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SELF-LIMITING CATALYST COMPOSITION 
WITH BIDENTATE INTERNAL DON Oil 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] The present application claims priority to U.S. Patent. Application Serial 

No. 61/015,978, filed on December 21, 2007, the entire content of which is incorporated by 

reference herein. 

BACKGROUND 

[0002] The present disclosure relates to stereoselective Ziegler-Natta catalyst 

compositions for use in polymerization reactions and propylene polymerization in particular, 

[0003J It is know thai the addition of a silane composition to a Ziegler-Natta 

catalyst system having a phthalate internal electron donor improves catalyst selectivity, Mixing 

the silane composition with an activity limiting agent (ALA), such as aromatic carboxylic acid 

ester, farther provides the Ziegler-Natta catalyst system with a self-extinguishing property. 

Current research indicates a growing concern about the health risks associated with phthalates. It 

would be desirable to develop other Ziegler-Natta catalyst systems with selectivity control that 

are self-extinguishing and do not require a phthalate-based internal electron donor. 

SUMMARY 

[0004] The present disclosure is directed to catalyst compositions with high 

catalyst activity and high stereoselectivity and are also self-extinguishing, The present catalyst 

compositions do not require a phthalate-based internal electron donor. 

[0005J In an embodiment, a catalyst composition is provided. The catalyst 

composition includes one or more Ziegler-Natta procatalyst compositions containing one or 

more transition, metal compounds and an internal electron donor. The internal electron donor is a 

bidentate compound. The catalyst composition also includes an aluminum containing cocatalyst 

The catalyst composition further includes an external electron donor. The external electron 

donor is a mixture of a selectivity determining agent and an activity limiting agent. 
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[0006] The bidentate compound contains at least two oxygen-containing 

functional groups, the oxygen-containing functional groups separated by at least one saturated 

C2-C1Q hydrocarbon chain which may optionally contain heteroatom(s). The bidentate 

compound excludes phthalates. The bidentate compound may be a diether, a succinate, a 

glutarate, a dialkoxybenzene, a bis(alkoxyphenyl), a diol ester, an alkoxyalkyl ester, and any 

combination thereof. 

[0007] In an embodiment, a catalyst composition is provided. The catalyst 

composition includes one or more Ziegler-Natta procatalyst compositions. The procatalyst 

composition includes one or more transition metal compounds and an internal electron donor that 

is a diether. The procatalyst composition also includes one or more aluminum containing 

cocatalysts. The catalyst composition further includes an external electron donor. The external 

electron donor is a mixture of a selectivity determining agent and an activity limiting agent. 

[0008] In an embodiment, the diether may be 2,2~diisobutyl-l,3-

dimethoxypropane, 2.2-dicyclopentyl-1,3 -dimethoxypropane, 2-isobuty !-2-isopropyl-1,3 -

dimethoxypropane or 9,9-bis(methoxymethyl)fluorene. The selectivity determining agent may 

be an alkoxysilane composition or a diether. The alkoxysilane composition may be n~ 

propvltrimethoxysilane, dicyclopentyldimethoxysilane or methylcyclohexyldimethoxysilane, or 

a mixture of alkoxysilanes containing n-propyltrimethoxysilane, dicyclopentyldimethoxysilane 

and/or methylcyelohexyldimethoxysilane. The selectivity determining agent may also be a 

diether that may be the same as or different from the internal electron donor diether previously 

disclosed, such as 2,2-dicyelopentyH,3-dimethoxypropane. The activity limiting agent may be 

an aromatic mono- or poly-carboxylic acid ester such as ethyl />ethoxybenzoate, a polyfalkene 

glycol), a poly(alkene glycol) ester, or a fatty acid ester. The diether may also act as an 

additional activity limiting agent. 

[0009] In an embodiment, another catalyst composition is provided. The catalyst 

composition includes one or more Ziegler-Natta procatalyst compositions. The procatalyst 

composition includes one or more transition metal compounds and an internal electron donor that 

is a succinate. The procatalyst composition further includes one or more aluminum containing 
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cocatalysts. The catalyst composition .further includes an external electron donor. The external 

electron donor is a mixture of a. selectivity determining agent and an activity limiting agent. 

[00010] In an embodiment, the succinate is diethyl 2,3-diisopropylsuccinate. The 

selectivity determining agent may be an alkoxysilane composition or a diether. The alkoxysilane 

composition may be n-propyltrimethoxysilane, dicyclopentyldimethoxysilane 

methylcyclohexyldimethoxysilane, or a mixture of alkoxysilanes containing n~ 

propyltrimethoxysilane, dicyclopentyldimethoxysilane and/or methylcyclohexyldimethoxysilane. 

The selectivity determining agent may also be a diether that may be the same as or different from 

the internal donor diether disclosed previously, such as 2,2~dicyclopentyl~l,3~dimethoxypropane. 

The activity limiting agent may be an aromatic mono- or poly-carboxylic acid ester such as ethyl 

/j-ethoxybenzoate, a polyfalkene glycol), a poly(alkene glycol) ester, or a fatty acid ester. The 

diether may also act as an additional activity limiting agent. 

[00011] In an embodiment, the selectivity determining agent is a diether and the 

activity limiting agent is a carboxylic add ester. For example, the selectivity determining agent 

may be 2,2-dicyciopentyl-1,3-dimethoxypropane and the activity limiting agent may be a fatty 

acid ester. The diether may also act as an additional activity limiting agent. 

[00012] In an embodiment, another catalyst composition is provided. The catalyst 

composition includes one or more Ziegler-Natta procatalyst compositions. The procatalyst 

composition includes one or more transition metal compounds and an internal electron donor that 

is a dialkoxybenzene. The procatalyst composition further includes one or more aluminum 

containing cocatalysts. The catalyst composition also includes an external electron donor. The 

external electron donor is a mixture of a selectivity determining agent and an activity limiting 

agent. 

[00013] In an embodiment, the dialkoxybenzene is 'l-ethoxy-2-n-pentoxybenzene. 

The selectivity determining agent may be an alkoxysilane composition or an amine composition. 

The activity limiting agent may be an aromatic carboxylic acid ester or a diether, The diether 

may also act. as an additional selectivity determining agent. 
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[00014] In an embodiment, the selectivity determining agent is an alkoxysilane 

composition such as methylcyclohexyldimethoxysilane and the activity limiting agent is a 

carboxylic acid ester such as ethyl />ethoxyberizoate. 

[00015] In an embodiment, the selectivity determining agent is an amine 

composition and the activity limiting agent may be an aromatic carboxylic acid ester and/or a 

diether. For example, the selectivity determining agent may be an amine composition such as 

2,2,6,6-tetraniethylpiperidine and the activity limiting agent may be an aromatic carboxylic acid 

ester such, as ethyl />ethoxyhenzoate. Alternatively, the selectivity determining agent may be 

2,2,6,6-tetrametliylpiperidine and the activity limiting agent may be a diether such as 2,2-

diisobuty 1-1,3-dimethoxypropane. The diether may also act as an additional selectivity 

determining agent. 

[00016] In an embodiment, another catalyst composition is provided. The catalyst 

composition includes one or more Ziegler-Natta procatalyst compositions. The procatalyst 

composition includes one or more transition metal compounds and an internal electron donor that 

is a diol ester. The procatalyst also includes one or more aluminum containing cocatalysts. The 

catalyst composition further includes an external electron donor. The external electron donor is a 

mixture of a selectivity determining agent and an activity limiting agent, 

[00017] In an embodiment, the diol ester is 2,4-pentanediol di(p-n-buty!)benzoate. 

The selectivity determining agent may be an alkoxysilane composition and the activity limiting 

agent may be an aromatic, carboxylic acid ester. For example, the selectivity determining agent 

may be methylcyclohexyldimethoxysilane and the activity limiting agent may be ethyl p~ 

ethoxybenzoate. 

[00018] The presence of the external electron donor in the present catalyst 

compositions disclosed herein makes the present catalyst compositions self-extinguishing. Any 

of the catalyst compositions disclosed herein may include a molar ratio of aluminum to total 

external electron donor from 0.5:1 to 4:1. For polymeric or oligomeric activity limiting agents, 

the catalyst composition may include a molar ratio of aluminum to external electron donor from 

1.0:1 to 50:1, 
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[00019] In an embodiment, a polymerization process is provided. The 

polymerization process includes contacting, under polymerization conditions, an olefin with a 

catalyst composition. The catalyst composition includes a Ziegler-Natta procatalyst composition 

having a transition metal compound and an internal electron donor, The internal electron donor 

is a bidentate compound excluding phthalates. The catalyst composition also includes an 

aluminum containing cocatalyst, and an external electron donor. The external electron donor is a 

mixture of a selectivity determining agent and an activity limiting agent. The method further 

includes forming a polyolefin composition. 

[00620] In an embodiment, the polymerization process includes contacting 

propylene with the catalyst composition and forming a propylene containing polymer having a 

xylene solubles content from about 0.5% to about 10%. In a further embodiment, the 

polymerization process includes contacting propylene and ethylene with the catalyst composition 

and forming a propylene and ethylene copolymer. 

[00021] In an embodiment, the polymerization process includes controlling the 

aluminum to total external electron donor ratio from 0,5:1 to 4:1 during the polymerization 

reaction. For polymeric or oligomeric activity limiting agents, the catalyst composition may 

include a molar ratio of aluminum to external electron donor from 1,0:1 to 50:1. 

[00022] An advantage of the present disclosure is a phthalate-free catalyst 

composition for the production of polyolefms. 

[00023] An advantage of the present disclosure is the provision of an improved 

catalyst composition. 

[00024] An advantage of the present disclosure is a catalyst composition that 

produces a phthalate-free polyolefin and a phthalate-free polypropylene composition in 

particular. 

