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Description

Technical Field of the Disclosure

[0001] The present disclosure relates generally to Ziegler-Natta catalysts and more particularly to a method for im-
proving the activity of Ziegler-Natta catalysts.

Background of the Disclosure

[0002] A Ziegler-Natta (ZN) catalyst is composed of at least two parts: a transition metal compound and a main group
metal alkyl compound. The transition metal compound is usually titanium or vanadium. The main group metal alkyl
compound is usually an aluminum alkyl. In common practice, the titanium component is called "the catalyst" and the
aluminum alkyl is called "the co-catalyst."
[0003] For its part, the aluminum alkyl is believed to play a variety of roles in the ZN catalyst. For example, the aluminum
alkyl is thought to act as an alkylation agent and a reducing agent in the formation of active centers in the ZN catalyst.
The aluminum alkyl also plays roles in the activity of the ZN catalyst. Improving the activity of the ZN catalyst can result
in cost savings. For example, improvements in catalyst activity can result in improvements in catalyst productivity. The
productivity of a catalyst, that is, the amount of polymer produced per gram of the catalyst, usually is a key economic
factor that can make or break a new commercial development in the polyolefin industry. If the activity of the catalyst can
be improved economic benefits will follow.
[0004] Increasing polymer bulk density is another important feature that allows for longer catalyst residence times,
increased reactor throughput and better reactor operability. Improved polymer bulk density made with some ZN catalysts
can be achieved by partial modification of the catalyst with aluminum alkyls prior to feeding the catalyst to the polymer-
ization reactor. In some cases catalyst activity may decay during this step.
US 6,306,985 relates to a high activity solid catalyst suitable for slurry phase polymerization of ethylene, a process for
preparing the same and use of the same in ethylene polymerization. EP 0379292 relates to Ziegler polymerization of α-
olefins characterized by, among others, the solid catalyst components comprising a transition metal in Ziegler-type
catalysts.
WO 01/00692 relates to methods of making olefin polymerization catalysts from magnesium, transition metal and halogen-
containing olefin polymerization procatalysts, and their use as a catalyst component for the polymerization of olefin
monomers.
WO 2016/016355 a solid catalyst for the (co)polymerisation of α-olefins and to a process for the preparation thereof.
[0005] Considering the discussion above, a need exists for improving or maintaining the activity of ZN catalysts while
improving polymer bulk density.

Summary of the Disclosure

[0006] In the first aspect of the invention there is provided the method of claim 1.
The present disclosure provides a method for improving the activity of a Ziegler-Natta (ZN) catalyst. Specifically, it has
been discovered that removing excess aluminum alkyls during the partial modification of the ZN catalyst helps to mitigate
losses in activity, such as losses during the storage of the modified ZN catalyst. To this end, the present disclosure
provides a method of forming a modified precursor composition of a ZN catalyst that includes providing a precursor
composition of the ZN catalyst for treatment with an aluminum alkyl compound in a liquid organic solvent. The precursor
composition of the ZN catalyst includes at least one titanium compound that is treated with the aluminum alkyl compound
in the liquid organic solvent. The aluminum alkyl compound converts the at least one titanium compound in the precursor
composition into the modified precursor composition of the ZN catalyst. At least a portion of the aluminum alkyl compound
not consumed in converting the at least one titanium compound in the precursor composition into the modified state
from the precursor composition and reaction by-product compounds in the liquid organic solvent are then removed to
form the modified precursor composition of the ZN catalyst of the present disclosure.
[0007] Providing the precursor composition includes precipitating (or impregnating) at least one titanium compound
on a carrier material. The at least one titanium compound has the formula Ti(OR)aXb, wherein R is selected from the
group consisting of: a C1 to C14 aliphatic hydrocarbon moiety, a C1 to C14 aromatic hydrocarbon moiety, and COR’
where R’ is a C1 to C14 aliphatic or aromatic hydrocarbon moiety; X is selected from the group consisting of Cl, Br, I
and combinations thereof; a is selected from the group consisting of 0, 1 and 2; b is an integer of 1 to 4 inclusive; and
a + b = 3 or 4. The at least one titanium compound is selected from the group consisting of: TiCl3, TiCl4, Ti(OCH3)Cl3,
Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3 and Ti(OCOC6H5)Cl3.
[0008] The disclosure further includes precipitating (or impregnating) at least one magnesium compound with the at
least one titanium compound on the carrier material. The at least one magnesium compound has the formula MgX2,
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wherein X is selected from the group consisting of Cl, Br, I and combinations thereof. The at least one magnesium
compound is selected from the group consisting of: MgCl2, MgBr2 and MgI2. Precipitating the at least one magnesium
compound with the at least one titanium compound on the carrier material: dissolving the at least one magnesium
compound and the at least one titanium compound in a mole ratio of 3:1 to 5:1 (mole the at least one magnesium
compound : mole at least one titanium compound) in tetrahydrofuran to form a Magnesium compound/Titanium compound
solution; mixing the carrier material in the Magnesium compound/Titanium compound solution; and removing the tet-
rahydrofuran to form the precursor composition of the ZN catalyst. The precursor composition can contain between 8
and 35 weight percent (wt.%) of tetrahydrofuran (THF), where wt.% is based on the total weight of the precursor com-
position.
[0009] For the present disclosure, the aluminum alkyl is selected from the group consisting of tri-n-hexyl aluminum,
triethyl aluminum, diethyl aluminum chloride, trimethyl aluminum, dimethyl aluminum chloride, methyl aluminum dichloride
triisobutyl aluminum, tri-n-butyl aluminum, diisobutyl aluminum chloride, isobutyl aluminum dichloride, (C2H5)AlCl2,
(C2H5O)AlCl2, (C6H5)AlCl2, (C6H5O)AlCl2, (C6H12O)AlCl2 and combinations thereof. In a specific embodiment, the alu-
minum alkyl is selected from the group consisting of tri-n-hexyl aluminum, triethyl aluminum, diethyl aluminum chloride
and combinations thereof. The aluminum alkyl can be added separately or as a mixture in treating the at least one
titanium compound in the precursor composition.
[0010] Converting the at least one titanium compound in the precursor composition with the aluminum alkyl compound
includes providing a molar ratio of the aluminum alkyl compound to the at least one titanium compound in a range of
1:1 to 10:1. Converting the at least one titanium compound in the precursor composition with the aluminum alkyl compound
can also include providing a molar ratio of the aluminum alkyl compound to THF in a range of 0.2:1 to 1:1. The liquid
organic solvent is selected from the group consisting of isopentane, hexane, heptane, toluene, xylene, naptha and
combinations thereof. In an additional embodiment, the liquid organic solvent is an aliphatic mineral oil.
[0011] The removing step separates the liquid organic solvent containing the at least a portion of the aluminum alkyl
compound not consumed in converting the at least one titanium compound in the precursor composition to the modified
precursor composition of the ZN catalyst and reaction by-product compounds. After removing, the portion of the aluminum
alkyl compound not consumed in converting the at least one titanium compound in the precursor composition into the
modified state can be recycled for use in treating at least one titanium compound in an additional precursor composition.
[0012] The modified precursor composition of the ZN catalyst can then be dried to remove any remaining liquid organic
solvent in the modified precursor composition of the ZN catalyst. The modified precursor composition of the ZN catalyst
can then be used or stored for use, where such storage can be, if desired, in aliphatic mineral oil or in an inert environment.

