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, 008%MieH ®aims priority to U.S. Proyisional Patent Applicatf$n f8288/94%/ 888, filed on
August 24, 2007, the entire contents of each appfication are incorporated by reference herein.
BACKGROUND 100021The demand for high stiffness propylene-based polymers with high melt flow

continues to increage\ g {RESREE I GRMECIPRINSHOMKE BREDESTPONIN eesNPratw. Known. are
polymer catalyst compositigag iR PEIreIRERMOCHON FAEHeHRIEBINEEAS). 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 excessivezhgat genarated during polymerization poses a significant
risk to the polymerization reactor operability. Excessive heat generation and/or inadequate heat
removal cariféEdily disraptyroduction and/orshut downrthe reatterd00d3 iDesirabie Woildd be a
catalyst compasition, for produstion.of high stifinerssinigh melt floy:propylengshased: palymers that

reduces, or efiminates, the risk of reactor disruption, or shut-down due to excessive heat. SUMMARY
[0004]The preseredbEBSre provities Hcdtalyst 8ompbdition aidshofyidlizatio R pie &Lt the
production of-apropyeng-hased-polymerwith-ahigh-meltiflow 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
100051 The present disclosure provides a catalyis:Giviges Ho . The catalyst composition includes a
procatalyst comg)ositigp, a cocatalyst, @r{\d‘gﬁrﬁnixgd external electron donor (MIREI ).Y'I;pe{}l\{lr-,l&lB.D
includes an &EHioity limiting A&t f@%ﬂ;ﬁ:@aﬁﬁf&%|é*eﬁvﬁ§ﬁ€8h*ﬁ%i AGEFRIRAN 4 Yétond' sélettivity
control agert{S&A2): SCALand SCARare present-atasmoelesratio from:0:d=1:0:1:40005atinan aspect,
comprising titariium, magnesium and an‘internal Eléctron donor: a coéata?yst; an a mixed
external elebtron: donar (MEED Jicompdsitigraractiviiy-fatitihgalgernt{ ALA), mfirst selestivity control
agent (SCAL) comprising an alleoxysilane, and a second selectivity.sonirgl,agent (SCA2) selected
from the group consisting of a dialkoxybenzene, a dimethoxysilane containing two alkenyl groups, and
combinations theréof:arg &sEalisCA mplacrans Forh e cieha Paliieie Ftis! oFtotaRSCA%o ALA
less than 1 Q.and;the.catalyst.eompesition:isa.self-limitog catalyst eemposition ;100064 mian
embodiment, the ALA is selectedaromatic ester or a derivative thereof, an aliphatic ester ar a
derivative tHEF&H, PHficthal; ay(akyishe Gy 61 EStat, ‘Ac et T heraB TB06 TR A
embodiment; RGA:Lisaidimethexysiane {0008fkran 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. ¢ ysi.Eane containing two
alkenyl groupi%ind HIO0FTTHE prbSérit HHEEIGS e Brovides d proceds™ i ar émBodimentca
polymerizatign:praeessris-prayided-which inghides: captacing prepylene-and.optionally atleast one
other olefin with a cgta!xg;t_ cgmpo_s_itio_n in a polymerization reactor under polymerization conditions.
The catalyst coHpEsition ciides tie procataly-4*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 polymerizatipnzprocess comprising: contacting propylene
and optionally at least one other olefin with a catalyst composition in a polymerization reactor under
polymerizatibigpndititns rthe:eatalyst.compesitiosn: comprising aprocatatystid cocatalystiand a mixed

external electron donor (M-EED) comprising a first selectivity. control agent.(SC.A1) compyising an
Aonysiane: S eadon SEGCEA OB b () sy o A I S P ek
dimethoxys#aifeseontainingtive alkenytigroupsidntreoirbmations therdohantcanaetiviyehsiting
agent (ALA);and... . forming a propylene-hased. palymer having a melt flowcrate of at least 50 /10
min as measured in accordance with ASTM D 1233-01 at 230C. with a 2.16 kg weight.

standard polymerization conditions.



[00101In an ernho, reaction. the catalyst composition self limits the poiyrnerizatic jThe present
disclosure provides a composition, in art embodimgnt, a propylene- based polymer is provided which
includes at least 5 ppm of the activity iimiting agent The propylene-based polymer has a melt flow rate
greater than about 50 g/10 min as measured in accordance with A.STM |) 1238-01 at 230C,, 2.16 kg.
10011a]fiiFlaspdér Hsraidistbvided e propylchelbdsetpetiiner domprisirg wamxsdexternal

electron denacdMyEER) @%e%aer% agtvty bniting. agenbAd-H).a.lirsh selectivity captrol agent

SCAl comprlsm an alkoxysilane, and a second selectivity control agent (SCA2) selected from the
SO, el

group consrdting of 4 idial RSWﬁehieﬁ@ G EHES & COmaiRTRRTe ke Ay ETbEsss! and

comblnamle%mere:eb dhe-polyrmercampriging atdeast about .ppne of an.activity imitingagent, the
propylene b »nﬁ)&)fﬁ r having a melt flow rate greater than about 50 g/10 min as measured in

accordahts wit 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

polymeri m]procesE of g%ﬁe%feﬁf'e% %‘flﬂ%&éﬁ Ascmﬁ{%}agﬁgg?%%ﬂAn advantage of the

present disclosuprovision of an improved propylene based po An-advantage of the
present disclosureproviGiesicoMiadariyetdsshpasiviion corapssipidianivalt fhogihighmstifthess

propylen&@g&eg&g}(ymgpe 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 2witiselysistiéakinn. [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 melixg poigidoicoliaodoancOIERD jaohasitnioa it yviguhaltng ﬁt@sﬁ@mposmon
low or no nt odor, BRIEF DESCR OF THE DRAWIN 0018]Figure,is a graph
showing Hg‘ﬂ%ﬁaﬁ mel§eh CP\ﬁtTvpe?aHJo age% &E@ﬁ?‘wﬁ%%aél@?éﬁsbw L g ure 2isa
propyleneekmaﬁedyp:@hﬁWH@ntMS@ngmhmedlﬁemttaagrth@ ooakidihd Ak BRI GeRIRAEION WO
2010/021762 CT/L{SZOO9/034875 4 The M-BED m@ludes a rst s g%‘cr:quw%% re4 agent

(SCAL), ST TR B o1 ?ﬁ (&R A AR RRIRAR R M-FIED
includes a@EALSEM? Orlolelt bt rfrairafood Ot AL-FTAaboUL A, [k, than 1.0 and the catalyst

composition is a self-limiting catalyst composition.

_ [066] I an embodiment, the ALA is selected from an eromatic ester or a derivafive
thereof, an aliphatic ester or a derivative thereof, a diether, & pely{alkylene glyool) ester, and

combinations thereod,
{0047 In an embodiment, SCAL is a dunethinysiiane.

[8008]  In an embodiment, SCA2 is selected fom a diethoxysilane, a iriethonysilane, &
teracthoxysilane, a trimethoxysilane, a diether, a dialkouybenzens, a dimethoxysilane
coptaining two Hnear alkyl groups, a dimethoxysilane containing two alkenyl groups, and

combinations thereof

0097 The present disciosure provides s process. In an embodiment, 2 pelymerization
process i provided which includes contacting propylens and optionally at least one other
olefin with a catalvst comnposition in a polymerization reactor under polymerization
- gonditicns. The catelyvst composition includes the procatalyst, the cocatalyst and the M-EED.
The process further includes forming & propylene-based polymer having a melt flow rate of

al teasi 30 ¢/10 min.




[0021]It is understood that the MI2ZED may include three or more seieetivty control agents (SCA3.
SCAA4, etc.) andlor two or more ALAs. 100221 Thegprocalalyst 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
containd @02aisition dmetalaspespobgrd BrdaviBed wpolynemrdomporasst, ineptisingition merffl compound
may be a solid complex derived from a transition metal compound, for example, titanium, chromium- or
vanac n-hydrocarbyloxides; hydrc.Icarbyls, halides, or mixtures thereof. [00231The transition metal

compound has fREtyEHEBImYIaR ndorinerTS isateranbitiorishamiibeisaphsisyawetiticeT
hydroeaboxyh o iudogisrh YESERPuAG Xisi {REAMNBRT 85:RUERRS, IR RSIAI{EE CORIMAURG in

combination with a Group 2 racial compound, Tr may be a Group 4, 5 or 6 metal, In an embodiment,
Tr is a GIOBBBRsAArsaaas titReRiAsHaRhy BEed Brieabrlisis, denon AkBiide SrpREREXidm or a
mixture thereplidRARRMBAtPERLXISSHRTIARoHPPRAUNSN| MitRG SR RlIes QfRuiaRIgilit{on metal
compoundsthat may be used to form the Ziegier-Natta procatalyst composition are Ti Chr, ZrC14.
HfCl4, TSERIPl @D (PEHASN corsevresy@1ditikotybenanic. T ety s cerpaivgng1 %812, and
1-i(OC4Ja1§%§§13ngiiSEl,J Had ebswehatiansitionsneird camaeHRrRmAaN Lewell AoApsiigtion 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 fiesiog suitmiple € echase2! presah cohnapmgral sielt iicle raggrieaileasaib gjitlagmesium
halides, magresiym WG:2010/0 1626 THSI0IE"S dlallypaaesiyms, magnesium oxide
-magnesium hydroxide, and carboxylates of magnesium. In'an embodintent,thé Group 2 metal
~compound is magnesium dichloride, 10026]embodiment, the Ziegier-Natta ro,:psition isa mixture of
titanium iWdidlies supportechotivewthémvisedesived-fromitimagréSilim: compoprds:cBuitable
magnesiiim.eompounds 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.

