
CATALYST COMPOSITION WITH MIXED SELECTIVITY CONTROL AGENT AND
POLYMERISATION METHOD USING IT PRIORITY CLAIM [00011This application is a
continuation-in-part application of International Patent Application No. PCT/1132008/073882 filed on
August 21, 2008 which claims priority to U.S. Provisional Patent Application No. 60/957,888, filed on
August 24, 2007, the entire contents of each application are incorporated by reference herein.
BACKGROUND 100021The demand for high stiffness propylene-based polymers with high melt flow
continues to increase as the need for more sophisticated polymers continues to grow. Known. are
polymer catalyst compositions with a mixture of selectivity control agents (SCAs). Mixed SCAs enable
the production of olefin-based polymers that possess properties contributed from each SCA. Hoy/ever,
the use of catalyst compositions with mixed SCAs does not change the highly exothermic nature of the
olefin polymerization reaction. The excessive heat generated during polymerization poses a significant
risk to the polymerization reactor operability. Excessive heat generation and/or inadequate heat
removal can readily disrupt production and/or shut down the reactor. [00031Desirable would be a
catalyst composition for production of high stifine-ssibigh melt flow propylene-based polymers that
reduces, or eliminates, the risk of reactor disruption, or shut-down due to excessive heat. SUMMARY
[0004]The present disclosure provides a catalyst composition and polymerization process for the
production of a propylene-based polymer with a hig.h melt flow rate and high stiffness. The catalyst
composition is se,lf-iimiting and exhibits strong hydrogen response with the ;production_ of the high
melt flow/high stifthess propylene-based polymer under standard polymerization conditions.  2
100051The present disclosure provides a catalys.,..impos.tio . The catalyst composition includes a
procatalyst composition, a cocatalyst, and a mixed external electron donor (MIRED). The M-13,13.D
includes an activity limiting agent (ALA), a first selectivity control agent (KAI), a second selectivity
control agent (SCA2). SCAI and SCA2 are present at a mole ratio from 0.1-1.0:1. [0005a1In an aspect,
there is provided a catalyst composition comprising:            a Ziegler-Natta procatalyst composition
comprising titanium, magnesium and an internal electron donor; a cocatalyst; and            a mixed
external electron donor (M-EED) comprising an activity limiting agent (ALA), a first selectivity control
agent (SCA1) comprising an allcoxysilane, and a second selectivity control agent (SCA2) selected
from the group consisting of a dialkoxybenzene, a dimethoxysilane containing two alkenyl groups, and
combinations thereof, and a SCAl:SCA2 mole ratio from 0.1-1.0:1, a mole ratio of total-SCA to ALA
less than 1 0 and the catalyst composition is a self-limiting catalyst composition. 100061In an
embodiment, the ALA is selectedaromatic ester or a derivative thereof, an aliphatic ester or a
derivative thereof, a diether, ay(alkylene glycol) ester, and combinations thereof I0007in an.
embodiment, RCA 1 is a dimethoxysilane [0008jIn an embodiment, SCA2 is selected ftom a dieta
xysitanc, a triethoxystiane, a tetraethoxysilane, a trimethoxysilaine, a diethcr, a dialkoxybenzene, a
dimethoxysilane containing two linear a combinations thereof groups, a. c ysi.Eane containing two
alkenyl groups, and  100091The present disclosure provides a process. In an embodiment, a
polymerization process is provided which includes contacting propylene and optionally at least one
other olefin with a catalyst composition in a polymerization reactor under polymerization conditions.
The catalyst composition includes the procataly-st, the eccatalyst and. the M-F,ED. The process
further includes forming a propylene-based polymer having a melt flow rate of at least 50 0 min.  2a
[0009a]In an aspect, there is provided a polymerization process comprising:       contacting propylene
and optionally at least one other olefin with a catalyst composition in a polymerization reactor under
polymerization conditions, the catalyst composition comprising a procatalyst, a cocatalyst and a mixed
external electron donor (M-EED) comprising a first selectivity control agent (SCA1) comprising an
alkoxysilane, a second selectivity control agent (SCA2) consisting of a dialkoxybenzene, a
dimethoxysilane containing two alkenyl groups, and combinations thereof, and an activity limiting
agent (ALA); and       forming a propylene-based polymer having a melt flow rate of at least 50 g/10
min as measured in accordance with ASTM D 1233-01 at 230C. with a 2.16 kg weight. 



[00101In an ernho, reaction. the catalyst composition self limits the poiyrnerizatic  jThe present
disclosure provides a composition, in art embodiment, a propylene- based polymer is provided which
includes at least 5 ppm of the activity iimitlng agent The propylene-based polymer has a melt flow rate
greater than about 50 g/10 min as measured in accordance with A.STM I) 1238-01 at 230C,, 2.16 kg.
10011a]In an aspect, there is provided a propylene-based polymer comprising a mixed external
electron donor (M-EED) comprising an activity limiting agent (ALA), a first selectivity control agent
(SCA1) comprising an alkoxysilane, and a second selectivity control agent (SCA2) selected from the
group consisting of a dialkoxybenzene, a dimethoxysilane containing two alkenyl groups, and
combinations thereof, the polymer comprising at least about 5 ppm of an activity limiting agent, the
propylene-based polymer having a melt flow rate greater than about 50 g/10 min as measured in
accordance with ASTM D 1238-01 at 230C, 2.16 kg.  WO 2010/021762PCT/US2009/034875 3
100121An advantage of the present disclosurethe provision of an improved composition [00131
polymerization process, of the present disclosure is the provision of an  [0014]An advantage of the
present disclosuprovision of an improved propylene based polymer. [001.5IAn advantage of the
present disclosureprovision of a catalyst composition          ees a high melt flow/high stiffness
propylene-based polymer, the caralyst compositionself-limiting the polymerization reaction. An
advantage of thesclosure is a process for producing a high melt flow/high,ess propylene-bassstandard
amounts of hydrogen, without visbreakinn. [001.7]An advantage of the present disclosure is the
provision of a propylene-based polymer with high melt flow with one or more of the following
properties: high final melting point, low oliaomer content, low or no toxIcitY, low or no decomposition.
low or no unpleasant odor. BRIEF DESCRIPTION OF THE DRAWINGS [0018]Figure is a graph
showing the final melting temperature and-the for a propylene-based polymer.           igure 2 is a
propylene-based p showing. the oilgomer content and the met  DETAILED DESCRIPTION  WO
2010/021762PCT/US2009/034875 4 EllfD), The M-BED includes a first selectivity contre4 agent
(SCA1), a second selectivity control agent (SCA) and an activity limiting agent (,ALA). The M-FlED
includes a SCAI:SCA2 mole ratio from about 0.1:1 to about 1,0:1, 



[0021]It is understood that the MI2ED may include three or more seieetivty control agents (SCA3.
SCA4, etc.) andlor two or more ALAs. 100221The procalalyst composion of the present catalyst
composition may be a Ziegler- ocatalyst composition. Anyventional Ziegler-Natta procatalyst may be
used in the present catalyst composition,in an embodiment, the Ziegler-Natta procatalyst composition
contains a transition metal compound and a Group 2 metal compound, The transition merffl compound
may be a solid complex derived from a transition metal compound, for example, titanium, chromium- or
vanac n-hydrocarbyloxides; hydrc.lcarbyls, halides, or mixtures thereof. [00231The transition metal
compound has the general for-1J- TrX, where Ty is the transition metal, X is a halogen or a CT_
hydroearboxyl or hydroc,arhyl group, and x is the number of such X groups in the compound. in
combination with a Group 2 racial compound, Tr may be a Group 4, 5 or 6 metal, In an embodiment,
Tr is a Group 4 metal, such as titwuumn.Xrnay be chloride, bromide, 1:1.4 alkoxide or phenoxidm or a
mixture thereof. In an embodiment, Xis chloride. 100241Nonl.miting examples of suitable r ' ion metal
compoundsthat may be used to form the Ziegier-Natta procatalyst composition are Ti Chr, ZrC14.
HfCI4, TiBfr Ti(OC21-15)3C1, ZOC2f15)3C1, Ti(OC2H)3Br, Ti(Oc3H7)2c12,Tic0c61J02f1)2c12, and
1.i(OC41.5)C13, Mixtures of such transition metal compounds may bewell. 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 Otani um compound 100251Non
halides.dial.kc pies of suitable Group 2 metal compounds include magnesium alkoxymagnesium
halides, magnesium  WO 2010/021762PCT/US2009/034875 diaikylm.agnesiums, magnesium oxide,
magnesium hydroxide, and carboxylates of magnesium. In an embodiment, the Group 2 metal
compound is magnesium dichloride, 10026]embodiment, the Ziegier-Natta ro,:psition isa mixture of
titanium moieties supported on or otherwise derived from magnesium compounds. Suitable
magnesium compounds Ithous magnesium chloride, magnesium chloride adducts, magnesium
dialkoxides or aryloxides, or earboxylated magnesium dialkoxides or           Va an embodiment, the
magnesium compound is a magnesium di(CL,ijalki"iide, such as diethoxynagnesium.
[00271Nonlimiting examples of suitable titanium moieties includ  titanium alkoxid titanium arykxides,
and/or titanium halides. Compounds used to prepare the Ziegler-Natta nrocataiyst composition include
one or more magriesium-di(CL4alkoxides, magnesium dihalides, magnesium alkoxyhalides, or
mixtures thereof and one or more titanium tetra(C1i4) alkaxides, titanium tetrabalides,
titanium(.14.4)alkoxyha' .es, or mixtures thereof [00281A precursor composition may he -used to
prepare theprocatalyst composition as. is commonly known in art The precursor compos., the
chlorination of the foregoing mixed magnesium compounds, titanium compounds, or s thereof, and
may involve the use of one or more compounds, referred to as gents", that aid"in forming or
socompositions via a solid/solid            Nonlimiting exampies of suitable clipping agents include
trialkylborates, especially0hylborate, phenolic compounds, especially cresol, and snanes.          in an
embodiment, the precursor composition is a mixed magr lu. I-titanium compound of Me formula
MgdIgarca, wherein Re is an aliphatic, or aromatic hydrocarbon radical having 1 to 14 carbon atoms or
CUR wherein R' is an alipha.tic or aromatic hydrocarbon radical having I to 14 carbon atoms; each
OR3 group is the same or different; X is pendently chlorine, bromine or iodine; d is U.S to 56, or 2-4, or
3, f is 2-116, or 5-15; and g is 0.5-116, or 1-3, or 2. The precursor may be prepared by controlled
precipitation through removal of an alcohol from the reaction mixture used in its preparation in an
embodiment, the reaction medium comprises a mixture of an aromatic liquid, esneciallya  WO
2010/021762PCF/US2009/034875 6 chlorinated aromatic compound, such as chlorobenzene, with an
alkanol, especially ethanol, and an inorganic chlorinating agent. Suitable inorganic chlorinating agents
include chlorine derivatives of silicon, aluminum and titanium, such as titanium tetrachloride or titanium
triehloride, and titanium tetrachloride in particular. The chlorinating agents lead to partial chlorination
which results in s precursor containing relatively high level of -alkoxy component(s). 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. The precursor was separated from the reaction media.
Moreover, the resulting precursor is particularly uniform particle sized and resistant to particle
crumbling as well as degradation of the resulting procatalyst. In an embodiment, the precursor
composition is Mg3Ti(01,31P8C12. [0030]The precursor is next converted to a solid procatalyst by
further reaction 