Detailed Description

[0013] The present disclosure provides a method for improving the activity of a Ziegler-Natta (ZN) catalyst. Specifically,
it has been discovered that removing excess aluminum alkyls during the partial modification of the ZN catalyst helps to
mitigate losses in activity, such as losses during the storage of the modified precursor composition of the ZN catalyst.
As discussed herein, aluminum alkyls are used in excess in forming the modified precursor composition of ZN catalysts.
During the preparation of the modified precursor composition, aluminum alkyls, neat or as a solution in a liquid organic
solvent, are added to the ZN catalyst precursors to form a slurry. The liquid organic solvent is removed by drying the
slurry to produce the modified precursor composition of the ZN catalyst.
[0014] Up until this point, however, the excess aluminum alkyl present in the slurry was not removed, but was instead
allowed to deposit in the pores and/or on the surface of the modified ZN catalyst. What has been discovered is that
allowing this excess aluminum alkyl to deposit on the modified ZN catalyst can result in a degree of "aging" in the modified
ZN catalyst where over time the modified ZN catalyst will gradually loose activity, even if just being stored. The present
disclosure has discovered that this activity loss over time can be mitigated by removing the excess aluminum alkyls prior
to the final dry down of the modified precursor composition of the ZN catalyst.
[0015] As used herein, the singular forms "a," "an," and "the" include plural referents unless otherwise specified. For
example, as discussed herein the aluminum alkyl compound is used in the method of forming the modified precursor
composition of the ZN catalyst includes the use of two or more of the aluminum alkyl compounds.
[0016] References herein to elements or metals belonging to a certain Group refer to the Periodic Table of the Elements
published and copyrighted by CRC Press, Inc., 1989. Also any reference to the Group or Groups shall be to the Group
or Groups as reflected in this Periodic Table of the Elements using the IUPAC system for numbering groups.
[0017] The modified precursor composition of the ZN catalyst of the present disclosure is a supported catalyst that
includes at least titanium as the transition metal compound and an aluminum alkyl as the co-catalyst. The modified
precursor composition of the ZN catalyst is formed by first providing a carrier material. As discussed herein, the carrier
material can be either a porous silica support or a non-porous silica support. The porous silica support and the non-
porous silica support used in the present disclosure are both structurally and chemically different from each other such
that each is processed in a different way to form the precursor composition. For example, when the carrier material is
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a porous silica support it can be dried at a high temperature to both remove water and at least a portion of reactive
groups on the surface of the carrier material. Such reactive groups include hydroxyl and silanol groups. By way of
example, such a drying step for the porous silica support can take place at 600 °C for a time of 1 to 4 hours.
[0018] The porous silica support having been dried is treated with an organoaluminum compound, which reacts with
at least some of the remaining reactive groups on the surface of the porous silica support. For example, the dried porous
silica support can be treated with triethylaluminum (TEAL), which reacts with at least some of the remaining reactive
groups. This reaction takes place by slurrying the dried porous silica support in a liquid organic solvent (e.g., isopentane
or hexane) with the TEAL. The liquid organic solvent is then separated from the porous silica support, and the porous
silica support is dried to yield the carrier material in the form of a dried powder that can be referred to as TEAL on silica,
or "TOS."
[0019] In an alternative embodiment, a non-porous silica support can be used as the carrier material. Examples of the
non-porous silica support include fumed silica formed from submicron-sized spheres fused into branched chains. Hydroxyl
groups present on the non-porous silica support can be chemically capped. An example such a non-porous silica support
includes CAB-O-SIL® TS-610, manufactured by the Cabot Corporation.
[0020] A transition metal compound is then added to the carrier material by bring the transition metal compound into
solution in an electron donor compound, adding the carrier material and then evaporating the electron donor compound
to precipitate the transition metal compound onto the carrier material. For example, transition metal compounds such
as TiCl3 and MgCl2 can be dissolved in tetrahydrofuran (THF). This solution is added to the carrier material, after which
the THF is evaporated to precipitate the transition metal compounds into the pores and/or the surface of the carrier
material. Generally, the electron donor compound is removed by drying the carrier material at temperatures of at least
60 °C, thereby causing the transition metal compound (e.g., the at least one titanium compound) to precipitate on the
carrier material. The resulting structure is known as a "precursor" composition, which includes at least one titanium
compound. In addition to the at least one titanium compound, the precursor composition of the ZN catalyst further
includes a magnesium compound.
[0021] The precursor composition of the ZN catalyst is treated with an aluminum alkyl compound in the liquid organic
solvent. The precursor composition of the ZN catalyst can be treated with one or more of the aluminum alkyl compound,
as provided herein. It is possible to use two or more of the aluminum alkyl compounds sequentially or simultaneously
in treating the precursor composition if desired. For example, the precursor catalyst can be slurried in isopentane or
hexane to which diethylaluminum chloride (DEAC) and tri-n-hexylaluminum (TnHAl) are added. Treating the at least
one titanium compound in the precursor composition with the aluminum alkyl compound in the liquid organic solvent
converts the at least one titanium compound in the precursor composition into a modified precursor composition of the
ZN catalyst.
[0022] As discussed herein, an excess of the aluminum alkyl compound is used in treating the at least one titanium
compound in the precursor composition. After treating the at least one titanium compound in the precursor composition
the portion of the aluminum alkyl compound not consumed in converting the at least one titanium compound in the
precursor composition into the modified state and reaction by-product compounds in the liquid organic solvent are
removed from the precursor composition to form the modified precursor composition of the ZN catalyst. This removing
step helps to mitigate catalytic activity losses by removing at least a portion of the aluminum alkyl compound not consumed
in forming the modified precursor composition of the ZN catalyst and reaction by-product compounds.
[0023] After the removing step, the modified precursor composition of the ZN catalyst can be dried. As necessary,
additional co-catalysts can be used with the modified precursor composition of the ZN catalyst to fully activate the ZN
catalyst, where the co-catalyst can be added separately to the reactor.
[0024] The carrier material that may be employed in the ZN catalysts of the present disclosure generally has a particle
size distribution within the range of from 2 mm (microns) to 100 mm (microns), and a median particle size in the range
of from 20 mm (microns) to 50 mm (microns). In certain exemplary embodiments, the carrier material has a particle size
distribution within the range of from 2 mm (microns) to 80 mm (microns). The carrier material has a median particle size
in the range of from 30 mm (microns) to 50 mm (microns), and in the range of from 35 to 45 mm (microns) in certain
exemplary embodiments. The carrier material can have a particle size distribution in which no more than 10% of the
particles have a size below 10 mm (microns), and no more than 10% of the particles have a size greater than 50 mm
(microns). In certain exemplary embodiments, the carrier material has a particle size distribution in which no more than
10% of the particles have a size below 12 mm (microns), and no more than 8% of the particles have a size greater than
50 mm (microns). It also may be desirable for such carrier material to have a surface area of 200 square meters per
gram to 800 square meters per gram, and in certain exemplary embodiments, from 200 square meters per gram to 350
square meters per gram.
[0025] The carrier material generally should be dry, that is, free of absorbed water. Drying of the carrier material
generally is performed by heating it at a temperature of at least 600 °C.
[0026] For the embodiments discussed herein, the carrier material can be non-porous or porous silica support. For
example, the average pore volume of the porous silica support can range from 1.4 ml/gram to 3.5 ml/gram. Non-porous
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silica support can also be used in forming the precursor composition of the ZN catalyst, where the non-porous silica is
combined with the transition metal compound in the electron donor compound and then spray dried to form the precursor
composition of the ZN catalyst, as discussed herein.
[0027] As mentioned herein, the transition metal compounds used to form the precursor composition of the ZN catalyst
of the present disclosure can include at least one titanium compound. Generally, the titanium compound has the formula:

Ti(OR)aXb

wherein
R is a C1 to C14 aliphatic or aromatic hydrocarbon moiety, or COR’ where R’ is a C1 to C14 aliphatic or aromatic hydrocarbon
moiety;
X is selected from the group consisting of Cl, Br, I and combinations thereof;
a is 0, 1 or 2;
b is an integer of 1 to 4 inclusive; and
a + b = 3 or 4.
[0028] The titanium compounds individually may be present in the catalysts of the present disclosure, or the titanium
compounds may be present in combinations thereof. A list of suitable titanium compounds includes TiCl3, TiCl4,
Ti(OCH3)Cl3, Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3 and Ti(OCOC6H5)Cl3.
[0029] The transition metal compounds used to form the precursor composition of the ZN catalyst of the present
disclosure also include at least one magnesium compound. For the various embodiments, at least one magnesium
compound is precipitated with the at least one titanium compound on the carrier material. Generally, the magnesium
compound has the formula:

MgX2

wherein X is selected from the group consisting of Cl, Br, I and combinations thereof.
[0030] Such magnesium compounds may be present individually in the precursor composition of the ZN catalyst of
the present disclosure, or the magnesium compounds may be present in combinations thereof. A list of suitable mag-
nesium compounds includes MgCl2, MgBr2 and MgI2. In certain exemplary embodiments of the present disclosure, the
magnesium compound may be anhydrous MgCl2.
[0031] The precursor composition may be formed by dissolving the titanium compound and the magnesium compound
in the electron donor compound at a temperature in the range of from 20 °C up to the boiling point of the electron donor
compound. The titanium compound can be added to the electron donor compound before, or after, the addition of the
magnesium compound or concurrent therewith. The dissolution of the titanium compound and the magnesium compound
may be facilitated by stirring, and in some instances by refluxing, these two compounds in the electron donor compound.
[0032] Generally, the magnesium compound and the titanium compound are dissolved in the electron donor compound
at the desired molar ratio. The magnesium compound and the titanium compound are dissolved in the electron donor
compound at a mole ratio of 3:1 to 5:1 (mole the at least one magnesium compound : mole at least one titanium compound)
in tetrahydrofuran to form a Magnesium compound/Titanium compound solution. The carrier material is mixed with the
Magnesium compound/Titanium compound solution, after which the electron donor compound (e.g., the tetrahydrofuran)
is removed to form the precursor composition of the ZN catalyst.
[0033] For the precursor composition of the ZN catalyst, the magnesium compound may be present in an amount in
the range of from 0.5 to 56 moles of magnesium compound per mole of titanium compound. In certain exemplary
embodiments of the present disclosure, the magnesium compound may be present in the catalysts of the present
disclosure in an amount in the range of from 1.5 to 11 moles of magnesium compound per mole of titanium compound.
In certain exemplary embodiments of the present disclosure, the magnesium compound may be present in the catalysts
of the present disclosure in an amount in the range of from 1.5 to 7 moles of magnesium compound per mole of titanium
compound. Generally, the titanium compound and the magnesium compound may be used in a form that will facilitate
their dissolution in the electron donor compound, as described herein.
[0034] After the titanium compound and the magnesium compound are dissolved, the precursor composition may be
isolated by removing (e.g., drying) the electron donor compound to precipitate the precursor composition on the carrier
material. The precursor composition may be isolated, generally in the form of fine, free-flowing particles having an
average particle size in the range of from 2 to 100 mm (microns).
[0035] When prepared according to the procedure above, the precursor composition has the formula:

MgmTi1(OR)nXp[ED]q

wherein:
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1. ED is the electron donor compound;
2. m is ≥0.5 to ≤56, and, in certain exemplary embodiments, ≥1.5 to ≤11;
3. n is 0, 1 or 2;
4. p is ≥2 to ≤116, and, in certain exemplary embodiments, ≥6 to ≤14;
5. q is ≥2 to ≤85, and, in certain exemplary embodiments, ≥3 to ≤10;
6. R is a C1 to C14 aliphatic or aromatic hydrocarbon moiety, or COR’ wherein R’ is a C1 to C14 aliphatic or aromatic
hydrocarbon moiety;
7. X is selected from the group consisting of Cl, Br, I and combinations thereof; and
8. the subscript for the element titanium (Ti) is the arabic numeral one.