[0027 1N@slitiiting Bxapnples afsistakletitadiim maietiesdnclud «fitankimiakaxytitaniom-arykxides,
andior tighiy alides. Gompaungs bsed 10 prepare the Zlegler: Nalta procatalye composition include
one or more mhagriesitim-di(CLaalkoxides. Mmaghesium dinafidet Magmesditn HKsxyhalides, or
mixturesttheréok dnded e prwrdre titanilimdetrafCl i) calkaxidesytitbnilm tetrabalides;ed in
titanium. 14, dalkoxylia; @s,Qs mixiures.thereef [D0Z8LA precursor composition may he -used to
prepare theprocatalyst composition as. iIs commonly known in art The precursor compos., the
chlorination of the foregoing mixed magnesium compounds, titanium compounds, or s thereof, and

may invdff tag use diramersperiotberonspoandedrefeoprlitocabagehmilyinat addtiprifongmgied

o ) id/<olid L ) . L S|
i?ii;?ﬁ%%?%i?%%%ﬁi%ﬂ?ﬁéo%?%EZE%%%% gg‘@%%%%iﬁ&ﬁé%eil%%ﬁ%?ﬁié%fe inan
bodirmelnttithiey padurbagavriiiositioeris prisiveah xisilaticanigha soropdseldotivivie darirall
E"rgd'ogér& en‘%’@&%ﬁs% 15203 HIBHAHG: Bf AFOR) @%@%@’@F%&B& A &H%%@Jh%%éé fhae Ztoms or
CUR Wheéeln “Is a aﬁp(f'ua.tic or aron%tic hyd{i}ocar on ra |c§}(%a ing 1to’14 carbon )é&)ms; each
OR3 growumisinirgsarneatiediffegenipX mparvdertigtchiofherebfothinedyiedirepitsidgSatol&6f or 2-4, or

3, Tis 211808 g'%ibﬁ%’ &%%%ﬁngaéeﬁt ‘a{eﬁarlgﬂe?{eeﬁ%é&’&@wﬁﬁa A SLRYGHQlled
precipitation thr Bg removal of an alc rom the reaction mixture used In IfS preparation in an

embodirgentetithare abtisnSthgdilmioaspriseigdrix areostanacarath adis Tifuldl, 1@S8eiaaly 23 WO
2010/025.71%%59F/U82009/034875 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
guantity, the internal electron donor may he added separately before, during or after halogenation,
This procedW@ H¥PBEFepeated one or more times, optionally in the preBEAEEHNAGHEGnhal 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;0ne
suitable methaod for halogenation of the precursar iﬁnkgy?[e,chg t‘_b‘e_cer@cq,@pr. at an elevated
temperature With'a tetravAISHT BRaMThM hEiRIE” b%iﬁb Q&Y its 4 égﬁﬁ”é"ééﬁ%eﬂbf‘ A Wdrocarbon or
halohydrocarbeapcditiyent. 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.xemplar}’R}8rocafBbri€ Tritife Peritind &¢iind H6ivENne thibeRE SyEne ally/IBAYEREs, and
decahydronpgihthedenrg.-Exetplary aliphatic halohydrocarbons include methylene chloride, methylene
bromide, chloroform, carbon tetrachloride, 1,2-dibromoethane, 1,1,24rieldoroethane,
trichlorocye,lohexarie, dichlorolluorornothane and tetrachloreoetane. Exemplary aromatic
halohydrocdf¥dAs WO XGYerRE 76 2RECTHS 200003187 577 Melide cHiBrdBBRz St P iHbenzene,
dichloroberizg.snechigrotoluenes. 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,|ptinally’acobrmparied by weashihgwithean indke liguithsuch ds aln’ aliphatic dratomatic
hydrocarbon, or halohydrogaghon between halegcnations and following halogenation. Ruxther optionally
one or more extractions involving contacting with an inert’liquid diluent, especially an aliphatic or
aromatic hy&r8EaaeH: BialipHatiE 6F BromaticRsIoRdrGEarbon, especially at an elevated temperature
greater than 100C. or greater than 110C, may be employed to remove labile species, especially Tia4.
inan embodipent. tharialiaeeatalvst campasiienaalil.catalyst semponapkablained by sugpending a
dialkoxy magnesium in’an aromatic y&récarbon or halohydrocarbon that is liquid at normal
temperatures OB itoHiaEtny e drikdwysh agHESTIM WitRea tEh IRV HEfide a¥er fafther () Eontacting
the resulting,gampgsition 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 cataly$t:ébthponant wbtaired by (i) ssperiditig asprecurtor pratetial of thesformets tHgifi(OR,-)
(as describegpreviqusly).in anaromatichydracatoon, orlalohydrocarbon.that is iqgich af nermal
temperatures, {ii) contacting the precursor with a. titanium halide and further (iii) contacting the.
resulting coRpsition 2 EaeshdwmBtwith the titdrfufhafities alid “g-fiarrectit 8P with o 8ieter of an
aromatic digashbexylicacid.at;seme 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 actiVéisités;tréreby @hHandirg eatalyst Stereoselectivity. 100361in an
embodiment, the internal electron donor is a bidentate compound. A "bidentate compqund,” as used
herein is a doMpbund &6ftaining BEASTNE BX)HH %@ﬁfﬁﬂ%ﬁﬁr’fﬂﬂéﬁgﬁﬁf‘ﬁrbﬁﬁg?‘tﬁé@‘i’ et
oxygen-confainingrfunetionakgraups: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(alkoxypﬁ@r{;%, a dibirEsters & KetoBstar antalfoxyakyEestersd Bistdikoryil g™ filforéng, and any
combination.thereef- (083 ¢in-am-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’ ThecstippoH-fay be an inert solid which does not

adversely a&&r 5he catalytic performance of ;D_et tf,@”ﬁiﬂq,ﬂ,m;@t?lf@V%OL}’QQ Examples include metal
oxides, such & Alumifia arid Metaitoid oXides! SHER %L §léa 1004t The prédert CAETGH icludes a

cocatalyst. Fha:tacatalystifor usewithsthe foregoing Ziegier Nattaprocataly stcampdsition Fray 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) wiRErH&/dé€ a first selectivity control agent (SCAL), a second SEfeE#IM)¥8Htrol agent
(SCA2), and an activity limiting agent (ALA.), As tsed 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. Bﬁgqugéd h pqtpggti,cy_l%rl tt‘hwq‘(r)ry, itis
believed that provisidh oF G JFMBis Extéinar Sreciidrr GOHOrEE tha catdlyst Eomposition affects the
following preopesrties:gftheformanthpolymeriteveliof tagt: eityn(Las [ ¥ylenéisolubléiiateriaf:molecular
weight melt flow), molecular weight distribution, (MWD), melting point, and/or oligoiner level.
[0943]Nenlif%?tf%‘%érﬁﬁ%g 0 1é‘i%lrt"érbIfé'%({:)E‘z)%rjﬁ’gdtgjr’itd\sg’\(f(c?)%ft e 'SCA include silicon compounds, such as
alkoxysilanes, ethers and polyethers, such as alkyl-, cycloalkyl-, aryl-, mixed alkyl/aryl-, mixed
alkyl/cycloaligyizsand/gr mixedeycloaliylianyi-ethersandlasipelyethers: estersand polyesters,
especially alkyl, cycloalkyl- and/or aryl-esters of monacarboxylic or dicarboxylie acids, such as
aromatic mdﬁ%ﬂ?ré&%ﬁcg’ %?%ié”é‘fﬁ&ﬁ%@ a&ias* AV ‘o Gycloalkyl-ether or thioether derivatives of
such esters or polyesters, such as alkyl ether derivatives of alkyl esters or diesters of aromatic
monocarboxyhe;or dicarbexylic.acids-and:Groupds ok La:listeroaromssubstitued.dariatives of all of
the ioregoin%%gnd amine compounds, such as cyclic, aliphatic or aromatic amines, more especially
pyrrol or pyrtifie BORPBEHES HIP 8 e fOrBgoinG EEAY ComEmRy Hrom 846 80 ¢ArE6nE Yotal and from
| to 20 carbans ip-anyalkylesaillykeas groupi:3 to 2&:carbersa:in aay Cygloalkylier eycloaliyle,ne
grow), and 6 to 20 carbons in any aryl..or arylene group. 1:00441in an embodiment, SCAl.and/or
JOAD 1o n ST B SR mdl e BRI TOEaAS (b g~ mees ENEfnte A8
2010/021762RETHIS2009/034875:10:1{8046jwherein Rindéperdantly éach eceurshee isHydrogen or
a hydrocarhyl or.an, amino.group. gefenally subsfitntedyithone gr more subsfitients, eonfaining one
or more Group 14, 15, 16, or 17 beteroaroms, R contains up to 20 atoms not countinggen and
halogen. R.1igiaerb7E)alkiisgrotp amd Hos®. 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 a yodiment, SCAL is aoxysilane, The ftimethoxysilane may-inglude a dimethoxysilane
having, at | g%?%)he stg%éri"éfg}fﬁf/i15%}?’%%/67%%3%r%d‘é@ﬂ“érﬁiH%rcéréaijb'la‘lfec%hb%%&ead fg)%fhg silicon
atom. Nonlifnitintiexampled of suitatledimethoxysitines inclide dicyetopehtyidimetibxysilatne,
merh.yloyelphexyldimethoxysilane. disoprapyldimethoxysilime, isepropylisebutyldimethoxysilane,
ditsobutyldimethoxysilanc, tbutylisopropyldimethoxysilane, eyel openty | nyrrol idinodimethoxysi lan a,
bis(pyrrolidine Jeiethox SR bisBett BFdSodtins|iFb aiathoxysiai e Aftaty E8fbiHatich of the
foregoing. [@R44lin ar embodiment -SGALis arstiffness-promeing:campositiombe theresf. In
"stiffneSS-p(Om‘th-ngQmpsQSi.,tiQn’:f; n, is a composition that, but for operation according to the process
conditions GFHE Presetit tistidsiire  increases or otherwise enhances the stiffbass of a resulting
polymer under the polymerization conditions of interest. Nonlimiting examples of suitable
stiffiressrometing; inclyde, anyief the.dimethq.ysnanes.disclosed above, [Q048Hn.an embediment,
SCAL is dicyciopentyldime.thoxysilane. [00491In an embodiment, the SCAZ2 is a silicon é(:I___R,r‘rgvpound
selected froifi'd disthGrRFiTaNATS HHEtRXSiIAREP AT actifoxySitarte: G triretHoxySitne, &
dimethoxysifaeccentaining two finear. aikylareups:, a dibtethoxysilanecontalning fwa dlkeayi. groups, a
diether, a di,fj}l.b.io?ﬂ%t}?[‘ﬁema ap% any. <‘cc_){._n“bi’_[]_a%ivonc‘_tihe_[e_of:r.i\/\ﬁ/r‘O ,219110{{9%%Z}G;I_{EQQI&@U)§%Q99/Q§4875 11
octakiecynethiox tinathyldi hethoxysiiane CHISIOBToBYImeThyTimethoxyalane - =~ o
chiomeitlyirilethiidirethousitane;ailyKiinaeifioxvsilane sompounds is made as long as al least one
trifluoropropyliethyidiethaxysiiane nuanyinety dimeshony shne. cotomend MAtiALMOX).
spaoetyldirnot _ousflane, vinyl*(chlororn ethyDdimethoxy silam,rn.ethyieyelohcxyldiethoxysiLane,
vinylinethyldigthosa/sil@ie ictriethoxysilyl)-2(diethoxymethylsilyheihane,n- yliiiethoxysilane,
oetaethoxy- | 1, entarie, acorn , h.net n iclethoxysif an e, meth acryi oxypropyinethyldi box) Jarc 2
-hydioxy-4-05-.i.lethy, [(Aux.), ropoxyyti p [limy. Iketone, -f.lytidoxypropypinefilyi.dj; ethoxysl lane,
Toaame e sy

lopen t-3-efejcharomethynstayidiethoxysilame; bigfrrthy|ciletiéxy silytpropyDat3 camizlides,
nopropylinethyldi othoxysil am,