[00025] An advantage of the present disclosure is the provision of a self-

extinguishing catalyst composition that does not contain aphthalate internal electron donor, 
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[00026] An advantage of the present disclosure is the provision of a 

polymerization process with reduced reactor fouling and reduced polymer agglomeration, 

[00027] An advantage of the present disclosure is the production of a phthalate-

free propylene containing polymer with high isotaeticity and low xylene soluble content, 

DETAILED DESCRIPTION 

[00028] 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 a separation of at least 

two units between any lower value and any higher value. As an example, if it is stated that a 

compositional, physical or other property, such as, for example, molecular weight, melt index, 

etc., is from 100 to 1,000, it is intended that all individual values, such as 100, 101. 102, etc,, and 

sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc., are expressly enumerated in this 

specification. For ranges containing values which are less than one, or containing fractional 

numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is 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 to be expressly stated in this application. For example, 

any numerical range recited herein includes values "greater than" or "greater than or equal to" 

the lower value. Similarly, any numerical range recited herein includes values that are "less 

than" or "less than or equal to" the upper value. Numerical ranges have been recited, as 

discussed herein, in reference to density, weight percent of component, molecular weights and 

other properties, 

[00029] 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, 

[00030] The term "polymer" is a maeromolecular compound prepared by 

polymerizing monomers of the same or different type. "Polymer" includes homopolymers, 

copolymers, terpolymers, interpolymers, and so on. The term "interpolymer" means a polymer 
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prepared by the polymerization of at least two types of monomers or comonomers. It includes, 

but is not limited to, copolymers (which usually refers to polymers prepared from two different 

types of monomers or comonomers, terpolymers (which usually refers to polymers prepared 

from three different types of monomers or comonomers), tetrapolymers (which usually refers to 

polymers prepared from four different types of monomers or comonomers), and the like. 

[00031] 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. 

[00032] 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. 

[00033] The present catalyst composition contains a Ziegler-Natta procatalyst 

composition, an internal electron donor, a cocatalyst, and an external electron donor, each 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 Ziegler-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 a 

transition metal compound, for example, titanium-, zirconium-, chromium- or vanadium-

hydroearbyloxides, hydrocarbyls, halides, or mixtures thereof. 

[00034] The transition metal compound has the general formula TrXx where Tr is 

the transition metal, X is a halogen or a CMO 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 titanium. X 

may be chloride, bromide, CM alkoxide or phenoxide, or a mixture thereof. In an embodiment, 

X is chloride. 
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[00035] Nonlimiting examples of suitable transition metal compounds that may be 

used to form the Ziegler-Natta procatalyst composition are TiCL*, ZrCL*, TiBr.4, T1CI3, 

Ti(OC2Hs)3Cl5 Zr{OC2H5)3Cl, Ti(OC2H,}:Br, Ti(OC3H7)2Cl2, Ti(OC6H5)2Ci2, Zr(OC2H5)2Cl2, 

and Ti(OC2H5)Cl3. Mixtures of such transition metal compounds may be used as well. No 

restriction on the number of transition metal compounds is made as long as at least one transition 

metal compound is present, In an embodiment, the transition metal compound is a titanium 

compound, 

[00036] Nonlimiting examples of suitable Group 2 metal compounds include 

magnesium halides, dialkoxymagnesiuxns, alkoxymagnesium halides, magnesium oxyhalides, 

dialkylmagnesiums, and carboxylates of magnesium. In an embodiment, the Group 2 metal 

compound is magnesium dichloride, 

[00037] In a further embodiment, the Ziegler-Natta procatalyst composition is a 

mixture of titanium moieties supported on or otherwise derived from magnesium compounds. 

Suitable magnesium compounds include anhydrous magnesium chloride, magnesium chloride 

adducts, magnesium dialkoxides or aryloxides, or carhoxylated magnesium dialkoxides or 

aryloxides. In an embodiment, the magnesium compound is a magnesium di(Cj-4)alkoxide, such 

as diethoxymagnesium, 

[00038] Nonlimiting examples of suitable titanium moieties include titanium 

alkoxides, titanium aryloxides, and/or titanium halides. Compounds used to prepare the Ziegler-

Natta procatalyst composition include one or more magnesIum-di(C;.4)aIkoxides, magnesium 

dihalides, magnesium alkoxyhalides, or mixtures thereof and one or more titanium tetra(C].4) 

alkoxides, titanium tetrahalides, titanium(Ci^)alkoxyhalides, or mixtures thereof. 

[00039] 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 mixtures thereof, and may involve 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 examples of suitable clipping agents include trialkylborates, especially 

triethylborate, phenolic compounds, especially cresol, and alkoxysilanes. 
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[00040] In an embodiment, the precursor composition is a mixed 

magnesium/titanium compound of the formula MgdTi(QRs)fXe wherein Re is an aliphatic or 

aromatic hydrocarbon radical having 1 to 14 carbon atoms or COR' wherein R' is an aliphatic or 

aromatic hydrocarbon radical having 1 to 14 carbon atoms; each QRe group is the same or 

different; X is independently chlorine, bromine or iodine; d is 0.5 to 56; or 2-4, or 3; f is 2 to 

116, or 5 to 15; and g is 0,5 to 116, or 1 to 3. The precursor may be prepared by controlled 

precipitation through removal of an alcohol from the reaction mixture used in its preparation, In 

an embodiment, the reaction medium includes a mixture of an aromatic liquid, especially a 

chlorinated aromatic compound, such as chlorobenzene or chlorinated toluene, with an alkanol, 

especially ethanol, and an inorganic chlorinating agent. Suitable inorganic chlorinating agents 

include chlorine derivatives of silicon, aluminum and titanium, such as titanium 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 particularly uniform particle 

sized and resistant to particle crumbling as well as degradation of the resulting procatalyst. 

[00041] flie 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. If not already incorporated into the precursor in 

sufficient quantity, the internal electron donor may be added separately before, during or after 

halogenation. This procedure may be repeated one or more times, optionally in the presence of 

additional additives or adjuvants, 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, 

[00042] 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 titanium 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 atoms inclusive. Exemplary hydrocarbons Include pentane, octane, 

benzene, toluene, xylene, alkylbenzenes, and decahydronaphthalene. Exemplary aliphatic 
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halohydrocarbons include methylene chloride, methylene bromide, chloroform, carbon 

tetrachloride, 1,2~dibromoe thane, 1,1,2-trichloroethane, trichlorocyclohexane, 

dichlorofluoromethane and tetrachlorooctane. Exemplary aromatic halohydrocarbons include 

chlorobenzene (MCB), bromobenzene, dichlorobenzenes and chlorotoluenes. The aliphatic 

halohydrocarbon may be a compound containing at least two chloride substituents such as 

carbon tetrachloride or 1,1,2-trichloroethane. The aromatic halohydrocarbon may be 

chlorobenzene or o-chlorotoluene. 

[00043] The halogenation. may be repeated one or more times, optionally 

accompanied by washing with an inert liquid such as an aliphatic or aromatic hydrocarbon or 

halohydrocarbon between haiogenations and following halogenation. Further optionally one or 

more extractions involving contacting with an inert liquid diluent, especially an aliphatic or 

aromatic hydrocarbon, especially at an elevated temperature greater than 1G0°C, or greater than 

110°C, may be employed to remove labile species, especially TiCLt. 

[00044] In an embodiment, the Ziegler-Natta procatalyst composition includes a 

solid catalyst component obtained by (i) suspending a dialkoxy magnesium in an aromatic 

hydrocarbon that is liquid at normal temperatures, (ii) contacting the dialkoxy magnesium with a 

titanium halide and further (iii) contacting the resulting composition a second time with the 

titanium halide, and contacting the dialkoxy magnesium with one of the following internal 

donors (discussed below) at some point during the treatment with the titanium halide in (ii). 

[00045] The Ziegler-Natta procatalyst composition includes an internal electron 

donor. The internal electron donor provides tacticity control and catalyst crystallite sizing. In an 

embodiment, the internal electron donor is a bidentate compound. As used herein, "a bidentate 

compound" is a molecule or compound that contains at least two oxygen-containing functional 

groups (the oxygen-containing functional groups being the same or different), the oxygen-

containing functional groups separated by at least one saturated C2-C10 hydrocarbon chain, the 

bidentate compound excluding phthalates. Nonlimiting examples of suitable oxygen-containing 

functional groups for the bidentate compound include oxygen, carboxylate, carbonyl, ketone, 

ether, amide, sulfoxide, sulfone, sulfonate, phosphite, phosphinate, phosphate, phosphonate, and 

phosphine oxide. One or more carbon atoms in the C2 - CRI chain may be substituted with 
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heteroatoms from Group 14, 15, and 16. One or more H atoms in the Cj ~ Cio chain may be 

substituted with alkyl, eycloalkyl, alkenyh cycloalkenyl, aryl, alkylaryl, aralkyl, halogen, or 

functional groups containing a heteroatom from Group 14, 15, or 16. 

[00046] Nonlimiting examples of bidentate compositions suitable as internal 

electron donors include diethers, succinates, glutarates, dialkoxybenzenes, his(alkoxyphenyl)s, 

diol esters, alkoxyalkyl esters, and any combination thereof. 

