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{57) Abstract

Supported catalyst obtainable by A) reacting an inorganic carrier material with a metal compound of the general formula (I:
MURDR)RINRY, in which M! is an alkalyne or alkalyne earth metal or a metal of main group IIT or IV of the periodic system; R!
is hydrogen, C!-Cio alky!, Cg-Cys aryl, alky! aryi or aryl alkyl with 1 to 10 C atoms in the alkyl radical and 6 to 20 C atoms in the aryl
radical; B2 to RY are hydrogen, C1-Cyg alkyl, Cg-Cis aryl, alkyl aryl or aryk alkyl, alkoxy or dialkylamino with 1 to 10 C atoms in the
alkyl radical and 6 to 20 C atoms in the aryl radical; r is a whole number from 1 to 4; and s, t and u are whote numbers from 0 to 3,
where the sum r+s++u corresponds to the valency of M'; B) reacting the material obtained from A) with a metallocene complex in its
metal dihalogenide form and a metallocenium jon-forming compound; and C) subsequent reaction with a metal compound of the general
farmula (I): MARS)oRE)HR")q in which M2 is an slicalyne or afkalyne earth metal or a metal of main group 111 of the periodic system; RS
is hydrogen, C?-Cig alkyl, Cs-C15 aryl, alkyl aryl or aryl alkyl with 1 to 10 C atoms in the alkyl radical and 6 to 20 C atoms in the aryl
radical; RS to R7 are hydrogen, C1-Cig alkyl, Cs-Cis aryl, alkyl aryl, aryl alkyl or alkoxy with 1 to 10 C atoms in the alkyl radical and 6
to 20 C atoms in the aryl radical; o is a whole number from 1 to 3; and p and g are whole numbers from 0 to 2 where the sum o+p+q
corresponds to the valency of M2

(57 Zusammenfassung

Getriigerte Katalysatorsysteme, erhiltlich durch A) Umsctzung eines anorganischen Trigermaterials mit einer Metallverbindung der
allgemeinen Formel (£} MHRI)(R2)5(R*)(R%y in der M! ein Alkali-, cin Erdalkalimetail oder ein Metall der 1L oder TV, Hautgruppe des
Periodensystems bedeutet, R Wasserstoff, C1- bis Cio-Alkyl, Cs- bis C15-Aryl, Alkylaryl oder Arylalkyl mit jeweils 1 bis 10 C-Atomen im
Alkylrest und 6 bis 20 C-Atomen im Arylrest, R? bis R4 Wasserstoff, Halogen, Ci- bis Cio-Alkyl, Ce- bis Cis-Aryl, Alkylaryl, Arylalkyl,
Alkoxy oder Dialkylamino mit jeweils 1 bis 10 C-Atomen im Alkylrest und 6 bis 20 C-Atomen im Arylrest, r eine ganze Zahl von 1 bis 4
und %, t und u ganze Zahlen von 0 bis 3 bedeuten, wobei die Summe r+s+t+u der Wertigkeit von M! entspricht, B) Umserzung des nack A)
erhaltenen Materials mit einem Metallocenkomplex in seiner Mettalldihalogenid-Form und einer metalloceniumionenbildenden Verbindung
und €) ansehlieBender Umsetzung mit einer Metallverbindung der allgemeinen Formel (1T} MZ(RS)(,(R‘S),(R")q in der M? ein Alkali-, ein
Erdalkalimetall oder ein Metall der II. Hautgruppe des Periodensystems bedeutet; RS Wasserstoff, Ci- bis Cip-Alkyl, Cs- bis Cis-Aryl,
Alkylaryl eder Arylalkyl mit jeweils 1 bis 10 C-Atomen im Alkylrest und 6 bis 20 C-Atomen im Arylrest, RS und R? Wasscrstoff, Halogen,
C1- bis Cio-Alkyl, Cs- bis Cis-Aryl, Alkylaryl, Arylalkyl oder Alkoxy mit jeweils 1 bis 10 C-Atomen im Alkylrest wnd 6 bis 20 C-Atomen
im2 Axylrest, o eine ganze Zahl von 1 bis 3 und p und q ganze Zahlen von 0 bis 2 bedeuten, wobei die Summe o+p-+q der Wertigkeit von
M entspricht.
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Supported catalyst systems

Abstract

Supported catalyst systems are obtainable by

R)

