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MODIFIED ZIEGLER-NATTA CATALYST SYSTEMS.

FIELD OF THE INVENTION.

This invention relates to modified Ziegler-Natta catalyst systems that are able to
produce polyethylene having reduced molecular weight distribution and improved
incorporation of hexene with respect to conventional Ziegler-Natta catalyst systems.

DESCRIPTION OF THE RELATED ART.

Ziegler-Natta catalyst systems are multi-site catalyst systems that typically produce
polymers having a mixture of chains having different tacticities, an heterogeneous
composition and properties linked to crystallisation that are not optimal as described
for example by Mulhaupt, R. In Macromol. Chem. Phys., 2003, 204, 289-327. For
example, polyethylene prepared with Ziegler-Natta catalysts systems are
characterised by a heterogeneous composition. In addition comonmer incorporation

is far from ideal.

A large effort was spent to improve the activity and tacticity of these catalyst systems
such as for example by Galli et al. in J. Polym. Sci. Part A: Polym. Chem. 2004, 42,
396-415. The last generations of Ziegler-Natta catalyst system have an excellent
productivity and the addition of a Lewis base allows the selection of isospecific sites
having a high isotactic index, but they still leave a diversity of sites, both in
stereospecificity and in kinetic parameters as described for example by Chadwick et
al. in Macromol. Chem. Phys. 2001, 202, 1998-2002.

Metallocene and post-metallocene catalyst systems on the contrary are single site
catalyst systems that produce often a narrow composition distribution and uniform
crystallisation but these catalysts systems are costly and difficult to prepare as
explained for example by Mulhaupt, R.in Macromol. Chem. Phys. 2003, 204, 289-
327.
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In today’s polymer production, the MgCIo/TiCls catalyst system is largely used to
prepare polyethylene and polypropylene leaving a very limited part to metallocene

catalyst systems.

Conventional Ziegler-Natta catalyst systems are typically based on a support
(MgCly), TiCls and internal Lewis base, so designed as precatalysts, and they are
activated with AIR; and eventually an external Lewis base, so designed as
cocatalyst.

It is thus very desirable to prepare Ziegler-Natta catalyst systems that offer some of
the advantages of single site catalyst systems but are easier and less costly to
prepare than the currently available single site systems.

SUMMARY OF THE INVENTION.

It is an objective of the present invention to provide a method for modifying Ziegler-
Natta catalyst systems by modifying the oscillations of the titanium atoms, organised
in clusters, inside the active sites.

It is also an objective of the present invention to prepare modified Ziegler-Natta
catalyst system having a controlled behaviour in composition and molecular weight
distribution .

It is another objective of the present invention to produce modified Ziegler-Natta
catalyst systems that have and keep a good activity.

It is yet another objective of the present invention to prepare polyethylene having a
controlled hexene incorporation with the modified Ziegler-Natta catalyst system.

It is a further objective of the present invention to prepare polyethylene having a
reduced molecular weight distribution with the modified catalyst system.



WO 2011/147733 PCT/EP2011/058130

In accordance with the present invention, the foregoing objectives are realised as
described in the independent claims. Preferred embodiments are described in the

dependent claims.

DETAILED DESCRIPTION OF THE INVENTION.

Accordingly, the present invention discloses a method for modifying a Ziegler-Natta
catalyst by introducing on the surface of a precatalyst support or of a finished Ziegler-
Natta precatalyst component, either a solution containing a chloride MCI, wherein M
is selected from Groups 3, 4, 5 or 6 of the Periodic Table and n is the valency of M,
or a solid chloride MCI, followed by the addition of TiCls, or a titanium halide wherein
the halogen is not chlorine, said modification resulting in changing the Ti active site

electronic environment.

Without wishing to bound by a theory, the active sites are believed to be organised in
titanium clusters as explained for example in Monteil et al. in J. Polym. Sci. Part A:
Polym. Chem. 2009, 47, 5784-5791. It is believed that introducing an heteroatom in
such active clusters leads to a change of electronic environment that can result in a
change of the oscillation rates around the metallic centres caused by Ti-Cl bounds
oscillations. Such oscillations of ligands around a metal centre between various
active sites conformations has been observed with metallocene based catalysts
catalysis by Waymouth et al in Science 1995, 267, 217-219.

It has been observed, for example in EP-A-1,845,112 and in Monteil et al. in J.
Polym. Sci. Part A: Polym. Chem. 2009, 47, 5784-5791 that the Ziegler-Natta pre-
catalyst consists of a combination of active titanium sites and activating titanium
sites. In that work, some of the activating titanium sites were removed by a thermal
treatment. The pre-catalyst was then treated with a Lewis acid to fill the vacated
titanium sites with boron activating sites that were more efficient than the titanium
activating sites. In addition, it was evidenced that the active titanium sites are

organised in clusters.

Such active site organisation undergoes changes of state as a function of time. There
are oscillations between structural states of the sites caused by the sharing of
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chlorine atoms. As a result, the same site can produce both short and long chains at
different times. If the structural changes of the catalyst system occur faster than the
chain growth, all chains produced during the polymerisation reaction are different.
This results in large polymer variability, large polydispersity index, broad polymer
composition and poor comonomer insertion. In order to improve that undesirable
situation, two options are available: either increase the polymerisation rate or slow
down the structural changes of the pre-catalyst i.e.oscillations rates inside active site

clusters.

The present invention discloses the second option wherein the structural changes of
the pre-catalyst can be slowed down by either or both of two different mechanisms.
Either an heteroatom having a valence and a geometry different from that of titanium
is introduced on the precatalyst support or finished precatalyst, said heteroatom, in
association with TiCls acting to modify or block the sites oscillations. Or ligands
having another chemistry than that of TiCls, wherein chlorine is replaced by another

halogen, is introduced on titanium.