[0036] The precursor composition then may be impregnated, in a weight ratio of 0.003 to 2, and, in certain exemplary
embodiments, 0.1 to 0.33, parts of the precursor composition into one part by weight of the carrier material. The precursor
composition may also be impregnated, in a weight ratio of 1 to 2.
[0037] The electron donor compound generally may be any organic compound that is liquid at 25 °C, and that may
be capable of dissolving both the titanium compound and the magnesium compound. A list of suitable electron donor
compounds includes such compounds as alkyl esters of aliphatic and aromatic carboxylic acids, aliphatic ethers, cyclic
ethers and aliphatic ketones. In certain embodiments, suitable electron donor compounds may be alkyl esters of C1 to
C14 saturated aliphatic carboxylic acids; alkyl esters of C7 to C8 aromatic carboxylic acids, C2 to C8, and preferably C3
to C4, aliphatic ethers; C3 to C14 cyclic ethers, and, in certain embodiments, C14 cyclic mono- or di-ethers; C3 to C6,
and, in certain embodiments, C3 to C4, aliphatic ketones. In certain exemplary embodiments, the electron donor compound
may be methyl formate, ethyl acetate, butyl acetate, ethyl ether, hexyl ether, tetrahydrofuran, dioxane, acetone or methyl
isobutyl ketone, among others.
[0038] The electron donor compounds may be present individually in the catalysts of the present disclosure, or they
may be present in combinations thereof. Generally, the electron donor compound may be present in the range of from
2 to 85 moles of the electron donor compound per mole of the titanium compound. In certain embodiments, the electron
donor compound may be present in the catalysts of the present disclosure in an amount in the range of from 3 to 10
moles of the electron donor compound per mole of the titanium compound. The precursor composition can contain
between 8 and 35 weight percent (wt.%) of the electron donor compound, such as THF, where wt.% is based on the
total weight of the precursor composition.
[0039] The electron donor compound is then removed by drying the carrier material at temperatures of at least 60 °C,
thereby causing the at least one titanium compound and the magnesium compound to precipitate on the carrier material
so as to form the precursor composition of the ZN catalyst.
[0040] As previously discussed, non-porous silica can be used as the carrier material, where the non-porous silica is
combined with the transition metal compound in the electron donor compound and then spray dried to form the precursor
composition of the ZN catalyst. For example, non-porous fumed silica can be mixed with the Magnesium compound/Ti-
tanium compound solution, as discussed herein. The mixture can be stirred and allowed to react at a temperature of
about, for example, 70 °C in a nitrogen atmosphere (<5 ppm H2O). The electron donor compound (e.g., the tetrahydro-
furan) is removed by a spray drying process to form the precursor composition of the ZN catalyst. An example of such
a spray drying process includes a closed cycle spray dryer equipped with a rotary atomizer. An example of a non-porous
fumed silica for such a process includes those having a particle size in the range of from 0.1 mm to 1 mm, such as CAB-
O-SIL® TS-610, manufactured by the Cabot Corporation.
[0041] As discussed above, the precursor composition of the ZN catalyst is treated with an aluminum alkyl compound
in the liquid organic solvent. The precursor composition of the ZN catalyst can be treated with one or more of the aluminum
alkyl compound, as provided herein, where it is possible to use two or more of the aluminum alkyl compounds sequentially
or simultaneously in treating the precursor composition if desired.
[0042] The liquid organic solvent should be non-polar and capable of dissolving the aluminum alkyl, but not the precursor
composition. Among the liquid hydrocarbon solvents which can be employed to dissolve the aluminum alkyl are liquid
organic solvents selected from the group consisting of isopentane, hexane, heptane, toluene, xylene, naptha and com-
binations thereof. Other liquid organic solvents can include aliphatic mineral oils such as Kaydol™, and Hydrobrite™ 550,
where such aliphatic mineral oils are useful with the precursor composition of the ZN catalyst formed with the non-porous
silica support.
[0043] The aluminum alkyl compound acts as a partial modifier for the precursor composition, where the aluminum
alkyl compound helps to form the modified precursor composition of the ZN catalyst of the present disclosure. The
aluminum alkyl compound (the partial modifier compound) generally has the formula:

Al(R")cX’dHe

wherein
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X’ is Cl, or OR’";
R" and R’" are the same or different, and are C1 to C14 saturated hydrocarbon moieties;
d is 0 to 1.5;
e is 1 or 0;
and c + d + e = 3.

