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1. A process for the preparation of a polyolefin by
polymerizing 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 C,-C,,-alkyl radical or R!‘'and
R, together with the carbon atom connecting them,
form a ring having 4 to 28 carbon atoms, at a
temperature of from 0°C to 150°C, at a pressure of
from 0.5 to 100 bar, in solution, in suspension or
in the gas phase, in the presence of a catalyst
which comprises a metallocene and an aluminoxane of
the formula (II)

10 10 10
R R R
~ 1
Al -0 Al - O al (11)

for the linear type and/or of the formula (III)

.../2



(11) AU-B-76223/91 -2-
(10) 635419

10
|
Al — 0 (I11)

n+2

for the cyclic type, where, in the formulae (II) and
(III), the radicals RY are identical or different
and are hydrogen, a C,-Cg-alkyl group, phenyl or

benzyl, and n is an integer from 2 to 50, wherein
the metallocene is a compound of the formula (I)

R4
R (CR7R8)
3
R | R3
1 |
R (1)
M\
R2/ N Rr3
3\ ~ 5 6
R (CR”R°)
r% r%
in which
M is zirconium or hafnium, !

R! and R®* are identical or different and are a hydrogen
atom, a C,-C,y-alkyl group, a C,-C,,-alkoxy group, a
C¢-Cyo-aryl group, a Cgz-Cyy-aryloxy :group, a C,-Cyo-
alkenyl group, a C,-C,-arylalkyl group, a C,-C,-
alkylaryl group, a Cg-C,-arylalkenyl group or a
halogen atom,

R® and R' are identical or different and are a hydrogen
atom, a halogen atom or a C,~-C,,-alkyl group,

or any two adjacent radicals R® and R‘, together with the
carbon atoms connecting them, form a ring,

R®>, R®, R’ and R® are identical or different and are a
hydrogen atom, a halogen atom, a C,~Cs-alkyl group,
a C,-C,p~-fluoroalkyl group, a C4C,,-aryl group, a
Cg~Cyo-fluoroaryl group, a C;-C,-alkoxy group, a

../3



(11) AU-B-76223/91 3
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C,-Cyp-2alkenyl group, a C,-C,-arylalkyl group, a
Cg-C,o—arylalkenyl group, an -SiMe,; group, an -0SiMe,
group or a -CH,-SiMe, group, or R’ and R® or R’ and R®,
in each case together with the atoms connecting
them, form a ring, and the compound of the formula
I is in the form of at least two of its stereo-

isomers originating from the metallocene prepara-
tion.
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Description
Process for the preparation of a polyolefin

The invention relates to a process for the preparation of
a l-olefin polymer, specifically a bimodal propylene
polymer of high isotacticity and molecular weight and of
polydispersity, molecular weight distribution and separa-
tion between the molecular weight maximum which are
substantially independent of the polymerization tempera-
ture.

Isotactic PP is prepared by suspension polymerization
with the aid of ethylene bis(4,5,6,7)tetrahydro-1-
indenyl)zirconium dichloride together with an aluminoxane
(cf. US 4769510). The polymer has a narrow molecular
weight distribution (M,/M, of from 1.6 to 2.6).

By means of a special preactivation method, it is has
been possible to achieve a considerable increase in the
activity of the catalyst system (cf. DE 3 726 067). The
grain morphology of the polymer has likewise been im-
proved by this preactivation method.

The molecular weights of the polymers obtained in accor-
dance with these two applications are still too low for
industrial use.

The object was thus to find a process for the preparation
of a high-molecular-weight, isotactic, bimodal olefin
polymer which can be carried out in an industrially
useful temperature range with high catalyst activity.

It has been found that the object can be achieved by
polymerizing olefins in the presence of certain
metallocene catalysts.
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The invention thus relates to a process for the prepara-
tion of a polyolefin by polymerizing an olefin of the
formula RY-CH=CH-R' in which R' and R'? are identical or
different and are a hydrogen atom or a C(C,;-C;,-alkyl
radical or R™ and RY, together with the carbon atom
connecting them, form a ring having 4 to 28 carbon atoms,
at a temperature of from 0°C to 150°C, at a pressure of
from 0.5 to 100 bar, in solution, in suspension or in the
gas phase, in the presence of a catalyst which comprises
a metallocene and an aluminoxane of the formula (II)

10 10 10
R R
_ Al— 0—4—Al— Or— Al (11)
r10 n “\g10

for the linear type and/or of the formula (III)

Blo
Al — O (II1)
Jn+2

for the cyclic type, where, in the formulae (II) and
(IIT), the radicals R are identical or different and are
hydrogen, a C,-Cg-alkyl group, phenyl or benzyl, and n is
an integer from 2 to 50, wherein the metallocene is a
compound of the formula (I)

