wo 2011/017283 A2 [ 10K 00 O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization 2 ey
(9) World Inclecual Property Organizaon /552 N RO AR 0
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
10 February 2011 (10.02.2011) PCT WO 2011/017283 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO8F 4/656 (2006.01) CO8F 10/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
COSF 4/642 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
M I ional Apolication Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Num O CT/US2010/0441 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
CT/US 79 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
3 August 2010 (03.08.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: 84) Designateq States (unle.ss othemise indicated, for every
12/536,692 6 August 2009 (06.08.2009) Us kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): BASF ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
CORPORATION [US/US]; 100 Campus Drive, Florham TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Park, NJ 07932 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
(75) Inventor/Applicant (for US only): O'REILLY, Neil E}I;/IV {/I[{L) &%P{\I(SFS’I\]?J’TSF’TEG’ CL CM, GA, GN, GQ,
[US/US]; 2410 Dorrington Street, Suite B, Houston, TX > > > e - TG).
77030 (US). Published:
(74) Agents: BROWN, Mélanie et al.; Basf Corporation, 100 —  without international search report and to be republished

Campus Drive, Florham Park, NJ 07932 (US).

upon receipt of that report (Rule 48.2(g))

(54) Title: MIXED DONOR SYSTEM FOR HIGH MELT FLOW AND HIGH ACTIVITY

(57) Abstract: Disclosed are catalyst systems and methods of using the same for the polymerization of an olefin containing a solid
titanium catalyst ant two external electron donors. Use of an aminosilane and an alkylsilane as external electron donors provide
for high hydrogen response, high isotacticity, and high activity.



10

16

20

25

WO 2011/017283 PCT/US2010/044179

MIXED DONOR SYSTEM FOR HIGH MELT FLOW AND HIGH ACTIVITY

TECHNICAL FIELD
The subject innovation generally relates to olefin polymerization catalyst

_systems and methods of making the catalyst systems and olefin polymers and

copolymers using the catalyst systems.

BACKGROUND

Polyolefins are a class of polymers derived from simple olefins. Known
methods of making polyolefins involve the use of Ziegler-Natta polymerization
catalysts. These catalysts polymerize vinyl monomers using a transition metal
halide to provide an istotactic polymer.

Numerous Ziegler-Natta polymerization catalysts exist. The catalysts
have different characteristics and/or lead to the production of polyolefins having
diverse properties. For example, certain catalysts have high activity while other
catalysts have low activity. Moreover, polyolefins made with the use of Ziegler-
Natta polymerization catalysts vary in isotacticity, molecular weight distribution,
impact strength, melt-flowability, rigidity, heat sealability, isotacticity, and the like.

SUMMARY
The following presents a simplified summary of the innovation in order to
provide a basic understanding of some aspects of the innovation. This summary
is not an extensive overview of the innovation. 1t is intended to neither identify
key or critical elements of the innovation nor delineate the scope of the
innovation. Rather, the sole purpose of this summary Is to present some

" concepts of the innovation in a simplified form as a prelude to the more detailed

description that is presented hereinafter. 7
The subject innovation provides olefin polymerization catalyst systems,
methods of making the olefin polymerization catalyst systems, and methods of
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polymerizing (and copolymerizing) olefins using catalysts having high activity,
high isotacticity, and high hydrogen response (meit flow of polymer produced as
a function of hydrogen concentration}. The methods of making a polyolefin can
involve contacting an olefin with a solid titanium catalyst component, an
organcaluminum compound, and the external electron donors described herein,
Specific combinations of external electron donors, as described herein, improve
catalytic activity and/or hydrogen response of the solid titanium catalyst system.

One aspect of the invention is directed toward a catalyst system for
polymerizing an olefin to form a polyolefin. The catalyst system has a solid
titanium catalyst component, the solid titanium catalyst component having a
titanium compound and a support made from a magnesium compound. In
addition to the solid titanium catalyst, the catalyst system has an
organoaluminum compound having at least one aluminum-carbon bond and at
least two organosilicon compounds in a specified mole ratio, wherein one of the
at least two organosilicon compounds is an aminosilane and another of the at
least two organosilicon compounds is an alkylsilane.

Another aspect of the invention is directed toward a catalyst system
having a Ziegler-Natta catalyst and at least two organosilicon compounds in a
specified mole ratio, wherein one of the at least two organosilicon compounds is
an aminosilane and another of the at least two organosilicon compounds is an
alkylsilane. The catalyst system can have a property that when the catalyst
system is contacted with an olefin monomer and a pressure of about 3.0 Mpa or
less, the ratio of MFR for the polyolefin expressed in units of g (10 min)™ to the
mole percentage of hydrogen, expressed in percent units, is greater than about
14:1.

| In yet another aspect of the invention is directed toward methods of
making a polyolefin. An olefin is contacted with a catalyst system having a solid
titanium catalyst component, the solid titanium catalyst component having a
titanium compound and a support; and at least two organosilicon compounds,
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wherein one of the at least two organosilicon compounds is an alkylsilane.

In still yet another aspect of the invention is directed toward a multidonor
catalyst system having a solid titanium catalyst component comprising a titanium
compound and a supporit; an organoaluminum compound having at least one
aluminum-carbon bond; and a first external electron donor and a second external
electron donor. The first external electron donar combined with a reference
system produces a first polyolefin having a meit flow rate of MFR(1), and the
second electron donor combined with the reference system produces a second
polyolefin having a melt flow rate of MFR(2), where the reference system
includes the solid titanium catalyst and the organoaluminum compound. The
molar amount of the first external electron donor present in the multidonor
catalyst system is greater than the molar amount of the second external electron
donor present in the multidonor catalyst system, and the value of log
IMFR(1)/MFR(2)] is from about 0.5 to about 0.8.

To the accomplishment of the foregoing and related ends, the innovation
contains the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects and implementations of the innovation. These are
indicative, however, of but a few of the varlous ways in which the principles of the
innovation may be employed. Other objects, advantages and novel features of
the innovation will become apparent from the following detailed description of the
innovation when considered in conjunction with the drawings.

BRIEF SUMMARY OF THE DRAWINGS
Figure 1 is a high level schematic diagram of an olefin polymerization
system in accordance with one aspect of the subject innovation.
Figure 2 is a schematic diagram of an olefin polymerization reactor in
accordance with one aspect of the subject innovation.
Figure 3 is a high level schematic diagram of a system for making impact
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copolymer in accordance with one aspect of the subject innovation.

Figure 4 depicts a graph of hydrogen response of catalysts according to
aspects of the invention.

Figure 5 depicts a graph of instantaneous reaction activity versus time for
a polymerization reaction according to an aspect of the invention.

DETAILED DESCRIPTION

The subject innovation relates to catalyst systems, methods of making
catalyst systems, and methods of making polyolefins. An aspect of the
innovation is a catalyst system for polymerizing an olefin containing a solid
titanium catalyst component containing a titanium compound and a support made
from a magnesium compound, and at least two organosilicon compotunds that
serve as external electron donors. Use of specific combinations of external
electron donors within the catalyst system can result in a catalyst system having
improved catalytic activity and hydrogen response compared to any of the
component external electron donors employed individually.

The siurry catalyst system can contain any suitable liquid such as inert
hydrocarbon medium. Examples of inert hydrocarbon media include aliphatic
hydrocarbons such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosene; alicyclic hydrocarbons such as cyclopentane,
cyclohexane and methylcyclopentane; aromatic hydrocarbons such as benzene,
toluene and xylene; halogenated hydrocarbons such as ethylene chioride and
chlorohenzene; and mixtures thereof. The slurry medium is typically hexane,
heptane or mineral oil,

The catalyst system can be used in polymerization of olefins in any
suitable system/process. Examples of systems for polymerizing olefins are now
described. Referring to Figure 1, a high level schematic diagram of a system 10
for polymerizing olefins is shown. Inlet 12 is used to introduce catalyst system
components into a reactor 14, catalyst system components can include olefins,
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optional comonomers, hydrogen gas, fluid media, pH adjusters, surfactants, and
any other additives. Although only one inlet is shown, many are often employed.
Reactor 14 is any suitable vehicle that can polymerize olefins, Examples of
reactors 14 include a single reactor, a series of two or more reactors, slurry

‘reaotors, fixed bed reactors, gas phase reactors, fluidized gas reactors, loop

reactors, multizone circutating reactors, and the like. Once polymerization is
complete, or as polyolefing are produced, the polymer product is removed from
the reactor 14 via outlet 16 which leads to a collector 18. Collector 18 can
include downstream processing, such as heating, extrusion, molding, and the
like.

Referring to Figure 2, a schematic diagram of a muitizone circulating
reactor 20 that can be employed as the reactor 14 in Figure 1 or reactor 44 in
Figure 3 for making polyolefins is shown. The muliizone circulating reactor 20
substitutes a series of separate reactors with a single reactor loop that permits
different gas phase polymerization conditions in the two sides due to use of a
liquid barrier. In the multizone circulating reactor 20, a first zone starts out rich in
olefin monomer, and optionally one or more comonomers. A second zone is rich
in hydrogen gas, and a high velocity gas flow divides the growing resin particles
out loosely. The two zones produce resins of different molecular weight and/or
monomer composition. Polymer granules grow as they circulate around the loop,
building up aiternating layers of each polymer fraction in an onion like fashion.
Each polymer particle constitutes an intimate combination of both polymer
fractions.

In operation, the polymer patrticles pass up through the fluidizing gas in an
ascending side 24 of the loop and come down through the liquid monomer on a
descending side 26, The same or different monomers (and again optionally one
or more comonomers) can be added in the two reactor legs. The reactor uses
the catalyst systems described above.

In the liquid/gas separation zone 30, hydrogen gas is removed to cool and
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recirculate. Polymer granules are then packed into the top of the descending
side 26, where they then descend. Monomers are introduced as liguids in this
section. Conditions in the top of the descending side 26 ¢an be varied with
different combinations and/or proportions of monomers in successive passes.
Referring to Figure 3, a high level schematic diagram of another system
40 for polymerizing olefins is shown. This system is ideally suited to make
Impact copolymer. A reactor 44, such as a single reactor, a series of reactors, or
the multizone circulating reactor is paired with a gas phase or fluidized bed
reactor 48 downstream containing the catalyst systems described above to make
impact copolymers with desirable impact to stiffness balance or greater softness
than are made with conventional catalyst systems. Inlet 42 is used to introduce
into the reactor 44 catalyst system components, olefins, optional comonomets,
hydrogen gas, fluid media, pH adjusters, surfactants, and any other additives.
Although only one inlet is shown, many often are employed. Through transfer
means 46 the polyolefin made in the first reactor 44 is sent to a second reactor
48. Feed 50 is used to infroduce catalyst system components, olefins, optional
comonomers, fluid media, and any other additives. The second reactor 48 may
or may not contain catalyst system components. Again, although only one inlet
is shown, many often are employed. Once the second polymerization is
complete, or as impact copolymers are produced, the polymer product is
removed from the second reactor 48 via outlet 52 which leads to a collector 54.
Collector 54 may include downstream processing, such as heating, extrusion,
molding, and the like. At least one of the first reactor 44 and the second reactor
48 contains catalyst systems in accordance with the innovation. _
When making an impact copolymer, polypropylene can be formed in the
first reactor while an ethylene propylene rubber can be formed in the second
reactor. In this polymerization, the ethylene propylene rubber in the second
reactor is formed with the matrix (and particularly within the pores) of the
polypropylene formed in the first reactor. Consequently, an intimate mixture of
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an impact copolymer is formed, wherein the polymer product appears as a single
polymer product. Such an intimate mixture cannot be made by simply mixing a
polypropylene product with an ethylene propylene rubber product.

Although not shown in any of the figures, the systems and reactors can he
confrolied, optionally with feedback based on continuous or infermittent testing,
using a processor equipped with an optional memory and controllers. For
example, a processor can be connected to one or more of the reactors, infets,.
outlets, testing/measuring systems coupled with the reactors, and the like to
monitor and/or control the polymerization process based on preset data
concerning the reactions, and/or based on testing/measuring data generated
during a reaction. The controller may controf valves, flow rates, the amounts of
materials entering the systems, the conditions (temperature, reaction time, pH,
etc.) of the reactions, and the like, as instructed by the processor. The processor
may contain or be coupled to a memory that contains data concerning various
aspects of the polymerization process and/or the systems involved in the
polymerization process.