(inethaery oxyineth yi)metividiethoxysil ane;l ,2-bis(methyldiethoxysily )ethane,and
diisobutyldiethoxysilane, vim+ itrimethoxys Plane, vinykriethoxysiiane, benzyltrie ("lox snare, butenyttri
ethoxysilane,(triethoxysilyi)cyclohexane,0-(viny]Joxybutyl)-N- triethoxysilylpropyiearbarnaie,l undecenyl
trimethoxysi¥4h& {HMER? o xy si ly pr opyripyrro | e, N- [5 (ethoxysily1)-2 HZHUS208¥6H&Ttyl. apro |
actarn, (3,3 ,3- uiflu cropropylYtri e ihoxysilan e, trieth.oxysiiylundecanal ethylene glycol social, (S )-N
- triethoxysilylpropyl-O-menthocarbamate, theuhoxysiylpropyletnyiearbamate, N -(3- triethoxy sily
Ipropyi)-4,5-dihvdroimidazol e,($oxysilyipropy1)-5-butylearbamate, slyry lethylirimethoxys
2-(4-'pyridyi@fWWPé%Wé“%rié‘??%}r‘@BWtriﬁé%x@%ﬁ%‘f]&?"préﬁﬁﬁ?éﬂﬁoﬁ [ l%f‘ﬁ@"f@i)’iﬁll EP?eny | et
hyl-NLtriethex.yrb{R)rN+1r phenetdrN-#E Group 2 metal compound is magnesium dichlorids,
ethoxysisylpronylurea,N-piwnyiaminapropyltrimethoxysilane,IN- cihenylarnin.ornethyltriethox.ysiiane.
ph enethy itrirnethoxysilane, pentyltriethoxysil an octyltrimeihorysi lane,n-c,,ciyhriethoxysi
lane,57-octéffftimethoxysitars Oatanoye mersapiopie pyitartnvectadeeyititiethaxysiiane, it
octadecyltrigthoxysilaneshethyitriceiboxyshang methytiriethaxysilane, N zompounds.  Suitable
methylaminop_ropy.ltrimet_hox3-megioxypropyltrimethoxys ) o _ L
methaoryloXypropyitimethexyaitarid hethadiossropytichoRySdrade. magnesium chlonde
methaoryloxymetiyitrinathoxysilane;nrtha: oty ViR ethyitri:ethexysikang: s W dialkoxides or
2010/0217621.CT/VS2009/034875 12 (methacr lpx;zaet.hx.!).!y:gtgieihozsygi%;grOPngca mate;. ..
tetramethoxysianeand/or t ??59}%})23‘/’%%5‘?1%?’[66 i an embodimant SCAY Ay bé/methy T
iohexyldiethoxysitafiethdicvisebutyldysilane, mpropyltriethoxysilarie,letraethoxysilanc,di-n-batyl-
dimethoxysilane, benzy itri edam ysi lane, but-3-enyttriethoxysilanc, 1 -(trietsilyo-2- pentene,
(triethoxysi%%(%globeéane, and any °u_nhijna};igvn_‘;()f the for,eg_oing:.;O!OSZ\lir}van gambodirpqn'ts, ;[he SC.A2
is selected 0 a dimEtAoxyHafEEoRtmng ieHr Ry Ertps % difmbtioXSitiRe tortaifing two
alkonyl groups-orhyarogeteswhereintone:at mokehydrogen-dtomsimay:be:subistitttet:bjlahalogen,
and any combination thereot 005 3(in an embodiment, SCAZ may,f Kiybeimene, . dimmer of a
dialkoxybenzene: a dialkoxybenzens arbon group. and any compination thereor. 1t is fioted that the
dietr I'S for thigajAleA, lpystowapplyeduillysas montimititgexarmpglesdor the SCsARdiethef- [00541Fn an
embodiment; SGA2 Isa.melt flow:prametng composition Amelt flow promatingeomposition,” as used
herein" is a composition that; but for operation accordingto tJe process conditions of the present
disclosure, increases the melt flow rate of a resulting polymer under the polymerization conditions of
interest. Théiéht-flow. preamotingccompositionmaly: besanys Gitelic coampasitionsutable@s:SCA2 as
disclosed ahgv Viettler, an.ikoxybenzene, an.ester, a ketone, an amide; and/or.an amine, (0055]in
an. embodir%%yfﬁf}%gg Igé{fa{ig/ig é%‘rﬁb%‘i?ﬁgr? inc uaaés%aghgﬁg’ﬁgtfé of Cagliitgf 8 &Aél}“tﬁgf%%s%than or
equal to |, dRO.dxbGuRi & fufthdpeaibatlimient, therSCAT: SCAZ Wdle FativUs (10091 er0.2-0.5:1.
Not boundedby. any:naticulartheory; jthas been found that maintain; SEAZMole.ratio 4o less than or
equal to 1.0, advantageously q_na‘,lbresi_hbath SCAs to contribute to the properties of Vtherifg‘rmwapt
propylene-b&Sed HolHtiet. THE NEEE E?ﬁﬁ’éﬁ&o‘é‘ssaﬁ%“éi(ﬁii&\)‘?%ﬁ”‘atﬁ%ﬁ?ﬂiFh?ﬁﬁQ"W@“W soue
2010/021762RET4/S2009/034845 t3namely:ing-polymepzationteactof.atpolymerization conditions
at a temperature greater than aboyt 100C. Provision of the ALA results g;ra‘ self-limiting catalyst
compositiort A& ised Rerdi & “sEiimitine™ BAtaR st S5mpostion is*5 catalyét composition that
demonstrates decreased activity at a temperature greater than about 100C. In other words,
"self-limitingfigsthe decline of catalyst aglivity.when theeaction tempetaturglises aboye100"C
compared to the catalyst activity under normal polymerization conditions with reaction temperature
usually bel GRPETES i atitisi! 48 H practiCal Sanberd! iFa pBTAHBRT dtich EREES VSt HE" fluidized
bed, gas-phase:palymerization unaing:aknermat arocessing:-econditions:is:capakleofinteeruption and
resulting cq{@pg,g of the bed, \{vith reqlchq risk with res(pg%t&gg(gjomer?}ion il QP('?{H?:% ge\/réticles, the

SYOTOCAITOD Tadicit NEgvIng [ 40 19 Caroo]l RlOms; sal oErRru bR NS Ramg
catalyst composition 15 said to be self- imiting." ' e
% 4 o oy

13 independently chlorine, bromine or loding, d 8 0.5 10 56, or 244, or 3; Fig 2-116, or 5415,
andd g 88 G.5-116, or 1-3, or 2. The precursor may be prepared by controiled procipitation
through removal of an aicohol from the reaction mixture used in its prepavation. In an

embodiment, the reaction medivm comprises a mixture of an aromatic Hquid, sspecially a



[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) polymerizatilg)élr?gr%(g‘ijtgi ns.are used, a
correction fALHFHEEESNt for reduced propyleng solubility in the reaction'mixture at elévated,
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 acfivity or (-weight polymer/weight catalyst/hr) at
temperatur§]‘H’?ﬁjlf‘iﬁﬁ‘gdirﬁ’ffj'ﬁ“jéo“ﬁ@é%‘{lr‘é‘igb‘Ff"'{ét‘)fT‘ég%h%ﬁf(‘f%ﬁ“[é?é%%f&aﬁé where I\'P‘%%?E 5¥ is the
propylene coricentratipmiatcA 7€ and JRSipli i§:the: propylene cohcentiationattiemperatnieiT The
equation for.normalized activity is.provided below; Normaiized AGHVItY (A).7w¢AGIMIYER1AQ581IN the
equation; the activity at temperature T is multiplied by a ratio of the propylene concentration at 67 'id to
the propyletéebbriéentiatiGiat e riyaeaiarslT ITRE TesuRing hefvaRzed astvity (XY AdiEta for the
decrease in prapylene coneentration with temperature.incraasa:may.he used forcamparison of
catalyst activities under varying WO 2010/021762PCT/US2009/034875 é4 temperature, conoltions.
The correctiGREYB&IGW ROFINEESHdRioHsHTel atdisHesd SoIyRierns B7 EEEVTIT0 "C115¢130C
1.001,421.932:392:983:7 Q00591 The eestection fagtorassimes thal-pelymerizdtionsaetvily increases
linearly with propylene concentration under the conditions employed. The correction factor is a function
of the solveﬁ%g}% ifuerit used For exam p%‘, the-correc %ﬁ fact 8?§¥Tste§ 'ébﬂéhvhg{%Fe %g r 'g%ﬁnlinon
C.6_10 aliphaticiydrocafbeinmixtisrei ©sopdrEmE ravaiiable fromBxkan:Chsthical @ompany). tinder
gas phase polymerization conditions, monomer, sqlliiiity.normally nat.a factor and-agtivity is generally
uncorrected for temperature difference.™ That activity and normalized activity are the same.
11)0601Thémarmalizéd: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 temperat or example, an Atoo/A67 equal 10.0,30 shows that the catalyst agtivity.at:100C is only
30 percent ﬁﬁig cataly/St Actvity atb7e it H%g been T:Oz)udnd 8tl}’?ff.it ‘étl}t’}l%f?%?fﬁ%%‘7’)r/at%§ g%sg%b %ﬁess yields
a catalyst syistemrthatis & selfdimitingsysteny: Thempnlniacduabiativéderiphatic-csteroiderivative
thereof, a digther, a pohy(aliyl, glycol) ester.and combinations. thereal Nealimiting.examples of
suitable aromatic. esters include Cl...jo alkyl or eye.loalkyl esters of aromatic monocarboxylic acids.
Suitable substitiifed deiitives HEPEoT M GHESHNPEURES SUBLHGET B bRTNE arorAtie ring(s) or
the ester group with oneRLMOE suhstituents: containing:one:ermere Sratp, 14;115:0ly 16 hieteroatoms,
especially oxygen. Examples of such substituents include (poly)ulkyiether, cycloalkylether, arylether,
aralkyletheﬁ?r“'""*‘”i?)‘)efﬁe"?"f‘Eiﬁfﬁ"ib@‘lﬁg‘r‘f“ii"iéﬁq?féiﬁi’iﬁg“’di%}ylél(ﬁgiF “g, %ﬁf‘aﬁfy}%‘r{l‘“iﬁ’é’fﬁ%ﬁ trialkyisilane
groups. The;asamatie:sarboxylic acitestérmajnperac:CO2M:hydiotarbyl ésterof hemzoityacid wherein
the hydrecarbxl&;[%ﬁp ISLEII? Uh%%%%}?%‘?! substituted with one or more Group Cl, 15 or 1.6 hetereatom
containing CSEHa G305 Boly TRy Grocaibyl Sthar derivatives WO 2010/021762PCT/US2009/034875 15
benzoate, ethyl henzoate. propyl benzoate, methyl p-methoxsbenzeate, methyl ethoxybenzoate, ethyl
p-metboxyhgnzoate, and athylp-gthexyhenzoate:dianembpedirent, ithe atematicicartoxylic acid
ester is ethyl Thetlx, xybenzoate. [0062]in an embodiment, the ALA is an aliphalie ester. The aliphatic
ester may Hé ?;f‘C"EF-V@ 'f)tﬁifﬁﬁé‘"ﬁt‘iggc‘“i‘aq“gé§t§r§rﬁ%r6§ ﬁﬁr%zgﬁ%?’%ﬁ"é%% Ve g%%wrﬁ)éif?é&)“é“étigﬁ may he
straight chaiiy<orbranched;iayi he satorated-or Uinsatirateticandeamy €ombinstioirthdiestThe .c.-c30
aliphatie acid esier,may als0 gsybstivied withone enmere Glanp Le,doorlf peteragiam
containing I\Tor‘ﬁlmltlng examples of suita le C42030 aliphatic acid esters ) of aliphatic
C4_30 moriedrstsylic adids, Bivaoakyiasterest sliphaticas. 26#HehoBarboxy it 4EidE e .4 allyl
mono- and digsters af.aliphatis 4n-manpearboxylic; acids.andigicarboxylic.agids: GRi4 allydiesters of
aliPhalic C8-20 monocarboxylic acids and diearboxylie acids, qf Culgo (pol )% lycols, or gf(..;Oo
(soly)gi alipfigfies-atidéster Wd§ Be [SoptopItAN RS MG 6t rﬁi&gféé?b%‘&ﬂgt‘é G&rivAUETA & further
embodiment!ithg €4:Go8Qrhuty-sebachaie: rabodimentidhe: AfziAvisdsoprapylenyhistatc{8064]in an
embodiment, the ALA is a diether, The SieGedialkyl diether. repre scnted hy: the following formula, or”
100651wherein Rl tg%%ﬂf%}%%de%éﬁﬁ%ﬁ?ﬁﬁ%ﬁﬁ"ar?d?l‘?%?‘éi’rﬁ P%II'(’V é} arc orl'b;’é\%fi%r%g{ﬂ%vy%p%g)p({arbon
atoms, whichchriay bptionallicontain group!l4ot5246, oritThetenoatemprovided tREERARY 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-