(halogenation) with an inorganic halide compound, preferably a titanium halide compound, and
incorporation of an internal electron donor, If not already incorporated into the precursor in sufficient
quantity, the internal electron donor may he 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. 10031;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 yrreferred tetravalent titanium halide is titanium tetrachloride. The
optional hydrocarbon or halohydrocarbou solvent employed in the production of olefin polymerization
procatalyst preferably contains up to 12 carbon atoms inclusive, or up to 9 carbon atoms inclusive,
IT.':xemplary hydrocarbons include pentane, octane, benzene, toluene, xylene, alkylbonzenes, and
decahydronaphthalene. Exemplary aliphatic halohydrocarbons include methylene chloride, methylene
bromide, chloroform, carbon tetrachloride, 1,2-dibromoethane, 1,1,24rieldoroethane,
trichlorocye,lohexarie, dichlorolluorornothane and tetrachloreoetane. Exemplary aromatic
halohydrocarbons  WO 2010/021762PCT/US2009/034875 7 include chiorobenzent , .ornobenzene,
dichloroberizc..- nd chiorotoluenes. The aliphan halohydrocarbon may be a. compound containing at
least two chloride substituents such as carbon tetrachloride or 1,1,24richloroethane The aromatic
itrocarbon may be eniorohcnzcne or o-chlorotoluene, [0032]Mt: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 halogcnations and following halogenation. Further optionally
one or more extractions involving contacting with an inert liquid diluent, especially an aliphatic or
aromatic hydrocarbon, or aliphatic or aromatic halohydrocarbon, especially at an elevated temperature
greater than 100C. or greater than 110C, may be employed to remove labile species, especially Tia4.
In an embodiment, therNatta :ocatalyst compositionsolid catalyst component obtained by suspending a
dialkoxy magnesium in an aromatic hydrocarbon or halohydrocarbon that is liquid at normal
temperatures. OD 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 dialicoxy
magnesium with a diester of an aromatic dicarboxylic, acid at some point during the treatment with the
titanium halide in (ii). [90341in an embodiment, the Ziegler-1\ a procatalyst composition includes a
solid catalyst component obtained by (i) suspending a precursor material of the formula tvigifi(OR,-)
(as described previously) in an aromatic hydrocarbon or lalohydrocarbon that is liquid at normal
temperatures, (ii) contacting the precursor with a. titanium halide and further (iii) contacting the.
resulting composition a second time with the titanium halide, and. g the precursor with a diester of an
aromatic dicarboxylic acid at some point during, treatment with the titanium halide in 100351The.
procatalyst consposition includes an internal electron. donor. As used herein,  the resultant procatalyst
composition. Not bounded by any particular theory, it is dieYed that the internal electron donor assists
in regulating the formation of active sites, thereby enhancing catalyst stereoselectivity. 100361in an
embodiment, the internal electron donor is a bidentate compound. A "bidentate compound," as used
herein is a compound containing at least two oxygen -containing functional groups, the
oxygen-containing functional groups separated by at least one saturated (.7,-C,10 hydrocarbon chain
\x/hich may optionally contain heteroatom(s). The bidentate compound may be a phthalate, a dietber,
a suceinate, a phenylene dibenzoate, maleate, a maionak, a glutarate, a dialkoxybenzene, a
bis(alkoxyphenyl), a dicil ester, a ketoester, an alkoxyalkyt ester, a bis(alkoxyal.lqd.) flutorene, and any
combination thereof. [0037]in an embodiment, the internal electronae, including diisobu, pLitnahite
and/or di-n-butyl phthalate. 19038jin an embodiment, the inter:),9-bis(triethox)-9H- fluorene. [0039]In
an embodiment. ouimen,, internal electron donor is a p. )enzoate  [00401The Ziegier-Natta procatalyst
compositionalso include an inert support material. The support may be an inert solid which does not
adversely alter the catalytic performance of the transition metal compound Examples include metal
oxides, such as alumina, and metalloid oxides, such as silica. 100411The present catation includes a
cocatalyst. The cocatalyst for use with the foregoing Ziegier-Natta procatalyst composition may be an
aluminum containing composition. Nonlimiting, examples of suitable aluminum containing
compositions include organoaluminum compounds, such as trialkylaluminum-, dialkylaiuminurn
hydride-, alkylaluminum dialkylaiuminurn 141uminum alkoxide-, and alkyialuminum dialkoxide,-
compounds containing from 1- 0, or 1-6 carbon atoms in each alkyl- or alkoxgroup. In an embodiment,
the coca.tai  WO 2010/021762PCT/US2009/034875 9 



is a CIA trialkylaiuminum compound, such as triethylaiuminum (TEA or TEAT). The molar ratio of
aluminum to titanium is 10-200:1, or 35-50:1. In art embodiment, the molar ratio of aluminum to
titanium to 45:1. [9042]The present catalyst composition includes a mixed external electron donor
(M-E.ED) which includes a first selectivity control agent (SCA1), a second selectivity control agent
(SCA2), and an activity limiting agent (ALA.), As used herein, an "external electron donor" (or "FED") is
a compound added independent of procatalyst formation that contains at least one functional group
that is capable of donating a pair of electrons to a metal atom. Bounded by no particular theory, it is
believed that provision of one or more external electron donors in the catalyst composition affects the
following properties of the formant polymer: level of tact:city (La., xylene soluble material), molecular
weight melt flow), molecular weight distribution (MWD), melting point, and/or oligoiner level.
[0943]Nenlimiting examples of suitable compounds for the SCA include silicon compounds, such as
alkoxysilanes, ethers and polyethers, such as alkyl-, cycloalkyl-, aryl-, mixed alkyl/aryl-, mixed
alkyl/cycloalkyi-, and/or mixed cycloalk,yliaryi-ethers andlor polyethers; esters and polyesters,
especially alkyl, cycloalkyl- and/or aryl-esters of monocarboxylic or dicarboxylie acids, such as
aromatic monocarboxylic- or dicarboxylicacids; alkyl- or cycloalkyl-ether or thioether derivatives of
such esters or polyesters, such as alkyl ether derivatives of alkyl esters or diesters of aromatic
monocarboxyhe or dicarboxylic acids; and Group 15 or 16 iiieteroarom-substituted derivatives of all of
the ioregoing; and amine compounds, such as cyclic, aliphatic or aromatic amines, more especially
pyrrol or pyridine compounds; all of the foregoing SCA's containing from 2 to 60 carbons total and from
I to 20 carbons in any alkyl or ailLyEene group, 3 to 20 carbons in any cycloalkyl or cycloalkyle,ne
grow), and 6 to 20 carbons in any aryl. or arylene group. 1:00441in an embodiment, SCAI and/or
SCA2 is a Sliarie composition having the general formula (I). (I)   WO
2010/021762PCT/US2009/034875 10 [0045]wherein R independently each occurrence is hydrogen or
a hydrocarhyl or an amino group, optionally substituted with one or more substituents containing one
or more Group 14, 15, 16, or 17 beteroaroms, R contains up to 20 atoms not countinggen and
halogen. R.' is a CL..7E) alkyl group, and m is 0, 1, or 2, In an embodiment, P. is C.16,r2 aryl, alkyl m
aralkyl, C2m2 mrMoallyl, C3,12 brandied 2'41, err C3_12 cyclic amirio g' top. " alkyl, and in is 1 or 2.
100461In an embodiment, SCA1 is aoxysilane. The ftimethoxysilane may include a dimethoxysilane
having, at least one secondary alkyl and/or a secondary amino group directly bonded to the silicon
atom. Nonlimiting examples of suitable dimethoxysilanes include dicyclopentyldimethoxysila.ne,
merh.yloyelohexyldimethoxysilane, dilsopropyldimethoxysilime, isopropylisobutyldimethoxysilane,
ditsobutyldimethoxysilanc, tbutylisopropyldimethoxysilane, eyel openty I nyrrol idinodimethoxysi Ian a,
bis(pyrrolidino)dimethoxysilane,bis(pert droisoquinolino)dimethoxysilane,andany combination of the
foregoing. [0047]In an embodiment., SCA1 is a stiffness-promoting composition,A
"stiffness-promotm.g composition," n, is a composition that, but for operation according to the process
conditions of the present disclosure, increases or otherwise enhances the stiffbass of a resulting
polymer under the polymerization conditions of interest. Nonlimiting examples of suitable
stiffiressromoting include any of the, dimetho ysnanes disclosed above. [0048]In an embodiment,
SCA1 is dicyciopentyldime.thoxysilane. [00491In an embodiment, the SCA2 is a silicon compound
selected from a diethorrysilanm a triethoxysilane, a tetraethoxysilarte, a trirnethoxysilane, a
dimethoxysilane containing two linear alkyl groups, a dimethoxysilane containing two alkenyi groups, a
diether, a dialkoxybenzenc, and any combination thereof.  WO 2010/021762PCT/US2009/034875 11
octakiecynethox 1methyldi nethoxysilane, chloropropyimethyldimethoxysilane,
chiomeitlyirilethyidirnethousilane,ailykiimeihoxvsilane,
trifluoropropyilrnethyidirnethoxysiiane,ntropylinethyldimethoxy slime, cHoromethyl methyldi MOX).
spaoetyldirnothousilane, vinyl (chlororn ethyDdimethoxy silam,rn.ethyieyelohcxyldiethoxysiLane,
vinylinethyldiethoxysilane,i-uriethoxysilyl)-2(diethoxymethylsilyheihane,n-          yliiiethoxysilane,
oetaethoxy- l 1, entarie, acorn , h.net n iclethoxysif an e, meth acryi oxypropyinethyldi box) ]arc 2
-hydioxy-4-05- ii.lethy "(Aux.), ropoxyyti p [limy Iketone, -f,lytidoxypropypinefilyi di ethoxysl lane,
dodecylmothylitiethorysilane, diracthyldiethoxys: lane, di ethyldieth oxy si lane, I - di ethoxy- 1 -81! stye
lopen t-3-ene,chloromethylmethyldiethoxysilane, bis(methylcilethoxysilytpropyDat3 -ami
nopropylinethyldi othoxysil am, 