In a first embodiment according to the present invention, a solution of chloride MCl, is
added to the surface of a precatalyst support, said support being typically MgCl,,
wherein M has a higher molecular weight than titanium and a valence that is the
same as or different from that of titanium. Preferably, the chloride MCI, is soluble in
hot TiCl4 and a solution of MCI, in hot TiCl,4 is added to the solid support, wherein M
represents a metal and n is its valence. The solubility of metal chlorides in hot TiCly
at a temperature of 100°C has been studied for example by Ehrlich and Dietz (P.
Ehrlich.and G. Dietz in Zeitschrift Anorganische und Allgemeine Chemie, 305, 158-
168, 1960). Preferably, the metal is selected from Groups 3, 4, 5 and 6 of the
Periodic Table, more preferably, it is selected from Ta, Zr, Nb, Y or Nd, more
preferably, Ta, Zr and Nb and most preferably Ta. The anchorage around a heavier
atom, in terms of valence or molecular weight, changes the oscillations around the

active sites and additionally interacts with the chlorine ligand.

Tantalum chloride is particularly preferred. It is available in large amount, is cheap,
insoluble in the solvents that typically dissolve polymers and inert in polymerisation
reactions. It is partially soluble in TiCls at temperatures ranging between 70 and 130
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°C and thus the impregnation of the catalyst with the mixture TiCls/TaCls can easily
be carried out. It must be noted that tantalum chloride cannot be impregnated directly
alone onto the support. It must be associated with titanium chloride which is added
either simultaneously when the metal chloride is dissolved in TiCls or consecutively
when MCI, is added first in solid form.

The molar ratio of metal chloride to support MCI.,/MgCl2 can vary between 0.015 and
0.2, preferably between 0.02 and 0.1, more preferably between 0.025 and 0.05.
Titanium chloride is added in large excess with respect to the metal chloride. If the
amount of added metal chloride is too large, for exemple for a ratio TaCls/MgCly 2

0.2, MgCl3 structure is lost and the catalyst is poisoned.

The impregnation of the precatalyst support can be carried out:
- either in one step by dissolving metal chloride MCI, into hot titanium chloride
and then adding the hot solution to the support;
- orin two steps by adding solid metal chloride MCI, to the support and then
adding titanium chloride.

The support is typically selected from MgCl..

The impregnation reaction is then carried out at a temperature ranging between room
temperature and 130°C, preferably between 70°C and 120°C, more preferably
between 90 and 120 °C, for a period of time of from 1 to 3 hours. The temperature of
impregnation modifies the type of association between titanium and the other metal
because it modifies the solubility of said other metal in titanium tetrachloride and
therefore the amount of the other metal efficiently in contact with the surface of
MgCls. It is indeed observed that modifying the impregnation temperature of titanium
chloride alone does not increase the activity of the final catalyst system, whereas
increasing the temperature from 90°C to 120°C when impregnating the support with a
mixture metal chloride/titanium chloride at least doubles the activity of the final
catalyst in the copolymerisation of ethylene and hexene. There is therefore a
synergistic effect between titanium and the other metal in the activity and insertion
mechanism of the comonomer in the growing polymer chain. The comonomer is

inserted more regularly into the polymer.
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The final polymer obtained according to the present invention is therefore influenced
- by the mode of operation, either one or two steps impregnation
- by the temperature of impregnation and
- by ratio of metal chloride to MgClz2 support.

For example, for an impregnation temperature of 120 °C, the final polymer obtained
with the present modified Ziegler-Natta catalyst system contains two populations:
- a high density polyethylene type polymer characterised by few comonomer
insertions and

- waxes characterised by excellent comonomer insertion.

The present catalyst system is thus able to modify the properties of the resulting
polymer by modifying the distribution of active sites on the support while maintaining
very high activities.

It is further observed that the activity of the final catalyst depends strongly upon the
method of impregnation, either one-step or two-step, the two-step method giving
systematically a higher activity than the one-step method.

In another embodiment according to the first option, a finished Ziegler-Natta
precatalyst system is further impregnated with titanium chloride and another metal
chloride either using the one-step process or the two-step process disclosed
hereabove:
- either a solution of metal chloride in hot titanium chloride is added to the
finished precatalyst
- or solid metal chloride is first added to the finished precatalyst followed by the

addition of titanium chloride.

The impregnation reaction is then carried out at a temperature ranging between 70
and 130°C for a period of time of from 1 to 3 hours. In this particular embodiment, the
one-step method leads to a substantial improvement in activity whereas the two-step
method results in a severe reduction in activity. It is therefore concluded that too
much additional metal poisons the catalyst and that there is an optimal ratio molar

Ti/M of the final catalyst ranging between 3:1 and 1:1.
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In a second embodiment according to the present invention, another titanium halide
is added to the surface of the precatalyst support, typically MgCl,. It is a titanium
halide, wherein the halogen is not chlorine. It is selected preferably from iodine or
bromine. More preferably it is bromine. In this embodiment, the oscillations of
chlorine sites are blocked by the halide ligand whereas in the first embodiment they

are blocked by the metallic centre.

The impregnation of the pre-catalyst support can also be carried out:
- either in one step by dissolving the titanium halide into hot titanium chloride
and then adding the hot solution to the support (MgCly);
- or in two steps by adding a solid titanium halide to the support and then

adding titanium chloride.

The impregnation reaction is then carried out at a temperature ranging between 70°C
and 130°C, preferably between 90°C and 120°C for a period of time of from 1 to 3

hours.

The molar ratio of titanium halide to support TiX4/MgCl2 can vary between 0.015 and
0.2, preferably between 0.02 and 0.1, more preferably between 0.025 and 0.055.
Titanium chloride is added in large excess with respect to the titanium halide.

In all cases, the two-step method leads to higher activities than the one-step method.

