature:
4
5 /\ 3
7 1
R]l
Si/
‘ \RIZ

The metallocenes described above can be prepared by the
following reaction scheme, which 1s known from the litera-
ture:

ROLi

H,R® + Butyll.i — F

X— (CR®R®=—R’'— (CR°R))m7X
Fa=-

H>RY+ Butylli — HR®Li
HRE (CRESRQ)H]_R?_ (CRGRQ)In_RdH 2 BUI}’ILIF

LiR*— (CROR®)7—R'— (CROR®)7—RILi  M'Cly

(R®R°C)—R® (RSR?’(lj)m RS |
Cl R
P

RILi RZLi

R7 M - R7 M~ -
e [ ~cl
(R®RC)—RM (RPR?C)—Rd
(R®R°C)7—R®
Rl
R h‘/{l”
| ~r2
(R®RC)—™RM
RS
R4 R>
X = Cl, Br, L O-tosyl: HoR®, O ‘
H,R4
2 R4 \RS
R4 H H

The compounds are formed from the synthesis as rac/
meso mixtures. The meso or rac form can be increased in
concentration by fractional crystallization, for example 1n a
hydrocarbon. This procedure 1s known and 1s part of the
prior art.

The cocatalyst used according to the invention 1s prefer-
ably an aluminoxane of the formula (II)

(1I)
R 14

R14 R14
\ /
Al—O—}F Al— 04— Al
/ "\
R14 Rl4
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6
for the linear type and/or of the formula (III)

(I11)
R 14 |

—+0—Al

-p-|-1

for the cyclic type, where, 1n the formulae (II) and (I1I), the
radicals R'* may be identical or different and are a C,—C,-
alkyl group, a C.—C,4-aryl group, benzyl or hydrogen, and
p 1s an integer from 2 to 50, preferably from 10 to 35.
The radicals R'* are preferably identical and are prefer-
ably methyl, 1sobutyl, phenyl or benzyl, particularly prefer-

ably methyl.

If the radicals R'* are different, they are preferably methyl
and hydrogen or alternatively methyl and isobutyl, where
hydrogen and 1sobutyl are preferably present to the extent of
0.01-40% (number of radicals R').

The aluminoxane can be prepared in various ways by
known processes. One of the methods 1s, for example, to
react an aluminum hydrocarbon compound and/or a hydri-
doaluminum hydrocarbon compound with water (in gas,
solid, liquid or bonded form—1ior example as water of
crystallization) in an inert solvent (such as, for example,
toluene). In order to prepare an aluminoxane containing
different alkyl groups R'* two different trialkylaluminum
compounds (AIR;+AIR',) corresponding to the desired com-
position are reacted with water (ci. S. Pasynkiewicz, Poly-
hedron 9 (1990) 429 and EP-A 302 424).

The precise structure of the aluminoxanes II and III 1s
unknown.

Regardless of the preparation method, all the aluminox-
ane solutions have 1n common a varying content of unre-
acted aluminum starting compound, 1n free form or as an
adduct.

It 1s possible to preactivate the metallocene by means of
an aluminoxane of the formula (II) and/or (I111) before use 1n
the polymerization reaction. This significantly increases the
polymerization activity and improves the grain morphology.

The preactivation of the transition-metal compound 1s
carried out in solution. The metallocene 1s preferably dis-
solved 1n a solution of the aluminoxane in an nert hydro-
carbon. Suitable mert hydrocarbons are aliphatic and aro-
matic hydrocarbons. Toluene 1s preferably used.

The concentration of the aluminoxane in the solution 1s 1n
the range from about 1% by weight to the saturation limut,
preferably from 5 to 30% by weight, 1n each case based on
the solution as a whole. The metallocene can be employed
in the same concentration, but 1s preferably employed 1n an
amount of from 10™* to 1 mol per mol of aluminoxane. The
preactivation time 1s from 5 minutes to 60 hours, preferably
from 5 to 60 minutes. The reaction 1s carried out at a
temperature of from —78° C. to 100° C., preferably from 0°
to 70° C.