(inethaery oxyineth yi)metividiethoxysil ane;I ,2-bis(methyldiethoxysily )ethane,and
diisobutyldiethoxysilane, vim+ itrimethoxys Plane, vinykriethoxysiiane, benzyltrie ("lox snare, butenyttri
ethoxysilane,(triethoxysilyi)cyclohexane,0-(viny]oxybutyl)-N- triethoxysilylpropyiearbarnaie,I undecenyl
trimethoxysi lane, trimeth o xy si ly pr opyripyrro I e, N- [5 (ethoxysily1)-2-aza- 1 -oxopentyl. apro I
actarn, (3 ,3 ,3- uiflu cropropylYtri e ihoxysilan e, trieth.oxysiiylundecanal ethylene glycol social, (S )-N
- triethoxysilylpropyl-O-menthocarbamate, tneuhoxysiy1propyIetnyiearbamate, N -(3- triethoxy sily
lpropyi)-4,5-dihvdroimidazol e,($oxysilyipropy1)-5-butylearbamate, slyry lethylirimethoxys
2-(4-'pyridyiethyihriethoxysllarie, nprOpyitrinethOXySiLaflo, propyitri ethox ysi lane;(S)-N-1 heny I et
hyl-NLtriethox y h(R)-N- - phenylethyl-N-tri
ethoxysisylpronylurea,N-piwnyiaminapropyltrimethoxysilane,IN- cihenylarnin.ornethyltriethox.ysiiane.
ph enethy itrirnethoxysilane, pentyltriethoxysil an octyltrimeihorysi lane,n-c,,ciyhriethoxysi
lane,57-octenyitrimethoxysilane, Octanoyemercapiopropyitan;n-octadeeyitritnethoxysiiane,n-
octadecyltriethoxysilane,snethyitrirneihoxysi ane,methyttriethoxysilane,N -
methylaminopropyltrimethox3-megioxypropyltrimethoxys
methaoryloxypropyitrimethoxysilarie,methaeryloxypropyitri thoxys ane,
methaoryloxymetivitrimethoxysilane,metha.cry yin ethyltri ethoxysil ane,  WO
2010/0217621'CT/US2009/034875 12 (methacryloxyethyl)N-(triethoxysilylpropyl)ca mate;
tetramethoxysilaneand/or tetraethoxysliane. [0051]In an embodiment, SCA2 may be methyl
iohexyldiethoxysilane; di- isobutyldysilane,mpropyltriethoxysilarie,letraethoxysilanc,di-n-batyl-
dimethoxysilane, benzy itri edam ysi lane, but-3-enyttriethoxysilanc, 1 -(trietsilyo-2- pentene,
(triethoxysilyl)cyclobexane, and any unhination of the foregoing. 100521in an embodiment, the SC.A2
is selected from a dimethoxysilanc containing linear nilcyl groups. a dimethoxysilane containing two
alkonyl groups or hydrogen; wherein one or more hydrogen atoms may be substituted by a halogen,
and any combination thereof [005 3(in an embodiment, SCA2 may .r.kiybeimene, a. dimmer of a
dialkoxybenzene, a dialkoxybenzene arbon group, and any combination thereof. It is noted that the
dietr I'S for the ALA lb below apply equally as nonlimiting examples for the SC.A2 diether. [00541Fn an
embodiment, SCA2 is a melt flow-promoting composition. A "melt flow promotingcomposition," as used
herein" is a composition that; but for operation according to t]e process conditions of the present
disclosure, increases the melt flow rate of a resulting polymer under the polymerization conditions of
interest. The melt-flow promoting composition may be any &italic composition suitable as SCA2 as
disclosed above, a Mettler, an ikoxybenzene, an ester, a ketone, an amide; and/or an amine. (0055]In
an. embodiment, the catalyst composition includes a mole ratio of SCAI to 8CA2 that is less than or
equal to I, or 0.1-1.0:1. In a further embodiment, the SCA] :SCA2 mole ratio is 0.1-0,9:1, or 0.2-0.5:1.
Not bounded by any particular theory, it has been found that maintain' :SCA2 mole ratio to less than or
equal to 1.0, advantageously enables bath SCAs to contribute to the properties of the formant
propylene-based polymer. The NI-EED includes anat (ALA), An "activity limiting  WO
2010/021762PCTIUS2009/034875 13 namely, in a polymerization reactor at polymerization conditions
at a temperature greater than about 100C. Provision of the ALA results in a self-limiting catalyst
composition. As used herein; a "self-limiting" catalyst composition is a catalyst composition that
demonstrates decreased activity at a temperature greater than about 100C. In other words,
"self-limiting" is the decline of catalyst activity when the reaction temperature rises above 100"C
compared to the catalyst activity under normal polymerization conditions with reaction temperature
usually below 80C. In addition, as a practical standard, if a polymerization process, such as a fluidized
bed, gas-phase polymerization running at normal processing conditions is capable of interruption and
resulting collapse of the bed with reduced risk with respect to agglomeration oil' polymer particles, the
catalyst composition is said to be "self- limiting." 