[00047] In an embodiment, the internal electron donor is a 1,3-diether, The diether 

may be a dialkyl di-ether compound represented by the following formula, 

R1 

R30^— CH2 C CI I2 OR4 

R2 

[00048] wherein R1 to R4 are independently of one another an alkyl. aryl or aralkyl group 

haying up to 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17 

heteroatom, provided that R1 and R2 may be a hydrogen atom. R; and R2 may also be linked to 

form a cyclic structure, such as cyclopentadiene or fluorene. The dialkylether may linear or 

branched, and may include one or more or more of the following groups: alkyl, cycloaliphatic, 

aryl, alkylaryl or aryl alkyl radicals with 1-18 carbon atoms, and hydrogen. Nonlimiting 

examples of suitable dialkyl diether compounds include dimethyl diether, diethyl diether, dibutyl 

diether, methyl ethyl diether, methyl butyl diether, methyl cyclohexyl diether, 2,2-dimethyl-l,3-

dimethoxypropane, 2,2-diethyl-1,3 -dimethoxypropane, 2,2-di-n-butyl-1,3 -dimethoxypropane, 

2,2-diisobutyl-L3-dimethoxypropane, 2-ethyl-2-n-butyl-L3-diniethoxypropane, 2~n-propyl-2-

cyclopentyl-l,3~dimethoxypropane, 2,2-dimeth.yi-l ,3-diethoxypropane, 2-n-propyl-2-

cyclohexyl-1,3-diethoxypropane, 2-(2-ethylhexyl)-l ,3-dimethoxypropane, 2-isopropyl-1,3-

dimethoxypropane, 2-n-butyl-l ,3-dimethoxypropane, 2-sec-buty 1-1,3-dimethoxypropane, 2-

cyclohexyl-1,3 -dimethoxypropane, 2-phenyl-1,3-diethoxypropane, 2-cumyl-1,3-
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diethoxypropane, 2-(2-phenyllethyl)-1,3 -dimethoxypropane, 2-(2-cyclohexylethyl) 1,3-

dimethoxypropane, 2-(p-chlorophenyl)-1,3 -dimethoxypropane, 2-(diphenylmethyl)-1,3-

dimethoxypropane, 2-(l-naphthyl)-l,3-dimethoxypropanes 2-(fTuorophenyl)-l ,3-

dimethoxypropane, 2-(l -decahydronaphthyi)-! ,3-dimethoxypropan.e, 2-{p-t-butylphenyl)-l ,3-

dimethoxypropane, 2,2-dicyclohexyl-1,3-dimethoxypropane, 2,2-di-n-propyl-1,3-

dimethoxypropan.e, 2-methyl-2-n-propyl-1,3 -dimethoxypropane, 2-methyl-2-benzyl-1,3-

dimethoxypropane, 2-methyl-2-ethyl-l,3-dimethoxypropane, 2-methyl~2-phenyJ-l,3-

dimethoxypropane, 2-methyl-2-cyclohexyl-l,3-dimethoxypropane, 2,2-bis(p-chlorophenyl)-l,3-

dimethoxypropane, 2,2-bis(2-cyelohexylethyl)-l,3-dimethoxypropane, 2-methyl-2-isobutyl-l,3-

dimethoxypropane, 2-methyl-2-(2-ethylhexyl)-l ,3-dimethoxy propane, 2-methyl-2-isopropyl-

1,3- dimethoxypropane, 2,2-diphenyl-l,3-dimetlioxypropane, 2,2-dibenzyl-l,3-

dimethoxypropane, 2,2-bis(cyclohexylmethyl)-1,3-dimethoxypropane, 2,2-diisobutyl-1,3 -

diethoxypropane, 2,2-diisobutyl-1,3 -di-n-butoxypropane, 2-isobutyl-2-isopropyl-1,3 -

dimethoxypropane, 2,2-di-sec-butyl-l ,3-dimethoxypropane, 2,2-di-t-butyl-l ,3-

dimethoxypropane, 2,2-di-neopentyl-1,3-dimethoxypropane, 2-isopropyl-2-isopenty i-1,3-

dimethoxypropane, 2-phenyl-2-benzyl-l ,3-dimethoxypropane, 2-cyclohexyl-2-

cyclohexylmethyl-l,3-dimethoxypropane, 2-isopropyl-2-(3,7-dimethyloctyl)-l ,3-

dimethoxypropane, 2,2-diisopropyl-1,3-dimethoxypropane, 2-isopropyl-2-cyclohexylmethyl-1,3-

dimethoxypropane, 2,2-diisopentyl-1,3-dimethoxypropane, 2-isopropyl-2-cyclohexyl-l ,3-

dimethoxypropane, 2-isopropyl-2-cyclopenty 1-1,3-dimethoxypropane, 2,2-dicylopentyl -1,3-

dimethoxypropane, 2-n-heptyl-2-n-pentyl-1,3-dimethoxypropane, and 9,9-

bis(methoxymethyl)fluorene. In an embodiment, the internal electron donor is 2,2-di-iso-butyl-

1,3-dimethoxypropane, 2,2-dicyclohexyl-1,3 -dimethoxypropane, 2-isobutyl-2-isopropyl-1,3-

dimethoxypropane, or 9,9-bis(methoxymethyl)fluorene. 

In an embodiment, the internal election donor is a succinate composition 

having the following formula; 
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[00050] wherein R and R! may be the same or different, R and/or R' including one or more 

of the following groups: linear or branched alkyl, alkenyl, cycloalkyl, aryl, arylalkyl or alkylaryl 

group, optionally containing heteroatoms. One or more ring structures can be formed via one or 

both 2- and 3-position carbon atom. Nonlimiting examples of suitable succinates include diethyl 

2,3-bis(trimethyisilyl)succinate, diethyl 2-see-butyl-3-methylsuecinate, diethyl 2-(3,3,3-

trifluoropropyl)-3-methylsuccinate, diethyl 2,3-bis(2-ethylbutyl) succinate, diethyl 2,3-diethyl-2-

isopropylsuccinate, diethyl 2,3-diisopropyl-2-methylsuccinate, diethyl 2,3-dicyclohexyl-2-

methylsuccinate, diethyl 2,3-dibenzylsuccinate, diethyl 2,3-diisopropylsuccinate, diethyl 2,3-bis 

(cyclohexylmethyl)succinate, diethyl 2,3-di-t-butylsuccinate, diethyl 2,3-diisobutylsuccinate, 

diethyl 2,3-dineopentylsuccinate, diethyl 2,3-diisopentylsuccinate, diethyl 2,3-(l-trifluoromethyl-

ethyl)succinate, diethyl 2-(9-fluorenyl)succinate, diethyl 2-isopropyl-3-isobutylsuccinate, diethyl 

2-t-butyl-3-isopropylsuccinate, diethyl 2-i.sopropy3-3-cyclohexylsuccinates diethyl 2-isopentyl-3-

cyclohexylsuccinate, diethyl 2-cyclohexyl-3-cyclopentylsuccinate, diethyl 2,2,3,3-

tetramethylsuccinate, diethyl 2,2,3,3-tetraethylsuceinate, diethyl 2,2,3,3-tetra-n-propylsuccinate, 

diethyl 2,3-diethyl-2,3-diisopropylsxiccinate, diisobutyl 2,3-bis(trimethyl.siiyl)succinate, 

diisobutyl 2-sec-butyl-3-methylsuccinate, diisobutyl 2-(3,3,3-trifluoropropyl)-3-

methylsuccinate, diisobutyl 2,3-bis(2-ethylbutyl)succinate, diisobutyl 2,3-diethyl-2 

isopropylsuccinate, diisobutyl 2,3-diisopropyl-2-methylsuccinate, diisobutyl 2,3-dicyclohexyl-2-

methylsuccinate, diisobutyl 2,3-dibenzylsuccinate, diisobutyl 2,3-diisopropylsuccinate, 

diisobutyl 2,3-bis(cyclohexylmethyl)succinate, diisobutyl 2,3-di-t-butylsuccinate, diisobutyl 2,3-

diisobutylsuccinate, diisobutyl 2,3-dineopentylsuccinate, diisobutyl 2,3-diisopentylsuccinate, 

diisobutyl 2,3-bis(3,3,3-trifluoropropyl)succinate, diisobutyl 2,3-di-n-propylsuccinate, diisobutyl 

2-(9-fluorenyl)succinate, diisobutyl 2-isopropyl-3-isobutylsuccinate, diisobutyl 2-t-butyl-3-

isopropylsuccinate, diisobutyl 2-isopropyl-3-cyclohexylsuccinate, diisobutyl 2-isopentyl-3-

c-yclohexylsuccinate, diisobutyl 2-n-propyl-3-(cyclohexylmethyl)succinate, diisobutyl 2-
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cyclohexyl-3-cydopentylsuccinate, diisobutyl 2,2,3,3-tetramethylsuccinate, diisobutyl 2,2,3,3-

tetraethylsuccinate, diisobutyl 2,2,3,3 -tetra-n-propylsuccinate, diisobutyl 2,3-diethyi-2,3-

diisopropyisuccinate, dineopentyl 2,3-bis(triraethylsilyI)succinate, dineopentyl 2,2-di-sec-butyl-

3-methyisuccinate, dineopentyl 2~(3,3,3~trifluoropropyl)~3~methylsuceinate, dineopentyl 2,3 bis-

(2-ethyIbutyl)succinate, dineopentyl 2,3-diethyl-2-isopropylsuccinate, dineopentyl 2,3-

diisopropyl-2-methylsuccinate, dineopentyl 2,3-dicyciohexyl-2-methylsuccinate, dineopentyl 

2,3-dibenzylsuccinate, dineopentyl 2,3-diisopropylsuccinate, dineopentyl 2,3-bis-

(cyclohexylmethyl)sixccinate, dineopentyl 2,3-di-t-butylsuccinate, dineopentyl 2,3-

diisobutylsuccinate, dineopentyl 2,3-dineopentylsuecinate, dineopentyl 2,3-diisopentylsuccinate, 

dineopentyl 2,3-bis(3,3,3-trifluoropropyi)succinate, dineopentyl 2,3 -n-propylsuccinate, 

dineopentyl 2-(9-fluorenyl)succinate, dineopentyl 2-isopropyl-3-isobutylsuccinate, dineopentyl 

2-t-butyl-3-isopropylsuccinate, dineopentyl 2~isop.ropyl-3-eyelohexylsuecina.te, dineopentyl 2-

isopentyl-3-cyclohexylsuccinate, dineopentyl 2~n-propyl-3-(cycIohexylmethyl)succinate, 

dineopentyl 2-cyclohexyl-3-cyclopentylsiiccinate, dineopentyl 2,2,3,3-ietraniethylsuccinate, 

dineopentyl 2,2,3,3-tetra-ethylsuccinate, dineopentyl 2,2,3,3-tetra-n-propylsuccinate, dineopentyl 

2,3~diethyl-2,3-diisopropyisuccinate, diethyl 1,2-cyclohexanedicarboxylate, and diethyl 

norbornene-2,3 -dicarboxylate, including the stereospecifie isomer(s) and/or a mixture of the 

isomers for each aforementioned succinate, In an embodiment, the internal electron donor is 

diethyl 2,3-diisopropylsuccinate. 