The metallocene can also be prepolymerized or applied to
a support. Prepolymerization 1s preferably carried out using
the (or one of the) olefin(s) employed in the polymerization.

Examples of suitable supports are silica gels, aluminum
oxides, solid aluminoxane or other inorganic support mate-
rials. Another suitable support material 1s a polyolefin pow-
der 1n finely divided form.

According to the invention, compounds of the formulae
R NH, BR',, R, PH, BR',, R,CBR', or BR'; can be used as
suitable cocatalysts mstead of or 1n addition to an alumi-
noxane. In these formulae, x 1s a number from 1 to 4,
preferably 3, the radicals R are identical or different, pret-
erably 1dentical, and are C,—C, ,-alkyl, or C.—C, s-aryl or 2
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radicals R, together with the atom connecting them, form a
ring, and the radicals R' are 1dentical or different, preferably
identical, and are C.—C, q-aryl, which may be substituted by
alkyl, haloalkyl or fluorine.

In particular, R 1s ethyl, propyl, butyl or phenyl, and R' 1s
phenyl, pentafluorophenyl, 3,5-bistrifluoromethylphenyl,
mesityl, xylyl or tolyl (ct. EP-A 277 003, EP-A 277 004 and
EP-A 426 638).

When the abovementioned cocatalysts are used, the actual
(active polymerization catalyst comprises the product of the
reaction of the metallocene and one of said compounds. For
this reason, this reaction product 1s preferably prepared first
outside the polymerization reactor 1n a separate step using a
suitable solvent.

In principle, suitable cocatalysts are according to the

invention any compounds which, due to their Lewis acidity,
are able to convert the neutral metallocene 1nto a cation and
stabilize the latter (“labile coordination™). In addition, the
cocatalyst or the anion formed therefrom should not undergo
any further reactions with the metallocene cation formed (cf.
EP-A 427 697).

In order to remove catalyst poisons present 1n the olefin,
purification by means of an alkylaluminum compound, for
example AlMe, or AlEt,, 1s advantageous. This purification
can be carried out either 1n the polymerization system 1itself,
or the olefin 1s brought into contact with the Al compound
before addition to the polymerization system and 1s subse-
quently separated off again.

The polymerization or copolymerization 1s carried out in
known manner in solution, 1n suspension or 1n the gas phase,
continuously or batchwise, 1n one or more steps, at a
temperature of from —-60° to 200° C., preferably from 30° to
80° C., particularly preferably at from 50° to 80° C. The
polymerization or copolymerization 1s carried out using
olefins of the formula R CH=CH-—R?”. In this formula,
R“ and R” are identical or different and are a hydrogen atom
or an alkyl radical having 1 to 14 carbon atoms. However,
R? and R®, together with the carbon atoms connecting them,
may alternatively form a ring. Examples of such olefins are
cthylene, propylene, 1-butane, 1-hexene, 4-methyl-1-
pentene, 1-octene, norbornene and norbonadiene. In
particular, propylene and ethylene are polymerized.

If necessary, hydrogen 1s added as molecular weight
regulator and/or to increase the activity. The overall pressure
in the polymerization system 1s 0.5 to 100 bar. The poly-
merization 1s preferably carried out 1n the industrially par-
ticularly relevant pressure range of from 5 to 64 bar.

The metallocene 1s used 1n a concentration, based on the
transition metal, of from 107> to 10™° mol, preferably from
10~* to 1077 mol, of transition metal per dm” of solvent or
per dm” of reactor volume. The aluminoxane is used in a
concentration of from 107 to 107" mol, preferably from
10~ to 107* mol, per dm" of solvent or per dm” of reactor
volume. The other cocatalysts mentioned are used 1n
approximately equimolar amounts with respect to the met-
allocene. In principle, however, higher concentrations are
also possible.