[00571As 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 for the decreased
solubility compared to the lower temperature; especially a 47C standard. The "normalized" activity; at
temperature T, or .AT, is defined as the measured activity or (-weight polymer/weight catalyst/hr) at
temperature multiplied by a concentration correction factor, [P(67).91P(Til, where 11P(67)1 is the
propylene concentration at 47C and [PCIpli is the propylene concentration at temperature T. The
equation for normalized activity is provided below. Normalized Activity (A) =,x Activity(T) 100581In the
equation; the activity at temperature T is multiplied by a ratio of the propylene concentration at 67 'id 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  WO 2010/021762PCT/US2009/034875 14 temperature conoltions.
The correctioned below for the conditionsin di liquid phase polymeriz 67 C.ES '(I100 'C115C130C
1.001,421.932.392,983.70 [0059] The correction factor assumes that polymerization aetvi1y 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
C.6_10 aliphatic hydrocarbcin mixture OsoparTmE, available from Exxon Chemical Company). tinder
gas phase polymerization conditions, monomer soluhiiity normally not a factor and activity is generally
uncorrected for temperature difference."' That activity and normalized activity are the same.
11)0601The "normalized activity ratio" is defined as AT/A67, where AT is the activhy at temperature T
and A67 is the activity at 67C. This value can be used as an. indicator of activity change as a function
of temperature. For example, an Atoo/A67 equal to 0.30 shows that the catalyst activity at 100C is only
30 percent of the catalyst activity at 67C. ft has been found that at Iil30/A.67 ratio of 35% or less yields
a catalyst system that is a self-limiting system. The ALA ma'derivativean a ,phatic ester or derivative
thereof, a diether, a pohy(alkyl, glycol) ester,and combinations thereof. Nonlimiting examples of
suitable aromatic. esters include Cl...jo alkyl or eye.loalkyl 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 or 16 heteroatoms,
especially oxygen. Examples of such substituents include (poly)ulkyiether, cycloalkylether, arylether,
aralkylether,       ioether, aryithioether, dialkylamine diarylamirme, diaralkylamine, and trialkyisilane
groups. The aromatic carboxylic acid ester may be a CO20 hydrocarbyl ester of benzoic acid wherein
the hydrecarbyl group is unsuhsdtuted or substituted with one or more Group Cl, 15 or 1.6 hetereatom
containing Ls and Ci.20 (poly)hydrocarbyl ether derivatives  WO 2010/021762PCT/US2009/034875 15
benzoate, ethyl henzoate. propyl benzoate, methyl p-methoxsbenzeate, methyl ethoxybenzoate, ethyl
p-metboxyhenzoate, and ethyl p-ethoxybenzoate. in an embodiment, the aromatic carboxylic acid
ester is ethyl Thetlx,,xybenzoate. [0062]in an embodiment, the ALA is an aliphalie ester. The aliphatic
ester may he a C4- C30 aliphatic acid ester, may be a mono- or a. poly- (two or more) ester, may he
straight chain or branched, may he saturated or unsaturated, and any combination thereof. The .c.-c30
aliphatie acid ester may also he substituted with one or more Group 14, 15 or 16 heteroatom
containing Nonlimiting examples of suitable C4-030 aliphatic acid esters                        of aliphatic
C4_30 monocarboxylic acids, C1.20 alkyl esters of aliphatic Cs.,20 monocarboxylic acids, C1.4 ally1
mono- and diesters of aliphatic 4n monocarboxylic acids and dicarboxylic acids, C2i4 alkyl esters of
aliPhalic C8-20 monocarboxylic acids and diearboxylie acids, of CuIgo (poly)g.lycols or C2..10o
(soly)gi aliphatic. acid ester may be isopropyl myris mono- or nolyearboxylate derivatives In a further
embodiment" the C4-C-30 '-butyi sebacate.  rabodirnent., the AT ..A is isopropyl myristatc [0064]in an
embodiment, the ALA is a diether. The SieGedialkyl diether repre.scnted by the following formula, or"
100651wherein RI to PS are independently of one another an alkyl, arC or baying up to 20 carbon
atoms, which may optionally contain group 14, 15, 16, or 17 heteroatom, provided that R' and R. may
be a hydrogen atom. Noniimiting examples of suitable dialkyl ether compounds include dimethyl ether,
diethyl ether, dibutyl ether, methyl ethyl ether, methyl butyl eth.er, methyl cyclohexyl ether,
2,2-dimethyl- 3-  
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dimethoxypropanc,2,2-diisobuty1-1,3-dOnethaxypropane,2-ethyl-2-n-butyl- I 3- di methox
ypropano,-n-propy1-12 -cyc I op entyl- 1,3-dim:ethic xypropane,2,2-dimethy1-1,3 - diethoxypropane,2
-tsopropyl-2-isobuty1-1,3-dimethoxypropane;2,2-dicyclopenty1-1,3-, dimethoxypropane,
2-n-propy1-2-cyclohexyl- I ,3-d iethoxyproparie, and o Qbisemethoxymethypfluorene, in a. further
embodiment, the dialkyl ether compound is 2,2- chi s o buty 1-1,3 -dimethoxypropane. [00661in an
embodiment, the ALA is a poly(alkylene glycol) ester. Nonlimiting examples of suitable poiy(alkyiene
glycol) esters include pa:y(a:thy:elle glycol) mono- or diacetafes, poly(alkylene glycol) mono- or
di-myristates, poly(alkylene glycol) mono- or dilaurates, pedr(alkylerie glycol) mono- or di- oieates,
glyeeryl trifacetate), glyceryl In-ester of C1..40 aliphatic carboxylic acids, and any combination thereof
in an embodiment, the polyealkylene glycoi) moiety of the poly(alkylene glycol) ester is a poly(ethylene
glycol). 100671ha an embodiment, the molar ratio of aluminum to ALA may he 1.4-85:1, or 2.0- 50:1,
or 4-30:1. For ALA that contains more than one carboxylate group, all the carboxylate groups are
considered effective components. For example, a sebacate molecule contains two carboxylate
functional groups is considered to have two effective functional molecules, 100681In an embodiment,
the catalyst composition includes a mole ratio of Al to M-ELD of 0,5-25:1, or 1.0-20:1, or 1,5-15:1, or
less than about 6, or less than about 5, or less than 4.5. 100691In an embodiment, the Al:M.-EED
mole ratio is 0.5-4.0:1. Not wishing to be bourni by enr, nent'auhr theory. it is believed that the
VM-P1M mole ratio of 0.5.10'1 provides a sufficient amount of aluminum to support the polymerization
reaction at normal polymerization temperatures. However, at elevated temperature (due to a
temperature excursion or a process upset, fbr example), more aluminum species react with other
catalyst components. This leads to an aft:minim-1 deficiency which slows the polymerization reaction.
The aluminum deficiency causes a corresponding reduction in the number of electron donors
complexect with the aluminum. The free electron pairs of the non-complexed donors poison. the
catalyst system, which self limits the reaction.  WO 2010/021762PCT/US2009/034875 17 [00701As
used herein, 'total-SCA" is the combined amount (in moles) of SCA.1 and SCA2. In other words,
total-SCA = SCAl(mole) + SCA2 (mole). The amount of ALA in M-EED enhances catalyst self-limiting
capability at elevated temperature, while the amount of SCA1 provides stiffness and the amount of
SCA2 provides men flow in the resultant polymer, The total-SCA to ALA mole ratio is 0.43-2.33:1,
0.54-1.85,1, or 0.67-1.5:1. The SCA1 to total-SCA mole ratio is 0.2-0,5:1, 0.25-0,45:1, or 0.30-0.40:1.
Applicants have surprisingly and. unexpectedly discovered that a controlled mole ratio of) (1) SCA1 to
SCA2, and/or (2) total-SCA to ALA, and/or (3) SCAl to total-SCA yie the unique properties of h:gti tacit
flow and high stiffness in conju property of a self-limitinn catalyst. resultant polymer with Ti with the
operability  embodiment, the mole ratio of total-SCA to ALA is 043-2.33:1 and the otal-SCA is
0,2-0.5:1.          in an embodiment, the catalyst co sosition includes a mole ratio of Al to totalSCA of
1.4-85:1, or 2.0-50:1, or 4,0-30:1. tOin an embodiment, the catalyst composition includes a mole ratio
of total-SCA to ALA that is less than 1.0. Surprisingly and unexpectedly, it has been found that
maintaining the mole ratio of total-SCA to ALA to less than 1.0 significantly improves reactor
operability. i 00 741in an. embodiment. the M-BED comprises dicyclophoxvailanc (SCA1), a meL-flow
promoting composition (SCA2), and isonropyl myristate (ALA). In a further
embodiment,SCA2isselectedfrommethylcyciohexyidiethoxysilane,
diisobutyldiethoxysilane,di-n-butyl-dimethoxys at e,n-propyltrietboxysilane;
benzyltriethoxysilane,but-3-enyltriethoxysilane,1 Ktriethoxysily1)-2-pentenc,
Yeyolohexane,tetraethoxysilane,1-ethocry-2-(642- xyThexyloxy)berizene,ethoxy-2-n-pentoxybe e ic
and any combination thereof  WO 2010/021762PCT/US2009/034875 18 751The mole ratios between
various components of the pr nt catalyst compositto 



arc set forth below in Table 1. Table I  Mole Ratio   Ai to Ti 10-200:1  Al to M-EED $-25:1  M-EED to
1-100:1  Al to total-SCA 1.4-851  Al to .ALA 1.4-85:1  total-SCA to ALA 0.43-2.33:1  SC.1A1 to SCA2
0.1-1.0:1           The present catah,, disciosd credit -mos:It:ion may comprise two or more
embodiments  [0077in an embodiment, t,lymerization nroc-s( is provided. The polymerization process i
eludes contacting propyiene and optionally at least one other olefin with a catalyst composition in a
polymerization reactor under polymerization conditions. The catalyst compost ti o he any catalyst
composition disclosed herein and includes a procatalyst, cocatalyst and ixed external electron donor
(M-EE,D) comprising a first selectivity control agent (SEA I), a second selectivity control agent (SCA2),
and an activity limiting agent (ALA). The process also includes forming a propylene-based polymer
having a melt flaw rate (MEP) of at least 50 g/10 min as measured in accordance with ASTM D
1238-01 test method at 230C with a 2.16 kg weight. [0078lIn an embodiment, the process includesg a
ropyler b d polymer with   areater than 60 2/10 min, or greater than 70 RIor greater thangli 0 nlir rr than
100 gilt) min, or greater than 50 g/10 min to about 1000 gi10 min  