The subject innovation can be applied to any suitable Ziegler-Natta
polymerization catalyst system. Ziegler-Natta catalysts are comprised of a
reagent or combination of reagents that are functional to catalyze the
polymerization of 1-alkenes {o-olefins) to form polymers, typically with high
isotacticity when pro-chiral 1-alkenes are polymerized. A Ziegler-Natta catalyst
has a transition metal component, a main group metal alkyl component, and an
electron donor; as used herein, the term “Ziegler-Natta catalyst” refers to any
composition having a transition metal and a main group metal alkyl component
capable of supporting polymerization of 1-alkenes. The transition metal
component is typically a Group IV metal such as titanium or vanadium, the main
group metal alkyl is typically an organoaluminum compound having a carbon-Al
bond, and the electron donor can be any of numerous compounds including
aromatic esters, alkoxysilanes, amines and ketones can be used as external
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donors added to the transition metal component and the main group metal atky!
component or an appropriate internal donor added fo the transitiorn metal
component and the main group metal alkyl component during synthesis of those
components. The details of the constituent, structure, and manufacture of the
Ziegler-Natta polymerization catalyst systerm are not critical to the practice of the
subject innovation, provided that the Ziegler-Natta polymerization catalyst system
has two or more organosilicon compounds serving as external electron donors as
described herein. The details of the constituent, structure, and manufacture of
the Ziegler-Natta polymerization catalyst system can be found in, for example,
U.S. Patents and U.S. Patent Publications: 4,771,023; 4,784,083; 4,829,038;
4,861,847, 4,990,479; 5,177,043; 5,194,531; 5,244,989, 5,438,110; 5,489,634
5,676,259, 5,767,215, 5,773,637, 5,9056,050; 6,323,152, 6,437,061; 6,469,112;
6,962,889, 7,135,531, 7,153,803, 7,271,119; 2004/242406; 2004/0242407; and
2007/0021573, all of which are hereby incorporated by reference in this regard.

The solid titanium catalyst component used in subject innovation is a
highly active catalyst component containing at least titanium, an optional external
electron donor, and a magnesium containing catalyst support.

The solid titanium catalyst component can be prepared by contacting a
catalyst support made with a magnesium compound, as described above, and a
titanium compound. The titanium compound used in the preparation of the solid
titanium catalyst component in the subject innovation is, for example, a
tetravalent fitanium compound represented by Formula (1)

Ti(OR)g X4 M

wherein each R group independently represents a hydrocarbon group, preferably
an alkyl group having 1 to about 4 carbon atoms, X represents a halogen atom,
and O0rg<4. Specific examples of the titanium compound include titanium
tetrahalides such as TiCly, TiBrg and Tils; alkoxytitanium trihalides such as
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Ti(OCH3)Cl3, TiI(OC2H5)Cls, TH{O n-C4Hg)Cls, TiI{OCaHs)Bra and Ti(O is0-CaHg)Brs;
dialkoxytitanium dihalides such as Ti(OCHa)z Clz, Ti(OC2Hs)2Clz, Ti(O n-C4Hg)2Cla
and Ti{OC2Hs)2Br2; trialkoxytitanium monohalides such as Ti(OCH3)aCl,
Ti{OCzHs)sCl, Ti(O n-C4Hg)3Cl and Ti(OC2Hs)sBr; and tetraaikoxytitaniums such
as Ti{OCHa)4, TI(OCaHs)4, Ti(OC3H7)3Cl, Ti(OC3H7)2Clz, THOC:H7)Cls and TH{O n-
CaHg)s.

Among these, the halogen containing titanium compounds, especially
titanium tetrahalides, are preferred in some instances. These titanium
compounds may be used individually or in a combination of two or more. They
also can be used as dilutions in hydrocarbon compounds or halogenated
hydrocarbons.

When preparing the solid titanium catalyst component, an optional internai
electron donor is used/added. Internal electron donors, for example, oxygen-
containing electron donors such organic acid esters, polycarboxylic acid esters,
polyhydroxy ester, heterocyclic polycarboxylic acid esters, inorganic acid esters,
alicyclic polycarboxylic acid esters and hydroxy-substituted carboxylic acid esters
compounds having 2 to about 30 carbon atoms such as methyt formate, ethyl
acetate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl
propionate, methyl butyrate, ethyl valerate, ethyl stearate, methyl chloroacetate,
ethyl dichloroacetate, methyl methacrylate, ethyl crotonate, dibutyl maleate,
diethy! butylmalonate, diethyl dibutylmalonate, ethyl cyclohexanecarboxylate,
diethyl 1,2-cyclohexanedicarboxylate, di-2-ethythexyl 1,2-
cyclohexanedicarboxylate, methyl benzoate, ethyl benzoate, propyl benzoate,
buty! benzoate, octyl benzoate, cyclohexyl benzoate, phenyl benzoate, benzyl
benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl ethylbenzoate, methyl
anisate, ethyl anisate, ethy! ethoxybenzoate, dimethyl phthalate, diethyl
phthalate, dipropyl phthalate, diisopropyl phthalate, dibutyl phthalate, dilsobutyl
phthalate, diocty| phthalate, y-butyrolactone, §-valerolactone, coumarine,
phthalide, ethylene carbonate, ethyt silicate, butyl silicate, vinyltriethoxysilane,
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phenyltriethoxysilane and diphenyldiethoxysilane; alicyclic polycarboxylic acid
esters such as diethyl 1,2-cyclohexanecarboxylate, diisobutyl 1,2~
cyclohexanecarboxylate, diethyl tetrahydrophthalate and nadic acid, diethyl ester,
aromatic polycarboxylic acid esters such as monoethyl phthalate, dimethyl
phthalate, methylethyl phthalate, monoisobutyl phthalate, mono-n-butyl
phthalate, diethy! phihalate, ethyl isobutyl phthalate, ethyl-n-butyl phthalate, di-n-
propyl phthalate, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl phthalate,
di-n-heptyl phthlate, di-2-ethythexyl phthalate, di-n-octyl phthalate, dineopentyl
phthalate, didecyl phthalate, benzylbutyl phthalate, dipheny! phthalate, diethy!
naphthalenedicarboxylate, dibutyl naphthlenedicarboxylate, triethyl trimelliatate
and dibutyl trimellitate, 3,4-furanedicarboxylic acid esters, 1,2-diacetoxybenzene,
1-methyl-2,3-diacetoxybenzene, 2-msthyl-2,3-diacetoxybenzene, 2,8-
diacetoxynaphthalens, ethylene glycol dipivalate, butanediol pivalate,
benzoylethyl salicylate, acetylisobutyl salicylate and acetylmethy! salicylate,
Long-chain dicarboxylic acid esters, such as diethyl adipate, diisobutyl
adipate, diisopropy! sebacate, di-n-buiyl sebacate, di-n-octyl sebacate and di-2-
ethylhexyl sebacate, may also be used as the polycarboxylic acid esters that can
be included in the titanium catalyst component. Among these polyfunctional
esters, compounds having the skeletons given by the above general formulae
are preferred. Also preferred are esters formed between phthalic acid, maleic
acid or substituted malonic acid and alcohols having at least about 2 carbon
atoms, diesters formed between phthalic acid and alcchols having at least about
2 carbon atoms are especially preferred. Monocarboxylic acid esters
represented by RCOOR' where R and R' are hydrocarbonyl groups that can have
a substituent, and at least one of them is a branched or ring-containing aliphatic
group alicyclic, Specifically, at least one of R and R' may be (CHa)aCH-,
C2HsCH(CH3)-, {CH3)2CHCHz~, (CH3)3C-, CaHsCHa-, (CH3)CH,-, cyclohexyl,
methylbenzyl, para-xylyl, acrylic, and carbonylbenzyl. if either one of R and R' is
any of the above-described group, the other may be the above group or another
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group such as a linear or cyclic group. Specific examples of the monocarboxylic
acid esters include monoesters of dimethylacetic acid, trimethylacetic acid,
alpha-methyibutyric acid, beta-methylbutyric acid, methacrylic acid and
benzoylacetic acid; and monocarboxylic acid esters formed with alcohols such as
methanol, ethanol, isopropanol, isobutanol and tert-butanol.

Additional usefu! internal electron donors include internal electron donors
containing at least one ether group and at least one ketone group. That is, the
internal electron donor compound contains in its structure at least one ether
group and at least one ketone group.

Examples of internal electron donors containing at least one ether group
and at least one ketone group include compounds of the following Formula (I1).

R R?

1
Z
%,

'Cf R3
Y
O O
~
R4

wherein R, R%, R?, and R* are identical or different, and each represents a
substituted or unsubstituted hydrocarbon group. In one embodiment, the
substituted or unsubstituted hydrocarbon group includes from 1 to about 30
carbon atoms. In another embodiment, RY, R?, R?, and R* are identical or
different, and each represents a linear or branched alkyl group containing from 1
to about 18 carbon atoms, a cycloaliphatic group containing from about 3 to
about 18 carbon atoms, an aryl group containing from about 6 to about 18 carbon
atoms, an alkylaryl group containing from about 7 to about 18 carbon atoms, and
an arylalkyl group containing from about 7 to about 18 carbon atoms. In yet
another embodiment, R*, C! and R? are a part of a substituted or unsubstituted
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cyclic or polycyclic structure containing from about 5 to about 14 carbon atoms,

In still yet another embodiment, the cyclic or polycyclic structure has one or more
substitutes selected from the group consisting of a linear or branched alkyl group
containing from 1 to about 18 carbon atoms, a cycloaliphatic group containing
from about 3 to about 18 carbon atoms, an aryl group containing from about 6 to
ahout 18 carbon atoms, an alkylaryl group containing from about 7 to about 18
carbon atoms, and an arylalkyl group containing from about 7 to about 18 carbon
atoms.