The titanium halide can be added either at once or progressively, to the titanium
chloride. In the first instance, the support detects the final concentration whereas in
the second instance, it detects a concentration gradient. The active sites are

therefore formed differently.

In another embodiment according to the second option, a Ziegler-Natta catalyst
system is further impregnated with titanium chloride and titanium halide using either
the one-step process or the two-step process:

- either a solution of titanium halide in hot titanium chloride is added to the

finished precatalyst
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- or solid titanium halide is first added to the finished precatalyst followed by the
addition of titanium chloride.

The impregnation reaction is then carried out at a temperature ranging between 70
and 130°C , preferably between 90 and 120 °C, for a period of time of from 1 to 3

hours.

Both methods lead to a decrease in polydispersity index and in some cases to a

decrease in melting temperature with excellent activity.

The temperature of impregnation modifies the type of association between titanium,
chloride and the other halogen because it modifies their structure. It is indeed
observed that increasing the temperature from 70°C to 120°C when impregnating the
support with a mixture titanium halide/titanium chloride substantially increases the
activity of the final catalyst in the copolymerisation of ethylene and hexene. It also
decreases the melting temperature of the final polymer.

As in the first embodiment, the final polymer obtained according to the present
invention is therefore influenced

- by the mode of operation, either one or two steps impregnation

- by the temperature of impregnation and

- by ratio of metal halide to MgCl, support;

For example, for an impregnation temperature of 120 °C, the final polymer obtained
with the present modified Ziegler-Natta catalyst system contains two populations:
- high density polyethylene type polymer characterised by few comonomer
insertions and

- waxes characterised by excellent comonomer insertion.

Such mixture results from the presence of two families of active sites at the surface of
the catalyst.

Further treatment with Lewis acids can modify the activity of the catalyst system and
the polydispersity index and melting temperature of the resulting polymer. These
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properties are determined by the size and valence of the Lewis acid, but all tested
Lewis acid had an influence on the final properties of the polymers.

Examples.

A Ziegler-Natta conventionnal catalyst is an association of a precatalyst and a
cocatalyst. The precatalyst system is composed of a magnesium dichloride support,
titanium tetrachloride and eventually an internal Lewis base for propylene
polymerisation. The cocatalyst system is composed of trialkylaluminium and, in the

case of polypropylene, an external Lewis base.

General considerations

All manipulations (catalyst synthesis and modifications) were performed using
standard Schlenk techniques under an argon atmosphere, and solvents were dried
under argon over molecular sieves.

Molecular weights of the polyethylenes were determined by high temperature Size
Exclusion Chromatography (SEC) with a Water Alliance GPCV 2000 instrument
(columns: Plgel Olexis 7x300 mm, Polymer Laboratories; two detectors: viscosimeter
and refractometer in trichlorobenzene (flow rate: 1 mL/min) at 150 °C). The system
was calibrated with polystyrene standards using universal calibration. Reported

molecular weights are absolute values.

Thermal properties were mesured by Differential Scanning Calorimetry (DSC) on a
Perkin Elmer Pyris at a heating rate of 5 K/min. The sample is first heated up to
150°C at 5 K/min to erase its thermal history, then cooled down to 40°C at 5 K/min,
heated a second time up to 150°C at 5 K/min and cooled down to room temperature
at 20°C/min. DSC data reported (Tm values) are measured during the second
heating phase.

Copolymer microstructures were determined by NMR '®C analysis on a BRUKER
DRX 400 spectrometer operating at 400 MHz in trichlororbenzene (TCB) and
perdeuterobenzene (CeDs) at 120 °C.
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Example A-1: Reference precatalyst synthesis at 90 °C and polymerisation

procedure with the corresponding precatalyst

Following the method of EP-A-488856 A1, commercial anhydrous MgCl, was
introduced in a argon-filled balloon with an excess of THF and stired at reflux during
4 hours. Still at reflux temperature, heptane was added to the solution drop by drop
during one hour. The solid was then washed four times with heptane at room
temperature. Finally the MgCl, support was dried under high vaccum (10 bar)
during several days until obtaining the structure MgClo-xTHF (x=0.5).

MgCl, support was then introduced in an argon-filled Schlenk flask. The solid was
contacted with an excess of pure TiCls solution at a temperature of 90 °C during 2
hours. The solid was then washed twice with toluene at a temperature of 90 °C and
three times with heptane at room temperature. Finally, the precatalyst was dried
under vacuum at room temperature.

Copolymerisation of ethylene with hexene was carried out using the following
procedure.

A 1 L stainless steel reactor equipped with a stainless steel blade was used to
polymerise ethylene. AlEts (3 mmol/L), hexene (35%wt) and the (modified or not)
Ziegler-Natta precatalyst were, respectively introduced in a flask containing 300 mL
of heptane. The mixture was introduced into the reactor under a stream of ethylene,
at room temperature. Then, 1bar of hydrogen was injected into the reactor followed
by ethylene. The temperature was adjusted to 80 °C and the total pressure to 7 bar.
The total pressure of the reactor was kept constant at 7 bar during the entire reaction
by continuous ethylene feed. Polymerisations were stopped when about 20 g of PE
were produced. After the desired reaction time, the reactor was cooled and the gas
pressure released. The polymer was then filtered off from the polymer suspension,
washed with methanol then dried under vacuum for 1 hour at a temperature of 100
°C. It corresponded either to the whole polymer produced or to the high density
polyethylene fraction. The evaporation of the resulting heptane solution determined
the soluble fraction of PE in cold heptane (also called waxes).

The results are displayed in Table |.

TABLE |I.

|Ex [T [Activity[Tm [Mn [Mw [ PDI* | %wtCs |
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°C | g/g/h °C g/mol | g/mol
A-1190|21150 | 129.9 | 29009 | 218767 | 7.54 | 1.2

*PDI = polydispersity index defined as the ratio Mw/Mn of the weight average
molecular weight Mw over the number average molecular weight Mn. The number
average molecular weight Mn and the weight average molecular weight Mw were
determined by Size Exclusion Chromatographie (SEC).

