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SELF-LIMITING CATALYST COMPOSITION WITH NQO SILANE

REFERENCE TO RELATED APPLICATIONS
{00011 This application claims the benefit of U.S. Provisional Application
MNo. 60/957,911, filed on August 24, 2007; which application is fully incorporated herein by

reference,
BACKGROUND

{3002} The present disclosure relates to  stercosclective  Ziegler-Naita  catalyst

compositions for use in polymerization reactions and propylence polymerization in particular.

[0003] It is known to incorporate a silane composttion such as an alkoxysilane info a
Zlegler-Natta catalyst system in order to improve selectivity and isotacticity control. Such
selectivity control agenis may further include an activity limiting agent such as an aromatic
carboxylic acid ester to provide the catalyst system with a self-limiting property. However, it
would be desirable to develop a self-limiting Ziegler-Natta catalyst system with improved

catalyst activity and improved siercoselectivity that does not require an alkoxysilane,

SUMMARY

100047 The present disclosure is directed to s catalyst composition with high catalyst
activity and high stereoselectivity, that is self-extinguishing and does not contain silane, The
present catalyst composition further vields a polypropylene bomopolymer with high

isotacticity, or a propylene containing polymer.

10005] In an embodiment, the catalyst composition includes one or more Ziegler-Natta
procatalyst compositions having one or more fransition metal compounds and an internal
electron donor, one or more aluminum containing cocatalysts, and a selectivity control agent
(8CA). The SCA is a mixture of an activily limiling agent (ALA)} and a seleciivity
determining agent (8DA). In an embodiment, the ALA is a carboxylic acid ester and the

SDA is a non-silane composition. The catalyst composition is selfeextinguishing.
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{0006] In an embodiment, the internal electron donor may be a diether composition, a
succinate composition, a diol ester, or an aromatic dicarboxylic acid ester. The internal

electron donor and the non-stlane composifion may be the same or different.

{0007] The carboxylic acid ester may be an aromatic carboxylic acid ester, an aliphatic
acid ester, or a fatty acid ester. In an embodiment, the carboxylic acid ester is ethyl p-
ethoxybenzoate. The non-silane composition may be a diether composition, a succinate
composiiion, or a piperidine composition. Nonlimiting examples of suitable SCAs include a
mxture of ethyl peethoxy benzoate (ALA) and 2,2,66-tetramethylpiperidine (SDA); a
mixture of diethyl 2 3-diisopropylsuccinate (SDA) and an aliphatic ester (ALA); and a

mixture of 2,2-di-iso-butyi-1,3-dimethoxypropane (SDA) and an aliphatic ester (ALA).

FO008] The present disclosure provides another catalyst composition. In an
embodiment, the catalyst composition includes one or more Ziegler-Nafta procatalyst
compositions having one or more {ransition metal compounds and an internal electron donor,
otie or more aluminum containing cocatalysts, and a selectivity control agent (SCA). The
SCA is a mixture of a non-ester composition (ALA)Y and a non-silane composition {SDA).

The catalyst composition is self-extinguishing,

{00097 In an embodiment, the non-ester composition is a diether composition such as 2,2-
di-iso-butyl-1,3-dimethoxypropane (ALA). A nonlimiting example of the SCA is a mixture

of 2,2,6,6-tetramethylpiperidine (SDA) and 2,2-di-iso-butyl-1,3-dimethoxypropane (ALA).

00010}  The present disclosure provides another catalyst composition. In an embodiment,
the catalyst composition includes one or more Ziegler-Natta procatalyst compositions having
one or more transition metal compounds and an internal electron donor, one or more
aluminum containing cocatalysts, and a selectivity conirol agent (SCA). The SCA is a
mixture of a first non-silane composition (SDA) and a second non-silane composition {(SDA}

The catalyst composition is sclf-extinguishing.

f000117 In an  embodiment, the first non-silane composition is 2,2,6,6-

tetramethylpiperidine  and the sscond non-silane composition is  diethyl  2,3-
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diisopropylsuccinate or 2,2-diisobutyl-1,3-dimethoxypropane. In a further embodiment, the
SCA may include an activity limiting agent. The ALA may be the same or different than the

first non-silane composition and/or the second non-silane composition.

{00012} The present disclosure provides another catalyst composition. In an embodiment,
the catalyst composition includes one or more Ziegler-Natta procatalyst compositions having
one or more iransition metal compounds and an internal election donor, ope or more
aluminum containing cocatalysts, and a selectivity control agent (8CA). The SCA is a
mixture of a poly (alkene glycol) ester and a non-silane composition.  The catalyst

composition is self-extinguishing,
{00013]  In an embodiment, the poly (alkene glvcol) ester is a fatty acid ester.

(0001417 In an embodiment, the non-silane composition is a diether composiiion, a
succinate composition and/or a piperidine composition. o another embodiment, the molar

ratio of aluminum to total SCA is from about 100:1 to about 0.5:1.

[00015]  In an embodiment, any of the catalyst compositions disclosed herein may include

a molar ratio of aluminum o total SCA from 0.5:1 to 4:1.

{00016]  An advantage of the present disclosure is the provision of an improved catalyst

composition.

{00017]  An advantage of the present disclosure is the provision of a catalyst composition

with improved stereosclectivity,

[00018]  An advantage of the present disclosure is the provision of a catalyst composition

with improved productivity,

{00019 An advantage of the present disclosure is the provision of a sell~extinguishing

catalyst composition that is free of silicon and/or free of a silane composition.

1000207  An advantage of the present diselosure is the provision of a polymerization

process with reduced reactor fouling and reduced polymer agglomeration.
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(000211 An advantage of the present disclosure is the production of a propylene containing

polymer with high isotacticity and low xylene soluble conient,

[00022]  An advantage of the present disclosure is g catalyst composition that provides a

low odor or an odor-free propylene-based polymer.

DETAILED DESCRIPTION

[00023]  Any numerical range recited herein, includes all values from the lower value and
the upper value, in increments of one unit, provided that there is g separation of at least two
units between any lower value and any higher value, As an example, if if is stated thal a
compositional, physical or other property, such as, for example, molecular weight, melt
index, ete., is from 100 to 1,000, it 1¢ intended that all individual values, such as 100, 101,
102, ete., and sub ranges, such as 100 to 144, 155 10 170, 197 to 200, ete., are expressly
enumerated in this specification. For ranges containing valoes which are less than one, or
containing fractional numbers greater than one (¢.g., 1.1, 1.5, stc.}, one unit 18 considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less
than ten {e.g., 1 to 5), one unit is typically considered to be 0.1, These are only examples of
what is specifically intended, and all possible combinations of numerical values between the
lowest value and the highest value enumerated, are to be considered fo be expressly stated in
this application. Numerical ranges have been recifed, as discussed herein, in reference to

density, weight percent of component, tan delta, molecular weights and other properties.

[00024]  The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decomposition products formed

from the materials of the composition.

[000257  The term "polymer,” as used herein, refers o a polymeric compound prepared by
polymerizing monomers, whether of the same or a different type. The generic term polymer
thus embraces the term homopolymer, usually employed to refer to polymers prepared from

only one type of monomer, and the term interpolymer as defined hereinafter.
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[00026]  As discussed above, the term “interpolymer,” as used herein, refers to polymers
prepared by the polymerization of at least two different types of monomers. The generic term
interpolymer thus includes copolymers, usually employed to refer to polymers prepared from
two different types of monomers, and polymers prepared from more than two different types

of monomers.

(000271  The terms “blend” or “polymer blend,” as used herein, mean a composition of two
or more polymers, Such a blend may or may not be miscible. Such a blend may or may not
be phase separated. Such a blend may or may not contain one or more domain

configurations, as determined from transmission electron spectroscopy.

[00028] The opresent catalyst composition containg a Ziegler-Natta procatalyst
composition, a cocatalyst, and a selectivity control agent (SCA), ¢ach of which shall be
discussed in detail below. Any conventional Ziegler-Natta procatalyst may be used in the
present catalyst composition as is commonly known in the art. In an embodiment, the
Zisgler-Natta procatalyst composition contains a transition metal compound and a Group 2
metal compound. The transition metal compound may be a solid complex derived from &
transition metal compound, for example, titanium-, zirconiunm-, chromium- or vanadium-

hydrocarbyloxides, hydrocarbyls, halides, or mixtures thereotf.

[000297  The transition meial compound has the general formula TrX, where Tr is the
transition metal, X is a halogen or a Cy.30 hydrocarboxyl or hydrocarbyl group, and x is the
number of such X groups in the compound in combination with a Group 2 metal compound.
Tr may be a Group 4, 5 or 6§ metal. In an embodiment, Tr is a Group 4 metal, such as

titaniwm, X may be chloride, bromide, Cy.¢ alkoxide or phenoxide, or a mixture thereof. In

an embodiment, X is ¢chloride,

(000301 Wonlimiting examples of suitable transition metal compounds that may be used to
form the Ziegler-Natia procatalyst composition are TiCly, ZrCly, TiBr, TiCh, THOC,Hg:CL
Zr(OCH: )T THOGH By,  THOCH hChHTH{OCH:LChL,  Zr{OCHRChL,  and
THOCHOChL, Mixtures of such fransition metal compounds may be used as well. No

restriction on the number of transition metal compounds is made as long as at least one
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transition metal compound s present, In an embodiment, the transition metal compound is a

titanium compound,

000311  Nonlimiting examples of suitable Group 2 metal compounds include magnesium
halides, dialkoxymagnesiums, alkoxymagnesium  halides, magnesivm  oxyhalides,
dialkvlmagnesiums, magnesium oxide, magnesium hydroxide, and carboxylates of

magnesinm. n an embodiment, the Group 2 metal compound is magnestun dichloride.

[00032]  In a further embodiment, the Ziegler-Natia procatalyst composition is a mixture of
titanium moicties supported on or otherwise dertved from magnesium compounds.  Suifable
magnesium  compounds  include anhydrous magnesium  chiloride, magnesium chlonde
adducts, magnesium dialkoxides or aryloxides, or carboxyvlated magnesium dialkoxides or
arvioxides. Tn an embodiment, the magnesium compound is 2 magnesium di{Cy.jalkoxide,

such as dicthoxymagnesium.

[00033]  Nonlimiting examples of suitable titanium moieties inchude titamum alkoxides,
titanium aryloxides, and/or titaniurn halides. Compounds used to prepare the Ziegler-Natta
procatalyst composition include one or more magnesium-di{Cy.4jalkoxides, magnesium
dihalides, magnesium alkoxyhalides, or mixtures thereof and one or more titanium tetra{Cr.q)

alkoxides, titanium tetrahalides, titanium{Cpalkoxyhalides, or mixtures thereof.