WO 2010/021762PCT/US2009/034875 19 The process includes coruacting propylene and optionally
at least one other oiefin         catalyst composition in a polymerization reactor. One or more olefin
monomers can be irtroduced into the polymerization reactor aloha with the propylene to react with the
catalyst and to form a polymer, a copolymer, (or a fluidized bed of polymer particles). Nontimiting
examples of suitable olefin monomers include ethylene, C4.20 fa-olefins, such as 1-butene, 1-pentene,
1-thexene, 4-methyl-I -penterie, 1-hepteme, 1-petene, ne, I - dodecene and the like; C.14,20 diolefins,
such as 1,3-hutadiene, 1,3-pentadiene, norhornadiene, 5-ethylidene-2-nerbornene (13NB) and
dicyclopentadiene; Ca.40 vinyl aromatic compounds including styrene, p-, p-methylstyrene,
divinylbenzene, vinyibiphenyl, vinylnapthalen.e; and halogen-substituted 440 vinyl aromatic
compounds such as chiorostyrene and fluorostyrene. [0801In an embodiment, the process includes
contacting propylene with the catalyst comp::a propylene homopolymer.          As used herein,
'polyrnerization conditions" are temperature and pressure parameters withinapolymerization reactor
suitable promoting polymerization between the, catalyst composition and an olefin to form the desired
polymer. The polymerization process may be a gas phase, a slurry, or a bulk. polymerizaii.on process,
operating in on.e, or more than one, polymerization reactor. Accordingly, the polymerization reactor
may be a gas phase polymerization reactor, a se polymerization reactor, or a combination thereof
[00821It is understood that provision of hydrogen in the polymerization reactor is a component of the
polymerization conditions. During polvmenzaflori.hydrogen is a chain transfer agent and affects the
molecular weight (and correspondingly the melt flow rate) of lath polymer. [0083]In an embodiment,
poivnierizrtion occurs by way of liquid phase polymerization.  WO 2010/021762PCT/US2009/034875
20 medium, the fluidizing medium containing one or more monomers, in the presence of a catalyst
through a fluidized bed of polymer particles maintained in a fluidized state by the fluidizing medium.
"Fluidization," "fluidized," or "fluidizing" is a gas-solid contacting process in which a bed of finely
divided polymer particles is lifted and agitated by a rising stream of gas. Fluidization occurs in a bed of
particulates when an upward flow of fluid through the interstices of the bed of particles attains a
pressure differential and frictional resistance increment exceeding particulate weight. Thus, a "fluidized
bed" is a plurality of polymer particles suspended in a fluidized state by a stream of a fluidizing
medium, A "fluidizing medium" is one or more olefin gases, optionally a carrier gas (such as H2 or N2)
and optionally a liquid (such as a hydrocarbon) which ascends through the gas-phase reactor. [0085f
A typical gas-phase polymerization reactor (or gas, phase reactor) includes a vessel (i.e., the reactor),
the fluidized bed, a distribution plate, inlet and. outlet piping, a compressor, a cycle gas cooler or heat
exchanger, and a product discharge system. The vessel includes a reaction zone and a velocity
reduction zone, each of which is located above the distribution plate. The bed is located in the reaction
zone, in an embodiment, the fluidizing medium includes propylene gas and at least one other gas such
as an olefin and/or a carrier gas such as hydrogen or nitrogen. 10086]In an embodiment, the
contacting occurs by way of feeding the catalyst composition into the polymerization reactor and
introducing the olefin into the polymerization reactor, In an embodiment, the process includes
contacting the olet.in with a cricatalyst. The cocatalyst can be mixed with the procatalyst composition
(pre-mix) prior to the introduction of the procatalyst composition into the polymerization reactor. In
another embodiment, cocatalyst is added to the polymerization reactor independently of the
procatalyst composition. The independent introduction of the cocatalyst into the polymerization reactor
can occur simultaneously, or substantially simultaneously, with the procatalyst composition feed.
[0087]In an embodiment, the process includes mixing or otherwise combining the M- EED with the
procatalyst composition, The M-E.ED can be compiexed with the cocatalyst and/or mixed with the
procatalyst composition (pre-mix) prior to contact between the catalyst  WO
2010/021762PCT/US2009/034875 21 composition and the propylene. In another embodiment, the
M-EED (or individual components thereof) may be added independently to the polymerization reactor.
1in an embodiment, the rocess includes maintaining,SCA.I:SCA2 mole ratio of 0.1 I 0:1., 1009Iin an
embodiment,s is a gas phcess and includes maintaining nito-propylene (112/C(f) mole ratio less than
0,30 (i.e., (1.30: I), or less than 0.20, or less than 0,18, or less than 0.16, or less than 0.08 in a gas
phase reactor. Although high melt flow can be achieved by using a high leVel of hvdroger, it has been
found that propylene-based polymers produced by way of a H2/C,3 mole ratio greater than 0.30
significantly accelerate an unwanted reaction of hydrogenation of propylene in the presence of
oxidized carbon steel of a reactor and reduce catalyst activity. On the other hand, the resultant
propylene-based polymer formed by way of the present process avoids excessive amounts of catalytic
residue as the H2/C3 mole ratio is less than 03. In a further embodiment.; the process is a gas phase
polymerization process as disclosed in copending (Attorney Docket No, 68345), filed application  on
February 23, 2009, the entire content of which is incorporated by reference herein, [0090].In an
embodiment, the .C2T13.. phase polymerization proceiis includes mnaintainini hydrogen partial
pressure below about 80 psi, or below about. 71 psi, or below about 63 psi. in an enthodimnent, the
process includes self-limitingpolymerization process the temperature in the reactor is-- than about I
00"C. (0092;In. an embodiment.solymner in a single polymerization reactor, [0093]In an embodiment,
the processdes forrning a propyiene"bascd. centainiALA and a NiFR greater than about 50 gil 0 trim.
'The ALA 



WO 2010/021762PCT/US2009/034875 22 20 ppm, or at least about $0 ppm, or at least about 5about
150 ppm. In a furthe embodiment, the ALA is isopropyl myristate (IPM). 11111941In an
embodIment,the process includes forming a propylene-based polymer contain.ng less than about 200
ppm sih.eon. In a further embodiment, the. process includes forming a propylene-based polymer
containing less than 200 ppm, or from about 1 ppm to about 200 pprn, or from about 2 ppm to about
100 ppm dicylcopentyldimethoxysilane. 10095]Applicants have surprlstngly and unexpectedly
discovered thatpresence of the mixed external electron donor provides a catalyst composition that is
self-limiting arid produces propylene-based polymers with high stiffness and high melt flow in a single
erization reactor under standard polymerization conditions. Not Wishing to be bound y particular
theory, it is believed that the ALA improves operability in the polymerization reactor by preventing a
run-away reaction, polymer sheeting, and/or polymer agglomeration caused by excessive heat.
Provision of KAI and SCA2 enables the formation of a nigh ; lcssV,e., Tt,ip greater than about
170C)/high melt flow (j. greater than 50, or 60, or 70, or 100 g/iO mmj propylene-based polymer with
utilization of standard hydrogen levels. [0096]In particular, the present process advantageously
produces a propylene-based high stifthess arid hip,h melt flosvit out visbreaking-a conventional
technique for increasing the MFR beyond the hydrogen usage limitations of a reactor-grade high
stiffness propylene-based polymer as described previously. The term "visbreaking" (or 'cracking), as
used herein, is the thermal and/or Chemical degradation of a polymer into smaller polymer chain
segments.. Visbreaking typically includes placing a polymer (such as polypropylene) in a melt state in
the presence of a free radical initiator (such as a peroxide) to degrade the poiypropylene into smaller
polypropylene chain segments 7]Vishreaking has many side effects such as formation of ecomposiiion
products            lines cause odor and thod. incompatihtiity problem.s), added cost, and a reduction in
polymer stiffness. lishreaking increases the melt tow vet decreases the weight average molecuiar
weight of a polymer. Vishrealcirig alters the physical and chemical  WO
2010/021762PCT/US2009/034875 23              initial polymer. For example, a visbroken polypropylene
homopolymer will exhibit a reduction in physical and/or mechanical properties (Le a lower tensile
mocluiu.s lower flexural modulus) compared to art uneracked propylene homopoisdner with the same
MIER, 10098in an embodiment, the present process fbrins an uncracked propylene-bas,gd
)olymer that is "at:cracked" has not been subject to a visbreaking procedure. In other words, an
uncracked polymer is a non-thermally and/or non-chemically degraded polymer. An uneracked
polymer does not exhibit a decline of physical and/or mechanical properties related to molecular
weight (such as flexural modulus and/or tensile properties), as does a visbroken polymer at the same
MFR. In addition, an uncracked polymer does not experience decomposition products (which
oftentimes cause odor and food incompatibility problem does a visbroken polymer, [0099]in an
embodiment, the process includesning propylene-based 0 having one or more of the fbllowing
properties:. (i)uncracked propylene homopol hi) a IM ER greater than 50 gil 0 min, or greater than 60
L,,,/ 1 0 min, or greater than 70 gli0 or greater than 100 ell 0 min ; (in) a xylene solubles content of loss
than 4 wt %, or less than 3% wt % , or from about 0.1 wt % to less than 2.0 wt %; (iv) a lig greater than
about 165C, or greater than 170'C; (v) an ALA content at least about 5 ppm to about 150 ppm: (vi)
cantor oligomer content ("oligomers" are Cp - C21 compounds) less than 3000 ppm, or    than 2500
ppm, or horn about 500 ppm to about 3000 ppm; arid/or (Hi) a post-reactor olittonier contentabout
10%, or about 20%, or about 40% less than the corresponding oligomer content of a propylene-based
polymer formed by a catalyst composition which contains a single stiffness-promoting composition
SCA (and optionally an ALA) under similar polymerization conditions. The term "post-reactor oligorder
content," as used herein, is the oligomer content of the resultant propylene-based polymer immediately
after exit from the polymerization reactor. In other words, " eaccontent" is the oligomer content prior to
any post-polymerization washing procedure heating procedure, and/or refining procedure.  WO
2010/021762PCT/US2009/034875 24 0) disclose The present polymer process may comprise two or
more emhodmments  [00101] In an embodiment, a propylene-based polymer is provtded. The
propylene-based polymer includes at least 5 ppm of an activity limiting agent. The propylene-based
polymer has a melt flow rate greater than about 50 0 min. The ALA may be present in an amount of at
least 5pprn, or at least 10 ppm, or at least 20 ppm, or at least about 30 ppm, or at least 