B)

and

<)

reaction of an inorganic carrier with a metal compound of the
general formula I

MI(RI) r(R2)5(R¥) e (RY)y I
where

Ml is an alkali metal, an alkaline earth metal or a metal of
main group 1III or IV of the Periodic Table,

Rl  is hydreogen, C;-Cijg—alkyl, Cs—Cis—aryl, alkylaryl or aryl-
alkyl each having 1 to 10 carbon atoms in the alkyl radi-
cal and 6 to 20 carbon atoms in the aryl radical,

RZ to R? are each hydrogen, halogen, C;-Cipg—alkyl, C4-Cis—aryl,
alkylaryl, arylalkyl, alkexy or dialkylamino each having
1 to 10 carbon atoms in the alkyl radical and 6 to
20 carbon atoms in the aryl radical,

r is an integer from 1 to 4

and

s, t and u are integers from 0 to 3 the sum r+s+t+u corres-
ponding to the valency of MI,

reaction of the material obtained according to A) with a

metallocene complex in its metal dihalide form and a compound
forming metallocenium iens

subsequent reaction with a metal compound of the general for-
mula IT

M2 (R3) o (RE),(R)q 11

where
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M2

RS

2
is an alkali metal, an alkaline earth metal or a metal of
main group III of the Periocdic Table,

is hydrogen, C;-Cip—alkyl, Cs—Cis—aryl, alkylaryl or aryl-
alkyl each having 1 to 10 carbon atoms in the alkyl radi-
cal and 6 to 20 carbon atoms in the aryl radical,

RS and R7 are hydrogen, halogen, Ci-Cjp-alkyl, Cs—Cis—aryi,

and

alkylaryl, arylalkyl or alkoxy each having 1 to 10 carbon
atoms in the alkyl radical and 6 to 20 carbon atoms in
the aryl radical,

is an integer from 1 to 3

p and g are integers from 0 to 2 the sum o+p+g corresponding

to the valency of M2,
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SUPPORTED CATALYST SYSTEMS
The present invention relates to supported catalyst systems obtainable by

A)  reaction of an inorganic carrier which is a finely divided solid whose
particle diameters are from 1 to 200 um with a metal compound of the general

formula I

MI(R1){(R2)s(RS)(R4)y [
where
M1 is an alkali metal, an atkaline earth metal or a metal of main group 111 or IV
of the Periodic Table,
R1is hydrogen, C4-Cig-alkyl, Cs-Cqs-aryl, alkylaryl or arylalkyl, each having 1 to
10 carbon atoms in the alkyl radical and & to 20 carbon atoms in the aryl radical,
Rz to R4 are each hydrogen, halogen, Cq-Gqg-alkyl, Cg-Cys-aryl, alkylaryl,
arylalkyl, alkoxy or dialkylamino, each having 1 to 10 carbon atoms in the alkyl
radical and 6 to 20 carbon atoms in the aryl radical,
ris an integer from 1 to 4
and
s, t and u are integers from 0 to 3, the sum r+s+t+u corresponding to the valency
of M1,
B) reaction of the material obtained according to A} with the reaction product
of at least one metallocene complex in its metal dihalide form and a compound
forming metallocenium ions
and
C)  subsequent reaction with a metal compound of the general formula [I

M2(RS)o(RE)(R7)q 1

where
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2
M2 4is an alkali metal, an alkaline earth metal or a metal of
main group III of the Periodic Table,

RS is hydrogen, C1-Cijg-alkyl, Cg-Cis-aryl, alkylaryl or aryl-
alkyl each having 1 to 10 carbon atoms in the alkyl radi-
cal and 6 to 20 carbon atoms in the aryl radical,

R6 and R7 are each hydrogen, halogen, C1-Cip~alkyl,
Cg—Cis—aryl, alkylaryl, arylalkyl or alkoxy, each having
1 to 10 carbon atoms in the alkyl radical and 6 to
20 carbon atoms in the aryl radical,

o] is an integer from 1 to 3
and

p and q are integers from 0 to 2, the sum o+p+g corresponding
to the valency of M2.

The present invention furthermore relates to processes for the
preparation of such supported catalyst systems and their use for
the preparation of polyclefins.