[00034] A precursor composition may be used to prepare the Ziegler-Natta procatalyst
composition as is commonly known in art.  The precursor composition may be prepared by
the chlorination of the foregoing mixed magnesium compounds, titanium compounds, or
mixiures thereof, and may inveive the use of one or more compounds, referred to as
"clipping agents”, that aid in forming or solubilizing specific compositions via a solid/solid
metathesis.  Nonlimiting exaroples of suitable clipping agents inclnde tnalkylborates,

especially tricthyiborate, phenolic compounds, especially cresol, and silanes.

(000351 In an embodiment, the precursor composition is a mixed magnesivm/titagium
corapound of the formula MggTH{OR )X wherein R, is an aliphatic or aromatic hydrocarbon
radical having 1 to 14 carbon atoms or COR' wherein R' 18 an aliphatic or aromatic

hydrocarbon radical having 1 to 14 carbon atoms; each OR, group is the same or different; X
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is independently chlorine, bromine or lodine; d is 0.5 t0 56, or 2-4; or 3; {is 2-116, or 5-15;
and g is 0.5-116, or 1-3, or 2. The precursor may be prepared by controlled precipitation
through reroval of an alcchol from the reaction mixture used in ifs preparation. In an
embodiment, the reaction medium comprises a mixture of an aromatic bguid, especially a
chlorinated aromatic compound, such as chlorobenzene, with an alkanol, especially ethanol,
and an inorganic chlorinating agent. Suitable inorganic chlorinating agents include chlorine
derivatives of silicon, aluminum and titanium, such as tilanium tetrachloride or titanium
trichloride, and titanium tetrachloride in particular. Removal of the alkanol from the solution
used in the chlorination, results in precipitation of the solid precursor, having a desirable
morphology and surface area. Moreover, the resulting precursor is pariicularly uniform
particle sized and resistant o particle crumbhing as well as degradation of the resulting

procatalyst.

[00036]  The precursor is next converted to a solid procatalyst by further reaction
(halogenation) with an inorganic halide compound, preferably a titanium halide compound,
and incorporation of an internal electron donor. I not already incorporated into the precursor
in sufficient guantity, the eleciron donor may be added separately before, during or after
halogenation. This procedure may be repeated one or more times, optionally i the presence
of additional additives or adjuvanis, and the final solid product washed with an aliphatic
solvent. Any method of making, recovering and storing the solid procatalyst is suitable for

use in the present disclosure.

(000371 One suitable method for halogenation of the precursor is by reacting the precursor
at an elevated temperature with a tetravalent titanium halide, optionally in the presence of a
hydrocarbon or halohydrocarbon diluent. The preferred tetravalent titanivm halide is titanium
tetrachloride. The optional hydrocarbon or halohydrocarbon solvent employed in the
production of olefin polymerization procatalyst preferably contains up to 12 carbon atoms
inclusive, or up to 9 carbon afoms inclusive. Exemplary hydrocarbons include pentane,
octane, benzene, toluene, xylene, other alkylbenzenes, and decahydronaphthalene.
Exemplary aliphatic halohydrocarbons include methylene chioride, methylene bromide,
chloroform, carbon tetrachioride, 1.2-dibromosthane, 1.1,2-trichioroethane,

trichlorocyclohexane, dichlorofluoromethane and tetrachlorooctane.  Exemplary aromatic
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halohydrocarbons  include  chiorobenzene, bromobenzene, dichlorobenzenes and
chiorotolaenes. The aliphatic halohydrocarbon may be a compound conlaining at least two
chloride substituents such as carbon tetrachioride or 1,1,2-trichloroethane. The aromatic

halohydrocarbon may be chlorobenzene or o~-chlorotohuene,

{00038} The halogenation may be repeated one or more times, optionally accompanied by
washing with an inert lignid such as an aliphatic or aromatic hydrocarbon or
halohydrocarbon between halogenations and following halogenation. Further optionally one
or more extractions involving contacting with an inert hiquid diluent, especially an aliphatic
or aromatic hydrocarbon or halohydrocarbon, especially at an elevated temperature greater
than 100°C, or greater than 110°C, may be employed io remove labile species, especially

TiCh.

[00039]  In an embodiment, the Ziegler-Natia procatalyst composition  includes a solid
catalyst component obtained by (i) suspending a dialkoxy magnesivm in an aromatic
hydrocarbon or halohydrocarbon that is Hguid at normal terperatures, (i) contacting the
dialkoxy magnesium with a titanium halide and further (i) contacting the resulting
composition a second time with the tiianium halide, and contacting the dialkoxy magnesium
with a diester of an aromatic dicarboxylic acid at some point during the treatment with the

fitanium halide in (1),

[00040] In an embodiment, the Ziegler-Natia procatalyst composition includes a solid
catalyst component obtained by (1) suspending a mixed magnesium/titanium compound of
the formula Mgy TIOR3, in an aromatic hydrocarbon or halohydrocarbon that is liquid at
normal femperatures, (i) contacting the dialkoxy magnesium with a titaniom halide and
contacting the dialkoxy magnesium with a diester of an aromatic dicarboxylie acid at some

point during the freatment with the tianium halide in (i)

[00041]  The Ziegler-Natta procatalyst composition includes an internal electron donor.
The internal clectron donor provides tacticity conirol and catalyst crystallite sizing.
Nonlimiting examples of suitable internal electron donors include succinates, diethers, diol

esters, and aromatic dicarboxylic acid esters.
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[00042] In an embodiment, the dicther is a dialkyl di-ether compound and is represented

by the following formula,

r!

RIQ—— CH, C CH, OR?

Rz

[00043]  wherein R' to R* are independently of one another an alkyl, aryl or aralkyl group
having up to 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17
heteroatom, snd R} and R® may be a hydrogen atom. The dialkylether may lnear or
branched, and may include one or more or more of the following groups: alkyl
cycloaliphatic, aryl, alkylaryl or arylalkyl radicals with 1-18 carbon atoms, and hydrogen.
Nonlimiting examples of suitable dialkyl diether compounds include dimethy! diether,
diethyl diether, dibuty! diether, methyl ethyl diether, methyl butyl diether, methyl cyclohexyl
diether, 2,2-dimethyl-1,3-dimethoxypropane, 2,2-dicthyl-1,3-dimethoxypropane, 2,2-di-n-
butyl-1,3-dimethoxypropane, 2,2-diisobutyl-1,3-dimethoxypropane, 2Z-ethyl-2-n-butyl-1,3-
dimethoxypropane,  2-n-propyl-2-cvclopentyl-1,3-dimethoxypropane,  2,2-dimethyl-1,3-
diethoxypropane and 2-n-propyl-2-cyclohexyl-1,3-diethoxypropane.  2-(Z-ethylhexyl)-1,3-
dimethoxypropane, 2-isopropyl-1,3-dimethoxypropane, 2-n-butyl-1,3-dimethoxypropane, 2-
sec-butyl-1,3-dimethoxypropane, 2-cyclohexyi-1,3-dimethoxypropane, 2-phenyi-1,3-
diethoxypropane, 2-cumyl-1,3-diethoxypropane, 2-(2-phenyliethyh)-1,3-dimethoxypropane,
2-(2-cyclohexylethyl)-1,3-dimethoxypropane, 2-(p-chlorophenyl}-1,3-dimethoxypropane, 2~
{diphenylmethyl}-1,3-dimethoxypropane, 2-{1-naphthyl)-1,3-dimethoxypropane, 2,2~
fluorophenyl)-1,3~-dimethoxypropane, 2-(1~-decahydronaphthyl)-1,3-dimethoxypropane, 2-(p-
t-butylphenyi)-1,3-dimethoxypropane,  2,2-dicyclohexyl-1,3~dimethoxypropane, 2,2-di-n-
propyl-1,3-dimethoxypropane,  2-methyl-2-n-propyl-1,3-dimethoxypropane, 2-methyl-2-
benzyl-1,3-dimethoxypropane,  2-methyl-2-ethyl-1,3-dimethoxypropane,  Z-methyl-2-n-

propyl-1,3-dimethoxypropane,  2-methyl-2-phenyl-1,3-dimethoxypropane,  Z-methyl-2-
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cyclohexyi-1,3-dimethoxypropane,  2,2-bis{p-chlorophenyl)-1,3-dimethoxypropane,  2,2-

bis(2-cyclohexylethyl}-1,3-dimethoxypropane, 2-methyl-2-isobutyl-1,3-dimethoxypropane,

2-methyl-2-(2-cthylhexyl}-1,3-dimethoxypropane, 2-methyl-2-isopropyi-1.3-
dimethoxypropane, 2,2~-diphenyl-1,3~dimethoxypropane, 2,2-dibenzyl-1,3-
dimethoxypropane, 2,2-bis(cyclohexylmethyi}-1,3-dimethoxypropane, 2,2-diisobutyl-1,3-
diethoxypropane, 2,2-ditsobutyl-1,3-dibutoxypropane, 2-isobutyl-2-isopropyl-1,3-
dimethoxypropane, 2,2-di-sec~butyl-1,3-dimethoxypropane, 2,2-di-tert-butyl-1,3-

dimethoxypropane, 2,2-dincopentyl-1,3-dimethoxypropane, 2-isopropyl-2-isopentyl-1,3-
dirnethoxypropane, 2-phenyl-2-benzyl-1,3-dimethoxypropane, 2~cyclohexyl-2-
cyclohexylmethyl-1,3-dimethoxypropane, 2-isopropyl-2~(3,7-dimethyljoctyl-1,3-
dimethoxypropane, 2,2-ditsopropyl-1,3-dimethoxypropane, 2-isopropyl-2-cyclohexylmethyl-
1,3~-dimethoxypropane, 2,2-diisopentyl-1,3-dimethoxypropane, 2-isopropyl-2-cyclohexyl-
1,3-dimethoxypropane, 2-isopropyl-2Z-cyclopentyl-1,3-dimethoxypropane, 2,2-dicylopeniyl-
1,3-dimethoxypropane, 2-n-heptyl-2-n-pentyl-1,3-dimethoxypropane, 9,9-
bis{methoxymethyDfluorene, and 1-ethoxy-2-n-pentoxybenzene. In an embodiment, the

internal electron donor is 1-ethoxy-2-n-pentoxybenzene.