WO 2010/021762PCT/US2009/034875 16
dimethoxypropanc,2,2-diisobuty1-1,3-dOnethaxypropane,2-ethyl-2-n-butyl- | 3- di methox
ypropano,-n-propyl-12 -cyc | op entyl- 1,3-dim:ethic xypropane,2,2-dimethy1-1.3 - diethoxypropane,2
-tsopropyI-ZW%o’(E!wli?é-dimethoxypropane;2,2-;Iicyclopenty1-1,3-, dimgfﬁ%g%%}r{g Ggﬁga
2-n-propyl-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).e ter. Nonlimiting, exam ,,_Igsﬂqquu'tabl : p_; alkyiene
glycol) estefSiHeiutE DAY é{("f‘fﬁy%'r?}éiénélk}%% "Mono- or diacetal e%,%pb?s(g I?V%‘ﬁ%’gl;}éjgl)srﬁéﬁ%(ﬁ or
di-myristateis;ipioly{atkytenergly el kmonpewriditaurates, pedntalkylerigglycotyrignotbidic éieates,
glyeery! trifacetate), glygerylIn-gster of. G, 40 aliphatic earboxylig acids, and any.combipation thereof
in an embodiment, the polyealkylen'e'glycoiﬁ moiety of the poly(alkylene glycol) ester is a poly(ethylene
glycol). 1006¥dvacancembicdient thermolar 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 gffective companents. For example, a sebacate molecule contains twg carboxylate
functional gf%%"g is cbiﬁ%lgil‘?'é“dq%iﬁé%}g WO %’ﬁgdé’ﬁ%éﬂﬁﬁ}étigﬁél molect Iéstﬁln(fd%wé%?n%% erﬁlbodiment,
the catalysteirppsitith includesia Mple ratiohofAl toMERIRsf 0;5- 25141 D908 ™ 5115:1, or
less than about 6. or less than, about 3. orless thani4:2.,100691in. aniembadiment;ithe; Aldd.-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 méleratic ora-5010 1 i iide A EtmEiHP amotmt BRARIMINET f5REG5pertHe péiymerization
reaction at pormal pelymerization terpeiatures HawRvelialelovated termpesatusefdveda-a
temperature excursion or a process upset, for example), mare ﬁquﬁgnpumis ecies react with, other
catalyst conffi8iTeHtes Fhe fedtdto ‘Gh afChinitl g ficie cy WHItH SBIE THhE polymerization reaction.
The alumingmteficipaayicauses. 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®48l-SCAs TFPEHHBIet amGant (H HoMS) o EC AT AR SEAD IR thefWdrds,
total-SCA =5GA(moelg) »SCAZtmole):yThe ameuntof ALANM-EEReakhances eatalystself-limiting
capability a%eflevgged temperature, while the amount of SCA1 p{)rtoyjdg;s;2 stiffness and the amount of
SCA2 provit&E 18R Fol iHtHEESOIARE pofyier THe Yot SCATS ALA Male ratio 1s 0.43-2.33:1,
0.54-1.85,16i0:67hdpi:The SGALtaitatal-SQAlmholerhtinni$. 2405101250, 45: 15:6¥10:30-0.40:1.
Applicants have surprisingly and. unexpaectedly discovared that a contralled mple ratig of):(1) SCA1 to
SCA2, andfd’?ﬁ(‘is’St%jt%f‘-é(':ﬁx{é{wr_i&%, gﬁﬁ%; (3)“%%5\0{%){ \féié‘f-g%%&iyﬁ%{%ﬁ?g!urﬁamugEfﬁéfﬁgs%f h:gti tacit
flow and highidtiffdisstirrtonja propert e Sait lviiinh CarIystrresulbartp STyrHarwith Uithith the
operability gmbodiment, 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-SCAHGBALA thatis tess:tham-1.0hSdipgisinglytandaunekpéctedisitiias besnifounthtiat
maintaining, g [ole (Ao, AL OTALECA & AL lodessithan LDlauiicanily impioves reasiar,
operability. 1 00°741in an. embodiment. the -BED comprises dicyclophoxvailanc SSCAl) a meL-flow

promoting ddmpdsitie(SEAZ)aHEER GITEYE Ry st (RLAY VA fliteR of balo
embodiment, 3GAZisselecledirommeathylcyciohexyidietoxysiiaBeurse: with o titanium halide and
diisobutyldiethoxysilane.di-n-butyl-dimethoxys at & ,n-pro thri%tb0§ys,iJan§:, itaninm halide, and
benzyltriethG%Y&iaHE, BeR aans e tRoty SidiE B RGBINoR Sy 18 péitec, AmHm nande, aou
Yeyolohexargiiettacthoxysilane; lrathochy:2«(642: xyThexyltyberiZzeneidthoxy-2mmipentorygbe e ic
and any combination thereof WO 2010/021762RCT/US2009/034875 18 751The mole ratios between

0
. 15e tresimar '1‘31 2 THAnIUN | S infilh
various componafit Bf the prt cafa1yst compésitto

drocdrbon

HHIASE The procatalyst composition inclodes an imernal electron donor. As used herem,
an “nternal clestron donor” s g corapound added or stherwise formed during lormation of

the procatalyvst composition that denates a2 pair of electrons 0 ong or more meials present in



arc set forth below in Table 1. Table | Mole Ratio Aito 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.1A1to SCA2
0.1-1.0:1 The present catah,, disciosd credit -mos:It:ion may comprise two or more
embodimenté f&Y%4H % embodiment, t.lymerizgtion nroc-s( is provided® THEBOIYMafiZation process |
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 0 he any catalyst
composition disclosed herein and includes a FI,[IQ\C%IG}IéS,LrC catalyst and ixed external glectron donor
(M-EE, D) cBithpHsiig afirSE EeIECHvRy CortFol agent (SEA ) a'5eE6nd selectivity control agent (SCA2),
and an activity limiting-agerit{AtA)idBhe process algdincludes forming apropytehiebdsedipolymer
having a m%{!g‘%tﬁé% gg%%P mogqggi!cg%sﬂtﬁéo g/10 min as measured in accordance with ASTM D
1238-01 teStMamod at 'Wfﬁ”a"%fi%“kg weight. [0078lIn an embodiment, the process includesg a
ropyler b d polymer with areater than 60 2/10 min, or greater than 70 Rlor greater thangli O nlir rr than

100 gilt) mipzgegreater than8R.@HAOMimdoabett 100Q-glOdmin i & bidestate componnd. A

“hidentaie compound,” as used hereln, 13 2 compound contaiming at least two oXygen-

confaining functional groups, the oxygen-conlaining funclional groups separated by a3 least
one satarated Ca-Uig hvdrocarbon chain which may optionally contain hetercatom{s), The
bidentate compound may be a phihslate, a disther, & succlnate, a phenylene dibenzoate, »
maleste. 4 malonale, a glutaratz, a dialkoxybenzene, & bis(alkoxyphenyl), a diol ester, a

ketoester, an alkoxvalloyt ester, a bis(alkoxvallyl) fluorene, and any combination thereol.

{371 In an emboediment, the intormal electron donor is a phthalate, including disobuty)
phihalate and/or di-nebaty! phihalate,

04381 i oan embodiment, the internal electron donor s 9,%-bis(methoxymethyl)-¥H-
flucrene.

(0393 in an embodiment, the internal eleciron donor 18 & phenyiene dibenzoate,

LR The Ziegler-MNatio yprocatalyst composition may alse include an inert suppott

JR

A | ey M " s T h o P D Y CT < Y 1'.‘ T i
maierial,  The suppert may be an inert solid which does not adversely alter the catalybic

f) 43 . " i s el eneh g
nerformance of the transition metal compound,  Examples inclede metal oxides, such as

alurning, and metalloid oxides, such as silica

(80413 The present catalyst composition inchudes a socaialyst.  The cocatalyst for use
with the foregeing Zicgler-Matis prccméﬁyat pormposition may be an aluminum conlaming
composition. Nonlimiting examples of suitable alumrum contaising compesitions inclnde
organcaluminum  compounds, such as iralkylahwwinue.,  disliylalumimam hyvdeide-,
alkviahuminm dibyvdride-, diallovialuminum halide-, alkylaluminumdihalide-,
Halkyialumingm alkoxide-, and alkylaluminem dialkoxide- compounds containing from 1-

10, or 1-6 carbon atoms in each alkyl- or alkoxide- group. ln an smbodiment, the cocamalyst



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¥& f8t#°al pfBlymer, a copolymer, (or 3 fluidized bed of ponm%B&ﬁ@%’@“ﬁVo‘ntimiting
examples of suitable olefin monomers include ethylene, C4.20 fa-olefins, such as 1-butene, 1-pentene,
1-thexene, 4-methyl-1 -penterie, 1-hepteme, 1-petene, ne, | - dodecene and the like; C.14,20 diolefins,
such as 1,3-hutadiene, 1,3-pentadiene, norhornadiene, _5-‘Qt1hyli;dene;§nerb tpene (,?ﬁl\‘ch)sﬁand
dicyclopentiidiene’ ARG EFOHEIE BB SOt s THEidiRG Sty ,f‘-,“bﬁﬁ'é‘tlriyljt@*fé%é?‘
divinylbenzeng, yvinyibipheny vinylnapthdlenie; andihalogen-substittteth¢40 vinytdromatic!
compoundsr,%uqh as ghj‘qrgs_it%rgﬁn%apd fluorostyrene. [0801In an embodiment, the process includes
contacting |5“r8%‘31/1}euﬁé Vvifﬁ‘fh‘le“c”étaw*st comp::a propylene homopolymer. As used herein,
'polyrnerization conditions" are temperature and pressure parameters withinapolymerization reactor
suitable progmaiing polymerization hetweenthengatalyst eempesitionand-amelelintodoriathe desired
polymer. The polymerization process may be a gas phase, a slurry, or a bulk. polymerizaii.on process,
operating in GRe~or Hore Wi“a’}?ﬁ%h’é; HoI éﬁ%gg(%ﬁﬂsé{é? "‘T"‘?"A%%%ih@f“f the b%?‘%ﬁé%z%ﬂﬁérr? ‘reactor
may be a gagsphase polymérizationireactonra se:polymenizationsredotor ora combination thereof
[008211 is understood that-provision.of hydrpasn, in.ihe palvipsrization reaciaris a.compenent of the
polymerization conditions. During pdfi/menzafrori.%y rogen is a chain transfer agent and affects the
molecular wéitsht!(and foorrespbating i the riskfow! rétey s athayol Sk 0083 4 MbBdiment,
poivnierizrtign. peeurs by, way of liauid, phase pelymerization WO.2010/021:£62R6TA52009/034875