Specific examples of infernal electron donors containing at least one ether
group and at least one ketone group include 9-(alkylcarbonyl)-9'-
alkoxymethylfluorene including 9-(methylcarbonyi)-9'-methoxymethylfluorene, 9-
(methylcarbonyl}-9'-ethoxymethylfluorene, 9-(methylcarbonyl)-9'-
propoxymethylfluorene, 8-(methylcarbonyl)-9’-butoxymethylfluorene, 9-
(methylcarbonyl}-2'-pentoxymethylfluorens, 9-(ethylcarbonyl)-9'-
methoxymethylifiuorene, 9-(ethylcarbonyl)-9'-ethoxymethylfluorene, 9-
(ethylcarbonyl)-9'-propoxymethylfluorene, 8-(ethylcarbonyf)-9’-
butoxymethylifiuorene, 9-(ethylcarbonyl)-2'-pentoxymethylfluorene, 9-
(propylcarbonyl)-9'-methoxymethyifluorene, 8-(propylcarbonyi)-9'-
sthoxymethylifluorens, 9-(propylcarbonyl)-9'-propoxymethylflucrene, 9-
{propylcarbonyl)-9'-butoxymethyifiuorene, 8-(propylcarbonyi)-9'-
pentoxymethylfiuorene, 9-{(butylcarbonyl)-9'-methoxymethylfiuorene, 9-
(butylcarbonyl)-9'-ethoxymethyifluorene, 9-(butylcarbonyl)-9'-
propoxymethyifluorene, 9-(butylcarbonyl)-9'-butoxymethylfluorene, 9-
(butylcarbonyl)-9'-pentoxymethylfluorene, 9-(pentylcarbonyl)-9'-
methoxymethylfiuorene, 9-(pentylcarbonyl)-9'-ethoxymethyifluorene, 9-
(pentylcarbonyl}-9'-propoxymethylfitorene, 9-(pentylcarbonyl)-9'-
butoxymethylfiuorene, 9—(pentylcarbonyl)-9’-pento%ymethyiﬂuorene, 9-
(hexylcarbonyl)-9'-methoxymethylfluorene, 9-(hexylcarbonyl)-9'-
ethoxymethylfluorene, 9-(hexylcarbonyl)-9'-propoxymethylfilorene, 9-
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(hexylcarbonyl)-9'-butoxymethylfluorene, 9-(hexylcarbonyl)-9'-
pentoxymethylfiuorene, 9-(octylcarbonyi)-9’~methoxymethylﬁuorene, 9-
(octylcarbonyh-9'-ethoxymethyifluorene, 9-(octylcarbonyl)-9'-
propoxymethylfiluorene, 9-(octylcarbonyl)-9'-butoxymethylfluorene, 9-
(octylcarbonyl)-9'-pentoxymethylfluorene; 9-(i-octylcarbonyl)-9'-
methoxymethylfluorene, 9-(i-octylcarbonyl)-9'-ethoxymethylfiuorene, 8-(i-
octylcarbonyl)-9'-propoxymethylfluorene, 9-(i-octylcarbonyl)-9'-
butoxymethyifiuorene, 9-(i-octylcarbonyl)-"-pentoxymethylfluorene; 9-(i-
nonylcarbonyl)-9'-methoxymethylifluorene, 9-(i-nonylcarbonyl)-9'-
sthoxymethylfiuorene, 9-(i-nonylcarbonyl)-9’-propoxymethylfiuorene, 9-(i-
nonylcarbonyl)-9'-butoxymethylfluorene, 9-(i-nonylcarbonyl)-9'-
pentoxymethyifluorene; 8-(2-ethyl-hexylcarbonyl)-9'-methoxymethylflucrene, 8-
(2ethyl-hexylcarbonyl)-9'-ethoxymethylfiuorene, 8-(2-ethyl-hexylcarbony)-9'-
propoxymethylflucrene, 9-(2-ethyl-hexylcarbonyl)-9'-butoxymethylfiuorene, 8-(2-
ethyl-hexylcarbonyl)-9™-pentoxymethylfiuorene, 8-(phenylketone)-9'-
methoxymethylfluorene, 9-(phenylketone-9'-ethoxymethylfluorene, 9-
(phenylketone)-9'-propoxymethyifiuorene, 8-(phenylketone)-&'-
butoxymethylfiuorene, 9-(phenylketone)-9'-pentoxymethylfiuorene, 9-(4-
methylphenylketone)-9'-methoxymethyiflucrene, 9-(3-methylphenylketone)-9'-
methoxymethylfiuorene, 9-(2-methylphenylketone)-9’-methoxymethyifiuorene.
Additional examples inciude: 1-(ethylcarbonyl)-1’-
methoxymethyleyclopentane, 1-(propylcarbonyl)-1'-methoxymethyicyclopentane,
1-(i-propylcarbonyl)-1'-methoxymethylcyclopentane, 1-(butylcarbonyl)-1’-
methoxymethylcyclopentane, 1-(i-butylcarbonyl)-1’-methoxymethylcyclopentane.
1-(pentylcarbonyl)-1-methoxymethylcyclopentane, 1-(i-pentylcarbonyl)-1'-
methoxymethylcyclopentane, 1-(neopentylcarbonyl)-1'-
methoxymethylcyclopentane, 1-(hexhylcarbonyl)-1'-methoxymethylcyclopentane,
1-(2-ethylhexylcarbonyl)-1-methoxymethylcyclopentane, 1-(octylcarbonyl)-1'-
methoxymethylcyclopentane, 1-(i-octylcarbonyl)-1 -methoxymethylcyclopentane,
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1-(i-nonylcarbonyl)-1"-methoxymethylcyclopentane. 1-(ethylcarbonyi)-1-
methoxymethyl-2-methylcyclopentane, 1-(propyicarbonyl)-1'-methoxymethyl-2-
methylcyclopentane, 1-(i-propylcarbonyl)-1'-methoxymethyl-2methyl-
cyclopentane, 1-(butylcarbonyh)-1'-methoxymethyl-2-methylcyclopentane, 1-(i-
butylcarbonyl)-1"-methoxymethyl-2-methylcyclopentane. 1-(pentylcarbonyl)-1’-
methoxymethyl-2-methylcyclopentans, 1-(i-pentylcarbonyl)-1’-methoxymethyl-2-
methylcyclopentane, 1-(neopentylcarbonyl)-1"-methoxymethyl-2-
methylcyclopentane,1-(hexhylcarbonyl)-1'-methoxymethyl-2-methylcyclopentane,
1-(2-ethylhexylcarbonyl)-1'-methoxymethy!l-2-methyl cyclopentane, 1-
(octylcarbonyl}-1'-methoxymethyl-2-methyl cyclopentane, 1-(i-octylcarbonyl)-1'-
methoxymethyl-2-methyl cyclopentane, 1-(i-nonylcarbonyl)-1'-methoxymethyl-2-
methyl cyclopentane, 1-(ethylcarbonyl)~'1‘—methoxymethylnz, 5-
dimethylcyclopentane, 1-(propyicarbonyl)-1-methoxymethyl-2, 5-
dimethylcyclopentane, 1-(i-propylcarbonyl)-1’-methoxymethyi-2, 5-dimethyl-
cyclopentane, 1-(butylcarbonyh}-1'-methoxymethyi-2, 5-di-cyclopentane, 1-(i-
butylcarbonyl)-1-methoxymethyl-2, 5-dimethylcyclopentane. 1-(pentylcarbonyl)-
1-methoxymethyl-2, 5-dimethylcyclopentane, 1-(i-pentylcarbonyl)-1'-
methoxymethyi-2, 5-dimethylcyclopentane, 1-(neopentylcarbonyl)-1'-
methoxymethyl-2, 5-dimethylcyclopentane,1-(hexhylcarbonyl}-1'-methoxymethyi-
2, 5-dimethyicyclopentane, 1-(2-ethylhexylcarbonyl)-1'-methoxymethyl-2, 5-
dimethyl cyclopentane, 1-(octylcarbonyl)-1-methoxymethyi-2, 5-dimethyl
cyclopentane, 1-(i-octylcarbonyl)-1'-methoxymethyl-2, 5-dimethyl cyclopentane,
1-(i-nonylcarbonyl)-1-methoxymethyl-2, 5-dimethyl cyclopentane, 1-
(ethylcarbonyl)-1'-methoxymethylcyclohexane, 1-(propylcarbonyl)-1'-
methoxymethylcyclohexane, 1-(i-propylcarbonyl)-1'-methoxymethylcyclohexane,
1-(butylcarbonyl)-1'-methoxymethylcyclohexyl, 1-(i-butylcarbonyl)-1'-
methoxymethylcyclohexane. 1-(pentylcarbonyl)-1"-methoxymethyicyclohexane,
1-(i-pentylcarbonyl)-1'-methoxymethylcyclohexane, 1-(heopentylcarbonyl)-1'-
methoxymethylcyclohexane, 1-(hexhylcarbonyl)-1"-methoxymethylcyclohexane, 1-

14



10

16

20

25

WO 2011/017283 PCT/US2010/044179

(2-ethylhexylcarbonyl)-1’-methoxymethylcyclohexane, 1-(octylcarbonyl)-1'-
methoxymethylcyclohexane, 1-(i-octylcarbonyl)-1"-methoxymethylcyclohexane, 1-
(i-nonylcarbonyl)-1’-methoxymethylcyclohexane. 1-(ethylcarbonyl)-1'-
methoxymethyl-2-methylcyclohexane, 1-(propylcarbonyl}-1-methoxymethyl-2-
methylcyclohexane, 1-(i-propanecarbonyl)-1'-methoxymethyl-2-methyi-
cyclohexane, 1-(butylcarbonyl)-1’-methoxymethyl-2-methylcyclohexane, 1-(i-
butylcarbonyl)-1"-methoxymethyl-2-methylcyclohexane. 1-(pentylcarbonyl}-1'-
methoxymethyl-2-methylcyclohexane, 1-(i-pentylcarbonyl)-1'-methoxymethyl-2-
methyleyclohexane, 1-(neopentylcarbonyl)-1"-methoxymethyl-2-
methylcyclohexane, 1-(hexhylcarbonyl)-1’-methoxymethyl-2-methylcyclohexane,
1-(2-ethylhexylcarbonyl)-1’-methoxymethyl-2-methyl cyclohexane, 1-
(octylcarbonyl)-1'-methoxymethyl-2-methyl cyclohexane, 1-(i-octylcarbonyl)-1'-
methoxymethyl-2-methyi cyclohexane, 1-(i-nonylcarbonyl)-1’-methoxymethyl-2-
methyl cyclohexane, 1-(ethylcarbonyl)-1’-methoxymethyl-2, 6-
dimethylcyclohexane, 1-(propylcarbonyl)-1’-methoxymethyl-2, 6-
dimethylcyclohexane, 1-(i-propylcarbonyl)-1"-methoxymethyl-2, 6-dimethyl-
cyclohexane, 1-(butylcarbonyl)-1"-methoxymethyl-2, 6-dimethyl-cyclohexane, 1-
(i-butylcarbonyl)-1'-methoxymethyl-2, 8-dimethylcyclohexane. 1-(pentylcarbonyl)-
1-methoxymethyl-2, 6-dimethylcyclohexane, 1-(i-pentylcarbonyl)-1'-
methoxymethyl-2, 8-dimethylcyclohexane, 1-(neopentylcarbonyl)-1'-
methoxymethyl-2, 6-dimethylcyclohexane, 1-(hexhylcarbonyl)-1"-methoxymethyl-
2, 6-dimethylcyclohexane, 1-(2-ethylhexylcarbonyl)-1'-methoxymethyl-2, 6-
dimethyl cyclohexane, 1-{octylcarbonyl)-1-methoxymethyl-2, 6-dimethyl
cyclohexane, 1-(i-octylcarbonyl)-1-methoxymethyl-2, 6-dimethy! cyclohexane, 1-
(i-nonylcarbonyl)-1-methoxymethyl-2, 6-dimethy! cyclohexane, 2,5-dimethyl-3-
ethylcarbonyl-3'-methoxymethylpentane, 2,5-dimethyl-3- propylcarbonyl-3'-
methoxymethylpentane, 2,5-dimethyl-3- propylcarbonyl-3'-
methoxymethylpentane, 2,5-dimethyl-3- butylcarbonyl-3'-methoxymethylpentane,
2,5-dimethyl-3-i-butylcarbonyl-1'-methoxymethylcyclohexyl. 2,5-dimethyl-3-
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pentylcarbonyl-3'-methoxymethylpentane, 2,5-dimethyl-3-i-pentylcarbonyl-3'-
methoxymethylpentane, 2,5-dimethyl-3-neopentylcarbonyl-3'-
methoxymethylpentans, 2,5-dimethyl-3-hexhylcarbonyl-3'-
methoxymethylpentane, 2,5-dimethyl-3-2-sthylhexylcarbonyl-3'-
methoxymethylpentane, 2,5-dimethyl-3-octylcarbonyl-3'-methoxymethylpentane,
2,5-dimethyl-3-i-octylcarbonyl-3"-methoxymethylpentane, and 2,5-dimethyl-3-i-
nonylcarbonyl-3'-methoxymethylpentane.

Additional useful internal electron donors include 1,8-naphthyl diaryloate
compounds that have three aryl groups connected by ester linkages (three aryi
groups connected by two ester linkages, such as an aryl-ester linkage-naphthyl-
ester linkage-aryl compound). 1,8-naphthyl diaryolate compounds can be formed
by reacting a naphthyl dialcohol compound with an ary! acid halide compound.
Methods of forming an ester product through reaction of an alcohol and acid
anhydride are well known in the art.

While not wishing to be bound by any theory, it is believed that the 1,8-
naphthyl diaryloate compounds have a chemical structure that permits binding to
both a titanium compound and a magnesium compound, both of which are
typically present in a solid titanium catalyst component of an olefin polymerization
catalyst system. The 1,8-naphthyl diaryloate compounds also act as internal
electron donors, owing to the electron donation properties of the compounds, ina
solid titanium catalyst component of an olefin polymerization catalyst system.

in one embodiment, the 1,8-naphthyl diaryloate compounds are
represented by chemical Formula (lI):
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wherein each R is independently hydrogen, halogen, alkyl having 1 to about 8
carbon atoms, phenyl, arylalkyl having 7 to about 18 carbon atoms, or alkylaryl
having 7 to about 18 carbon atoms. In another embodiment, each R is
independently hydrogen, alkyl having 1 to about 8 carbon atoms, phenyl,
arylalkyl having 7 to about 12 carbon atoms, or alkylaryl having 7 to about 12
carbon atoms.

General examples of 1,8-naphthy! diaryloate compounds include 1,8-
naphthyl di(alkylbenzoates); 1,8-naphthyl di{dialkylbenzoates); 1,8-naphthyl
di(trialkylbenzoates); 1,8-naphthyl di(arylbenzoates); 1,8-naphthyl
di(halobenzoates); 1,8-naphthyl di(dihalobenzoatss); 1,8-naphthyi
di(alkylhalobenzoates});and the like.

Specific examples of 1,8-naphthyl diaryloate compounds include 1,8~
haphthy! dibenzoate; 1,8-naphthyl di-4-methylbenzoate; 1,8-naphthyl di-3-
methylbenzoate; 1,8-naphthyl di-2-methylbenzoate; 1,8-naphthyl di-4-
ethylbenzoate; 1,8-naphthyi di-4-n-pr6pylbenzoate; 1,8-naphthyl di-4-
isopropylbenzoate; 1,8-naphthyt di-4-n-butylbenzoate; 1,8-naphthyl di-4-
isobutylbenzoate; 1,8-naphthy! di-4-t-butylbenzoate; 1,8-naphthyl di-4-
phenylbenzoate; 1,8-naphthy! di-4-fluorobenzoate; 1,8-naphthyl di-3-
fluorobenzoate; 1,8-naphthyl di-2-fluorobenzoate; 1,8-naphthyl di-4-
chiorobenzoate; 1,8-naphthyl di-3-chlorobenzoate; 1,8-naphthyl di-2-
chiorobenzoate; 1,8-naphthyl di-4-bromobenzoate; 1,8-naphthyl di-3-
bromobenzoate; 1,8-naphthyl di-2-bromobenzoate; 1,8-naphthyl di-4-
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cyclohexylhenzoate; 1,8-naphthyl di-2,3-dimethylbenzoate; 1,8-naphthyl di-2 4-
dimethylbenzoate; 1,8-naphthyl di-2 5-dimethylbenzoate; 1,8-naphthyl di-2,6-
dimethylbenzoate; 1,8-naphthyi di-3,4-dimethylbenzoate; 1,8-naphthyl di-3,5-
dimethylbenzoate; 1,8-naphthyl! di-2,3-dichlorobenzoate; 1,8-naphthyl di-2,4-
dichlorobenzoate; 1,8-haphthyl di-2,5-dichlorobenzoate; 1,8-naphthyi di-2,6-
dichiorobenzoate; 1,8-naphthyl di-3,4-dichlorobenzoate; 1,8-naphthyl di-3,5-
dichlorobenzoate; 1,8-naphthyl di-3,5-di-t-butylbenzoate; and the like.