[00051] In an embodiment, the internal electron donor is a dialkoxybenzene. The 

dialkoxybenzene may be a 1,2-dialkoxybenzene as represented by the following formula: 

branched or cyclic and the numerals 3-6 refer to positions on the benzene ring which optionally 

may be substituted. 

8 
.OR.1' 

00052] wherein R!and R2 are alky Is of Ci-Cio, or (VCg, which may be linear, 
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[00053] R3 and R2 may be the same or different from each other. When the 

branching of R5 and R2 is at the carbon attached to the oxygen atom, the donor does not attach to 

the catalyst well, consequently any steric bulk created by branching is located at least one carbon 

away from the oxygen atom {e.g., isopentoxy). Nonlimiting examples of suitable alkoxy groups 

include propoxy, n-butoxy, n-pentoxy, isopentoxy, n-hexoxy. n-octoxy, 3-cyclohexylpropoxy 

and 4-cyclopentyl butoxy. In an embodiment, at least one alkoxy group is an ethoxy. 

[00054] Substituents may be present at the 3-6 positions on the benzene ring, e.g., 

a hydrocarbon of less than ten carbon atoms (including an alkyl [e.g.. methyl or t-butyl], an aryl 

[e.g., napthyl], a cycloaliphatic [e.g., cyclopentyl] or an alkaryl), a hydrocarboxyl of less than ten 

carbon atoms {e.g., alkoxy, aryloxy or alkaryloxy), a silyl group {e.g., silyl or trimethyl silyl) or a 

halogen {e.g., CI or F), In an embodiment, there is only one or no substitutions on the benzene 

ring. In a further embodiment, a single substituent is present at the 4~position. 

[00055] Nonlimiting examples of suitable 1,2-dialkoxybenzenes include 1-ethoxy-

2-methoxy-3-methylbenzene; 1,2-diethoxybenzene, 1,2-dietiboxy-3-fluorobenzene; 1,2-diethoxy-

3-methyl-benzene; 1,2-diethoxy-4-t-butylbenzene; 1,2-diethoxy-3-trimethylsilyl-benzene; 1 -

ethoxy-2-n-propoxybenzene; 1,2-di-n-propoxybenzene; l-ethoxy-2-n-pentoxy benzene; 1,2-

diisopentoxybenzene; 1,2-diethoxynaphthalene; 2,3~diethoxy-5,6,7,8~tetrahydronaphthalene; 1,2-

di-n-butoxybenzene; 1 -isopentoxy-2-ethoxy-3-fluoro-5-t-butylbenzene; and 1 -ethoxy-2-n-

hexoxybenzene. In an embodiment, the dialkoxybenzene is 1-ethoxy-2-n-pentoxybenzene. 

[00056] In an embodiment, the internal electron donor is a diol ester as represented 

by the following formula: 
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[00057] wherein n is an integer from 1 to 5. Rj and R2, may be the same or 

different, and each may be selected from hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, I-

hutyl, t-butyl, allyl, phenyl, or halophenyl group, R3, R4, R5, Rg; R7, and Rg. may be the same or 

different, and each may be selected from hydrogen, halogen, substituted, or unsubstituted 

hydrocarbyl having 1 to 20 carbon atoms. Ri~E;) groups may optionally contain one or more 

heteroatoms replacing carbon, hydrogen or both, the hetero-atom selected from nitrogen, oxygen, 

sulfur, silicon, phosphorus and a halogen, R1-R-6 groups may be linked to form a cyclic structure. 

R7 arid Rgs may be the same or different, may be bonded to any carbon atom of the 2-, 3-, 4~, 5-, 

and 6-position of the phenyl ring. 

[00058j As used herein, a "hydrocarbyl" is a linear or branched aliphatic radical, 

such as alkyl, alkenyl, and alkynyl; alieyclie radical, such as cycloalkyl, cycloalkenyl; aromatic 

radical, such as monocyclic or polycyclic aromatic radical, as well as a combination thereof, 

such as alkaryl and aralkyl. 

[00059] In an embodiment, Rj, R2, R3, R4, R5, and R& are not all hydrogen 

simultaneously. At least one group of R3. R4, Rj and Rg may be methyl, ethyl, n-propyl, 

isopropyl, n~butyl, isobutyl, sec-butyl, tert-butyl, phenyl, or halophenyl. In a further 

embodiment, one of R3 and R4, R5 and R^, respectively, is hydrogen, and the other is methyl, 

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, phenyl, or halophenyl. 

[00060] Nonlimiting examples of suitable diol esters include 1,3-propylene-glycol 

dibenzoate, 2-methyl-1,3-propylene-glycol dibenzoate; 2-ethy!-l ,3-propylene-glycol dibenzoate; 

2-propyl- 1,3-propylene-glycol dibenzoate; 2-butyl-1,3-propylene-glycol dibenzoate; 2,2-

dimethyl-1,3-propylene-glycol dibenzoate; (R)-l-phenyl-1.3-propylene-glycol dibenzoate; (S)~l~ 

phenyl-l,3-propyl.ene~g1yco! dibenzoate; 1,3-diphenyl-1,3 -propylene-glycol dibenzoate; 2-

methyl-1,3-diphenyl-1,3-propylene-glycol dibenzoate; 2,2-dimethyl-1,3-diphenyl-1,3-propylene-

glycol dibenzoate; 2-ethyl-1,3-di(tert~butyl)-1,3-propylene-glycol dibenzoate; 2-butyI-2~ethyl-

1,3-propylene-glycol dibenzoate; 2,2-diethyl-1,3-propylene-glycol dibenzoate; 2-

dimethoxymethyl-1,3-propylene-glycol dibenzoate; 2-methyl-2-propyl-1,3-propylene-glycol 

dibenzoate; 2-isoamyl-2-isopropyl-l,3-propylene-glycol dibenzoate; 2-isoamyl-2-isopropy[-1,3-

propylene-glycol di(p-chlorobenzoate); 2-isoamyl-2-isopropyl-l,3-propylene-glycol di(m~ 
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chlorobenzoate); 2-isoamyl-2-isopropyl-1,3 -propylene-glycol di(p-methoxybenzoate); 2-

isoamyl-2-isopropyl~l,3~propy!ene-glycol di(p-methylbenzoate); 2,2-diisobutyl-l,3~propylene-

glycol dibenzoate; l,3-diisopropyl-l,3-propylene-glycol di(4-butylbenzoate); 2-ethyl-2-methyl-

1.3-propylene-glycol dibenzoate; 2-araino-1 -phenyl-1,3 -propylene-glycol dibenzoate; 2,4-

pentanediol dibenzoate; 3-methyl-2,4-pentanediol dibenzoate; 3-ethyl-2,4-pentanediol 

dibenzoate; 3-n-propyl-2,4-pentanediol dibenzoate; 3-n-butyl-2,4-pentanediol dibenzoate; 3,3-

dimethyl-2,4-pentanediol dibenzoate; (2S,4S)-(+)-2>4-pentanediol dibenzoate; (2R,4R)-(+)~2,4-

pentanediol dibenzoate; 2,4-pentanediol difp-chlorobsnzoate); 2,4-pentanediol di(p-

bromobenzoate); 2,4-pentanediol di(p-methylbenzoate); 2,4-pentanediol di(p-tert-butylbenzoate); 

2.4-pentanediol di(p-buty3benzoate); 2-methyl-1,3-pentanediol dibenzoate; 2-methyl-L3-

pentanediol di(p-clilorobenzoate); 2-methyl-1,3-pentanediol di(p-methylbenzoate); 2-butyl-l,3-

pentanediol di(p-methylbenzoate); 2-methyl-1,3-pentanediol di(p-tert-butylbenzoate); 2,2-

dimethyl-1,3-pentanediol dibenzoate; 2-ethy 1-1,3-pentanediol dibenzoate: 2-butyl-l,3-

pentanediol dibenzoate; 2-allyl-l,3-pentanediol dibenzoate; 2-methyl-l,3-pentanediol 

dibenzoate; 2-ethyl-1,3-pentanediol dibenzoate; 2-n-propyl-l ,3-pentanediol dibenzoate; 2-n-

butyI-l,3-pentanediol dibenzoate; 1,3-pentanediol di(p-chlorobenzoate); 1,3-pentanediol di(p-

bromobenzoate); 1,3-pentanediol di(p~methylbenzoate); 1,3-pentanediol di(p-tert-butylbenzoate); 

1,3-pentanediol di(p-butylbenzoate); 2,2,4-trimethyl-1,3-pentanediol dibenzoate; and 3-methyl-

l-trifluoromethyl-2,4-pentanediol dibenzoate; 2,4-pentanediol di(p-fluoromethylbenzoate); and 

3-butyl-3-methyl-2,4-pentanediol dibenzoate. In an embodiment, the diol ester is 2,4-

pentanediol di(p~n-butyl)benzoate. 

[00061] The Ziegler-Natta procatalyst composition may also include an inert 

support material. The support material may be an inert solid which does not adversely alter the 

catalytic performance of the transition metal compound. Non-limiting examples include metal 

oxides, such as alumina, and metalloid oxides, such as silica. 