20 medium, the fluidizing'medium containing one or more monomers, in the presence of a catalyst

through a fIGRIIZET b SF ESIYNTEFarticlEs HraiRtiin st Iraturarrat stdte 'BY tRETIdIZNG edium.
"Fluidizationsv:flyidized; o fluigizingivis Boasselid contaclingprgeess innahithva bed atfinely
divided polymer patticles s lift nd agitated by a rjsing stream of gas. Fluidization occurs in a bed of
particulates Hah %ﬁtﬁﬁ'%ﬁ?u“ﬁ?o pa"df ﬁﬁ?&?ﬁ%odﬁ% %‘g‘\intéﬁ%{f%%?%fﬁt%e bed of particles attains a
pressure differential and frictional resistance increment exceeding particulate weight. Thus, a "fluidized
bed"is a p"fﬁ@ﬂ% of polymer, particles suspended in.afiuidized stale:bya streamaf.a fluidizing
medium, A "fluidizing medium” is one or more olefin gases, optionally a carrier g sn,%sylu_.ch as H2 or N2)
and optionaffF & iitiie (GHEHAS Sy droESHHTRT TWATChPR5EE RS tHIguGh i g Tﬁﬁﬁ & redctor. [0085f
A typical gas-pbase polyrierization reaetos(050as; phasereactet) includési&nessil(.eydhe reactor),
the fluidized bed, a distribution plate, inlet and, outlet piping, a compressor, a cycle gas.cooler or heat
exchanger, -’%erlf’ie’g%?édﬁséfr&is%ﬁ%r@}é’ &yten. ﬁ“ﬁé"\‘/‘gg&ﬁﬂl‘%%lu&é“s”é‘gr{ge’acti%%ﬁ@'zﬁgxézgéﬁﬁ %%elécity
reduction zeneeadthof whichiis:tboaréd atidvestive distribution platerThebied isr|ocaiddinithe reaction

zone, in an gmpogiment, _!ab@zélzdigi&mh%m%QiHmf&?'%@9{9@}4\%@@9@%@- atleastone ather gas such

o

as an olefin and/or @ carrier gas such as hydrogen or nitrogen. 10086]in an embodiment, the
contacting eedre by Ay f YeedirngtHe vatmRist eoApsSRISH B BTy Hiers atioh FEXEtHrand
introducing the.olefin into.the palymerization reactar in-anembedimentithe procesgdncludes
contacting the olet.in with a cricatalyst. The g{oga}qust’c_a‘n be mixed with the [an]tgl St plon_jposition
(pre-mix) priBrt6 theririttaatction 6f the Prodatafst Eﬁﬁiﬁﬁgﬁ%ﬁ‘fﬂ?ﬁ%h@“ﬁbli’/ﬁgéﬁib ion réactor. In
another empediment-eosatalystisaddetia-the-polymerizatioh reactorindépendently abthed
procatalyst composition. The independent intraduction of the, cocatalyst into the polymerization reactor
can occur S{Fﬂﬁﬁté\ﬁgoﬂﬁ?ﬁ %‘f%u’ﬁs%%ﬁﬁ‘a %ﬁ Simu ‘téiﬁfé%ﬁgfﬁpwn%atr% p?yggg}%fgs%lcg%%ggs%ﬁ n%"eed.
[0087]In anwenibddirmentythe pratéss Moladesamixing oriothervidse gombining 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 coptact between the catalyst WO .. . . the
2010/021763 ?‘r/us2009@@287?'%*?%%8%%51’%1br’%%rﬁ%f the propylené it ahbther embodiment, the
M-EED (or indiviguaheomponents thereof) may be added independently to the polymerization reactor.
1in an embodiment, the rocess includes maintaining, SCA.I:SCA2 mole ratio of 0.1 | 0:1., 1009lin an
embodiment,s is a gas phcess and includes maintaining nito-propylene (112/¢(f) mole ratio less than
0,30 (i.e., (1.30: 1), 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 aghievgd.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
nraccrirea healow abhoiit Q0 nei or below aboiit 71 nei or healow aboiit A2 nei 1in an enthondimnent the



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
embodIiment,the process includes forming a propylene-based polymer contain.ng less than about 200
ppm sih.eon¥i A R{M&rembodiment, the. process includes forming a profplieEIBAsEdpolymer
containing less than 200 ppm, or from about 1 pdlﬂn to about 200 pprn, or from about 2 ppm to about
100 ppm dicylcopentyldimethoxysilane. 10095]Applicants have surpristngly and unexpectedly
discovered thatpresence of the mixed external electron donor provides a catalyst composition that is
self-limiting ¥id%roduces BrogleRelbisatrifoijinters Gt rGH stffResand high' Mgt tisivin a single
erization reagtesundesstangareknoingrizationieongitions.NetMishing to-habeund:y:padieular
theory, it is gl\igvg%t at ?tpenA‘lgA(irp .rq}vesﬂorgier‘apj_li‘t /in the, g}o%lnggriggtirp'n reactor by preventing a
run-away resctibh! polymiér Sheetiig” GHABY poleraghibheratisi dused By excessive ficat.
Provision of#AtandiS@A2 &nables theformatianiofia nigh?. |dss): e Tdprgreateithan abgut
170C)/high melt flow. (. greater than 50, or 60, or 70,.08,100 g/iO mmjpropylene-based.pelymer with
utilization o@%ﬁ" a\‘%@ﬁygdr%éijiéﬁ’ ’iéi?%@g[o%g‘é]i’:ﬁ%aiﬁﬁ%ﬁ %%?’tﬁgiﬁfés{gﬁ’tl %r%%xézs"s%é%v%éria'gg)%sly
produces a propylenetibasethigh 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 p.r%}g!%?e-based %oéxmer! a descrgtéfg%previ?usl}/}. The term ,'i'séi§b‘rea,ing 9rn',g:gﬂ%%[‘<ing), as

] SIS nt oy &, GETCTLORA VR ANG, ifl £ L”“(i
used herein''i$ the thermal ahd/or Chemicar ) C i

égradation of & polymer into smaller-pofyrmer chain
segments.. Mighieakitig:typicatsincludes placing apobpmed{suchas polypropylendyin emmelt state in
the presence,of a fiee radical initiator (§ich.a8.8 perpxide) to degrade the paiypropyleng into smaller
polypropylene chain segments 7]Vishreaking has many side effects stch as formation of ecomposiiion
products  dimelinesbaie tderan tiede Moo P ANty probiem )y dabed COSE AR &' #etluction in
polymer stiffngss.Jishegaking ingreases the.meltlow:veldecreases the.weight-averagg melecuiar
weight of a polymer. Vishrealcirig alters the physical and chemical wo ...~
2010/021762BCTIHEP00834875 5% initial polyni&t’ ESF e &mplE! A viSHoRET B propylene
homopolymeraillexbibity& reguction:iphysigakandlesmechanicalpeaperties (be adewerstensile
mocluiu.s onverbﬂ@tc_ural ‘g%)ﬂdylgbgkggmpared to art uneracked propylene homopoisdner with the same
MIER, 10098if an em %c]ln“lecﬁttft }lgfpresent process fbrins an uncracked propylene-bas,gd

Jolymer that is "at:cracked" has not been subject to a visbreaking procedure. In other words, an
uncracked pedymer is a nop-thermaliyanpdier nanschemically-degraged polymer.Aniungracked
polymer does not exhibit a decline of physical and/or mechanical prg _sfe[tiesf_rqla;eig to molecular
weight (such 48 HEXEFAT SIS ERH S terfSi &5 ropartied), A HOEE S Vishrokah polymerat'the same
MFR. In additioriianunesackedspolytierdagsinatexpefieticende compesitionfrodisctsfwiich
oftentimes cause. odor and food incompatibility prablem does a visbroken palymer, [0099]in.an
embodimenq%a'?i th‘g"bi?égés%‘ includesnin jﬁ}réﬁlﬁénﬁ- "ésg:“la d’h%%ffﬁrgizé’ﬁ%norbrﬁgzé%?tﬁ'é ?t%lbl\%vihg
properties:.\{uhcrécked propylere hormopol iy a-iNrBRigreaterdhan 501¢ih0 fhireloigreatsr than 60
L,../ 1 0 miny;on greaterthan 70 glio 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 oligaseif¢onteént:¢ eligoriers!t.di€ Cpis €2% compoumas)dessithan 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 forf&d by a CatdlysteBigosition Which ¢ontiing asingle SRS proiioting Edmposition
SCA (and aptionally: an-Al A)aindensimilar poabunerization, conditigns:yFhaxtermitpostsrgactot oligorder

content,” as used herein, is the oglfgprgg}r_ ggngeqt of the re%ljgapttﬁg_rggy‘[eQg;bglseql polymer immediately