In recent years, homogeneous metallocene catalysts have made it
possible to obtain well defined poly-l-olefins having a narrow
molecular weight distribution and high chemical uniformity. How-
ever, industrial use necessitates the conversion of these cata-
lysts to heterogeneous form so that simple handling of the cata-
lyst and effective control of the morphology of the product are
ensured. Supported metallocene catalysts are known per se. Thus,
EP-A 323 716 describes those systems in which moist $10; is
reacted with a trialkyl aluminum to give an alumoxane-laden
carrier. The metallocene is applied to this carrier, an active
catalyst being formed.

WO 91/09882 discloses the preparation of a supported, cationic
metallocene catalyst by applying the reaction mixture of the
dialkylmetallocene with an ionic cempound, which has a Bronsted
acid as the cation and a noncoordinating opposite ion, such as
tetrakis(pentafluorophenyl)borate, as the anion, to an inorganic
carrier. Here too, an active catalyst is obtained.

Similar supported catalyst systems are also disclosed in
WO 94/03506 and WO 95/14044.
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EP-A 628 574 describes supported catalyst systems in which a
metallocene dihalide is reacted with an alkyl aluminum in the
presence of a hydridoborate and this solution, which is active
with respect to polymerization, is applied to a carrier.

Such catalysts which are already active readily give rise to
problems in the metering of the catalyst into the reactor.

What is therefore advantageous is a catalyst which is still inac-
tive and cannot be activated until a later stage, for example
during metering or in the reactor itself.

EP-A 613 908 discloses supported metallocene catalyst systems,
some of which are not activated until they are in the reactor.
Here, however, the polymers formed have a broad molecular weight
distribution My/M;.

WO 95/15815 describes catalysts which are obtained by supporting a
metallocene dichloride and a borate on a crosslinked polymer. The
use of deactivated inorganic carriers gives catalysts which,

after activation in the polymerization reactor, have either only
slight activity or no activity at all.

It is an object of the present invention to provide supported
catalyst systems which do not have the stated disadvantages, in
particular can be activated at any desired time, are air—- and
moisture—insensitive, can be stored for a leong time and are not
flammable, the polymers formed having a narrow molecular weight
distribution.

We have found that this object is achieved by the supported cata-
lyst systems defined at the outset.

We have furthermore found processes for the preparation of such
supported catalyst systems and their use for the preparation of
polyolefins.

The novel supported catalyst systems are obtainable by reacting
an inorganic carrier with a metal compound of the general formula
I in a first stage 3).

Preferably used carriers are finely divided solids whose particle
diameters are frem 1 to 200 um, in particular from 30 to 70 um.

Examples of suitable carriers are silica gels, preferably those
of the formula $i0; - a Al,05, where a is from 0 to 2, preferably
from 0 to 0.5; these are therefore aluminosilicates or silica.
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Such products are commercially available, for example Silica Gel
332 from Grace.

Other inorganic compounds, such as Al;0; or MgCl,, or mixtures
containing these compounds may also be used as carriers.

Preferred metal compcunds of the general formula I are those in
which M! is a metal of main group III of the Periodic Table, in
particular aluminum, R! is C;~Cip—alkyl and RZ to R% are each
C3—Cip—alkyl. For the particularly preferred case where M! is
aluminum, u is zero and R! to R? have in particular the same mean-
ing, preferably methyl, ethyl, isobutyl or hexyl, preferably
isobutyl,

Preferably, the metal compound of the general formula I is added
as a solution to a suspension of the carrier. Particularly suit-
able solvents or suspending agents are hydrocarbong, such as hep-
tane. The amount of metal compound I may be varied within wide
limits, the minimum amount depending on the number of hydroxyl
groups of the carrier. The temperatures, reaction times and pres-
sures are not critical per se, temperatures of from 0 to 806°C and
reaction times of from 0.1 to 48 hours being preferred.

It has proven suitable to remove the excess metal compound I by
thorough washing, for example with hydrocarbons, such as pentane
or hexane, after the carrier pretreatment and to dry the carrier.

The material thus prepared can be stored for up to 6 months and
is not pyrophoric.

This material is then reacted, in a further stage B), with a
metallocene complex in its metal dihalide form and a compound
forming metallocenium ions.