The internal electron donors can be used individually or in combination. In
employing the internal electron donor, they do not have 1o be used directly as
starting materials, but compounds convertible {o the electron donors in the
course of preparing the titanium catalyst components may also be used as the
starting materials.

The solid titanium catalyst component may be formed by contacting the
magnesium containing catalyst support, the titanium compound, and the optional
internal electron donor by known methods used to prepare a highly active
titanium catalyst component from a magnesium support, a titanium compound,
and an optional electron donor,

The amounts of the ingredients used in preparing the solid titanium
catalyst component may vary depending upon the method of preparation, In one
embodiment, from about 0.01 to about 5 moles of the optional internal electron
donor and from about 0.01 to about 500 moles of the titanium compound are
used per mole of the magnesium compound used to make the solid titanium
catalyst component. In another embodiment, from about 0.05 to about 2 moles
of the internal electron donor and from about 0.05 to about 300 moles of the
titanium compound are used per mole of the magnesium compound used to
make the solid titanium catalyst component.

In one embodiment, the size (diameter) of catalyst support particles
formed in accordance with the subject innovation is from about 20 um to about
150 pum (on a 50% by volume basis). In another embodiment, the size (diameter)
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of catalyst support particles is from about 25 um to about 100 um (on a 50% by
volume basis). In yet another embodiment, the size (diameter) of catalyst
support particles is from about 30 um to about 80 um (on a 50% by volume
basis). _

The resulting solid titanium catalyst component generally contains a
magnesium halide of a smaller crystal size than commercial magnesium halides
and usually has a specific surface area of at least about 50 m?%g, such as from
about 60 to 1,000 m?/g, or from about 100 to 800 m?%g. Since, the above
ingredients are unified to form an integral structure of the solid titanium catalyst
companent, the composition of the solid titanium catalyst component does not
substantially change by washing with solvents, for example, hexane.

The solid titanium catalyst component can be used after being diluted with
an inorganic or organic compound such as a silicon compound or an aluminum
compound, The subject innovation further relates to an olefin polymerization
catalyst system containing an antistatic agent, and optionally an organoaluminum
compound and/or an organosilicon compound.

The catalyst system may contain at least one organoaluminum compound
in addition to the solid fitanium catalyst component. Compounds having at least
one aluminum-carbon bond in the molecule can be used as the organoaluminum
compound. Examples of organocaluminum compounds include compounds of the
following Formulae (IV) and (V).

R TAI(OR)HoX4' (IV)

In Formula (IV), R' and R' may be identical or different, and each represent a
hydrocarbon group usually having 1 to about 15 carbon atoms, preferably 1 to
about 4 carbon atoms; X' represents a halogen atom, 0<g<3, 0»p<3, 0»n<3, and
m+n+p+tq=3.

Organecaluminum compounds further include complex alkylated
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compounds between aluminum and a metal of Group | represented by Formula

(V)
MIAIR: (V)

wherein M' represents LI, Na or K, and R is as defined above.

Examples of the organcaluminum compounds Formula (Il} are as follows:

compounds of the general formula R,"'AI(OR?);.. wherein R"" is as
defined above, and m is preferably a number represented by 1.5»r»3;

compounds of the general formula R;TAlXs.r wherein R is as defined
above, X' is halogen, and m is preferably a number represented by 0<r<3;

compounds of the general formula R, TAlHa., wherein R is as defined
above, and m is preferably a number represented by 2»r<3; and

compounds represented by the general formula R¢'' AI{OR?)X," wherein
R' and R™ are as defined, X' is halogen, 0»s<3, 0rt<3, 0su<3, s+t+u = 3.

Speclfic examples of the organocaluminum compounds represented by
Formula (IV) include trialkyl aluminums such as triethyl aluminum and tributyl
aluminum,; trialkenyl aluminums such as triisoprenyl aluminum; dialkyl aluminum
alkoxides such as diethyl aluminum ethoxide and dibuty! aluminum butoxide;
alky] aluminum sesquialkoxides such as ethyi aluminum sesquisthoxide and butyl
aluminum sesquibutoxide; partially alkoxylated alkyl aluminums having an
average composition represented by Ras'TAI(OR)gs; dialky] aluminum halides
such as diethyl aluminum chloride, dibutyl aluminum chloride and diethyl
aluminum bromide; alkyl aluminum sesguihalides such as ethyl aluminum
sesquichlaride, butyl aluminum sesquichloride and ethyl aluminum
sesquibromide; partially halogenated alkyl aluminums, for example alkyl
aluminum dihalides such as ethyl aluminum dichloride, propyl aluminum
dichloride and butyl aluminum dibromide; dialkyl aluminum hydrides such as
diethyl aluminum hydride and dibuty! aluminum hydride; other partially
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hydrogenated alkyl aluminum, for example alkyt aluminum dihyrides such as
ethyl aluminum dihydride and propy! aluminum dihydride; and partially
alkoxylated and halogenated alky! aluminums such as ethyl aluminum
ethoxychloride, butyl aluminum butoxychloride and ethyl aluminum
ethoxybromide.

Organoaluminum compounds further include those similar to Formula {1V}
such as in which two or more aluminum atoms are bonded via an oxygen or
nitrogen atom. Examples are (CaHg)2AIOAICaHs)z2, (CaHo)2AIOAI(C4Hs)2,

(CoH 5 AINAI(C,HS),

Colg

and methylaluminoxane.

Examples of organoaluminum compounds represented by Formula (V)
include LiAI(C2Hs)s and LIAKC7H15)4.

The organealuminum compound catalyst component is used in the
catalyst system of the subject innovation in an amount that the mole ratio of
aluminum to titanium (from the solid catalyst component) is from about 5 to about
1,000. In another embodiment, the mole ratio of aluminum to titanium in the
catalyst system is from about 10 to about 700. In yet another embodiment, the
mole ratio of aluminum to titanium in the catalyst system is from about 25 to
about 400.

The catalyst systems taught herein contain at least two organosilicon
compounds in addition to the solid titanium catalyst component, These
organosilicon compounds are termed external electron donors, The
organosilicon compounds contain silicon having at least one hydrocarbon ligand.

The organosilicon compound, when used as an external electron donor
serving as one component of a Ziegler-Natta catalyst system for olefin
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polymerization, contributes to the ability to obtain a polymer (at least a portion of
which is polyolefin} having a broad molecular weight distribution and coniroilable
crystallinity while retaining high performance with respect to catalytic activity and
the vield of highly isotactic polymer.

The organosilicon compound is used in the catalyst system in an amount
such that the mole ratio of the organoaluminum compound to the organosilicon
compounds is from about 2 to about 90. In another embodiment, the mole ratio
of the organoaluminum compound to the organosilicon compoUnd is from about 5
to about 70. In yet another embodiment, the mole ratio of the organoaluminum
compound to the organosilicon compounds is from about 7 to about 35.

in one embodiment, one of the two or more arganosilicon compounds is a
compound containing a nitrogen-silicon bond. In one embodiment, the
compound containing a nitrogen-silicon bond has the structure of Formula (VI).

R15 R‘!G
||

R“—?i—il\l"—R" D
R13 R18

In Formula VI, R, R", and R'® are independently an alkyl, alkoxy or aryl
substituent having from about 1 to about 10 carbon atoms. R'®, RY, and R are
independently an alkyl or aryl substituent having from about 1 to about 10 carbon
atoms or hydrogen. In one embodiment, R*?, R™, and R'® are the same. In
another embodiment, at least two of R™, R™, and R™ are the same. In yet
another embodiment, at least two of R'3, R™, and R'® are different. In one
embadiment, at least one of R'®, R'7, and R'%is hydrogen. In another
embodiment, at least two of R'¢, R, and R*® are the same. In one embodiment,
R™ R™ and R' are alkoxy substituents. In another embodiment R*®, R", and
R'® are alkyl substituents. Organosilicon compounds having the structure of
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Formula VI can be referred to as aminosilanes,

As used herein, the terms alkyl and alkoxy refer to a substituent group that
has predominantly hydrocarbon character within the context of this invention
including unsaturated substituents having double or triple carbon-carbon bonds.
The term “alkyl’ refers to a substituent group having a carbon atom directly
bonded to a silicon atom; the term “alkoxy” refers to a substituent group having
an oxygen atom directly bonded to a silicon atom. These include groups that are
not only purely hydrocarbon in nature {containing only carbon and hydrogen), but
also groups containing substituents or hetero atoms which do not aiter the
predominantly hydrocarbon character of the group. Such substituents can
include, but are not limited to, halo-, carbonyl-, ester-, hydroxyl-, amine-, ether-,
alkoxy-, and nitro groups. These groups alsc may contain hetero atoms. Suitable
hetero atoms will be apparent to those skilled in the art and include, for example,
sulfur, nitrogen and particularly oxygen, fluorine, and chlorine. Therefore, while
remaining mostly hydrocarbon in character within the context of this invention,
these groups may contain atoms other than carbon present in a chain or ring
otherwise composed of carbon atoms. In general, no more than about three non-
hydrocarbon substituents or hetero atoms, and preferably no more than one, will
be present for every five carbon atoms in any compound, group or substituent
described as "hydrocarbyl" within the context of this disclosure. The terms alkyl
and alkoxy expressly encompass C1-C10 alkyl and alkoxy groups such as
methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl t-butyl, t-butoxy, ethoxy, propyloxy, t-amyl, s-butyl, isopropyl, octyl,
nonyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, cyclopropoxy,
cyclobutoxy, cyclopentoxy, and cyclohexoxy as well as any of the preceding
having hydrogen substituted with hydroxyl, amine, or halo groups or atoms,
where alkyl substituents have a carbon atom bonded to a Si atom and alkoxy
substituents have an oxygen atom bonded to a Si atom. The term aryl expressly
includes, but is not limited to, aromatic groups such as phenyl and furanyl, and
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aromatic groups substituted with alkyl, alkoxy, hydroxyl, amine, and/or halo
groups or atoms, wherein any atom of the aryl substituent is bonded to a Si atom.
Specific examples of organosilicon compounds having a structure of

Formula VI include, but are not limited te methylaminoctrimethoxysilane,
ethylaminotrimethoxysilane, dimethylaminotrimsthoxysilane,
diethylaminotrimethoxysilanse, dipropylaminotrimethoxysilane,
diisopropylaminotrimethoxysilane, cyclohexylmethylaminotrimethoxysilane,
methylaminotriethoxysilane, ethylaminotriethoxysilane,
dimethyiaminotriethoxysilane, diethylaminotriethoxysilane,
dipropylaminoctristhoxysilane, diisopropylaminotriethoxysilane,
cyclohexylmethylaminotriethoxysilane, methylaminodiethoxymethoxysilane,
ethylaminodiethoxymethoxysilane, dimethyléminodiethoxymethoxysiiane,
diethylaminodiethoxymethoxysilane, dipropylaminodiethoxymethoxysilane, and
diisopropylaminodiethoxymethoxysilane.

In one embodiment, one of the two or more organosilicon compounds is a
silane having the structure of Formula VI, where R%, R?!, R%, and R® are,
independently, an alkyi or alkoxy group as defined ahove.

R22

|
R#'-Si—R® v
o

In one embodiment, at least two of R%, R%', R¥, and R* are alkoxy
substituents. In another embodiment, at least two of R%°, R*!, R%, and R? are
alkyl substituents. In yet another embodiment, at least two of R?, R*!, R??, and
R? are identical alkoxy substituents. In still yet another embodiment, at least two
of R?, R?' R%, and R* are identical alkyl substituents. Organosilicon
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compounds having the structure of Formula VIl can be referred to as alkylsilanes.

In one embodiment, the alkyl substituents have from about 1 to about 10
carbon atoms. In another embodiment, one or more of the alkyl substituents is
straight-chained. In yet another embodiment, one or more of the alkyl
substituents contains a carbon atom bonded to two other carbon atoms and a
silicon atom. In a further embodiment, one or more of the alkyl substituents
contains a cycloalkyl group or an alkyleycloalkly. In an additional embodiment,
one or more of the alkyl substituents is one or more selected from methyl, ethyl,
propyl, butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
methylcylcohexyl. In a still additional embodiment, one or more of the alkyl
substituents is one or more selected from an alkene and an alkyne.