5 ppm m about 150 ppm, in a further embodiment, the A,I..,A is isonropyl myristatc [00102] In an
embodiment,the propylene-base( polymer has a MFR greater than 60 g/1.0 min, or greater than 70
g/10 mm, or greater than 80 0 mm, or greater than 100 gil 0 min. or greater than 50 gi 10 min to about
1000 WI 0 min, In an embodiment, the proed polymer is uneracked. 141 In an embcnt, the
oropyler.te-based polymer is a propylene homopolyme [00105In an embodiment, the propylene-based
polymer includes less than about 200 ppm silicon, or fromn about I ppm to about 200 ppm, or from
about 2 ppm M about 100 ppm In a further embodiment, the prope-based polymer includes from about
1 pprn to about 200 ppm dic,y1copentyidimethoxysilane, 100106'In an embodiment,propylene-based
polymer includes a property selected from: (1) a xylene solubles content of less than about 4 cvi %, or
less than about 3% wt. from about 0,1 wt. % to less than about 2.0 wt A; (ii) a Tmv greater than about
165C, or greaterabout I 70C; (hi) a post-reactor oligomer content less than about 3000 pprn, or less
than about 2500 ppm, or from about 500 ppm to about 3000 ppm; and (iv) any combination pt  WO
2010/021762PCT/US2009/034875 25 [00108]The present propylene-based polymer may comprise
two or more embodiments disclosed herein. [00109!DERN rrioNs [00119]All references to the Periodic
Table of the Elements herein shall refer to the Periodic Table of the Elements, published and
copyrighted by CRC Press, Inc., 2003. Also, any references to a Group or Groups shall be to the
Groups or Groups reflected in this Periodic Table of the Elements using the ill PAC system for
numbering groups. Unless stated to the contrary, implicit from the context, or customary in the aft; all
parts and percents are based on weight 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 (or the equivalent US. version thereof is so incorporated, by reference), especially with
respect to the disclosure of synthetic techniques, definitions (to the extent not inconsistent with any
definitions provided herein) and general knowledge in the art. [001111The term. "comprising," and
derivatives thereof, is not intended to exclude the presence of any additional component, step or
procedure, whether or not the same is disclosed herein. in order to avoid any doubt, all compositions
claimed herein through use of the term "comprising" may include any additional additive, adjuvant, or
compound whether polymeric or otherwise, unless stated to the contrary, In contrast, the tern,
"consisting essentially of' excludes from the scope of any succeeding recitation any other component,
step or procedure, exceptin.g those that are not essential to operability. The term "consisting of'
excludes any component, step or procedure not specifically delineated or haled. The term "or", unless
stated otherwise, refers to the listed members individually as well as in any combination. 100112)Any
numerical range recited herein; includes all values from the lower value to the upper value, in
increments of one unit, provided that there is a separation of at least 2 units between any lower value
and any 'nigher value. As an. example, if it is stated that the amount of a component, or a value of a.
compositional or a physical property, such as, for  WO 2010/021762ECT/US2009/034875 26 example,
amount of a blend component, softening temperature, mcli in4ex, etc.; is between I and 100, it is
intended that all individual values, such as, 1; 2 and all subranges, such as, I to 20, 55 to 70, 197 to
100; etc., are expressly enumerated in this specification. For values which are less than one, one unit
is considered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate. These are only examples of what is
specifically intended; and all possible combinations of numerical values between th.e lowest valuc and
the highest value enumerated, are to be considered to be expressly stated in this application in other
words, any numerical range recited herein Includes any value or subrange within the stated range.
Numerical ranges have been rtxitea, as discussed herein. -reference melt index, melt flow rate; and
Wilei propel-ties. The termsd" or polymer blend," as used herein, is a blend of two or more Such a
blend may or may not he miscible (not phase separated at molecular level). Such a blend may or may
not be phase separated. Such a blend may or may nor contain one or more, domain configurations, as
determined from transmission electron spectroscopy, light scattering, x-ray scattering; and other
methods knoWn in the art. [001 i4]The term "composition,"used herein, includes a mixture of materials
which comprise the composition, as well as reaction products and decomposition. products formed als
of the composition. [0 111.5] The term "polymer' is a macromolceular compound prepared by
olymerlimg monomers of the same or different type. "Polymer" includes homopoishners; copolymers;
terpolymers, interpolymers, and so on. The term "interpolymer" means a polymer prepared by the
polymerization of at least two types of monomers or comonomers. it 'nob-ides, but is not limited to;
copolymers (which usually refers to polymers prepared from two different types of monomers or
com.onomers; ferpolymers (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 comonorners); and the like. [0(11'Therpolymer,' as used h
polymerization of at 0 polymers prepared by the c term iber  



WO 2010/021762PCT/US2009/034875 27 thus includes copolymers, usually employed to refer to
polymers prepared from two different monomers, and polymers prepared from more than two different
types of monomers. [own The term "olefin-based polymer" is a polymer containing, in polymerized
form, a majority weight percent of an olefin, for example ethylene or propylene, based on the total
weight of the polymer. Nonlimiting examples of olefin-based polymers include ethylene-based
polymers a.nd. propylene-based polymers, 100118)The term, "ethylene-based polymer," as used
herein, refers to a polymer that comprises a majority weight percent polymerized ethylene monomer
(based on the total weight of pelymerizable monomers), and optionally may comprise at least one
polymerized eomonomer. [00119]The term, "propylene-based polymer," as used herein, refers to a
polymer that comprises a majority weight percent polymerized propylene monomer (based on the total
amount of polymerizable monomers), and optionally may comprise at least one polymerized from o no
m et. [001.201The term "alkyl," as used herein, refers to a branched or unbranched, saturated or
unsaturated acyclic hydrocarbon radical Noglimiting examples of suitable alkyl radicals include, for
example, methyl, ethyl, n-propyi, itropyl, 2-propenyl (or ally1), vinyl, n-baiyl, thirty!, i-butyl (or
2-methylpropy1), etc. The alkyls have I and 20 carbon atoms. 1001.214The term "substituted alkyl," as
used herein, refers to an alkyl as just described in which one or more hydrogen atom bound to any
carbon of the alkyl is replaced by another group such as a halogen, aryl, substituted aryl, oyeloalkyl,
substituted cycloalkyl. heterocycloalkyl. substituted beierocycloalkyl, halogen, haloalkyl,, hydroxy,
amino, phosphide, alkoxy, amino, Ono, nitro, and combinations thereof, Suitable substituted. alkyls
include, for example, benzyl, trifluoromethyl and the like,  WO 2010/021762PCT/US2009/034875 28 or
linked to a common group such as " methylene or ethylene moiety. The aromarig(s) may include
phenyl, naphthyl, arahracenyl, and biphenyl, among others. The aryls have 1 and 20 carbon atoms.
[00123] TEST METHODS [  24]Flexural modulus is determined in accordance wnh ASTM D790-00.
[00125] Melt flow rate t FRl is measured in accordance with ASTM D 1238-01 test method at 230" with
a 2,16 kg weight for propylene-based polymers. [00126) Xylem:. Si:hilts (XS) is measured using a H
NMR. method asribed in U.S. heated from 0C to 240C. at a rate of 80Cimin, cooled at the same rate to
0C, then heated again at the p to 150C, held at 150C for 5 minutes and the heated from 150C. to
180C at 1.25 'C/miri. The Trw, is determined from this last cycle by calculating the onset of the
baseline atend of the heating curve. [00128]Testing procedure: [00129](1) (?;h purity indium as
standard. [00130](2) Purge theconstant 50 tnI/3.mm flow rate of nitrogen constantly. [0(131)(3)
San.p1c preparation  WO 2010/021762PCT/US2009/034875 29 Compression mold 1.5 g of powder
sample using a 30-G3021-1-18-CX Wabash Compression Molder (30 ton): (a) heat mixture at 230 "C
for 2 minutes at contact; (b) compress the sample at the same temperature with 20 ton pressure. for 1
minute; (e) cool the sample to 45F and hold for 2 minutes with 20 ton pressure; (d) cut the plaque into
4 of about the same size, stack them together, and repeat steps (a) (c) in order to homogenize.
sample. 100132](4) Weigh a piece of sample (preferably between 5 to 8 mg) from the sample plaque
and seal it in a standard aluminum sample pan. Place the sealed pan containing the sample on the
sample side of the instrument head/cell and place an empty sealed pan in the reference side. If using
the auto sampler, weigh out several different sample specimens and set up the machine for a
sequence. 100133](5) Measurements: (i) Data storage: off (ii) Ramp 80.00 "C/min to 2.40.00 "C (hi)
Isothermal for 1.00 min 



