SELF-LIMITING CATALYST COMPOSITION WITH NO SILANE

REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application
No. 60/357,911, filed on Auvgust 24, 2007; which application is fully ncorporated herein by

reference.
BACKGROUND

{0002]  The present disclosure relates to stereoselective Ziegler-Nafta catalyst

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

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

catalyst activity and mproved stereoselectivity that does not reguire an alkoxysilane,

SUMMARY

[0004]  The present disclosure is directed to a catalyst composition with high catalysi
activity and high stereoselectivity, that is self-extinguishing and does not confain silane. The
present catalyst composition firther yields a polypropyvlene bomopolymer with high

isotacticity, or a propylene containing polymer.



[0004a] In a first aspect, there is provided a catalyst composition comprising;

one or more Ziegler-Natta procatalyst compositions comprising one or more transition
metal compounds and an internal electron donor; selected from the group consisting of a
diether composition, a succinate composition, a diol ester composition, and an aromatic
dicarboxylic acid ester;

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 selected from the group consisting of a diether composition, a

succinate composition, a piperidine composition and combinations thereof; and the

catalyst composition is self-extinguishing.

00051  In an embodiment, the catalyst composition includes one or more Ziegler-Natta
procatalyst compositions having one or more {ransition metal compounds and an internal
electron denor, one or more aluminum containing cocatalysts, and a selectivity control agent
(SCA). The SCA is a mixture of an activity limiting agent (ALA) and 3 selectivity
determining agent (SDA). In an embodiment, the ALA is a carboxylic acid ester and the

SDA is a non-silane composition. The catalyst composition is self-extinguishing.

la



{0006]  In an embodiment, the internal electron donor may be s diether composition, a
succinate composition, a diol ester, or an aromatic dicarboxylic acid ester. The intemal

glectron donor and the non-silane composition 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 carboxvylic acid ester is ethyl p-
ethoxybenzoate., The non-silane composition may be a diether composition, a suecinate
coraposition, or a piperidine composition. Nonlimiiing examples of suitable SCAs include a
mixture of ethyl p-ethoxy benzoate (ALA) and 2,2.6,6-tetramethylpiperidine (SDA) a
mixture of diethyl 2,3-dilsopropylsuccinate (SDA) and an aliphatic ester (ALAY; and 2

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-Natta procatalyst
compositions baving one or more iransition metal compounds and an internal electron donor,
one or more aluminum containing cocatalysts, and a selectivity control agent (SCA). The
SCA is a mixture of a non-ester composition (ALA) and a non-silane composition (SDA)

The catalyst composition is self-extinguishing.

[0009]  In an embodiment, the non-ester composition is a diether composition such as 2,2-
di-iso-butyl-1,3~dimethoxymopane (ALA). A nonlimiting example of the SCA is a mixture

of 2,2,6,6-tetramethyipiperidine (SDA)Y and  2,2-di-iso-butyl-1,3-dimethoxypropanse (ALA).

[000101  The present disclosure provides another catalyst composition. In an embodiment,

ie 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
alumimum containing cocatalysts, and a selectivity control agent (SCA). The SCA s a
mixture of a first non-silane composition (SDA} and a second non-silane composition (SDA).

The catalyst composition is self~extinguishing,

(000111 In  an embodiment, the first mnon-gilane composition s 2,2.6,6-

tetramethylpiperidine  and  the second non-silane composition is  diethyl 2,3-

(28]



diisopropylsuceinate or 2,2-diisobutyl-1 3-dimethoxypropane. In a further embodiment, the
SCA may include an aclivity 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 move Ziegler-Natta procatalyst compositions having
one or more {ransition metal compounds and an internsl election donor, ome or more
alominum containing cocatalysts, and a selectivity control agent (8CA). The SCA s a
mixture of a poly (alkene glycol) ester and a non-silane composition. The catalyst

cornposition is self-extinguishing.
[00013]  In an embodiment, the poly (alkene glycol) ester is a fatty acid ester.

(00014]  In an embodument, the non-silane composition is a diether composition, a
succinate composition and/or a piperidine composition. In another embodiment, the molar

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

[00015}  In an embodiment, any of the catalyst compositions disclosed herein may inclade

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

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

composition,

000171  An advantage of the present disclosure is the provision of a catalyst composition

with improved stereoselectivity,

[00018} An advantage of the present disclosure is the provision of a catalyst compesition

with improved productivity.

[00019]  An advantage of the present disclosure is the provision of a self~exiinguishing

catalyst composition that is free of silicon and/or free of & silane composition,

(000201 An advantage of the present disclosure is the provision of a polymerization

process with reduced reactor fouling and reduced polymer agglomeration.



10002117 An advantage of the present disclosure is the production of a propylene containing

polymer with high isotacticity and low xylene soluble content.

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

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

DETAILED DESCRIPTION

[00023]  Any numerical range recited hereln, 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
mdex, etc., i from 100 to 1,000, it is 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, etc., are expressly
enumerated in this specification. For ranges containing values which are less then one, or
containing fractional numbers greater than one {e.g., 1.1, 1.5, efc.}, one unit is considered 0
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 wnt is typically considered fo be 0.1. These are only examples of
what is specifically intended, and all possible combinstions of numerical values between the
fowest value and the highesi value enumerated, are to be considered o be expreasly stated in
this application. Numerical ranges have been recited, as discussed herein, in reference to

density, weight peroent 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.

[00025]  The term "polymes,” as used herein, refers 10 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.



[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 1o refer to polymers prepared from
two differsnt types of monomers, and polymers prepared from more than two different types

of monomers.

[00027]  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

v

configurations, as determined from transmission electron spectroscony.
: § Y

{00028] The present catalyst composition containg a Ziegler-Natta procatalyst
composition, a cocatalyst, and a selectivity confrol agent (SCA), each of which shall be
discussed in detail below. Any conventional Ziegler-Natta procatalyst may be used in the
present catalyst composifion as is commonly known in the art. In an embodiment, the
Zizgler-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-, zirconivm-, chromium- or vanadium-

hydrocarbyloxides, hydrocarbyls, halides, or mixtures thereof.

{0002%]  The transition metal compound has the general formula TrXy; where Tr is the
transition metal, X is a halogen or a Ci.yp 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, Cy. alkoxide or phenoxide, or a mixture thereof. In

an embodiment, X is chloride,

{00030} Nonlimiting examples of suitable transition metal compounds that may be used to
form the Ziegler-Natta procatalyst composition are TiCly, ZrCly, TiBry, TiCh, THOCH),:CL
Zr(OCHCL,  THOCH:uBr,  THOCH:RChL TUOCH:Cl,  Zr(OCHpCh,  and
THOCH)Cl, 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
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ransition metal compound is present. ln an embodiment, the fransition metal compound s a

titanium compound.

{00031} Nonlimiting examples of suitabie Group 2 metal compounds include magnesium
halides, datkoxymagnesiums, alkoxymagnesium  halides, magnesiuvm  oxvhalides,
dialkylmagnesiums, magnesium oxide, magnesium hydroxide, and carboxylates of

magnesiom. In an embodiment, the Group 2 metal compound is magnesium dichioride.

[00032]  In a further embodiment, the Ziegler-Natia procatalyst composition is a mixture of
titanium moieties supporied on or otherwise derived from magnesium compounds,  Suitable
magnesium  compounds include anhydrous magneshun chloride, magnesium  chloride
adducts, magnesium dialkoxides or aryioxides, or carboxylated magnesivm dialkoxides or
aryloxides. In an embodiment, the magnesitm compound is a magnestum di{C;.jalkoxide,

such as diethoxymagnesium.

[00033)  Nonlimiting examples of suitable titanium moieties include titaninm alkoxides,
titanium arvioxides, and/or tianium halides. Compounds used to prepare the Ziegler-Natta
procatalyst composition include one or more magnesium-di(Cgjalkoxides, magnesium
dihalides, magnesium alkoxyhalides, or mixtures thereof and one or more titanium tetra{Ci.a)

alkoxides, titanium tetrahalides, titaniom(C;)alkoxyhalides, or mixtures thereof.

(00034} A precursor composition may be used o prepare the Ziegler-Natta procatalyst
composition as is commonly known in art. The precursor composition may be prepared by
the chiorination of the foregoing mixed magnesium compounds, titanivm compounds, or
mixtures thereof, and may involve the use of one or more compounds, referred o as
“clipping agents”, that aid in forming or solubilizing specific compositions via a solid/solid
metathesis, Nonlimiting examples of suitable clipping agents include irialkylborates,

especially triethylborate, phenclic compounds, especially cresol, and silanes.

