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Description

[0001] The present invention is directed to a process for controlling beta-phase formation in a metallocene-based
isotactic propylene homopolymer, as well as to a process for producing a mold or cast product containing beta-phase.
[0002] Beta- phase formation in melt crystallized, metallocene- based isotactic polyplropylyene (MC- iPP) has not
been reported in the literature so far. Only when nucleating agents are added, beta- form formation can be observed for
these polymers. Busse et al (J. Macromolecules 2000, 33, 8775- 8780) describe the formation of beta- phase in MC-
iPP (defect concentration as determined by 13C- NMR: 1.1 %) only upon the addition of the nucleating agent N, N-
dicyclohexyl- 2, 6- naphthalene dicarboxamide (0.3 wt%) . In the absence of the nucleating agent, no beta- phase was
observed. Krache et al (Macromolecues 2007, 40, 6871- 6878) describe the competition between alpa- , beta- and
gamma- polymorphs in beta- nucleated MC- iPP. They found that the addition of 1 wt% of a typical beta- nucleating
agentwas not enough to develop any appreciable amount of beta- modification whereas in comparison, the same amount
of nucleating agent added to a Ziegler- Natta iPP (ZN- iPP) leads to almost 100% of beta- form. However, ZN catalysts
have the disadvantage that polar residues like chlorine, aluminium, titanium, magnesium or silicon originating from the
used Ziegler- Natta catalyst, are found in the resulting polymer. Such residues can have negative impact on the desired
products, for instance molded products. In contrast thereto, with a metallocene catalyst a polypropylene is obtainable
being essentially free of undesired residues.

[0003] It is therefore the object of the present invention to provide a process for controlling beta-phase formation in
an isotactic propylene homopolymer, more preferably in a metallocene-based isotactic propylene homopolymer. More-
over, it is an object of the present invention to provide a mold or cast product containing beta-phase.

[0004] The presentinvention is based on the finding that a propylene homopolymer with B-phrase is obtained by using
a propylene homopolymer with rather low stereo and/ or region defects and applying to said propylene homopolymer
heat and pressure. A further finding is that the beta-phase formation can be controlled by varying the chosen melting/
cooling conditions.

[0005] Thus the present invention is directed to a process for producing a molded isotactic propylene homopolymer
with beta-phase, the process comprising the steps of

(a) heating an isotactic propylene homopolymer powder with a melt flow rate MFR, (230 °C) measured according
to 1SO 1133 of equal or higher to 1.0 g/l 10min to a temperature equal or above the melting temperature (T,.)
measured by differential scanning calorimetry (DSC) of said powder, and holding the temperature for at least 1
minute; and

(c) cooling the molded propylene homopolymer down to ambient temperature.

[0006] In a preferred aspect the present invention is directed to a process for producing a molded isotactic propylene
homopolymer with beta-phase, the process comprising the steps of,

(a) heating an isotactic propylene homopolymer powder with a melt flow rate MFR, (230 °C) measured according
to 1ISO 1133 of equal or higher to 1.0 g/10min to a temperature equal or above the melting temperature (T,,,) measured
by differential scanning calorimetry (DSC) of said powder, and holding the temperature for at least 1 minute; applying
simultaneously pressure in the range of 1 to 140 MPa;

(b) optionally holding the pressure of step (a) without further heating; and

(c) cooling the compression molded propylene homopolymer down to ambient temperature.

[0007] Thereby, theterm"polymer powder" or"powder" are equally applied inthe instant invention and define preferably
the polymer directly derived from polymerization, i.e. the "polymer as is", without being further processed.

[0008] The terms "moulding™ or "moulded" according to this invention is broadly understood and thus cover articles
obtained by any kind of forming processes via moulding comprising the process steps as indicated above and optionally
further defined in more detail below. The terms"moulding" or"moulded" in particular covers for example injection moulded,
compression moulded or extruded articles. Combinations of these forming processes like extrusion blow moulding,
injection blow moulding, injection stretch blow moulding are covered as well. In the compression moulding process the
moulding material is placed in a mould cavity and heated up to a temperature above the melting temperature (Tm). The
mould cavity is closed and a top force pressure of more than the atmospheric pressure is applied. Afterwards the material
is cooled down, optionally the pressure is holded during the cooling phase. In the injection moulded process the moulding
material is fed into a heated barrel (where it is heated up and moulded) and forced into a mould cavity where it cools
down under pressure. In the extrusion process the material is heated up and moulded in the extruder and pushed through
a die. Reference with regard to the definitions of extrusion and moulding is made to the "Polypropylene Handbook",
Nello Pasquini, 2nd Edition, Hanser.

[0009] According the instant invention a molded isotactic propylene homopolymer has been molten either with or
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without pressure. In turn a compression molded isotactic propylene homopolymer has been molten under pressure, i.e.
a pressure being higher than the atmospheric pressure.

[0010] Throughout the present invention a preferred isotactic propylene homopolymer is the metallocene-based iso-
tactic propylene homopolymer. Thus in a preferred embodiment throughout the present invention the term "isotactic
propylene homopolymer" can be replaced by the term "metallocene-based isotactic propylene homopolymer".

[0011] It is preferred to stabilize the isotactic propylene homopolymer powder with standard stabilizers as known in
the art, like primary and secondary antioxidants.

[0012] The process of present invention is applied to an isotactic propylene homopolymer powder with a melt flow
rate MFR, (230°C) measured according to ISO 1133 of equal or higher to 1.0 g/l 10min. Preferably the isotactic propylene
homopolymer has a melt flow rate MFR, (230 °C) in the range from 1.0 g/10min to 50 g/10min, particularly from 1.0 g/
10min to 10.0 g/10min, from 1.0 g/10min to 8.0 g/10min or from 1.0 g/10min to 7.0 g/10min. Preferred lower limits are
1.0 ¢/10min, 1.5 g/10min or 2.0 g/10min.

[0013] The term "equal or above the melting temperature (T,,) measured by differential scanning calorimetry (DSC)
of the isotactic propylene homopolymer powder" in step (a) means a temperature at least as high as the temperature
T, as measured by differential scanning calorimetry (DSC) of the isotactic propylene homopolymer to be processed,
preferably it means a temperature range from T,, to 80°C above the temperature T,,, more preferably it means a
temperature range from T, to 65°C above the temperature T, like a temperature range from T, to 50°C above the
temperature T,,,.

[0014] Alternatively, the term "equal or above the melting temperature (T,,,) measured by differential scanning calor-
imetry (DSC) of the isotactic propylene homopolymer powder" can be given as temperature range from T, to 260°C,
more preferably from T, to 240°C, still more preferably from T, to 230°C, yet more preferably from T, to 220°C.
[0015] Alternatively, the term "equal or above the melting temperature (T,,,) measured by differential scanning calor-
imetry (DSC) of the isotactic propylene homopolymer powder" can be given in absolute terms, i.e. a range from 170°C
to 260°C, preferably from 180°C to 240°C, more preferably from 180°C to 230°C, like from 185°C to 220°C.

[0016] In a preferred embodiment the isotactic propylene homopolymer powder is not only exposed a certain temper-
ature but also a certain pressure. Accordingly it is preferred that throughout step (a) a specific pressure is applied. Thus
in some embodiments, the lower pressure given for step (a) may be 1 MPa, 3 MPa, 5 MPa, 8 MPa, or 10 MPa. The
upper pressure may be given as 140 MPa, 120 MPa. 110 MPa, 100 MPa, 90 MPa, or 80 MPa. It is to be understood
that the upper and lower limits as given herein may be combined with each other. Moreover, it is preferred that during
pressing, the pressure is kept constant. In one preferred embodiment the pressure is between 2 to 100 MPa, more
preferably between 3 to 80 MPa, yet more preferably between 5 to 20 MPa, like between 5 to 15 MPa.

[0017] The temperature and optionally the pressure applied in step (a) shall be hold for a certain time. Preferably, the
temperature and optionally the pressure should be hold for at least 1 minute, as for example 1 to 15 minutes. In some
embodiments, the lower limit of the time is 1 min, 2 min, 3 min, or 4 min. In some embodiments, the upper limit of the
time is 15 min, 13 min, 10 min, 7 min.

[0018] Accordingly in step (a), the temperature and optionally the pressure is preferably upheld for at least 1 minute,
as for example 1 to 15 minutes. In some embodiments, the lower limit of the time is 1 min, 2 min, 3 min, or 4 min. In
some embodiments, the upper limit of the time is 15 min, 13 min, 10 min, 7 min. It is to be understood that each lower
limit may be combined with any one of the upper limits. Thus in cne preferred embodiment the pressure is preferably
upheld for 2 to 7 minutes.

[0019] In the optional step (b) pressure is applied on the isotactic propylene homopolymer preferably without further
heating. Preferably the pressure values and ranges, respectively, described for step (a) are equally applicable for step
(b). More preferably in step (b) the pressure of step (a) is kept without further heating. More preferably the pressure of
step (b) differs not more than 1 MPa, preferably not more than 0.5 MPa, like not more than 0.05 MPa from the pressure
applied in step (a). In one specific embodiment the pressure in step (a) and (b) are identical, i.e. no difference in pressure
is detectable.

[0020] In one embodiment, the pressure in step (b) is upheld for 1 to 15 minutes. In some embodiments, the lower
limit of the time is 1 min, 2 min, 3 min, or 4 min. In some embodiments, the upper limit of the time is 15 min, 13 min, 10
min, 7 min. In one embaodiment, the product of step (a) is transferred for step (b) to another press held at ambient
temperature, thereby applying the pressure of step (a) and holding the pressure upheld for 1 to 15 minutes, like 2 to 10
min. Accordingly in some embodiments, the lower limit of the time is 1 min, 2 min, 3 min, or 4 min. In some embodiments,
the upper limit of the time is 15 min, 13 min, 10 min, 7 min.