Example A-2: Reference precatalyst synthesis at 120 °C and polymerisation

procedure with the corresponding precatalyst

The same procedure as that used in Exemple A-1 was performed except that the
impregnation temperature was increased to 120 °C.
Copolymerisation of ethylene with hexene was carried out using procedure described
in Example A-1. The results are displayed in Table II.

TABLE ll.

T | Activity | Tm* | Mn® | Mw?

Ex|oc | gigh | °C | gimol | gimol | PP! | Waxes
46
A2 120| 15300 | 128.3| 20705 | 94651 | ', |0 %owt

% Mesured from the high density polyethylene fraction
> Corrected PD: polydispersity index defined as the ratio Mw/Mn, considering both
high density polyethylene fraction and waxes fraction.

With this catalyst, two fractions of polymer were obtained: 99.5wt% of crystalline
polymer (high density polyethylene fraction) and 0.5wt% of waxes soluble in cold
heptane.These waxes were identified as copolymers of ethylene and hexene having
11.5mol% of inserted hexene.

Example 1.
A first set of experiments was carried out according to the first embodiment of the

present invention, by adding tantalum chloride to the support. The molar ratios
TaCls/MgCl2 selected were respectively of 0.2, 0.1, 0.05 and 0.025.
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In a first mode of operation (called Mode 1), a solution of TaCls dissolved in hot TiCl4
(90 °C) was added to the MgCl, support in the preselected ratios of TaCls over
MgCl.. The impregnation reaction was carried out at a temperature of 90°C for a
period of time of 2 hours. The impregnated support was washed twice with toluene at
high temperature and three times with heptane at room temperature. Finally, the

precatalyst was dried under vacuum at room temperature.

In a second mode of operation (called Mode 2), solid TaCls was added to the support
in the preselected ratios. Excess of TiCly4 was then added and the impregnation
reaction was carried out at a temperature of 90°C for 2 hours. The impregnated
support was washed twice with toluene at high temperature and three times with
heptane at room temperature. Finally, the precatalyst was dried under vacuum at

room temperature.

These 2 sets of treated supports were then used in the copolymerisation of ethylene
and hexene. The polymerisation was carried out using the procedure described in
Example A-1. The results are displayed in Table Ill.

TABLE IIL.
Ex | TaClsMgCl, | Mode gf;}‘é“y OT(;“ g’}”mol S';’}"r;’]ol PDI | Waxes | %wiCs
AT |- 21150 | 129.9 | 29009 | 218767 | 7.54 [no | 1.2
1102 1 685 | 1305 |50735|201255]3.97 |no | nd
12 02 > | 3584 |130.8 | 33898 | 151153 | 446 |no | nd
13 0.1 1 [2290 |1315 |41665|190780|4.58 |no | nd
14 0.1 > 5600 |129.4 |27365| 127314465 no | nd
15 1005 1 1122 [ 131.76 | 33778 | 160283 | 4.75 [no | nd
16 |0.05 > 19600 | 127.4 | 31727 | 146174 461 |no |17
17 | 0.025 1 9790 | 1287 |28652|138379|4.83|no | nd
18 | 0.025 2 17000 | 129.4 | 29999 | 124816 | 4.16 |[no | nd
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All polymerisations carried out using the catalyst prepared according to the Mode 2
had a much higher activity than those carried out using the catalyst prepared
according to the Mode 1.

In all cases, a substantial decrease of polydispersity index was observed, from 7.54
for a classical Ziegler-Natta catalyst to less than 5 for the catalysts of the present

invention.

The melting temperature Tm was modified, but no trend was observed.
In example 1-6 Tm was decreased, and more hexene was inserted in the polymer
chain (NMR results, %wtCs).

Example 2.
The impregnation reaction was carried out using the second mode of operation

(Mode 2) of Example 1 and the impregnation temperature was varied between 70
and 120 °C. Copolymerisation of ethylene and hexene was carried using the same
procedure as that described in Example A-1. The results are displayed in Table IV.

TABLE IV.

Ex | TaCls/MgCl, L A;/tg;ﬁy T%‘Q g'\/"r;‘; gl\//lr\rl:,oa| PDI® | Waxes | %wtCe
A1 - 90 | 21150 | 129.9 | 29009 | 218767 |  7.54 no 12
A2 i 120 | 15300 | 128.3 | 20705 | 94651 | 4.6 (5)° | 0.5%wt | nd
2-1 0.05 70 700 |130.8| nd nd nd no nd
22 0.05 | 90 | 19600 | 127.4 | 31727 | 146174 | 461 no 17
23 0.05 | 120 | 33000 | 126.9 | 22851 | 159612 | 6.9 (81)° | 3.5%wt | 2.7

% Mesured from the high density polyethylene fraction

P Corrected PDI: polydispersity index defined as the ratio Mw/Mn, considering both

high density polyethylene fraction and waxes fraction.
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Waxes soluble in cold hexane were obtained with the catalyst prepared by
impregnation at a temperature of 120°C (example 2-3). These waxes were identified

as copolymers of ethylene and hexene having 11.5mol% of inserted hexene.

When increasing the temperature of the impregnation reaction , the activity
increases, and the melting temperature decreases, corresponding to a better hexene
insertion in the polymer chain. This can be observed by NMR in example 2-3 wherein
2.7%wtCe were inserted.

At a temperature of 120°C, waxes and high density polyethylene were produced
indicating the presence of two types of active sites, one of which being very efficient
for the insertion of hexene in the polymer chain.

Example 3.
In this example, the impregnation was carried out on a Ziegler-Natta catalyst instead

of directly on MgCl, support. The finished Ziegler-Natta precatalyst was prepared
according to the procedure of Example A-1.