If the polymerization i1s carried out as a suspension or
solution polymerization, an inert solvent which 1s customary
for the Ziegler low-pressure process 1s used. For example,
the process 1s carried out 1n an aliphatic or cycloaliphatic
hydrocarbon; examples of such hydrocarbons which may be
mentioned are propane, butane, pentane, hexane, heptane,
1sooctane, cyclohexane and methylcyclohexane.

It 1s also possible to use a benzine or hydrogenated diesel
o1l fraction. Toluene can also be used. The polymerization 1s
preferably carried out 1n the liquid monomer.

If inert solvents are used, the monomers are metered 1n as
gases or liquids.

The polymerization can have any desired duration, since
the catalyst system to be used according to the imvention
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only exhibits a slight drop 1n polymerization activity as a
function of time.

The process according to the invention 1s distinguished by
the fact that the meso-metallocenes described give atactic
polymers of high molecular weight in the industrially par-
ticularly relevant temperature range between 50° and 80° C.
rac/meso mixtures of the metallocenes according to the
invention give homogeneous polymers with particular good
processing properties. Moldings produced therefrom are
distinguished by good surfaces and high transparency. In
addition, high surface hardnesses and good moduli of elas-
ticity in flexing are characteristics of these moldings.

The high-molecular-weight atactic component i1s not
tacky, and the moldings are furthermore distinguished by

very good fogging behavior.

The examples below serve to illustrate the invention 1n
greater detail.

The following abbreviations are used:

VI viscosity index in cm’/g

determined
by gel
permeation
chromato-

graphy

weight average molecular weight
in g/mol
M /M, polydispersity

melting point determined by
DSC (20° C./min heating/
cooling rate)

isotactic index (II = mm +

15 mr) determined by *C-NMR
Spectroscopy

isotactic block length

(n,., =1+ 2 mm/mr)
syndiotactic block length

(Nyyn = 1 + 2 n/mr)

melt flow 1index, measured

1n accordance with DIN 53735;

in dg/min.

m.p. =

II =

n.. =

150

1l —

syn

MFL/(230/5) =

EXAMPLES 1 1O 16

A dry 24 dm’ reactor was flushed with propylene and
filled with 12 dm” of liquid propylene. 35 cm” of a toluene
solution of methylaluminoxane (corresponding to 52 mmol
of Al, mean degree of oligomerization p=18) were then
added, and the batch was stirred at 30° C. for 15 minutes. In
parallel, 7.5 mg of the meso-metallocene shown 1n Table 1
were dissolved in 13.5 cm” of a toluene solution of methy-
laluminoxane (30 mmol of Al) and preactivated by standing
for 15 minutes. The solution was then introduced into the
reactor and heated to 70° C. or 50° C. (Table 1, 10° C./min).
The polymerization duration was 1 hour. The polymeriza-
tion was terminated by addition of 20 dm” (s.t.p.) of CO,
gas. The metallocene activities and the viscosity indices of
the atactic polymers obtained are collated 1n Table 1. The
C-NMR analyses gave in all cases isotactic block lengths
n, ol <4, typically n, =2, and the syndiotactic block length
was typically likewise in the region of 2. The triad distri-
butions mm/mrar were typically about 25:50:235, and the
1sotactic index (mm+Y2 mr) was less than 60%. The products
were therefore undoubtedly typical atactic polypropylenes.
This 1s also confirmed by the solubility 1n boiling heptane or

in diethyl ether.

The DSC spectrum showed no defined melting point. T,
transitions were observed 1n the range from 0° C. to -20° C.
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Activity

Polymerization | kg of PP/g of VI
temperature [° C.] metallocene x h] [cm’/g] Ex.