[0021] 1t is to be understood that each lower limit may be combined with any one of the upper limits. Thus in one
preferred embodiment the pressure in step (b) is preferably upheld for 2 to 7 minutes.

[0022] Theterm"ambienttemperature"inthe meaning of presentinvention is the ambient air temperature, i.e. between
15 and 30°C.

[0023] In step (c), the product obtained in step (a) or (b) is allowed to cool down to ambient temperature.

[0024] In step (c) itis not mandatory to choose a specific cooling rate. However, specific cooling rates may be applied,
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such as a cooling rate selected in a range from 100 to 0.1 °C/min, more preferably in the range of 20 to 1 °C/min.
[0025] As processing of polymers involves the re- melting and crystallization of an already solidified polymer ("pellets"),
itis important that melting and cooling of the product obtained in the process above does not impair the - phrase content
in the (compression) molded isotactic propylene homopolymer treated by further melting/ crystallization. In order to
secure a beta- phase content in a further processed (compression) moulded isotactic propylene homopolymer the
following conditions have to be met.

[0026] As processing of polymers involves the re-melting and crystallization of an already (compression) moulded
isotactic propylene homopolymer it is important that melting and cooling of the product obtained in the process above
does not impair the B-phrase content in the (compression) moulded isotactic propylene homapolymer treated by further
melting/crystallization. In order to secure a B-phrase content in a further (compression) moulded isotactic propylene
homopolymer, the following conditions have to be met.

[0027] Therefore, in one embodiment of the invention, the process as described above, including steps (a), and (c)
and optional step (b) may be expanded with the following steps:

(d) heating the (compression) molded product obtained after step (c) to a temperature equal or above the melting
temperature (T,,,) measured by differential scanning calorimetry (DSC) of the propylene homopolymer;

(e) optionally forming a molded product;

(f) cooling the product of step (d) or () at a cooling rate in a range from 100°C/min to 0.1 °C/min.

[0028] In a step (d), the obtained product of step (c) is subjected to a melting process. Thereby, the (compression)
moulded isotactic propylene homopolymer is heated to a temperature above the the melting temperature (T,,) measured
by differential scanning calorimetry (DSC) of the isotactic propylene homopolymer. It is preferred that the temperature
is not too high so that the thermal history of the polymer is not completely destroyed. Therefore, it is preferred that the
temperature applied is not higher than 300°C, preferably not higher than 250°C, more preferably not higher than 210°C.
Accordingly it is appreciated that the temperature is in the range of 180 to 300 °C, more preferably in the range of 190
to 250°C, like in the range of 195 to 210°C.

[0029] Particularly, the term"equal or above the melting temperature (T ;,) measured by differential scanning calorimetry
(DSC) of the isotactic propylene homopolymer" in step (d) means a temperature as least as high as the temperature T,
as measured by differential scanning calorimetry (DSC), preferably it means a temperature range from T, to 80°C above
the temperature T,,,, more preferably it means a temperature range from T,,, to 70°C above the temperature T,,., more
preferably it means a temperature range from T, to 60°C above the temperature T .

[0030] Also, itis preferred that the temperature is not applied too long. Preferred time limits are 1 to 15 min. The lower
limit of the application time may be selected from 1 min, 2 min, 3 min, 5 min, or 7 min. The upper limit of the application
time may be selected from 15 min, 13 min, or 10 min. It is to be understood that each lower limit given can be combined
with each upper limit given. Accordingly in one embodiment the temperature is applied for 5 to 15 min.

[0031] In an optional step (e), the molded isotactic propylene homopolymer obtained in step (d) can be formed to a
moulded product.

[0032] The application of step (f) is again important for retaining and/or obtaining beta-phase. Therefore, in step (f) a
cooling rate in a range from 100°C/min to 0.1 °C/min is applied. Preferred ranges of cooling rates are 100°C/min to 0.1
°C/min, 50°C/min to 0.1 °C/min, 30°C/min to 0.1 °C/min, 20°C/min to 0.1 °C/min, 15°C/min to 0.1 °C/min, 30°C/min to
0.5 °C/min, 20°C/min to 0.5 °C/min, 15°C/min to 0.5 °C/min, 10°’C/min to 0.5 °C/min, 20°C/min to 1 °C/min, 15°C/min to
1 °C/min, 10°C/min to 1°C/min. Particularly preferred cooling rates are 0.1 °C/min, 0.2 °C/min, 0.3 °C/min, 0.4 °C/min,
0.5 °C/min, 0.8 °C/min, 1 °C/min, 1.5 °C/min, 2 °C/min, 3 °C/min, 4 °C/min, 5 °C/min, 6 °C/min, 7 °C/min, 8 °C/min, 9
°C/min, 10 °C/min, 15 °C/min, 20 °C/min, 25 °C/min, 30 °C/min, or 35 °C/min.

[0033] Further, present invention relates to a (compression) moulded isotactic propylene homopolymer obtainable by
any one of the processes described above, in particular after step (c) or (f), comprising 5 to 90 %, like 10 to 90 %, of
beta- phase, wherein said beta- phase is measured on a DSC specimen via wide angle X- ray scattering (WAXS) . More
preferably it is appreciated that the (compression) moulded isotactic propylene homopolymer obtained by the instant
pracess, in particular after step (c) or (f), has a - phrase of equal or more than 5 %, preferably equal or more than 10
%, more preferably equal or more than 12 %, wherein said - phrase has been measured via wide angle x- ray scattering
(WAXS) . The upper limit of beta- phase content is preferably equal or less than 90 %, equal or less than 80 % or equal
or less than 70 %. It is to be understood that each combination of the given lower and upper limits are to be regarded
as disclosed, for instance a range of beta- phase from 5t0 90 %, 10t0 90 %, 12t0 80 % or 12 to 70 %. The beta- content
may be measured in the skin and/or in the core of the sample. Preferably, the beta- phase content is measured in the
core, i.e. in the middle, of the sample.

[0034] The final beta-phase content in the (compression) molded isotactic propylene homopolymer obtained by the
inventive process is the combination of melting, optional pressure, and recrystallization at a specific speed. It has
surprisingly been found that the lower the cooling rate in steps (c), and particularly in step (f), the higher the content of
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beta-phase in the (compression) molded isotactic propylene homopolymer. Therefore, the content of beta-phase can
be controlled via application of a specific selected cooling rate

[0035] Moreover, it appears that the higher the melting temperature Tm of the isotactic propylene homaopolymer the
higher the content of the beta- phase. Again, this allows for the control of beta- phase content.

[0036] It is further preferred that the inventive process does not use any nucleating agents for triggering the beta-
phase. In other words, the isotactic propylene homopolymer used in present inventive process is free of nucleating
agents, especially free of beta-nucleating agents.

[0037] The process according to present invention is useful for such applications where a beta-phase in isotactic
propylene homopolymer is desired. Particularly, such properties are desired for specific moulded products.

[0038] Accordingly the present invention is also directed to (compression) moulded products comprising at least 90.0
wt% of the (compression) moulded isotactic propylene homopolymer as defined above. In further embodiments of the
invention, the (compression) moulded product comprises at least 95.0 wt%, at least 97.0 wt% or at least 99.0 wt% of
the (compression) moulded isotactic propylene homopolymer as described herein. In a further embodiment of the in-
vention, the (compression) moulded product comprises 100 wt%, at the most 99.9 wt%, at the most 99.7 wt%, at the
most 99.5 wt% or 99.2 wt% of the (compression) moulded isotactic propylene homopolymer as described herein. It is
to be understood that each combination of lower and upper limits as given above is regarded as disclosed, for example
that the (compression) moulded product according to the invention comprises the (compression) moulded isotactic
prapylene homopolymer as described herein in the range of 90.0 wt% to 100.0 wt%, or for example in the range of 90.0
wt% t0 99.7 wt%. In one embodiment the (compression) moulded isotactic propylene homopolymer is the only polymer
within the moulded product. In still another preferred embodiment the (compression) moulded product consists of the
(compression) moulded isotactic propylene homopolymer as described herein.

[0039] In the following, the isotactic propylene homopolymer suitable for the present inventive process is further
described in more detail.

[0040] The expression homopolymer used in the instant invention relates to a polypropylene that consists substantially,
i.e. of at least 99.5 wt.-%, more preferably of at least 99.8 wt.-%, of propylene units. In a preferred embodiment only
propylene units in the propylene homopolymer are detectable.

[0041] Preferably the isotactic propylene homopolymer can be defined by its melting temperature (T,,). Thus it is
appreciated that the propylene homopolymer has a melting temperature (T,,,) measured by differential scanning calor-
imetry (DSC) of at least 140.0 °C, more preferably of at least 145 °C. The upper limit of the melting temperature (T,.)
may be given as 175°C, 173°C, 171°C or 170°C. Thus it is in particular appreciated that the melting temperature (T,;,)
measured by differential scanning calorimetry (DSC) of the propylene homopolymer is in the range of 140 to 175 °C,
more preferably in the range of 145 to 175 °C, yet more preferably in the range of 145 to 169 °C, like in the range of 153
to 169 °C.

[0042] There exists a crucial difference in the chain-microstructure between polypropylenes produced by a metallocene
catalyst and a Ziegler-Natta catalyst. The chain regularity of metallocene based polypropylene is disturbed by stereo
and regio-defects, whereas the chain regularity of Ziegler-Natta based polypropylenes is only disturbed by stereo defects.
It is important to note that present isotatcic polypropylene homopolymer is preferably a metallocene-based isotactic
propylene homopolymer.