Examples of suitable metallocene complexes are the following com-
pounds of the general formula III:

Rr10 R9
RrLL RS
R12 III
MX;
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where

M is titanium, zirconium, hafnium, vanadium, nicbium or
tantalum,

X is fluerine, chlorine, bromine or iodine,

RE to R1Z  are each hydrogen, C;-Cjp-alkyl, 5- to 7-membered
cycloalkyl which in turn may carry a C;—Cip-alkyl as a
substituent, Ceg-Cis—aryl or arylalkyl, where two adjac-
ent radicals together may furthermore form a cyclic
group of 4 to 15 carbon atoms, or Si{R!3);, where

Ri3 is C;-Cig-alkyl, C3-Cig-cycloalkyl or Cg—Cig-aryl,

and
R18
RrL7 R1¢
Z is X or ,
R16 R13

where

R4 to R18 are each hydrogen, Ci;—-Cig-alkyl, 5- to 7-membered
cycloalkyl which in turn may carry a Ci1-Cig-alkyl as a
substituent, C¢-Cis—aryl or arylalkyl, where two adja-
cent radicals together may furthermore form a cyclic
group of 4 to 15 carbon atoms, or Si(R}?);, where

R1? is C;-Cyp-alkyl, Cy—Cis—aryl or C3-Cjg-cycloalkyl,

or where R!! and % together form a group -RZ9-A-, where
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6
R22 R22  R22 R22
| . |
—_— M3— , — M3 — M3— ¢ — MI— CR223——7
| L |
R21 r21 Rr21 Rr21
R22 R22 R22  R22
| | |
—C— ' —o0— M, —c— Cc— ¢
| | o
R21 R21 R21 g2l
= BR??, = AlR?2, —Ge—, -Sn—, -0-, -S-, = SO, = 503,
= NR?2, = CO, = PR?Z or = P{0O)R2Z,

where R2!, R22 and R23

M3

R25

are identical or different and are each hydrogen,
halogen, C;-Cip—alkyl, C;—C;p—-fluorocalkyl, Cg-Cio—fluoro-
aryl, Cs-Cip—aryl, C;—-Cip—alkoxy, C,-Cjp—alkenyl,
Cq-Cyp~arylalkyl, Cg—Cyp—arylalkenyl or C;-Cyp—alkylaryl
or where two adjacent radicals together with the atoms
linking them may form a ring, and

is silicon, germanium or tin,
(g —— O e, e e NR2 or  pRed
is o] . S " - or/PR , where

is C;-Cip—alkyl, C6~C15—aryl, C3—C10—cycloalkyl, El.lkyl‘
aryl or Si(R2%); and

is hydrogen, C;-Cip-alkyl, Cg—Cis—aryl, which in turn
may be substituted by C;-Cy-alkyl, or €3-Cjip—cycloalkyl

or where Rl! and R17 together form a group -R#0-.

Among the metallocene complexes of the general formula III,

RiC R?
RLY RS ITIa,

MX3
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Rr10 RY
RIT RE
Rriz
MX,
R18
RLY R14
R15 RIS
Rr10 R9
R8
riz
RZC MK,
Rl8
Rrl4
R15 R15
RIO RS
RS
RrR12
20
R\\\\\\\\\ MZ>
A

are preferred.

11Ib,

IIIc and

IIId

The radicals X may be identical or different but are preferably

identical.

Particularly preferred compounds of the formula IIla are those in

which

M is titanium, zirconium or hafnium,
¥ is chlorine and

R® to R!? are each hydrogen or C;—-Cy-alkyl.

Preferred compounds of the formula IIIb are those in which
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8
M is titanium, zirconium or hafnium,
X is chlorine,
R8 to R1? are each hydrogen, C;-Cs-alkyl or Si(R!?); and
R4 to R!® are each hydrogen, C;-Cyq-alkyl or Si(R1%)j.

Particularly suitable compounds of the formula IIIb are those in
which the cyclopentadienyl radicals are identical.

Examples of particularly suitable compounds include
bis(cyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(methyleyclopentadienyl)zirconium dichloride,
bis{ethylcyclopentadienyl)zirconium dichloride,
bis{n-butylcyclopentadienyl)zirconium dichloride and
bis{trimethylsilylcyclopentadienyl)zirconium dichloride.

Particularly suitable compounds of the formula IIIc are those in
which

R® and R1? are identical and are each hydrogen or C;-Cig-alkyl,
R12 and R!® are identical and are each hydrogen, methyl, ethyl,
isopropyl or tert-butyl,
R0 and R!® are C;-Cs—alkyl
R? and R15 are each hydrogen

or two adjacent radicals R? and R on the one hand and
R15 and R1® on the other hand together form a cyclic
group of 4 to 12 carbon atoms,
R22 R22 R22
R20 is — M3— or —Cc— ¢ — ¢
|
i I
R21 g2l g2l
M is titanium, zirconium or hafnium and
X is chlorine.