The same two modes of operation as in example 1 were then used to modify the
finished catalyst, they will be called Modes 4-1 and 4-2. The copolymerisation of
ethylene and hexene was then carried out using the same procedure as that
described in Example A-1. The results are displayed in Table V.

TABLE V.

Activity | Tm Mn Mw o
Ex | TaCls/MgCl, | Mode g/g/h °C | g/mol | g/mol PDI | Waxes | %wtCs

3-1 0.05 4-1 | 67000 | 127.8 | 29122 | 174139 | 5.98 no 2.6

3-2 0.05 4-2 9600 | 129.5 | 35792 | 208012 | 5.81 no nd

The first mode of impregnation (Mode 4-1) led to an drastic gain in activity that was
not observed for the Mode 4-2. Both modes of impregnation led to a reduction of
polydispersity index but the reduction was not as marked as in Example 1.

The Mode 4-1 led to a decrease of melting temperature and a better insertion of

comonomer.
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Example 4.
Another set of experiments was carried out according to the first embodiment of the

present invention, by adding zirconium chloride to the MgCly support. The molar
ratios ZrCl4/MgCl, selected were respectively of 0.2, 0.1, and 0.05.

In a first mode of operation (Mode 1), a solution of ZrCl4 dissolved in hot TiCls (90 °C)
was added to the support in the preselected ratios of ZrCly over MgCl,. The
impregnation reaction was carried out at a temperature of 90°C for a period of time of
2 hours. The impregnated support was washed twice with toluene at high
temperature and three times with heptane at room temperature. Finally, the

precatalyst was dried under vacuum at room temperature.

In a second mode of operation (Mode 2), dry ZrCls was added to the support in the
preselected ratios. Excess of TiCls; was then added and the impregnation reaction
was carried out at a temperature of 90°C for a period of time of 2 hours. The
impregnated support was washed twice with toluene at hight temperature and three
times with heptane at room temperature. Finally, the precatalyst was dried under

vacuum at room temperature.
These 2 sets of treated supports were then used in the copolymerisation of ethylene
and hexene using the procedure described in Example A-1. The results are displayed

in Table VI.

TABLE VL.

Activity | Tm Mn Mw o
Ex | ZrCl4/MgCl2 | Mode g/g/h °C | gimol | g/mol PDI | Waxes | %wtCs

A-1 - 21150 | 129.9 | 29009 | 218767 | 7.54 no 1.2

4-1 0.2 2 10000 | 128.6 | 30275 | 180473 | 5.96 no nd
4-2 0.1 2 21970 | 128.1 | 25994 | 154909 | 5.96 no 1.8
4-3 0.05 1 2200 | 129.9 | 37699 | 204981 | 5.44 no nd
4-4 0.05 2 8285 | 127.3 | 28360 | 165433 | 5.83 | no 1.6
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All polymerisations carried out using the catalyst prepared according to the second
mode of operation had a much higher activity than those carried out using the

catalyst prepared according to the first mode of operation.

In all cases, a substantial decrease of polydispersity index was observed, from 7.54
for a classical Ziegler-Natta catalyst to less than 6 for the catalysts of the present

invention.

The melting temperature was modified, generally decreased, with a better

comonomer insertion (examples 4-2 and 4-4).

Example 5.
The impregnation reaction was carried out using the second mode of operation of

Example 4 and the impregnation temperature was varied between 70 and 120°C.
Copolymerisation of ethylene and hexene was carried using the same procedure as
that described in Example A-1. The results are displayed in Table VII.

TABLE VI,
Ex | ZrCl/MgCl, L A;,tg;ﬁy T%‘a g'\/"r;‘; g'\/"r‘;]"; PDIP | Waxes | %wtCe®
A1 i 90 | 21150 | 129.9 | 29009 | 218767 | 7.5 no 1.2
A-2 i 120 | 15300 | 128.3 | 20705 | 94651 | 4.6 (5)° | 0.5%wt | nd
51 0.05 | 70 | 1800 | 131 | 29861 | 170769 | 5.7 no nd
52| 005 | 90 | 8285 |127.3 | 28360 | 165433 | 58 no 16
53| 005 |120| 21700 | 126.9 | 23281 | 156454 | 6.7 (8.7)° | 3.2%wt | 2.9

a

: Mesured from the high density polyethylene fraction

> Corrected PD: polydispersity index defined as the ratio Mw/Mn, considering both

high density polyethylene fraction and waxes fraction.

Waxes soluble in cold hexane were obtained with the catalyst prepared by
impregnation at a temperature of 120°C. These waxes were identified as copolymers
of ethylene and hexene having 11.1% of inserted hexene.
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When increasing the temperature of the impregnation reaction , the activity
increases, and the melting temperature decreases, which correspond to a better
hexene insertion in the polymer chain as determined by measuring the %wtCs
inserted by NMR analysis.

As in Example 2, at the temperature of 120°C, waxes and high density polyethylene
were produced indicating the presence of two types of active sites, one of which
being very efficient for the insertion of hexene in the polymer chain.

Example 6.
Another set of experiments was carried out according to the first embodiment of the

present invention, by adding niobium chloride to the MgCl, support. The molar ratios
NbClIs/MgCl, selected were respectively of 0.2, 0.1, 0.05.

We only investigated the second mode of operation described in Example 1. Dry
NbCls was added to the support in the preselected ratios. Excess of TiCls was then
added and the impregnation reaction was carried out at a temperature of 90°C for a
period of time of 2 hours. The impregnated support was washed twice with toluene at
high temperature and three times with heptane at room temperature. Finally, the

precatalyst was dried under vacuum at room temperature.

These precalatysts were then used in the copolymerisation of ethylene and hexene.
The polymerisation was carried out using the procedure described in Example A-1.
The results are displayed in Table VIII.

TABLE VIIL.