[0043] The isotactic propylene homopolymer, like the metallocene-based isotactic propylene homopolymer, can be
defined by its stereoregularity, i.e. by its pentad isotacticity. Thus it is preferred that the isotactic propylene hamopolymer,
like the metallocene-based isotactic propylene homopolymer, has a rather high pentad isotacticity (mmmm), i.e. equal
or more than 98.0 mol.-%, more preferably equal or more than 98.5 mol.-%, still more preferably equal or more than
99.0 mol.-%, yet more preferably in the range of equal or more than 98.5 to below 100.0 mol.-%, like equal or more than
98.9 to equal or below 99.8 mal.-%, like equal or more than 99.0 to equal or below 99.8 mol.-%.

[0044] Ontheotherhandthe contentof mrrm stereo sequences shall preferably be rather low. Accordingly it is preferred
that the mrrm stereo-defects of the isotactic propylene homopolymer, like the metallocene-based isotactic propylene
homopolymer, are preferably below 1.0 mol.-%, more preferably equal or below 0.8 mol.-%, yet more preferably equal
or below 0.5 mol.-%, still more preferably in the range of equal or more than 0.0 to equal or below 1.0 mol.-%, yet more
preferably in the range of equal or more than 0.0 to equal or below 0.5 mol.-%.

[0045] In one embodiment the isotactic propylene homopolymer, like the metallocene-based isotactic propylene
homopolymer, contains a detectable amount of region-defects, i.e. 2,1 erythro regio-defects. Accordingly the isotactic
propylene hamopolymer, like the metallocene-based isotactic propylene homopolymer, has preferably 2,1 erythro regio-
defects of equal or more than 0.1 to equal or below 1.2 mol.-% as determined by 13C NMR spectroscopy. Preferably
the isotactic propylene homopolymer, like the metallocene-based isotactic propylene homopolymer, is featured by a
rather low concentration of regio-errors, like <2,1> erythro regio-defects, compared to known metallocene based poly-
propylenes. Accordingly itis preferred that the propylene homopolymer of the instant, like the metallocene-based isotactic
propylene homopolymer invention, has <2,1> erythro regio-defects of equal or more than 0.1 to equal or below 1.2 mol.-
%, more preferably of equal or more than 0.1 to equal or below 0.9 mol.-%, like equal or more than 0.10 to equal or
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below 0.80 mol.-% or like equal or more than 0.10 to equal or below 0.70 mol.-%, determined by 13C-spectroscopy.
[0046] Commercially available polypropylenes in principle useful for capacitors are featured by rather high xylene cold
soluble (XCS) content. The isotactic propylene homopolymer of the instant invention is featured by rather low xylene
cold soluble (XCS) content, i.e. by a xylene cold soluble (XCS) content of equal or below 1.5 wt.-%, more preferably of
equal or below 1.0 wt.-%, yet more preferably equal or below 0.8 wt.-%, like equal or below 0.5 wt.-%. Thus it is in
particular appreciated that the isotactic propylene homopcolymer of the instant invention has a xylene cold soluble (XCS)
content in the range of 0.0 to equal or below 1.5 wt.-%, more preferably in the range of 0.0 to equal or below 1.0 wt.-%,
yet more preferably in the range of 0.0 to equal or below 0.8 wt.-%, like in the range of 0.0 to equal or below 0.5 wt.-%.
[0047] As from the word "isotactic propylene homopolymer” or "metallocene-based isotactic propylene homopolymer"
apparent the present invention does not define a composition of different polymers. Accordingly the isotactic propylene
homopolymer, like the metallocene-based isotactic propylene homopolymer, may comprise further additives but no other
polymer components than the homopolymer. Itis especially preferred that the isotactic propylene homopolymer, like the
metallocene-based isotactic propylene homopolymer, is free nucleating agents, in particular free of p-nucleating agents
and/or a-nucleating agents.

[0048] As mentioned above the propylene homopolymer usable for present inventive process is preferably produced
by a metallocene catalyst. Accordingly in the following the preparation of the isotactic propylene homopolymer usable
for present inventive process is described in more detail.

[0049] The catalyst used for the polymerisation of the isotactic propylene homopolymer according to the invention is
a metallocene. In principle, the invention is not limited to specific metallocenes. In the following, preferred metallocenes
are described.

[0050] Hence, the isotactic propylene homaopolymer of this invention is preferably produced in the presence of a single-
site catalyst, in particular in the presence of a metallocene catalyst, like a metallocene catalyst of formula (1) .

[0051] Accordingly, the isotactic propylene homopolymer usable for the present inventive process is preferably pro-
duced by polymerizing propylene in the presence of a solid catalyst system, said solid catalyst system comprises

(i) a complex of formula (1)

D

wherein

M is zirconium or hafnium;

each X is a sigma ligand;

L is a divalent bridge selected from- R’,C-, - R,C- CR’,-, - R’5Si-, - R'5Si- SiR',-, - R',Ge-, wherein each R’ is
independently a hydrogen atom, C4- Cyg- hydrocarbyl, tri (C4- Cog- alkyl) silyl, Cg- Coo- aryl, C4- Coq- arylalkyl or
C,- Cyq- alkylaryl; each R is independently a C4- C,, hydrocarbyl radical optionally containing one or more heter-
oatoms from groups 14- 16, or is a C,4- C, hydrocarbyl radical branched at the B- atom to the cyclopentadienyl ring,
optionally containing one or more heteroatoms belonging to groups 14- 16, or is a C5- C,q hydrocarbyl radical
branched at the - atom to the cyclopentadienyl ring where the - atom is an Si- atom; each R? is independently
hydrogen or an aliphatic C,- C,q hydrocarbyl group optionally containing one or more heteroatoms from groups 14-
16; each RP is independently hydrogen or an aliphatic C4- C,q hydrocarbyl group optionally containing one or more
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heteroatoms from groups 14- 16; or an R2 and RP group on adjacent carbon atoms can be taken together to form
a 5 membered saturated carbon ring which is optionally substituted by n groups R'®, n being from 0 to 3;

each R18 is same or different and may be a C- C, hydrocarbyl group, or a C4- C,q hydrocarbyl radical optionally
containing one or more heteroatoms belonging to groups 14- 16;

each R4 is independently an aliphatic C_y, hydrocarbyl group optionally containing one or more heteroatoms from
groups 14- 16 with at least 2 non- H atoms, or is a hydrogen atom or a C,_g- hydrocarby! radical;

each W group is independently an aryl or heteroaryl group having up to 20 carbon atoms optionally substituted by
one or more groups R5;

each R3is the same or different and is a C4- C,y hydrocarbyl group optionally containing one or more hetercatoms
belonging to groups 14- 16; or two R® groups on adjacent carbon atoms taken together can form a fused 5 or 6
membered non aromatic ring with the W group, said ring being itself optionally substituted with one or more C,- C,,
hydrocarbyl group (s), or two adjacent RS groups taken together can form a further mono or multicyclicring condensed
to W optionally substituted by one or two groups R3; and

(i) optionally a cocatalyst comprising a compound of a group 13 metal, e.g. boron.

[0052] The term C4- Cyq hydrocarbyl group therefore includes C4- Cog alkyl, Co- Cogalkenyl, Co- Coq alkynyl, C5- Coq
cycloalkyl, C4- Coq cycloalkenyl, Cg- Coq aryl groups, C4- Cyq alkylaryl groups or C4- C,q arylalkyl groups or of course
mixtures of these groups such as cycloalkyl substituted by alkyl.

[0053] Unless otherwise stated, preferred C,-C,, hydrocarbyl groups are C4-C,q alkyl, C4-C,q cycloalkyl, C5-Cy
cycloalkyl-alkyl groups, C;-C,q alkylaryl groups, C4-Coq arylalkyl groups or Cg-Coq aryl groups, especially C4-C4q alkyl
groups, Cg-C g aryl groups, or C,-C5 arylalkyl groups, e.g. C4-Cg alkyl groups. Most especially preferred hydrocarbyl
groups are methyl, ethyl, propyl, isopropyl, tertbutyl, isobutyl, C5-C4 cycloalkyl, cyclohexylmethyl, phenyl or benzyl.
[0054] The term halo includes fluoro, chloro, bromo and iodo groups, especially chloro groups, when relating to the
complex definition.

[0055] The term heterocyclic group means a preferably monocyclic non aromatic ring structure comprising at least
one heteroatom, e.qg. piperidinyl or piperazinyl.

[0056] The term heteroaryl means a preferably monocyclic aromatic ring structure comprising at least one heteroatom.
Preferred heteroaryl groups have 1 to 4 heteroatoms selected from O, S and N. Preferred heteroaryl groups include
furanyl, thiophenyl, oxazole, thiazole, isothiazole, isooxazole, triazole and pyridyl.

[0057] Any group including "one or more heteroatoms belonging to groups 14-16" preferably means O, S or N. N
groups may present as -NH- or -NR"- where R" is C4-C4g alkyl. There may, for example, be 1 to 4 heteroatoms.
[0058] The phrase "an aliphatic C1-20 hydrocarbyl group optionallycontaining one or more heteroatoms from groups
14-16 with at least 2 non-H atoms" excludes methyl, but includes methoxy.

[0059] The oxidation state of the metal ion is governed primarily by the nature of the metal ion in question and the
stability of the individual oxidation states of each metal ion.

[0060] It will be appreciated that in the complexes of the invention, the metal ion M is coordinated by ligands X so as
to satisfy the valency of the metal ion and to fill its available coordination sites. The nature of these c-ligands can vary
greatly.