[00035] iIn an embodiment, the precursor composition is a mixed magnesivm/titanium
compound of the formula Mg TH{OR )X wherein R, 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 1o 14 carbon atoms; each OR, growvp is the same or different; X



1s independently chlorine, bromine or iodine; d is 0.5 to 56, or 2-4; or 3; fis 2.116, or 5-15;
and g is 0.5-116, or 1-3, or 2. The precursor may be prepared by conirolled precipitation
through removal of an alcohol from the reaction mixture used in ifs preparation. In an
embodiment, the reaction medium comprises a mixture of an aromatic liquid, especially a
chlorinated sromatic 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 tetrachioride 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 fo particle crumbling as well as degradation of the resulting

procatalyst.

100036} The precursor is next converted to a solid procatalyst by further reaction
(halogenation} with an inorganic halide compound, preferably a titanfum halide compound,
and incorporation of an intemnal electron donor, If 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 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.

[00037]  One suitable method for halogenation of the precursor is by reacting the precursor
at an elevated {emperature with ¢ tetravalent titanium halide, optionally in the presence of a
vydrocarbon or halohydrocarbon diluent. The preferred tetravalent titanivm halide is titanium
teirachloride. 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, other alkylbenzenes, and decahydronaphthalene.
Exemplary aliphatic halohydrocarbons include methylene chioride, methylene bromide,
chioroform, carbon tetrachloride, 1,2-dibromoethane, 1,1,2-trichloroethane,

trichlorocyclohexane, dichloroflucromethane and tetrachiorooctane.  Fxemplary aromatic



halohydrocarbons  include  chiorobenzene, bromobenzene, dichlorobenzenes and
chiorotoluenes. 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,

{00038]  The balogenation may be repeated one or more times, optionally accompanied by
washing with an inert liguid 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 hquid diluent, especially an aliphatic
or aromatic hydrocarbon or halohydrocarbon, sspecially at an elevated temperature greater
than 100°C, or greater than 110°C, may be employed o remove labile species, especially

TiCls.

[0003%]  In an embodiment, the Ziegler-Natia procatalyst composition includes a solid
catalyst component obfained by (i) suspending a dialkoxy magnesium in an aromatic
hydrocarbon or halobydrocarbon that 1s lquid at normal temperatures, (if) contacting the
dialkoxy magnesium with a {itaniume balide and further (i) contacting the resulting
composition a second time with the tHanjum halide, and contacting the dialkoxy magnesium
with a diester of an aromatic dicarboxylic acid at some point during the treatment with the

titaniwn halide in (i),

[00040]  In an embodiment, the Ziegler-Natta procatalyst composition includes a solid
catalyst component obtained by (1) suspending a mixed magnesium/titanium compound of
the formula MgdTHORX, in an aromatic hydrocarbon or halohydrocarbon that is liquid at
normal temperatures, (i) contacting the dialkoxy magnesium with a {itanium halide and
further (1if) contacting the resulting composition a second time with the titanium halide, and
contacting the dialkoxy magnesium with a diester of an aromatic dicarboxylic acid af some

point during the treatment with the tHanium halide in (i),

(00041} The Ziegler-Natta procatalyst composition includes an iniernal electron donor.
The imternal electron donor provides tacticity control and catalyst crystallite sizing.
Nonlimiting examples of suitable internal electron donors include succinates, disthers, diol

esters, and sromatic dicarboxylic acid esiers.



[00042] In an embodiment, the diether is a dialkyl di-ether compound and is represented

by the following formula,

Rl

R3O CH, C CH, ORrR?

R2

[00043] wherein R to R* are independently of one another an alkyl, arvl or aralkyl group
having up fo 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17
hetercatom, and R’ and R* may be a hydrogen atom. The dialkylether may linear or
branched, and may include one or more or more of the following groups: alkyl,
cycloaliphatic, aryl, alkylaryl or arviaikyl radicals with 1-18 carbon atoms, and hydrogen.
Nonlimiting examples of suitable dialky! diether compounds include dimethyl diether,
diethyl dicther, dibutyl diether, methyl ethyl diether, methyl butyl diether, methyl cyclohexy!
diether, 2,2-dimethyi-1,3-dimethoxypropane, 2,2-diethyl-1,3-dimethoxypropane, 2,2-di-n-
butyl-1,3-dimethoxypropane, 2,2-diisobutyl-1,3-dimethoxypropane, 2-ethyl-2-n-butyl-1,3-
dimethoxypropane,  2-p-propyl-2-cyclopentyl-1,3-dimethoxypropane,  2,2-dimethyi-1,3-
diethoxypropane and 2-n-propyl-2-cyclohexyl-1,3-diethoxypropane. 2-(Z-ethylhexyi)-1,3-
dimethoxypropane, 2-isopropyl-1,3-dimethoxypropane, 2-n-butyl-1,3-dimethoxypropane, 2-
sec-butyl-1,3-dimethoxypropane,  2-cyclobexyl-1,3-dimethoxypropane,  2-phenyl-1,3-
diethoxypropane, 2-cumyl-1,3-diethoxypropane, 2-(2-phenyliethyD)-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-butylphenyl)-1,3-dimethoxypropane,  2,2-dicyclohexyl-1,3-dimethoxypropane, 2,2-di-n-
propyi-1,3-dimethoxypropane,  2-methyl-2-n-propyl-1,3-dimethoxypropane, 2-methyl-2-
benzyl-1,3-dimethoxypropane,  2-methyl-2-cthyl-1,3~-dimethoxypropane,  2-methyl-2-n-
propyl-1,3-dimethoxypropane,  Z-methyl-2-phenyl-1,3-dimethoxypropane,  2-methyl-2-



cyclohexyl-1,3-dimethoxypropane,  2,2-bis{p-chlorophenyl)-1,3-dimethoxypropane, 2,2-

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

2-methyl-2-(2-ethylhexyl)-1,3-dimethoxypropane, 2-methyl-2-isopropyi-1,3~-
imethoxypropane, 2,2-diphenyl-1,3-dimethoxypropans, 2,2-dibenzyl-1,3-

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

dizthoxypropane, 2,2-diisobutyl-1,3-dibutoxypropane, 2-isobutyl-2-isopropyi-1,3-
dimethoxypropans, 2, 2-di-sec-butyl-1,3-dimethoxypropane, 2,2-di-tert-bratyl-1,3~

dimethoxypropane, 2,2-dineopentyl-1,3-dimethoxypropane, 2-isopropyl-2-isopentyl-1,3-

dimethoxypropane, 2-phenyl-2-benzyl-1,3-dimethoxypropane, 2-vyclohexyl-2-
cyclchexylmethyl-1,3-dimethoxypropane, 2-isopropyl-2-(3,7-dimethyljoctyl-1,3~

dimethoxypropane, 2,2-diisopropyl-1,3-dimethoxypropane, 2-isopropyl-2-cyclohexylmethyl-
1,3-dimethoxypropane, 2,2-diisopentyl-1,3-dimethoxypropane, 2-isopropyi-2-cyclohexyl-
1,3-dimethoxypropane, 2-isopropyl-2-cyciopentyl-1,3-dimethoxypropane, 2,2-dicylopentyl-
1,3-dimsthoxypropane, 2-n-heptyl-2-n-pentyl-1,3-dimethoxypropane, 9,9+
bis(methoxymethyl)fluorene, and 1-ethoxy-Z-n-pentoxybenzene. In an embodiment, the

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

1000441  In an embodiment, the internal donor is a succinate composition. The succinate
composition may include one or more of the following groups-f i-inear,or branched alkyl,
atkenyl, cyeloalkyl, aryvl, arylalicyl 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(trimethylsilyl)succinate,
diethyl 2,2-sec-butyl-3-methyisuceinate, diethyl 2-(3 3 3-trifluoropropyl}-3-methyisuccinate,
diethyl 2.3-bis(2-ethylbutyl)succinate, diethyl 2,3-diethyl-2-isopropylsuccinate, diethyl 2,3-
diisopropyl-2methylsuccinate, diethyl 2,3-dicyclohexyl-2-methylsuccinate, diethyl 2.3-
dibenzylsuccinate, diethyl 2.3-diiscpropvisuccinate, diethyl 2,3-bis(cyclohexylmethyl)
succingte, diethyl 2,3-di-t-butylsuccinate, diethyl 2 3-diisobutylsuccinate, diethyl 2,3-
dineopentylsuccinate, diethyl 2,3~-dlisopentylsuccinate, diethyl 2,2-di{l-trifluoromethyliethyl)
succinate, diethyl 2,3-di(9-fluorenyljsuccinate, diethyl 2-tsopropyl-3-isobutylsuccinate,
diethyl 2-t-butyl-3-isopropylsuccinate, diethyl 2-isopropyl-3-cyciohexylsuccinate, diethyl 2-
isopentyl-3-cyclohexylsuccinate, diethyl Z2-cyclohexyl-3-cyclopentylsuccinate,  diethyl