[00062] The eocatalyst for use with the foregoing Ziegler-Natta procatalyst 

composition is an aluminum containing composition. Nonlimiting examples of suitable 

aluminum containing compositions include organoaluminum compounds, such as 

trialkylaluminum, dialkylaluminum hydride, alkylaluminum dihydride, dialkylaluminum halide, 

alkyl aluminum dihalide, dialkylaluminum alkoxide, and alkylaluminum dialkoxide compounds 
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containing from 1-30, or 1-6 carbon atoms in each alkyl- or alkoxide- group. In an embodiment, 

the cocatalyst is a Cm trialkylaliuninum compound, such as triethylaluroinum (TEA1). The 

molar ratio of aluminum to titanium is from 10:1 to 100:1, or 25:1 to 70:1, or 30:1 to 60:1, or 

35:1 to 50:1 (or any value or subrange therebetween). In an embodiment, the molar ratio of 

aluminum to titanium to 45:1. 

[00063] The catalyst composition also includes an external electron donor. As 

used herein, an "external electron donor" is a compound added independent of procatalyst 

formation and contains at least one functional group that is capable of donating a pair of 

electrons to a metal atom. 'Hie external electron donor is a mixture of (i) one or more selectivity 

determining agents (SDA) and (ii) one or more activity limiting agents (ALA), As used herein, 

"a selectivity determining agent" is a composition which enhances catalyst stereoselectivity, (i.e., 

reduces xylene soluble material in the formant polymer). As used herein, an "activity limiting 

agent" is a composition that decreases catalyst activity as the polymerization reaction 

temperature rises above a threshold temperature (i.e., temperature greater than about 85°C or 

100°C). The selectivity determining agent and/or the activity limiting agent may provide the 

catalyst composition with steroselectivy enhancement as well as a self-extinguishing property. 

[00064] The selectivity determining agent may be an alkoxysilane composition, an 

amine composition, or a diether composition. The alkoxysilane composition has the general 

formula: SiRm(OR')4.m(I) where R independently each occurrence is a hydrocarbyl or an amino 

group optionally substituted with one or more substituents containing one or more Group 14, 15, 

16, or 17 heteroatoms. R contains up to 20 atoms not counting hydrogen and halogen, R' is a 

Ci.20 alkyl group, and m is 0, 1, 2 or 3. In an embodiment, R is C^-n aryl or aralkyl, C1-20 alkvl, 

C3.12 cycloallyl, C342 branched alkyl, or C3-S2 cyclic amino group, R' is CM alkyl, and m is I 

or 2. Nonlimiting examples of suitable silane compositions include 

dicyclopentyldimethoxysilane, di-tert-butyldimethoxysilane, methylcyclohexyldimethoxysilane, 

ethyleyclohexyldimethoxysiiane, diphenyldimethoxysilane, diisopropyldimethoxysilane, di-n-

propyldimethoxysilane, diisobutyldimethoxysilane, isobutylisoproyldimetlioxysiiane, di-n-

butyldimethoxysilane, eyclopentyltrimethoxysilane, isopropyltrimethoxysilane, n-

propyltrimethoxysilane, n-propyltriethoxysilane, ethyltriethoxysilane, tetramethoxysilane, 

tetraethoxysilane, diethylaminotriethoxysilane, cyclopentylpyrrolidinodimethoxysilane, 
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bis(pyrrolidino)dimethoxysilane, bis(perhydroisoquinolino)dimethoxysilane, and 

dimethyldimethoxysilane. In an embodiment, the silane composition may be 

dicyclopentyldimethoxysilane, methylcyclohexyldirneihoxysilane, n-propyltrimethoxysilane, or 

any combination of thereof. In a further embodiment, the alkoxysilane composition includes two 

or more of the foregoing silane compositions, 

f09065] In an embodiment, the selectivity determining agent is an amine 

composition, Nonlimiting examples of suitable amine compositions include 2,6-substituted 

piperidines such as 2,6-dimethylpiperidine and 2,2,6,6-tetramethylpiperidine, and 2,5-substituted 

piperidines. In a further embodiment., the piperidine compound is 2,2,6,6-tetramethylpiperidine. 

[00066] In an embodiment, the selectivity determining agent is a diether. The 

diether may be any diether as previously disclosed herein. In an embodiment, the diether is 2,2-

diisobutyl- 1,3-dimethoxypropane, 2-isobutyl-2-isopropyl-1,3 -dimethoxypropane, or 2,2-

dicycIopentyl-l,3-dimethoxypropane. Thus, the internal electron donor may be a first diether 

and the selectivity determining agent may be a second diether. In a further embodiment, the 

internal electron donor and the selectivity determining agent are the same composition, i.e., the 

same diether. The SDA diether may also act as an additional activity limiting agent. 

[00067] In another embodiment, the selectivity determining agent may include at 

least one alkoxysilane as disclosed herein and one member selected from a amine and/or a 

diether as disclosed herein. In a further embodiment, the selectivity determining agent is a 

mixture of dicyclopentyldimethoxysilane and a diether. 

[00068] The catalyst composition also includes an activity limiting agent. The 

activity limiting agent may be a carboxylic acid ester, or a diether, a poly(alkene glycol), a 

poly(a!kene glycol) ester, or a polymeric or oligomeric compound that contains more than one 

ether group. The carboxylic acid ester may be an aromatic mono- or poly-carboxylic acid ester 

or an aliphatic acid ester. Nonlimiting examples of suitable aromatic carboxylic acids include 

CMO alkyl or cycloalkyl 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 heteroatoms, 

especially oxygen, Examples of such substituents include (poly)alkylether, cycloalkylether, 
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arylether, aralkylether, alkylthioether, arylthioetlier, dialkylamine, diarylamine, diaralkylamine, 

and trialkylsilane groups. The aromatic carboxylic acid ester may be a Ci-aohydrocarbyl ester of 

benzoic acid wherein the hydrocarbyl group is unsubstituted or substituted with one or more 

Group !4, 15,16 or 17 heteroatoms containing substituents and Cj.ao (poly)hydrocarbyl ether 

derivatives thereof, or CM alkyl benzoates and CM ring alkylated derivatives thereof, or methyl 

benzoate, ethyl, benzoate, n-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-ethoxybenzoate. 

[00069] In an embodiment, the activity limiting agent is an aliphatic acid ester. 

The aliphatic acid ester may be a fatty acid ester, may be a C4-C30 aliphatic acid ester, may be a 

mono- or a poly- (two or more) ester, may be straight chain or branched, may be saturated or 

unsaturated, and any combination thereof. The C4-C30 aliphatic acid ester may also be 

substituted with one or more Group 14, 15, or 16 or 17 heteroatom containing substituents, 

Nonlimiting examples of suitable C4-C30 aliphatic acid esters include Ci.20 alkyl esters of 

aliphatic C4.30 monocarboxylic acids, C].2o alkyl esters of aliphatic Cg-2o monocarboxylic acids. 

CM ally! mono- and diesters of aliphatic C4-20 monocarboxylic acids and dicarboxylic acids, CM 

alkyl esters of aliphatic Cs-20 monocarboxylic acids and dicarboxylic acids, and C4.20 alkyl mono-

or polycarboxylate derivatives of C2-100 (po!y)glycols or C2.-100 (poly)glycol ethers, in a further 

embodiment, the C4-C30 aliphatic ester may be isopropyl myristate, di-n-butyl sebacate, 

(poly)(alkylene glycol) mono- or diacetates, (poly)(alkylene glycol) mono- or di-myristates, 

(poly)(alkylene glycol) mono- or di-laurates, (poly)(alkylene glycol) mono- or di-oleates, 

(poly)(alkyl.ene glycol) mono- or di-stearates, glyceryl tri(acetate), glyceryl tri-ester of C2-40 

aliphatic carboxylic acids, and mixtures thereof. 

[00070] In an embodiment, the aliphatic acid ester is a fatty acid ester. In one 

embodiment, the fatty acid ester is a mixture of polyfethylene glycol) esters. In another 

embodiment, the fatty acid ester is a mixture of poly(ethylene glycol) esters commercially 

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

[§0071] In an embodiment, the activity limiting agent is a diether. Any diether 

previously discussed herein may used as the activity limiting agent. In an embodiment, the 
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activity limiting agent is 2,2-diisobutyl-l,3-dimethoxypropane, 2-isobutyl-2-isopropyl-1,3 -

dimethoxypropane. or a texture thereof, The diether may also act as an additional selectivity 

determining agent. 

[00072] The catalyst composition may include any of the foregoing internal 

electron donors (bidentate compounds) in combination with any of the external electron donors 

disclosed herein. In an embodiment, the present disclosure provides a catalyst composition 

having one or more Ziegler-Natta procatalyst compositions with one or more transition metal 

compounds, The catalyst composition also includes an internal electron donor that is a diether, 

The catalyst composition also includes one or more aluminum containing cocatalysts. The 

catalyst composition further includes an external electron donor that is a mixture of a selectivity 

determining agent (SDA) and an activity limiting agent (ALA). 

[00073] The internal electron donor may be any diether as previously discussed, 

In an embodiment, the diether is 2,2-diisobutyl-1,3-dimethoxypropane, 2-isobutyl-2-isopropyl-

1,3-dimethoxypropane, 2,2-dicyclopentyl-1,3-dimethoxypropane, or 9,9-

bis(methoxymethyl)fluorine. The internal electron donor may be one or any combination of 

these diethers. 