[0061] A preferred subgroup of the metallocenes belong to the group of formula (1),

wherein
M is zirconium or hafnium;
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each X is a sigma ligand;

L is a divalent bridge selected from- R’,C-, -R’,C- CR’,-, - R',Si-, - R’5Si- SiR’,-, - R',Ge-, wherein each R’ is independently
a hydrogen atom, C4- Cog- hydrocarbyl, tri (C4- Cyq- alkyl) silyl, Cg- Cog- aryl, C4- Cog- arylalkyl or C4- Cop- alkylaryl;
each R'isindependently a C4- C,o hydrocarbylradical optionally containing one or more heteroatoms from groups 14- 16;
each R# is independently hydrogen or an aliphatic C4- C, hydrocarbyl group optionally containing one or more heter-
oatoms from groups 14- 16;

each RP is independently hydrogen or an aliphatic C4- C,4 hydrocarbyl group optionally containing one or more heter-
oatoms from groups 14- 16; or

an R2 and RP group on adjacent carbon atoms can be taken together to form a 5 membered saturated carbon ring which
is optionally substituted by a group R18;

each R18 is a C- C,, hydrocarbyl group;

each R4 is independently an aliphatic C4_,, hydrocarby! group optionally containing one or more heteroatoms from
groups 14- 16, or is a hydrogen atom;

each W group is independently an aryl or heteroaryl group having up to 20 carbon atoms optionally substituted by one
or more groups RS5;

each R5 is a C4- Cyq hydrocarbyl group, or two R5 groups on adjacent carbon atoms taken together can form a fused 5
or 6 membered non aromatic ring with the W group, said ring being itself optionally substituted with one or more C4- C,,
hydrocarbyl group (s) .

[0062] The cocatalyst comprises a compound of a group 13 metal, e.g. boron.

[0063] Examples for the catalysts of formula | are:

MC1: rac- dimethylsilanediylbis [2- methyl- 4- (3, 5- di- tert- butylphenyl)- 7- methoxyindenyl] zirconium dichloride
and
MC2: rac- methyl (cyclohexyl) silanediyl bis (2- methyl- 4- (4- tert- butylphenyl) indenyl) zirconium dichloride.

[0064] The catalyst described herein can be used in non-supported form or in solid form, it may be used as a homo-
geneous catalyst or heterogeneous catalyst.

[0065] The catalystpreferably isin solid form, preferably in solid particulate form can be either supported on an external
carrier material, like silica or alumina, or, in a particularly preferred embodiment, is free from an external carrier, however
still being in solid form. Ideally, the solid catalyst is obtainable by a process in which

(a) a liquid/liquid emulsion system is formed, said liquid/liquid emulsion system comprising a solution of the catalyst
components (i) and (ii) dispersed in a solvent so as to form dispersed droplets; and
(b) solid particles are formed by solidifying said dispersed droplets.

[0066] By free from an external carrier is meant that the catalyst does not contain an external support, such as an
inorganic support, for example, silica or alumina, or an organic polymeric support material.

[0067] The two multicyclic ligands making up the complex of formula (1) are preferably identical and hence the complex
of formula (I) may be symmetrical. The complexes of the invention may be in their meso or racemic forms (or a mixture
thereof). Preferably, the racemic (rac) form is used.

[0068] To form an active catalytic species it is normally necessary to employ a cocatalyst as is well known in the art.
Cocatalysts comprising an organometallic compound of Group 13 metal, like organoaluminium compounds used to
activate metallocene catalysts are suitable for use in this invention.

[0069] The instant solid catalyst system comprises (i) a complex in which the metal ion is coordinated by a ligand as
defined herein; and normally (ii) an aluminium alkyl compound (or other appropriate cocatalyst), or the reaction product
thereof. Thus the cocatalyst is preferably an alumoxane, like MAO or an alumoxane other than MAO.

[0070] Alternatively, however, the catalysts of the invention may be used with other cocatalysts, e.g. boron compounds
such as B (CgFs5)s, CgHsN (CHa)oH: B (CgFs)a, (CgHs)3C: B (CgFs)s of Ni (CN), [B (CoFs)la?

[0071] The use of aluminoxanes, especially MAQ, is highly preferred.

[0072] Suitable amounts of cocatalyst will be well known to the skilled man. Typically Al to M maolar ratios are from 1:
1 to 1000:1 mol/mol. Preferably when an aluminium alkyl is used as a coctalyst, the molar ratio of the aluminium in the
activator to the transition metal in the complex is from 1 to 500 mol/mol, preferably from 10 to 400 mol/mol and in particular
from 50 to 400 mol/mol.

[0073] The catalyst system used is in solid particulate form, but unsupported, i.e. being free of support material likes
silica, alumina or zirconia or a mixed oxide such as silica-alumina, in particular silica, alumina or silica-alumina.

[0074] In order to provide the solid catalyst system used it is preferred if a liquid liquid emulsion system is used. The
process involves forming dispersing catalyst components (i) and (ii) in a solvent, and solidifying said dispersed droplets
to form solid particles.
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[0075] In particular, the method involves preparing a solution of one or more catalyst components; dispersing said
solution in an solvent to form an emulsion in which said one or more catalyst components are present in the droplets of
the dispersed phase; forming solid particles comprising the said catalyst, and optionally recovering said particles.
[0076] This process enables the manufacture of the solid catalyst system with improved morphology, e.g. with a
predetermined spherical shape and particle size and without using any added external porous support material, such
as an inorganic oxide, e.qg. silica.

[0077] By the term "preparing a solution of one or more catalyst components" is meant that the catalyst forming
compounds may be combined in one solution which is dispersed to the immiscible solvent, or, alternatively, at least two
separate catalyst solutions for each part of the catalyst forming compounds may be prepared, which are then dispersed
successively to the solvent. In an prefferd embodiment for forming the solid catalyst system atleast two separate solutions
for each or part of said catalyst may be prepared, which are then dispersed successively to the immiscible solvent.
[0078] More preferably, a solution of the complex comprising the transition metal compound and the cocatalyst is
combined with the solvent to form an emulsion wherein that inert solvent forms the continuous liquid phase and the
solution comprising the catalyst components forms the dispersed phase (discontinuous phase) in the form of dispersed
droplets. The droplets are then solidified to form solid catalyst particles, and the solid particles are separated from the
liquid and optionally washed and/or dried. The solvent forming the continuous phase may be immiscible to the catalyst
solution at least at the conditions (e. g. temperatures) used during the dispersing step.

[0079] The term "immiscible with the catalyst solution" means that the solvent (continuous phase) is fully immiscible
or partly immiscible i.e. not fully miscible with the dispersed phase solution.

[0080] Preferably said solventis inertinrelation to the compounds of the catalyst system to be produced. Fulldisclosure
of the necessary process can be found in WO03/051934 which is herein incorporated by reference.

[0081] The inertsolvent must be chemically inert at least at the conditions (e.g. temperature) used during the dispersing
step. Preferably, the solvent of said continuous phase does not contain dissolved therein any significant amounts of
catalyst forming compounds. Thus, the solid particles of the catalyst are formed in the droplets from the compounds
which originate from the dispersed phase (i.e. are provided to the emulsion in a solution dispersed into the continuous
phase).

[0082] The terms "immobilisation" and "solidification" are used herein interchangeably for the same purpose, i.e. for
forming free flowing solid catalyst particles in the absence of an external porous particulate carrier, such as silica. The
solidification happens thus within the droplets. Said step can be effected in various ways as disclosed in said
WO03/051934. Preferably solidification is caused by an external stimulus to the emulsion system such as a temperature
change to cause the solidification. Thus in said step the catalyst component (s) remain "fixed" within the formed solid
particles. Itis also possible that one or more of the catalyst components may take part in the solidification/immobilisation
reaction.

[0083] Accordingly, solid, compositionally uniform particles having a predetermined particle size range can be obtained.
[0084] Furthermore, the particle size of the solid catalyst system used herein can be controlled by the size of the
droplets in the solution, and spherical particles with a uniform particle size distribution can be obtained.

[0085] The principles for preparing two phase emulsion systems are known in the chemical field. Thus, in order to
form the two phase liquid system, the solution of the catalyst component(s) and the solvent used as the continuous liquid
phase have to be essentially immiscible at least during the dispersing step. This can be achieved in a known manner
e.g. by choosing said two liquids and/or the temperature of the dispersing step/solidifying step accordingly.

[0086] A solvent may be employed to form the solution of the catalyst component(s). Said solvent is chosen so that
it dissolves said catalyst compaonent(s). The solvent can be preferably an organic solvent such as used in the field,
comprising an optionally substituted hydrocarbon such as linear or branched aliphatic, alicyclic or aromatic hydrocarbon,
such as a linear or cyclic alkane, an aromatic hydrocarbon and/or a halogen containing hydrocarbon. Examples of
aromatic hydrocarbons are toluene, benzene, ethylbenzene, propylbenzene, butylbenzene and xylene. Toluene is a
preferred solvent. The solution may comprise one or more solvents. Such a solvent can thus be used to facilitate the
emulsion formation, and usually does not form part of the solidified particles, but e.g. is removed after the solidification
step together with the continuous phase.

[0087] Alternatively, a solvent may take part in the solidification, e.g. an inert hydrocarbon having a high melting point
(waxes), such as above 40°C, suitably above 70°C, e. g. above 80°C or 90°C, may be used as solvents of the dispersed
phase to immobilise the catalyst compounds within the formed droplets.

[0088] Inanother embodiment, the solvent consists partly or completely of a liquid monomer, e.g. liquid olefin monomer
designed to be polymerised in a "prepolymerisation" immobilisation step.