Examples of particularly suitable complex compounds include
dimethylsilanediylbis(cyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(indenyl)zirconium dichloride,
dimethylsilanediylbis(tetrahydroindenyl)zirconium dichloride,
ethylenebis(cyclopentadienyl)zirconium dichloride,
ethylenebis(indenyl)zirconium dichloride,
ethylenebis(tetrahydroindenyl)zirconium dichloride,
tetramethylethylene-9-fluorenylcyclopentadienylzirconium dichlo-
ride,
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9
dimethylsilanediylbis(-3-tert~butyl-5-methylcyclopentadienyl)-
zirconium [sic] dichloride,
dimethylsilanediylbis(-3-tert-butyl-5-ethylcyclopentadienyl)-
zirconium [sic] dichloride,
dimethylsilanediylbis(-2-methylindenyl)zirconium [sic]
dichloride,
dimethylsilanediylbis(-2-iscpropylindenyl)zirconium [sic]
dichleoride,
dimethylsilanediylbis(-2-tert-butylindenyl)zirconium [sic]
dichloride,
diethylsilanediylbis(-2-methylindenyl)zirconium [sic)
dibromide,
dimethylsilanediylbis(-3-methyl~S5-methylecyclopentadienyl)-
zirconium {sic]) dichloride,
dimethylsilanediylbis(-3-ethyl-5-isopropylcyclopentadienyl)-
zirconium [sic] dichloride,
dimethylsilanediylbis(-2-methylindenyl)zirconium [sic]
dichloride,
dimethylsilanediylbis(-2-methylbenzindenyl)zirconium [sic)
dichloride and dimethylsilanediylbis(-2-methylindenyl)hafnium
[sic] dichloride.

Particularly suitable compounds of the general formula I¥Id are
those in which

M is titanium or zirconium,
X is chlorine,
R22 R22 R22
R20 ig — M3— or —C— o —
R21 RZ1 Rz
A iz —o0o—, -5, NR24
/
and

R® to R and R12 are each hydrogen, C;-Cig-alkyl, C3-Cjp-cyclo-
alkyl, Cs—Cis—aryl or Si(R!%)3, or where two adjacent
radicals form a cyclic group of 4 to 12 carbon atoms.
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The synthesis of such complex compounds can be carried out by
methods known per se, the reaction of the appropriately substi-
tuted, cyclic hydrocarbon anions with halides of titanium, zirco-
nium, hafniuom, vanadium, nicbium or tantalum being preferred.

Examples of appropriate preparation processes are described,
inter alia, in J. Organometal. Chem., 369 (1989), 35%-370.

Mixtures of different metallocene complexes may also be used.

Particularly suitable compounds forming metallocenium ions are
strong, neutral Lewis acids, ionic compounds having Lewis acid
cations and ionic compounds having Bronsted acids as catioms,

preferred strong, neutral Lewis acids are compounds of the
general formula IV

Mixix2x3 v
where

M? is an element of main group III of the Periodic Table, in
particular B, Al or Ga, preferably B, and

x1, %2 and x3
are each hydrogen, C;-Cip—alkyl, C¢—Cyis—aryl, alkylaryl, aryl-
alkyl, haloalkyl cor haloaryl, each having 1 to 10 carbon
atoms in the alkyl radical and 6 to 20 carbon atoms in the
aryl radical, or fluorine, chlorine, bromine or iodine, in
particular haloaryl, preferably pentafluorophenyl.

Particularly preferred compounds of the general formula IV are
those in which X1, %2 and X3 are identical, preferably tris(penta-

fluorophenyl)borane.

Suitable ionic compounds having Lewis acid cations are compounds
of the general formula Vv

[(¥87) 0102+ . . Q1% v
in which

Y is an element of main group I to VI or subgroup I to
VIII of the Periodic Table,
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0; to Q; are radicals having a single negative charge, such as
Clwcﬁg—alkyl, Cs~Cis~aryl, alkylaryl, arylalkyl, halo-
alkyl, haloaryl each having 6 te 20 carben atoms in the
aryl radical and 1 to 28 carbon atoms in the alkyl

radical, C;-Cip-cycloalkyl, which may be substituted by
C1-Cip—alkyl, or halogen, C;-Czg-alkoxy, Ce¢—Cis~aryloxy,
silyl or mercaptyl,

a is an integer from 1 to &,

z is an integer from 0 to 5 and

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

Carbonium cations, oxonium cations and sulfonium cations and
cationic transition metal complexes are particularly suitable.
Particular examples are the triphenylmethyl cation, the silver
cation and the 1,l'-dimethylferrocenyl cation. They preferably
have noncoordinating cpposite ions, in particular borane com-
pounds, as also stated in WO 91/09882, preferably tetrakis(penta-
fluorophenyl}borate.