2,2,3,3-tetramethylsuccinate, diethyl 2.2,3,3~tetracthyisuccinate, diethyl 2,2,3,3-tetra-n-
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propylsuccinate, diethyl 2,3-diethyl-2 3-diisopropylsuccinate, diisobuiyl 2,3~
bis(trimethylsilyljsuccinate, 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,  diiscbutyl  2,3-
diisopropylsuceinate, diisobutyl 2.3-bis-(cyclohexyimethyl)succinate, diisobutyl 2,3-di-t-
butylsuccinate, diisobutyl Z2,3-diisobutylsuccinate, diisobutyl 2,3-dinsopentylsuccinate,
diisobutyl 2,3-diisopentylsuccinate, diisobutyl 2,3-di(l, 1, IMrifluoro-2-propyl)succinate,
diisobutyl 2,3-n-propylsuccinate, diisobutyl 2,3-di(9-fluorenyl)succinate, diisobutyl 2-
isopropyl-3-isobutylsuccinate, diisobutyl 2-tert-butyl-3-isopropylsuccinate, diisobhutyl 2-
isopropyl-3-cyclohexylsuccinate, diisobutyl 2-isopentyl-3-cyclohexylsuccinate, diisobutyl 2-
n-propyl-3(cyclohexyimethylsuccinate, diisobutyl 2-cyclohexyl-3-cyelopentylsuccinate,
diisobuty! 2,2,3,3-tetramethylsuccinate, dilsobutyl 2,2,3,3-tetracthylsuccinate, diisobutyl
2,2,3,3-tetra-n-propylsuccinate, diisobutyl 2,3-diethyl-2,3~diisopropylsuccinate, dincopentyl
2,3-bis(irimethylsilyl)succinate, dineopentyl 2,2-di-sec-butyl-3-methylsuccinate, dineopentyl
2~(3,3,3-mifluoropropyt)-3-methylsuccinate, dineopentyl 2,3-bis  (2-ethylbutyllsuccinate,
dineopentyl 2,3~diethyl-2-isopropylsuccinate, dineopentyl 2,3-diisopropyl-2-
methylsuecinate, dineopentyl  2,3-dicyelohexyl-2-methylsuccinate, dineopentyl  2,3-
dibenzylsuccinate, dineopentyl 2,3-diisopropylsuccinate, dineopentyl 2,3~
bis(cyclohexylmethyljsuccinate, dineopentyl 2,3-di-t-butylsuccinate, dinebpentyi 2,3«
diisobutylsuccinate, dineopentyl 2,3-dineopentylsuccinate, dineopentyl 2.3~
diisopentylsuccinate, dinsopentyl 2,3-di(1,1,!-uifluoro-2-propylisuccinate, dineopentyl 2,3-
n-propylsuccinate, dineopentyl 2,3-di(9-fluorenyljsuccinate, dineopentyl 2-isopropyl-3-
isobutylsuccinate, dineopentyl2-t-butyl-3-isopropylsuccinale, dineopentyl 2-isopropyl-3-
cyclohexylsuccinate, dincopentyl 2-isopentyl-3-syclohexylsuccinate, dineopentyl 2-n-propyl-
3~(cyclohexylmethylisuccinate, dineopentyl 2-cyclohexyl-3-cyclopentylsuccinate,
dineopentyl 2,2,3,3-teframethylsuccinate, dineopentyl 2,2.3,3-tetraethylsuccinate,
dineopentyl 2,2.3,3-tetra-n-propylsuccinate, dineopentyl 2,3-diethyl-2,3-
diisopropylsuccinate, diethyl 1,2-cyclohexanedicarboxylate, and diethyl norbomene-2,3-
dicarboxylate. In an embodiment, the internal electron domor is diethyl 2,3-

diisoproplysuccinate,
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[00045]  In an embodiment, the internal donor is a diel ester. The diol ester is represented

by the following formula,

8]

H

Ry e G O [C{R4 Ry O e G Ry

=0

wherein Ry to Ry are independently of one another an alkyl, aryl or aralkyl group having up
to 20 carbon atoms, which may optionally contain a group 14, 13, 16, or 17 hetercatom, and
Ry and Ry 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 exampies of suitable dialkyl diether
compounds  include  1.2-propylenme-glycol  dibenzoate, I,Z-prépylens-giycoi di(p-
chlorobenzoate), 1,2-propylene-glycol di{m-chlorobenzoate), 1,2-propylene-glycol di(p-
bromobenzoate), 1,2-propylens-glycel di{o-bromobenzoate), 1,2-propylene-glycol dip-
methylbenzoate), 1,2-propylene-glycol di{p-tert-butylbenzoate), 1,2-propylene-glycol difp-
butylbenzoate), Z-methyl-1,2-propylene-glycol dibenzoate, 2-methyl-12-propylene-glycol
di{p~chlorobenzoate), 2-menthyl-1,2-propylene-glycol di{m-chlorebenzoate), 2-methyl-1,2-
propylene-glycol di{p-bromobenzoate), 2-methyl-1,2-propylene-glycol difo-bromobenzoate},
Z-methyl-1,2-propylene-glycol di(p-methylbenzoate), 2-methyl-1,2-propylene-glycol di{p-
tert-butyibenzoate), 2-methyl-1,2-propylene-giveol  di(p-butylbenzoate), 1,3-propviene-
glycol dibenzoate, 2-methyl-1,3-propylene-glyeol dibenzoate, 2-ethyl-1,3-propylene-glyeol
dibenzoate, Z-n-propyl-1,3-propylene-glycol dibenzoate, 2-n-buiyl-1,3-propylene-glyeol
dibenzoate, 2,2-dimethyl-1,3-propylene-giycol dibenzoate, (R)-1-phenyl-1,3-propylenc-
glycol dibenzoate, (8)-1-phenvl-i 3-propviene-glycol dibenzoate, 1, 3-diphenyl-1,3-
propylene-glycol dibenzoate, 2-methyl-1,3-diphenyi-1,3-propylene-glycol dibenzoate, 2,2-
dimethyl-1,3-diphenyl-1,3-propylene-glycol  dibenzoate, 2-ethyl-1.3-difert-butyl)-1, 3-
propylene-glycol dibenzoate, 2-n-butyl-2-ethyl-1,3-propylene-glycol dibenzoate, 2,2-diethyl-
I, 3-propylene-glycol dibenzoate, 2-dimethoxymethyl-1,3-propylene-glycol dibenzoate, 2-
niethyl-2-n-propyl-1,3~propylene-glycol  dibenzoate, 2-iscamyl-2-isopropyl-1,3-propylene-
glycol dibenzoate, 2-isoamyl-2-isopropyl-1.3-propylene-glycol di{p-chlorobenzoate), 2-

iscamyl-2-1sopropyi-1,3-propylene-glyeol di{m~chlorobenzoate), 2-isoamyl-2-isopropyl-1 3«