after exit fréM the polymerization reactor-in other words. » eaccontent™is the oligomer coritent prior to
any post-peliaterizaticiiwashing:procéduredhebtingproceddre, and/or refining procedure. WO
2010/021762PCT/US2009/034875 24 0) disclose The present polymer process may comprise two or
more emho ents_[00101] In an embodiment, .a prop ,I.e\ne-b\asedﬂpé\mg\r is_provtded. The
propylene-%%%ge% pol3l/\r’[f'1"é THcHides st e ast g}ppﬁjﬁ?‘g{ﬂﬁn‘ vty firmiting™ ‘éeriff.r Tﬁ‘é%éoéfiré%é’-based
polymer hasimatieltiflowiratesgreater thamabolit:56 G myilaFh e AbAvmayhbél present izam, 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,l..,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 W1 0 nt¥® A1 &A2Etfbodiment, the proed polymer is uneracked. 141 RE &Y BB &t tRe
oropyler.te-based polymer is a propylene homopoﬁyme [00105In an embodiment, the propylene-based
polymer includes less than about 200 ppm silicon, or fromn about | 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 alsiBPOD PR Wiey sehtyidimethoxysilane, 106106 E1F 8MddfHifent, propylene-based
polymer inclyges.a.property selested from: (1) a xylene solubles content of less than about24 cvi %, or
less than about 3% wt. from about 0,1 wt. % to Jess than about 2.0 wt A; (i) a Tmv greater than about
165C, or gréaterabbUlf 7o A B oS teActor BiyBHat €ohtent less than about 3000 ppri. or less
than about 2500:ppmyperfrem, abautbi@sppm, to about 3000 ppm:andsiivyamccombination:pt WO
2010/021762PCT/US200 4,0{_%48;5 25 [00108]The present propylene-pased, ner.may. omprise
two or moregé?naﬁgtfﬁtgéﬁgfé?‘ a|§éi%séﬁ’%é?‘é‘fﬁ [00109!DERN rrioNs [0011 ']Nllge%!e%gﬁée“s@%ft}hje Periodic
Table of thevEigimemtsherteindshalbrefertoithe Periodic Table of i Elerters;iptiblistee ard
copyrighted.hy. GRG: FIE35%:106:,2003. Alsp, aly reterences 0,8 Craim ol Grotns.shall be fo the
Groups or Groups reflected in this Periodic Table of the Elements ,(J.sling the ill PAC system for
numbering §FSUPSIIHIBEL$tiE to the contrary, TRHHIER T om thE EOMEXEF customary in the aft; all
parts and pereenis asebasee:onWeight Fernpueses-afunitlad States;paten! prastice;:the tontents of
any patent, Qa}twe’qgigﬁgplicﬂa}t!qg; or publicatior ,r_gllfe‘rtganced{,L]eprie_ipﬁargrherg}?y« iﬂCQ[QQ{éHS?QU Et?%/;ur,eference
in their entiréfy (or HEEGtvAIERT S FarIoN THhareof is SOTRCOIPOMAIEN. bY Teferenca) espécially with
respect to thie disclostireof: synthétic tethniguesstefinitions ({othedxtentynotincorisistentwith any
definitions provided. herein) and general knowledge in the art. [0011111he term. "comprising,” and
derivatives tﬁ%‘f%@ff‘i%"ﬁ%t interided to exclude the presence of”ﬁﬁ%%éa%%%é%égrﬂgﬁg]ﬁhf st%p or
procedure, Whithtrbiiribeths sameiSdistlosed herein. in ordtertoaveid am doipnall edifipositions
claimed hergin fhrough.use;of thederm:icomprising” may.include.any.addiional.additive, adjuvant, or

compound whether polymeric or otherwise, unless stated to the contrary, In contrast, the tern,
"consisting 5&EHiMiSroEkElite s IRONT THE SEoE 6 aly S e8I A EciRIeH BIRBH & ESmponent,
step or procediei-exeeptingthose that arenptiessentiad toioparability. The-termiieonsigting of

excludes any. component, :s}tfp or procedure not spgqi{[igig[b{‘_g]?ijg%‘gg{_’%g,Q}gled. The term Jor", unless
stated othernise" TErRFTOHHEStE fhembers individUialy 58 Well A& A éombination. 100112)Any

numerical range:reeitet; herpitjrinctudes- &l values frgmithe lower-valpety therappervalie, in
increments of one unit, provided that there, is.a separalion.of At least.2 uniks between any lewer value
and any 'nigher value: §an. exaanfE, if it'is stated that the amount of a component, or a value of a.
compositiortgkBraphysicatpiopertihstichaas:for WOBI00R I76PECTIUS2009/03487% 96 example,
amount of g hlend component,seftening:iempgrature, meliindex. eigishotwesn 1and:200, it is
intended that all individual Values, stch as, 1; 2 and all subranges, such as, | to 20, 55 to 70, 197 to
100: etc., ardYExpressFaRumeikied i thivgpetsation Eor Valties WHieH S TESEHIEA"5nE; one unit
is considergd:0,08:0:0001::0:001, 0.0%-or. 0.3 a5 approprigte:ckhese ae ontyexamples-of what is
specifically inten _qﬁ;? nd all g@ors‘;sjplye compinations of numerical values between th.e lowest valuc and
the highest VATIE Bhiimeratad. ard 1o be’cohtiered 10 B8 EXprassly Btatedin this application in other
words, any numgricalsange neeited hereain Inclides anyvalue ol subrange Witk theistatedirange.
Numerical ranges have been rtxitea, as discussed herein. -reference melt index, melt flow rate; and
Wilei propeﬁt&rlltegg‘ tPhﬁéiit“'exryrf%g“(“br polyi?n%é'r“‘BFéyﬁ?"‘%g %J's%’d here#insgi}sw %ﬁ%ﬁaqg% ﬁvén (?F more guch a
blend may érisay:hothesmiseiie ot phaserseparated &tavefsetlarTevenysiEl-a blend niay or may
not be phasg.separated, Ruch.a blend may.ormay AoLontain ong gx MAke:Agmai. configurations, as
determined from transmission electron spectroscopy, light scattering, x-ray scattering; and other
methods krigWit iFtHE BAE THO R AFPREERH "composition, "used HETEM IHCIHIES S k& 5F materials
which comprisgdheicompasitiom-as-welli as.reaction products aathgechmpesitioni:grodudtsiformed als
of the composition. ,iox..l,l.l_\;%lh?:&?rm,"%QD’,mer' is g macromolceular compound prepared by
olymerlimg FORGMErs St the Saa 67 Giftéfent type. "Boiyimer” includes homopaishners; 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 O 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 contaiTnin " in golymerized
form, a majStRAM{BH Mercent of an olefin, for example ethylene or prop'i%i‘n‘é%@gs[gﬁ R 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 tﬁﬁft%’t”ﬁﬁﬁ@iéﬁf%lf)"p}éﬁfﬁ’éﬁ)lf?ﬁ’ﬁfg’r}r?fgﬁ%?ﬁé‘? “j"’%’ﬁﬁj optio‘ﬁ"é‘lgl)‘372 %@ff‘ %Sé?rﬁ‘%'rise at léast one
polymerized:eoaongier:[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 thiqnally may comprise at Igast one polymerized from o no
m et. [001.268THe tefth "alkyFmhei8ed-heteifi’ refets 10 BRIGHEH SF BROPATRHEE  Eaturated or
unsaturated.aeyche:bydrocashon radicalNoghmiting examples efsuitallealky) radicals-inclide, for
example, methyl, ethyl, n-propyi, ifropyl, 2-propenyl (of allyl), vinyl, n-baiyl, thirtyl, i-butyl, (o
2-methylpropyt)tate’ ‘%ﬁ*é!a&;ﬂ%’ﬁé\i%“ﬁﬁé? % ”Carbé‘n‘g’a‘t‘éﬁ’%ﬁ%%fﬁ” ‘I’helt%tr*rg’ﬁf" §5%§%’ni§%d alkyl," as
used hereimyagfers to:analkytds justidescribed inwvhich:orgrominbee hygrogen 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 peierogyclﬁoglgyl, halogen, ba}lqg_!g(y[,,T Iyg‘roxy,
amino, phoé&@ﬁaé, alkb, BT o Hhitto; and Combiflatioh< thereor Saitde SbLtEEd alkyls
include, for examgie;: hepzy, Wifluoromethyhand:thelike - \WEQI20F0/021762RETHIS2008/034875 28 or
linked to a common group such as " methylene or ethylene moiety, The aromarig(s) may.include
phenyl, naptithyl’ ar: %‘n?g BT AREBID &(‘érll}g”/l‘f}ég‘rﬁ’gﬁ%%){ ers’ %ﬁé“a?%é have %}%r{tl '(12)’0%5%%& atoms.
[00123] TEST METHODS [ 24]Flexural modulus is determined in accordance wnh ASTM D790-00.
[00125] Meliflew ratet FRI is;measured in@sgordance:with ASEM, D:1238:01dest mithed at 230" with
a 2,16 kg weight for propylene-based polymers. [00126) Xylem:, Sthilts (XS)is mepsured ysing a H
NMR. method 4&ibad . €. HELREH frofh OE S 2AGE 5t & rafe SF80CTmIn, cooled at the same rate to
0C, then heated:again atihe p:to 450 Hieldiat:150EHOr B minutes:aridithe hdatedofrém 256C. to
180C at 1.25 'C/miri. The Trw, is determined from this last cycle by calculating the onset of the
baseline até’ﬁ’(ﬁ())*rfgt‘hbé:!ﬁg’a‘ﬁ}ﬁ}@”c‘ﬁir“\‘/gé%.}[ﬁbi?z(]d é%ﬁéhép%rﬁg%c:%‘a%?elgfo%ilc%]((gl?(g’?h purity indium as
standard. [00130](2) Purge theconstant 50 tnl/3.mm flow rate of nitrogen constantly. [0(131)(3)
San.plc prepasation W 20L0/021L162PCT/S2009/034825:291Gpmpressian.mold-de8 §of-powder
sample using a 30-G3021-1-18-CX Wahash Compression. Molder (30 ton): (a) heat mixture, at 230 "C
for 2 minute’d ‘ﬁfiﬁ%ﬁ%é’&??&g%‘é"%%l‘]&??tﬁél%‘glr%’plfeﬁa{f"trﬂE‘Jé’z‘i"fﬁré é”‘r{ﬁfig}é%r)”\ég%g%ﬁﬁuﬁ()} 'fcéihéé%[gégure. for 1
minute; (e) Geohthe:samplétodoF andhetdfor2lminutes with 20:torr prébsureiq(d) curthéplaque into
4 of about the, same size, stack them together, and:repeat steps (@) (@)n gidentahomogenize.
sample. 100132](%) Wéi"éh}[aicpi@éé]gf ‘éégrﬁ%?e “(B@régégggly@igt\?vﬁﬁ% t?%“mqggf?rgr%\tr?g}:s%grﬁ%le plaque
and seal it ircanstaridardhaturmimenTsamplean: Placelthl sediEd pan Contaring e &alipleon the
sample side,of the. insttumenthead/cell and placeian smply-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 (iij) Ramp 80.00 "C/min to 2.40.00 "C (hi)
Isothermal f@:4300 min an cmbodiment, the catalyst composition includes 2 mole vatio of SCAL

SUAZ that is less than or squal 10 1, or 0.1-1.0: 1 In & further cimbodiment, the BUATISUAL

mole matio 18 0.1-0.9:7, or 0.2-0.5:1, Mot bounded by any particular theory, it has been lound

that maintaining the SCALSCAZ mole ratic to lgss than or squal to 1.0, adventapeousty

enables both SCAS 1o contribuie to the properties of the formant propylene-tased polymer.