(000441  In an embodiment, the internal donor is a succinate composition. The succinate
composition may include one or more of the following groups: linear or branched alkyl,
alkenyl, cycloalkyl, arvl, arylalkyl or alkylaryl group, optionally containing heteroatoms.
One or more ring structures can be formed via one or both 2- and 3-postiion carbon atom.
Nonlimiting examples of suitable succinates include diethyl 2 3-bis(trimethylsilylisuccinate,
diethyl 2,2-see-butyl-3-methylsuccinate, diethyl 2-(3.3,3-trifluoropropyl)-3-methylsuccinate,
diethyl 2,3-bis(2-cthylbutyDsuccinate, diethyl 2,3-diethyl-Z-isopropylsuccinate, diethyl 2,3-
diisopropyl-2methylsuccinate, diethyl 2,3-dicyclohexyl-2-methylsuccinate, diethyl 23-
dibenzylsuccinate, diethyl 2,3-diisopropylsuccinate, diethyl 2,3-bis(cyclobexylmethyl)
succinate, diethyl 2,3-di-t-butylsuccinate, diethyl 2,3-diisobutylsuccinate, diethyl 2,3-
dineopentylsuccinate, diethyl 2,3-diisopentylsuccinate, diethyl 2,3-di{l-trifluoromethylethyl)
succinate, diethyl 2,3-di(9-fluorenylisuccinate, diethyl 2-isopropyl-3-isobutylsuccinate,
diethyl 2-t-butyl-3-isopropylsuccinate, diethyl 2-isopropyl-3-cyclohexylsuccinate, diethyi 2-
isopeniyi-3-cyclohexylsuccinate, diethyl Z-cyclohexyl-3-cyclopentylsuccinate, diethyl

2,2,3,3-tetramethylsuccinate, diethyl 2,2,3,3-tetracthylsuccinate, dicthyl 2,2,3.3-ietra-n-
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propylsuccinate, diethyl 2,3-diethyl-2 3-diisopropylsuccinate, diisobutyl 2,3~
bis(trimethylsilylisuccinate, diisobutyl 2-sec-butyl-3-methylsuccinate, diisobutyl 2-(3,3,3-
trifluoropropyl}-3- methylsuccinate, ditsobutyl 2,3-bis(2-ethylbutyl)succinate, ditsobutyl 2,3-
diethyl-2-isopropylsuccinate, diisobutyl 2,3-diisopropyl-2-methylsuccinate, diisobutyl 2,3-
dicyclohexyl-Z-methylsuccinate,  diisobutyl  2,3-dibenzylsuccinate,  diisobutyl  2,3-
diisopropylsuccinate, diisobutyl 2,3-bis-(cyclohexylmethylsuccinate, diisobutyl 2,3-di-t-
butylsuccinate, diisobutyl 2,3-diisobutylsuccinate, diisebatyl  2,3-dineopentylsuccinate,
diisobutyl 2, 3-diisopentylsuccinate, diisobutyl 2,3-di(}, I, Irifluoro-2-propybsuccinate,
dizsobutyl  2,3-n-propylsuccinate, diisobutyl 2,3-di(®-fluorenylisuccinate, diisobutyl 2-
isopropyl-3-iscbutylsuccinate, diisobutyl 2-tert-butyl-3-isopropylsuccinate, diisobutyl 2-
isopropyl-3-cyclohexvylsuccinate, diisobutyl 2-isopentyl-3-cycichexylsuccinate, diisobutyl 2-
n-propyi-3(cyclohexyimethylsuccinate, diisobutyl 2-cyclohexyl-3-cyclopentylsuccinate,
diisobutyl 2,23, 3-tetramethylsuccinate, diisobutyl 2,2,3,3-tetraethylsuccinate, ditsobutyl
2,2,3 3-tetra-n-propylsuccinate, diisobutyl 2,3-dicthyl-2,3-diisopropylsuccinate, dineopentyl
2,3-bis(trimethylsilyDsuccinate, dineopenty! 2,2-di-sec-butyl-3-methylsuccinate, dineopentyl
2-(3,3,3-trifluoropropyl)-3-methylsuccinate, dineopentyl 2,3-bis  (2-ethylbutyllsuccinate,
dineopentyl 2,3-diethyl-2-isopropylsuccinate, dineopentyl 2,3-diisopropyl-2~

methylsuccinate,  dineopentyl  2,3-dicyclohexyl-2-methylsuccinate,  dineopentyl  2,3-

dibenzylsuccinate, dineopentyl 2,3~-diisopropylsuccinate, dineopentyl 2,3-
bis(cyclohexylmethylsuccinate, dineopentyl  2,3-di-t-butylsuccinate, dineopentyl 2,3-
2,3~

diisobutylsuccinate, dineopentyl 2,3-dincopentylsuccinate, dineopentyl ,
diisopentylsuccinate, dineopentyl 2,3-di(1,1,}-urifluoro-2-propyDsuccinate, dineopentyl 2,3-
n-propylsuccinate, dineopentyl 2,3-di(3-fluorenylsuccinate, dineopentyl 2-isopropyl-3-
isobutylsuccinate, dincopentyl2-t-butyl-3-isopropylsuccinate, dineopentyl 2-isopropyl-3-
cyclohexylsuccinate, dincopentyl 2-isopentyl-3~cyclohexylsuccinate, dineopentyl 2-n-propyl-
3-(cyelohexylmethylisuccinate, dineopentyl 2-cyclohexyl-3-cyclopentylsuccinate,
dincopentyl 2,2,3,3-tetramethylsuccinate, dineopentyl 2,2,3,3-tetracthylsuccinate,
dineopentyl 2,2,3,3-tetra-n-propylsuccinaie, dineopentyl 2,3-diethyl-2,3-
diisopropylsuccinate, diethyl 1,2-cyclohexanedicarboxylate, and diethyl norbormene-23-

dicarboxylate, In an embodiment, the iniernal electron donor is diethyl 2,3-

diisoproplysuccinate.
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[00045]  Inan embodiment, the internal donor is a dicl ester. The diol ester is represented

by the following formula,

0

] |

Rig e § e Qe [G{Ry Ry O e G R g

o

wherein R; to R4 are independently of one another an alkyl, aryl or aralkyl group having up
to 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17 heteroatom, and
Ry and R, may be a hydrogen atom; n is an integer of 1-6. In another embodiment, R, and/or
Ry are phenyl or substituted phenyl groups. Nonlimiting examples of suitable dialkyl diether
compounds  include  1.2-propylene-glycol  dibenzoate, 1,2-propylene-glycol  di(p-
chlorobenzoate), 1,2-propylene-glycol di{m-chlorobenzoate}, 1,2-propylene-glycol di{p-
bromobenzoate), 1,2-propyleng-glycol di{o-bromobenzoate), 1,2-propylenc-giyeol dip-
methylbenzoate), 1,2-propylene-glycol di{p-teri-butylbenzoate), 1,2-propylene-glycol di(p-
butylbenzoate), Z-methyl-1,2-propylene-glycol dibenzoate, 2-methyl-1,2-propylene-glycol
di{p~chlorobenzoate), 2-menthyl-1,2-propylene-glycol di{m-chlorcbenzoate), 2-methyl-1,2-
propylene-glycol di{p-bromobenzoate), 2-methyl-1,2-propylene-glycol di{o-bromobenzoate},
2-methyi-1,2-propylene-glyveol  di(p-methylbenzoate), 2-methyl-1,2-propylene-glycol difp-
tert-butylbenzoate), Z-methyl-1,2-propylene-glyeol  di{p-butylbenzoate), 1,3-propylene-
glycol dibenzoate, 2-methyl-1,3-propylene-glyeol dibenzoate, 2-ethyl-1,3-propylene-glycol
dibenzoate, 2-n-propyl-1,3-propylene-glycol dibenzoate, 2-n-buiyl-1,3-propylene-giycol
dibenzoate, 2,2-dimethyl-1,3-propylene-glyeol  dibenzoate, (R)-1-phenyl-1,3-propylene-
glyeol  dibenzoate, (8)}-1-phenyl-1,3-propylene-glycol dibenzoate, 1, 3-diphenyl-1,3-
propylene-glycol dibenzoate, 2-methyl-1,3-diphenyl-1,3-propylene-glycol dibenzoate, 2,2-
dimethyi-1,3-diphenyl-1,3-propylene-glycol  dibenzoate, 2-ecthyl-13-di{tert-butyl)-1, 3-
propylene-glycol dibenzoaie, 2-n-butyl-2-cthyl-1,3-propylene-glycol dibenzoate, 2,2-diethyl-
I, 3-propylene-glycol dibenzoate, 2-dimethoxymethyl-1,3-propylene-glycol dibenzoate, 2-
methyl-2-n-propyl-1,3-propylene-glycol  dibenzoate, 2-iscamyl-2-isopropyl-1,3-propylene-
glycol dibenzoate, 2-iscamyl-2-isopropyl-1,3-propylene-glycol di(p-chlorobenzoate), 2-

isoamyl-2-isopropyi-1,3-propylene-glycol di{m-chlorobenzoate), 2-isoamyl-2-tsopropyi-1 3~
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propylene-glycol di{p-methoxybenzoate), 2-isvamyl-2-isopropyl-1, 3-propylene-glycol di{p-
methylbenzoate), 2,2-diisobutyl-1,3-propylene-glycol dibenzoate, 1, 3-diisopropyl-1,3-
propylene-glyeol dif4-n-butylbenzoate), 2-ethyl-2-methyl-1,3-propylene-glycel dibenzoate,
2.2-dimethyl-1,3-propylene-glycol dibenzoate, 1,2-butylene-glycol dibenzoate, 2-methyi-1,3-
butylene-glyeol dibenzoate, 2,3-dimethyl-1,2-butylene-glyeol dibenzoate, 2, 3-dimethyl-1,2-
butylene-glycol di{p-chlorobenzoate), 2,3,3-trimethyi-1,2-butvlene-glveol dibenzoate, 2,3,3-
trimethyl-1 3-butylene-glycol di{p-chlorobenzoaie), 1,2-butylene-glycol di{p-
chlorobeneoate), 2,3-butylene-glycol dibenzoate, 2,3-butylene-glyeol di(o-bromobenzoate),
2,3-butylene-glycol di{methylbenzoate), 2,3-butylene-glycol di(m-chlorobenzoate), 2-
methyl-2,3-butylene-glycol dibenzoate, 2-methyl-2,3-butylene-glycol di{o-bromobenzoate),
Z2-methyl-2,3-butylene-giveol  di{methylbenzoate), 2-methyl-2,3-butylene-glycol  di(m-
chicrobenzoaie), 2,3-dimethyl-2,3-butylene-glveol dibenzoate, 2, 3-dimethyl-2, 3-butylene-
glycol di(o-bromebenzoate), 2, 3-dimethyl-2,3-butylene-glycol di(methylbenzoate), 2, 3-di
methyl-2,3-butviene-glycol  di(m-chlorobenzoate), Z-methyl-1-phenyl-1,3-butylene-glycol
dibenzoate, 1 4-butylene-glycol dibenzoate, 2,3~diisopropyl-1 3-butylene-glycol dibenzoate,
2,3-dimethyl-1,4-butylene-glycol dibenzoate, 2,3-diethyl-1,4-butylene-glycol dibenzoate,
2,3-dibutyl-1 4-butylene-glveol  dibenzoate,  4,4.4-trifluoro-1-{2-naphthyl)-1,3-butylene-
glycol dibenzoate, 2,3-pentanediol dibenzoate, Z-methyl-Z 3-pentanediol dibenzoate, 3-
methyl-Z,3-pentanediol dibenzoate, 4-methyi-2 3-pentanediol dibenzoate, 2,3-dimethyl-2,3-
pentanediol  dibenzoate, 2,4-dimethyl-2,3-pentanediol  dibenzoate, 3,4-dimethyi-2,3-
pentanediol  dibenzoate, 4,4-dimethyl-2, 3-pentanediol dibenzoate, 2,3,4-trimethyi-23~
pentanediol  dibenzoate, 2,44-trimethyl-2,3-pentanediol  dibenzoate, 3,4,4-trimethyl-2,3-
pentanediol  dibenzoate, 23,4, 4-ictramethyl-2,3-pentanediol  dibenzoate, 3-ethyl-2,3-
penianediol dibenzoate, 3-ethyl-Z-methyl-2,3-pentanediol dibenzoate, 3-ethyl-2 4-dimethyl-
2,3-pentanediol  dibenzoate, 3-ethyl-2,4,4-trimethyl-2, 3-pentanediol  dibenzoate, 2,4-
pentanediol  dibenzoate, 3-methyl-2,4-pentanediol  dibenzoate, 3-ethyl-2,4-pentanediol
dibenzoate, 3-n-propyl-24-pentanediol dibenzoate, 3-n-buiyl-2 4-pentanediol dibenzoate,
3,3-dimethyl-2,4-pentanediol dibenzoate, (28, 45)-(+)-2,4-pentancdiol dibenzoate, (2R, 4R)-
{(+}-2,4-pentanediol dibenzoate, 2,4-pentanediol di(p-chlorobenzoate), 2,4-pentancdiol di{m-
chlorobenzoate), 2, 4-pentanedio] di{p-bromobenzoate), 2,4-pentanediol di{o-