Me,S1(2,4-dimethyl-1-1ndenyl),ZrCl, 50
Me,S1(2-methyl-4-1sopropyl-1-indenyl), ZrCl, 70
Me,S1(2-ethyl-4-methyl-1-indenyl ), ZrCl, 70
Ph(Me)S1(2-methyl-4-isopropyl-1-indenyl)>ZrCl; 50
Me,S1(2-methyl-4,5-benzoindenyl),ZrCl, 70
Me,S1(2-methyl-4,5-benzoindenyl)>ZrCl, 50
Me,S1(2.,4,6-trimethyl-1-indenyl),ZrClL; 50
Me,S1(2-methyl-4,6-diisopropyl-1-indenyl),ZrCl, 50
Me,S1(2-methyl-a-acenaphthindenyl), ZrCl, 50
Me,S1(2-methyl-a-acenaphthindenyl), ZrCl, 70
Me,S1(2-methyl-4-phenylindenyl),ZrCl, 70
Me,S1(2-methyl-4-phenyl-1-indenyl),ZrCl, 50
Ethylene(2.4,6-trimethyl-1-indenyl),ZrCl, 70
FEthylene(2-methyl-4,5-benzoindenyl),Zr(Cl, 50
Methylethylene(2-methyl-a-acenaphthindenyl ), ZrCl, 50
Ph(Me)Si1(2-methyl-a-acenaphthindenyl),ZrCl, 50

EXAMPLES 17 TO 23

Examples 1, 4,7, 9, 12, 15 and 16 were repeated but the

pure meso-metallocene was replaced by a rac:meso=1:1

mixture.

25

The polymers obtained were extracted with boiling ether
or dissolved 1n a hydrocarbon having a boiling range of

Ex.

17

1%

19

20

21

22

23

Rac:meso = 1:1

metallocene mixture

Me, S1(2,4-dimethyl-1-
indenyl),ZrCl,
Ph(Me)S1(2-methyl-4-
isopropyl-1-indenyl),ZrCl,
Me, S1(2,4,6-trimethyl-1-
indenyl)>ZrClL,

Me, S1(2-methyl-a-
acenaphthindenyl),ZrClL,
Me,S1(S1(2-methyl-4-phenyl-
1-indenyl),ZrCl, (5 mg)
Methylthylene(2-methyl-a-
acenaphthindenyl),ZrCl,
Ph(Me)S1(2-methyl-a-acena-
phthindenyl),ZrCl,

50

55

60

65

35.7 125 1
60.4 93 2
70.3 101 3
20.6 120 4
200.0 120 5
00.4 150 0
30.1 163 7
24.5 89 8
49.3 224 9
189.4 140 10
64.5 131 11
32.5 169 12
145.5 124 13
94.9 109 14
04.3 204 15
09.8 19% 16

140°—170° C. and subjected to fractional crystallization; the
high-molecular-weight atactic component was separated ol
and could thus be analyzed separately from the 1sotactic
residue. The results are collated in Table 2. Products are

non-tacky, and moldings produced therefrom do not exhibit
fogging and have an excellent surface and transparency.

TABLE 2

Activity Ether-soluble Ether-insoluble
|kg of PP/g of atactic component isotactic component

metallocene x h] % by weight VI [em?/g] % by weight VI [cm®/g]

69.5 254 117 74.6 216
102.3 12.0 124 88.0 280
114.0 18.5 152 71.5 245

61.4 44.9 209 53.1 43%
334.5 5.5 177 94.5 87

85.2 36.9 199 03.1 365

79.1 31.2 205 08.% 465

EXAMPLES 24 'TO 28

Example 5 was repeated, but the pure meso-form of the
metallocene was replaced by rac:meso ratios of 98:2, 93:5,
90:10, 85:15 and 75:25. The results are collated 1n Table 3.
A non-tacky powder 1s obtained, and moldings produced
therefrom have a good surface, are non-tacky and do not
exhibit fogging. The molding hardness 1s good, as 1s the
transparency.