OV R i y o Vhaatiesiter Mrmidieys
A The M-EED includes an actvity lmiting agent (ALAJ An Tactivily imHing

acent” as used horein is o material that reduces calalyst activity at clevated temperature,

e e



(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 b 1&HpErature. Draw another line from through the deflechGA BT NG &HRE 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 mternal standard. An allquotlofw';‘tl”e qxtra{ct}i{sggﬁhaken.V\/J:ggrrrégd nang ql.and then
filtered to refiBve-aly prECTBITEN Figh holeAutsr WeTHRT polybropylene and solid partléles The filtered
liquid is injegted:onio H}mS‘ed}%dma@apﬁlIaﬁyfﬁhﬁomtbgrapwlwmmnm@ﬁ@ @*otd"lW@m‘ﬂ AS
2010/021762PCT/US2009/034875 30Q lumn. injection tive. amaL ied.gemponents
are calculateélegased on megwgﬁgjﬁ? of %?o g}grge%f[% (fgtct%tdg fo%%?G%l/% qgvlaquﬁlmﬁgﬁ%r? céxzfmples of the
present diselosute will fioly berprovidst ' Q0F3T EXARMPEES! 190%81 1E“x‘é\i=ﬁ"‘k 1H0T36E)
Proeadalysts: {0010 A. BracatalystiViallisa commercial SHAGTM 320 oatalyste:52.uthmelTi and
10.34 wt% of di- isebutyl phthalate (DIBP). p01411B. Procatalyst 1910-29-2 |s Prepared accordlng to
the procedufeFsr EEANSEAGRE: SR 0 8 PHOVISIAL BAE R ABPIc AHon N6  81/T41 96% fed on
December %1211290[831&1%@’1?0@ @%ﬂ@trmgfﬁWlﬂIﬁﬁd&dﬁcmmﬁaled byreferengirhereinsRrocatalyst 1 91
0-29-2 contaips wt % of Ti and 14. 85.wt "A) of 3- meth y1-: utyl-1,2- I grizoate,
(00142] (2) E ?t JEE’I‘écét%h Tior Comsponents 595450 6ne ‘"’lii‘ié‘*a}éy o}{aet}g%megg
Bis(perhydreisapinolino)dinie] "m%yslk@ne*@awpeﬂ émd)qrrzf’niqaen’tb%y@eﬁ;z}en‘é b (6’rﬁﬂ<doﬁ0r)
dicyclopmat Idlmethox silane DAB- thox thoxyphengxy)hexyloxy) 1BDES:
dllsobutyldle)’gﬁox%‘lféng Bi POMS B%ggpgo%%é%etﬁéﬁ@%l%}aéig %&D%/I% p&?II})Xlmeti:ytljtlj%llrggefr|oxy5|Iane
DnBDMS :imethoxysi lane IPM: isopropyl myrisiate MOIDES: methyleyelohexyldi boxysilane
WICILDMS g:dethylcyciohexyltimethexysilad PEEB thykpekthoxybenzoateR €S peratures for
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herein, colalyst  achivilies  are to compensate for differsnt mopomer
concentrations dus lo temperature.  For example, i liquid phase {slurry or soiution)
polymerization conditions are used, a ¢orrection factor fo accound for reduced propyiens
solubiiity in the reaction mibdture at elevated lemperaiures is included, That is, the catalyst
setivity is “novmalized” to compensare for the decreased solubility cornpared o the lower
reyiperature, especially a 67°C standard. The "normuahized” activity, af lempersture T, or AT,
is defined as the measursd activity or {weight polymer/weight catalyst/hy) at temperatiure T,
multiplied by a concentration comeciion factor, [PETIYIP(TH], whore (Be7Y 1w the
propylene concentration at 67°C and [P{TH] 15 the propylene concerdration at emperature 1

The equation for normalized aotivity 1s provided below,

JART

Mormalized Activity (A= BT x Activisy(T?
[BO5E] In the equation, the activity at temperature T is muliplied by & rauo of the

srovviene concentration at 67 0 to the propylene concentration af temperature 1. The
resulting normalized activity (A), adiusted for the decrsase in propylene concentralion wih

3 iy 3 - Turmd  oetrasi i 11MoAET  URTUTT
temperature increase, may be used for comparizon of calalyst solivides upder varying
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triethylaiuminum solution in isooctane and a 5.0 vtit% catalyst slurry in mineral , data tables below) and
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sien b Sl ihe congilions Usid 1l .
aré fitished into the Feactor with isooctane using a

high pressuietatalyst injeetionpmp. 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 Procataglyst VI OH gsipgdonor ag; SCA is used<as a baseyline. The resudts are listed in Table
2. Data in Table 2; are used tq greate standard curves (figures arng 2) to gengrate equations for
calculating "standard" value for comparison with polymers produced with catalyst compositions having

aM-EED, T 2 Polymerization Performance and Polymer Properties for DIBP-ProgatalysilD Donor
System Rﬁ%@ﬁro-w& TECA EAtalar NUmber it Ve t‘ﬁ%ﬁé")“a—b%fgi‘“{‘/‘l’gsﬁéi A7.0 134054241050
15.41.0 3-05438413-© B8 Liuts¥0. 75196 10054481 101:3:3:0548:D V08D 8548 #1090 ¥J:0549'V10:3
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2009/034 875 - 12-02-2010 68316A Table 3 Polymerization Performance and Polymer Properties for
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Company). Under gas phase pelymerization conditions, monowmer selubility is normally not
a factor and activity {s generally uncorrected for emperature difference, That is, activity and

normalized activity are the same,

[G6h] The "normalized activity ratio” is defined as Ag/Ags, where Ay is the activity ot
tempergture T and Ay is the activity wt 67°C. This value can be used as an indicator of
activity change a3 a function of temperature. For example, an AjgpfAse equal 1o 3340 shows

N

that the catalyst activity at 100°0 is only 30 percent of the catalyst activity at 6790, [ has

heer Tound that gt 100°0, an Aje/Ag tatio of 35% or jess vields a catalyst sysiem: that is 2

self-limiting sysiem.

L The ALA mayv be an sromatic ester or a derivative thereof, an aliphate ester or
derivative thereof, a diether, o pelyfatkviene glycoly esier, and combinations thereol.
Wonlimiting examples of suitable sromatic esters include Cryg allyt or cycloalkyl esters of
arcmmatic monocarboxylic acids. Sultable suhatituted derivatives thereof include compounds
substituted both on the aromatic ringfs) or the ester group with ot of more substiuents
containing one or more Group 14, 15 or 16 hetercaioms, especially oxygen. Examples of
such  substitnents  include  {polvialkylether, oycloalkviether, arylether, aralkyiether,
clieyithinether, aryithioether, dialkylamine, diarylamine, diavalkylamine, and trialkyisilane
aroups. The aromatic carboxylic acid ester may be a ©.g hydrocarbyl ester of benzoic acid
wherein the hydrocarbyl gronp is unsubstituted or substituted with ong or more Group 14, 15
or 14 heteroatom containing substituents and Cig {polybydrocarbyl ether derivatives

thereof, or e alkyl benvoates and C. ring alloviaed derivatives iherenf, or methyl
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bemroate, ethyl benzoats, propy! benzoate, methyl p-methoxyvbenzeatz, methvl p-
o A K - w K
sthoxybenzoate, elhyl p-methoxvbenzoate, and ethyl peethoxyvbenzeate, In an embodiment,

the aromatie sarboxvlic acid ester is ethyl pethoxybenzoss,

{863 i an embodiment, the ALA Is an aliphatic ester. The aliphatic cster may be a Co
{ag aliphatic agid ester, may be a mono- or 4 poly- (two or more) ester, may be straight chain
or branched, may be saturated or unsattwated, and any combination thereol The Ua-Usp
aliphatic avid ester may also be substituted with one or more Group 14, 15 or 16 heleroaion:
coftaimng substituents.  Monlimiting exemples of suitable Cp-Cyp aliphatic acid esters
include Cyae atkyl esters of aliphatic Casy monocarboxylic scids, Cogp alloyl esters of
atiphatic Cyae monocarboxylc aoids, g allyl mone- and diesters of aliphatic Cay
monosarnoxyiic acids and  dicarboxviic awmds, Ciu alkyi esters of aliphatic O
moneearboxylic acids and dicarboxyhic acids, and Cage mone- or polycarboxylate derivatives

of Cogn (polyigiveols or Uaine (pobvigivent others. In s further embodiment, the O4-Csp

aliphatic acid esier may b‘zammm‘ myristate and/or di-n-butyi sehacsts
M3 i an embodiment, the ALA is isopropyl myristate,

[Hi64] In an embodiment, the ALA I5 o dicther. The digther may be a dialkyl diether

represenied by the following formula,

e CHy e f!; B v T opd
f
0065]  wherein R' to R are independently of ons another an atkyl, arvi o avalkyl group

N 7

wving up o 20 carbon atowms, which may optionally contain o group 14, 15, 16, or 17

heteroatom, provided that B’ and R° may be a hydrogen atom, Nonlimiting examples of
suitable digloyl ether compeunds inchude dimethvl ether, diethyl ether, dibuty] ether, methy!

Lad

cthivl  ether,  methy!  butyl  ether, methyl  cyclohoxyl  ether, 2 Z-dimethyl-1.]

W .

~

dimethoxyprapane, 2. Z2-diethyl-1,3-dimethoxyrropang, 2.2-di-petmayvl-1,3
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bis(methoxymethylifluorene, In a further embodiment, the diatkyl ether compound is 2,2~

ditsobutyl-1.3-dimethogypropane.

[B8a5] in an embodiment, the ALA iz a polylalicylene glveel) ester Nm‘zhmmng

X

o

examples of suitable pobvialkviene glyveel) esters include polyfaliylene giveol mono- o
dincatates, poly(alkylens glyeol) mone- or dismyristaies, poly{alkylene glycol) mone- ¢ i di-
laurates, poly{alkvlene glycol) mono- or di- sleates, glyceryl tri{noetate), glyceryl tn-ester of
Ca.o aliphatic carboxyile acids, and amy combination thereof. In an embodiment, the
noly(alkylene glyco!l) molety of the poly(aikylene glycol) ester is a poiy{e thviene glycal).
HEH i an emboediment, the molar ratio of aluminmm o ALA may be 148537, or 2.0
3011, or 4-30:1. For ALA that confains move then one carboxylate group, all the carboxylate
groups are considered effective components. For example, 2 sehacate molecule Conalng 1wo
carhoxyiaie functional groups is considersd w have two effective functional mole cules.
BOGRT  In an embodimen, the catalyst composition includes 5 mole ratie of Al 1o M-EED
of 052501, or 1.0-2001, or 1.5-158:1, or less than aboul 6, or less than sbouwl 5, o jmss than

4.5,

e ratic is 0.5-4.0:1. Mot wishing to be

[es! Iy an embodiment, the Al

bound by any particular theory, it is beligved that the AVM-] PETY mole ratio of (5.1 10 4001

provides a sufficient amonst of aluminesm to support the polymerization reaction at normal
polymerization iemperaiures.  However, at elevated tenmperaturg {duc 1o a temperaiure
excursion or 2 process upset, for example), more aluminum species react with other catalvet
components, This leads wo an alumimum deficiency which slows the polymerization reaction.
The aluminum deficiency causes 2 comesponding reduction in the number of electron doners
compicxned with the aluminum. The fi‘fb{f. eleciron pairs of the non-complexed donors poisen

the catalyst sysiem, which self Hmits the reaction.
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178 As used hersin, “lotal-STA” is the combined amount (in tnoles) of SCAY and
SCAD. In other words, total-8CA = SCAT(mele) + 8CAZ {mole). The amount of ALA Iy
M-BED ephances catalyst sell-limiting capability at slevated temperature, while the amount
of 8CAT provides stiffness and the amount of SCAZ provides mek flow in the resuliant
polymer. The total-SCA to ALA mole ratio is 0.43-2.3%:1, 0.54-1.85:1, or 0.67-1.5:1. The
SCAY o total-8CA mole retio 18 0.2-0.5:1, 0.25-0.45:1, 0.30-0.40:1, Applicanis have
surprisingly and unexpectedly discoversd that a controfled mole ratio of: (1) 8CAT 10 SCAZ,
and/or (2) total-8CA o ALA, and/or (1) BCAT to total-SCA vields a resultant polyrner with

the unigue properties of high melt flow and high stffness in conjunction with the operability

property of a seff-limiting catalyst.