[0044] Such aluminum alkyl compound may be present individually in the modified precursor composition of the ZN
catalyst of the present disclosure, or they may be present in combinations thereof. A list of suitable aluminum alkyl
compound includes those selected from the group consisting of tri-n-hexyl aluminum, triethyl aluminum, diethyl aluminum
chloride, trimethyl aluminum, dimethyl aluminum chloride, methyl aluminum dichloride triisobutyl aluminum, tri-n-butyl
aluminum, diisobutyl aluminum chloride, isobutyl aluminum dichloride, (C2H5)AlCl2, (C2H5O)AlCl2, (C6H5)AlCl2,
(C6H5O)AlCl2, (C6H12O)AlCl2 and combinations thereof. Preferably, the aluminum alkyl is selected from the group
consisting of tri-n-hexyl aluminum, triethyl aluminum, diethyl aluminum chloride and combinations thereof. As discussed
herein, the partial modifier compound can be added separately and/or as mixtures when two or more of the partial
modifier compounds are used. It is also possible to modify the precursor composition using the corresponding bromine
and iodine compounds to those provided above.
[0045] Generally, the aluminum alkyl compound may be present in the modified precursor composition of the ZN
catalyst of the present disclosure having an aluminum alkyl compound to Ti molar ratio of greater than 0:1 to 10:1 (mole
aluminum alkyl compound : mole Ti) and, in certain exemplary embodiments, from 4:1 to 8:1 (mole aluminum alkyl
compound : mole Ti). Converting the at least one titanium compound in the precursor composition with the aluminum
alkyl compound can also include providing a molar ratio of the aluminum alkyl compound to THF (i.e., moles of Al : moles
of THF) in a range of 0.2:1 to 1:1. When two or more aluminum alkyls are used, each can have the same or its own
individual mole ratio to the THF. For example, a first aluminum alkyl compound can have a mole ratio with the THF of
0.2:1, while a second aluminum alkyl compound can have a mole ration with the THF of 0.5:1.
[0046] After treating the at least one titanium compound in the precursor composition, the portion of the aluminum
alkyl compound not consumed in converting the at least one titanium compound in the precursor composition into the
modified state and reaction by-product compounds in the liquid organic solvent are removed from the precursor com-
position to form the modified precursor composition of the ZN catalyst. The removing step can be accomplished using
known filtering and/or decanting techniques that allow for the separation of the modified precursor composition of the
ZN catalyst from the liquid organic solvent containing the portion of the aluminum alkyl compound not consumed in
converting the at least one titanium compound in the precursor composition and reaction by-product compounds. It is
also possible to rinse the modified precursor composition of the ZN catalyst either during the removing step or after the
removing step with liquid organic solvent that does not contain the aluminum alkyl compound or reaction by-product
compounds formed during the conversion of the titanium compound in the precursor composition. In other words, it is
possible to rinse the modified precursor composition of the ZN catalyst with fresh liquid organic solvent either during the
removing step or after the removing step.
[0047] In an additional embodiment, the removing step can also include neutralizing the aluminum alkyl compounds
not consumed in converting the at least one titanium compound in the precursor composition into the modified state
and/or the reaction by-product compounds in the liquid organic solvent. For example, compounds having reactive groups
such as hydroxyl groups could be used to react with and neutralize the aluminum alkyl compounds not consumed in
converting the at least one titanium compound in the precursor composition into the modified state. An example of such
a compound can include silica having hydroxyl groups available for reaction The use of other reactive compounds is
also possible, where such reactive groups do not react with or interfere with the titanium compound.
[0048] The present disclosure also further including recycling the portion of the aluminum alkyl compound not consumed
in converting the at least one titanium compound in the precursor composition into the modified state for use in treating
at least one titanium compound in an additional precursor composition. This allows for further cost savings and efficiencies
to be realized in forming the modified precursor composition of the ZN catalyst.
[0049] The modified precursor composition of the ZN catalyst can then be dried after the removing step to remove the
remaining liquid organic solvent from the modified precursor composition of the ZN catalyst. The drying step can take
place at a temperature of 20 °C to 80 °C, and, in certain exemplary embodiments, between 50 °C to 70 °C.
[0050] The resulting modified precursor composition of the ZN catalyst is a free-flowing solid particulate material that
can then be used or stored for use, where such storage can be, if desired, in aliphatic mineral oil or in an inert environment,
such as under dry nitrogen gas or argon gas.
[0051] When used, the modified precursor composition of the ZN catalyst may be fed to the polymerization reactor
where the activation may be completed with an additional activator compound, which may be the same or a different
compound used in forming the modified precursor composition of the ZN catalyst. During the activation, the aluminum
alkyl compound may be present in the modified precursor composition of the ZN catalyst of the present disclosure in an
amount in the range of from 1 to 400 moles of aluminum alkyl compound per mole of the titanium compound. For example,
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activating the modified precursor composition of the ZN catalyst can include providing a molar ratio of the aluminum
alkyl compound to the at least one titanium compound in a range of 1: 1 to 60:1.
[0052] In certain exemplary embodiments, the additional activator compound and the modified precursor composition
of the ZN catalyst may optionally be fed to the reactor through separate feed lines. In certain of such embodiments, the
additional activator compound may be sprayed into the reactor in either undiluted form (e.g., "neat"), or in the form of a
solution of the additional activator compound in a liquid organic solvent (e.g., isopentane, hexane, or mineral oil). Such
solution may contain 2 to 30 weight percent of the activator compound. In certain of such embodiments, the additional
activator compound may be added to the reactor in such amounts as to provide, along with the amounts of activator
compound and titanium compound fed with the activated precursor composition of the ZN catalyst, a total Al to Ti molar
ratio (mole Al : mole Ti) in the reactor of 10:1 to 400:1, and, in certain exemplary embodiments, from 15:1 to 60:1. The
additional amounts of activator compound added to the reactor may react with, and complete the activation of, the
modified precursor composition of the ZN catalyst in the reactor.
[0053] The ZN catalyst of the present disclosure can be used in a polymerization process. The polymerization process
may be conducted by contacting a stream of monomer(s), in a gas phase process (such as in the fluid bed process),
and substantially in the absence of catalyst poisons (e.g., moisture, oxygen, CO, CO2, and acetylene) with a catalytically
effective amount of the activated ZN catalyst at a temperature and at a pressure sufficient to initiate the polymerization
reaction. Comonomers can also be used during the polymerization process. Examples of such comonomers include
one or more C3 to C8 comonomers that may be copolymerized with the monomer (e.g., ethylene) in forming the polymer
with the ZN catalyst of the present disclosure.
[0054] A variety of polymers may be produced as products using the activated ZN catalyst of the present disclosure.
The polymers that may be prepared with the ZN catalysts of the present disclosure include, inter alia, copolymers that
include a major mol percent (e.g., ≥90%) of ethylene, and a minor mol percent (e.g., ≤10%) of one or more C3 to C8
alpha olefins. Generally, the C3 to C8 alpha olefins will not contain any branching on any of their carbon atoms that may
be closer than the fourth carbon atom from the double bond. Examples of suitable C3 to C8 alpha olefins include propylene,
butene-1, pentene-1, hexene-1, 4-methyl pentene-1, heptene-1 and octene-1. In certain exemplary embodiments of the
present disclosure, the C3 to C8 alpha olefins may include propylene, butene-1, hexene-1,4-methyl pentene-1 and
octene-1.

Examples

[0055] In the following paragraphs, Arabic numerals designate examples (Ex) of the disclosure and capital letters
designate comparative examples (CEx). Unless otherwise noted, all compounds and reagents used herein were acquired
from SIGMA-ALDRICH and were use as supplied.

Precursor Composition Preparation

[0056] The precursor composition used in the Examples was prepared as described in European Patent Specification
EP 1 891 125.

Comparative Examples (CEx)

[0057] Suspend 4.0 g of the Precursor Composition Preparation containing approximately 15 wt.% tetrahydrofuran
(THF), based on total weight of the Precursor Composition Preparation, in 35 ml of hexane while stirring. Add 3.8 mmol
of diethylaluminum chloride (DEAC) (as a 0.62 M solution in hexane) to the suspension. Allow the suspension to stir 30
minutes at ambient temperature (about 23 °C) and then add 1.6 mmol tri-n-hexylaluminum (TnHAl) (as a 1 M solution
in hexane). Allow the suspension to stir for an additional 30 minutes before drying the catalyst under vacuum to remove
the volatiles.
[0058] Conduct lab slurry polymerizations in a 1 L autoclave reactor using isobutane (500 mL) as the diluent. Thoroughly
dry the reactor under a nitrogen purge at elevated temperature (100 °C) and cool to about 40 °C prior to loading the
diluent and 1-hexene comonomer (10 mL). Charge hydrogen (1500 mL) and ethylene (1.03 MPa (150 psi)) into the
reactor. Use triethylaluminum (TEAL) as the co-catalyst at an approximately 50 to 1 molar ratio of the Al/Ti (Ti from
catalyst).
[0059] Introduce the specified amount of catalyst into the reactor (Table 1, below) and line out the reactor internal
temperature at 85 °C. Feed ethylene on demand to maintain a given reactor pressure. Cool and vent the reactor at the
conclusion of the experiment. Transfer the content of the reactor to a pan. Allow any residual volatiles to evaporate prior
to determining the final polymer weight. Evaluate the catalyst of Comparative Example A (CEx A) in a lab slurry batch
reactor immediately after being prepared as well as after having been allowed to age for 1 day, 2 days, and 9 days.
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Inventive Examples (Ex)

[0060] Prepare the catalyst for the Inventive Examples like those prepared for the Comparative Example A, but with
the following changes. Suspend 4.0 g of the Precursor Composition Preparation containing approximately 15 wt.%
tetrahydrofuran (THF), based on total weight of the Precursor Composition Preparation, in 35 ml of hexane while stirring.
Add 3.8 mmol of diethylaluminum chloride (DEAC) (as a 0.62 M solution in hexane) to the suspension. Allow the sus-
pension to stir 30 minutes at ambient temperature (about 23 °C) and then add 1.6 mmol tri-n-hexylaluminum (TnHAl)
(as a 1 M solution in hexane). Allow the suspension to stir for an additional 30 minutes. Stop the stirring and allow the
solids to settle. Decant the supernate from the suspension and add hexane to the remaining solids. Mix briefly, allow
the solids to settle and then decant the supernate. Repeat this wash process once more and then dry the resulting solids
under vacuum to remove any remaining volatiles. The decant-wash steps serve to remove any by-products and/or
unreacted aluminum alkyl compounds (TnHAl and DEAC) from the partial activation step. Alternatively, filtering and
washing the solids to achieve a similar end result
[0061] Slurry batch reactor runs: Evaluate the catalyst for the Inventive Example 1 in a lab slurry batch reactor imme-
diately after being prepared as well as after having been allowed to age for 1 day and 6 days.