R4
R4 (cR7R8)
R3 | R3
R | (1)
M
2”7 N\ 3
RN (CROR6)



in which

M is zirconium or hafnium,

R' and R? are identical or different and are a hydrogen
atom, a C,-C,y-alkyl group, a C;-Cj,-alkoxy group, a
C¢-Cp-aryl  group, a CgCyp-aryloxy group, a
C,-C,,-alkenyl group, a C,-C,,-arylalkyl group, a
C,-C,,~alkylaryl group, a Cs-C,-arylalkenyl group or
a halogen atom,

R’ and R’ are identical or different and are a hydrogen
atom, a halogen atom or a C,-C,,~alkyl group,

or any two adjacent radicals R® and R, together with the
carbon atoms connecting them, form a ring,

R°, R®, R’ and R® are identical or different and are a
hydrogen atom, a halogen atom, a C;-Cjy-alkyl group,
a C,-C,,-fluoroalkyl group, a Cg-C,y-aryl group, a
C¢-Cyo-fluoroaryl group, a C,;~C,,—-alkoxy group, a
C,-C,p-alkenyl group, a C,-C,-arylalkyl group, a
Cg-C,—arylalkenyl group, an -SiMe, group, an -0SiMe,
group or a -CH,-SiMe, group, or R’ and R® or R’ and R?,
in each case together with the atoms connecting
them, form a ring, and the compound of the formula
I is in the form of at least two of its stereo-

isomers originating from the metallocene prepara-
tion.

The catalyst to be used for the process according to the

invention comprises an aluminoxane and a metallocene of
the formula I

R4
r% (cR7R8)
R3 R3
1 |
R N (1)
M
RZ/// \~\ R3
R3 (CRSR®)
R R4

in which

M is hafnium or zirconium, preferably zirconium,
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R' and R® are identical or different and are a hydrogen
atom, a C,-C,y;-alkyl group, preferably a C,-C;-alkyl
group, a C,-Cyp-alkoxy group, preferably a
C,-C;-alkoxy group, a Cg-C,,-aryl group, preferably a
Ce¢-Cg-aryl group, a C4z-C,,-aryloxy group, preferably
a Cg-Cg-aryloxy group, a C,-C,,-alkenyl group, prefer-
ably a C,-C,-alkenyl group, a C,-C,-arylalkyl group,
preferably a C,-C,,-arylalkyl group, a C,-C,,~alkylaryl
group, preferably a (C,-Cj,~alkylaryl group, &
Cg-C,o-arylalkenyl group, preferably a
Cg-C,,-arylalkenyl group, or a halogen atom, prefer-
ably chlorine.

R’ and R' are identical or different and are a hydrogen
atom, a halogen atom, preferably a fluorine, chlorine or
bromine atom, or a C,-C,,-alkyl group, preferably a
C,-Cs;-alkyl group, or any two adjacent radicals R® and RY,
together with the carbon atoms connecting them, form a
ring. Particularly preferred 1ligands are indenyl,
fluorenyl and cyclopentadienyl.

R, R?°, R’ and R® are identical or different and are a
hydrogen atom, a halogen atom, a C,-Cy-alkyl group,
preferably a C,-C,-alkyl group, in particular a methyl or
ethyl group, a C,;-C,,-fluoroalkyl group, preferably a CF,
group, a C¢-Cyp-fluoroaryl group, preferably a
pentafluorophenyl group, a C4z-C,g-aryl group, preferably
a Cg-Cys-aryl group, in particular -CH,-C¢H; or -CgH,, a
C,-C,p-alkoxy group, preferably a C,-C,~alkoxy group, in
particular a methoxy group, a C,-C,-alkenyl group,
preferably a C,-C,~alkenyl group, a C,-C,~arylalkyl group,
preferably a C,-Cj,-arylalkyl group, a Cg-C,,—arylalkenyl
group, preferably a Cg-Cj,-arylalkenyl group, an -SiMe,
group, an -0SiMe; group or a -CH,-SiMe; group, preferably
a -CH,-SiMe, group, or R’ and R® or R’ and R®, in each case
together with the atoms connecting them, form a ring. The
metallocene of the formula I is in the form of its
stereoisomers.



It is very particularly preferred for one of the radicals
R, R®, R’ and R® to be the -CH,-SiMe, group, each of the
other three radicals being a hydrogen atom.