[0089] The solvent used to form the continuous liquid phase is a single solvent or a mixture of different solvents and
may be immiscible with the solution of the catalyst components at least at the conditions (e.g. temperatures) used during
the dispersing step. Preferably said solvent is inert in relation to said compounds.

[0090] Theterm"inertinrelationto said compounds”means herein thatthe solvent ofthe continuous phase is chemically
inert, i.e. undergoes no chemical reaction with any catalyst forming component. Thus, the solid particles of the catalyst
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are formed in the droplets from the compounds which originate from the dispersed phase, i.e. are provided to the emulsion
in a solution dispersed into the continuous phase.

[0091] 1tis preferred that the catalyst components used for forming the solid catalyst will not be soluble in the solvent
of the continuous liquid phase. Preferably, said catalyst components are essentially insoluble in said continuous phase
forming solvent.

[0092] Solidification takes place essentially after the droplets are formed, i.e. the solidification is effected within the
droplets e.g. by causing a solidifying reaction among the compounds presentin the droplets. Furthermore, even if some
solidifying agent is added to the system separately, it reacts within the droplet phase and no catalyst forming components
go into the continuous phase.

[0093] The term "emulsion" used herein covers both bi-and multiphasic systems.

[0094] Inapreferred embodiment said solventforming the continuous phase is an inert solvent including a halogenated
organic solvent or mixtures thereof, preferably fluorinated organic solvents and particularly semi, highly or perfluorinated
organic solvents and functionalised derivatives thereof. Examples of the above- mentioned solvents are semi, highly or
perfluorinated hydrocarbons, such as alkanes, alkenes and cycloalkanes, ethers, e.g. perfluorinated ethers and amines,
particularly tertiary amines, and functionalised derivatives thereof. Preferred are semi, highly or perflucrinated, particularly
perfluorinated hydrocarbons, e.g. perfluorohydrocarbons of e.g. C5- C4g, such as C4- Cq. Specific examples of suitable
perfluoroalkanes and perfluorocycloalkanes include perfluoro- hexane, -heptane, -octane and- (methylcyclohexane) .
Semi fluorinated hydrocarbons relates particularly to semifluorinated n- alkanes, such as perfluoroalkyl- alkane.
[0095] "Semi fluorinated” hydrocarbons also include such hydrocarbons wherein blocks of -C-F and -C-H alternate.
"Highly fluorinated" means that the majority of the -C-H units are replaced with -C-F units. "Perfluorinated" means that
all -C-H units are replaced with -C-F units. See the articles of A. Enders and G. Maas in "Chemie in unserer Zeit", 34.
Jahrg. 2000, Nr.6, and of Pierandrea Lo Nostro in "Advances in Colloid and Interface Science", 56 (1995) 245-287,
Elsevier Science.

[0096] The emulsion can be formed by any means known in the art; by mixing, such as by stirring said solution
vigorously to said solvent forming the continuous phase or by means of mixing mills, or by means of ultra sonic wave,
or by using a so called phase change method for preparing the emulsion by first forming a homogeneous system which
is then transferred by changing the temperature of the system to a biphasic system so that droplets will be formed. The
two phase state is maintained during the emulsion formation step and the solidification step, as, for example, by appro-
priate stirring.

[0097] Additionally, emulsifying agents/ emulsion stabilisers can be used, preferably in a manner known in the art, for
facilitating the formation and/or stability of the emulsion. For the said purposes e.g. surfactants, e.g. a class based on
hydrocarbons (including polymeric hydrocarbons with a molecular weight e.g. up to 10 000 and optionally interrupted
with a heteroatom (s) ), preferably halogenated hydrocarbons, such as semi- or highly fluorinated hydrocarbons optionally
having a functional group selected e.g. from- OH, -SH, NH,, NR",.- COOH, -COONH,, oxides of alkenes, -CR"=CH,,
where R" is hydrogen, or C4- C,q alkyl, C,- Coq alkenyl or C,- C,q alkynyl group, oxo- groups, cyclic ethers and/or any
reactive derivative of these groups, like alkoxy, or carboxylic acid alkyl ester groups, or, preferably semi-, highly- or
perfluorinated hydrocarbons having a functionalised terminal, can be used. The surfactants can be added to the catalyst
solution, which forms the dispersed phase of the emulsion, to facilitate the forming of the emulsion and to stabilize the
emulsion.

[0098] Alternatively, anemulsifying and/or emulsion stabilising aid can also be formed by reacting a surfactant precursor
bearing at least one functional group with a compound reactive with said functional group and present in the catalyst
solution or in the solvent forming the continuous phase. The obtained reaction product acts as the actual emulsifying
aid and or stabiliser in the formed emulsion system.

[0099] Examples of the surfactant precursors usable for forming said reaction product include e.g. known surfactants
which bear at least one functional group selected e.g. from -OH, -SH, NH,, NR",. -COOH, -COONH,, oxides of alkenes,
-CR"=CH,, where R" is hydrogen, or C4-C5q alkyl, C5-Cyq alkenyl or C,-C5q alkynyl group, oxo-groups, cyclic ethers
with 3 to 5 ring atoms, and/or any reactive derivative of these groups, like alkoxy or carboxylic acid alkyl ester groups;
e.g. semi-, highly or perfluorinated hydrocarbons bearing one or more of said functional groups. Preferably, the surfactant
precursor has a terminal functionality as defined above.

[0100] The compound reacting with such surfactant precursor is preferably contained in the catalyst solution and may
be a further additive or one or more of the catalyst forming compounds. Such compound is e.g. a compound of group
13 (e.g. MAO and/or an aluminium alkyl compound and/or a transition metal compound).

[0101] If a surfactant precursor is used, it is preferably first reacted with a compound of the catalyst solution before
the addition of the transition metal compound. In one embodiment e.g. a highly fluorinated C,_, (suitably C,4-C5, or
C5-C45) alcohol (e.g. highly fluorinated heptanol, octanol or nonanol), oxide (e.g. propenoxide) or acrylate ester is reacted
with a cocatalyst to form the "actual" surfactant. Then, an additional amount of cocatalyst and the transition metal
compound is added to said solution and the cobtained solution is dispersed to the solvent forming the continuous phase.
The "actual” surfactant solution may be prepared before the dispersing step or in the dispersed system. If said solution
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is made before the dispersing step, then the prepared "actual” surfactant solution and the transition metal solution may
be dispersed successively (e. g. the surfactant solution first) to the immiscible solvent, or be combined together before
the dispersing step.

[0102] The solidification of the catalyst component(s) in the dispersed droplets can be effected in various ways, e.g.
by causing or accelerating the formation of said solid catalyst forming reaction products of the compounds present in
the droplets. This can be effected, depending on the used compounds and/or the desired solidification rate, with or
without an external stimulus, such as a temperature change of the system.

[0103] In a particularly preferred embodiment, the solidification is effected after the emulsion system is formed by
subjecting the system to an external stimulus, such as a temperature change. Temperature differences of e.g. 5 to
100°C, such as 10 to 100°C, or 20 to 90°C, such as 50 to 90°C.

[0104] The emulsion system may be subjected to a rapid temperature change to cause a fast solidification in the
dispersed system. The dispersed phase may e. g. be subjected to an immediate (within milliseconds to few seconds)
temperature change in order to achieve an instant solidification of the component (s) within the droplets. The appropriate
temperature change, i. e. an increase or a decrease in the temperature of an emulsion system, required for the desired
solidification rate of the components cannot be limited to any specific range, but naturally depends on the emulsion
system, i. a. on the used compounds and the concentrations/ratios thereof, as well as on the used solvents, and is
chosen accordingly. It is also evident that any techniques may be used to provide sufficient heating or cooling effect to
the dispersed system to cause the desired solidification.

[0105] In one embodiment the heating or cooling effect is obtained by bringing the emulsion system with a certain
temperature to an inert receiving medium with significantly different temperature, e. g. as stated above, whereby said
temperature change of the emulsion system is sufficient to cause the rapid solidification of the droplets. The receiving
medium can be gaseous, €. g. air, or a liquid, preferably a solvent, or a mixture of two or more solvents, wherein the
catalyst component (s) is (are) immiscible and which is inert in relation to the catalyst component (s). For instance, the
receiving medium comprises the same immiscible solvent used as the continuous phase in the first emulsion formation
step.

[0106] Said solvents can be used alone or as a mixture with other solvents, such as aliphatic or aromatic hydrocarbons,
such as alkanes. Preferably a fluorinated solvent as the receiving medium is used, which may be the same as the
continuous phase in the emulsion formation, e. g. perfluorinated hydrocarbon.

[0107] Alternatively, the temperature difference may be effected by gradual heating of the emulsion system, e. g. up
to 10°C per minute, preferably 0.5 to 6°C per minute and more preferably in 1 to 5°C per minute.

[0108] In case a melt of e. g. a hydrocarbon solvent is used for forming the dispersed phase, the solidifcation of the
droplets may be effected by cooling the system using the temperature difference stated above.

[0109] Preferably, the "one phase" change as usable for forming an emulsion can also be utilised for solidifying the
catalytically active contents within the droplets of an emulsion system by, again, effecting a temperature change in the
dispersed system, whereby the solvent used in the droplets becomes miscible with the continuous phase, preferably a
fluorous continuous phase as defined above, so that the droplets become impoverished of the solvent and the solidifying
components remaining in the "droplets” start to solidify. Thus the immisciblity can be adjusted with respect to the solvents
and conditions (temperature) to control the solidification step.