[0062] As seen in Table 1, the catalyst of Ex 1 maintained its initial activity even after aging for 6 days, unlike CEx A,
which lost approximately 40 % of its initial activity over the course of 9 days.

Claims

1. A method of forming a modified precursor composition of a Ziegler-Natta (ZN) catalyst, comprising:

providing a precursor composition of the ZN catalyst for treatment with an aluminum alkyl compound in a liquid
organic solvent, where the precursor composition of the ZN catalyst includes at least one titanium compound,
wherein providing the precursor composition includes precipitating at least one magnesium compound with the
at least one titanium compound on a carrier material;
treating the at least one titanium compound in the precursor composition with the aluminum alkyl compound in
the liquid organic solvent, where the aluminum alkyl compound converts the at least one titanium compound in
the precursor composition into a modified state of the ZN catalyst; and
removing at least a portion of the aluminum alkyl compound and reaction by-product compounds in the liquid
organic solvent not consumed in converting the at least one titanium compound in the precursor composition
into the modified state from the precursor composition to form the modified precursor composition of the ZN
catalyst;
where precipitating the at least one magnesium compound with the at least one titanium compound on the
carrier material includes:

dissolving the at least one magnesium compound and the at least one titanium compound in a mole ratio
of 3:1 to 5:1 (mole of the at least one magnesium compound: mole of at least one titanium compound) in
tetrahydrofuran to form a Magnesium compound/Titanium compound solution;
mixing the carrier material in the Magnesium compound/Titanium compound solution; and
removing the tetrahydrofuran to form the precursor composition of the ZN catalyst.

Table 1 - Comparison of Catalyst Activity for CEx A and Ex 1 as a function of Aging Time

Catalyst Aging Time 
(days)

Catalyst Charge 
(g)

Reaction Time 
(min)

Polymer 
Yield (g)

Activity (g PE/g 
catalyst•hr)

CEx A 0 0.027 30 95 6,912

CEx A 1 0.030 30 78 5,279

CEx A 2 0.027 30 68 5,039

CEx A 9 0.029 30 60 4,087

Ex 1 0 0.030 30 138 9,113

Ex 1 1 0.031 30 132 8,793

Ex 1 6 0.028 30 135 9,496
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2. The method of claim 1, wherein the aluminum alkyl is selected from the group consisting of tri-n-hexyl aluminum,
triethyl aluminum, diethyl aluminum chloride, trimethyl aluminum, dimethyl aluminum chloride, methyl aluminum
dichloride, triisobutyl aluminum, tri-n-butyl aluminum, diisobutyl aluminum chloride, isobutyl aluminum dichloride,
(C2H5)AlCl2, (C2H5O)AlCl2, (C6H5)AlCl2, (C6H5O)AlCl2, (C6H12O)AlCl2 and combinations thereof; or wherein the
aluminum alkyl is selected from the group consisting of tri-n-hexyl aluminum, triethyl aluminum, diethyl aluminum
chloride and combinations thereof.

3. The method of any one of claims 1-2, further including drying the modified precursor composition after the removing
step to remove the liquid organic solvent from the modified precursor composition of the ZN catalyst.

4. The method of any one of claims 1-3, wherein treating the at least one titanium compound in the precursor composition
with the aluminum alkyl compound includes providing a molar ratio of the aluminum alkyl compound to the at least
one titanium compound in a range of 1:1 to 10:1; or wherein treating the at least one titanium compound in the
precursor composition with the aluminum alkyl compound includes providing a molar ratio of the aluminum alkyl
compound to the at least one titanium compound in a range of 4:1 to 8:1; or wherein treating the at least one titanium
compound in the precursor composition with the aluminum alkyl compound includes providing a molar ratio of the
aluminum alkyl compound to tetrahydrofuran in a range of 0.2:1 to 1:1.

5. The method of any one of claims 1-4, wherein the liquid organic solvent is selected from the group consisting of
isopentane, hexane, heptane, toluene, xylene, naphtha and combinations thereof; or wherein the liquid organic
solvent is an aliphatic mineral oil.

6. The method of any one of claims 1-5, further including recycling the portion of the aluminum alkyl compound not
consumed in converting the at least one titanium compound in the precursor composition into the modified state for
use in treating at least one titanium compound in an additional precursor composition.

7. The method of claim 1, wherein the at least one titanium compound has the formula Ti(OR)aXb, wherein R is selected
from the group consisting of: a C1 to C14 aliphatic hydrocarbon moiety, a C1 to C14 aromatic hydrocarbon moiety,
and COR’ where R’ is a C1 to C14 aliphatic or aromatic hydrocarbon moiety; X is selected from the group consisting
of Cl, Br, I and combinations thereof; a is selected from the group consisting of 0, 1 and 2; b is an integer of 1 to 4
inclusive; and a + b = 3 or 4; or wherein the at least one titanium compound is selected from the group consisting
of: TiCl3, TiCl4, Ti(OCH3)Cl3, Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3 and Ti(OCOC6H5)Cl3.

8. The method of claim 1, wherein the at least one magnesium compound has the formula MgX2, wherein X is selected
from the group consisting of Cl, Br, I and combinations thereof.

9. The method of claim 8, wherein the at least one magnesium compound is selected from the group consisting of:
MgCl2, MgBr2 and MgI2.

10. The method of any one of claims 1-9, where the carrier material is a non-porous silica support.

11. The method of any one of claims 1-10, further including removing the liquid organic solvent from the modified
precursor composition of the ZN catalyst.

12. The method of any one of claims 1-11, wherein removing at least a portion of the aluminum alkyl compound and
reaction by-product compounds in the liquid organic solvent not consumed in converting the at least one titanium
compound in the precursor composition includes neutralizing the aluminum alkyl compounds in the liquid organic
solvent with hydroxyl groups.