bromobenzoate), 2,4-pentancdiol  di(p-methylbenzoate), 2.4-pentanediol  di(p-tert-butyl
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benzoate), 2,4-pentanediol dip-n-buiylbenzoate), 2-methyl-1,3-pentanediol dibenzoate, 2-
methyi-1,3-pentanediol di{p-chlorobenzoate), Z2-methyl-1,3-pentanediol difp-
methylbenzoaie), 2-n-bulyl-1,3-pentanediol di{p-methylbenzoate), 2-methyl-1,3-pentanediol
di{p-tert-butylbenzoate), 2,2-dimethyl-1,3-pentanediol dibenzoate, 2-ethyl-1,3-pentanediol
dibenzoate, 2-n-butyl-1,3-pentanedicl dibenzoate, 2-allyl-13-pentancdiol dibenzoate, 2-
methyl-1,3-pentanediol  dibenzoate, 2-ethyl-1,3-pentanediol dibenzoate, Z-n-propyl-1,3-

pentanediol  dibenzoate, 2-n-butyi-1,3-pentanediol dibenzoate, 1 3-pentanediol di(p-

chlorobenzoate), 1,3-pentanediol di{m-chlorobenzoate), 1,3-pentanediol di{p-
bromobenzoate}, 1.3-pentavediol di{o~-bromobenzoate), 1,3-pentanediol di{p-

methyibenzoate), 1,3-pentanediol  di{p-tert-butylbenzoate),  1,3-pentanedic!  di(p-n-
butylbenzoate), 2,2,4-trimethyl-1,3-pentanediol dibenzoate, 3-methyl-1-triflucromethyl-2,4-
pentanediol dibenzoate, 2,4-pentanediol di{p-flucromethylbenzoate), 2. 4-pentanediol di(2-
furancarboxylate),  3-n-buiyl-3-methyl-2 4-pentanediol  dibenzoate, 2,2-dimethyi-1,5-
pentanedio! dibenzoate, 1,5-diphenyi-1,5-pentanediol dibenzoate, 2,3-hexanediol dibenzoate,
2~-methyl-2,3-hexanediol dibenzoate, 3-methyl-2,3-hexanediol dibenzoate, 4-methyl-2,3-
hexanediol dibenzoate, S5-methyl-2 3-hexanediol dibenzoate 2,3-dimethyi-2,3-hexanediol
dibenzoate,  2,4-dimethyl-2,3-hexanediol  dibenzoate, 2,5-dimethyl-2, 3-hexanediol
dibenzoate, 3,4-dimethyl-2,3-hexanediol dibenzosate, 3,5-dimethyl-2,3-hexanediol
dibenzoate, 4,4~dimethyl-2,3-hexanediol dibenzoate, 4,5-dimethyl-2,3~hexanediol
dibenzoate,  5,5-dimethyi-2,3-hexanediol  dibenzoate,  2,3,4-trimethyl-2,3-hexanediol
dibenzoate,  2,3,5-trimethyl-2,3-hexanediol  dibenzoate, 2,4, 4-trimethyl-2,3-hexanediol
dibenzoate, 2,4,5-trimethyl-2,3-hexanediol  dibenzoate,  2,5,5-trimethyl-2,3-hexanediol
dibenzoate, 3,4, 4-irimethyl-2,3-hexanediol dibenzoate, 3.4, 5-trimethyl-2, 3-hexanediol
dibenzoate, 3,5,5-trimethyl-2,3-hexanediol dibenzoate, 2,3,4,4-tetramethyl-2,3-hexanediol
dibenzoate,  2,3.4,5-tetramethyl-2,3-hexanediol dibenzoate,  2,3,5,5-tetramethyi-2,3-
hexanediol dibenzoate, 3-ethyl-2,3-hexanediol dibenzoate, 3-n-propyl-2,3-hexanediol

~

dibenzoate, 3~isopropyl-2,3-hexanediol dibenzoate, 4-ethyl-2 3-hexanediol dibenzoate, 3-
ethyl-2-methyl-2, 3-hexanediol dibenzoate, 4-cthyl-2-methyi-2,3-hexanediol dibenzoate, 2-
methyl-3-n-propyl-2,3-hexanediol dibenzoate, 4-ethyl-3-methyl-2,3-hexancdiol dibenzoate,
3, 4-diethyl-2,3-hexanediol dibenzoate, 4-cthyi-3-n-propyl-2,3-hexanediol dibenzoate, 3-

ethyl-2 4-dimethyl-2,3-hexanediol  dibenzoate,  3-gthyl-2,5-dimethyl-2,  3-hexanediol
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dibenzoate, 3-¢cthyl-2,4,4-trimethyl-2,3-hexanediol dibenzoate 3-ethyl-2,4,5-trimethyl-2,3-
hexanediol dibenzoate, 2,5-dimethyi-3-n-propyl-2,3-hexancdiol dibenzoate, 2,4,4-trimethyl-
3-n-propyl-2,3-hexanediol dibenzoate, 2,5, 3-trimethyl-3-n-propyl-2,3-hexanediol dibenzoate,
2,4, 5-trimethyl-3-n-propyl-2,3-hexanediol  dibenzoate, 3,4-diethyl-2-methyl-2,3-hexanediol
dibenzoate, 2-cthyl-1,3-hexanediol dibenzoate, 2-n-propyl-1,3-bexanediol dibenzoate, Z-n-
butyl-1,3-hexanediol dibenzoate, 4-cthyl-1,3-hexanediol dibenzoate, 4-methyl-1, 3-
hexanediol  dibenzoale, 3-methyl-1,3-hexanediol  dibenzoate, 3-gthyl-1,3-hexanediol
dibenzoate, 2,2,4,6,6-pentamethyl-3,5-hexanediol dibenzoate, 2,5-hexanediol dibenzoate,
2.5-dimethyi-2,5-hexanediol dibenzoate, 2,5-dimethyl-hexa-3-yne-2,5-diol dibenzoate, hexa-
3-yne-2,5-diol dibenzoate (T), hexa-3-yne-2,5-diol dibenzoate (8}, hexa-3-yne-2,5-diol di(2-
furancarboxylate), 3.4-di-n-butyl-1,6-hexanediol dibenzoate, 1,6-hexanediol dibenzoate,
hepta-6-cne-2,4-diol dibenzoate, 2-methyl-hepta-6-ene-2,4-diol dibenzoate, 3-methyl-hepta-
6-ene-2,4-diol dibenzoate, 4-methyl-hepta-6-ene-2,4-diol dibenzoate, S-methyl-hepta-6-ene-
2,4-diol dibenzoate, 6-methyl-hepta-6-cne-2,4-diol dibenzoate, 3-cthyl-hepta-6-ene-2,4-diol
dibenzoate, 4-ethyl-hepta-t-ene-2,4-diol dibenzoate, 5-ethyl-hepta-6-ene-2,4-diol dibenzoate,
G-cthyl-hepta-6-ene-2 4-dic!l dibenzoate, 3-n-propyl-hepta-6-ene-2,4-diol dibenzoate, 4-n-
propyl-hepta-f-ene-2,4-diol dibenzoaie, S-n-propyl-hepta-6-ene-24-dicl dibenzoate, 6-n-
propyl-hepta-6-ene-2 4-dicl  dibenzoate, 3-n-butyl-hepta-6-ene-2,4-diol  dibenzoate, 4-n-
butyl-hepta-6-ene-2,4-diol dibenzoaie, S-n-buiyl-hepta-6-ene-2,4-diol dibenzoate, 6-n-butyl-
hepta-g-ene-2 4-diol dibenzoate, 3, 5-dimethyi-hepta-6-ene-2,4-diol dibenzoate, 3,5-diethyl-
hepta-6-ene-2,4-diol dibenzoate, 3, 5-di-n-propyl-hepta-6-ene-2,4-diol dibenzoate, 3,5-di-n-
butyl-hepta-t-ene-2,4-dio}l dibenzoate, 3, 3-dimethyl-hepta-6-¢ne-2,4-diol dibenzoate, 3,3-
diethyl-hepta-6-ene-2,4-diol dibenzoate, 3.3-di-n-propyl-hepta-6-ene-2,4-diol dibenzoate,
3,3-di-n-butyl-hepta-6-ene-2,4-diol dibenzoate, 3,S-heptanediol dibenzoate, Z-methyl-3,5-
heptanediol  dibenzoate, 3-methyl-3,5-heptanediol dibenzoate, 4-methyl-3,5-hepianediol
dibenzoate, 5-methyl-3,5-heptancdiol dibenzoate, 6-methyl-3,5-heptanediol dibenzoate, 3-
cthyl-3,5-heptanediol  dibenzoate, 4-ethyl-3, S-heptanediol dibenzoate, 3-ethyl-3,3-
heptanediol dibenzoate, 3-n-propyl-3,5-heptancdiol dibenzoate, 4-n-propyl-3,5-heptanediol
dibenzoate, 3-n-butyl-3,5-heptanediol dibenzoate, 2,3-dimethyl-3,5-heptanediol dibenzoate,
2,4-dimethyl-3,5-heptanediol dibenzoate, 2,5-dimethyl-3,5-heptanediol  dibeneoate, 2,6-