[0110] The miscibility of e.g. organic solvents with fluorous solvents can be found from the literature and be chosen
accordingly by a skilled person. Also the critical temperatures needed for the phase change are available from the
literature or can be determined using methods known in the art, e. g. the Hildebrand-Scatchard-Theorie. Reference is
also made to the articles of A. Enders and G. and of Pierandrea Lo Nostro cited above.

[0111] Thus, the entire or only part of the droplet may be converted to a solid form. The size of the "solidified"droplet
may be smaller or greater than that of the original droplet, e. g. if the amount of the monomer used for the prepolymerisation
is relatively large.

[0112] The droplet shape of the particles may be substantially maintained. The formed particles may have an average
size range of 1t0 500 pm, e.g. 5 to 500 pm, advantageously 5 to 200 wm or 10 to 150 pm Even an average size range
of 5 to 60 um is possible. The size may be chosen depending on the polymerisation the catalyst is used for. Advanta-
geously, the particles are essentially spherical in shape, they have a low porosity and a low surface area.

[0113] The formation of solution can be effected at a temperature of 0 to 100°C, e.g. at 20 to 80°C. The dispersion
step may be effected at -20 to 100°C, e.g. at about -10 to 70°C, such as at -5 to 30°C, e.g. around 0 °C.

[0114] To the obtained dispersion an emulsifying agent as defined above, may be added to improve/stabilise the
droplet formation. The solidification of the catalyst component in the droplets is preferably effected by raising the tem-
perature of the mixture, e.g. from 0 °C up to 100°C, e.g. up to 60 to 90°C, gradually. E.g. in 1 to 180 minutes, e.g. 1 to
90 or 5 to 30 minutes, or as a rapid heat change. Heating time is dependent on the size of the reactor. During the
solidification step, which is preferably carried out at about 60 to 100 °C, preferably at about 75 to 95 °C, (below the
boiling point of the salvents) the solvents may preferably be removed and optionally the solids are washed with a wash
solution, which can be any solvent or mixture of solvents such as those defined above and/or used in the art, preferably
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a hydrocarbon, such as pentane, hexane or heptane, suitably heptane. The washed catalyst can be dried or it can be
slurried into an oil and used as a catalyst-oil slurry in polymerisation process.

[0115] Allor part of the preparation steps can be done in a continuous manner. Reference is made to W02006/069733
describing principles of such a continuous or semicontinuous preparation methods of the solid catalyst types, prepared
via emulsion/solidification method.

[0116] The polymerization of propylene by using the above defined sclid catalyst system may be effected in one or
more, €.9. 1, 2 or 3, polymerization reactors, using conventional polymerization techniques, e.g. gas phase, solution
phase, slurry or bulk polymerization.

[0117] In general, a combination of slurry (or bulk) and at least one gas phase reactor is often preferred, particularly
with the reactor order being slurry (or bulk) then one or more gas phase reactors.

[0118] For slurry reactors, the reaction temperature will generally be in the range 60 to 110°C (e.g. 60 to 90°C), the
reactor pressure will generally be in the range 5 to 80 bar (e.g. 20 to 60 bar), and the residence time will generally be
in the range 0.1 to 5 hours (e.g. 0.3 to 2 hours). Propylene is usually used as reaction medium.

[0119] For gas phase reactors, the reaction temperature used will generally be in the range 60 to 115°C (e.g. 70 to
110°C), the reactor pressure will generally be in the range 10 to 25 bar, and the residence time will generally be 0.5 to
8 hours (e.g. 0.5 to 4 hours). The gas used will be propylene optionally as mixture with a non-reactive gas such as
nitrogen or propane. In addition to actual polymerisation steps and reactors, the process can contain any additional
polymerisation steps, like prepolymerisation step, and any further after reactor handling steps as known in the art.
[0120] Generally the quantity of solid catalyst system used will depend upon the nature of the catalyst, the reactor
types and conditions and the properties desired for the polymer product. As is well known in the art hydrogen can be
used for controlling the molecular weight of the polymer.

EXAMPLES
A.Measuring methods

[0121] The following definitions of terms and determination methods apply for the above general description of the
invention as well as to the below examples unless otherwise defined.

Quantification of microstructure by NMR spectroscopy

[0122] Quantitative nuclear-magnetic resonance (NMR) spectroscopy was used to quantify the stereo-regularity (tac-
ticity) and regio-regularity of the polymers.

[0123] Quantitative 13C {TH} NMR spectra were recorded in the solution- state using a Bruker Advance |1l 400 NMR
spectrometer operating at 400.15 and 100.62 MHz for 'H and 13C respectively. All spectra were recorded using a 13C
optimised 10 mm extended temperature probehead at 125°C using nitrogen gas for all pneumatics.

[0124] For polypropylene homopolymers approximately 200 mg of material was dissolved in 1, 2- tetrachloroethane-
d, (TCE- d,) . To ensure a homogenous solution, after initial sample preparation in a heat block, the NMR tube was
further heated in a rotatary oven for at least 1 hour. Upon insertion into the magnet the tube was spun at 10 Hz. This
setup was chosen primarily for the high resolution needed for tacticity distribution quantification (Busico, V., Cipullo, R.,
Prog. Polym. Sci. 26 (2001) 443; Busico, V.; Cipullo, R., Monaco, G., Vacatello, M., Segre, A.L., Macromolecules 30
(1997) 6251) . Standard single- pulse excitation was employed utilising the NOE and bi- level WALTZ16 decoupling
scheme (Zhou, Z., Kuemmerle, R., Qiu, X., Redwine, D., Cong, R., Taha, A., Baugh, D. Winniford, B., J. Mag. Reson.
187 (2007) 225; Busico, V., Carbonniere, P., Cipullo, R., Pellecchia, R., Severn, J., Talarico, G., Macromol. Rapid
Commun. 2007, 28, 11289) . A total of 8192 (8k) transients were acquired per spectra

[0125] Quantitative 13C{'H} NMR spectra were processed, integrated and relevant quantitative properties determined
from the integrals using proprietary computer programs.

[0126] For polypropylene homopolymers all chemical shifts are internally referenced to the methyl isotactic pentad
(mmmm) at 21.85 ppm.

[0127] The tacticity distribution was quantified through integration of the methyl region between 23.6-19.7 ppm cor-
recting for any sites not related to the stereo sequences of interest (Busico, V., Cipullo, R., Prog. Polym. Sci. 26 (2001)
443; Busico, V., Cipullo, R., Monaco, G., Vacatello, M., Segre, A.L., Macromoleucles 30 (1997) 6251).

[0128] Specifically the influence of regio defects and comonomer on the quantification of the tacticity distribution was
corrected for by subtraction of representative regio defect and comonomer integrals from the specific integral regions
of the stereo sequences.

[0129] The isotacticity was determined at the pentad level and reported as the percentage of isotactic pentad (mmmm)
sequences with respect to all pentad sequences:

12



10

15

20

25

30

35

40

45

50

55

EP 2 657 286 A1

[mmmm] % = 100 * (mmmm / sum of all pentads )

[0130] The presence of 2,1 erythro regio defects was indicated by the presence of the two methyl sites at 17.7 and
17.2 ppm and confirmed by other characteristic sites.

[0131] Characteristic signals corresponding to other types of regio defects were not observed (Resconi, L., Cavallo,
L., Fait, A., Piemontesi, F., Chem. Rev. 2000, 100, 1253).

[0132] The amount of 2,1 erythro regio defects was quantified using the average integral of the two characteristic
methyl sites at 17.7 and 17.2 ppm:

Pre=(les+ L)/ 2

[0133] The amount of 1,2 primary inserted propene was quantified based on the methyl region with correction under-
taken for sites included in this region not related to primary insertion and for primary insertion sites excluded from this
region:

Pu= Iems +Ppe

[0134] The total amount of propene was quantified as the sum of primary inserted propene and all other present regio
defects:

Pyt = P1p + Py

[0135] The mole percent of 2,1 erythro regio defects was quantified with respect to all propene:

[21e] mol% = 100 * ( Pyje / Piotar )

[0136] MFR, (230 °C) is measured according to ISO 1133 (230 °C, 2.16 kg load)

[0137] The xylene solubles (XCS, wt.-%): Content of xylene cold solubles (XCS) is determined at 25 °C according
I1SO 16152; first edition; 2005-07-01.

[0138] Melting temperature (T,,) and heat of fusion (H;), crystallization temperature (T,) and heat of crystalli-
zation (H_): measured with Mettler TA820 differential scanning calorimetry (DSC) on 5 to 10 mg samples. DSC is run
according to ISO 11357-3:1999 in a heat / cool / heat cycle with a scan rate of 10 °C/min in the temperature range of
+23 to +210°C. Crystallization temperature and heat of crystallization (H.) are determined from the cooling step, while
melting temperature and heat of fusion (H;) are determined from the second heating step.

[0139] Porosity: BET with N, gas, ASTM 4641, apparatus Micromeritics Tristar 3000; sample preparation: at a tem-
perature of 50 °C, 6 hours in vacuum.

[0140] Surface area: BET with N, gas ASTM D 3663, apparatus Micromeritics Tristar 3000: sample preparation at a
temperature of 50 °C, 6 hours in vacuum.