propylene-glycol di(p-methoxybenzoate), 2-iscamyl-2-isopropyl-1, 3-propylene-glyeol di(p-
methylbenzoate), 2,2-diisobutyl-1,3-propylens-glycol dibenzoate, 1, 3-diisopropyi-1,3-
propylene-glycol di(4-n-butylbenzoate), 2-ethyl-2-methyl-1,3-propylens-glycol dibenzoate,
Z,2-dimethyl-1,3-propylene-glycol dibenzoate, 1,2-butylene-glycol dibenzoate, 2-methyl-1,3-
butylene-glycol dibenzoate, 2,3-dimethyl-1,2-butylene-glyeol dibenzoate, 2, 3-dimethyl-1,2-
butylene-glycol di(p~chlorobenzoate), 2,3,3-trimethyl-1,2-butylene-glycol dibenzoate, 2,3,3-
trimethyl-1 3-butylene-glycol di{p-chlorobenzoate), 1,2-butylene-giycol  di{p-
chlorobenzoate), 2,3-butylene-glycol dibenzoate, 2,3-butylene-glveol di{o-bromobenzoate),
2,3-butylene-glycol  di(imethylbenzoate), 2,3-butylene-glycol di(m-chiorobenzoste), 2-
methyl-2,3-butylene-glycol dibenzoate, 2-methyl-2, 3-butylene-glyeol di{o-bromobenzoate),
2-methyl-2,3-butylene-glycol  di(methylbenzoate), 2-methyl-2,3-butylene-glycol  di(m-
chlorobenzoate}, 2,3-dimethyl-2,3-butylene-glycol dibenzoate, 2, 3-dimethyl-2, 3-butylene-
glycol di(o-bromobenzoeate), 2, 3-dimethyl-2,3-butylene-glycol di(methylbenzoate), 2, 3-di
methyl-2,3-butylene-glycol  di(m-chlorobenzoate), 2-methyl-1-phenyi-1,3-butylene-glycol
dibenzoate, 1,4-butylenc-glycol dibenzoate, 2,3-diisopropyl-1 3-butylene-glycol dibenzoate,
2,3-dimethyl-1 4-butvlene-glycol  dibenzoate, 2,3-diethyl-1,4-butylene-glveol  dibenzoaie,
2,3-dibutyl-1,4-butylene-glycol  dibenzoate,  4,4,4-iriflooro~-1-(2-naphthyl)-1,3-butylene-
glycol dibenzoate, 2,3-pentanediol dibenzoate, 2Z-methyl-Z,3-pentanediol dibenzoate, 3-
methyl-2 3-pentanediol dibenzoate, 4-methyl-2,3-pentanediol dibenzoate, 2,3-dimethyl-2,3-
pentanedio]l  dibenzoate, 2,4-dimethyl-2.3-pentanediol  dibenzoate, 3,4-dimethyl-2,3-
pentanediol dibenzoate, 4,4-dimethyl-2, 3-pentanediol dibenzoate, 2,3,4-trimethyl-2,3-
pentanediol  dibenzoate, 2,4,4-trimethyl-2,3-pentanediol  dibenzoate, 3,4, 4-trimethyl-2,3-
pentanediol  dibenzoate, 2,3.4.4-tetramethyl-2,3-pentanediol  dibenzoate, 3-sthyl-2,3-
pentanediol dibenzoate, 3-ethyl-2-methyl-2,3-pentanediol dibenzoate, 3-ethyl-2,4-dimethyl-
2,3-pentanediol  dibenzoate, 3-ethyl-2,4,4-trimethyl-2 3-pentanediol  dibenzoaie, 2,4~
pentanediol  dibenzoate, 3-methyl-2 4-pentanediol dibenzoate, 3-ethyl-2 4-pentanediol
dibenzoate, 3-n-propyl-Z4-pentanediol dibenzoate, 3-n-butyl-2,4-pentanediol dibenzoste,
3,3~dimethyl-2,4-pentanediol dibenzoate, (28, 48)-(+)-2,4-pentanediol dibenzoate, (2R, 4R)-
{(+)-2,4-pentanediol dibenzoate, 2,4-pentanediol di(p-chlorobenzoate), 2,4-pentanediol di{m-
chlorobenzoate), 2, 4-pentanediol di{p-bromobenzoate), 2 A-pentanediol di{o-

bromobenzoate), 24-pentanediol di{p-methylbenzoate), 2.4-pentanediol di(p-tert-butyl



benzoate), 2,4-pentanediol di{p-n-butylbenzoate), 2-methyl-1,3-pentanediol dibenzoate, 2-
methyl-1,3-pentanediol di{p-chlorobenzoate}, 2-methyi-1,3-pentanediol di{p-
methylbenzoate), 2-n-butyl-1,3-pentanediol di(p-methylbenzoate), 2-methyi-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-pentanediol dibenzoate, 2-allyl-1,3-pentanediol dibenzoate, 2-
methyl-1,3-pentanediol dibenzoate, 2-ethyi-1,3-pentanediol dibenzoate, 2Z-n-propyl-1,3-
pentanediol  dibenzoste, 2-n-butyi-1,3-pentanediol dibenzoate, 1,3-pentanedicl di(p-
chlorobenzoate), 1,3-pentanediol di{m-chlorobenzoate), 1,3-pentanediol di{p-
bromobenzoate}, I,3-pentanediol di{o-bromobenzoate), 1,3-pentanediol di{p-
methylbenzoate), 1,3-pentanediol  di{p-tert-butylbenzoste), 1,3-pentanediol  di{p-b-
butylbenzoate), 2,2,4-trimethyl-1,3-pentanediol dibenzoate, 3-methyl-1-trifluoromethyl-2,4-
pentanediol dibenzoate, 2.4-pentanediol di(p-fluoromethylbenzoale), 2.4-pentanediol di(2-
furancarboxylate),  3-n-butyl-3-methyl-2 4-pentapediol  dibenzoate,  2,2-dimethyl-1,5-
pentanediol dibenzoate, 1,5-diphenyl-1,5-pentanediol dibenzoate, 2,3-hexanediol dibenzoate,
2-methyi-2,3-hexanediol  dibenzoate, 3-methyl-2 3-hexanediol dibenzoate, 4-methvi-2,3-
hexanediol dibenzoate, S-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,  34-dimethyl-2.3-hexanediol  dibenzoate,  3,5-dimethyl-2,3-hexanediol
dibenzoate, 4,4~dimethyl-2,3-hexanediol dibenzoate, 4,5-dimethyl-2,3-hexanediol
dibenzoate,  5,5-dimethyl-2,3-hexanediol  dibenzoate, 2,3 4-irimethyl-2,3-hexanediol
dibenzoaie, 2,3,5~trimeihyl—2,3~hexan.ediol dibenzoate, 2.4,4-trimethyi-2,3-bexanediol
dibenzoate, 2,4.5-trimethyl-2,3-hexanediol  dibenzoate, 2,5,5-trimethyi-2,3-hexanediol
dibenzoate, 3,4, 4-trimethyl-2,3-hexanediol dibenzoate, 3.4,5-trimethyi-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-Z,3-hexanediol dibenzoate, 3-n-propyl-2,3-hexanediol
dibenzoate, 3-isopropvi-2,3-hexanediol dibenzoate, 4-ethyl-2 3-hexanediol dibenzoate, 3-
ethyl-2-methyl-2, 3-hexanediol dibenzoate, 4-ethyl-2-methyl-2,3-hexanediol dibenzoate, 2-
methyl-3-n-propyl-2,3-hexanediol dibenzoate, 4-ethyl-3-methyl-2,3-hexanediol dibenzoate,
3,4-diethyl-2,3-hexanediol dibenzoate, 4-ethyl-3-n-propyi-2,3-hexanediol dibenzoate, 3-