dimethyl-3,5-heptanediol dibenzoate, 3,3-dimethyl-3,5-heptanediol dibenzoate, 4,4-dimethyl-
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3,5-heptancdiol dibenzoate, 6,0-dimethyl-3,5-heptanediol dibenzoate, 3,4-dimethyl-3,5-
heptanediol  dibenzoate,  3,5-dimethyl-3,5-heptanediol  dibenzoate,  3,6-dimethyl-3,5-
heptanediol  dibenzoate, 4,5-dimethyl-3,5-heptanediol  dibenzoate, 4,6-dimethyl-3,5-
heptanediol  dibenzoate, 4,4-dimethyl-3,5-heptanediol  dibenzoate, 6,6-dimethyl-3, 5-
heptanediol dibenzoate, 3-ethyl-2Z-methyl-3,5-heptanediol dibenzoate, 4-ethyl-2-methyl-3,5-
heptanediol dibenzoate, S-gthyl-2-methyl-3,5-heptanediol dibenzoate, 3-ethyl-3-methyl-3,5-
heptanediol dibenzoate, 4-ethyl-3-methyl-3,5-heptanediol dibenzoate, 5-ethyl-3-methyl-3,5-
heptancdio! dibenzoate, 3-ethyl-d-methyl-3,5-heptanedicl dibenzoate, 4-ethyl-4-methyl-3,5-
heptanediol dibenzoate, S-ethyl-d-methyl-3,5-heptanediol dibenzoate, 2-methyl-3-n-propyl-
3,5-heptanediol dibenzoate, 2-methyl-4-n-propyl-3,5-heptancdiol dibenzoate, 2-methyl-5-n-
propyl-3, S-heptanediol dibenzoate, 3-methyl-3-n-propyl-3.5-heptanediol dibenzoate, 3-
methyl-4-n-propyl-3,5-heptanediol dibenzoate, 3-methyl-S-n-propyl-3,5-heptanediol

dibenzoate, 4-

methyl-3-n~propyi-3,5-heptanediol dibenzoate, 4-methyl-4-n-propyl-3,5-heptanediol
dibenzoate, 4-methyl-5-n-propyl-3,5-heptanediol dibenzoate, 6-methyl-2,4-heptanediol di(p-
chlorobenroate), 6-methyl-2 4-heptanediol di(p-methylbenzoate), 6-methyl-2,4-hepianediol
di{m-methyl benzoate), 3,6-dimethyl-2 4-heptanediol dibenzoate, 2,2,6,6-tetramethyl-3,5-
heptanediol dibenzoate, 2,6-dimethyl-2,6-heptanediol dibenzoate, 4-methyl-3,5-octandiol
dibenzoate, 4-ethyl-3,5-octandiol dibenzoate, 4-n-propyl-3,5-octandiol dibenzoate, 5-n-
propyl-3,5-octandiol  dibenzoate, 4-n-butyl-3,5-octandiol dibenzoate, 4,4-dimethyl-3,5-
octandiol dibenzoate, 4,4-diethyl-3,5-octandiol dibenzoate, 4,4-di-n-propyl-3,5-octandiol
dibenzoate, 4-ethyl-4-methyl-3, 5-octandiol dibenzoate, 3-phenyl-3,5-octandiol dibenzoate,
3-ethyl-2-methyl-3,5-octandiol dibenzoate, 4-cthyl-Z-methyl-3,5-octandiol dibenzoate, 3-
ethyl-2-methyl-3,5-ociandiol  dibenzoate, 6&-ethyl-2-methyl-3,5-octandiol dibenzoate, 5-
methyl-4,6-nonandiol  dibenzoate, 5-cthyl-4,6-nonandiol  dibenzoate, S-n-propyl-4,6-
nonandiol  dibenzoeate, S-n-butyl-4,6-nonandiol dibenzoate, 3,5-dimethyl-4,6-nonandiol
dibenzoate, 5,5-diethyl-4,6-nonandiol dibenzoate, 5,5~-di-n-propyl-4,6-nonandiol dibenzoate,
5,5-di-n-butyl-4, 6-nonandicl dibenzoate, 4-ethyl-5-methyl-4,6-nonandiol dibenzoate, 5-
phenyl-4,6-nonandiol dibenzoaie, 4,6-nonandiol dibenzoate, 1,1-cyclchexane dimethanol
dibenzoate, 1,2-cvclohexandiol  dibenzoate, 1,3-cyclohexandiol dibenzoate, 14-

cyclohexandiol dibenzoate, 1, I-bis(benzoyloxyethyheyelohexane, 1,4-
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bis{benzoyloxymethyheyclohexane, I, I-bis(benzoyloxymethyl}-3-cvclohexene, 9,9+
bis(benzoyloxymethyDMiuorine, 9,9-bis{{m-methoxybenzoyloxyymethyhifluorine, ,9-bis{{m-
chlorobenzoyloxymethyDfluorine, 9, 9-his{{p-chlorcbenzoyloxymethylifluorine, 9,9-
fuorenedimethanol dibenzoate, 1,2-phenyiene dibenzoate, 1,3-phenylene dibenzoate, 1.4~
phenylene dibenzoate, 2,2 -biphenylene dibenzoate, bis(Z-benzoyloxynaphthylimethane, 1,2-
xylenediol  dibenzoate, 1.3-xvilenedicl dibenzoate, 1,4-xylenediol dibenzoate, 2,2'-
biphenyidimethanol  dibenzoate, 2,2-binaphthvidimethane!l  dibenzoate, penfacrythritol

fetrabenzoate 1,2,3-propanetriol tribenzoate and any combination of the foregoing.

[00046]  In an embodiment, the internal donor is an aromatic dicarboxylic acid ester.
Nonlimiting examples of suitable aromatic dicarboxylie acid esters include halides or
anhydrides or {poly)alkyl ether derivatives thereof, especially Cyg dialkyl esters of phthalic
or tercphthalic acid, phthaloyl dichloride, phthalic aphydride, and Ciy (polyjalkyl ether

derivaiives thereof. In an embodiment, the internal electron donor is diisobuty] phthalate.

{00047] The Ziegler-Naita procatalyst composition may also inchude an inert support
material, The support may be an inert solid which does not adversely alter the catalvtic
performance of the transition metal compound. Examples include metal oxides, such as

alumina, and metalloid oxides, such as silica.

(000481 The cocatalyst for use with the foregoing Ziegler-Natta procatalyst composition is
an aluminom containing composition.  Nonlimiting examples of suitable aluminum
containing compositions include organcaluminum compounds, such as trialkylalaminum-,
dialkylalominum  hydride-, alkylaluminum  dihydride~, dialkylalomipum  halide-,
alkylaluminumdihalide-, dialkylaluminum  alkoxide-, and alkylalominum  dialkoxide-
compounds containing from 1-10, or 1-6 carbon atoms in each alkyl- or alkoxide- group. In
an embodiment, the cocatalyst is a (4 trialkylaluminum compound, such as
triethylaluminum (TEA). The molar ratio of aluminum fo titanium of from 35:1 to 50:1. In

an embodiment, the molar ratio of aluminum to titanium to 45:1.

(000491 The catalyst composition includes a selectivity control agent (SCA). The SCA is

a mixture of (i) one or more activity imiting agents (ALA) and/or (i1} one or more selectivity

determining agenis {(SDA). As used herein, an “activity limiting agent” is a composition that
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decreases catalyst activity as the catalyst texaperature rises above a threshold temperature. A

“selectivity determining agent” is a composition that provides selectivity control.

[000S0]  In an embodiment, the SDDA is a non-silane composition. As used herein, a “non-
silane composition” is a molecule or compound that does not include an Si atom, or a Si-0
moiety, or an alkoxysilane group. In other words, the non-silane composition lacks, or is
otherwise free of, silicon and/or an alkoxysilane. When the SCA is solely the SDA non-
silane composition and the SDA-to-titanium ratio is 5-50:1, the catalyst composition yields a
propylene-based polymer (fe, a polypropylene homopolymer) with a xylene solubles

content of less than about 6 wi %.

[00051]  Silane compositions having the general formula SiRg(OR Y, (1) are commonly
utilized in Ziegler-Natta catalyst systems for improved productivity and stereoselectivity.
Applicanis have surprisingly discovered that in the preseut self-extinguishing SCA
compositions, the SDAs improve stercoselectivity and productivity and do not require an
alkoxysilane composition {i.e., the SCA is silicon-free). This discovery is advaniageous as
catalyst stereoselectivity and catalyst productivity are no longer resiricted to the

incorporation of a silane-based compound in the self~extinguishing catalyst composition.

[00032]  In an embodiment, the non-silanc composition may be a diether composition, a
succinate composition, or a piperidine composition. The diether composition may be any
dialkyl diether as discussed above. The internal donor and the SCA may each contain a
diether composition, the diether composition being the same or different, In an embodiment,

non-silane composition is 2,2-ditsobutyl-1,3-dimethoxypropane.

1000531 In an embodiment, the non-silane composition may be a succinate composition.
The succinate compostiion may be any succinate as previcusly discussed herein.  The
internal donor and the SCA may each contaln a succinate composition, the succivate
composition being the same or different. A nonlimiting example of a succivate composition

suitable as the non-silane composition is diethyi 2,3-diisopropylsuccinate.

(000541 In an embodiment, the non-silane composition may be a piperidine composition.

Nonlimiting examples of suitable piperidine compounds include 2,6-substituted piperidines
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such as 2,6-dimethylpiperidine and 2,2,6,6-tetramethylpiperidine and  2,S-substituted
piperidines, in a further cmbodiment, the piperidine compound s 2,2,6,6-

tetramethylpiperidine.

[00055] The SCA also includes an ALA. The ALA may be an aromatic carboxylic acid
ester, an aliphatic acid ester, or a non-ester composttion. In an embodiment, the ALA may be
an aromatic carboxylic acid or a derivative thereof, an aliphatic ester, or a non-ester
composition. Nonlimiting examples of suitable aromatic carboxyhe acids include Cyyq alicyl
or ¢ycloalkyl esters of aromatic monocarboxylic acids, Suitable substituted derivatives
thereof include compounds substituted both on the aromatic ring(s) or the ester group with
one or more substituents containing one or more Group 14, 15, 16 or 17 hetercatoms,
especially oxygen. Examples of such substituenis include (polyjalkylether, cycloalkylether,
arvlether, aralkylether, alkylthioether, aryithiocther, dialkylamine, diarylamine,
diaralkylamine, and trialkyisilane groups. The aromatic carboxylic acid ester may be a Cig
hydrocarbyl ester of benzoic acid wherein the hydrocarbyl group is unsubstituted or
substituted with one or more Group 14, 15,16 or 17 hetercatoms containing substituents and
Crap (polvihydrocarbyl ether derivatives thereof, or Cig alkyl benzoates and Ciy ring
alkylated derivatives thereof, or methyl benzoate, ethyl benzoate, propyl benzoate, methyl p-
methoxybenzoate, methyl p-ethoxybenzoate, ethyl p-methoxybenzoate, and ethyl p-
ethoxybenzoate.  In an embodiment, the aromatic monocarboxylic acid is ethyl p-

sthoxybenzoate.