TABLE 3
Activity Ether-soluble Ether-insoluble
| kg PP/g atactic isotactic
Rac: metallo- component component

Ex. meso cene x h] % by wt. VI[cm®/g] % by wt. VI [cm®/g]

24 9%:2 436 0.95 134 99.05 285
25 9535 410 2.7 119 97.3 276



US RE39,156 E

11

TABLE 3-continued

Activity Ether-soluble Ether-insoluble
|kg PP/g atactic isotactic
Rac: metallo- component component
Ex. meso cene x h] % by wt. VI [cm?/g] % by wt. VI [cm®/g]
26 90:10 415 4.3 122 95.7 296
27 85:15 370 7.3 125 92.7 300
28 75:25 347 15.2 130 84.8 280

EXAMPLE 29

Example 24 was repeated using 12 dm> (s.t.p.) of hydro-
gen 1n the polymerization system. The polymerization dura-
tion was 30 minutes. The metallocene activity was 386 kg of
PP/g of metallocenexh. The ether-soluble proportion was

1.1% by weight, with a VI of 107 cm’/g, and the ether-
insoluble proportion was 98.9% by weight, with a VI of 151
cm’/g.

EXAMPL.

(Ll

30

Example 25 was repeated, but 70 g of ethylene were
metered 1n continuously during the polymerization. The
polymerization duration was 45 minutes. The metallocene
activity was 468 kg of PP/g of metallocenexh, the ethylene
content of the copolymer was 3.3% by weight, and, accord-
ing to ""C-NMR spectroscopy, the ethylene was incorpo-
rated substantially 1n an i1solated manner (random
compolymer).

EXAMPLE 31

A dry 150 dm’ reactor was flushed with nitrogen and filled
at 20° C. with 80 dm’ of a benzine cut having the boiling
range from 100° to 120° C. from which the aromatic
components had been removed. The gas space was then
flushed with propylene until free of mitrogen, and 50 1 of
liquid propylene and 64 c¢cm® of a toluene solution of
methylaluminoxane (100 mmol of Al, p=18) were added.
The reactor contents were heated to 60° C., and the hydrogen
content 1n the reactor gas space was adjusted to 0.1% by
metering in hydrogen and was kept constant during the
entire polymerization time by further metering (checking
on-line by gas chromatography). 10.7 mg of rac:meso (95:5)
of the metallocene dimethylsilane-diylbis(2-methyl-4,5-
benzoindenyl)zirconium dichloride were dissolved in 32
cm® of a toluene solution of methyl-aluminoxane (50 mmol)
and introduced into the reactor. The polymerization was
carried out 1n first step for 8 hours at 60° C. In a second step,
2.8 kg of ethylene were added rapidly at 47° C. and, after
polymerization for a further 5 hours at this temperature, the
polymerization was completed by discharging the reactor
contents 1nto a 280 1 reactor containing 100 1 of acetone. The
polymer powder was separated ofl and dried for 48 hours at
80° C./200 mbar. 21.4 kg of block copolymer powder were
obtained. VI=359 cm®/g; M. =402,000 g/mol, M,/M, =4.0;
MFI (230/5)=9.3 dg/min. The block copolymer contained
12.2% by weight of ethylene. Fractionation gave a content
of 31.5% by weight of ethylene/propylene rubber and 3.7%
by weight of atactic polypropylene, with a VI of 117 cm”/g
in the polymer as a whole.

EXAMPLE 32

The procedure was as 1n Examples 1-16, but the metal-
locene was the compound meso-Me,S1(2-methyl-4-(1-
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naphthyl)-1-indenyl),ZrCl,. The results are collated 1n Table
4.

TABLE 4
Activity
Polymerization | kg of PP/g of VI \%
temperature [° C.] metallocene x h] [cm®/g] M /M, [g/mol]
70 58.3 205 2.0 249 500
50 31.7 335 2.1 4235 500
EXAMPLE 33

The procedure was as in Example 32, but the metallocene
was Ph(Me)S1(2-methyl-4-phenyl-1-indenyl),ZrCl, and
was employed as a 1:1 meso:rac mixture. The results are
collated 1n Table 5.

TABLE 3
Activity
Polymerization | kg of PP/g of VI M.,
temperature [° C.] metallocene x h] [em®/g] M /M, [g/mol]
70 112.5 559 3.5 738 000
50 51.0 1084 3.6 1.35 - 10°

Fractionation of the polymer samples by ether extraction
gave contents of atactic polypropylene of 3.6% by weight
(polymerization temperature of 50° C.) and 7.0% by weight
(polymerization temperature of 70° C.). The VI values were
158 and 106 cm’/g respectively.