ethyl-2 d-dimethyl-2 3-hexanediol  dibenzoate,  3-gthyi-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-dimethyl-3-n-propyl-2,3-hexanediol dibenzoate, 2,4,4-trimethyl-
3-n-propyl-2,3-hexanediol dibenzoate, 2,5,5-trimethyl-3-n-propyl-2,3-hexanediol dibenzoate,
2,4, 5-trimethyl-3-n-propyi-2,3-hexanediol dibenzoate, 3,4-digthyl-Z-methyl-2,3-hexanediol
dibenzoate, 2-ethyl-1,3-hexanediol dibenzoate, 2-n-propyl-1,3-hexanediol dibenzoate, 2-n-
butyl-1,3-hexanediol dibenzoate, 4-ethyl-13-hexanediol dibenzoate, 4-methyl-{, 3-
hexanediol dibenzoate, 3-methyl-1,3-hexanediol dibenzoate, 3-ethyl-1,3-hexanediol
dibenzoate, 2,2,4,6,6-pentamethyl-3,5-hexanediol dibenzoate, 2,5-hexanediol dibenzoate,
2,5~dimethyl-2,5-hexanedio] dibenzoate, 2,5-dimethyl-hexa-3-yne-2,5-diol dibenzoate, hexa-
3-yne-2,5-diol dibenzoate (1), hexa-3-yne-2.5-diol dibenzoate (8), hexa-3-yne-2,5-diol &1(2-
furancarboxylate}, 3.4-di-n-butyl-1,6-hexanediol dibenzoate, 1,6-hexanediol dibenzoate,
hepta-6-ene-2,4-dicl dibenzoate, 2-methyl-hepta-G-ene-2,4~diol dibenzoate, 3~-methyl-hepta-
S-ene-2,4-diol dibenzoate, 4-snethyl-hepta-6-ene-2,4-diol dibenzoate, S-methyl-hepta-6-ene-
2,4-diol dibenzoate, 6-methyl-hepta-6-ene-2,4-diol dibenzoate, 3-ethyl-hepta-6-ene-2,4-dicl
dibenzoate, 4-ethyl-hepta-6-ene-2, 4-diol dibenzoate, S-ethyl-hepta-6-ene-2,4-dic! dibenzoate,
&-ethyl-hepta-6-ene-2 4-diol dibenzoate, 3-n-propyl-hepta-6-ene-2,4-diol dibenzoate, 4-n-
propyl-hepta-6-ene-2,4-diol dibenzoale, S-n-propyl-hepta-6-ene-24-dicl dibenzoate, 6-n-
propyl-hepta-6-ene-2 4-diol  dibenzoate, 3-n-butyl-hepta-6-ene-2.4-diol  dibenzoate, 4-n-
butyl-hepta-6-ene-2,4-diol dibenzoale, S-n-butyl-hepta-6-ene-2,4-diol dibenzoate, 6-n-butyl-
hepta-6-ene-2,4-diol dibenzoate, 3, S-dimethyi-hepta-G-ene-2,4-diol dibenzoate, 3,5-diethyl-
hepta~-6-cne-2,4-diol dibenzoate, 3, 5-di-n-propyl-hepta-6-ene-2,4-diol dibenzoate, 3,5-di-n-
butyl-hepta-6-ene-2,4-diol dibenzoate, 3, 3-dimethyl-hepta-6-ene-2,4-diol dibenzoate, 3,3-
diethyl-hepta-6-ene-2,4-dicl  dibenzoate, 3.3-di-n-propyl-hepta-6-ene-2,4-diol dibenzoate,
3,3-di-n-butyl-hepta-6-cne-2,4-dicl dibenzoate, 3,5-heptanediol dibenzoate, 2-methyl-3,5-
heptanediol dibenzoate, 3-methyl-3,5-heptanediol dibenzoate, 4-methyl-3,5-heptanediol
dibenzoate, S-methyl-3,5-heptanediol dibenzoate, 6-methyl-3,5-heptanediol dibenzoate, 3-
ethyl-3,5-heptanediol  dibenzoate, 4-ethyl-3, S-heptanediol dibenzoate, S-ethyl-3,5-
heptanediol dibenzoate, 3-n-propyl-3,5-heptanediol 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-dimethyi-3,5-heptanediol dibenzoate, 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, 6,6-dimethyi-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-2-methyl-3,53-heptanediol dibenzoate, 4-cthyl-2-methyl-3,5-
heptanediol dibenzoate, S-ethyl-2-methyl-3,5-heptanediol dibenzoate, 3-ethyl-3-methyt3,5-
heptanediol dibenzoate, 4-ethyl-3-methyl-3,5-heptanediol dibenzoate, S-ethyl-3-methyt-3,5-
heptanedio] dibenzoate, 3-ethyl-4-methyl-3,5-heptanediol dibenzoate, 4-ethyl-4-methyl-3,5-
heptanediol divenzoate, S-ethyl-4-methyl-3,5-heptanediol dibenzoate, 2-methyl-3-n-propyl-
3,5-heptanediol dibenzoate, Z-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~mcﬂ1yl~5»ﬁ~pr0py!-3,5~heptanedia1

dibenizoats, 4-

methyl-3-n-propyl-3,5-heptanediol dibenzoate, 4-methyl-4-n-propyl-3,5-heptanediol
dibenzoate, 4-methyl-5-n-propyl-3,5-heptanediol dibenzoate, &-methyl-2 4-heptanediol di{p-
chlorobenzoate), 6-methyl-2,4-heptanediol di(p-methyibenzoate), G-methyl-2,4-heptanediol
di(m-methyl benzoate), 3,6-dimethyl-2,4-heptanediol dibenzoste, 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-cctandiol dibenzoate, 4,4-dimethyl-3,5-
octandiol dibenzoate, 4,4-diethyl-3,5-nctandiol dibenzoate, 4,4-di-n-propyl-3,5-octandiol
dibenzoate, 4-ethyl-4-methyl-3, S-octandiol dibenzoate, 3-phenyl-3,5-octandiol dibenzoate,
3-ethyl-Z-methyl-3,5-octandiol dibenzoate, 4-ethyl-Z-methyl-3.5~octandiol dibenzoate, S-
ethyl-2-methyl-3,5-octandiol  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  dibenzoate, S-n-butyl-4,6-nopandiol dibenzoate, 5,5-dimethyl-4,6-nonandiol
dibenzoate, 5,5-dicthyl-4,6-nonandiol dibenzoate, 5,5-di-n-propyl-4,6-nonandiol dibenzoate,
5.5-di-n-butyl-4, Gnonandiol dibenzoate, 4-ethyl-S-methyl-4,6-nonandiol dibenzoate, S-
phenyl-4,6-nonandiol dibenzoate, 4,6-nonandiol dibenzoate, 1,1-cycichexane dimethanol
dibenzoate, 1,2-cyclohexandio!l dibenzoate, 1,3-cyclohexandiol dibenzoate, 14-

cyclohexandiol dibenzoate, 1,I-bis(benzoyloxyethyl)cyclohexane, 1.4~
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bis(benzoyloxymethyl)cyelohexane, I, 1-bis(benzoyvloxymethyl)-3-cvelohexene, 9,9-
bis(benzoyloxymethyDfiuorine, 9,9-bis((m-methoxybenzoyloxy)methyDfhuorine, 8,9-bis{{m-
chlorobenzoyloxy)methyDfluorine, 9, 9-bis({p-chlorcbenzoyloxymethvlifluorine, 9,9-
fluorenedimethanol dibenxzoate, 1,2-phenylene dibenzoate, 1.3-phenviene dibenzoate, 1,4~
phenyiene dibenzoate, 2,2 -biphenylene dibenzoate, bis(2-benzoyloxynaphthylDmethane, 1,2-
xylenediol dibenzoate, 13-xylensdiol dibemzoate, 1,4-xylenediol dibenzoate, 2,2-
biphenyidimethanol dibenzoate, 2,2-binaphthyidimethanc! dibenzoate, pentaerythritol

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

[00046) In an embodiment, the imternal donor is an aromatic dicarboxylic acid ester.
Noniimiting examples of suitable aromatic dicarboxylic acid esters include halides or
anhydrides or {polyjalkyl ether derivatives thereof, sspecially Cag dialkyl esters of phihalic
or terephthalic acid, phthaloyl dichloride, phthalic anhydride, and Ci4 (polyjalkyl ether

derivatives thereof. In an embodiment, the internal electron donor is dilsobutyl phthalate.

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

aluminag, and metalloid oxides, such as silics,

[00048]  The cocatalyst for use with the foregoing Ziepler-Natta procatalyst composition is
an zluminam containing composition.  Nonlimiting examples of suitable aluwminum
containing compositions inchnde organoaluminum compounds, such as (alkylalominom-,
diallcylaluminum  hydride-,  alkvlaluminum  dihydride-,  dialkylaluminum  halide-,
alkylaluminumdihalide-, dialkylaluminum  alkoxide-, and alkylaluminum dialkoxide-
compounds containing from 1-10, or 1-6 carbon aloms in each alkyl- or alkoxide- group. In
an embodiment, the cocatalyst is a Cyy iralkylaluminum compound, such as
triethylabuminum (TEA). The molar ratio of aluminum to titanivm of from 35:1 t0 50:1, In

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

{00049 The catalyst composition includes a selectivity conirol agent (SCA). The SCA is
a mixture of () one or more activity imiting agents (ALA) and/cr (i) one or more seleciivity

determining agenis (SDA). As used herein, an “activity lmiting ageni” is a composition that

et
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decreases catalyst activily as the catalyst termperature rises above a threshold temperature. A

“selectivity determining agent” is 2 composition that provides selectivity control.

[00050]  In an embodiment, the SDA is a non-silane composition. As used herein, a “non-
silane composition” is a molecule or compound that does not include an 81 atom, or a 8i-0
moiety, or an alkoxysilane group. In other words, the non-silane composition lacks, or is
otherwise free of, silicon and/or an slicoxysilane. When the SCA is solely the SDA non-
silape composttion and the SDA-to-titanivm ratio is 5-50:1, the calalyst composition yields a
propylene-based polymer (fe. a polypropylene homopolymer) with a xviene solubles

content of less than about 6 wi %,

{00051]  Silane compositions having the general formula SiR,(OR VY (I} are commonly
utilized in Zicgler-Natta catalyst systems for improved productivity and stereoselectivity,
Applicants have surprisingly discovered that in the present self-extinguishing SCA
composiiions, the SDAs mmprove stercoselectivity and productivity and do not reguire an
alkoxysilane composition (f.e., the S8CA is silicon-free). This discovery is advantageous as
catalyst stercoselectivity and catalyst productivity are no longer restricted to the

incorporation of a stlane-based compound in the self-extinpuishing catalyst composition.
g & 3 .