[00036]  In an embodiment, the ALA is an aliphatic acid cster. The aliphatic acid ester
may be a fatly acid ester, may be a Cg-Cap aliphatic acid ester, may be a mono- or a poly-
{two or more) ester, may be straight chain or branched, may be satoraied or unsaturated, and
any combination thereof. The Cy4-Cap aliphatic acid ester may also be substituted with one or
more Group 14, 15, or 16 or 17 heteroatom containing substituends. Nonlimiting examples of
suitable (C4-Cyp aliphatic acid esters include Cipe alkyl esters of aliphatic Cige
monoearboxylic acids, Cy.a alkyl esters of aliphatic gy monocarboxylic acids, Cr.4 alkyl
mono- and diesters of aliphatic Cgpe monocarboxylic acids and dicarboxylic acids, Cyy alkyl
esters of aliphatic Cgag monocarboxylic acids and dicarboxylic acids, and Cypp alkyl mono-

or polvearboxylate derivatives of Coage (polyiglyeols or Coge (polylglycol ethers. Ina
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further embodiment, the Cy-Cap aliphatic ester may be isopropyl myristate, and/or di-n-butyl

sebacate.

(000571 In an embodiment the ALA is a poly{alkene glycol) ester. Nonlimiting examples
of suitable poly(alkene glycol) esters include {polyXalkylene glycol) mono-~ or diacetates;
{poly)¥alkylene glycol) mono- or di-myristates; faily acid esters such as {(poly}alkylene
glveol} mono- or di-lawrates; {poly)alkyiens glycoly mono- or di- oleates; glyceryl
tri{acetate), glyceryl tri-ester of Ch.g aliphatic carboxylic acids; poly(ethylene glycol) esters;
glveerides of linoleie, olele, palmitic and stearic acids, and mixiures thereofl and any
combination of the foregoing. In ancther embodiment, the fatty acid ester is a coco {atty acid

ester commercially available as S-191 from Chem Service, Inc., West Chester, PA.

[00058] In an embodiment the ALA is a non-ester composition. As used herein, a “non-
ester composition” is a molecule or compound that is free of an ester functional group. In

other words, the “non-gster composition” does not contain the following functional group.

R < O R

(000597 In an embodiment, the non-gster composition may be a dialkyl diether
composition. The dialkyl diether composition may be any of the foregoing dialkyl ether

compounds. In an embodiment, the ALA 15 2,2-diisobutyl-1,3-dimethoxypropane (ALA).

{00060}  In an embodiment, a catalyst composition is provided. The catalyst composition
includes one or more Ziegler-Naita procatalyst compositions having one or more fransition
metal compounds and an internal electron donor, one or more aluminom containing
cocatalysts and a selectivity conirol agent (SCA). The internal electron donor may be any
internal electron donor as disclosed herein. The SCA is a mixture of a carboxylic acid ester

{ALA) and a non-silane composition (8DA). The catalyst composition is self-extinguishing.
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[00061] The SCA may mclode any carboxylic acid ester and one or more non-silane
compositions as previously disclosed herein. The carboxylic acid esier may be  cthyl-p-
cthoxybenzoate, Nonlimiting examples of suitable SCA having a carboxylic acid ester and a
non-silane composition  include cthyl p-ethoxy benzoste and 2,2,6,6-tetramethylpiperidine;
an aliphatic ester (such as a fatty acid ester} and diethyl 2,3-diisopropylsuccinate; and an

aliphatic ester (such as a fatty acid ester) and 2,2-diisobutyl-1,3-dimethoxypropane.

(000627 In an cmbodiment, another catalyst composition is provided. The catalyst
composition includes one or more Ziegler-Natta procatalyst compositions having one or
more transition metal compounds and an internal electron donor, one or more aluminum
containing cocatalysts and a selectivity control agent (SCA). The internal electron donor
may be any internal electron donor as disclosed herein. The SCA is a mixture of a non-gster
composition {ALA} and a non-silane composition (SD2A). The catalyst composition is self~

extinguishing.

{00063]  The SCA may include any non-ester composition and one or more non-silane
compositions as previously disclosed herein. In an embodiment, the non-ester composition is
a diether composition. A nonlimiting example of a suiiable non-ester composition is 2,2-
diisobutyl-1,3-dimethoxypropane. In a further embodiment, the SCA is a mixture of 2,2,6,6-

tetramethylpiperidine and 2,2-diisobutyl-1,3-dimethoxypropane.

[00064]  In an cmbodiment, another catalyst composition is provided. The catalyst
composition inchudes one or more Ziegler-Natta procatalyst compositions having one or
more transition metal compounds and an internal electron donor, one or more aluminum
containing cocatalysts and a selectivity control agent (SCA). The internal electron donor
may be any internal electron donor as disclosed herein. The SCA is a mixture of a first SDA
and a second SDA. The catalyst composition may optionally inchude an ALA. The catalyst

composition is self-extinguishing.

(000651 In an embodiment, the first SDA and the second SDA are respectively a first non-
stlane composition and a second non-silane composition. The first non-silane composition
and the second non-silane composition may be any combination of different non-silane

compositions as disclosed herein, In an embodiment, the first non-silane composition is
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2.2,6,6-ictramethylpiperidine and the second non-silane composition is either diethyl 2,3-

diisopropylsuccinate or 2,2-diisobutyl-1,3-dimethoxypropane.

[00066] In an embodiment, the SCA includes an ALA. The ALA may be any activity
Hmiting agent as disclosed herein. The ALA may be the same or different than the first non-
silane composition and/or the second non-silane composition. In an embodiment, the ALA i

an aromatic carboxylic acid ester such as ethyl p-ethoxybenzoate.

[00067]  In any of the foregoing embodiments, the molar ratio of aluminum to total SCA
may be from 0.5:1 to 4:1 {or any value therebetween), or from 111 10 3:1, or from 2:1 to 3:1
or less than or equal 10 2.5:1. As used herein, the “SCA” or the “total SCA” 1s the combined
amount of the ALA (if prosent) and the SDA present in the catalyst composition. In an

embodiment, the molar ratio of sluminum 1o total SCA 15 3:1.

000687 The Applicants have surprisingly discovered that controlling the aluminum to
SCA total molar ratic between 0.5:1 to 4:1 advantageously yields a catalyst system that
exhibits high productivity, with excellent operability and is self-extinguishing. As used
herein, a “self-extinguishing” catalyst is a catalyst that demonstrates decreased aclivity at a
temperature greater than about 100°C.  In addition, as a practical standard, if a
polymerization process, especially a fluidized bed, gas-phase polymerization, running at
normal processing conditions is capable of interruption and resulting collapse of the bed
without adverse consequences with respect to agglomeration of polymer particles, the

catalyst composition is said to be “self~extinguishing.”

(000691 As a standardized measure of polvmerization activity at elevated temperatures for
use hereln, catalyst activities are adjusted {o compensate for different monomer
concenirations due to temperature. For example, if liquid phase {(shury or solution}
polvmerization conditions are used, a correction faclor to account for reduced propylene
solubility in the reaction mixture at elevated temperatures is included. That is, the catalyst
activity is "normalized” to compensate the decreased solubility compared fo the lower
femperature, especially a 67°C standard. The "normalized" activity al temperature T, or Ar,
is defined as the measured activity or (weight polymer/weight catalyst/tu) at temperature T,

multipied by a conceniration correction factor, [PETWIP(TY, where [PO7Y] is the
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propylene concentration at 67°C and [P(T)] is the propylene councentration at temperature T,

The equation for normalized activity is provided below.

_
Normalized Activity (A) = —%1— x Activity( T)

[00070]  In the equation, the activity at temperafure T is multiplied by a ratio of the
propylene concentration at 67 °C to the propylene concentration at temperature T, The
resulting normalized activity (A), adjusted for the decrease in propylene conceniration with
lemperature increasse, may be used for comparison of catalyst activities under varying
temperature conditions. The correction factors are listed below for the conditions used in the

iguid phase polymerization,

67 °C 85 °C 100 °C 115 °C 130 =°C 145 °C
1.00 142 193 2.39 2.98 3.7¢

{00071]  The correction factor assumes that polymerization activity increases linearly with
propylene concentration under the conditions employed. The correction factor is a function
of the solvent or diluent used. For example, the correction factors listed above are for a
common Cgag aliphatic hydrocarbon mixture (Isopar™ E, available from Exxon Chemieal
Company). Under gas phase polymerization conditions, monomer solubility is normally not
a factor and activity is generally uncorrected for temperature difference. That is, activity and

normalized activily are the same,

(000721 The "normalized activity ratio” is defined as Av/Agy, where Ay is the activity at
temperature T and Agy is the activity at 67°C. This value can be used as an indicator of
activity change as a function of temperature. For example, an Ajg0/Aer oqual to 0.30 shows
that the catalyst activity at 100°C is only 30 percent of the catalyst activity at 67°C. K has
been found that at 100 °C, an Aygo/Agy ratio of 35% or less vields a catalyst system that is

self-extinguishing system.

000731 Not wishing to be bound by any particular theory, it is believed that the AVSCA
ratio of 8.5:1 to 4:1 provides a sufficient amount of aluminum fo support the polymerization
reaction at normal polymerization temperatures. However, at elevated temperature {duc to g

temperature excursion or a process upset, for example), more aluminum reacts with other
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catalyst componenis. This leads to an aluminum deficiency which slows the polymerization
reaction. The aluminum deficiency causes a corresponding reduction in the number of
electron donors complexed with the aluminum. The free electron pairs of the non-complexed

donors poison the catalyst system, which self~extinguishes the reaction,

[G0074]  In any of the foregoing embodiments, the SCA may include from about 60 mole
percent to about 95 mole percent of the ALA and from about § mole percent to about 40

mole percent of the SLA (or non-silane composition),

[00075]  The molar ratio of aluminum fo SDA may be from 150:1 to 1.25:1 (or any value

therebetween), or 801 to 1.5: L, or40:1 10 1671, or 20:1 10 2.5:1, or 13:1 o 501,

[00076] The molar ratio of aluminum to  ALA may be 20:1 to 0.5:1 {(or any value
therebetween), or 6.7:1 to 0.5:1, or 5.7:1 to 0.52:1, or 5:1 t0 0.62:1, or 4.4:1 to 071, or
5.3:1 10 0.5:1. The molar ratio of SCA 1o titanium may be from about 5:1 to about 100:1. In

an embodiment, the SCA to titanium molar ratio 1s 3¢:1.

(000771 In an embodiment, another catalyst composition is provided. The catalyst
composition includes one or more Ziegler-Natta procatalyst compositions having one or
more transition metal compounds and an internal electron donor, one or more aluminum
containing cocatalysis and a selectivity control agent (SCA). The internal clectron donor
may be any internal electron donor as disclosed herein. The SCA is a mixture of an SDA
that is a non-silane composition and an ALA that is a poly(alkene glycol) ester. The catalyst

corposition is self-extinguishing.