The 1solated atactic component had an elastomeric con-
sistency and was completely transparent.

The polymer powder obtained from the polymerization 1s
non-tacky, and moldings produced therefrom have a good
surface, are very transparent and do not exhibit fogging.

EXAMPL.

(Ll

34

The process was as in Example 32, but the metallocene
used was rac/meso-Me,S1(2-methyl-4-phenyl-1-indenyl)
,ZrCl, 1n supported form, with a rac:meso ratio of 1:1. The
supported metallocene was prepared in the following way:
a) Preparation of the supported cocatalyst

1

The supported cocatalyst was prepared as described in E
92 107 331.8 1n the following way 1n an explosion-
proofed stainless-steel reactor fitted with a 60 bar pump
system, 1nert-gas supply, temperature control by jacket
cooling and a second cooling circuit via a heat
exchanger 1n the pump system. The pump system drew
the contents out of the reactor via a connector in the
reactor base into a mixer and back into the reactor
through a riser pipe via a heat exchanger. The mixer
was 1nstalled 1n such a way that a narrowed tube
cross-section, where an increased flow rate occurred,
was formed 1n the feed line, and a thin feed line through
which—in cycles—in each case a defined amount of
water under 40 bar of argon could be fed in ran nto its
turbulence zone axially and against the tlow direction.
The reaction was monitored via a sampler 1n the pump
circuit.

5 dm?> of decane were introduced under inert conditions
into the above-described reactor with a capacity of 16

dm’. 0.3 dm” (=3.1 mol) of trimethyl-aluminum were
added at 25° C. 2350 g of silica gel SD 3216-30 (Grace

AG) which had previously been dried at 120° C. 1n an
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argon fluidized bed were then metered into the reactor
via a solids funnel and homogeneously distributed with
the aid of the stirrer and the pump system. The total
amount of 45.9 g of water was added to the reactor 1n

portions of 0.1 cm” every 15 seconds over the course of 5

2 hours. The pressure, caused by the argon and the
evolved gases, was kept constant at 10 bar by pressure-
regulation valves. When all the water had been
introduced, the pump system was switched ofl and the
stirring was continued at 25° C. for a further 5 hours.
The solvent was removed via a pressure filter, and the
cocatalyst solid was washed with decane and then dried
in vacuo. The 1solated solid contains 19.5% by weight
of aluminum. 15 g of this solid (108 mmol of Al) were
suspended in 100 cm” of toluene in a stirrable vessel
and cooled to —=30° C. At the same time, 200 mg (0.317
mmol) of rac/meso 1:1 Me,S1(2-methyl-4-phenyl-
indenyl),ZrCl, were dissolved in 75 cm” of toluene and
added dropwise to the suspension over the course of 30
minutes. The mixture was slowly warmed to room
temperature with stirring, during which time the sus-
pension took on a red color. The mixture was subse-
quently stirred at 70° C. for 1 hour, cooled to room
temperature and filtered, and the solid was washed 3
times with 100 cm” of toluene in each case and once
with 100 cm” of hexane. The hexane-moist filter resi-
due which remained was dried 1n vacuo, giving 14.1 g
of free-flowing, pink supported catalyst. Analysis gave
a content of 11.9 mg of zirconocene per gram of
catalyst.

Metallocene
rac:meso = 1:1 mixture

Me-Si(indenyl),Z1Cl5
Me-S1(2-methyl-1-indenyl),ZrCl,
Methylethylene(2-methyl-1-
indenyl),ZrCl,
Ph(Me)S1(2-methyl-1-
indenyl),ZrCl,
Me,S1(2-ethyl-1-indenyl),ZrCl,
Me,S1(2.4,5-trimethyl-1-cyclo-
pentadienyl),ZrCl,
Me,S1(2.4,5-trimethyl-1-cyclo-
pentadienyl), HICIL,
Me-Si(indenyl), HICL,
Ethylene(2-methyl-1-
indenyl)>ZrCl,
Me,S1(2-methyl-4-t-butyl-1-
cyclopentadienyl),ZrCl,

b) Polymerization

0.7 g of the catalyst prepared under a) were suspended in
50 cm” of a benzine fraction having the boiling range
100°—120° C. from which the aromatic components had
been removed.