[O0052]  In an embodiment, the non-silene composition may be a diether composition, 2
succinaie 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
dicther composition, the diether composition being the same or different. In an embodiment,

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

[00053]  In an embodiment, the non-silane composition may be a succinate composition.
The succinate composition may be any succinate as previously discussed hersin,  The
internal donor and the SCA may each contain a succinate composition, the succinale
composition being the same or different. A nonlimiting example of a succinate composition

sujtable as the non-silane composition is diethyl 2,3-diisopropyisuccinate.

[00054]  In an embodiment, the non-silane composition may be a piperidine composition,

Nonlimiting examuples of suitable piperidine compounds 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 pipendine compouwnd 8 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 compasition. 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 carboxylic acids include Cyyq alkyl
or cycloalkyl esters of aromatic monocarboxylic acids. Suitasble 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 betercatoms,
especially oxygen. Examples of such substituents include (poly)alkylether, cycloalkylether,
arviether, aralkylether, alkylthioether, arylthicsther, dialkylamine, diarylamine,
diaralkylamine, and trialkylsilane groups. The aromatic carboxylic acid ester may be a Cia
hiydrocarbyl ester of benzolc acid wherein the hydrocarbyl group is unsubstituted or
substituted with one or more Group 14, 15,16 or 17 hetercatoms containing substituents and
Ciae (poly)hydrocarbyl ether derivatives thereof, or Cig alkyl benrzoates and Cig4 ring
alkylated derivatives thereof, or methyl benzoate, ethyl benzoate, propyl benzoate, methyl p-
methoxybenzoate, methyl p-ethoxybenzoate, ethyl p-methoxybenzoate, and ethyl p-
cthoxybenzoate. In an cmbodiment, the aromatic monccarboxylic acid is ethyl p-

sthoxybenzoate,

[00056)  In an ewbodiment, the ALA Is an aliphatic acid ester. The aliphatic acid ester
may be a fatty acid ester, may be a Cs-Csp aliphatic acid ester, may be a mono- or a poly-
{iwo or more) ester, may be straight chain or branched, may be saturaied or unsatsrated, and
any combination thereof. The Cy-Csp 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-Csp aliphatic acid esters include Cige alkyl esters of aliphatic Cagp
monocarboxylic acids, Crao alkyl esters of aliphatic Cy.ap monocarboxylic acids, Ci. alkyl
mono-~ and diesters of aliphatic Ciaq monocarboxylic acids and dicarboxylic acids, C.s alkyl
esters of aliphatic Cgop monocarboxylic acids and dicarboxylic acids, and Cygp alkyl mono-

or polycarboxylate derivatives of Caage (poly)glycols or Capee (polyiglyeol ethers. In a

s
o



further embodiment, the C4-Cyg aliphatic ester may be isopropyl myristate, and/or di-n-butyl

sebagate.

[00057]  In an embodiment the ALA is a poly(alkene glycol) ester. Nonlimiting examples
of suitable poly(alkene glycol) esters include (polvialkviene glveol) mono- or diacetates;
{polyXalkylene glveol) mono- or di-myristates; fatty acid esters such as (poly}alkylene
glveol) mono-~ or di-lawrates; (polyXalkviene glycol) mono- or di- oleates; glyceryl
tri{acetate), glyceryl tri-ester of Cyu4 aliphatic carboxylic acids; poly{ethyiene glveol) esters;
glyeenides of linoleie, olele, palmitic and stearic acids, and mixiures thereofl and any
combination of the foregoing. In another embodiment, the fatty acid ester is a coco fatty acid

ester commercially available as 8-191 from Chem Service, Inc., West Chester, PA.

[00058] In an embodiment the ALA is a non-ester composition, As used herein, 2 “non-
ester composition” 15 a molecule or compound thai is free of an ester functional group. In

other words, the “non-ester composition” does nat contain the following functional group.

[000397 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 erobodiment, the ALA is 2,2-diisobutyl-1,3-dimethoxypropane (ALA).

{00060 In an embodiment, a 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, ome or more aluminum 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-sitane composition (SDA}). The catalyst composition is self-extinguishing.



[000617 The SCA may include any carboxylic acid ester and one or more non-silane
compositions as previously disclosed herein. The carboxylic acid ester may be  ethyl-p-
ethoxybenzoate. Nonlimiting examples of suiiable SCA having a carboxylic acid ester and a
non-silane compesition include ethyl p-ethoxy benzoate and 2,2,6,6-tetramethylpiperidine;
an aliphatic ester (such as a fatty acid ester) and diethyl 2,3-dilsopropylsuccinate; and an

aliphatic ester (such as a fatty acid ester) and 2.2-ditsobutyl-1,3-dimethoxypropane.

{00621 In an embodiment, another catalyst composition is provided. The catalyst
composition includes one or more Zisgler-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 imternal electron donor as disciosed hersin. The SCA i3 a mixture of a non-gster
composition {ALA) and a non-silane composition (SDA). The catalyst composition is self-

extinguishing.

1000631 The S3CA may include any pon-ester composition and one or more non-silane
compositions ag previously disclosed herein. In an embodiment, the non-ester composition is
a dicther composition. A nonlimiting example of a suitable non-ester composition is 2,2-
ditsobutyl-1,3-dimethoxypropane. In a further embodiment, the SCA is a mixture of 2,2,6,6-

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

[00064]  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 cocatalysts and a selectivity control agent (SCA). The internal eleciron donor
may be any internal electron donor as disclosed herein, The SCA {s 2 mixtnwe of a first SDA
and a second SDA. The catalyst composition may optionally include an ALA. The catalyst

composition is selfrextinguishing.

(000651 In an embodiment, the first SDA and the second SDA are respectively a first non-
silane 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



2,2,6, 6-etramethylpipendine 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 activily
timiting 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 gromatic carboxyhe acid ester such as ethyl peethoxybenzoate.

{00067] In any of the forsgoing embodiments, the molar ratio of aluminum to total SCA
may be from 0.5:1 to 4:1 {or any value therebetween), or from 1:1 0 3:1, or from 2:1 to 3:1
or less than or equal to 2.5:1. As used herein, the “SCA™ or the “total SCA™ is the combined
amount of the ALA (if present) and the SDA present in the catalyst composition. In an

embodiment, the molar ratio of aluminun to total SCA is 3:1.

[00068] The Applicants have surprisingly discovered that controlling the aluminum to
SCA tolal molar ratic between 0.5:1 to 41 advaniageously yields a catalyst system that
exhibits high productivity, with excelient operability and is self-extinguishing. As used
herein, a “self-extinguishing” catalyst is a catalyst that demonstrates decreased aciivity at a
{emperatore 'graater 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 conseguences with respect to agglomeration of polymer particles, the

catalyst composition 15 said to be “self-extinguishing.”

[00069]  As o standardized measure of polymerization activity at elevated temperatures for
use herein, catalyst activities are adjusted to compensate for different monomer
concentrations due to iemperature. For example, if liquid phase {shury 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 "normahized” to compensate the decreased solubility compared to the lower
temperature, especially a 67°C standard. The "normalized" activity at temperature T, or Ay,
is defined as the measured activify or (weight polymer/weight catalyst/ly) at temperature T,
multiplied by a concentration correction factor, [P(ET)VP(TY]. where [P(67)] is the

3%

o



propylene concentration at 67°C and {P{T)] is the propylene concentration at teraperature T,

The equation for normalized activity is provided below.

(P67}
[F(T)]

Normalized Activity (A) = ¥ Activity{T)

[G0070]  In the equation, the activity af temperatore T is multipliad by a ratio of the
propylene concentration at 67 °C io the propylene concentration at temperature T, The
resulting normalized activity (A}, adiusted 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 listed below for the conditions used in the
liguid phase polymerization,

67 °C 85 °C 100 °C 115 °C £30°C 145 °C

1.09 142 1.93 2.39 258 3.70
{00071]  The comrection factor assumes that polymerization activity increases linearly with
propylene concentration under the conditions emploved. The correction factor is a function
of the solvent or diluent used. For example, the correction factors listed above are for a
common Ce.yp aliphatic hydrocarbon mixture (Isopar™ E, available from Foron Chemical
Company). Under gas phase polymerization conditions, monomer solubility is normally not
a factor and activity is generally uncomected for iemperature difference. That is, activity snd

normalized activily are the same,

{00072}  The "normalized activity ratio” is defined as Av/Agy, where Ar is the activity at
temperatore 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 Ajg/Asy 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 al 100 °C, an Aygo/Aey ratio of 35% or less yields a catalyst system that is

self-extinguishing system.