1000781  The poly{alkene glycol) esier can be any poly(alkene glycol) ester disclosed
herein. Nonlimiting examples of suitable poly(alkene glyeol) esters include (polyXalkvlens
glyeol} moneo- or diacetates; (poly)alkyviene glycol) mono- or di~-myristates; fatly acid esters
such as {poly¥alkylene glycol) mono- or di-laurates; {poly){alkylene glycol} mono- or di-
oleates;  glyeeryl iri{acetate), glyceryl tri-ester of Ciup aliphatic carboxyhe acids;
poly{ethvlene glycol) esters; glycerides of linoleie, oleic, palmitic and stearic acids, and

mixtures thereof, and any combination of the foregoing. The poly{alkene glycol) ester can
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be a mixture of fatty acid esters. In an embodiment, the fatty acid ester is a coco fatty acid

ester commercially available ag S-191 from Chem Service, Inc., West Chester, PA.

[C0079]  The non-silane composition can be any non-silane composition disclosed herein.
For example, the non-silane composition can be any dicther composition, succinate

composition, and/or piperidine composttion as previously disclosed herein.

{00080]  In an embodiment, the catalyst composition has a molar ratio of aluminum fo total
SCA from about 100:1 to about 0.5:1, or from about 50:1 to 0.75:1, or from about 20:1 fo

5:1, or from about 18:1 to about 15:1.

[00081]  In an embodiment the poly{alkene glycol) ester is a fatty acid ester and the SDA
non-silane composition is a diether composition. The dicther composition can be

2, 2diisobutyi-1,3-dimethoxypropane.

[00082]  In an embodimemn, the poly(alkene glyeol) ester is a fatty acid ester and the SDA
non-silane compostiion is a suceinate composition. The succinate composition can be diethyl

2,3-diisopropylsuccinate,

(000837 In an embodiment, the poly(alkene glycol) ester is a fatty acid ester and the SDA
non-silane is a piperidine composition.  The piperidine composition can be 2,2,6,6-

tetramethylpiperidine.

000841 The present catalyst system further vields a polypropylene composttion
with high stiffness, a high melt flow rate, and high isotacticity (7.e., a low xylene solubles
content). Not wishing to be bound by any particular theory, it is believed that the aluminum
species to SCA molar ratic results in a catalyst composition that replicates the self-
extinguishing property of third generation catalysts which utilize benzoic acid esters as
electron donors,  Benzoic acid esters, such as ethyl p-ethoxybenzoate (PEES), however,
impart an undesirable odor to resultant polymers such as polypropylene. While using a
fourth generation catalyst which may contain a phthalate internal donor, the present catalyst
composition may or may not contain a benzoic acid ester. The embodiments of catalyst
composiiions without a benzoic acid ester may cormrespondingly produce an odor-free

polypropylene, In other words, the present catalyst system replicates PEEB-based catalyst
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systems yet produce an odor-free polypropylene compesition.  In addition, the present
catalyst composition meets or exceeds the activity of conventional fourth generation

catalysts, and 1o general, exceed the activity of the third generation catalysts,

[00085]  In an embodiment, a polymerization process is provided. The polymerization
process includes contacting propylene with a catalyst composition in a polymerization
reactor. The catalyst composition may be any of the foregoing catalyst compositions. The
method includes maintaining the molar ratio of ahuminum to total SCA from about 8.5:1 to
about 4:1. In other words, the aluminum to total SCA ratio is adjusted throughout the
polymerization process to hold or control this ratio in the range of 0.5:1 to 411, or from 111 to
3:1, or 3:1, The polymerization process further includes forming a propylene containing

polymer.

(000861  In an embodiment, the polymerization process may also inchlude maimaining,
adjusting, or otherwise confrolling the aluminum {o titanium ratic at about 45:1. Thus, the
aluminum to SCA ratio is conirolled by adjusting the amount SCA components infroduced

into the reaction while maintaining the aluminum at a constant amount,

[00087] The propylene containing polymer formed by way of the polymerization process
may be a polypropylens homopolymer or a copolymer of propylene and one or more
comonomers, The comonomer may be an alpha-olefin having from 2-12 carbon atoms.
Nonlimiting examples of suitable comonomers include ethylene, 1-butene, I-hexens, 4-
methyl pentene, I-heptene, and 1-octene. Consequently, the polypropylene composition may
be a polypropylene homopolymer or a polymer with a propylene monomer and one or more
comonomers. In an embodiment, the propylene containing polymer has a xylene solubles
content from about 0.5% to about 6.0% by weight, or from about 2.0% to about 5.0% by

weight.

[00088]  In an embodiment, the polymerization process includes extinguishing, with the
catalyst composition, the polymerization process or reaction when the temperature in the

polymerization reacior is greater than about 100°C,
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(000891 The polymerization process may be a gas phase, a slurry, or a bulk polymerization
process, operating in one or more than one reactor, A suitable gas phase polymerization
process includes the use of condensing mode as well as super condensing mode wherein
gaseous components including added inert low boiling compounds are injected info the
reactor in liquid form for purposes of heat removal. When multiple reactors are employed, it
is desirable that they operate in series, that is the effluent from the first reactor is charged o
the second reactor and additional monomer or different monomer added to continue
polymerization. Additional catalyst or catalyst components {that is procatalyst or cocatalyst)
may be added, as well as additional quantities of the SCA mixiure, another SCA mixture, or

individual alkoxysilanes and/or one or more activity limifing agents.

[000907  In an embodiment, the polymerization process is conducted in two reactors in
which two olefins, such as propylene and ethylene, are contacted to prepare an impact
copolymer. Polypropylene is prepared in the first reactor and a copolymer of ethylene and
propylene is prepared in the second reactor in the presence of the polypropylene from the
first reactor. Regardless of the polymerization technique employed, it is understood that the
SCA, the procatalyst, and/or the cocatalyst thereof may be contacted in the absence of other
polymerization components, especially monomer, prior to addilion fo the reactor. In an

embodiment, the foregoing dual polymerization processes are solution polymerizations.

[00091]  The temperature of the polymerization reacior is from 40 to 130°C or from 690 to
100°C, or from 65°C to 80°C. The foregoing temperatures are average temperatures of the
reaction mixture measured ail the reactor walls. Isolated regions of the reactor may

experience localized temperatures that exceed the foregoing limits,

[00092] By way of example and not limitation, examples of the present disclosure will

now be given.
{00093] EXAMPLES
10009471 (1) Catalysis

(000951 A: A commercial SHACT™ 320 catalyst containing 2.59 wi% Ti.

B
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{000%6]  B: (1) 12.00 g of MagTi precursor was contacted with 175 mi of TiCly solution in
MCB (1:1 volivol) and then 2.60 ml of DiBP. The mixture was heated to 115°C and
maintained at the temperature for 60 minutes followed by filtration to remove the solvent.
{2y 175 ml of the TiCl, solution in MCB (1:1 volivoel) was added to the solid, the mixture was
maintained at 115°C for 30 minutes and then filtered, This procedure was repeated once. (3)
The resulting solid was washed with 200 ml of iscoctane at 25°C 3 times followed by
filtration. The solid was then dried with a N; flow. Analysis by X-ray fluorescence showed

-

the solid catalyst contains 3.35 wt% Ti.

(000971 C: (1) 12.00 g of MagTi precursor was contacted with 175 ml of TiCly solution in
MCB (1:1 volvel) and then 4.80 mi of 1-ethoxy-2-n-pentoxybenzene (EPB). The mixture
was heated to 110°C and maintained at the terperature for 60 minutes foliowed by {iltration
to remove the solvent. This procedure was repeated twice. (2) The resuliing solid was
washed with 200 mi of isooctane at 25 ° C 3 times followed by filtration. The solid was then
dried with a N, flow, Analysis by X-ray fluorescence showed the solid catalyst contains 4.45

wids T1.

[00098] D (1) 12.00 g of MagTi precursor was contacted with 175 mi of TiCly solution in
MCE (1:1 volivol) and then 2.48 ml of diethyt 2,3-diisopropylsuccinate (DEDiPS). The
mixture was heated to 115°C and maintained at the temperature for 60 minutes followed by
filtration to remove the solvent. (2) 175 ml of the TiCly solution in MCB (1:1 volivol) was
added to the solid, the mixture was maintained at 115°C for 30 minutes and then filtered.
This procedure was repeated once. (3). The resulting solid was washed with 200 ml of
isooctane at 25°C 3 times followed by filtration. The solid was then dried with a Ny flow,

Analysis by X-ray fluorescence showed the solid catalyst containg 3.75 wi% Ti.
[00099]  (2) Polymerization

[000100] Polymerization reaction was carried out in Parallel Polymerization Reactors (by

Symyx)

28 of 37



WO 2009/029447 PCT/US2008/073678

0001011 The particle size of the catalyst powder was reduced by stirring the catalyst solid
with a stir bar for 30 - 45 minutes, Catalyst slurries were then prepared in toluene. The

concentration of the slurries and loadings for each catalyst are listed below.

Catalyst T Shurry L.oading
{wt%e) {oncentration {(1g/reactor)
(ug/mb)
A 2.59 247 68.0
B 3.35 191 - 52.5
C 4.45 144 ) 39.8
D 3.7§ 170 46.9

[000102] Al SCAs and ALAs were diluted to 0.005 M in Isopar E™, except 5-191 which
was dissolved in ioluene before injection into the PPRs. TEAT was prepared in Isopar E™™M

and used as either 0.02 or §.1M solutions,

[000103] Purged PPR reactors were heated to 30°C TEAT and Isopar E™ make-up solvent
were added to each reactor, followed by the addition of H; to a stabilized pressure of § psig.
Reactors were heated to the assigned temperature {67, 100 or 115°C). Propylene was added
1o 100 psig and allowed to stabilize for 10 min. To each reactor was added SCA or a mixture
of SDA & ALA and a 500 ul of Isopar E™ chaser and immediately followed by the addition
of catalyst (275 ul) and a 500 ul Isopar E™ chaser. Reactions were quenched with CO;, after

&0 minuies or when the maximum relative conversion of 110 was reached.
(000104} (4) XS Measurement

[000105] Percent xylene solubles (30X8) in polypropylene (PP) is s material property listed
on many product specification sheets and the measurement procedure is specified by ASTM
method D 5492-98, The method determines the fraction of a PP sample which is soluble in
o-xylene at 25°C. The soluble fraction has a good correlation to the per cent amorphous
fraction in PP,  The amorphous fraction content is closely related to performance
characteristics of the final product and is also eritical to process control. The new XS screen
is iniegrated into the Midland Core R&D Organic Chemistry & Catalysis High Throughput
Laboratory workflow. The tool is used to measure % polypropylene (PP} solubles i

trichlorobenzene (WTCRs) and correlate this value with % xylene solubles based on PP

oty
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standards. The system design is based on the Cavro liquid manipulator footprint and s
housed with custom-made peripherals to manipulate, cap, filter, and analyze hot polymer
solutions. The Cavro robotic system and a Polymer Char IR4 filter based infrared detector to
determine polymer solution concentrations are interfaced to a personal computer. The
versatility of the unit enables it {o be used to dilute polymer samples and create replicate
samples in a stand-alone mode. Forty-eight samples can be processed inn 10 hours which is a
~10X increase compared 10 similar manually ASTM prepared methods using as Iittle as 30
mg vs. the standard 2 gm of sample. In general the diluted samples are heated to and held at
160°C during analysis, individual samples are then transferred to a sampling block which
heats the sample to 175°C for analysis via the IR4 infrared detector. When all samples have
been analyzed, the sample block is cooled to 40°C for 1 hour, filtered, warmed to 60°C to
keep remaining polypropylene in solution and then reanalyzed at 175°C with the R4, The
difference in before and afler readings provides the bases for the final %TCB value, which

was then convertied into X8%.
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[0001066] Table !