Specific examples of organosilicon compounds having a structure of
Formula VIl include dimethyldimethoxysiiane, diethyldimethoxysitane,
dimethyldimethoxysilane, diethyldimethoxysilane, dipropyldimethoxysilane,
diisopropyidimethoxysilane, cyclohexylmethyldimethoxysilane,
dimethyldiethoxysilane, diethyldiethoxysilane, dimethyldiethoxysilane,
diethyldiethoxysilane, dipropyldiethoxysilane, diisopropyldiethoxysilane,
cyclohexylmethyldiethoxysilane, dimethyldiethoxypropoxysilane,
diethylethoxypropoxysilane, dimethylethoxymethoxysilane,
diethylethoxymethoxysilane, dipropylethoxymethoxysitane,
diisopropylethoxymethoxysilane, and cyclohexylmethylethoxymethoxysilane.

In one embodiment, the mole ratio of the organosilicon compound of
Formula V! ta the organosificon compound of Formula Vil is from about 1:1 to
about 19:1. In another embodiment, the mole ratio of the organosilicon
compound of Formula VI to the organosilicon compound of Formula Vil is from
about 1:1 to about 4:1. In yet another embodiment, the mole ratio of the
organosilicon compound of Formula V| to the organosilicon compound of
Formula VIl is from about 2.3:1 to about 19:1. [n still yet another embodiment,
the mole ratio of the organosilicon compound of Formula Vi o the organosilicon
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compound of Formula VIl is from about 4:1 to about 19:1.

The subject innovation further relates to a polymerization process which
involves polymerizing or copolymerizing olefins in the presence of the
polymerization catalyst system described above, The catalyst system can
produce polymer product having a controlied and/or relatively large size and
shape. [n one embodiment, using the catalyst support, catalyst system, and/or
methods of the subject innovation, the polymer product has substantially an
average diameter of about 300 um or more (on a 50% by volume basis). In
another embodiment, the polymer product has an average diameter of about
1,000 um or more (on a 50% by volume basis). In yet another embodiment, the
polymer product has an average diameter of about 1,500 pm or more (on a 50%
by volume basis). The relatively large size of the polymer product permits the
polymer product to contain a high amount of rubber without deleteriously
affecting flow properties.

Polymerization of olefins in accordance with the subject innovation is
carried out in the presence of the catalyst system described above. Generally
speaking, olefins are contacted with the catalyst system described above under
suitable conditions to form desired polymer products. In one embodiment,
preliminary polymerization described below is carried out before the main
polymerization. In another embhodiment, polymerization is carried out without
preliminary polymerization. in yet another embodiment, the formation of impact
copolymer is carried out using at least two polymerization zones.

The concentration of the solid titanium catalyst component in the
preliminary polymerization is usually from about 0.01 to about 200 mM,
preferably from about 0.05 to about 100 mM, calculated as titanium atoms per
liter of an inert hydrocarbon medium described below. In one embodiment, the
preliminary polymerization is carried out by adding an olefin and the above
catalyst system ingredients to an inert hydrocarbon medium and reacting the
olefin under mild conditions.
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Specific examples of the inert hydrocarbon medium include aliphatic
hydrocarbons such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosene; alicyclic hydrocarbons such as cyclopentane,
cyclohexane and methyloyclopentane; aromatic hydrocarbons such as benzene,
toluene and xylene; halogenated hydrocarbons such as ethylene chloride and
chiorobenzene; and mixtures thereof. in the subject innovation, a liquid olefin
may be used in place of part or the whole of the inert hydrocarbon medium.

The olefin used in the preliminary polymerization can be the same as, or
different from, an olefin to be used in the main polymerization.

The reaction temperature for the preliminary polymerization is sufficiently
low for the resulting preliminary polymer to not substantially dissolve in the inert
hydrocarbon medium. In one embodiment, the temperature is from about -20°C
to about 100°C. In another embodiment, the temperature is from about -10°C to
about 80°C. In yet another embodiment, the temperature is from about 0°C to
about 40°C.

Optionally, a molecular-weight controlling agent, such as hydrogen, may
be used in the preliminary polymerization. The molecular weight controlling
agent is used in stich an amount that the polymer obtained by the preliminary
polymerization has an intrinsic viscosity, measured in decalin at 135°C, of at
least about 0.2 difg, and preferably from about 0.5 to 10 difg.

In one embodiment, the preliminary polymerization is desirably carried out
so that from about 0.1 ¢ to about 1,000 g of a polymer forms per gram of the
titanium catalyst component of the catalyst system. In another embodiment, the
preliminary polymerization is desirably carried out so that from about 0.3 g fo
about 500 g of a polymer forms per gram of the titanium catalyst component. If
the amount of the polymer formed by the preliminary polymerization is too large,
the efficlency of producing the olefin polymer in the main polymerization may
sometimes decrease, and when the fesulting olefin polymer is molded into a film
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or another article, fish eyes tend to occur in the molded article. The preliminary
polymerization may be carried out batchwise or continuously,

After the preliminary polymerization conducted as above, or without
performing any preliminary polymerization, the main polymerization of an olefin is
carried out in the presence of the above-described olefin polymerization catalyst
system formed from the solid titanium catalyst component containing the
organcaluminum compound and the organocsilicon compounds {external electron
donors).

Examples of olefins that can be used in the main polymerization are
alpha-olefins having 2 to 20 carbon atoms such as ethylene, propylene, 1-
butene, 4-methyl-1-pentene, 1-pentene, 1-octene, 1-hexene, 3-methyl-1-
pentene, 3-methyl-i-butene, 1-decene, 1-tefradecene, 1-eicosene, and
vinyleyciohexane. in the process of the subject innovation, these alpha-olefins
may be used individually or in any combination.

In one embodiment, propylene or 1-butene is homopolymerized, or a
mixed olefin containing propylene or 1-butene as a main component is
copolymerized. When the mixed olefin is used, the proportion of propylene or 1-
butene as the main component is usually at least about 50 mole %, preferably at
least about 70 mole %.

By performing the preliminary polymerization, the catalyst system in the
main polymerization can be adjusted in the degree of activity. This adjustment
tends to result in a polymer powder having good morphology and a high bulk
density. Furthermore, when the preliminary polymerization is carried out, the
particle shape of the resulting polymer becomes more rounded or spherical. In
the case of slurry polymerization, the slurry attains excellent characteristics while
in the case of gas phase polymerization, the catalyst bed attains excellent
characteristics. Furthermore, in these embodiments, a polymer having a high
isotacticity index can be produced with a high catalytic efficiency by polymerizing
an alpha-olefin having at least about 3 carbon atoms. Accordingly, when
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producing the propylene copolymer, the resulting copolymer powder or the
copolymer becomes easy to handle.

In the homopolymerization or copolymerization of these olefins, a
polyunsaturated compound such as a conjugated diene or a non-conjugated
diene may be used as a comonomer. Examples of comonomers include styrene,
butadiene, acrylonitrile, acrylamide, alpha-methyl styrene, chlorostyrene, vinyl
toluene, divinyl benzene, diallylphthalate, alkyl methacrylates and alkyl acrylates.
In one embodiment, the comonomers include thermoplastic and elastomeric
monomers,

In the process of the subject innovation, the main polymerization of an
olefin is carried out usually in the gaseous or liguid phase.

In one embodiment, polymerization (main polymerization) employs a
catalyst system containing the titanium catalyst component in an amount from
about 0.001 to about 0.75 mmol calculated as Ti atom per liter of the volume of
the polymerization zone, the organoaluminum compound in an amount from
about 1 to about 2,000 moles per mole of titanium atoms in the titanium catalyst
component, and the organosilicon compounds (external donors) in an amount
from about 0.001 to about 10 moles calculated as Si atoms in the organosilicon
compounds per mol of the metal atoms in the organoaluminum compound. In
another embodiment, polymerization employs a catalyst system containing the
titanium catalyst component in an amount from about 0.005 to about 0.5 mmol
calculated as Ti atom per liter of the volume of the polymerization zone, the
organoaluminum compound in an amount from about 5 to about 500 moles per
mole of titanium atoms in the titanium catalyst component, and the organosilicon
compounds (external donors) in an amount from about 0.01 to about 2 moles
calculated as Si atoms in the organosilicon compounds per mol of the metal
atoms in the organoaiuminum compound. In yet another embodiment,
polymerization employs a catalyst system containing the organosilicon
compounds {external donors) in an amount from about 0.05 to about 1 mole
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calculated as Si atoms in the organosilicon compound pet mol of the metal atoms
in the organoaluminum compound.

When the organoaluminum compound and the organosilicon compound
are used partially in the preliminary polymerization, the catalyst system subjected
to the preliminary polymerization is used together with the remainder of the
catalyst system components. The catalyst system subjected to the preliminary
polymerization may contain the preliminary polymerization product.

The use of hydrogen at the time of polymerization promotes and
contributes to control of the molecular weight of the resulting polymer, and the
polymer obtained may have a high melt flow rate. In this case, the isotacticity
index of the resulting polymer and the activity of the catalyst system are
increased according to the methods of the subject innovation.

In one embodiment, the polymerization temperature is from about 20°C to
about 200°C. [n another embodiment, the polymerization temperature is from
about 50°C to about 180°C. In one embodiment, the polymerization pressure is
typically from about atmospheric pressure to about 100 kg/cm?, In another
embodiment, the polymerization pressure is typically from about 2 kg/om? to
about 50 kg/cm?. The main polymerization may be carried out batchwise, semi-
continuously or continuously. The polymerization may also be carried out in two
or more stages under different reaction conditions.

The olefin polymer so obtained may he a homopolymer, a random
copolymer, a block copolymer or an impact copolymer. The impact copolymer
contains an intimate mixture of a polyolefin homopolymer and a polyolefin rubber.
Examples of polyolefin rubbers inciude ethylene propylene rubbers (EPR) such
as ethylene propylene monomer copolymer rubber (EPM) and ethylene
propylene diene monomer terpolymer rubber (EPDM).

The olefin polymer obtained by using the catalyst system has a very small
amount of an amorphous polymer component and therefore a small amount of a
hydrocarbon-soluble component. Accordingly, a film molded from this resultant
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polymer has low surface tackiness.

The polyolefin obtained by the polymerization process is excellent in
particle size distribution, particle diameter and bulk density, and the copoiyolefin
obtained has a narrow composition distribution. In an impact copolymer,
excellent fluidity, low temperature resistance, and a desired balance between
stifiness and elasticity can be obtained.

In one embodiment, propylene and an alpha-olefin having 2 or from about
4 to about 20 carbon atoms are copolymerized in the presence of the catalyst
system described above. The catalyst system may be one subjected to the

- preliminary polymerization described above. In another embodiment, propylene

and an ethylene rubber are formed in two reactors coupled In series to form an
impact copolymer.

The alpha-olefin having 2 carbon atoms is ethylene, and examples of the
alpha-olefins having about 4 to about 20 carbon atoms are 1-butene, 1-pentene,
4-methyl-1-pentene, 1-octene, 1-hexene, 3-methyl-1-pentene, 3-methyl-1-
butene, 1-decene, vinyicyclohexane, 1-tetradecene, and the like.

In the main polymerization, propylene may be copolymerized with two or
more such alpha-olefins. For example, it is possible to copolymerize propylene
with ethylene and 1-butene. In one embodiment, propylene is copolymerized
with ethylene, 1-butene, or ethylene and 1-butene.

Block copolymerization of propylene and ancther alpha-olefin can be
carried out in two stages. The polymerization in a first stage can be the
homopolymerization of propylene or the copolymerization of propylene with the
other alpha-olefin. In one embodiment, the amount of the monomers
polymerized in the first stage is from about 50 to about 95% by weight. In
another embodiment, the amount of the monomers polymerized in the first stage
is from about 60 to about 90% by weight. In the subject innovation, this first
stage polymerization can, as required, be carried out in two or more stages under

the same or different polymerization conditions.
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in one embodiment, the polymerization in a second stage is desirably
carried out such that the mole ratio of propylene to the other aipha-olefin(s) is
from about 10/80 to about 90/10. [n another embodiment, the polymerization in a
second stage is desirably carried out such that the mole ratio of propylene to the
other alpha-olefin(s) is from about 20/80 to about 80/20. In yet another
embodiment, the polymerization in a second stage is desirably carried out such
that the mole ratio of propylene to the other alpha-olefin(s) is from about 30/70 to
about 70/30. Producing a crystaliine polymer or copolymer of another alpha-
olefin may be provided in the second polymerization stage.