[00074] The external electron donor may be a mixture of any selectivity 

determining agent and any activity limiting agent disclosed herein. In an embodiment, the 

selectivity determining agent is an alkoxysilane composition or a diether as discussed above. In 

a further embodiment, the selectivity determining agent is dicyclopentyldimethoxysilane or 

methyicyelohexyldimethoxysilane. In yet a further embodiment, the selectivity determining 

agent is 2,2-dicyclopentyl-1.3-dimethoxypropane. In a further embodiment, the external electron 

donor may be any of these alkoxysilane compositions or a diether in combination with an 

aromatic mono-or poly-carboxylic acid ester, such as ethyl p-ethoxybenzoate. 

|00075] The present disclosure provides another catalyst composition. In an 

embodiment, the catalyst composition includes one or more Ziegler-Natta procatalyst 

compositions with one or more transition metal compounds, The catalyst composition also 

includes an internal electron donor that is a succinate. Also included in the catalyst composition 

is one or more aluminum containing cocatalysts. The catalyst composition further includes an 
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external electron donor that is a mixture of a selectivity determining agent (SDA) and an activity 

limiting agent (ALA). 

[00076] 'The internal electron donor may be any succinate disclosed herein. A 

nonlimiting example of a suitable succinate is diethyl 2,3-diisopropylsuccinate, 

[00077] The external electron donor may be a mixture of any selectivity 

determining agent and any activity limiting agent disclosed herein, In an embodiment, the 

selectivity determining agent is an alkoxysilane composition or a diether as discussed above. In 

a further embodiment, the selectivity determining agent is n-propyltrimethoxysilane, 

dicyclopentyldimethoxysilane or methylcyclohexyldimethoxysilane. In yet a further 

embodiment, the selectivity determining agent Is methylcyelohexyldimethoxysilane and the 

activity limiting agent is ethyl/?-ethoxybenzoate. 

[00978] In an embodiment, the selectivity determining agent is a diether and the 

activity limiting agent is a carboxylic acid ester. For example, the selectivity determining agent-

may be 2,2-dicyclopentyi~l,3-dimethoxypropane and the activity limiting agent may be a fatty 

acid ester, such as S-191 which is commercially available from Chera Sendee, Inc., West 

Chester, PA. 

[§0079] The present disclosure provides another catalyst composition. In an 

embodiment, the catalyst composition includes one or more Ziegler-Natta procatalyst 

compositions with one or more transition metal compounds. The catalyst composition also 

includes an internal electron donor that is a dialkoxybenzene, Also included in the catalyst 

composition is one or more aluminum containing cocatalysts. The catalyst composition further 

includes an external electron donor that is a mixture of a selectivity determining agent (SDA) 

and an activity limiting agent (ALA). 

[00080] The dialkoxybenzene may be any dialkoxybenzene disclosed herein, A 

nonlimiting example of a suitable dialkoxybenzene for the internal electron donor is l-ethoxy-2-

n-pentoxybenzene, 

[00081] The external electron donor may be a mixture of any selectivity 

determining agent and any activity limiting agent disclosed herein, In an embodiment, the 
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selectivity determining agent is an alkoxysilane composition or an amine composition as 

discussed above. The activity limiting agent is a carboxylic acid ester or a diether as discussed 

above, 

[00082] In an embodiment, the external electron donor includes an alkoxysilane 

composition and a carboxylic acid ester. In a further embodiment, the selectivity determining 

agent is dicyclopentyldimethoxysilane or methylcyclohexyldimethoxysilane. In yet a further 

embodiment, the selectivity determining agent is metihylcyclohexyldimethoxysilane and the 

activity limiting agent is ethyl p-ethoxybenzoate, 

[00083] In an embodiment, the selectivity determining agent is an amine 

composition and the activity limiting agent is an aromatic carboxylic acid or a diether. For 

example, the selectivity determining agent may be 2,2,6,6-tetramethylpiperidine and the activity 

limiting agent may be 2,2-diisobutyl-1,3 -dimethoxypropane. The diether may also act as an 

additional selectivity determining agent. Alternatively, the selectivity determining agent may be 

2,2,6,6-tetramethylpiperidine and the activity limiting agent may be ethyl p-ethoxybenzoate. 

[00084] The present disclosure provides another catalyst composition, In an 

embodiment, the catalyst composition includes one or more Ziegler-Natta procatalyst 

compositions with one or more transition metal compounds. The catalyst composition also 

includes an internal electron donor that is a diol ester. Also included in the catalyst composition 

is one or more aluminum containing cocatalysts. The catalyst composition further includes an 

external electron donor that is a mixture of a selectivity determining agent (SDA) and an activity 

limiting agent (ALA). 

[00085] The diol ester may be any diol ester disclosed herein. A nonlimiting 

example of a suitable diol ester for the internal electron donor is 2,4-pentanediol di(p-n-

butyl)benzoate. 

[00086] The external electron donor may be a mixture of any selectivity 

determining agent and any activity limiting agent disclosed herein. In an embodiment, the 

selectivity determining agent is an alkoxysilane composition. The activity limiting agent is a 

carboxylic acid ester. 
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[00087] In an embodiment, the selectivity determining agent is 

dicyclopentyldimethoxysilane or metliylcycloliexyldimethoxysilane. In a further embodiment, 

the selectivity determining agent is rnethylcyclobexyldimethoxysilane and the activity limiting 

agent is ethyl p-ethoxybenzoate. 

[00088] In any of the foregoing catalyst compositions, the molar ratio of aluminum 

to total external electron donor may be from 0,25:1 to 20:1 (or any value or subrange 

therebetween), or from 0.5:1 to 4:1, or from 1:1 to 3:1, or from 2:1 to 3:1 or less than or equal to 

2.5:1. As used herein, the "total external electron donor" is the combined amount of the 

selectivity determining agent and the activity limiting agent present in the external electron 

donor composition. For polymeric or oligomeric activity limiting agents, the catalyst 

composition may include a molar ratio of aluminum to external electron donor from 1.0:1 to 50:1 

(or any value or subrange therebetween). In an embodiment, the molar ratio of aluminum to total 

external electron donor is 3:1. 

[00089] Applicants have surprisingly and unexpectedly discovered that non-self 

extinguishing catalyst systems with a bidentate internal electron donor such as diether, succinate, 

alkoxy benzene, and/or diol ester, can be converted into self-extinguishing catalyst compositions 

by utilizing any of the foregoing external electron donors, Moreover, the Applicants have 

surprisingly discovered that controlling the aluminum to external electron donor total molar ratio 

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 activity: (1) at a temperature greater than about 100°C 

compared to the activity observed under normal polymerization conditions, or (2) at a 

temperature greater than 85°C compared to the activity observed when the activity limiting agent 

(ALA) is replaced with the same molar amount of selectivity determining agent (SDA). 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," 
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[00090] As a standardized measure of polymerization activity at elevated 

temperatures for use herein, catalyst activities are adjusted to compensate for different monomer 

concentrations due to temperature. For example, if liquid phase (slurry or solution) 

polymerization conditions are used, a correction factor 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 to the lower 

temperature, especially a 67°C standard. The "normalized" activity at temperature T, or AT, is 

defined as the measured activity or (weight polymer/weight cataiyst/hr) at temperature T, 

Activity(T), multiplied by a concentration correction factor, [P(67)]/[P(T)J, where [P(67)] is the 

propylene concentration at 67°C and [P(T)] is the propylene concentration at temperature T. The 

equation for normalized activity is provided below, 

[P(67)l Normalized Activity (AT) = —.— x Activity(T) - • [P( I)] ' 

[00091] in the equation, the activity at temperature 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 concentration with temperature 

increase, may be used for comparison of catalyst activities under varying temperature conditions. 

The correction factors are measured and listed below for the conditions used in the liquid phase 

polymerization, 

67 °C 85 °C 100 °C 115 °C 130 °C 145 °C 
LOO 1,42 1,93 2,39 2.98 3,70 

[00092| 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 Cg-io aliphatic hydrocarbon mixture (Isopar™E, available from Exxon Chemical 

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 activity are the same. 
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[00093] The "normalized activity ratio" is defined as Ai/Ag?, where AT is the 

activity at temperature T and Ag? 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 Aioo/Ag? equal to 0.30 shows 

that the catalyst activity at 100°C is only 30 percent of the catalyst, activity at 67°C. It has been 

found that at 100°C, an A/As? ratio of 35% or less typically yields a catalyst system that is self-

extinguishing system, 

[00094] In any of the foregoing embodiments, the external electron donor may 

include from about 50 mole percent to about 99 mole percent (or any value or subrange 

therebetween) of the ALA and from about 1 mole percent to about 50 mole percent (or any value 

or subrange therebetween) of the SDA. For polymeric or oligomeric activity limiting agent 

(such as a poly(alkylene glycol), and/or a poly(alkylene glycol ester)), the external electron 

donor may include from about 5 mole percent to about 90 mole percent (or any value or 

subrange therebetween) of the ALA and from about 10 mole percent to about 95 mole percent 

(or any value or subrange therebetween) of the SDA, 

[00095] The molar ratio of aluminum to SDA may be from 750:1 to 1.25:1 (or any 

value therebetween), or 150:1 to 1.25:1, or 80:1 to 1.5:1, or 40:1 to 1.67:1, or 20:1 to 2.5:1, or 

13:1 to 5:1. 

[00096] 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 to 0.62:1, or 4.4:1 to 0,71:1, or 5,3:1 to 

0.5:1. The molar ratio of total external electron donor to titanium may be from about 5:1. to 

about 100:1. In an embodiment, the total external electron donor to titanium molar ratio is 30:1, 

When containing polymeric or oligomeric activity limiting agents (such as a poly(alkylene 

glycol), and/or a poly(ackylene glycol ester)), the molar ratio of aluminum to ALA may be 200:1 

to 1:1 (or any value therebetween), or 70:1 to 1:1, or 50:1 to 1,5:1, or 30:1 to 2:1, or 20:1 to 

2.5:1, or 17:1 to 3:1. The molar ratio of total external electron donor to titanium may be from 

about. 2:1 to about 100:1, 

[00097] The present catalyst compositions yield a polypropylene composition with 

high stiffness and high isotacticity (i.e., a low xylene solubles content). Not wishing to be bound 

by any particular theory, it is believed that the aluminum to external electron donor molar ratio 
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results in a catalyst composition that replicates the self-extinguishing property of third generation 

catalysts which utilize benzoic acid esters as electron donors without imparting a strong odor of 

benzoates to resultant polymer. In addition, the present catalyst compositions meet or exceed the 

activity of conventional fourth generation catalysts without the use of a phthalate-based internal 

electron donor. Thus, the present catalyst compositions exhibit the self-extinguishing traits of 

third generation catalysts while meeting or exceeding the activity of fourth generation catalysts. 