Compression moulding:

[0141] Samples have been prepared according to ISO 173-2, on a frame mould:
Conditions for compression moulding of test specimens:

Moulding temperature [°C] 210
Average cooling rate [°C/min] 15
Demoulding temperature [°C] <40

Full Pressure [MPa] 5
Full-pressure time [min] 5
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(continued)
Preheating pressure [MPa] Contact
Preheating time [min] 10

WAXS (Wide angle X-ray Scattering) measurement:

[0142] To measure wide-angle X-ray scattering (WAXS) of the samples a Bruker D8 Discover was used. The diffrac-
tometer was equipped with an X-ray tube with a copper target operating at 30 kV and 20mA and a GADDS 2-D detector.
To direct the beam onto the surface, a point collimation (0.5 mm) was used. The measurement was done in reflection
geometry, and 28 angle in the range from 10° to 32.5° were measured. Data were collected for 300 s. Intensity vs. 2-
theta curve was acquired with the same measurement parameters on an amorphous polypropylene sample, which was
prepared by solvent extraction. An amorphous halo was obtained by smoothing the curve. The amorphous halo has
been subtracted from the measured intensity vs. 2-theta curve to result in the crystalline curve.

[0143] The crystallinity index Xc can be defined with the area under the crystalline curve and the original spectrum
using Challa, Hermans and Weidinger method [Challa G, Hermans PH, Weidinger A, Makromol. Chem. 56, 169 (1962)] as:

area under crystalline curve

c= . X
area under original spectrum

[0144] The amount of B-form of the polypropylene within the crystalline phase KB is calculated using Jones method
[Turner-Jones A, Aizlewood JM, Beckett DR, Makromol. Chem. 75, 134 (1974)] according to the following equation:

o 1(300)
P~ 1e(110) + 1«(040) + [«(130) + [F(300)

where, 1B(300) is the intensity of B(300) peak, 1%(110) is the intensity of «(110) peak, 1%(040) is the intensity of «(040)
peak and 1%(130) is the intensity of a(130) peak obtained after subtracting the amorphous halo.

[0145] The amount of y-form of iPP within the crystalline phase Ky is calculated using the method developed by Pae
[Pae KD, J. Polym. Sci., Part A, 6, 657 (1968)] as:

~ Iv(117)
" 1e(130)+ 1¥(117)

where, 1%(130) is the intensity of «(130) peak and I7(117) is the intensity of y(117) peak obtained after subtracting a base
line joining the base of these peaks.

[0146] Quantification of three-phase crystalline system has been carried out following the procedure explained in
Obadal M, Cermak R, Stoklasa K, Macromol. Rapid Commun. 26, 1253 (2005). For three-phase crystalline systems the
following equations have been used to determine Ko (amount of a-phase), KB (amount of f-phase) and Ky (amount of
v-phase):

‘o 1(300)
P~ 1s(110) + [2(040) + [«(130) + I8(300) + [+(117)

K‘H'V: 1_KBa

Ky = G X Kq+y,
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and

Ke= 1-Ks—K,
B. Examples

B.1 Preparation of the prepolymerized, solid catalysts

Catalyst 1

[0147] Metallocene MC- 1 is rac- dimethylsilanediylbis [2- methyl- 4- (3, 5- di- tert- butylphenyl)- 7- methoxy- indeny!l]
zirconium dichloride, and was synthesized as described by Rieger and Schdbel in Chemistry- A European Journal,
Volume 18, Issue 14, April 2, 2012, Pages: 4174- 4178, supporting information.

Catalyst 2:

[0148] The catalyst was prepared as described in example 1 (synthesis) and example 10 (prepolymerization) of WO
2010052263 A1, using metallocene rac- methyl (cyclohexyl) silanediylbis (2- methyl- 4- (4- tert- butylphenyl) indenyl)
zirconium dichloride.

B.2 Polymerization examples
Example 1:
Propylene polymerization with Catalyst 1 (containing metallocene MC1) to give polypropylene PP1

[0149] A stirred autoclave (double helix stirrer) with a volume of 21.2 dm3 containing ~0.4 bar- g of propylene was
filled with additional 5.43 kg propylene. After adding 0.4 NL H, and 0.97 mmol of triethylaluminium (1 molar solution in
hexane) using a stream of 246 g propylene, the solution was stirred at 20°C and 150 rpm. After 20 min the reactor
temperature was increased to 40 °C and 200 mg of the solid, pre- polymerized catalyst (degree of pre- polymerisation
1.1) was contacted with 5 ml perfluoro- 1, 3- dimethylcyclohexane under N,- pressure for 60 sec into a 5- mL stainless
steel vial, and flushed into the reactor with 246 g propylene. After that the stirring speed was increased to 350 rpm and
the reactor was heated to 70°C. After 120 min, the reaction was stopped by adding 5 ml methanol, cooling the reactor
and flashing the volatile ingredients. After purging the reactor 3 times with N, and one vacuum/N, cycle, the product
was taken out and dried over night in a hood and additionally 2 hours in a vacuum drying oven at 60°C to yield 1412 g
of polypropylene. After weighing, the material was additivated with 0.2w% lonol and 0.1w.- % PEPQ. The polymer had
an MFR (2) of 2.4 g/ 10 min. The other polymer properties are listed in table 1.

Example 2:
Propylene polymerization with Catalyst 2 (containing metallocene MC2) to give polypropylene PP2.

[0150] A stirred autoclave (double helix stirrer) with a volume of 21.2 dm3 containing 0.2 barg propylene was filled
with additional 3.97 kg propylene. After adding 0.4 NL H2 and 0.73 mmol triethylaluminium (1 molar solution in hexane)
using a stream of 250 g propylene the solution was stirred at 20 °C and 150 rpm. After 20 min, 399 mg of the solid, pre-
polymerized catalyst 2 (degree of prepolymerisation 3.1) was contacted with 5 ml perfluoro- 1, 3- dimethylcyclohexane
under N2- pressure (at ~10 barg) for 60 sec into a 5- mL stainless- steel vial and then washed into the reactor with 250
g propylene. Stirring speed was increased to 250 rpm and pre- polymerisation is running 15 min at 20°C. After that the
stirring speed was increased to 350 rpm. 1.6 NL of H2 was added and the temperature in the reactor increased to 70°C
in 19 min. This temperature was held for 30 min then the reaction was stopped by adding 5 ml methanol, cooling of
reactor and flashing of volatile ingredients. After 3 times spilling the reactor with N2 and one vacuum/N2 cycle, the
product was taken out and dried over night in a hood and additionally 2 hours in a vacuum drying oven at 60°C, yielding
1201 g of polypropylene, which had a MFR (230°C, 2.16kg) of 6.2 g/ 10 min. After weighing the material was additivated
with 0.2 wt% lonoland 0.1 wt.- % PEPQ.
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Polymer sample preparation:

[0151] In afirst step, the polymer powder was pressed at 100 Bar, 190°C for 5 minutes to a 0.5 mm plate.

[0152] The pressed specimen was removed and transferred to a second press, held at room temperature.

[0153] In a second step, the specimen from the first step was pressed at 100 Bar for 5 minutes, and allowed to cool
down to room temperature.

[0154] The specimen as prepared above was placed in a DSC pan and heated in the DSC temperature chamber to
200°C, and kept at this temperature for 10 minutes.

[0155] Then, the specimen was subjected to different cooling rates in order to cool them from the melt to ambient
temperature.

[0156] The molten polymer was cooled to room temperature at cooling rates of 1, 10, 30, 100 and 200°C/min. The so
prepared samples were analyzed by WAXS for phase composition (f-phase content).

Table1: Properties of the polypropylenes and (compression) moulded products thereof

Ex. 1 Ex. 2
Catalyst [ MC1 MC2
Polymer PP1 PP2
MFR(230°C, 2.16kg) [9/10min] 24 6.2
mmmm [%] 99.3 98.9
mrrm [%] 0.15 0.23
2,1-regio defects [%] 047 0.82
Tm [°C] 157 151
XCS [wt.-%] 0.3 0.4
B-value by cooling rate of
1 °C/min [%] 20 7
10 °C/min [%] 13 2
30 °C/min [%] 11 n.d.
100 °C/min [%] 9 n.d.
200 °C/Min [%] trace n.d.
n.d. not determined

Claims

1. A process for producing a molded isctactic propylene homopolymer with beta phase, the process comprising the
steps of

(a) heating an isotactic propylene homopolymer powder with a melt flow rate MFR, (230 °C) measured according
to 1ISO 1133 of equal or higher to 1.0 g/l 10min to a temperature equal or above the melting temperature (T,,,)
measured by differential scanning calorimetry (DSC) of said powder, and holding the temperature for at least
1 minute; and

(c) cooling the molded isotactic propylene homopolymer to ambient temperature.

2. The process according to claim 1, wherein in step (a) simultaneously pressure in the range of 1 to 140 MPa is
applied, obtaining thereby a compression molded isotactic propylene homopolymer.

3. The process according to claim 1 or 2, wherein between step (a) and (c) a step (b) takes place, wherein further in

step (b) the pressure of step (a) is held without further heating, the time applying the pressure in step (b) is preferably
at least 1 min.
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The process according to claim 1 or 2, wherein the temperature in step (a) is in the range of 170 to 240 °C.
The process according to any one of preceding claims, wherein the cooling rate in step (c) is 100 to 0.1 °C/min.
The process accordingto any one of preceding claims, wherein the process comprises additionally the following steps:
(d) heating the (compression) molded product obtained after step (c) to a temperature equal or above the melting
temperature (T,,,) measured by differential scanning calorimetry (DSC) of the propylene homopolymer;
(e) optionally forming a molded product;
(f) cooling the product of step (d) or (e) at a cooling rate in a range from 100°C/min to 0.1 °C/min.
The process according to claim 6, wherein the temperature of step (d) is applied between 1 and 15 minutes.
The process according to claim 6 or 7, wherein the temperature of step (d) is not higher than 300 °C.
The process according to any one of preceding claims 6 to 8, wherein the cooling rate of step (f) is kept constant.
The process according to any one of preceding claims, wherein isotactic polypropylene homopolymer powder has
(a) a pentad isotacticity (mmmm) of equal or more than 98.0 mol.-% as determined by 13C NMR spectroscopy,
and/or
(b) a melting temperature (T,,) measured by differential scanning calorimetry (DSC) of at least 140.0 °C.
The process according to any one of preceding claims, wherein isotactic polypropylene homopolymer powder has
(a) a content of mrrm stereo-defect of below 1.0 mol.-%,
and/or
(c) <2,1> erythro regio-defects of equal or more than 0.1 to equal or below 1.2 mol.-%, preferably of equal or

more than 0.10 to equal or below 0.80 mol.-%.