(iv) Ramp 80.00 C/min to 0,00 'C (v) isothermal for 1.00 min (vi) Ramp 80.00 "Diann to 150.00 "C (vii)
isothermal for 5.00 min (viii) Data storage: on (ix) Ramp 1.25 "Chinn to 180.00 "C (x) End of method
1001341(6) Calculation: TmF is determined by the interception of two lines. Draw one line from the
base-line of high temperature. Draw another line from through the deflection of the curve close to the
end of the curve at high temperature side. [00135]Oligomer content testing method: Oligomer content
is measured by extracting a polymer sample overnight in a chloroform solution containing
n-hexadecane as an internal standard. An aliquot of the extract is shaken with methanol and then
filtered to remove any precipitated high molecular weight polypropylene and solid particles. The filtered
liquid is injected onto a fused silica capillary chromatography column using cold  WO
2010/021762PCT/US2009/034875 30 on-column injection. Relative amounts of thelied components
are calculated based on the weight of polymer extracted. 1001361By way oflimitation,examples of the
present disclosure will now be provided. 100131 EXAMPLES 1001381 Exarnpk 1 [001391(I)
Proeadalysts: [0010] A, Procatalyst Vi all is a commercial SHACTM 320 catalyst2,52 wt% of Ti and
10.34 wt% of di-isebutyl phthalate (DiBP). p01411B. Procatalyst 1910-29-2 is prepared according to
the procedure for catalyst 4949-25-1 in U.S. Provisional Patent Application No. 61/141,902 fled on
December 31, 2008, the entire content of which is incorporated by reference herein. Procatalyst 1 91
0-29-2 contains 3.61 wt % of Ti and 14.85 wt ''A) of 3-methy1-54ert-butyl-1,2-phertylene diberizoate,
(00142] (2) External Electron Donor Components: 592420: onethoxys ucyclohexane BPP)-
Bis(perhydroisopinolino)dinie, "oxysilane Catepe: I -ethoxy-2-n-pentoxybenzene D (or D donor):
dicyclopmatyldimethoxysilane DAB-5: I -ethoxy-2-(6-(2-ethoxyphenoxy)hexyloxy)benD1BDES:
diisobutyldiethoxysilane Di PDMS Diisopropyldimethoxysilane DMDMS - Dimethyldimefrioxysilane
DnBDMS :imethoxysi lane IPM: isopropyl myrisiate MOIDES: methyleyelohexyldi boxysilane
WICILDMS - Methylcyciohexylt imethoxysilai PEEB Ethyl p-Ethoxybenzoate PIES
n-Propyltriethoxysilane PTES: n-propyltriethoxysilane 



WO 2010/021762PCT/US2009/034875 31 5-191 POE (15) (taco fatty acids ester 51130971.0:
benzyltriethoxysilane StB1928.0: butenyliriethoxysilUTIC TEOS: tetraethoxysilane 43](3)
Polymerization: 441A. Liquid Phase Polymerization is performedliquid propylene in a i-gallon
autoclave. After conditioning, the reactors are charge( with 1375 g of propylene and a targeted amount
of hydrogen and brought to 62C. External electron donor component(s) is added to a 0.27-M
triethylaiuminum solution in isooctane and a 5.0 vtit% catalyst slurry in mineral , data tables below) and
premixed. at ambient temperature for 2.0 minutes before being injected into the reactor to initiate the
polymerization. The premixed catalyst components are flushed into the reactor with isooctane using a
high pressure catalyst injection pump. After the exotherm, the temperature is controlled to 67C. Total
polymerization time is 1 hour, [00145]i-ties, including) holigomer content, and 'INIF are melt flow
dependent Procatalyst VI OH usingdonor as SCA is used as a base line. The results are listed in Table
2. Data in Table 2. are used to create standard curves (Figures   and 2) to generate equations for
calculating "standard" value for comparison with polymers produced with catalyst compositions having
a M-EED, Table 2 Polymerization Performance and Polymer Properties for DiBP-ProcatalysilD Donor
System  Run .1 Pro-Pro- iSCA catalyst Number catalyst(mg) -0541 VlOBD8.41.0 1"J40542V1050
15.41.0 3-0543'11 OB8..11 U I 0.75 %1-0544V1013 3-0545 D,V108D 0548 V109D *J.0549 V10:3
0550 V10E3D8.4 *Comparative  32 0.2/11/2010 23:25 FAX 414 223 5000WHO-2It009/015 PCT/US
2009/034 875 - 12-02-2010 68316A Table 3 Polymerization Performance and Polymer Properties for
DiBP-Procatalysti(Di- Dialkoxysilane + IPM) Systcm 12 NIZEMICLEM SCAUICANALA 
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* Comparative Table 4 Polymerization Performance and Polymer Properties for DiBP-ProcatalysV(D +
Trialkoxysilane +1PM) System Rue Number Pro- cebeyst SOMUSCA2/ALA Pre. catalyst 01111) TEA!
(rnmel) &CAI + SCA2 + ALA Immo() scat/ KA2/ A1A  He (ace( Activity 41(947417) MF (MIN XS BO
((ee) Total 0000mere (0.s - 00 (414111)   Total 0110omers (0.1 - 01.) (0) (Pero) I-JiP I Ter7(3) 



PC) 1-0812 1/108 0urnwsm:14 5.3 2.0 0,25 swts 15000 29.4 63.0 174 9.40 1435 2434 170.9 170.9
.1-0511 VIM 0/F7E3tiFrol 8.3 2.0 0.25 csaros 15000 31.7 53.9 3.13 0.41 1973 2493 171.0 1 0 9
1-0809 V108 041795/IPM 0.3 2.0 



0.25 3.415.me 15000 352 86.7 2.26 0.38 225E1 2708 170.4 170.7 J-04308 V1018 0/PTEWIPM 8.3
2.0 0.25 VMS 15000 31.9 102.3 2.43 0.39 2345 2624 170.5 170.0 1-0834 V103 01PTE53PM 13 2.0
0.25 2.593/15 15000 24.7 113.5 2.70 



0.14 2182 2305 170.3 170.5 1-0605 V1013 9UPTE567941 8.3 2.9 0.25 2/275 15000 30.7  2.33 0.39
2332 2946 170.4 170.5                 1_43907 



V108 0/5950971.0/1964 7.2 2.0 0.25 1010/15 15000 28.9   0.39     1.-0911 V1015 0/5930971.0/11361
7.2 20 0.25 011 15000 21,7 350.5 2,57 034     1-0304 V1013 0/51130971.09PM 7.2 2,0 0.25 3/7115 



13000 35.8 77.7 . (N 0,37     L-0905 V108 D/SX31926.06PM 7.2 2.0 0.26 3/7/15 15000 29.2 78,5 2.11
0.37     1.-0908 V108 0/5924209PM 7.2 2.0 025 0/10/15 15000 0.6 9301 3.26 0.32  



L.0909 V105 0/692420/1171.4 7.2 2.0 0.25 3/7/15 15000 30.7 39.5 2.12 0.34                     140907
vI0e1 0/900071.13/1PM 



7.2 2.0 028 MONS 20000 32.6 61.3 1.88 0?40     1(.0911 910(1 0)51150977.11PM 72 2.0 0-25 00010
20000 25.8 563.5 2.72 0.34     14-0904 V109 0/3180971.06PM 72 2.0 0.28 30/16 20000 43.5 



1503 1.81 0.39     1<-090.5 V105 0/5181926.0RPM    0710115 20000 92 5821 3,32 0.32     K-0905
V108 0/81819280/1PM 7,2 2.0 0.25 3/7115 200120 31.3 149.1 2.24 O. 13    



9(-0908 V108 0169242011PM 7.2 2.0 025 0/10/15 20000 110 394.5 2.93 022     Kr0909 V108
17(592420/IPM 7.2 2.0 0.25 arms 20000 27.8 96.6 1.03 0.38      * Comparative WHCA6325198.1
AMENDED SHEET  



33 Q2/11/2010 23:26 FAX 414 223 5000WHO-2Z010/015 PCT/US 2009/034 875 - 12-02-2010
68316A Table 5 Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D +
Tetraalkoxysilane + IPM) System Run Number Pro. Catalyet SCAILSCAVALA Pro- =lama 0141)  TEM
(mm ol) 5CAT 4/ S0A2+ ALA (mmul) . SCA1/ - Nr (too) tti PAW (MIN gal XS (%) BO (9/05) Total
0800mine (Cu -SO LPPLM    701:11 01490marn (Cu -CO (0)11117191 Tee (7C) Tor(3) 



(701       SCA2/ auk          P-0822 1/109 OFTEDS/IPM 8.3 2.0 Olt rmen 151230 37.3 71,7 2.17 0,38
1551 2574 170.6 170.5 P-0620 V103 0RE03/IPM 8.3 



2.0 0.25 4.5M3115 15000 38.3 75,2 275 0.38 2007 2807 170.5 170.8 P-0619 V105 D/TEQ5JIPM 8.3
2.0 0.25 48/15 15000 38.8 822 2.16 0.40 1840 2589 1706 170.7 P-0517 V109 DiTE05/07181 8.3 2.0
au wins 15900 26.9 108.8 



1.93 0.38 1863 2877 1E8.5 170.6 P-0616 V105 DREOWIPM 16.7 2.0 0.25 25/75/15 15000 38.9 120.1
2.78 0.37 2063 2033 170.1 170$ P'0515 V105 0/1-E03APM 8.3 2.0 0.25 Vilf15 15000 OM 765.2 2.71
0.34 1004 3156 1100 170.3 



Table 6 Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D + Non-Silane
SCA + IPM) System Run Number Pro- catnynt SCAIOSCA2/ALA Pro- narlalint imti) 1841 (n1M01)
SCA1 7 SCA2* ALA (mmul) SCAR/ ALA Ho Dem AtIvIty (Iig19.90 I wrill ME  BD LUMP)   Total
OfMamma (Cu - Cat) (13;m1)   total Olionmen (Cm- CO TN MORO Tyr ('C) ZIP ( 0) ('C) 7004318
V100 b/DAB-5/1PM 



RS 2.0 0.25 25/0/0 15000 19.4 30.3 1.70 0.39 2131 1973 171.7 171.3 '0-0525 V109 INDAB-5/PM 8.3
2.0 0.25 100115 15000 15.4 37.0 1,84 0.37 1832 2112 171.3 1712 0-0622 V1013  ',3 20 0.a 210115
15000 7.1 



50.0 2.80 0.39 1592 2322 170,7 171,0                 77-0802 V1013 0/cMcpc/IPM 8.3 2.0 0,25 23(0/0
15000 150 350 1,44 0,37 1254 2141 171.4 