{00073}  Not wishing to be bound by any particular theory, it is believed that the AVSCA
ratio of 0.5:1 to 41 provides a sufficient amount of sluminum to support the polyresrization
reaction at normal pelymerization temperatures. However, at elevated temperature (due to a

fermperature excursion or a process upset, for example), more aluminum reacts with other

Ny
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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 sysiem, which self~extinguishes the reaction.

[00074]  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 5 mole percent io about 40

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

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

therebetween), or 80:1 to 1.5:1, or40:1 10 1.67: 1, or 20:1 10 2,501, or 13:1 t0 5: 1.

[00076] The molar ratio of aluminum to ALA may be 20:1 to 0.5:1 (or any value
thergbetween), or 8.7:1 to 0.5:1, or 5.7:1 to 0.52:1, or 5:1 to 0.62:1, or 4.4:1 10 0.71:1, or
5.3:1 t0 0.5:1. The molar ratio of SCA fo titanium may be from about 5:1 to about 1001, In

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

(000771 In an embodiment, another catalyst composition is provided. The catalyst
composition inclodes 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 condrol agent (S8CA). 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

composition is self-extinguishing.

{00078)  The poly(alkene glycoly ester can be any poly(alkene glyeol) ester disclosed
herein. Nonlimiting examples of suitable polv{alkene glycol) esters include (poly)alkyiene
glyeol} mono- or diacetates; (poly)alkylene glyveol) mono- or di-myristates; fatfy acid esters
such as {polyXalkylene glycol} mono- or di-laurates; (poly)(alkviene glycol) mono-~ or di-
oleates;  glyceryl tri(acetaie), glyceryl tri-ester of (4 aliphatic carboxylic acids;
poly(ethylene glycol) esters; glycerides of linoleic, oleic, palmitic and stearic acids, and

mixtures thereof, and any combination of the foregoing. The poly(alkene glycol} ester can



be a mixture of fatty acid esters. In an embodiment, the fatty acid ester is a coco fatty acid

esier commercially available as 8-191 from Chem Service, Inc., West Chester, PA.

[00079]  The non-silane composition can be any non-silane composition disclosed herein.
For example, the non-silane composition can be any diether composition, succinate

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

(000801 In an embodiment, the catalyst composition has a molar ratio of aluminum to total
SCA from about 100:1 10 about 0.5:1, or from about 50:1 to 0.75:1, or from about 20:1 o
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 diether composition can be

. Y

2, 2dusobutyl-1,3-dimethoxypropane.

{00082]  In an embodiment, the poly(alkene glycol) ester is a fatty acid ester and the SDA
non-silane composition s a succinate composition. The succinate composition can be diethyl

2, 3-diisopropylsuccinate,

[00083]  In an embodiment, the poly(alkene glycol) ester is a fatty acid ester and the 8DA
non-silane 18 & piperidine composition. The piperidine composition can be 2,2,6,6-

tetramethylpiperidine.

[00084] The present catalyst system further yields a polypropylene composition
with high stiffness, a high melt flow rate, and high isotacticity (i.e., & low xylene solubles
content). Not wishing to be bound by any particular theory, it is believed that the aluminum
specics o SCA molar vatic resulis in 2 catalyst composition that replicates the self-
extinguishing property of third generation cstalysts which utilize benzoic acid esters as
eleciron donors, Benzeic acid esters, such as ethyl p-ethoxybenzoaie (PEER), however,
impart an undesirable odor to resultant polymers such as polypropylene. While using a
fourth generation catalyst which may contain a phibalate internal donor, the present catalyst
composition may or may not coniain a benzoie acid ester. The embodiments of catalyst
compositions without a benzoic acid ester may correspondingly produce an odor-free

polypropylene. In other words, the present catalyst system replicates PEEB-based catalyst



systems yet produce an odor-free polypropylene composition.  In addition, the present
catalyst composition meets or exceeds the activity of conventional fourth generation

catalysts, and in general, exceed the activity of the third generation catalysts,

[00083]  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 aluminum 1o total SCA from gbout §.5:1 10
about 4:1. In other words, the aluminum te total SCA 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,

[00086] In an embodiment, the polymerization process may also include maintaining,
adjusting, or otherwise controlling the aluminum to titaniom ratio at about 45:1. Thus, the
aluminum to SCA ratic is controlled by adjusting the amount SCA components introduced

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

[00087]  The propylene containing polvmer formed by way of the polvmerization process
may be a polvpropylene homopolymer or a copolymer of propylene and onme or more
comonomers,  The comonomer may be an alpha-olefin having from 2-12 carbon atoms.
Nonlimiting examples of suitable comonomers include ethylene, I-butene, l-bexene, 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 6.0% by weight, or from sbow 2.0% 1o about 5.0% by

weight,

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

polymerization reactor is greater than about 100°C.
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{00089} 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 mert 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 1s 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 SCA mixiure, another SCA mixturs, or

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

[00090]  In an embodiment, the polymerization process is conducted in two reactors in
which two olefins, such as propylene and ethylene, are comtacted 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 polymeriration technique employed, it is understood that the
SCA, the procaialyst, 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 polvmerizations.

[00091]  The temperature of the polymerization reacior is from 40 to 130°C or from 60 o
100°C, or from 65°C to 80°C. The foregoing temperatures are average femperatures of the
reaction mixhue measured at the reactor walls. Isolated regions of the reacior 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
[00G94] (1) Catalysis

(000951 A: A commercial SHAC™ 320 catalyst containing 2.5% wi% Ti.
i i ) g
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[000%67  B: (1) 12.00 g of MagTi precussor was contacted with 175 ml of TiCly solution in
MCB (1:1 vol:vol) and then 2.60 ml of DiBP. The mixture was heated to 115°C and
maintained at the emperature for 60 minutes followed by filtration to remove the solvent.
{2) 175 ml of the TiCly solution in MCB (1:1 volivel) was added 1o the solid, the mixtare 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 contains 3.35 wt% Ti.

(000977 C: (1) 12.60 g of MagTi precursor was contacted with 175 mi of TiCly solution in
MCB (1:1 volvol) and then 4.80 m} of 1-ethoxy-2-n-pentoxybenzene (EPB). The mixture
was heated to 110°C and maintained at the temperatare for 60 minutes followed by filtration
to remove the solvent. This procedure was repeated twice. {2) The resuliing solid was
washed with 200 m! of isooctane at 25 ° C 3 times followed by filtration. The solid was then
dried with a N; flow. Anaslysis by X-ray fluorescence showed the solid catalyst containg 4.45

wit% Ti.

1000981 D (1) 12.00 g of MagTi precursor was contacted with 175 mi of TiCls solution in
MCB (1:1 volivoly and then 2.48 ml of diethyt 2,3-diisopropylisuccinate (DEDIPS). The
mixture was heated to 113°C and maintained at the temperature for 60 minutes followed by
filiration to remove the solvent. (2) 175 ml of the TiCls 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 N, flow,

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

[000100] Polymerization reaction was carried cut in Parallel Polymerization Reaciors (by

Symyx)



{000101} The particle size of the catalyst powder was reduced by stirring the catalyst solid
" with a stir bar for 30 — 45 minutes, Cétalyst slurries were then prepared in toluene. The .