Ex | NbCls/MgCl, | Mode A;/tg;ﬁy Ig‘ g;\r/lnnol g')"m"‘él PDI | Waxes
A-1 - 21150 | 129.9 | 29009 | 218767 | 7.54 | no
6-1 0.2 2 | 5200 | 130 | 36064 | 192751 |5.34 | no
6-2 0.1 2 | 11000 | 129.8 | 36560 | 191077 | 5.22 | no
6-3 0.05 2 | 16000 | 129.5 | 36541 | 191905 | 5.25| no
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With the molar ratios NbCls/MgCl, of 0.05 and 0,1, catalysts kept a good activity
compared to the reference A-1.

In all cases, a substantial decrease of polydispersity index was observed, from 7.54
for a classical Ziegler-Natta catalyst to less than 6 for the catalysts of the present

invention.

The melting temperature was not as modified as for TaCls (example 1).

Example 7.
Another set of experiments was carried out according to the first embodiment of the

present invention, by adding yttrium chloride to the support. This time we only
investigated the influence for a molar ratio of YCIls/MgCl2 equal to 0.05 of the moment
of impregnation: either directly on MgCl, support (mode of operation 2) or on a
finished Ziegler-Natta (mode of operation 4-1).

These precalatysts were then used in the copolymerisation of ethylene and hexene.
The polymerisation was carried out using the procedure described in Example A-1.

The results are displayed in Table IX.

TABLE IX.

Activity | Tm Mn Mw

Ex | YClJ/MgClz | Mode |~ 0™ | oc | g/mol | g/mol

PDI | Waxes | %wtCg

A-1 - 21150 | 129.9 | 29009 | 218767 | 7.54 no 1.2
7-1 0.05 2 0 - - - - no nd
7-2 0.05 4-1 14500 | 130.3 | 37790 | 210182 | 5.6 no 0.9

Yttrium chloride, when added alone to the support (Mode 2) totally poisoed the
catalyst.

With the Mode 4-1, the catalyst kept a good activity, and the polydispersity index
decreased, but the melting temperature was not modified. A diminution of

comonomer insertion was also observed.
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Example 8.
Another set of experiments was carried out according to the first embodiment of the

present invention, by adding neodyme chloride to the support. As for Example 7, we
only investigated the influence on a molar ratio of NdCls/MgCl2 equal to 0.05, of the
moment of impregnation: either directly on MgCl, support (mode of operation 2) or
on a finished Ziegler-Natta (mode of operation 4-1).

These precalatysts were then used in the copolymerisation of ethylene and hexene.
The polymerisation was carried out using the procedure described in Example A-1.

The results are displayed in Table X.

TABLE X.

Activity | Tm Mn Mw

Ex | NdCls/MgCl; | Mode glglh | °C | g/mol | g/mol

PDI | Waxes | %wtC6

A-1 - 21150 | 129.9 | 29009 | 218767 | 7.54 no 1.2
8-1 0.05 2 7000 | 130.6 | 37003 | 226918 | 6.1 no 0.9
8-2 0.05 4-1 22000 | 130.1 nd nd nd no nd

With the Mode 4-1, the catalyst kept a good activity compared to the one of the
reference A-1, and no changes in the polymer properties are observed.

Example 9.
According to the second embodiment, in this set of examples, a mixture of titanium

chloride and titanium bromide was added to the support . As for example 1, two
modes of operation were tested:
- afirst mode (Mode 1) in one step wherein a solution of TiBr4 was dissolved in
hot TIiCl4 (90 °C)
- a second mode (Mode 2) in two steps wherein solid TiBrs was first added to
the support followed by the addition of an excess of TiCls.

In both modes of operation, molar ratios TiBrs/MgCl. respectively of 0.1, 0.055 and
0.025 were tested.
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In both sets of examples, the impregnation reaction was carried out at a temperature
of 90°C for a period of time of 2 hours. The impregnated support was washed twice
with toluene at hight temperature and three times with heptane at room temperature.
Finally, the precatalyst was dried under vacuum at room temperature.

The copolymerisation of ethylene and hexene was carried out as in Example A-1.
The results are displayed in Table XI.

TABLE XI.

Ex | TiBra/MgCl2 | Mode A;/tg;irfy Ig‘ g;\r/lnnol g')"m"‘c’)l PDI | Waxes | %wtCg
A-1 - 21150 | 129.9 | 29009 | 218767 | 7.54 | no 1.2
9-1 | TiBr4 alone - 0 - - - - - -

92| 0055 1 | 15500 | 128.63 | 23530 | 158081 | 6.72 | no nd

93| 0.055 2 | 16300 | 127.4 | 18440 | 137204 | 7.44 | no 2.0
9-4 0.1 2 | 21000 | 128.86 | 28876 | 152121 | 5.3 | no nd

95| 0.025 2 | 16000 | 128.86 | 26589 | 143826 | 54 | no nd

Titanium bromide, when added alone (without TiCls) to the support did not produce
an active catalyst. When added in combination with titanium chloride, it led in all
cases, to an activity similar to that of a conventional Ziegler-Natta catalyst and
produced polymers with a reduced melting temperature (better comonomer insertion

for example 9-3) and a reduced polydispersity index.

Example 10.
This example was carried out in a manner similar to that of Example 3. The

impregnation was carried out on a Ziegler-Natta catalyst instead of directly on MgCl.
support. The Ziegler-Natta catalyst was prepared according to the procedure of
Example A-1.

The second mode of operation of Example 9 was then used to modify the precatalyst.
Post treatments respectively with heptane and TiCly were carried out. The
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copolymerisation of ethylene and hexene was then carried out using the same

procedure as that described in Example A-1. The results are displayed in Table XII.