[000107] Performance of Phthalate-Based Catalyst Systems Using Single Non-Silane
SDAs*
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SDA ALA AWSDATALAY | SRAZALAMT ¥ SDAZALA | Temp | Activily Average | Mommalized § &/Ay | Average
{moi/mal} (molfmolimol} { {mol?6} [ {kg/ghn) Activity | Activity {2y X8
(kedehmy | (keflahnd %
TMPY None 130 3G/ 100/8 &7 744 1§ 692 ) 708 TOR 1o0 1 4390
i 00 1181 1 1244 § 1273 1233 2500 336 U463
135 1233 1232 {200 228 546 77 17.26
TMPY PEER 10 1.5/28.501 5495 7 333 1502 468 418 435 100
00 025 § 020 1625 (.23 G4S ) 583
3 {15 065 1 065 1605 .05 012 3 -
THIPY DIBDMP | 18 1.5/238. 5/ 5435 67 534 Y 46R | 633 1 S.82 552 100 148}
’ i 100 147 1135 (174 11361182 292 33 178
: 115 566 | 065 060 1663 1 04l 152 AR AR
TMPY Nene 16,7 13071 100/0 67 11.i51 853 {801 923 9.23 - B00 1 462
‘ ‘ 100 1729 1 824 {572 10,73 20.78 225 1491
118 155 § L74 1189 1.65 3.94 4% 721
- IMPY PERR 16,7 TSR e 3795 % 755 {742 1 R2S 775 773 100 1671
) 100 172 199 i 174 336 43
BE] $.50 1 06s | 047 2.57 1.36 18
BEDIPS | None 167 0704 100/6 67 421 248 126] 110 3.10 100 13.3
) 00 9306 {046 | 039 i 0,38 374 24
i : {15 017 1 020 047 .18 .43 14
DEDIPS | S-i01 16.7 R 10/6¢ 167 1242 1330 1220 ¢ 2,71 271 100 i3.4
' ' ' ' (60 1 00F 1603 005 ¢ 0,05 8.0 i
. (15 106683 1605 1005 .03 612 g
DiBDMP | Mone 167 30/ 10048 &7 212 1668 | 513 3,64 L G4 100
i G144 1 123 1140 1.26 243 37 5 08
115 1055 1087 1047 .53 127 19
CDIBUMP T Se151 1 187 15428511 3195 3 3164 | 569 | 383 5.08 505 100 .62
; 00 1067 006 1005 .06 012 2
115 18060 1007 1085 0.06 0,15 3
*A commercial SHACT™ 320 catalyst {Catalyst A} was used.
T™MPY 22,6, o-tetramethylpiperiding
DEDIFS Drethyl 2,3-dilsopropylsuccinate
HBDMP 2. 2-Diisobutyl-1,3-dimethonypropane
PEER Ethyi p-Ethoxybenzoate
S-191 POE (15} coco falty acids ester
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F000108] Table 2

[O00109] Performance of Non-Phthalate-Based Catalyst Systems Using Single Non-Silane

SCAs*
FADA T ALA ASDATALAY | SDA+ALAMY | 3DAALA § Temp | Activity Average | Normalmed Average
{melmol} {mo¥mualmol) | {moll) °CY (kgfghin) Activify | Activity XS
{kag/e/hn) | {kedoihnd (%)
TMPY | Home 20 30471 10040 P67 1378 § 1628 1304 §2.04 104 14.23
130 5.87 535 4,33 1 514 829 52 132
o 7 , Fl3 1733 f2e8 § 245 1280 5.98 IR AL
TMPY Lk FEEN 1.5/28.8/1 5/95 H7 845 8.5 k48 3.48 106G 8.01
- ‘ 6 060 ¢ 686 1A% | 062 112 4
U5 1831 1 0ig o230 0.58 7
TMPY | DEDGES {348 1.5/28.5/1 5/93 57 .47 & 51 866 § 711 - 7.11 13 5.93
: 160 130 .93 1.09 § 1.04 201 28
: o 115 1948 1046t 052 { 048 {5 15
* A catalyst (Catalyst C) containing 1-cthoxy-2-n-pentoxybenzene was used.
TMPY 2,2,6,6-tetramethylpiperidine
DEDIPS Diethyl 2,3-dilsopropylsuccinate
PEER Ethyl p-Ethoxybenzoate

[000110] Table 3

[000111] Performance of Catalyst Systems Using Mixed Catalysts*

L SDA ALA | AVSDA+ | SDA/ALA/TT | SDA/SLA 1 Tomp | Activily Average | Mommalized | AfAgy | Aversge
ALA} {molmeimel) | {mol%) o) {kgfglbn) Activity | Activity (%} xS
{meifmoh) ] (kg/eibny | {kglphny (¥
TMPY | None {340 3081 0o 1s7 5.54 1 1086 1 774 1 939 239 100 4%
100 154 1 248 144 ¢ 1.82 351 L 37 3.27
: 115 G8¢ 5100 .93 2.27 - 24 . G859
TMPY 10 1.5/28.54 593 &7 01 1 540 1 633 T 508 508 L i00 1 4.89
‘ 00 1051 104l 1045t 0de 8.2 R
K 006 {012 16331 012 328 s

*A catalyst mixiure containing a DNBP catalyst (Catalyst B} and a DEDIPS catalyst (Catalyst D} in 1/1 {(wi/wt}
ratio was used.

TMPY 2,26, 6~-tctramethylpiperidine
PEEB Ethyi p-Ethoxybenzoate

{000112] For purposes of United States patent practice, the contents of any patent, patent
application or publication referenced herein are hereby incorporated by reference in their
entirety herein, especially with respect to the disclosure of structures, synthetic technigues
and general knowledge in the art. 1t should be understood that various changes and
maodifications to the presently preferred embodiments described herein will be apparent to
those skilled in the art. Such changes and modifications can be made without departing from

the spirit and scope of the present disclosure and without diminishing its intended
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advantages. It is therefore intended that such changes and modifications be covered by the

appended claims.
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CLAIMS:

What is claimed is;

i. A catalyst composition comprising:

one or more Ziegler-Natta procatalyst compositions comprising one or more

transition metal compounds and an internal electron donor,
one or more aluminum containing cocatalysts; and

a selectivity control agent (SCA) comprising a mixture of a carboxylic acid ester and
a non-silane composition,

2. The catalyst composition of claim 1 wherein the internal electron donor is
selected from the group consisting of a diether composifion, a succinate composition, a diol

ester composition, and an aromatic dicarboxylic acid ester,

3. The catalyst composition of claim 1 wherein the non-silane composition is
selected from the group consisting of a diether composition, a succinate composition, and a
piperidine composition,

4, The catalyst composition of claim 1 wherein the carboxylic acid ester is ethyl
p-ethoxybenzoate.

5. The catalyst composition of claim 1 wherein the carboxylic acid ester is
diethyl 2,3-diisopropylsuccinate.

6. The catalyst composition of claim 1 wherein the SCA comprises ethyl p-
cthoxy benzoate and 2,2,6,6-tetramethylpiperidine.

7. The catalyst composition of claim | wherein the SCA comprises diethyl 2,3-
diisopropylsuccinate and an aliphatic ester.

8. The catalyst composition of claim | wherein the SCA comprises 2,2-
diisobutyl-1,3-dimethoxypropane and an aliphatic ester.

g. The catalyst composition of claim | comprising a molar ratio of aluminum to

total SCA from 0.5:1 1o 4:1.
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10, The catalyst composition of claim 1 wherein the catalyst coraposition is self-
extinguishing.

11, A catalyst composition comprising:

one or more Fiegler-Natta procatalyst composttions comprising one or more
transition metal compounds and an internal electron donor;

ong or more aluminum containing cocatalysts; and

a selectivity control agent (SCA) comprising a mixture of a non-ester composition
and a non-silane composition.

12.  The catalyst composition of ¢claim 11 wherein the norester composilion is a
diether composition.

13, The catalyst composition of claim 11 wherein the non-ester compostiion is
2,2-ditsobutyl-1,3-dimethoxypropane.

14, The catalyst composition of claim 11 wherein the SCA comprises 2,2,6,6-
tetramethylpiperidine and 2,2-diisobutyi-1,3-dimethoxypropane.

1s, The catalyst composition of claim 11 comprising a molar ratio of aluminum to
total SCA from 0.5:1 to 4:1.

16.  The catalyst composition of claim 11 wherein the catalyst composition is self-
extinguishing.

17, A catalyst composition comprising:

one or more Ziegler-Natta procatalyst compositions comprising one or more
transition metal compounds and an internal electron donor;

one or more aluminum containing cocatalysts; and

a selectivity conirol agent {SCA) of a first non-silane composition and a second non-
silane composition.

18. The catalyst composition of claim 17 wherein the first non-silane composition

is 2,2,6,6-tetramethylpiperidine and the second non-silane composition is selected from the



WO 2009/029447 PCT/US2008/073678

group consisting  of diethyl  2,3-diisopropylsuccinate  and 2,2-ditsobutyl-1,3-

dimethoxypropane.

19, The catalyst composition of claim 17 comprising an activity limiting agent.
20. The catalyst composition of claim 17 comprising a molar ratio of aluminum to

total SCA from 0.5:1 o 411,

21, A catalyst composition comprising:

one or more Ziegler-Natta procatalyst compositions comprising one or more
transition metal compounds and an internal electron donor;

one or more aluminum containing cocatalysts; and

a selectivity control agent (SCA) of a poly{alkene glyeol) ester and a non-silane
composition.

22, The catalyst composition of claim 21 wherein the non-silane composition 18
selected from a member selected from the group consisting of a dicther composition, a
succinate composition, a piperidine composition, and combinations thereof,

23, The catalyst composition of claim 21 comprising a molar ratio of aluminum to
total SCA from about 100:1 to about 0.5:1.

24, The catalyst composition of claim 21 comprising a fatty acid ester and a
diether composition.

25, The catalyst composition of c¢laim 21 comprising a fatty acid ester and a
syccinate composition,

26. The catalyst composition of claim 21 comprising a fafty acid ester and a
piperidine composition.

27. The catalyst composition of claim 21 wherein the catalyst composition is self-

extinguishing.