In parallel, a dry 24 dm’ reactor was flushed first with
nitrogen and subsequently with propylene and filled
with 12 dm” of liquid propylene and with 1.5 dm” of
hydrogen. 3 ¢cm” of triisobutylaluminum (12 mmol)
were then diluted with 30 ml of hexane and introduced
into the reactor, and the batch was stirred at 30° C. for
15 minutes. The catalyst suspension was subsequently
introduced into the reactor, and the polymerization
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system was heated to the polymerization temperature of
70° C. (10° C./min) and kept at 70° C. for 1 hour by
cooling. The polymenzation was terminated by addi-
tion of 20 mol of 1sopropanol. The excess monomer
was removed as a gas, and the polymer was dried 1n
vacuo, giving 1.57 kg of polypropylene powder.

Fractionation of the polymer by ether extraction gave an
cther-soluble atactic content of 8.9% by weight (VI=
149 cm”/g) and an insoluble isotactic content of 91.1%
by weight, with a VI of 489 cm’/g. The powder
prepared 1n this way was non-tacky, and moldings
produced therefrom do not exhibit fogging in the

heat-aging test, and the hardness and transparency of
the moldings are very good.

Comparative Examples 1 to 10

Polymerization were carried out 1n a manner comparable
to the above examples using 1:1 rac:meso mixtures of
metallocenes not according to the invention at polymeriza-
tion temperatures of 70° C. and 30° C. The resultant poly-
mers were likewise subjected to ether separation 1n order to
characterize the polymer components. The results are col-
lated 1n Table 6 and show that in no case could a polymer
according to the invention having a high-molecular-weight
atactic polymer component (ether-soluble component) be
prepared. Products are generally tacky, and the moldings
produced therefrom are soft, have a speckled surface and
exhibit considerable fogging.

TABLE 6

Polymer data

Polvmerization temperature 70° C.

Polvmerization temperature 30° C.

55

60

65

V1 ether-soluble

VI ether-insoluble VI ether-soluble VI ether-insoluble

[cm?/g] [cm?/g] [cm?®/g] [cm?®/g]
45 47 46 75
50 1 8O 56 340
56 127 59 409
50 202 57 501
59 187 61 443
45 50 47 236
59 175 69 356
61 237 63 39K
47 85 50 135
28 31 35 105

Comparative Examples 11 to 21

Comparative Examples 1 to 10 were repeated using the
pure meso-forms of the metallocenes used therein. Atactic
polypropylene was obtained, but 1n no case was a viscosity
index VI of >70 cm”/g obtained. These metallocenes which
are not according to the mvention can thus not be used to

prepare high-molecular-weight atactic polypropylene. The
products are liquid or at least soft and highly tacky.

What 15 claimed 1s:
1. A compound of the formula I 1n 1ts pure meso-form or
as a meso:rac>1:99 mixture,
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(D)

6
s
R> R3
Rl
N
27 M R’
R R7
R> (CRR),
R® R*
R* R*

in which
M is a metal from group IVb, Vb or VIb of the Periodic
Table,

R' and R” are identical or different and are a hydrogen
atom, a C,—C,,-alkyl group, a C,—C, ,-alkoxy group, a
C—C, -aryl group, a C.—C, ,-aryloxy group, a C,—C, ;-
alkenyl group, a C,—C,,-arvlalkyl group, a C.—C_,-
alkylaryl group, a C,—C,,-arylalkenyl group, or a halo-
gen atom,

the radicals R* and R> are identical or different and are a
hydrogen atom, a halogen atom, a C,—C, ;-alkyl group,
which may be halogenated, a C.—C, ,-aryl group, which
may be halogenated, or an —NR'®,, —SR'°,
—OSiR",, —SiR'", or —PR"', radical in which R"®
1s a halogen atom, a C,—C, ,-alkyl group or a C—C, -
aryl group,