TABLE XILI.
: Activity | Tm Mn Mw o
Ex | TiBrs#/MgCl. | Mode. g/g/h °C gimol | g/mol PDI | Waxes | %wtCs
10-1 0.055 2 16300 | 127.4 | 18440 | 137204 | 7.44 no 2.0
10-2 0.055 4-2 7000 | 130.53 | 20335 | 117086 | 5.8 no nd
10-3 0.055 4-1 30000 | 128.94 | 27785 | 152982 | 5.5 no 1.2

Post-treatment with TiBr4 in solution in heptane poisoned the catalyst (example 10-2)

whereas post treatment with TiCl4 considerably improved the activity (10-3). Post-

treatment increased the melting temperature and decreased the polydispersity index

in all cases.

Exemple 11.
The impregnation reaction was carried out using the second mode of operation of

Example 9 and the impregnation temperature was varied between 70 and 120°C.

Copolymerisation of ethylene and hexene was carried using the same procedure as

that described in Example A-1, except that in one test (example 11-4) no hydrogen

was injected. The results are displayed in Table XIII.

TABLE XIIl.
: Temp. | Hz | Activity | Tm? Mn?® Mw? a 0 a
Ex | TiBrs/MgCl, °C | bar| g/g/h °c gimol | g/mol PDI® | Waxes | %wtCs

A-1 - 90 1 | 21150 | 129.9 | 29009 | 218767 | 7.54 no 1.2
4.6 0.5wt

A-2 - 120 1 15300 | 128.3 | 20705 | 94651 b nd
(5) %

11-1 0.055 70 1 | 5200 |130.35|24939 | 165970 | 6.7 no nd

11-2 0.055 90 1 16300 | 127.4 | 18440 | 137204 | 7.4 no 2.0
6.4

11-3 0.055. 120 | 1 | 17000 | 126.78 | 16558 | 105329 )" 3wt % 2.4
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11-4

0.055 120 | O | 19200 | 128.53 | 52205 | 479390 | 9.2 no nd

% Mesured from the high density polyethylene fraction
> Corrected PD: polydispersity index defined as the ratio Mw/Mn, considering both
high density polyethylene fraction and waxes fraction.

In experiment 11-3 (impregnation at 120°C), 3 wt% of waxes were obtained.

In conclusion, the activity increased with increasing temperature of the impregnation
reaction and the melting temperature decreased with increasing impregnation

temperature (better comonomer insertion).

Waxes and high density polyethylene were produced indicating the presence of two
types of active sites, one of which being very efficient for the insertion of hexene in
the polymer chain.

As expected, in the absence of hydrogen, acting as transfer agent, molar masses
increased and low molecular weight components (waxes) disappeared. The
polydispersity index increased.

Example 12.
Another set of experiments was carried out according to the second embodiment of

the present invention, by adding a mixture of titanium chloride and titanium iodide.
This time we investigated the influence of the molar ratio of Tils/MgCl, (0.025; 0.055;
0.1; excess), the mode of impregnation (either directly on the MgCl, support (mode
of operation 2) or on a finished Ziegler-Natta precatalyst (mode of operation 4-1)) and

the impregnation temperature.

These precalatysts were then used in the copolymerisation of ethylene and hexene.
The polymerisation was carried out using the procedure described in Example A. The

results are displayed in Table XIV.

TABLE XIV.
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Ex | TilyMgClz | Mode T?Qp A;/tg;ﬁy Ig‘ g;\r/lnnol g')"m"‘él PDI | Wax 0/82”
A1 : = [ 90 | 21150 [129.9| 29009 | 218767 | 754 | no | 1.2
121 | 0025 | 2 | 90 | 4400 |130.9| 51266 | 245025 | 4.8 | no | 1.1
122 | 0055 | 2 | 90 0 - - - B I
123 | 0.1 > | 90 | 5040 [131.0| 42868 | 237611 | 5 | no | nd
124 | 0055 | 2 | 120 | 8500 |130.7| 45226 | 317239 | 7.0 | no | nd
125 | 0055 | 41 | 90 | 35000 |127.8| 31256 | 185893 | 59 | no | 2.2

Contrary to Examples 9, 10 and 11, addition of Til; on the MgCl, support poisoned

the precatalyst.

However, when added on a Ziegler-Natta catalyst (example 12-5), Tils led to a gain in

activity and a reduction of melting temperature (better comonomer insertion).
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CLAIMS.

1.

A method for modifying a Ziegler-Natta catalyst by introducing on the surface
of a precatalyst support or of a finished Ziegler-Natta precatalyst component,
either a solution containing a chloride MCI,, wherein M is selected from Groups
3, 4, 5 or 6 of the Periodic Table and n is the valency of M and wherein the
solution containing MClI, is hot TiCls, or a solid chloride MCI, followed by
addition of TiCl4, or a titanium halide wherein the halogen is not chlorine,

characterised in that said modification results in changing the Ti active site

electronic environment.

. The method of claim 1 wherein MCl, is at least partially soluble in hot TiCls.

The method of claim 1 or claim 2 wherein M is selected from Ta, Nb, Zr, Y or

Nd, preferably Ta or Nb, more preferably Ta.

. The method of any one of the preceding claims wherein the precatalyst

support is MgCla.

The method of any one of the preceding claims wherein the molar ratio
MCI./MgCl, ranges between 0.015 and 0.2, preferably between 0.02 and 0.1.

. The method of claim 1 wherein the non-chlorine halogen is Br or |, preferably

Br.

The method of claim 6 wherein the molar ratio TiX4/MgCl, ranges between
0.015 and 0.2, preferably between 0.02 and 0.1.

. The method of any one of the preceding claims wherein the modifying reaction

is carried out at a temperature ranging between room temperature and 130°C,

preferably from 70 °C to 120 °C, for a period of time of from 1 to 3 hours.
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9. The method of any one of the preceding claims wherein the activity of the

catalyst increases with increasing impregnation temperature.

10.A modified Ziegler-Natta pre-catalyst or a-medified finished catalyst obtained
by the method of any one of claims 1 to 9.