The above-described metallocenes can be prepared in
5 accordance with the general reaction scheme below:

HyR? + butylLi — > HR®Li
X (crR7rR®)_ (crOR®) _-X

’
H,R® + butylLi-——= HRPLi
HR2- (CR7R®) - (CR°R®) -RPH 2 butylLi
LiR?3- (cR7R®) - (CRSR®) -RPLi MCl, .
'.B:..
LN ] [ ] 7 8 7 8 a
cene (CR R )m-lRa (CR R )m-|R 1
..... ' C R
1=vr/ ' 115 e 2
RILi M R2Li
N\ y [N
1l el
(Cr5R®) -RP (CRSR®) -RP
(CR7R8)m_13a
1
\ R
M
N
(CR®R®) -RP
T rR® R3
R3 R3 H
(X = cl, Br, I, O-tosyl, HR® = , HRP =
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The cocatalyst is an aluminoxane of the formula II

r10 \\\\ r10 r10
) s
r10 n O glo

for the linear type and/or of the formula (III)

(1I)

R10
!

AL - 0 (I11)

n+2

for the cyclic type. In these formulae, R' is preferably
a C,-Cz-alkyl group, preferably methyl, ethyl or isobutyl,
in particular methyl, and n is an integer from 2 to 50,
preferably from 5 to 40. However, the exact structure of
the aluminoxane is not known.

The aluminoxane can be prepared in various ways. Examples

are given below, in particular, for the preparation of

aluminoxanes where R = alkyl. Compounds where R' = alkyl
can be prepared analogously from corresponding starting
compounds.

One possibility is the careful addition of water to a
dilute solution of a trialkylaluminum by introducing the
solution of the trialkylaluminum, preferably trimethyl-
aluminum, and the water, in each case in small portions,
into a relatively large amount of an inert solvent,
awaiting the cessation of gas evolution between the
addition of each portion.

In another process, finely powdered copper sulfate

pentahydrate is slurried in toluene, and sufficient
trialkylaluminum to provide about 1 mol of CuSO,-5H,0 for

every 4 Al atoms is added at about -20°C under an inert
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gas in a glass flask. After slow hydrolysis with elimina-
tion of alkane, the reaction mixture is left at room
temperature for from 24 to 48 hours, during which it may
be necessary to cool the mixture so that the temperature
does not exceed 30°C. The copper sulfate is subsequently
filtered off from the aluminoxane dissolved in the
toluene, and the solution is evaporated in vacuo. It is
assumed that, in this preparation process, the low-
molecular-weight aluminoxanes condense with elimination
of trialkylaluminum to form higher aligomers.

Aluminoxanes are furthermore obtained if trialkyl-
aluminum, preferably trimethylaluminum, dissolved in an
inert aliphatic or aromatic solvent, preferably heptane
or toluene, is reacted at a temperature of from -20 to
100°C with aluminum salts, preferably aluminum sulfate,
containing water of crystallization. In this reaction,
the volume ratio between the solvent and the alkyl-
aluminum used is from 1:1 to 50:1, preferably 5:1, and
the reaction time, which can be monitored through the
elimination of the alkane, is from 1 to 200 hours,
preferably from 10 to 40 hours.

The aluminum salts containing water of crystallization
are in particular those which have a high content of
water of crystallization. Particular preference is given
to aluminum sulfate hydrate, in particular the compounds
Al,(S0O,);:16H,0 and Al,(S0O,);-18H,0 having the particularly
high water of crystallization content of 16 and 18 mol of
H,0/mol of Al,(SO,); respectively.

A further variant of the preparation of aluminoxanes
comprises dissolving trialkylaluminum, preferably tri-
methylaluminum, in the suspending agent, preferably in
the liquid monomer, heptane or toluene, in the polymeri-

zation reactor and ‘nen reacting the aluminum compound
with water.

In addition to the above-outlined process for the



o:oo 20

ehooe

25

30

35

)

-8 =

preparation of aluminoxanes, it is possible to use other
processes.

Irrespective of the preparation method, all the alumin-
oxane solutions have a varying content of unreacted
trialkylaluminum, in free form or as an adduct.

It is possible to preactivate the metallocene, before use
in the polymerization reaction, using an aluminoxane of
the formula (II) and/or (III). This considerably
increases the polymerization activity and improves the
grain morphology.

The preactivation of the transition-metal compound is
carried out in solution. The metallocene is preferably
dissolved in a solution of the aluminoxane in an inert
hydrocarbon. Suitable inert hydrocarbons are aliphatic or
aromatic hydrocarbon. Toluene is preferred. The con-
centration of the aluminoxane solution is in the range
from about 1% by weight to the saturation limit, prefer-
ably from 5 to 30% by weight, in each case based on the
overall) solution. The metallocene can be employed in the
same concentration, but is preferably employed in an
amount of from 10™ -1 mol per mol of aluminoxane. The
preactivation time is from 5 minutes to 60 hours, prefer-
ably from 5 to 60 minutes. A temperature of from -78°C to
100°C, preferably from 0 to 70°C, is used.