171.2 M-0614 V108 0Icrape/IFIA 8.3 2.0 0.25 10/II/15 15000 55.3 38,8 1.70 0,41 2028 2143 171.3
171.2 P-0613 v1013  8.3 2.0 025 5/5/15 15000 32.0  81.9 0.40 2250 2888 170.0 170.7 P-0611 V105
13toaleM 8.3 2.0 



0.25 3/7/15 15000 31.7 Iota 3.23 0.37 2858 3140 189.1 170.3 P-0310 V109 ID/catopeAPM 8.3 2.0
0.25 281/15 15000 28,6 201.0 3.91 0.36 2164 3292 168.5 170.2 P-0609 V1 DIcetepo/IPM 8.3 2.0 0.25
1/9/15 15000 11,1 197,5 3,39 



0.33 1565 3280 166.3 170.2  * = Comparative Table 7 Polymerization Performance and Polymer
Properties for Non-DiBP-Procatalyst/(D + Tetraalkoxysilane + IPM) System     . Run number Pm-
eetalynt SCAII6CAWALA PM- Maloof 0/10) TEM (nrno1) SCAi  5CA2  ALA (mmo1) tran al,a HA fact)
AmbrIty (kgig-til) MF immi :tom XS 07) qj Tour 01190thers Mu-C/4 



5111411L   Total 011gomera Pu*C74 (0)(PP/8) k er 1 TPO 031 ('C) '0-0053 1410-29-2 0TEOS/IPM
4.8 2.0 0.25 25/010 15000 29.0 41.3 1.43 0.25     00972 1910-20.2 orrearawsm 5.9 2.0 0.25 2.5/7.5(16
15000 50.9 101.2 2.24 0,26      



= Comparative WHD16325198.1 AMENDED SHEET  WO 2010/021762PCT/US2009/034875 34
[00146]Example 2 [001471 (3) Procatalyst: A commercial SHACTM 320 catalyst (2.59% Ti) and IMP is
used. Catalyst slurries are prepared in toluene at 0.247 mg/ml. All SCAS and ALM are diluted to 0.005
M in lsopar Elm, except 5491 which is dissolved in toluene before injection into the PPR.s. TEA I is
prepared in isopar ETM and used as either 0.02 or 0.11v1 solutions. [00148](2) Polymerization:
Purged Parallel Polymerization Reactors (PPR) are heated to  50C, TEAI and Isopar ET" make-up
solvent were added to each reactor, followed by the addition of 1-12 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 mixture of SCA', SCA2 & ALA.
and a 500 ul isopar ET" chaser and immediatelly fiallowed by the add:Ilion of cataiyst. (275 ul) and a
500 ul :lsopar ET" chaser. Reactions m quenched ,with CO2 after 60 minutes or when the maxim=
relative conversion of 110 was reached. (00149)(3) Calculation: The concentration of propylene in
Isopar Pm in PPRs at various temperatures is calculated. Table 8 below provides normalized activity
ratios and illustrates the self-limiting property of the present catalyst compositions. For
DMDMS/MChDNIS 50/50, the ratio of the normalized catalyst activity at 100 C. to the activity at 67 C,
A1A67, is 43% (Table 8). By keeping the DhilDMS/MCh.DMS ratio at Ill while replacing 95% of the
donor mixture with PEER, the DMDIVISMIChDIVIS/PEEB di5/2.5/95 system showed a ratio AlA.67 at
100 C of 21%. This means that the catalyst system has a significantly lower activity compared to the
activity at 67 'C after PEER was added. That is, the catalyst is more "self-limiting". The same .frend is
also -true for the 115 C activity. 10015011The self-limiting property of the present catalyst composition
is also observed for other SCA1/SCA2/ALA systems composed of alkylailcoxysilanes such as
DIPDMS/TEOS, DCPDNIS/TEOS, and DOPDMS/MCIOMS in the presence of and ALA, such as
PEER. When PEER is replaced with a poly(alkylene glycol) ester compound, such as 8-191, the  WO
2010/021762PCT/US2009/034875 35 0 effect is profound8) even atilar ratio. results are observed
when the ALA is isopropyl snyristate (IPM;.  WO 2010/021762PCT/US2009/034875 36
[00151]Catalyst compositions containing an M-TIED as disclosed herein are self-limiting systems while
simultaneously retaining the advantages of multiple SCAs. Provision of a melt flow-promoting
composition such as SCA2 increases the tsfilliR. of the resultant polymer: Catalyst compositions with a
M-EED produce a polymers with a stiffness substantially the same as, or the same as, the polymer
stiffness resulting from a catalyst composition having a.  WO 2010/021762PCT/US2009/034875 37
stiffness-promoting com.positior ,(sach as dicyicopentyidimethoxysilame)the only external electron
donor. Provision of a stiffness-promoting composition as SCA' produces a polymer with high stiffness
as exemplified by the Tmi, values in Table 2-7. p001 52oligomer content for polymers produced with
the present catalyst composition is signifleantly reduced compared to the oligomer content when a
stiffness-promoting composition (such as dicyclopentyldimethoxysilane) is used as the sole external
donor at the same melt Dow The present polymers are not visbroken andhigh melt flow, high slit well
as low uligorner content, iow or no toxicity, and/or lowordecomposition procucts [00154) ills specifically
inLnde.d that the present not he tied to the embodiments and illustrations contained herein. but include
modified forms of those embodiments including portions of the embodiments and combinations of
elements of different embodiments as come within the scope of the following claims,  38 We Claim: 



I.A catalyst composition comprising:             a Ziegler-Natta procatalyst composition comprising titani
internal electron donor; a cocatalyst; and magnesium and an                 a mixed external electron
donor (M-EED) comprising an activity limiting agent (ALA), a first selectivity control agent (SCA1)
comprising an allcoxysilane, and a second selectivity control agent (SCA2) selected from the group
consisting of a dialkoxybenzene, a dimethoxysilane containing two alkenyl groups, and combinations
thereof, and a SCA1:SCA2 mole ratio from 0.1-1.0:1, a mole ratio of total-SCA to ALA less than 1.0
and the catalyst composition is a self-limiting catalyst composition.        2. The catalyst composition of
claim I wherein the procatalyst composition comprises an internal electron donor comprising a
bidentate composition.        3. The catalyst composition of any of claims 1-2 wherein the SCA1
comprises a member selected from the group consisting of a dimethoxysilane, a dimethoxysilane
having at least one secondary alkyl group, a dimethoxysilane having a secondary amino group directly
bonded to the silicon atom, and combinations thereof        4. The catalyst composition of any of claims
1-3 wherein SCA2 is selected from the group consisting of 1-ethoxy-2-n-pentoxybenzene and
1-ethoxy-2-(6-(2- ethoxyphenoxy)hexyloxy)benzene.        5. The catalyst composition of any of claims
1-4 wherein the ALA is selected from the group consisting of an aromatic ester or a derivative thereof,
an aliphatic ester or a derivative thereof, a diether, a poly(alkylene glycol) ester, and combinations
thereof        6. The catalyst composition of any of claims 1 -5 comprising an aluminum-containing
cocatalyst and a mole ratio of Al to M-EED less than about 6.0.  39        7. The catalyst composition of
any of claims 1-6 wherein SCAI comprises dicyclopentyldimethoxysilane.        8. The catalyst
composition of any of claims 1-7 wherein the ALA comprises isopropyl myristate.        9. A
polymerization process comprising:        contacting propylene and optionally at least one other olefin
with a catalyst composition in a polymerization reactor under polymerization conditions, the catalyst
composition comprising a procatalyst, a cocatalyst and a mixed external electron donor (M-EED)
comprising a first selectivity control agent (SCA1) comprising an alkoxysilane, a second selectivity
control agent (SCA2) consisting of a dialkoxybenzene, a dimethoxysilane containing two alkenyl
groups, and combinations thereof, and an activity limiting agent (ALA); and forling a propylene-based
polymer having a melt flow rate of at least 50 g/10 mm as measured in accordance with ASTM D
1233-01 at 230C. with a 2.16 kg weight.        10. The process of claim 9 comprising self-limiting the
polymerization when the temperature in the polymerization reactor is greater than about 100C.        11.
The process of any of claims 9-10 comprising forming a propylene-based polymer comprising at least
about 5 ppm ALA.        12. The process of any of claims 9-11 comprising forming an uncracked
propylene-based polymer.        13. A propylene-based polymer comprising a mixed external electron
donor (MEED) comprising an activity limiting agent (ALA), a first selectivity control agent (SCA1)
comprising an alkoxysilane, and a second selectivity control agent (SCA2) selected from the group
consisting of a dialkoxybenzene, a dimethoxysilane containing two alkenyl groups, and combinations
thereof, the polymer comprising at least about 5 ppm of an activity limiting agent, the propylene-based
polymer having a melt flow rate greater than about 50 g/10 mm as measured in accordance with
ASTM D 1238-01 at 230C, 2.16 kg.  40       14. The propylene-based polymer of claim 13 wherein the
propylene-based polymer is uncracked.       15. The propylene-based polymer of any of claims 13-14
wherein the propylene-based polymer is a propylene homopolymer.       16. The propylene-based
polymer of any of claims 13-15 comprising a property selected from the group consisting of a xylene
solubles content less than about 4 wt /0, a silicon content less than about 100 ppm, a post-reactor
oligomer content less than about 3000 ppm, a TME greater than about 165C, and combinations
thereof       17. The propylene-based polymer of any of claims 13-16 wherein the melt flow rate is
greater than about 100 g/10 min.       18. The propylene-based polymer of any of claims 13-17 wherein
the activity limiting agent is selected from the group consisting of an aromatic ester or a derivative
thereof, an aliphatic ester or a derivative thereof, a diether, a poly (alkyene glycol) ester, and
combinations thereof 