11.Use of the modified Ziegler-Natta catalyst of claim 10 to prepare polymers
having a molecular weight distribution narrower than that of polymers obtained

with conventional Ziegler-Natta catalyst systems.
12.Use according to claim 11 to modify the melting temperature of the polymer.
13.Use according to claim 11 or claim 12 to prepare homopolymers of ethylene or

copolymers of ethylene and alpha-olefins, preferably ethylene-hexene
copolymers.
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AMENDED CLAIMS
received by the International Bureau on 02 November 2011 (02.011.2011)

. A method for modifying a Ziegler-Natta catalyst by introducing on the surface
of a precatalyst composed of a magnesium dichloride, or on the surface of a
conventional Ziegler-Natta catalyst, composed of magnesium dichloride,
titanium tetrachloride and optionally an internal Lewis base, either a solution
containing a chloride MCI, wherein M is selected from Groups 3, 4, 5 or 6 of
the Periodic Table and n is the valency of M and wherein the solution
containing MCI, is hot TiCl,, or a solid chloride MCI, followed by addition of
TiCly, or a titanium halide wherein the halogen is not chlorine,

characterised in that said modification results in changing the Ti active site

electronic environment.

. The method of claim 1 wherein MCl, is at least partially soluble in hot TiCls.

. The method of claim 1 or claim 2 wherein M is selected from Ta, Nb, Zr, Y or

Nd, preferably Ta or Nb, more preferably Ta.

. The method of any one of the preceding claims wherein the precatalyst

support is MgCl,.

. The method of any one of the preceding claims wherein the molar ratio
MCI./MgCl, ranges between 0.015 and 0.2, preferably between 0.02 and 0.1.

. The method of claim 1 wherein the non-chlorine halogen is Br or |, preferably
Br.

. The method of claim 6 wherein the molar ratio TiX4/MgCl, ranges between
0.015 and 0.2, preferably between 0.02 and 0.1.

. The method of any one of the preceding claims wherein the modifying

reaction is carried out at a temperature ranging between room temperature

AMENDED SHEET (ARTICLE 19)
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and 130°C, preferably from 70 °C to 120 °C, for a period of time of from 1 to 3

hours.

9. The method of any one of the preceding claims wherein the temperature of
the impregnation temperature is increased in order to increase the activity of

the catalyst.

10.The method of any one of the preceding claims wherein the impregnation
temperature is varied in order to modify the amount of non-titanium metal

efficiently in contact with the surface of MgCl,.

11.A modified Ziegler-Natta pre-catalyst obtained by the method of any one of
claims 1 to 10.

12.Use of the modified Ziegler-Natta catalyst of claim 10 to prepare homo- or co-
polymers of ethylene having a molecular weight distribution narrower than that

of polyethylene obtained with the same Ziegler-Natta catalyst unmodified.

13.Use according to claim 11 or claim 12 wherein the comonomer, if present, is

hexene.

AMENDED SHEET (ARTICLE 19)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/058130

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO8F210/16 CO8F4/653
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CO8F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 0 522 652 A2 (
ENICHEM SPA [IT])

13 January 1993 (

page 2, line 32 -

6

claims 1,4,5,6,8

examples
claim 1

NORTH AMERICA INC [US])

the whole document

1993-01-13)
page 3, line 32; example

X US 6 433 119 B1 (SMITH CRYSTAL A [US]) 1-13
13 August 2002 (2002-08-13)
column 4, Tine 37 - column 5, line 3

X EP 0 423 786 A2 (HIMONT INC [US] MONTELL 1-13
24 April 1991 (1991-04-24)

ENICHEM POLIMERI [IT] 1-13

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

25 August 2011

Date of mailing of the international search report

31/08/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Thomas, Dominik

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/058130
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 6 376 417 Bl (YANG AICHUN [CN] ET AL) 1-13

23 April 2002 (2002-04-23)
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/058130
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0522652 A2 13-01-1993 AR 248031 Al 31-05-1995
AT 129506 T 15-11-1995
AU 656983 B2 23-02-1995
BR 0202664 A 23-03-1993
CA 2073654 Al 13-01-1993
CN 1068577 A 03-02-1993
DE 69205631 D1 30-11-1995
DE 69205631 T2 15-05-1996
DK 0522652 T3 12-02-1996
DZ 1596 Al 17-02-2002
EG 20372 A 31-01-1999
ES 2080431 T3 01-02-1996
FI 023153 A 13-01-1993
GR 3018446 T3 31-03-1996
IT 1251463 B 15-05-1995
JP 5194644 A 03-08-1993
NO 022711 A 13-01-1993
RU 2089559 C1 10-09-1997
us 5296432 A 22-03-1994
ZA 0205062 A 28-04-1993

US 6433119 Bl 13-08-2002  NONE

EP 0423786 A2 24-04-1991 AT 174605 T 15-01-1999
AU 639491 B2 29-07-1993
AU 6373390 A 26-04-1991
BR 0005233 A 17-09-1991
CA 2025082 Al 19-04-1991
CN 1051565 A 22-05-1991
CN 1108665 A 20-09-1995
4 0005047 A3 15-12-1999
DE 69032839 D1 28-01-1999
DE 69032839 T2 08-07-1999
DK 0423786 T3 23-08-1999
ES 2126551 T3 01-04-1999
HU 209480 B 28-06-1994
IL 95567 A 27-02-1994
JP 3051439 B2 12-06-2000
JP 3140309 A 14-06-1991
NO 004312 A 19-04-1991
PL 287366 Al 29-07-1991
PL 167293 Bl 31-08-1995
PT 95617 A 13-09-1991
RO 106744 Bl 30-06-1993
us 6054406 A 25-04-2000
ZA 9007017 A 25-09-1991

US 6376417 Bl 23-04-2002  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - amend-body
	Page 28 - amend-body
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