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

Catalyst Ti . Sturry Loading
(wt%) Concentraiton (pg/reactor)
4 (ng/mL) ,
A 2.59 247 68.0
B 3.35 191 52.5
C 4.45 144 ' 39.5
D 3.75 1170 ‘ | 46.9

v mmen e s B

{000102] All SCAs and ALAs were dﬁuted to 0. 005 M in Jsopar E™, except S-191 which
was dissolved in toluene before injection into the PPRs. TEA] was prepared in Isopar E™ and
used as either 0.02 or 0. 1M solunons

{000103] Purged PPR reactors were heated té 50°C TEA1 and Isopar E™ meke-up solvent
were added to each reactor, followed by the addition of Hy to a stﬁbil_ized pressure of 0.34 atzﬁ.
Reactors were heated to the assigned temperature (67, 100 or 115°C). Propylene was added to
6.80 atm_and allowed to stabilize for 10 min. To each reactor was added SCA or a mixture of
SDA & ALA and 2 500 ul of Isopar E™ chaser and immediately followed by the addition of
cata.!yst (275 p.I) and a 500 ul of Isopar E™ chaser. Reactions were quenched with CO; after

60 minutes or when the maximum relative conversion of 110 was: rcached
[000104] (4) XS Measurement -

'[0001053  Percent xylene solubles (%XS) in polypropylene (PP’) is 2 material property listed
on many product specification sheets and the measurement procedure is spcciﬁeé 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 2 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 integrated into the Midland Core R&D Organic Chemistry & Cafaiysis High Throughput
Laboratory workflow.  The tool is used ‘fo measuré % polypropylene (PP). solubles in
trichlorobenzene (% TCBs) and correlare this value with % xylene solubles based o;:r PP

2




standards. The system design is based on the Cavro Hquid manipulator footprint and is
housed with custom-inade peripherals to manipulate, cap, filier, and analyze hot polymer
solutions. The Cavre robotic system and a Polymer Char IR4 filter based infrared detector to
determine polymer solution coneentrations 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 g stand-alone mode. Forty-gight samples can be processed in 10 hours whichisa
~10X increase compared to similar manuvally 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, filiered, warmed to 60°C
keep remaining polypropylene in selution and then reanalyzed at 175°C with the IR4, The
difference in before and after readings provides the bases for the final %TCB value, which

was then converted into X8%.



[000106]

Table 1

[000107] . Performance of Phthaluic-Based Catalyst Systems Using Single Non-Silane

SDAs*
SOA AUA | AKEDASALAY | SDAALATIL | SDAZALR | Temp | Awivity Avcrage | Normaiuad | AlAs | Aversgs
(mol/mal) - (mol/mol/mol) |{ (mol%a) o (egfelhr) Activity | Activity (%) XS
(w/g/mn | (kefo/he) (%)
None | 3.0 30077 10070 (7] 744 | 692 708 7.08 106 | 4.39
MPY ’
; 00 1181 | 1244 | 1273 1233 23.75 336 | 462
5 233 | 252 | 200 278 5,46 177 17326
35 1.5728.501 3£ 61 335 ] 502 | 468 4335 433 T
MPY | EEB : ,
1 60 D25 | 020 | 028 23 0.43 0 ] 5.63
" 3 805 | 005 | 0.0s .03 0.12 3 —
EX) 1.508.571 55 57 534 | 468 ) 653 §82 5.5% W | 45
MPY | iBDMP : — -
100 147 | 135 | 174 1750 | 1,52 793 53 3.78
- ) 115 0,66 | 065 [060 ] 063 | 0.64 52 2 3,53
1 161 30701 10075 6T . 1115 ] 653 | 801 §335 523 0| 4.62
MPY one
00 1729 [ $24 | 5392 0.75 30,75 735 1481
115 135 1174 1166 5 3.94 a3 |74l
. 167 1578571 . 558 §7 755 {7142 | 813 AL 795 T | 6
MPY_ | EEB — :
100 92 L L 17 1.74 3.36 43
. s 0.59 | 0,65 | 047 0.57 36 18
67 30/071 16070 &7 437 | 248 | 261 310 3.10 108 [ 133
EDIPS | ome
100 030|045 [ 039 038 074 %4
- 115 617 ] 020 | 0.7 0.1% U3 118
167 3270 1070 &7 262 | 340 | 220 7 271 o6 | 138
ERIPS | 191 ' SN . :
060 705 | 0051 0.05 0,03 6.10 g
15 5305 | 005 | 006 0.0% 012 i
16.7 3007 100/0 67 812 | 668 | 513 6.64 6.64 156
BOMP | one . -
00 441134 | 100 126 243 37 s0R
15 0355 | 057 | 0A7 .53 27 6
16.7 1312850 5w 67 364 | 569 | 583 5.03 5.03 G0 | 692
BDMP | 191 . .
1w | 0.06 0.06 0.12 p)
871 86
113 1008 0.08 0.15 3
- 06 1 a7
*A commercinl SHACT™ 320 catalyst (Catalyst A) was used.

TMPY
DBDIPS
DiBDMP
PEER
5191

2.2,6,6-tetramethy ipiperidine

Diethyl 2, 3-diisopropyisuccinate

2,2-Ditscbutyl-1,3-dimethoxypropane

Ethyl p-Ethoxybenzoate

POE (15) coco fairy acids ester
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[000108]  Table2

1000109] Performance of Non-Phthalate-Based Catalyst Systems Using Single Non-Silane
SCaAs* ‘

PEEBR Ethy! p-Bthoxybenzoate

[000110]  Table3

' .[0001 11] Performance of Catalyst Systems Using Mixed Caxalysts";

SDA T ALA | AKGDA+ | SDAJALA/T: | SDASLA | Temp | Actviy Average | Normalized

(000112] For purposes of United States patent practice, the cuntents of any patent, patcnt

SBA ATA AVSDATALA) | SDATALATT; | SDAJALA | Temp | Adwwity Fverage | Nommsliecd | AlAer | Aversee
{moel/mol) {moVmoVmol) | (mol%) . {*Q) | (kg/ghhn Activity &cﬁvity (%} X8
. , {lpfpfin) BIE/he) )
TMEY None 3.0 A0/ 100/8 57 5.8 0.35 12,04 12,04 100 4.23
——— ) 00 | 567 35 435 1513 9.89 82 32
: 15 123§ [ 268 245 | 3350 598 5012318
TMPY PEED 30 1.5/28.5/1 505 67 A4S X £.48 B4R Y
100 } 6 0,56 869 1 G&2 1.18 a1
i5 10 0.10 023 | 0.4 .58 7
“TMPY DEDIPS | 3.0 L5285/~ | 548 67 6.7 X E66 |71 7l 60 | 5093
o0 | 110 9 109 1 108 7.0 2
15" "1 04% 546 052 | 048 1 1.8
* A catalyst (Catalyst C) cunmmmg 1-ettmxy—2-n~penmxybemne was used.”
TMPY . 2,2,8,6-tetramethyipiperidine
- DEDiPS Diethy] 2,3-diisopropyluccinate

. AlAg | Average
ALA) {mol/molimoly | {mel%) S ke Activity | Actvity ¢8| XS
) {moimoly ¢ N - : Geglg/hs} | {kelp/he)
TMPY | Nong | 30 30/011 1100/ &7 954 11090 | 7.74 | 538 339 100 1 494
00 54 1248 1 144] 185 | 331 37 887
. . 15 [090 100 | 10695 227 24955
L TMPY | PEER ] 3D 1,5/28,5/1 5795 57 01 1590 | 632 | 508 608 G0_ | 4.99
) () 31 |04 035 | 04 .58. i
S 10401612 {01314, [¥]]
*A catalyst mixtore contammg & DiBP cam[ysr {Caralyst B} and a DEDiPS catab‘st (Catalyst D) in 11 (w/wt) ratio -
was used. ‘
TMPY . 2,2,6,6-tetramethylpiperidine
FEEB Ethy| p-Ethoxybenzoate

apphcahon or pubhcatmu referenced herein. are hereby mcorporated by reference in their

entirety herein, especxally with respect to the disclosure of structures, synthetic techniques
and general knowledge in the art. - It should be undersicod 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 ond 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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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; selected from the group consisting of a
diether composition, a succinate composition, a diol ester composition, and an aromatic
dicarboxylic acid ester;

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 selected from the group consisting of a diether composition, a
succinate composition, a piperidine composition and combinations thereof; and the
catalyst composition is self-extinguishing.

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

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

4. The catalyst composition of claim | wherein the SCA comprises ethyl p-ethoxy
benzoate and 2,2,6,6-tetramethylpiperidine.

5. The catalyst composition of claim 1 wherein the SCA comprises diethyl 2,3-
diisopropylsuccinate and an aliphatic ester.

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

7. The catalyst composition of claim 1 comprising a molar ratio of aluminum to total
SCA from 0.5:1 to 4:1.
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8. The catalyst composition of claim 1 wherein the carboxylic acid ester is a fatty acid

ester.

9. The catalyst composition of claim 1 wherein the carboxylic acid ester is a poly(alkene)

glycol ester.

10. The catalyst composition of claim 5 wherein the aliphatic acid ester is a fatty acid

ester.

11. The catalyst composition of ¢laim 5 wherein the aliphatic acid ester is a poly(alkene)

glycol ester.
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12. The catalyst composition of claim 6 wherein the aliphatic acid ester is a fatty acid

ester.

13. The catalyst composition of claim 6 wherein the aliphatic acid ester is a poly(alkene)

glycol ester.
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