The propylene copolymer so obtained may be a random copoelymer or the
above-described block copolymer. This propylene copolymer typically contains
from about 7 to about 50 mole % of units derived from the alpha-olefin having 2
or from about 4 to about 20 carbon atoms. in one embodiment, a propylene
random copolymer contains from about 7 to about 20 mole % of units derived
from the alpha-olefin having 2 or from about 4 to about 20 carbon atoms. In
another embodiment, the propylene block copolymer contains from about 10 to
about 50 mole % of units derived from the alpha-olefin having 2 or 4-20 carbon
atoms.

In another one embodiment, copolymers made with the catalyst system
contain from about 50% to about 99% by weight poly-alpha-olefins and from
about 1% to about 50% by weight comonomers (such as thermoplastic or
elastomeric monomers). In another embodiment, copolymers made with the
catalyst system contain from about 75% to about 98% by weight poly-alpha-
olefins and from about 2% to about 25% by weight comonomers.

It should be understood that where there is no reference to the
polyunsaturated compound that can be used, the method of polymerization, the
amount of the catalyst system and the polymerization conditions, the same
description as the above embodiments are applicable.

The catalysts/methods of the subject innovation can in some instances
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lead to the production of poly-alpha-olefins including [CPs having xylene solubles
(X8) from about 0.5% to about 10%. In another embodiment, poly-alpha-olefins
having xylene solubles (X8) from about 1% to about 6% are produced in
accordance with the subject innovation. [n yet another embodiment, poly-aipha-
olefins having xylene solubles (XS) from about 2% to about 5% are produced in
accordance with the subject innovation. XS refers to the percent of solid polymer
that dissolves into xylene. A low XS% value generally corresponds to a highly
isotactic polymer (i.e., higher crystallinity), whereas a high XS% value generally
corresponds to a low isotactic polymer.

In one embodiment, the catalyst efficiency (measured as kilogram of
polymer produced per gram of catalyst per hour) of the catalyst system of the
subject innovation is at least about 10. In another embodiment, the catalyst
efficiency of the catalyst system of the subject innovation is at least about 30. In
yet another embodiment, the catalyst efficiency of the catalyst system of the
subject innovation is at least about 50.

The catalysts/methods of the subject innovation can in some instances
lead to the production of polyolefins including having melt flow rate (MFR) from
about 5 to about 250 g (10 min)'. The MFR is measured according to ASTM
standard D 1238.

MFR for synthesized polymers increases as the amount of hydrogen
increases (mole percent of hydrogen). Hydrogen response can be related to the
mean slope or mean value of a derivative of a plot of hydrogen amount versus
MFR of an olefin polymer formed over a functional range of hydrogen
concentration. One aspect of this invention relates to combining a first
organositicon compound having a high response as measured by change in MFR
as the mole percent of hydrogen varies with a second organosilicon compound
wfth a lower hydrogen response and higher activity than the first organosilicon
compound and high isotacticity (greater than 97% mmmm pentads with common
stereocenter), when employed individually. In one embodiment, the hyclrogen
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response of the first organosilicon compound is about 25% or more higher than
the hydrogen response of the second organosilicon compound. In another
embodiment, the hydrogen response of the first organosilicon compound is about
50% or more higher than the hydrogen response of the second organosilicon
compound. In yet another embodiment, the hydrogen response of the first
organosilicon compound is about 100% or more higher than the hydrogen
response of the second organosilicon compound. In one embodiment, the
highest activity of the second organosilicon compound ohserved over a functional
range of hydrogen concentration is about 25% or more higher than the highest
activity of the first organosilicon compound observed over a functional range of
hydrogen concentration. In another embodiment, the highest activity of the
second organosilicon compound observed over a functional range of hydrogen
concentration is about 50% or more higher than the highest activity of the first
organosilicon compound observed over a functional range of hydrogen
concentration. In another embodiment, the highest activity of the second
organosilicon compound observed over a functional range of hydrogen
concentration is about 200% or more higher than the highest activity of the first
organosilicon compound observed over a functional range of hydrogen
concentration.

The catalysts/methods of the subject innovation lead to the production
having a relatively narrow molecular weight distribution. In one embodiment, the
Mw/Mn of a polypropylene polymer made with the subject catalyst system is from
about 2 to about 8. In another embodiment, the Mw/Mn of a polypropylene
polymer made with the subject catalyst system is from about 3 to about 5.

The following examples illustrate the subject innovation. Unless otherwise
indicated in the following examples and elsewhere in the specification and
claims, all parts and percentages are by weight, all temperatures are in degrees’
Centigrade, and pressure is at or near atmospheric pressure.
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Examples

A commercially available catalyst, Lynx 1000 (BASF Corp., Florham Park,
NJ), was employed for all polymerization trials reported herein, Lynx 1000
catalyst contains approximately 1.6% by weight of Ti and 19.9% by weight of Mg;
the catalyst is supplied as a slurry in mineral oil containing 23.0% by weight of
the solid catalyst, Ziegler-Natta catalysts are sensitive to air and procedures
must be observed to avoid exposure fo oxygen. The external electron donors
are added to the other components of the catalyst immediately prior to
performance of the polymerization.

The catalyst charging procedure is designed such that the amount of
mineral oil or other liquid comprising the catalyst slurry (i.e, hexane or other non-
polar organic solvent) has minimal impact on the polymerization. The catalyst,
supplied as a mineral ofl slurry, is diluted with hexane In a glass vessel with a
Teflon® stopcock, where the stopcock has an inlet to allow a continuous purge
with nitrogen gas. The glass vessel serves as a catalyst charging device.

First, 1.5 mi of 25% triethyl aluminum (TEA) in hexane or simitar non-polar
solvent is injected into a 2 liter reactor at 55 °C, which is free from air and
moisture by a nitrogen purge. Second, the external donor is added to the 2 liter
reactor. The donor is diluted with hexane in a glass vessel purged with nitrogen
and designed to avoid contamination with oxygen and water. The precise
amount of dilution of the external donors is not critical provided that the external
donors are well dissolved, The external donors are then added to the 2 liter
reactor with either a syringe or a micropipete under a nitrogen blanket. The two
external donors can be added to the glass vessel, diluted and added to the
reactor separately in order to minimize the time for interaction between the two
separate external donors prior to their interaction with TEA. N-
diethylaminotriethoxysilane is added to the reactor prior to
diisopropyldimethoxysilane. Third, the Ti-containing catalyst is added to the 2L
reactor. 6.5 mg of Ti-containing catalyst in mineral oil (0.0301 mL) is added to
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the glass vessel with a Teflon® stopcock using a micropipette under a nitrogen
blanket and then pushed into the 2L reactor with a 45 g propylene stream. The
total propylene dose charged to the polymerization reactor is 140 g inclusive of
the 45 g or other amount of propylene used to push the Ti-containing catalyst into
the reactor,

Hydrogen gas is charged into the reactor by a continuous feed to achieve
a constant GC hydrogen response over the whole polymerization time; the value
of H»-GC is reported as an average mole percentage. At the point the Ti solid
catalyst component, organoaluminum compound and exiernal donors are
introduced to the reactor, prepolymerization occurs in the condensed liquid
phase. The temperature in the reactor is raised past the vaporization point of the
propylene monomer from about 8 to about 15 minutes after introduction of the
catalyst system and olefin monomer into the reactor. The polymerization of
propylene proceeds for 2 hours at 80 °C at a pressure of about 3.0 Mpa. Atthe
end of polymerization, the reactor is cooled down to 20 °C. The polypropylene is
completely dried in a vacuum oven.

The characteristics of polymer product and process of making are
summarized in Table 1 for the various polymetrization trials. The type of external
donor used is indicated where a mixture is indicated by mole percent of the total
moles of external donor used. For example, if 1 mmol of total external donor is
used, the ratio of 80:20 indicates that 0.8 mmol of the first external donor was
added followed by 0.2 mmol of the second external donor. Example 1 is
90:10/U-donor:P-donor and Example 2 is 80:20/U-donor:P-donor. Comparative
Example 1 employs U-donor; Comparative Example 2 employs P-donor; and
Comparative Example 3 employs C-donor. MFR refers to melt flow index, XS
refers to xylene solubles, and D refers to an average diameter of polymer product
on a 50% by volume basis as determined by a Malvern Instrument. U-donor is
N-diethylaminotriethoxysilane; P-donor is diisopropyldimethoxysilane (DIPDMS);
C-donor is cyclohexylmethyldimethoxysilane. D indicates the total amount of
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external donor added. The properties of high hydrogen response with improved
activity can be obtained by combining U-donor with any alkylsilane exhibiting
high activity and high isotacticity including combinations of U-donor and C-donor.
Typically, it is only necessary to replace about 5% of U-donor used as an |
external electron catalyst (a ratio of U-donor to alkylsilane of greater than about
19:1) to achieve the benefit of high hydrogen response and high activity.
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The data reported in Table 1 demonstrates that a mixture of U-donor and
P-donor (Examples 1 and 2) surprisingly has properties superior to either of U-
donor or P-donor {Comparative Examples 1 and 2) used individually. Further,
the catalytic properties of the mixtures of Examples 1 and 2 do not have
properties that represent a weighted average of individual properties. The trials
using Comparative Example 1 have an excellent hydrogen response. Using U-
donor as the only external electron donor, MFR increases from 17.8t0 231.5 g
10 min™* over the range of 0.35 to 3.09 mol. % hydrogen gas. However, overall
activity of the catalyst of Comparative Example 1 is low over the entire range of
0.35 to 3.09 mol. % hydrogen gas with values from 17 to 21.5 kg/(g-cat*hr). ltis
noted that in Comparative Example 2, the activity increases as the mole fraction
of hydrogen increases while in Comparative Example 1 the activity peaks and
then decreases as the mole fraction of hydrogen increases.

Comparative Example 2 exhibits a significantly lower hydrogen response
compared to Comparative Example 1. Comparative Example 2 requires a
hydrogen mole fraction of 7.6% to reach an MFR of 244.1 g (10 min)” whereas
Comparative Example 1 only requires a hydrogen mole fraction of 3.09% fo
reach a comparable MFR level of 231.5 g (10 min)™, That is, the hydrogen
response of Comparative Example 2 is less than half of the hydrogen response
for Comparative Example 1. However, Comparative Example 2 has higher net
catalytic activity at the lower end of the range of hydrogen mole fraction
employed in the trials, for example, 31.4 kg/(g-cat*hr) for a hydrogen mole
percentage of 1.65 or 2.19% compared to a maximum observed catalytic activity
of 21.5 kgf{g-cat*hr) for Comparative Example 1. It is noted that with
Comparative Example 2 the net catalytic activity decreases as the mole
percentage of hydrogen increases.

As will be discussed in greater detail below, the data reported in Table 1
demonstrates that including a small amount of P-donor in conjunction with U-
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donor vields a catalytic system with a hydrogen response profile about
comparable to U-donor (Comparative Example 1) used individually with greatly
improved net catalytic activity. For Example 1, maximum activity is observed
using a hydrogen mol. % of 1.08 with a net activity of 31.3 Kgpolymer/(Jeat™hr}). If
the system were to behave as a simple weighted average of a catalyst employing
U-donor {(Comparative Example 1) and a catalyst employing P-donor
(Comparative Example 2), the predicted net activity of the Example 1 system at
1.08 mol. % would be estimated to be approximately the sum of 0.9 x 21.1
KGpoymer/{geat*hir) (U-donor activity at 1.18 mol. % Hz) and 0.1 x 32.6
KSpoymer/(Qeat*hr) (P-donor activity at 1.44 mol. % Hy), or 22.3 kg/(g-cat*hr). The
actual observed het catalytic activity is 31.3 kgpolymer/(geat*hr), far above the
predicted activity. That is, including P-donor as a minor constituent with the
balance of electron donor added being U-donor yields a system wherein the net
catalytic activity is comparable to a system using 100% P-donor (Comparative
Example 2).

Even more remarkable is that including P-donor as a minor constituent of
the external donor in conjunction with U-donor yields a hydrogen response
superior to that of P-donor (Comparative Example 2) used alone. For example,
at a hydrogen mole fraction of 1.89% the Example 1 system yields an MFR of
55.1 g (10 min)”’ while P-donor used alone (Comparative Example 2) only yields
an MFR of 30.1 g*(10 min)" using a comparable hydrogen mole percentage of
2.19%.

The innovations disclosed herein are particularly directed to Ziegler-Natta
catalysts having excellent hydrogen response while maintaining net catalytic
activity at a level suitable for commercial use. In one embodiment, a catalytic
activity suitable for commercial use is a net catalytic activity of about 20
kQpotymer/(Jeat*hr) at @ pressure of about 3.0 Mpa or less. In another embodiment,
a catalytic activity suitable for commercial use is a net catalytic activity of about
25 Kgpolymer/(Qoat*hir) at a pressure of about 3.0 Mpa. In yet ancther embodiment,
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a catalytic activity suitable for commercial use is a net catalytic activity of about
30 Kgpoymer/(deat*hr) at a pressure of about 3.0 Mpa or less. Those skilled in the
art will readily recognize that catalyze reactions proceed at a rate that is
dependent upon the concentration of reactant species.