The polymerization is carried out in a known manner in
solution, in suspension or in the gas phase, continuously
or batchwise, in one or more steps, at a temperature of
from 0 to 150°C, preferably irom 30 to 80°C. Olefins of
the formula R'-CH=CH-R'? are polymerized. In this formula,
R and R are identical or different and are a hydrogen
atom or an alkyl radical having 1 to 28 carbon atoms.
However, R and R may also, together with the carbon
atoms connecting them, form a ring having 4 to 28 carbon
atoms. Examples of such olefins are ethylene, propylene,
l-butene, l1-hexene, 4-methyl-1l-pentene, l-octene,
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norbornene or norbornadiene. In particular, propylene is
polymerized.

The molecular weight regulator added, if necessary, is
hydrogen. The total pressure in the polymerization system
is from 0.5 to 100 bar. The polymerization is preferably
carried out in the industrially particularly useful
pressure range of from 5 to 64 bar.

The metallocene is used in a concentration, based on the
transition metal, of from 107 to 10”7 mol, preferably from
10 to 10°® mol, of transition metal per dm® of solvent or
per dm’® of reactor volume. The aluminoxane is used in a
concentration of from 10° to 10 mol, preferably from
10™ to 1072 mol, per dm® of solvent or per dm® of reactor

volume. In principle, however, higher concentrations are
also possible.

The metallocene employed is a compound of the formula I,
in the form of at least two of its stereoisomers origi-
nating from the metallocene preparation.

If the polymerization is carried out as a suspension or
solution polymerization, an inert solvent which is
customary for the Ziegler low-pressure process is used.
For example, the polymerization is carried out in an
al _.phatic or cycloaliphatic hydrocarbon; examples which
may be mentioned are butane, pentane, hexane, heptane,
isooctane, cyclohexane and methylcyclohexane.

In addition, a petroleum or hydrogenated diesel oil
fraction can be used. It is also possible to use toluene.

The polymerization is preferably carried out in liquad
monomer.

If inert solvents are used, the monomers are metered in
in gas or liquid form.

The polymerization cean be carried out for as long as
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desired since the catalyst system to be used according to
the invention exhibits only a slight time-dependent drop
in polymerization activity.

The process according to the invention is distinguished
by the fact that the metallocenes used are very tempera-
ture-stable, so that they can be used with high activity
even at temperatures up to 90°C. In addition, the alumin-
oxanes serving as cocatalysts can be added in lower
concentrations than hitherto.

The metallocene mixture to be used according to he
invention has the advantage over the prior art of be.ng
produced together in one synthesis operation, which saves
time, space, equipment and solvent. It contains compounds
which are able to polymerize 1l-olefins, particularly
propylene, to give polymers having a molecular weight M,
of greater than 70,000 g/mol. This is confirmed by the
molecular weight distribution, which has a high M/M,

ratio (> 2). The molecular weight distribution is
bimodal.

Example 1
[ (n°-1-Indenyl-CH,*CH(CH,SiMe,) (n°~1-indenyl) ]2xCl,

14 cm® of a 1.6 N (22.4 mmol) butyllithium/hexane solution
were added dropwise over the course of 1 hour at room
temperature to 12.2 g (42.6 mmol) of the ligand
(diastereomer mixture) in 50 cm’ of THF, and the batch was
stirred at 60°C until 0.5 hour after cessation of the
evolution of butane.

The dilithio salt solution obtained was added dropwise,
simultaneously with a solution of 4.21 g (11.16 mmol) of
zrCl,(thf), in 80 cm® of THF, at ambient temperature over
the course of 1 hour to 30 cm® of THF. The batch was then
stirred at room temperature for 8 hours and evaporated.
The salts deposited initially during the evaporation were
filtered off, and the batch was finally evaporated to
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dryness. The residue was suspended in n-pentane and
separated off. The solid was subsequently taken up in
ether, the ether-soluble components were separated off by
filtration, and the ether was stripped off, leaving 38 g
(5.94 mmol, 53%) of a yellow powder, whose NMR spectrum
showed the presence of a complex mixture of at least
three compounds. The elemental analysis had the following
result:

C 55.8 (calc. 57.12), H 5.4 (calc. 5.19) and Cl 14.1
(calc. 14.05), all in %.