[00098] In an embodiment, a polymerization process is provided. The 

polymerization process includes contacting an olefin with a catalyst composition under 

polymerization conditions. The catalyst composition may be any catalyst composition disclosed 

herein and includes a Ziegler-Natta procatalyst composition having a transition metal compound 

and an internal electron donor. The internal electron donor may he any bidentate compound 

disclosed herein. The catalyst composition also includes an aluminum containing cocatalyst, and 

an external electron donor. The external electron donor is a mixture of a selectivity determining 

agent and an activity limiting agent. The process further includes forming a polyolefin 

composition. 

[00099] As used herein, "polymerization conditions" are temperature and pressure 

parameters within a polymerization reactor suitable for promoting polymerization and/or 

copolymerization between one or more olefins and the catalyst composition to form the desired 

polymer. The polymerization process may be performed in any mode including gas phase, 

slurry, or a bulk polymerization process, the polymerization occurring in one or more reactor(s). 

The olefin may be a Ci-C? alpha-olefm including such nonlimiting examples as ethylene, 

propylene, hutene and mixtures of these olefins. The olefin may be used in either the gaseous 

state or the liquid state, 

[000100] In an embodiment, a polymerization process is provided. The 

polymerization process includes contacting propylene with the catalyst composition in a 

polymerization reactor. The catalyst composition may be any of the foregoing catalyst 

compositions. The internal electron donor is any of the bidentate compounds as discussed 

herein. 
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[000101] In an embodiment, the polymerization process may include a pre-

polymerization step. Pre-polymerization includes contacting a small amount of the olefin with 

the procatalyst composition after the procatalyst composition has been contacted with the co-

catalyst and the selectivity determining agent and/or the activity limiting agent. Then, the 

resulting preactivated catalyst stream is introduced into the polymerization reaction zone and 

contacted with the remainder of the olefin monomer to be polymerized, and optionally one or 

more of the external electron donor components. Pre-polymerization results in the procatalyst 

composition being combined with the cocatalyst and the selectivity determining agent and/or the 

activity limiting agent, the combination being dispersed in a matrix of the formant polymer. 

Optionally, additional quantities of the selectivity determining agent and/or the activity limiting 

agent may be added. 

[000102] In an embodiment, the polymerization process may include a pre-

activation step. Pre-activation includes contacting the procatalyst composition with the co-

catalyst and the selectivity determining agent and/or the activity limiting agent. The resulting 

preactivated catalyst stream is subsequently introduced into the polymerization reaction zone and 

contacted with the olefin monomer to be polymerized, and optionally one or more of the external 

electron donor components. Pre-activation results in the procatalyst composition being 

combined with the cocatalyst and the selectivity determining agent and/or the activity limiting 

agent. Optionally, additional quantities of the selectivity determining agent and/or the activity 

limiting agent may be added. 

[000103] In an embodiment, the method includes maintaining or controlling the 

molar ratio of aluminum to total external electron donor from about 0.5:1 to about 4:1. In other 

words, the aluminum to total external electron donor ratio is adjusted throughout the 

polymerization process to hold or control this ratio in the range of 0.5:1 to 4:1, or from 1:1 to 

3:1, or 3:1. The polymerization process further includes forming a propylene containing 

polymer. Thus, the aluminum, to external electron donor ratio is controlled by adjusting the 

amount of external electron donor components introduced into the reaction while maintaining the 

aluminum at a constant amount, or by adjusting the amount of aluminum while maintaining the 

amount of external donor, or by using the combination of both methods, For polymeric or 
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oligomeric activity limiting agents, the catalyst composition may include a molar ratio of 

aluminum to external electron donor from 1.0:1 to 50:1, 

[000104] In an embodiment, the polymerization process may also include 

maintaining, adjusting, or otherwise controlling the aluminum to titanium ratio at about 45:1. 

[000105] In an embodiment, the polymerization process includes contacting 

propylene with the catalyst composition and forming a propylene containing polymer. The 

propylene containing polymer formed by way of the polymerization process may be a 

polypropylene homopolymer or a copolymer of propylene and one or more comonomers. The 

comonomer may be an alpha-olefln having from 2-12 carbon atoms. Nonlimiting examples of 

suitable comonomers include ethylene, 1-butene, 1-hexene, 4-methyl pentene, 1-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 10.0% by 

weight, or from about 2,0% to about 5.0% by weight. 

[000106] In an embodiment, the polymerization process includes extinguishing, 

with the catalyst composition, the polymerization process or reaction when the temperature in the 

polymerization reactor is greater than about 100°C. 

[000107] In an embodiment, the polymerization process is a gas phase 

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 into 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 to 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 external electron donor mixture, another external electron 

donor mixture, or individual alkoxysilanes and/or one or more activity limiting agents. 
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[000108] The polymerization process may include contacting propylene and 

ethylene with the catalyst composition and forming a propylene and ethylene copolymer. In an 

embodiment, the polymerization process is conducted in two reactors in which two olefins, such 

as propylene and ethylene, are contacted to prepare a 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 external electron donor, the procatalyst, and/or the 

cocatalyst thereof may be contacted in the absence of other polymerization components, 

especially monomer, prior to addition to the reactor. In an embodiment, the foregoing dual 

polymerization processes are solution polymerizations. 

[000109] The temperature of the polymerization reactor is from 40 to 130°C or from 

60 to 100°C, or from 65°C to 80°C. The foregoing temperatures are average temperatures of the 

reaction mixture measured at the reactor walls. Isolated regions of the reactor may experience 

localized temperatures that exceed the foregoing limits. 

By way of example and not limitation, examples of the present disclosure 

EXAMPLES 

(1) Catalyst Preparation 

Catalyst A: The catalyst is made according to the following procedure 

under N2: (1) 12.00 g of MagTi (produced as described in example 1 in LTS6,825,146) precursor 

is contacted with 175 ml ofTiCU solution in MCB (1:1 vol:vol) and then 4,80 ml of l-ethoxy-2-

n-pentoxybenzene (EPB). The mixture is heated to 100°C and maintained at the temperature for 

60 minutes followed by filtration to remoye the solvent. This procedure is repeated twice. (2) 

The resulting solid is washed with 200 ml of isooctane at 25°C 3 times followed by filtration. 

The solid is then dried with a N2 flow. Analysis by X-ray fluorescence shows the solid catalyst 

contains 4.45 wt% Ti. 

[000114] Catalyst B: (1) 12.00 g of MagTi precursor and 2.46 g of 9,9-

bis(methoxymethyl)fluorene (BMFI) is loaded into a flask under N?. Add 175 ml of TiCLf 

[000110] 

will now be given. 

1000111] 

[000112] 

[000113] 
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solution in MCB (1:1 vohvol). The mixture is heated to 115°C and maintained at the 

temperature for 60 minutes followed by filtration to remove the solvent, (2) 175 ml of the TiCU 

solution in MCB (1:1 vohvol) is added to the solid, the mixture is maintained at 115°C for 30 

minutes and then filtered. This procedure is repeated once. (3) The resulting solid is washed 

with 200 ml of isooctane at 25°C 3 times followed by filtration. The solid is then dried with a N? 

flow. Analysis by X-ray fluorescence shows the solid catalyst contains 4.32 wt% Ti. 

[000115] Catalyst C: (1) 12.00 g of MagTi precursor is contacted with 175 ml of 

TiCU solution in MCB (1:1 vohvol) and then 2.40 ml of 2,2-diisobutyl-1,3-dimethoxypropane 

(DiBMP). The mixture is heated to 115°C and maintained at the temperature for 60 minutes 

followed by filtration to remove the solvent. (2) 175 nil of the TiCl4 solution in MCB (1:1 

vohvol) is added to the solid, the mixture is maintained at 1I5°C for 30 minutes and then 

filtered, This procedure is repeated once, (3) The resulting solid is washed with 200 ml of 

isooctane at 25°C 3 times followed by filtration. The solid is then dried with a N2 flow. 

Analysis by X-ray fluorescence shows the solid catalyst contains 3.59 wt% Ti. 

[000116] Catalyst D: The same as Catalyst C except that 2.48 ml of diethyl 2,3-

diisopropylsuccinate is used instead of 2.40 ml of 2,2-diisobutyl-1,3-dimethoxypropane. The Ti 

content is 3.75 wt%, 

[000117] Catalyst E: The same as Catalyst C except that (1) 2.88 ml of 2,4-

pentanediol di(p-n-butyl)benzoate is used instead of 2.40 ml of 2,2-diisobutyl-1,3-

dimethoxypropane, and (2) 200 ml of TiCL? solution was used instead of 175 ml in each IICI4 

contacting. The Ti content is 3,92 wt%, 

[000118] Catalyst F: (1) 3.00 g of MagTi precursor is contacted with 60 ml of TiCl4 

solution in MCB (1:1 vohvol) and then 0.42 ml of 2,2-dicyclopentyl-1,3-dimethoxypropane. 