The process according to any one of preceding claims, wherein (compression) molded isotactic polypropylene
homopolymer is free of nucleating agent, preferably free of beta-nucleating agent.

The process according to any one of preceding claims, wherein (compression) molded isotactic polypropylene
homopolymer has 5 to 90 %, preferably 10 to 90 % of beta-phase, wherein said beta-phase is measured via wide

angle X-ray scattering (WAXS)

The process according to any one of preceding claims, wherein isotactic polypropylene homopolymer powder has
been produced in the presence of catalyst system comprising

(i) a complex of formula (I)
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Y

wherein

M is zirconium or hafnium;

each X is a sigma ligand;

L is a divalent bridge selected from- R’,C-, - R’,C- CR’y-, - R',Si-, - R’;8i- SiR',-, - R’,Ge-, wherein each R’ is
independently a hydrogen atom, C4- C,q- hydrocarbyl,

tri (C4- Cyo- alkyl) silyl, Cg- Cog- aryl, C,- Cyo- arylalkyl or C- C,4- alkylaryl; each R' is independently a C4- Cyg
hydrocarbylradical optionally containing one or more heteroatoms fromgroups 14- 16, oris a C4- C,g hydrocarbyl
radical branched at the - atom to the cyclopentadienyl ring, optionally containing one or more heteroatoms
belonging to groups 14- 16, or is a C5- C,q hydrocarbyl radical branched at the - atom to the cyclopentadienyl
ring where the - atom is an Si- atom;

each R@is independently hydrogen or an aliphatic C4- C,q hydrocarbyl group optionally containing one or more
heteroatoms from groups 14- 16;

each RP is independently hydrogen or an aliphatic C4- C, hydrocarbyl group optionally containing one or more
heteroatoms from groups 14- 16; or

an R@ and RP group on adjacent carbon atoms can be taken together to form a 5 membered saturated carbon
ring which is optionally substituted by n groups R18, n being from 0 to 3;

each R8 is same or different and may be a C4- Cy, hydrocarbyl group, or a C4- Cy hydrocarbyl radical optionally
containing one or more heteroatoms belonging to groups 14- 16;

each R* is independently an aliphatic C4-o4 hydrocarbyl group optionally containing one or more heteroatoms
from groups 14- 16 with at least 2 non- H atoms, or is a hydrogen atom or a C,_g- hydrocarbyl radical;

each W group is independently an aryl or heteroaryl group having up to 20 carbon atoms optionally substituted
by one or more groups RS;

each RS5is the same or differentand is a C4- C,q hydrocarbyl group optionally containing one or more heteroatoms
belonging to groups 14- 16; or two RS groups on adjacent carbon atoms taken together can form a fused 5 or
6 membered non aromatic ring with the W group, said ring being itself optionally substituted with one or more
C4- Cyq hydrocarbyl group (s), or two adjacent R groups taken together can form a further mono or multicyclic
ring condensed to W optionally substituted by one or two groups RS5;

and

(ii) optionally a cocatalyst comprising a compound of a group 13 metal.

15. Molded or compression molded isotactic propylene homopolymer obtainable by a process according to any one of
the preceding claims.

16. Molded or compression molded isotactic propylene homopolymer according to claim 15 having 5 to 90 %, preferably
10 to 90 %, of beta-phase, wherein said beta-phase is measured via wide angle X-ray scattering (WAXS).
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Amended claims in accordance with Rule 137(2) EPC.

1. A process for producing a molded isotactic propylene homopolymer with beta phase, the process comprising the
steps of

(a) heating an isotactic propylene homopolymer powder with a melt flow rate MFR, (230 °C) measured according
to ISO 1133 of equal or higher to 1.0 g/10min, and being free of beta-nucleating agent, to a temperature equal
or above the melting temperature (T,,) measured by differential scanning calorimetry (DSC) of said powder,
and holding the temperature for at least 1 minute; and

(c) cooling the molded isotactic propylene homopolymer to ambient temperature.

2. The process according to claim 1, wherein in step (a) simultaneously pressure in the range of 1 to 140 MPa is
applied, obtaining thereby a compression molded isotactic propylene homopolymer.

3. The process according to claim 1 or 2, wherein between step (a) and (c) a step (b) takes place, wherein further
in step (b) the pressure of step (a) is held without further heating, the time applying the pressure in step (b) is
preferably at least 1 min.

4. The process according to claim 1 or 2, wherein the temperature in step (a) is in the range of 170 to 240 °C.

5. The process according to any one of preceding claims, wherein the cocling rate in step (c) is 100 to 0.1 °C/min.

6. The process according to any one of preceding claims, wherein the process comprises additionally the following
steps:

(d) heating the (compression) molded product obtained after step (c) to a temperature equal or above the melting
temperature (T,,,) measured by differential scanning calorimetry (DSC) of the propylene homopolymer;
(e) optionally forming a molded product;
(f) cooling the product of step (d) or (e) at a coaling rate in a range from 100°C/min to 0.1 °C/min.
7. The process according to claim 6, wherein the temperature of step (d) is applied between 1 and 15 minutes.
8. The process according to claim 6 or 7, wherein the temperature of step (d) is not higher than 300 °C.
9. The process according to any one of preceding claims 6 to 8, wherein the cooling rate of step (f) is kept constant.
10. The process according to any one of preceding claims, wherein isotactic polypropylene homopolymer powder has
(a) a pentad isotacticity (mmmm) of equal or more than 98.0 mol.% as determined by 13C NMR spectroscopy,
and/or
(b) a melting temperature (T,,,) measured by differential scanning calorimetry (DSC) of at least 140.0 °C.
11. The process according to any one of preceding claims, wherein isotactic polypropylene homopaolymer powder has
(a) a content of mrrm stereo-defect of below 1.0 mol.-%,
and/or
(c) <2,1> erythro regio-defects of equal or more than 0.1 to equal or below 1.2 mol.-%, preferably of equal or
more than 0.10 to equal or below 0.80 mol.-%.
12. The process according to any one of the preceding claims, wherein the molded isotactic polypropylene homopol-
ymer has 5 to 90 %, preferably 10 to 90 % of beta-phase, wherein said beta-phase is measured via wide angle X-

ray scattering (WAXS).

13. The process according to any one of preceding claims, wherein isotactic polypropylene homopolymer powder
has been produced in the presence of catalyst system comprising

(i) a complex of formula (l)
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wherein

M is zirconium or hafnium;

each X is a sigma ligand;

L is a divalent bridge selected from- R’,C-, - R’,C- CR'5-, - R’;Si-, - R’;Si- SiR'5-, - R',Ge-, wherein each R’ is
independently a hydrogen atom, C4- C,q- hydrocarbyl,

tri (C4- Coo- alkyl) silyl, Cg- Cog- aryl, C;- Cog- arylalkyl or C4- Coq- alkylaryl;

each R1is independently a C4- C, hydrocarbyl radical optionally containing one or more heteroatoms from
groups 14- 16, or is a C4- C,, hydrocarbylradical branched at the - atom to the cyclopentadieny! ring, optionally
containing one or more heteroatoms belonging to groups 14- 16, or is a C3- C,4 hydrocarbyl radical branched
at the B- atom to the cyclopentadienyl ring where the p- atom is an Si- atom;

each R2is independently hydrogen or an aliphatic C4- C, hydrocarbyl group optionally containing one or more
heteroatoms from groups 14- 16;

each RP is independently hydrogen or an aliphatic C4- C, hydrocarbyl group optionally containing one or more
heteroatoms from groups 14- 16; or

an R?@ and RP group on adjacent carbon atoms can be taken together to form a 5 membered saturated carbon
ring which is optionally substituted by n groups R'8, n being from 0 to 3;

each R'8 is same or different and may be a C4- C,, hydrocarbyl group, or a C4- Cy hydrocarbyl radical optionally
containing one or more heteroatoms belonging to groups 14- 16;

each R* is independently an aliphatic C4_,, hydrocarbyl group optionally containing one or more heteroatoms
from groups 14- 16 with at least 2 non- H atoms, or is a hydrogen atom or a C,_g- hydrocarby! radical;

each W group is independently an aryl or heteroaryl group having up to 20 carbon atoms optionally substituted
by one or more groups R5;

each R3is the same or different and is a C4- C, hydrocarbyl group optionally containing one or more heteroatoms
belonging to groups 14- 16; or two R3 groups on adjacent carbon atoms taken together can form a fused 5 or
6 membered non aromatic ring with the W group, said ring being itself optionally substituted with one or more
C,4- C, hydrocarby! group (s), or two adjacent R3 groups taken together can form a further mono or multicyclic
ring condensed to W optionally substituted by one or two groups R5;

and

(i) optionally a cocatalyst comprising a compound of a group 13 metal.

14. Molded or compression molded isotactic propylene homopolymer obtainable by a process according to any one
of the preceding claims.

15. Molded or compression molded isotactic propylene homopolymer according to claim 14 having 5 to 90 %,
preferably 10 to 90 %, of beta-phase, wherein said beta-phase is measured via wide angle X-ray scattering (WAXS).
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