R® and R° are identical or different and are as defined as
for R*, with the proviso that R® and R°® are not
hydrogen,

[or two or more of the radicals R to R°, together with the
atoms connecting them, form a ring system.}

]Ellll ]Ei"“ ]Ei{ll ]Ellll
R? 18 —Mz— . —MZ—MZ_ : _MZ_(CRQB)_
]!{12 ]5!{12 ]5!{12 ]!{12
]Ellll ]5‘{11 ]Ei)\“
O hldz_og (lj " O h|42_ )
RIZ RIZ RIZ

10

15

20

25

30

35

40

45

50

16

[>BR"', >AIR", —Ge—, —Sn O S—, >SS0,
>S0.,, :::-NR”j >CO, >PR' or :>-P‘(O)Rll ]
where
R'" [, R'% and R" are identical or] and R** are different

and are a hydrogen atom, a halogen atom, a C,—C, ;-
alkyl group, a C,—C, ,-fluoroalkyl group, a C.—C, ,-aryl
group, a C,—C,,-fluoroaryl group, a C,—C,,-alkoxy
group, a C,—C,,-alkenyl group, a C,—C,,-arylalkyl
group, a Cg—C,s-arylalkenyl group or a C,—C, ;-
alkylaryl group,

R is a hydrogen atom, a halogen atom, a C,—C, ,-alkyl
group, a C,—C, ,-fluoroalkyl group, a C—C, j-arvl
group, a C—C, -fluoroaryl group, a C,—C,,-alkoxy
group, a C,—C,,-alkenyl group, a C,—C,, -arvialky!
group, a Co—C,,-arylalkenyl group or a C,—C,,-
alkvlaryl group,

or R" and R** or R" and R"?, in each case together with
the atoms connecting them, form a ring,

M? is silicon, germanium or tin,

R® and R” are identical or different and are as defined for
R, and

m and n are identical or different and are zero, 1 or 2,
where m plus n 1s zero, 1 or 2.

2. A compound as claimed 1n claim 1, wherein, in the
formula I, M' is Zr or Hf, R' and R* are identical or different
and are methyl or chlorine, R® and R°® are identical or
different and are methyl, 1sopropyl, phenyl, ethyl or
trifluoromethyl, R* and R> are hydrogen or as defined for R’
and R°, Jor R* forms an aliphatic or aromatic ring with R°,
or adjacent radicals R* form an aliphatic or aromatic ring,

and] R’ is a

R]l Rll
_(|j_ — N1
R]Z RIZ

radical, and m plus n are zero or 1.

3. A compound [as claimed in claim 1, wherein the
compound of the formula I 1s Me,S1(2,4-dimethyl-1-
indenyl),ZrCl,, Me,S1(2-methyl-4-1sopropyl-1-indenyl),
/1Cl,, Me,S1(2-ethyl-4-methyl-1-indenyl),ZrCl,, Ph(Me)
S1(2-methyl-4-1sopropyl-1-indenyl),ZrCl,, Me,S1(2-
methyl-4,5-benzoindenyl),ZrCl,,| selected from the group
consisting of Me,S1(2,4,6-trimethyl-1-indenyl),ZrCl,,
Me,Si(2-methyl-4,6-diisopropyl-1-indenyl),ZrCl,, [Me,Si
(2-methyl-a.-acenaphth-indenyl),ZrCl,,] or Me,Si(2-
methyl-4-phenyl-1-indenyl),ZrCl,, ethylene(2,4,6-
trimethyl-1-indenyl),ZrCl,, [ethylene(2-methyl-4,5-
benzoindenyl),ZrCl,, methylethylene(2-methyl-a.-
acenaphthindenyl),ZrCl, or Ph(Me)Si1(2-methyl-a.-
acenaphthindenyl),ZrCl.].
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