The mixture is heated to 115°C and maintained at the temperature for 60 minutes followed by 

filtration to remove the solvent, (2) 60 ml of the TiCL* solution in MCB (1:1 vohvol) was added 

to the solid, the mixture was maintained at 115°C for 30 minutes and then filtered. This 

procedure is repeated once, (3) The resulting solid is washed with 70 ml of isooctane at 25°C 3 

times followed by filtration. The solid is then dried with a N2 flow. .Analysis by X-ray 

fluorescence shows the solid catalyst contains 4.79 wt% Ti. 
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Catalyst G: The same as Catalyst F except that 0.42 ml of 2,2-

dicyclopenty 1-1,3-dimethoxypropane also added to the reaction mixture in the second TiCl4 

contacting. The Ti content of the solid catalyst is 2.81 wt%. 

(2) Polymerization 

The particle size of the catalyst powder is reduced by stirring the catalyst 

solid with a stir bar for 30-45 minutes. Catalyst slurries are then prepared in toluene, The 

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

talyst TI Slurry Loading 
(wf%) Concentration (jig/reaetoi 

(jig/mL) 
A 4.45 144 39,5 
B 4.32 148 40.7 
C 3.59 178 49.0 
D 3.75 170 46.9 
E 3.92 163 44.8 
F 4.79 213 58.6 
G 2.81 232 63.9 

[000122] All SDAs and ALAs are diluted to 0.005 M in Isopar 15™, except S-191 

which is dissolved in toluene before injection into the Parallel Polymerization Reactors (PPRs, 

from Symyx Technologies, Inc.). TEA! (triethylaluminum) is prepared for Isopar E™ and used 

as either 0.02 or 0.1M solutions, 

The purged PPR reactors are heated to 5Q°C, TEA1 and Isopar E™ make­

up solvent are added to each reactor, followed by the addition of H2 to a stabilized pressure of 5 

psig. Reactors are heated to the assigned temperature (67, 100 or 115°C). Propylene is added to 

100 psig and allowed to stabilize for 10 min. To each reactor is added SCA or a mixture of SDA 

and 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 are quenched with CO2 after 60 minutes or 

when the maximum relative conversion of 100 is reached. 

(3) XS Measurement 
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[000125] Percent xylene solubles (%XS) in polypropylene (PP) is a 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 percent-

amorphous fraction in PP. The amorphous fraction content is closely related to performance 

characteristics of the final product and is also critical to process control. A tool is used to 

measure % polypropylene (PP) solubles in trichlorobenzene (%TCBs) and correlate this value 

with % xylene solubles based on PP standards. The system design is based on the Cavro liquid 

manipulator footprint and is 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 to be used to dilute polymer samples and create 

replicate samples in a stand-alone mode, Forty-eight samples can be processed in 10 hours 

which is a ~10X increase compared to similar manually ASTM prepared methods using as little 

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 IR4. The difference 

in before and after readings provides the bases for the final %TCB (%XS) value. TCB solubles 

are measured only for the cells that produced enough polymer. 
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[000126] The data Table 1 show thai catalyst activity at elevated temperature, such 

as at 100°C and 115°C, is substantially reduced when a portion of SDA is replaced with ALA 

while maintaining high catalyst activity and stereoselectivity. 

[000127] 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 techniques and 

genera! knowledge in the axt. It should be understood that various changes and modifications 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 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: 

1. A catalyst composition comprising: 

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

metal compounds and an internal electron donor comprising a bidentate compound containing at 

least two oxygen-containing functional groups which are separated by at least one saturated 

C2~Cio hydrocarbon chain; 

one or more aluminum containing cocatalysts; and 

an external electron donor comprising a mixture of a selectivity determining agent and an 

activity limiting agent, 

2. The catalyst composition of claim 1 wherein the bidentate compound is selected 

from the group consisting of a diether, a succina te, a glutamic, a dialkoxybenzene, a 

bis(alkoxyphenyl), a diol ester, and combinations thereof, 

3. A catalyst composition comprising: 

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

metal compounds and an internal electron donor comprising a diether; 

one or more aluminum containing cocatalysts; and 

an external electron donor comprising a mixture of a selectivity determining agent and an 

activity limiting agent. 

4. The catalyst composition of claim 3 wherein the diether is selected from the group 

consisting of 2,2-diisobutyl-1,3-dimethoxypropane, 2-isobutyl-2-isopropyl-1,3-

dimethoxypropane, 2,2-dicyclopentyl- 1,3-dimethoxypropane, and 9,9-

bis(methoxymethyl)fluorene. 
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5. The catalyst composition of claim 3 wherein the selectivity determining agent is 

selected from the group consisting of n-propyltrimethoxysilane, dicyclopentyldimethoxysilane, 

methylcyclohexyldimethoxysilane, and combinations thereof. 

6. The catalyst composition of claim 3 wherein the selectivity determining agent is 

2,2-dicyclopentyl-1,3-dimethoxypropane, 

7. The catalyst composition of claim 3 wherein the activity limiting agent is selected 

from the group consi sting of ethyl /?~ethoxybenzoate and fatty acid esters, 

8. The catalyst composition of claim 3 comprising a molar ratio of aluminum to total 

external electron donor from 0.5:1 to 4:1. 

9. The catalyst composition of claim 3 wherein the catalyst composition is self-

extinguishing. 

10. A catalyst composition comprising: 

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

metal compounds and an internal electron donor comprising a succinate; 

one or more aluminum containing cocatalysts; and 

an external electron donor comprising a mixture of a selectivity determining agent and an 

activity limiting agent. 

11. The catalyst composition of claim 10 wherein the succinate is diethyl 2,3-

diisopropy Isucci nate. 

12. The catalyst composition of claim 10 wherein the selectivity determining agent is 

selected from the group consisting of n-propyltrimethoxysilane, dicyclopentyldimethoxysilane 

and methylcyclohexyldimethoxysilane and the activity limiting agent is selected from the group 

consisting of ethyl _p-ethoxybenzoate and fatty acid esters. 

13. The catalyst composition of claim 10 wherein the selectivity determining agent is 

a diether and. the activity limiting agent is a carboxylic acid ester. 
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14. The catalyst composition of claim 10 wherein the external electron donor 

comprises 2,2-dicyclopentyl-1,3-dimethoxypropane and a fatty acid ester. 

15. The catalyst composition of claim 10 comprising a molar ratio of aluminum to 

total external electron donor from 0.5:1 to 4:1. 

16. The catalyst composition of claim 10 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 comprising a dialkoxybenzene; 

one or more aluminum containing cocatalysts; and 

an external electron donor comprising a mixture of a selectivity determining agent and an 

activity limiting agent. 

18. The catalyst composition of claim 17 wherein the dialkoxybenzene is l-ethoxy-2-

n-pentoxybenzene. 

19. The catalyst composition of claim 17 wherein the selectivity determining agent is 

selected from the group consisting of an alkoxysilane composition and the activity limiting agent 

is a carboxylic acid ester. 

20. The catalyst composition of claim 17 wherein the external electron donor 

comprises methylcyclohexyldimethoxysilane and ethyl p-ethoxybenzoate. 

21. The catalyst composition of claim 17 wherein the selectivity determining agent is 

an amine composition and the activity limiting agent is selected from the group consisting of an 

aromatic carboxylic acid ester and a diether. 

22. The catalyst composition of claim .17 wherein the external electron donor 

comprises 2,2,6,6-tetramethylpiperidine and ethyl p-ethoxybenzoate. 
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23, The catalyst composition of claim 17 wherein the external electron donor 

comprises 2,2,6,6-tetramethylpiperidine and 2,2-diisobutyl-1,3-dimethoxypropane. 

24, The catalyst composition of claim S 7 comprising a molar ratio of aluminum to 

total external electron donor from 0.5:1 to 4:1. 

25. The catalyst composition of claim 17 wherein the catalyst composition is self-

extinguishing. 

26. A catalyst composition comprising: 

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

metal compounds and an internal electron donor comprising a diol ester; 

one or more aluminum containing cocatalysts; and 

an external electron donor comprising a mixture of a selectivity determining agent and an 

activity limiting agent. 

27. The catalyst composition of claim 26 wherein the diol ester is 2,4-pentanediol 

di(p-n -buty l.)benzoate. 

28, The catalyst composition of claim 26 wherein the external electron donor 

comprises an alkoxysilane composition and a carboxylic acid ester. 

29, The catalyst composition of claim 26 wherein the external electron donor 

comprises methylcyclohexyldimethoxysilane and ethyl p-ethoxybenzoate. 

30. The catalyst composition of claim 26 comprising a molar ratio of aluminum to 

total external electron donor from 0.5:1 to 4:1. 

31. The catalyst composition of claim 26 wherein the catalyst composition is self-

extinguishing. 

32, A polymerization process comprising: 
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contacting, under polymerization conditions, an olefin with a catalyst composition 

comprising a Ziegler-Natta procatalyst composition having a transition metal compound and an 

internal electron donor comprising a bidentate compound containing at least two oxygen-

containing functional groups which are separated by at least one saturated (VCio hydrocarbon 

chain, an aluminum containing cocatalyst, and an external electron donor of a selectivity 

determining agent and an activity limiting agent; and 

forming a polyolefin composition. 

33. The polymerization process of claim 32 wherein the bidentate compound is 

selected from the group consisting of a diether, a succinate, a dialkoxybenzene, a diol ester, and 

combinations thereof. 

34. The polymerization process of claim 32 comprising contacting propylene with the 

catalyst composition and forming a propylene containing polymer having a xylene solubles 

content from about 0.5% to about 10%. 

35. The polymerization process of claim 32 comprising controlling the aluminum to 

total external electron donor ratio from 0.5:1 to 4:1. 

36. The polymerization process of claim 32 comprising contacting propylene and 

ethylene with the catalyst composition and forming a propylene and ethylene copolymer. 

37. The polymerization process of claim 32 wherein the selectivity determining agent 

is selected from the group consisting of an alkoxysilane composition, an amine composition, and 

a diether composition, 

38. The polymerization process of claim 32 wherein the activity limiting agent is 

selected from the group consisting of a carboxylic acid ester, a poly(alkene glycol), and a diether. 
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