Examples 2 to 5

A dry 16 dm® reactor was flushed with nitrogen and charged
with 10 dm’ of liquid propylene. Two-thirds of the amount
of methylaluminoxane (MAO) indicated in the table for
each experiment were then added as a toluene solution,
and the batch was stirred at 30°C for 15 minutes.

In parallel, a solution of the metallocene was prepared
in one third of the amount of MAO in the table, and was
preactivated by being left to stand for 15 minutes.

This solution was then introduced into the reactor. The
polymerization system was heated to the appropriate
polymerization temperature, and the polymerization was
initiated. The polymerization was terminated after 60
minutes by cooling the reactor and decompressing the
contents. The polymer yield obtained and the analytical
data determined are shown in the table.

The following abbreviations have been used in the table:

VN viscosity number in cm’/g,

M, weight average molecular weight in g/mol,

M. /M, polydispersity, determined by gel permeation
chromatography (GPC)



Polymerization experiments using [ (IND)-CH*CH,SiMe,-CH,-(IND)]ZrCl,

Tempera- Amount Cata-  Amount MAO Yield Activity  Bulk \'¢/ M, M,/M,
ture of lyst of [¥3] [mmcl] [kg] [kg of density [cm®’/g] [g/mol]
[°cl cata- molecu- activa- PP/g of [g/dm®]

lyst lar tor catalyst/h]

[mg] weight [cm’]

[g/mol]

40 19.9 504.5 40.2 10.0 60 0.140 7.0 101 89 70700 7.3 '
50 13.9 504.5 40.2 10.0 60 0.880 63.1 183 81 59300 8.5 "3‘
60 19.8 504.5 40.2 10.0 60 1.280 129.1 264 77 58200 5.9 P

70 6.0 504.5 40.2 10.0 60 1.040 172.2 246 55 43300 6.9



LX) °

XXX
[

L XX

e o
“8069

ot 215

- 13 - HOE 90/F 146

PatentX CraimsX

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

—Lo

A process for the preparation of a polyolefin by
polymerizing an olefin of the formula R-CH=CH-R* i
which R™ and R' are identical or different and are
a hydrogen atom or a C,-C;,-alkyl radical or R' and
R¥, together with the carbon atom connecting them,
form a ring having 4 to 28 carbon atoms, at a
temperature of from 0°C to 150°C, at a pressure of
from 0.5 to 100 bar, in solution, in suspension or
in the gas phase, in the presence of a catalyst
which comprises a metallocene and an aluminoxane of
the formula (II)

10 10 10
R R R
\

r10~"

{
Al - O Al - O Al

/ N\

(I1)

for the linear type and/or of the formula (III)

r10

|
Al — O (III)
n+2

for the cyclic type, where, in the formulae (II) and
(III), the radicals R are identical or different
and are hydrogen, a C,-Cs-alkyl group, phenyl or
benzyl, and n is an integer from 2 to 50, wherein
the metallocene is a compound of the formula (I)

R4
R (crR7R8)
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which

is zirconium or hafnium,

and R®* are identical or different and are a hydrogen

atom, a C,-C,,~alkyl group, & C,-C,,-alkoxy group, a
Ceg-Cip—aryl group, a Cg-Cy~aryloxy group, a C,-Cy,-
alkenyl group, a C,-C,-arylalkyl group, a C,-C,-
alkylaryl group, a Cg-C,,~arylalkenyl group or a
halogen atom,

and R‘ are identical or different and are a hydrogen

atom, a halogen atom or a C,-C,~alkyl group,

any two adjacent radicals R® and R‘, together with the

carbon atoms connecting them, form a ring,

R>, R®, R’ and R® are identical or different and are a

hydrogen atom, a halogen atom, a C,-C,;,-alkyl group,
a C,~C,,-fluorocalkyl group, a CgCjy-aryl group, a
C¢-C,p-fluoroaryl group, a C,-C,,-alkoxy group, a
C,-C,,-alkenyl group, a C,-C,-arylalkyl group, a
Cg-C,o-arylalkenyl group, an -SiMe, group, an -0SiMe,
group or a -CH,~-SiMe, group, or R’ and R®° or R’ and R®,
in each case together with the atoms connecting
them, form a ring, and the compound of the formula
I is in the form of at least two of its stereo-

isomers originating from the metallocene prepara-
tion.

The process as claimed in claim 1, wherein propylene
is polymerized.

Polypropylene having a molecular weight of greater

than 70,000 g/mol, prepared by the process as
claimed in claim 1.

DATED THIS 26th day of April, 1991

HOECHST AKTIENGESELLSCHAFT

WATERMARK PATENT & TRADEMARK ATTORNEYS,
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