Ionic compounds having Brdnsted acids as cations and preferably
also noncoordinating opposite ions are stated in WO 91/09882, a
preferred cation being N,N¥N-dimethylanilinium.

The amount of compounds forming metallocenium ions is preferably
from 0.1 to 10 equivalents, based on the metallocene complex III.

The conditions for the reaction with the metallocene complex with
the compound forming metallocenium ions are not critical per se;

the reaction is preferably carried out in solution, particularly

suitable solvents being hydrocarbons, preferably aromatic hydro-

carbons, such as toluene.

The material prepared according to A) is then added to this. An
amount of from 0.1 to 10% by weight, based on the inorganic
carrier, of metallocene ccmplex is particularly suitable. The
conditions for this reaction are likewise not critical, tempera-
tures of from 20 to B80°C and reactlon times of from 0,1 to 20
hours having proven particularly suitable.

The material obtained according to B) can then be isolated and
can be stored for up to at least 6 months.

In a further stage C), the activation stage, the material
obtained according to B) is reacted with a metal compound of the
general formula II. This activation can be carried out at any
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desired time, ie. before, during or after the metering of the
material obtained accerding to B) in the reactor. The activation
is preferably carried out after the metering of the material
cbtained according to B) into the reactor.

Among the metal compounds of the general formula II

M2(R5)o(R8)p(RT)q 11

where

M2 is an alkali metal, an alkaline earth metal or a metal
of main group III eof the Periodic Table,
ie, boron, aluminum, gallium, indium or thallium,

RS is hydrogen, C;-Cig-alkyl, C¢-Cys-aryl, alkylaryl or
arylalkyl each having 1 to 10 carbon atoms in the alkyl
radical and 6 to 20 carbon atoms in the aryl radical,

RS and R? are each hydrogen, halogen, C;—-Cjg—alkyl, Cg—Cis—aryl,
alkylaryl, arylalkyl or alkoxy each having 1 to 10 car-
bon atoms in the alkyl radical and 6 to 20 carbon atoms
in the aryl radical,

o] is an integer from 1 to 3

and

p and g are integers from 0 to 2 the sum o+p+g corresponding to
the valency of M2,

preferred compounds are those in which

M2

R? to RY

is lithium, magnesium or aluminum and

are each C;-Cjp-alkyl.

Particularly preferred metal compounds of the general formula II
are n-butyl lithium, n-butyl-n-octyl magnesium, n-butyl-n-heptyl
magnesium and tri-n-hexyl aluminum.

The conditions for the reaction in stage C) are not critical per
se. Temperatures, reaction times and pressures depend on the time
when the reaction, ie. activation, is carried out.
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with the aid of these novel supported catalyst systems, it is
pessible to prepare polyolefins, in particular polymers of
alk-l-enes. These are understcod as meaning homo- and copolymers
of C»-Cip—alk-1l-enes, preferably used monomers being ethylene,
propylene, but—l-ene, pent-l-ene and hex-l-ene.

However, cycloclefins or higher alk-l-enes and alkenes generally
may also be used as monomers for the homo— or copolymerization.

The novel supported catalyst systems are distinguished in par-
ticular by high activity, can be activated at any desired time,
can be stored for a long time, are not pyrophoric and can there-
fore be easily handled and lead to polymers having a narrow mole-
cular weight distribution.

Examples

Examples 1 and 2: Reaction of $i0; with tri-isobutyl aluminum
(stage BA)}

Example 1

100 g of 5i0; (SG 332 from Grace; dried for 12 hours at 200°C)
were suspended in 1 1 of dry heptane. At room temperature, 140 ml
of a 2 molar solution of tri-iscobutyl aluminum in heptane were
added dropwise in the course of 30 minutes, the temperature
increasing to 35°C. Thereafter, stirring was carried out overnight
and the solid was filtered off and was washed twice with pentane.
Drying was then carried out under reduced pressure from an oil
pump until the weight remained constant (carrier 1).