To illustrate the hydrogen response properties of the catalysts described
herein, the hydrogen response for the Examples shown in Table 1 is presented in
the Graph of Figure 4. As can be observed in Figure 4, the hydrogen response
(increase in MFR versus hydrogen mole percent) for U-donor used alone is
several-fold higher than P-donor used alone. For U-donor used in conjunction
with a minor amount of P-donor, the hydrogen response is intermediate between
U-donor and P-donor used alone; however, hydrogen response is at an
acceptable level and, as explained in Table 1, the catalytic activities of Examples
1 and 2 are at levels suitable for commercial use over the entire reported range
of hydrogen mole percent and MFR of olefin polymer produced.

Those skilled in the art will readily understand that the exact magnitude of
net catalytic activity and hydrogen response depends upon the exact pairing of Ti
solid catalyst component, organoaluminum component and external electron
donor combination. The hydrogen response for a polymerization reaction
proceeding at any mole percent of hydrogen can be described by the ratio
between MFR expressed in units of g (10 min)™ and mole percent of hydrogen in
the expressed in percent units. In one embodiment, the ratio of MFR expressed
in units of g (10 min)™ to the mole percentage of hydrogen expressed in percent
units is greater than about 14:1 when the mole percent of hydrogen is from about
0.2 to about 2%, the ratio of MFR expressed in units of g (10 min)™ to the mole
percentage of hydrogen expressed in percent units is greater than about 25:1
when the mole percent of hydrogen is from about 2 to about 3%, and the ratio of
MFER expressed in units of g (10 min)” to the mole percentage of hydrogen
expressed in percent units is greater than about 35:1 when the mole percent of
hydrogen is from about 3 to about 8%. [n another embodiment, the ratio of MFR

42



10

15

20

25

WO 2011/017283 PCT/US2010/044179

expressed in units of g (10 min)™ to the mole percentage of hydrogen expressed
in percent units is from about 14:1 to about 40:1 when the mole percent of
hydrogen is from about 0.2 to about 2%, the ratio of MFR expressed in units of g
(10 min)™ to the mole percentage of hydrogen expressed in percent units is from
about 25:1 to about 60:1 when the mole percent of hydrogen is from about 2 to
about 3%, and the ratio of MFR expressed in units of g (10 min)™ to the mole
percentage of hydrogen expressed in percent units is from 40:1 to about 70:1
when the mole percent of hydrogen Is from about 3 to about 6%.

In one embodiment, the MFR of the olefin polymer produced by the
catalytic system increases by a factor of at least about 2 over a range of
hydrogen mole percent from about 0.5 to about 1%. In another embodiment, the
MFR of the olefin polymer produced by the catalytic system increases by a factor
of at least about 2 over a range of hydrogen mole percent from about 1 to about
2%. In yet another embodiment, the MFR of the olefin produced by the catalytic
system increases by a factor of at least about 3 over a range of hydrogen mole
percent from about 2 to about 4%.

In one embodiment, the MFR of a polypropylene polymer produced by the
catalytic system is from about 15 to about 30 g (10 min)™" at an average
hydrogen mole percentage of about 1%. In another embodiment, the MFR of a
polypropylene polymer produced by the catalytic system is from about 25 to
about 30 g (10 min)~! at an average hydrogen mole percentage of about 1%. In
yet another embodiment, the MFR of a polypropylene polymer produced by the
catalytic system is from about 45 to about 70 g (10 min)™ at an average
hydrogen mole percent of about 2%. In still yet another embodiment, the MFR of
a polypropylene polymer produced by the catalytic system is from about 50 to
about 65 g (10 min)™ at an average hydrogen mole percent of about 2%. Ina
further embodiment, the MFR of a polypropylene polymer produced by the
catalytic system Is greater than about 120 g (10 min)™! at an average hydrogen
mole percentage of about 3.5%. In a further embodiment, the MFR ofa
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polypropylene polymer produced by the catalytic system is greater than about
140 g (10 min)" at an average hydrogen mole percent of about 3.5.

The advantageous catalytic properties described herein can be achieved
by employing a Ziegler-Natta catalyst employing at least two external electron
donors, wherein each of the at least two external electron donors used
individually with the Ziegler-Natta have a hydrogen response within a specified
range of the other external electron donor. That is, each of the at least two
external electron donors is selected based upon their performance when used
individually in polymerizing olefin monomers relative to the other external
electron donor used individually under identical reaction conditions. As
described above, the mole ratio of the at least two external electron donors can
range from about 1:1 to about 19:1, or other ranges as recited above, where the
ratios are expressed as a molar amount of the first external electron donor:molar
amount of the second external electron donor.

The first electron donor when used individually as a component of a
reference system produces a polyolefin having a meli flow rate of MFR(1). The
second electron donor when used individually as a component of a reference
system produces a poiyolefin having a melt flow rate of MFR(2). The term
“reference system,” as used herein and in the appended claims, refers to a set of
known components, reagents, and conditionhs for production a polyolefin useful
for comparing the performance of different external electron donors under
substantially identical conditions. That is, a “reference system” functions to
directly compare the hydrogen response of a first elactron donor with a second
electron donor using a substantially identical catalyst reagents, polyolefin
reagents, and reaction conditions. A reference system encompasses an organo-
aluminum compound, a solid Ti catalyst component, and an olefin or olefins.

The values of MFR(1) and MFR(2) are determined through use of either
the first external electron donor or the second external electron donor,
respectively, in combination with the reference system. That is, an olefin is
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polymetized into a polyolefin using the reference system combined with either
the first external electron donor or the second external electron doner has an
MFR of MFR(1) or MFR(2), respectively, for a particular average mole percent of
hydrogen gas. The firsi and second external electron donors are selected such
that MFR(1) and MFR(2) have values such that 0.5<log [MFR(1)/MFR(2)] <0.8,
where the mole fraction of hydrogen is from about 1 to about 10 mole percent
hydrogen gas in the polymerization reaction. In another embodiment, the
relationship between MFR(1) and MFR(2)} satisfies the relationship when the
average mole fraction of hydrogen is from about 1 to about & mole percent.
Table 2 shows the MFR of polypropylene produced by a Ziegler-Natta catalyst
system employing either U-donor (first external electron donor) or P-donor
(second external electron donor) as an external electron donor. As shown, the
value of log [MFR(1YMFR(2)] is in a range from about 0.5 to about 0.8. In
another embodiment, the value of log [MFR(1}/MFR(2)] is in a range from about
0.6 to about 0.75.

It is notable that the advantageous properties of the multidonor catalyst
systems described herein have a relationship between MFR(1) and MFR(2)
different from the disclosure of U.S. Patent 6,087,459 to Miro et al. Miro et al
appears to discuss a multidonor Ziegler-Natta system, wherein an electron donor
“a" and an electron donor “b” separately produce polyolefins satisfying the
equation 1.2<log [MFR(b)/MFR(a)] <1.4

Table 2: Log MFR ratios for U-donor and P-donor employed for
polymerizing propylene. Lynx 1000 ST (320307071) Polymerization Conditions:
120 min at 80°C, 3.0 MPa in gas phase., Order of components charging: 0.25
mmol TEA, 23 pm external donor (at 40°C; 0.1 MPa Ng), hydrogen (at 0.8 MPa);
catalyst charged into the pressurized reactor (2.1 MPa, 556°C).
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Avg.H, [ Log MFR(T)/MFR(2) MFR (1) | MFR (2)
Mole % (MFR(1YMFR(2)

1.18-1.44 | 0.56 3.64 61.2 16.8
1.63-1.65 | 0.67 4.66 95.1 204
2.19-2.44 1 0.75 5.60 168.7 30.1
3.09-3.69 | 0.60 3.98 231.5 58.2

Additional physical properties of selected olefin polymers produced from
5 the Examples described in Table 2 are shown in Table 3 (particle size
distribution), Table 4 (polymerization and viscosity), and Table 5 (isotacticity as
determined by NMR).

10

15

Table 3;: Lynx 1000 - U, P, C, U/P (90:10), U/P (80:20) - PSD data
20
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Polymerization in 2LC reactor {PSD dala)

Lynx 1900 87 [320307071)

Conditions: Polymerization 120 min at 80°C, 3.0 MPa In gas phass

Qreler of components chargiag:
TEA, ext. donar {at 40°C; 0.1 MPa N2), hydrojen {at 0.8 MPa);
Catalyst charged into the prassurized reastor (2.1 MPa, 657C)

[Z15)
Ref. MFR Lia] 41 43t d50 470 [-11) d57 <i00mis
No. 2N
gomin favcif e s ] | :aka] [saldll Qiat] &)

Lynx 1000 $T (32030707 1)
U-doner

HE24G2C-PSD 179 oo 399 508 608 737 84 1238 n.00

HE4TGIG-FSD 23i.6 328 333 65¢ [13:51] 784 1059 1324 2.0¢
L mixture £30;10)

HEZIG2C-PED 264 342 A8g 637 805 1024 1404 1703 0.00

HE4EB2C-FPED 2124 337 444 6581 B70 304 1084 1326 0,00
U/P mixfure {80:20}

H&32G2C-PsSD 18.3 azs 446 583 741 934 1297 1801 0.00

HESGG2C-PE0 184.5 348 456 677 gag 830 1098 1363 o.00
P.donor

HE3EO2C-PED 16.8 350 479 853 B26 1047 1428 $721 0.00

HE44G3C-PED 244.1 341 441 546 B35 754 a6 1166 .00
C-donor

RHe28Q02C-PED 20.41 REX] 458 625 791 {008 1395 1700 0.00

He42G2C-PED 212.8 327 422 $24 813 72 919 1143 0.00

In Table 3, d30 represents the size of particles (diameter) wherein 30% of
patticles are less than that size, d50 represents the size of particles wherein 50%
5 of particles are less than that size, etc. while no patticles have a diameter less
than 100 pm. Table 4 shows that the molecular weight (M) and viscosity of
polymers produced by the mixtures of U-donor and P-donor is intermediate to
either U-donor or P-donor used alone; however, the My, is closer to that of the
minor component P-donor. Table 5 shows that all external electron donors
10 produce polymers with high isotacticity, greater than 97% of olefin polymers
comprised of tetrads with identical stereocenter configuration.

15

Table 4: Lynx 1000 - U, P, C, U/P (80:10), U/P (80:20) - GPC data
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Polymerization in 2E C reactor (GPC data
Lynx 1000 ST (320307071}
Condifions:
Order of components charging:
TEA, ext, donor {ot 40°C; 04 MPa H2j, hydrogen (at 0.8 MPa);
Catalyst charged into the pressurized reactor (2.1 MPa, §6°C)

PCT/US2010/044179

Polymerzation 120 min at 80°C, 3.0 MPa [n gas phage

Ref, MFR Fin v Mz Miwriin Intrinslc viscosity
Mo, 21 H
J0 min (mlfgﬂG?C ]
Lynx 1000 ST [320307071)
Uedlonor
H¥243IC-GPC 17.9 60666 | 214860 | 513000 3,66 17441
He47E2C-GPC 231.5 736 134600 | 262700 316 128.7
LR myixture (90:10}
HB31G2C-GRC 26.4 49380 | 248550 | 691150 6.04 162,8
He4983C-GPC 2124 33685 | 443800 | 361350 4.27 97.1
WP mixtire (80:20)
HB32G2C.GFC 18.3 53406 | 283150 | 6871100 4.45 157.2
HEEOG2C-GPC 194.6 32610 | 146700 | 383600 4,53 98,7
Pdonor
H938G2C-GPC 16.8 E6130 | 284000 | 784050 619 168.9
HEd433C-GPC 244.1 36150 | 145860 | 361850 4.02 g2
C-donor
RHE2GEIC-GPC 2G.41 72615 | 260300 | 514000 3.69 156.8
HB48G20-6GPC 2428 36060 | 143360 | 328360 3.88 97.8
Table 5: Lynx 1000 - U, P, C, U/P (90:10), U/P (80:20) - NMR data
Lynx 1080 ST 32030707 1)
Condiilons: Patymerization 123 min 5t 80'2, 3.0 MPan gas phase
Order of companenls charglng:
TEA, exl. doner {at 407C; 0.1 P2 N2), bydrogen {28 0.3 MPa);
Calalysl ¢harged Inte the pressurlied reastor (2:1 MPa, 55°C)
Hef. MFR FEHTADS R TRIADS g mes
Re. 4H RUBRIM B e MOUT pImmba e T mm R mm rt m |mateegh
grnaen Lrei) Lrasy vty preti} tradt) ey res] [ ora] | (AN} pawn)  fwem)
b_r;ufm ST {330207071)
ﬁgfe:c 1.5 $7.64 Q.80 13 008 023 .00 Qa1 0.2 043 BB.27 672 0,45 328
HE4TE2D 2318 2772 0.68 a.12 .27 035 DAY 825 o271 83z 48.42 8.75 083 333
P milx e foab: 161
Hidtaag w4 4150 .85 q.12 0.37 0.8 .08 Q.23 o022 0836 3858 8.58 [E- 343
HEdea2e 2154 £8.14 0.58 0.13 0.23 0.23 0.08 2.4¢ £.23 230 $8.93 5,53 0464 354
WP ntixture (85:20)
HRdZ028 153 T Q7 .26 9,43 520 .05 .18 o.22 027 0.85 065 267 82
Pdﬁ::ig@‘.‘c 1985 57.62 .70 &47 0.35 023 1R 0.18 228 232 28.49 ©.73 73 218
HEzeQI0 %8 58,11 080 wis 033 .28 .04 014 o171 (1] ELEE 6,63 0.81 kL]
44020 2444 $8.02 068 &2 3,32 033 008 0.8 0.22 0.8 98.9% Q.71 049 287
Cd;{;g{o:c 041 .04 [} 0,20 0,74 026 005 022 023 [E o818 1.0t 031 )
BHEGIO 2123 ar.28 055 o144 Q.63 229 .08 0.42 D.22 033 £9.37 0.53 X3 205

Net catalytic activity reported in units of kQpoymer/(geat™hr) is calculated by

dividing the amount of olefin polymer produced (kg) by the mass of the Ti-based

catalyst without external electron donor (dca) and scaling the resulting value fo a
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time period of one hour. The amount of polymer produce is determined by
subtracting the amount of polymer computed to be formed in then condensed
phase prior te evaporation of olefin monomers from the total mass of polymer
recovered. At any particular point in the polymerization reaction, the
instantaneous reaction activity (Rp) of olefin polymer production varies.