Patentansprüche

1. Ein Verfahren zum Bilden einer modifizierten Vorläuferzusammensetzung eines Ziegler-Natta(ZN)-Katalysators,
das Folgendes beinhaltet:

Bereitstellen einer Vorläuferzusammensetzung des ZN-Katalysators zur Behandlung mit einer Aluminiumalkyl-
verbindung in einem flüssigen organischen Lösungsmittel, wobei die Vorläuferzusammensetzung des ZN-Ka-
talysators mindestens eine Titanverbindung umfasst, wobei das Bereitstellen der Vorläuferzusammensetzung
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das Ausfällen mindestens einer Magnesiumverbindung mit der mindestens einen Titanverbindung auf ein Trä-
germaterial umfasst;
Behandeln der mindestens einen Titanverbindung in der Vorläuferzusammensetzung mit der Aluminiumalkyl-
verbindung in dem flüssigen organischen Lösungsmittel, wobei die Aluminiumalkylverbindung die mindestens
eine Titanverbindung in der Vorläuferzusammensetzung in einen modifizierten Zustand des ZN-Katalysators
umwandelt; und
Entfernen mindestens eines Teils der Aluminiumalkylverbindung und Reaktionsnebenproduktverbindungen in
dem flüssigen organischen Lösungsmittel, der beim Umwandeln der mindestens einen Titanverbindung in der
Vorläuferzusammensetzung in den modifizierten Zustand nicht verbraucht wurde, aus der Vorläuferzusammen-
setzung, um die modifizierte Vorläuferzusammensetzung des ZN-Katalysators zu bilden;
wobei das Ausfällen der mindestens einen Magnesiumverbindung mit der mindestens einen Titanverbindung
auf das Trägermaterial Folgendes umfasst:

Auflösen der mindestens einen Magnesiumverbindung und der mindestens einen Titanverbindung in einem
Molverhältnis von 3 : 1 bis 5 : 1 (Mol der mindestens einen Magnesiumverbindung : Mol der mindestens
einen Titanverbindung) in Tetrahydrofuran, um eine Magnesiumverbindung-Titanverbindung-Lösung zu
bilden;
Mischen des Trägermaterials in die Magnesiumverbindung-Titanverbindung-Lösung; und
Entfernen des Tetrahydrofurans, um die Vorläuferzusammensetzung des ZN-Katalysators zu bilden.

2. Verfahren gemäß Anspruch 1, wobei das Aluminiumalkyl aus der Gruppe ausgewählt ist, die aus Tri-n-hexylalumi-
nium, Triethylaluminium, Diethylaluminiumchlorid, Trimethylaluminium, Dimethylaluminiumchlorid, Methylalumini-
umdichlorid, Triisobutylaluminium, Tri-n-butylaluminium, Diisobutylaluminiumchlorid, Isobutylaluminiumdichlorid,
(C2H5)AlCl2, (C2H5O)AlCl2, (C6H5)AlCl2, (C6H5O)AlCl2, (C6H12O)AlCl2 und Kombinationen davon besteht; oder
wobei das Aluminiumalkyl aus der Gruppe ausgewählt ist, die aus Tri-n-hexylaluminium, Triethylaluminium, Diet-
hylaluminiumchlorid und Kombinationen davon besteht.

3. Verfahren gemäß einem der Ansprüche 1-2, das ferner das Trocknen der modifizierten Vorläuferzusammensetzung
nach dem Entfernungsschritt, um das flüssige organische Lösungsmittel aus der modifizierten Vorläuferzusammen-
setzung des ZN-Katalysators zu entfernen, umfasst.

4. Verfahren gemäß einem der Ansprüche 1-3, wobei das Behandeln der mindestens einen Titanverbindung in der
Vorläuferzusammensetzung mit der Aluminiumalkylverbindung das Bereitstellen eines Molverhältnisses der Alumi-
niumalkylverbindung zu der mindestens einen Titanverbindung in einem Bereich von 1 : 1 bis 10 : 1 umfasst; oder
wobei das Behandeln der mindestens einen Titanverbindung in der Vorläuferzusammensetzung mit der Alumini-
umalkylverbindung das Bereitstellen eines Molverhältnisses der Aluminiumalkylverbindung zu der mindestens einen
Titanverbindung in einem Bereich von 4 : 1 bis 8 : 1 umfasst; oder wobei das Behandeln der mindestens einen
Titanverbindung in der Vorläuferzusammensetzung mit der Aluminiumalkylverbindung das Bereitstellen eines Mol-
verhältnisses der Aluminiumalkylverbindung zu Tetrahydrofuran in einem Bereich von 0,2 : 1 bis 1 : 1 umfasst.

5. Verfahren gemäß einem der Ansprüche 1-4, wobei das flüssige organische Lösungsmittel aus der Gruppe ausge-
wählt ist, die aus Isopentan, Hexan, Heptan, Toluol, Xylol, Naphtha und Kombinationen davon besteht; oder wobei
das flüssige organische Lösungsmittel ein aliphatisches Mineralöl ist.

6. Verfahren gemäß einem der Ansprüche 1-5, das ferner das Wiederverwerten des Teils der Aluminiumalkylverbin-
dung, der nicht beim Umwandeln der mindestens einen Titanverbindung in der Vorläuferzusammensetzung in den
modifizierten Zustand zur Verwendung beim Behandeln mindestens einer Titanverbindung verbraucht wurde, in
einer zusätzlichen Vorläuferzusammensetzung umfasst.

7. Verfahren gemäß Anspruch 1, wobei die mindestens eine Titanverbindung die Formel Ti(OR)aXb aufweist, wobei
R aus der Gruppe ausgewählt ist, die aus Folgendem besteht: einem aliphatischen C1- bis C14-Kohlenwasserstoff-
molekülteil, einem aromatischen C1- bis C14-Kohlenwasserstoffmolekülteil und COR’, wobei R’ ein aliphatisches
oder aromatisches C1- bis C14-Kohlenwasserstoffmolekülteil ist; X aus der Gruppe ausgewählt ist, die aus Cl, Br,
I und Kombinationen davon besteht; a aus der Gruppe ausgewählt ist, die aus 0, 1 und 2 besteht; b eine ganze Zahl
von 1 bis einschließlich 4 ist; und a + b = 3 oder 4; oder wobei die mindestens eine Titanverbindung aus der Gruppe
ausgewählt ist, die aus Folgendem besteht: TiCl3, TiCl4, Ti(OCH3)Cl3, Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3 und
Ti(OCOC6H5)Cl3.
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8. Verfahren gemäß Anspruch 1, wobei die mindestens eine Magnesiumverbindung die Formel MgX2 aufweist, wobei
X aus der Gruppe ausgewählt ist, die aus Cl, Br, I und Kombinationen davon besteht.

9. Verfahren gemäß Anspruch 8, wobei die mindestens eine Magnesiumverbindung aus der Gruppe ausgewählt ist,
die aus Folgendem besteht: MgCl2, MgBr2 und MgI2.

10. Verfahren gemäß einem der Ansprüche 1-9, wobei das Trägermaterial ein nichtporöser Siliciumdioxidträger ist.

11. Verfahren gemäß einem der Ansprüche 1-10, das ferner das Entfernen des flüssigen organischen Lösungsmittels
aus der modifizierten Vorläuferzusammensetzung des ZN-Katalysators umfasst.