Example 2

50 g of $i0; (ES 70F from Crosfield; dried for 7 hours at 110°C
under reduced pressure) were suspended in 500 ml of dry heptane.
At Toom temperature, 70 ml of a 2 molar solution of tri-iscbutyl
aluminum in heptane were added dropwise in the course of 30 min-
utes, the temperature increasing to 35°C. Thereafter, stirring was
carried out overnight and the solid was filtered off and was
washed with heptane. Drying was then carried out under reduced
pressure from an cil pump until the weight remained constant
(carrier 2).

Example 3 Reaction with metallocene complex and N,N-dimethyl-
anilinium tetrakis(pentafluorophenyl)borate
{stage B))
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0.5 mmol of the respective metallocene complex and in each case
0.5 mmol of N,N-dimethylanilinium tetrakis{pentafluorophenyl)-
borate were dissolved in 50 ml of absolute toluene at 809C, In
each case 5 g of the material obtained according to Example 1 or 2
were added to this, and the dispersion thus obtained was stirred
for 30 minutes at 80°C. Thereafter, the solvent was stripped off
at 10 mbar and the solid residue was dried under reduced pressure
from an 0il pump until a free-flowing powder remained.

Metallocene complexes used:

IIT 1: Bis{cyclopentadienyl)zirconium dichloride

III 2: Bis(n-butylcyclopentadienyl)zirconium dichloride

IITI 3: Bis(trimethylsilylcyclopentadienyl)zirconium dichloride

III 4: Dimethylsilanediylbis(indenyl)zirconium dichloride

IIT 5: Ethylenebis(indenyl)zirconium dichloride

IIT 6: Dimethylsilanediylbis(-2-methylbenzindenyl)zirconium
[sic] dichloride

ITT 7: Dimethylsilanediyl{(N-tert-butylamido)(n®-2,3,4,5-tetra—
methylcyclopentadienyl)titanium dichloride

Examples 4 to 17: Preparation of polyethylene in suspension

A 1 1 steel autoclave was heated to 70°C, then the corresponding
metal compound II was injected through a lock using 20 ml of
isobutane. Thereafter ethylene was introduced into the autoclave
up to a pressure of 40 bar and a corresponding amount of the ma-
terial prepared in Example 3 was blown in with ethylene. The poly-
merization was carried out at 70°C until 200 g of ethylene had
been absorbed and was stopped by letting down the pressure.

Metal compounds II used:

II 1: Tri=-n-hexyl aluminum
il 2: n-Butyl-n-heptyl magnesium
II 3: n-Butyl lithium

Table 1 below provides information about the compounds used in
each case and the properties of the polyethylenes.

The limiting viscosity n was determined according to ISO 1628/3.
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Table 1:

Ex. |{Car- [Metallo- |Amount used |Metal com- |[Product-

rier |cene of material |pound ivity {dl/qg]
complex jprepared ac- {g of
cording to polymer/g
Ex. 3 [mg] of cata-
lyst]™}

4 1 III 1 107 180 mg IT 1 |1495 3.75

5 2 IIT 1 68 168 mg II 1 |3970 4.04

6 2 IITI 1 88 80 mg II 2 |3460 4.06

7 1 III 2 66 40 myg II 3 |[2560 3.97

8 2 III 2 a8 80 mg II 2 {3010 4,24

9 2 IIT 2 54 40 mg II 3 |4900 4.05
10 1 111 3 83 80 mg II 3| 228 6.34
11 1 IIT 4 116 20 mg IT 3 |1422 2.43
12 2 IIT 4 41 60 mg II 2 [4580 2.89
13 2 IIT ¢ 94 80 mg II 2 |2660 2.11
14 1 ITT 7 140 60 mg II 2 {2210 24.8
15 1 ITY 7 81 20 mg II 3 {2690 22.89
16 1 IIT 7 250 40 mg II 3 | 506 21.2
17 1 111 7 197 80 mg IT 2 [ 535 20.22

¥) Catalyst means the product obtained according to stage B)
Examples 18 to 21: Preparation of polyethylene in the gas phase

A 11 steel autoclave was filled with 80 g of polyethylene
granules, heated to 70°C and flushed with argon for 1 hour. 3 ml
of a 0.2 molar solution of tri-n-hexyl aluminum in heptane were
then injected. Thereafter, 50 mg of the material prepared in
Example 3 were blown in with ethylene, and the ethylene pressure
was increased to 40 bar. The polymerization was carried out at
70°C until 150 g of ethylene had been absorbed and was stopped by
letting down the pressure.