With respect to any figure or numerical range for a given characteristic, a
figure or a parameter from one range may be combined with another figure or a
parameter from a different range for the same characteristic to generate a
numerical range.

Other than in the operating examples, or where otherwise indicated, all
numbers, values and/or expressions referring to guantities of ingredients,
reaction conditions, etc., used in the specification and claims are to be
understood as modified in all instances by the term "about."

While the invention has been explained in relation to certain embodiments,
it is to be understood that various modifications thereof will become apparent to
those skilled in the art upon reading the specification. Therefore, itis to be
understood that the invention disclosed herein is intended to cover such
maodifications as fall within the scope of the appended claims.
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CLAIMS

What is claimed is:
1. A catalyst system for polymerizing an olefin, comprising:

a solid titanium catalyst component comprising a titanium compound and
a support;

an organoaluminum compound having at least one aluminum-carbon
bond; and

at least two organostilicon compounds, wherein one of the at least two
organosilicon compounds has a structure according to Formula VI and another of
the at least two organosilicon compounds has a structure according to Formula
Vil

R15 R16
| ]

RM_?i_ITI_Rw VD
R R18

R22

RH-Si—R®
.

(ViD

where R'®, R, and R are independently one substituent selected from the
group consisting of alkyl substituents having from about 1 to about 10 carbon
atoms, alkoxy substituents having from about 1 to about 10 carbon atoms, and
aryl substituents having from about 1 to about 10 carbon atoms, R'¢, R", and R
are independently one substituent selected from the group consisting of alky!
substituents having from about 1 to about 10 carbon atoms, aryl substituents
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having from about 1 to about 10 carbon atoms, and hydrogen, and where R%,
R*' R??, and R? are independently one substituent selected from the group
consisting of alkyl substituents having from about 1 to about 10 carbon atoms,
and alkoxy substituents having from about 1 to about 10 carbon atoms; and
the mole ratio of the organosilicon compound of Formula VI to the
organosilicon compound of Formula VIl is from about 1:1 to about 19:1.

2. The catalyst system of claim 1, wherein the catalyst system has a property
that when the catalyst system is contacted with an olefin monomer, and at a
pressure of about 3.0 Mpa or less, the MFR of an olefin polymer produced by the
cataiytic system increases by a factor of at least about 2 as the hydrogen mole
percent is varied from about 0.5 to about 1% and net activity is about 20 kg/(g-
cat*h) or higher.

3. The catalyst system of claim 1, wherein the catalyst system has a property
that when the catalyst system is contacted with an olefin monomer, and at
pressure of about 3,0 Mpa or less, the MFR of the olefin polymer produced by
the catalytic system increases by a factor of at least about 3 over a range of
hydrogen mole percent from about 2 to about 4% and net activity is about 20
kg/(g-cat*h) or higher.

4. | The catalyst system of claim 1, wherein the catalyst system has a property
that when the catalyst system is contacted with an olefin monomer, and at a
pressure of about 3.0 Mpa or less, the MFR of the olefin polymer produced by
the catalytic system increases by a factor of at least about 2 over a range of
hydrogen mole percent from about 1 to about 2%.

5, The catalyst system of claim 1, wherein the mole ratio of the organosilicon
compound of Formula VI to the organosilicon compound of Formula VI is from
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about 4:1 to about 19:1.

8. The catalyst system of claim 1, wherein the mole ratio of the organosilicon
compound of Formula V! to the organosilicon compound of Formula VIl is from
about 2.3:1 to about 19:1.

7. The catalyst system of claim 1, wherein the mole ratio of the organosilicon
compound of Formula VI to the organosilicon compound of Formula VI is from
about 1:1 to about 19:1.

8. The catalyst system of claim 1, wherein the catalyst system is in a slurry
form or in a dry form.

9. The catalyst system of claim 1, wherein the organoaluminum compound is
one or more selected from the group consisting of Formula (IV) and Formula (V):
R 'AIOR ) HpXq! (1V),
M AR (V);
where RY and R'?, independently, are a hydrocarbon group having from 1 to
about 15 carbon atoms, X' represents a halogen atom, 0<q<3, 0»p<3, 0»n<3,
O<r<3,andm+n+p+q=3; and
whersin M’ is selected from the group consisting of Li, Na or K, and R",

10. A catalyst system for polymerizing an olefin to form a polyolefin,
comprigsing:

a Ziegler-Natta catalyst; and

at least two organosilicon compounds, wherein one of the at least two
organosilicon compounds has a structure according to Formula VI and another of
the at least two organosilicon compounds has a structure according to Formula
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VI
R‘Iﬁ R16
L

RM—?E_ITIM—RW oD
R13 R1B
R22

RH-Si—R® Vi
éZO

where R™, R™, and R'® are independently one substituent selected from the

_ group consisting of alkyl substituents having from about 1 to about 10 carbon

atoms, alkoxy substituents having from about 1 to about 10 carbon atoms, and
aryl substituents having from about 1 to about 10 carbon atoms, R'®, R, and R™
are independently one substituent selected from the group consisting of atkyl
substituents having from about 1 to about 10 carbon atoms, aryl substituents
having from about 1 to about 10 carbon atoms, and hydrogen, and where R*,
R?', R?, and R% are independently one substituent selected from the group
consisting of alkyl substituents having-from about 1 to about 10 carbon atoms,
and alkoxy substituents having from about 1 to about 10 carbon atoms, and
wherein the catalyst system has a property that when the catalyst system
is contacted with an olefin monomer, and at pressure of about 3.0 Mpa or less,
the ratio of MFR for the polyolefin expressed in units of g (10 min)! to the mole
percentage of hydrogen expressed in percent units is greater than about 14:1.

11.  The catalyst system of claim 10, the ratio of MFR for the polyolefin
expressed in units of g (10 min)~! to the mole percentage of hydrogen expressed
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in percent units is greater than about 25:1.

12.  The catalyst system of claim 10, the ratio of MFR for the polyolefin
expressed in units of g (10 min)” to the mole percentage of hydrogen expressed
in percent units is greater than about 35:1

13. A method of making a polyolefin, comprising:

contacting an olefin with a catalyst system comprising a solid titanium
catalyst component, the solid titanium catalyst component comprising a titanium
compound and a support; and at least two organosilicon compounds, wherein
one of the at least two organosilicon compounds has a structure according to
Formula VI:

R15 R16
|

R#-Si—N—RY (VD
bia thes

where R, R, and R" are independently one substituent selected from the
group consisting of alkyl substituents having from about 1 to about 10 carbon
atoms, alkoxy substituents having from about 1 to about 10 carbon atoms, and
aryl substituents having from about 1 to about 10 carbon atoms, R'®, R", and R"®
are independently one substituent selected from the group consisting of alkyt
substituents having from about 1 to about 10 carbon atoms, aryl substituents
having from about 1 to about 10 carbon atoms, and hydrogen, and

wherein the ratio of MFR for the polyolefin expressed in units of g (10
min)” to the mole percentage of hydrogen in percent units is greater than about
14:1 when the mole percent of hydrogen is from about 0.2 to about 2%, the ratio
of MFR for the polyolefin expressed in units of g (10 min)™" to the mole
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parcentage of hydrogen expressed in percent units is greater than about 25:1
when the mole percent of hydrogen is from about 2 to about 3%, and the ratio of
MFR for the polyolefin expressed in units of g (10 min)™ to the mole percentage
of hydrogen expressed in percent units is greater than about 35:1 when the mole
percent of hydrogen is from about 3 to about 6%.

14.  The method of claim 13, whersin net activity is about 20 kg/(g-cat*h) or
higher,

15. The method claim 14, wherein another of the at least two organosilicon
compounds has a structure of Formula VII:

R22
Rer-Si—R
IIQZD

(VID

where R R?' R? and R* are independently one substituent selected from the
group consisting of alkyl substituents having from about 1 to about 10 carbon
atoms, and alkoxy substituents having from about 1 to about 10 carbon atoms.

16.  The method of claim 14, wherein the mole ratio of the organosilicon
compound of Formula Vi to the organosilicon compound of Formula VIi is from
about 1:1 to 19:1.

17.  The method of ¢claim 14, whersin the mole ratio of the organosilicon
compound of Formula VI to the organosilicon compound of Formula VI is from
about 4:1 fo 19:1.
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18. The method of claim 14, wherein the mole ratio of the organosilicon
compound of Formula VI to the organosilicon compound of Formula Vi is from
about 2.3:1 to about 19:1.

19.  The method of claim 13, wherein the isotacticity of the polyolefin is
characterized by mmmm pentads having identical stereocenters forming at least
87% of the polyolefin.

20. The method of claim 13, wherein the olefin comprises propylene.

21.  The method of claim 13, wherein the olefin contacted with the catalyst
system is in one or more of a gaseous phase and a liquid phase.

22. A multidonor catalyst system for polymerizing an olefin, comprising:

a solid titanium catalyst component comprising a titanium compound and
a support;

an organoaluminum compound having at least one aluminum-carbon
bond;

a first external electron donor and a second external electron donor,
wherein the first external electron donor combined with a reference system for
polymerizing an olefin produces a first polyolefin having a melt flow rate of
MFR(1), and the second electron donor combined with the reference system for
polymerizing an olefin produces a second polyolefin having a melt flow rate of
MFR(2), where the reference system comprises the solid titanium catalyst and
the organoaluminum compound,

wherein the molar amount of the first external electron donor present in
the multidonor catalyst system is greater than the molar amount of the second
external electron donor present in the multidonor catalyst system, and
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the value of log [MFR(1)/MFR(2)] is from about 0.5 to about 0.8,

23.  The multidonor catalyst system of claim 22, wherein the first external
electron donor has a structure of Formula V! and the second external electron
donor has a structure of Formula VII;

Ri5 R16
|

RMH?E—FT!—RW 1)
R R18

R22
R¥-Si—R®
F|220

(VID)

where R', R', and R'® are independently one substituent selected from the
group consisting of alkyl substituents having from about 1 to about 10 carbon
atoms, alkoxy substituents having from about 1 to about 10 carbon atoms, and
aryl substituents having from about 1 to about 10 carbon atoms, R, R", and R
are independently one substituent selected from the group consisting of alkyl
substituents having from about 1 to about 10 carbon atoms, aryl substituents
having from about 1 to about 10 carbon atoms, and hydrogen, and where R,
R?! R% and R? are independently one substituent selected from the group
consisting of alkyl substituents having from about 1 to about 10 carbon atoms,
and alkoxy substituents having from about 1 to about 10 carbon atoms.
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24.  The multidonor catalyst system of claim 23, wherein the mole ratio of the
first external electron donor to the saecond exiernal electron donor is from about
1:1 to about 19:1.

25.  The multidonor catalyst system of claim 23, wherein the mole ratio of the
first external electron donor to the second external electron donor is from about
4:1 to about 19:1.

26. The multidonor catalyst system of claim 23, wherein the mole ratio of the
first external electron donor to the second external electron donor is from about
2.3:1 to about 19:1.
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