12. Verfahren gemäß einem der Ansprüche 1-11, wobei das Entfernen mindestens eines Teils der Aluminiumalkylver-
bindung und Reaktionsnebenproduktverbindungen in dem flüssigen organischen Lösungsmittel, der nicht beim
Umwandeln der mindestens einen Titanverbindung in der Vorläuferzusammensetzung verbraucht wurde, das Neu-
tralisieren der Aluminiumalkylverbindungen in dem flüssigen organischen Lösungsmittel mit Hydroxylgruppen um-
fasst.

Revendications

1. Un procédé de formation d’une composition précurseur modifiée d’un catalyseur Ziegler-Natta (ZN), comprenant :

la fourniture d’une composition précurseur du catalyseur ZN pour traitement avec un composé alkyle d’aluminium
dans un solvant organique liquide, où la composition précurseur du catalyseur ZN inclut au moins un composé
titane, la fourniture de la composition précurseur incluant la précipitation d’au moins un composé magnésium
avec l’au moins un composé titane sur un matériau porteur ;
le traitement de l’au moins un composé titane dans la composition précurseur avec le composé alkyle d’alumi-
nium dans le solvant organique liquide, où le composé alkyle d’aluminium convertit l’au moins un composé
titane dans la composition précurseur en un état modifié du catalyseur ZN ; et
l’élimination d’au moins une portion du composé alkyle d’aluminium et de composés de sous-produits de réaction
dans le solvant organique liquide non consommés lors de la conversion de l’au moins un composé titane dans
la composition précurseur en l’état modifié de la composition précurseur afin de former la composition précurseur
modifiée du catalyseur ZN ;
où la précipitation de l’au moins un composé magnésium avec l’au moins un composé titane sur le matériau
porteur inclut :

la dissolution de l’au moins un composé magnésium et de l’au moins un composé titane dans un rapport
molaire de 3/1 à 5/1 (mole de l’au moins un composé magnésium/mole d’au moins un composé titane)
dans du tétrahydrofurane afin de former une solution composé Magnésium/composé Titane ;
le mélange du matériau porteur dans la solution composé Magnésium/composé Titane ; et
l’élimination du tétrahydrofurane afin de former la composition précurseur du catalyseur ZN.

2. Le procédé de la revendication 1, dans lequel l’alkyle d’aluminium est sélectionné dans le groupe constitué du tri-
n-hexylaluminium, du triéthylaluminium, du chlorure de diéthylaluminium, du triméthylaluminium, du chlorure de
diméthylaluminium, du dichlorure de méthylaluminium, du triisobutylaluminium, du tri-n-butylaluminium, du chlorure
de diisobutylaluminium, du dichlorure d’isobutylaluminium, (C2H5)AlCl2, (C2H5O)AlCl2, (C6H5)AlCl2, (C6H5O)AlCl2,
(C6H12O)AlCl2 et de combinaisons de ceux-ci ; ou dans lequel l’alkyle d’aluminium est sélectionné dans le groupe
constitué du tri-n-hexylaluminium, du triéthylaluminium, du chlorure de diéthylaluminium et de combinaisons de
ceux-ci.

3. Le procédé de n’importe laquelle des revendications 1 à 2, incluant en outre le séchage de la composition précurseur
modifiée après l’étape d’élimination afin d’éliminer le solvant organique liquide de la composition précurseur modifiée
du catalyseur ZN.

4. Le procédé de n’importe laquelle des revendications 1 à 3, dans lequel le traitement de l’au moins un composé
titane dans la composition précurseur avec le composé alkyle d’aluminium inclut la fourniture d’un rapport molaire
du composé alkyle d’aluminium à l’au moins un composé titane dans une gamme de 1/1 à 10/1 ; ou dans lequel le
traitement de l’au moins un composé titane dans la composition précurseur avec le composé alkyle d’aluminium
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inclut la fourniture d’un rapport molaire du composé alkyle d’aluminium à l’au moins un composé titane dans une
gamme de 4/1 à 8/1 ; ou dans lequel le traitement de l’au moins un composé titane dans la composition précurseur
avec le composé alkyle d’aluminium inclut la fourniture d’un rapport molaire du composé alkyle d’aluminium au
tétrahydrofurane dans une gamme de 0,2/1 à 1/1.

5. Le procédé de n’importe laquelle des revendications 1 à 4, dans lequel le solvant organique liquide est sélectionné
dans le groupe constitué de l’isopentane, de l’hexane, de l’heptane, du toluène, du xylène, du naphta et de combi-
naisons de ceux-ci ; ou dans lequel le solvant organique liquide est une huile minérale aliphatique.

6. Le procédé de n’importe laquelle des revendications 1 à 5, incluant en outre le recyclage de la portion du composé
alkyle d’aluminium non consommé lors de la conversion de l’au moins un composé titane dans la composition
précurseur en l’état modifié pour utilisation dans le traitement d’au moins un composé titane dans une composition
précurseur supplémentaire.

7. Le procédé de la revendication 1, dans lequel l’au moins un composé titane a la formule Ti(OR)aXb, dans laquelle
R est sélectionné dans le groupe constitué : d’un groupement hydrocarbure aliphatique en C1 à C14, d’un groupe-
ment hydrocarbure aromatique en C1 à C14, et de COR’ où R’ est un groupement hydrocarbure aliphatique ou
aromatique en C1 à C14 ; X est sélectionné dans le groupe constitué de Cl, Br, I et de combinaisons de ceux-ci ;
a est sélectionné dans le groupe constitué de 0, 1 et 2 ; b est un nombre entier de 1 à 4 inclus ; et a + b = 3 ou 4 ;
ou dans lequel l’au moins un composé titane est sélectionné dans le groupe constitué de : TiCl3, TiCl4, Ti(OCH3)Cl3,
Ti(OC6H5)Cl3, Ti(OCOCH3)Cl3 et Ti(OCOCeH5)Cl3.

8. Le procédé de la revendication 1, dans lequel l’au moins un composé magnésium a la formule MgX2, dans laquelle
X est sélectionné dans le groupe constitué de Cl, Br, I et de combinaisons de ceux-ci.

9. Le procédé de la revendication 8, dans lequel l’au moins un composé magnésium est sélectionné dans le groupe
constitué de : MgCl2, MgBr2 et MgI2.

10. Le procédé de n’importe laquelle des revendications 1 à 9, où le matériau porteur est un support de silice non poreuse.

11. Le procédé de n’importe laquelle des revendications 1 à 10, incluant en outre l’élimination du solvant organique
liquide de la composition précurseur modifiée du catalyseur ZN.

12. Le procédé de n’importe laquelle des revendications 1 à 11, dans lequel l’élimination d’au moins une portion du
composé alkyle d’aluminium et de composés de sous-produits de réaction dans le solvant organique liquide non
consommés lors de la conversion de l’au moins un composé titane dans la composition précurseur inclut la neu-
tralisation des composés alkyle d’aluminium dans le solvant organique liquide avec des groupes hydroxyle.
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