Table 2 below provides information about the compounds used and
the properties of the polyethylenes.

The limiting viscosity n was likewise determined according to
IS0 1628/3,
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Table 2:
Ex. Carrier Metallocene Productivity n

complex g of polymer/ [dl/g]

g of catalyst]”!

18 1 I1I1 2 1604 4.52
19 1 111 4 3290 2.23
20 1 IIT 5 2256 1.54
21 1 III 7 1306 13.9

*) Catalyst means the product obtained according to B}
Example 22; Preparation of polypropylene (bulk polymerization)

0.3 1 of liquid propene was initially taken at room temperature
in a 1 1 steel autoclave flushed with nitrogen. 1 mmol of tri-
isobutyl aluminum (as a 2 molar solution in heptane) was added
via a lock. After stirring had been carried out for 5 minutes,

72 mg of the material prepared in Example 3 (carrier 1, metallo-
cene complex ITI6) were added, likewise via the lock, and the
autoclave was heated to 60°C. The polymerization was carried out
at 70°C over a period of 10 minutes. 90 g of isotactic polypropy-
lene having a melting point of 144.9°C were obtained.




17

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A supported catalyst system obtainable by

A) reaction of an inorganic carrier which is a finely divided solid whose

particle diameters are from 1 to 200 um with a metal compound of the formula I

M1(R1){R2)s(R)(R4)y I
where

M! s an alkali metal, an alkaline earth metal or a metal of main group III or
IV of the Periodic Table,

Ri is hydrogen, C1-C1g-alkyl, Ce-Cis-aryl, alkylaryl or arylalkyl, each having
1 to 10 carbon atoms in the alkyl radical and 6 to 20 carbon atoms in the

aryl radical,
R2 to R4 are each hydrogen, halogen, C1-Cig-alkyl, Ce-C1s-aryl, alkylaryl,

arylalkyl, alkoxy or dialkylamino, each having 1 to 10 carbon atoms in the alkyl
radical and 6 to 20 carbon aloms in the aryl radical,
r is aninteger from 1 to 4

and
s, t and u are integers from 0 to 3, the sum r+s+t+u corresponding to the valency

of M1,
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B) reaction of the material obtained according to A) with the reaction product
of at least one metaliocene complex in its metal dihalide form and a compound

forming metailocenium ions
and

C)  subsequent reaction with a metal compound of the formula LI

M2{RS)o(RE)p(R7)q I

where

M2 is an alkali metal, an alkaline earth metal or a metal of main group IIT of
the Pericdic Table,

Rs  is hydrogen, Cy-Cig-alkyl, Ce-Cys-aryl, alkylaryl or arylalkyl, each having
1 to 10 carbon atoms in the alkyl radical and & to 20 carbon atoms in the
aryl radical,

Ré to R7 are each hydrogen, halogen, Ci-Cqp-alkyl, Ce-Cys-aryl, alkylaryl,

arylalkyl or alkoxy each having 1 to 10 carbon atoms in the alkyl radicai and 6 to

20 carbon atoms in the aryl radical,

o} is an integer from 110 3

and

p and q are integers from 0 to 2 the sum o+p+q corresponding to the valency of

M2,

2. A supported catalyst system as claimed in claim 1, wherein the malerial

obtained according to A) is isolated and dried.

3. A supported catalyst system as claimed in claims 1 and 2, wherein, in the

formula T, M1 is aluminum, R? to R3 are each C4-Cqg-alkyl and u is zero.
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4. A supported catalyst system as claimed in any of claims 1 to 3, wherein a
coordination complex compound selected from the group consisting of the
strong, neutral Lewis acids, the ionic compounds having Lewis acid cations and
the ionic compounds having Bronsted acids as cation is used as the compound

forming metallocenium ions.

5. A supported catalyst system as claimed in any of claims 1 to 4, wherein,

in the formula 11, RS to R7 are each C1-Cqg-alkyl.

6. A process for the preparation of supported catalyst systems under the

process conditions of claim 1.

7. The use of supported catalyst systems as ctaimed in any of claims 1 to 5

for the preparation of polyolefins.

8. A supported catalyst system according to claim 1 and as herein described

with reference to the examples.

DATED this 12th day of August, 1999
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