10671 in an embodiment, the mele ratio of totel-5CA 1o ALA 15 0432330 and the

nole ratio of SCAT to tolal-8C4 15 0.2-0.5:1.

Ol

o721 In an embodiment, the catalvst composition includes a mole ratio of Al to fotal-

SCA of 1.4-85:1, or 2.6-53001, or 4.0-30: 1,

(G373 In an embodiment, the catalyst composition includes a mole ratio of toial-5CA o

AL4 that i less than 1.0, Surprisingly and vnexpectedly, if has been found thal maintaining

v -

the mole ratio of toml-8CA to ALA to less then 1.0 significantly improves reactor

L. kS

(7 4] Inoan embodiment, the M-EED comprises dicyclopentyldimethonysilane (SCALY,

a meli-flow promoting corposition (SCAZ), and isepropyl myristate (ALA). In a further

embodiment, SLCAZ 18 selected from methylevelohexyidiethonysilane,
diisgbutyldiethonystlane, di-p-butyl-dimethoxvsilane, n-mrapyliristhoxysilane,
benzyiricthoxysilane, hut-3eenvliricthoxysiiane, I-firiethoxysilvl-2-pentens,
{iriethoxysilyhovelohexane, tetracthoxysilane, Tegthoxy-2-{6-(Z

cthoxvphenoxyihexyloxyibenzene, 1-zthoxy-2-n-pentowyberzene, and any combination



* 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) &CAIl + SCA2 + ALA Immo() scat/ KA2/ A1A He (ace( Activity 4159474178 MF (MIN XS BO

((ee) Total OYBGHEMRE B - 00 (414111) Total 0f100mers (0.1 - 01.) (0) PEITIIFTr7(3)

iB475] The ole rlios between various components of the present catalyst composiiion

are set forth below in Table L

Tahle 1

R R

LAbto T 162003
Alto M-EED 0,521
M-EED 16 T3 1100 1
Ab o tonei-5CA 1483500
| Alte ALA 14851

t0tal-8CA 0 ALA 0.43-2.33:1

{8476} The present catalysi composition may comprise wo or more embodiments
disciosed hereln,

Fi 7T in an embodiment, a nolymerization process is provided. The polymerization
process neludes contacting propylene and optionaily at Jeast one other olefin with 2 catalyst
coraposition in & polvmerization reacior under polymerization conditions, The catalyst
composition may be any catalyst composition disclosed herein and includes & proeatalyst, a
coeatalvst and g mixed external electron donor (M-EBED) oomprising a {irst seloctivity controt
agent {SCALY, a second selectivity control agent (8CAZ), and an activity Bmitng agent
(ALA). The process alse includes forming & propylene-based polymer having & meil How
rate (MEFRS of at least 50 2/10 min ss measuwred fu accordance with ASTM D 123801 test

R

macthod at 230°C with a 2.16 kg weight,

£ eul + : ; et tidme Ererad s Ve et e lumer wn i
[0478]  In an cmbodiment, the process mncludes forming o propylene-based polymer wnth

a MEFR arester than 60 ¢/10 min, or grester thar 70 g/10 min, or greater than 80 g/10 min, or

]

greater than 100 /10 min, or greater than 50 g/ 10 min to about 1000 g/10 min.
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{8679} The process insludes contacting propylene and optionally at least one other olefin
with the catalyst composition in @ polymerization reactor. One or mmore olefin monomers can
be introduced into the polymerization reactor along with the propylene 1o react with the
catalyst and to form a polvmer, 8 copolymer, (or o fuidized bed of polymer particias).

MNoniimiting examples of seitable olefin monomers include ethylene, Caze v-oleling, such as

i-butene, I-pentene, I-hexene, 4-methyl-l-pentens, 1-heptens, l-ooiene, i-decense, 1-

dedecene and the like: Cone diclefing, such as 1 3-butadiene, |, s—pen@mlmre norbornadiens,
S.gthylidenc-Z-norbomene (EMNB) and dicyclopentadiens;, Ciap vinyl aromatic compounds
including  styrens, o-, m-, and p-methylstyrene, divinylbenzene, vinylbiphenyl,
vinyinapthalsne: and helogen-substituted  Ciae vinyl aromatic compounds such as

chiorostyrens and Huorostve

[0&G] in an embodiment, the process includes coniacting propylene with the catayst
composition o form a propylens homopotymer

: ot

(0081} As used herein, “polvmerization conditions” are fempershure and pressure

%

parameters within a polymerization reactor suitable fov promoting polymerization betwesn

L

fhe catalyst composition and an olefin to form the desized polymer. The polymerization

.

process may be a gas phase, a shary, or & bulk polymerization process, operating in one, of

more than one, polymerization reactor,  Accordingly, the rcﬁv: serization reactor may be a

veacior, of & combinafion

gas phase polvmerization reactor, a i }nzi‘: ohase
thereof,
2] I is undersiood that provision of hydrogen in ihe polymerization reaotor s 8

component of the polymerization conditions. During polymerizetion, hydiogen 16 a chain
ranafor agent and affects the molecnlar waight (and correspondingly the melt flow rate) of

the resuliant polymeér.

FHERKY in an embodiment, polymerivation occurs by way of liguid phase polymerizatio
HEIREY in an embodiment, polymerization ocours by way of gas phase polymerization.

As wused hevein, “gas phase polymerization” is the passage of an ascending fudizing
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medium, the fluidizing mediim containing one or more monomers, in the presence of a
cataiyst through a fluidized bed of polymer paricles maintained in a fluidized state by the

i

sohd confacting

h'“

fluidizing medivm,  “Fludization,” “fuidized,)” or "hudizing” is a pas-
pracess in which a bed of finely divided polvmer particles is lifted and agitated by a rising
strearn of gas. Fluidivation ooours in 8 bed of particulates when an upward flow of fluid
through the ioterstices of the bed of particles allaing » pressore diffsrential and iricticnal
resistance merement exceeding particulste weight. Thus, & “fleidized bed” is & phurality of
polvmer particles suspended in e fhuidized state by & stream of a fuidizing medium, A
fluidizing mediom™ is one or more olefin gases, optionally & carrier gas (such as Hy or Ny

and optionally a Houid (uch as a hydeocarbon) which ascends through the pas-phase reactor
RS A typical gas-phase polymerization reactor {or gas phase reactor) includes o
vesse! {fe., the reactor), the fluidized bed, a distribution plate, nlel and owtlet piping, a
compressor, a oyele gas cocler or heal exchanger, and o product discharge system. The

e and & velogity reduction zone, esch of which g located sbove

z_,‘.
il
T

vessel includes a reaction 70

in the resction zons. In an embodimeni, the

f.L

the digiribution plate. The bed s locate

fluidizing mediumn inchudes propylene gas and at least one other gas such as an olefin and/or

2 carrier gas such as hydrogen o irogen.

{3861 In an embodiment, the comiacting occurs by way of feeding the -;:ataiyst
composition inte the polymenzation resctor and  introducing  the olelln mio the
polymerization reactor. In an embodiment, the process incindes contaciing the clefin with a
cocatatvst, The cocatalyst can be mixed with the proostalyst composition {pre-mix) prior fo
the infroduction of the procatalyst composifion into the solymerization reactor. In another
crmbodiment, copstalvst s added to the polymerization reactor independently of the
procatalvel  commosition. The independent introduction of the oogatalyst mio the

bvmerization regclor can ocour sirmultanecusly, or substantially simultancously, with the

A}’bg x.-un‘};’}w{?la ton feed.

M
!
bned
5
2
8
{.v

{BRTY in an embodiment, the process inciudes mixing or otherwise combinng the M-
EED with the procatalyst composition,  The M-EFIDY can be complexed with the cocaralyst

and/or mixed with the procatalyst composition (pre-mix) prior 1o contact betwsean the catalyst
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compogition and the propylene,  In another smbodiment, the M-EED (or individual

components thereofd may be added independently to the polymerization reacior,

HIBR] in an embodiment, the process includes rmainigining a SCALSCAZ mole ratin of
-1
jaRY] i an embodiment, the process i3 2 gas phase pelymernization process and inchades

mattaining a hvdrogen-to-propylene (/0y} mole ratio fess than 030 (e, 03001, or less
than 0.20, or less than 0,18, or less than .16, or less than .08 in a gas phase reactor

Although high melt flow can be achieved by using a high level of hydrogen, it has been

found thal propylene-based polvmers produced by way of a Hy/Cy mole ratio greater than
0.30 significantly accelerate an unwanled reaction of hydrogenation of propylene in the

presence of oxidized carbon stes! of & reactor and reduce catalyst activity. On the other hand,

1

the resultant propyviene-based polvmer formed by way of the present process avouds

excessive amounts of catalytic residue as the Hy/Cy mole rado is lesa than 0.3, In a ferther

embodiment, the process is a gas phase polymerization process ag disclosed in copending

application i o (Astorpey Docket Mo, 68345, filed

on February 23, 2009, the ;:mim content of which is imcrp@ra ed by reference herein,

G891 In an embodiment, the gas phase polymenzation process iicludes manlaining »
0

hvdrogen vartial pressure below about 80 psi, or below about 71 psi, or below about 63 pai.
091} in an embodirnent, the process includes self-limiting the polymerization process

§

when the temperature in the reactor i3 greater than abow 100°C

I In an embodiment, the process meludes forming the propylene-based polymerin g

single polymerization reactor.

{931 In an embodiment, the process includes forming a propyiene-based polymer

3 2 * f

containing at least about 3 pom ALA and a MFR greater then about 50 /10 min. The ALA

is present in an amount of &t least about Appun, or af least about 1U ppm, o7 ¢ least about

i
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20 ppm, or ai least abow 30 ppim, or at least about § ppm to about 1530 ppm. Inoa further

embodiment, the ALA s ssopropyl muyristate (JPM)

[394] in as embodiment, the process inclodes forming o propylene-based polymer
containing less than about 200 ppm silicon, In a further embodiment, the process includes
forming & propylens-based polymer containing less than 200 ppmy, or from abowt 1 ppm 1o

about 24¢ ppm, or fror aboui 2 ppm to sbout 100 ppro dicvicopentyldimethoxysilane.

ety and unexpectedly discovered that the presence of the

w

j0095] Apphicamts have surprisiy
mixed external electron donor provides a catalyst composition that is seli-limiting and
produces propylene-based pelymers with bigh stiffuess and high mell flow o a single
polvimerization reactor under standard polymerization conditions, Not wighing to be bound

by any particular theory, it is belleved ihet the ALA improves operability i the

nolymarization reacior by preventing a run-pway reaction, polvmer shesting, and/or poiymer

agglomeraiion caussd by excessive heal.  Provision of BCAT and SCAZ ensbles the

S

:

formation of a high stiffness % e, Tur sreater than sbow 170°Cyhigh melt flow ({2, greater

than 50, or 60, or 7, or 10 /10 min) propviens-based polymer with utilizaiion of slandard

hvdrogen lovels,

[((396) in paﬁicuéar, the present process advantageously produces & propylene-based

i# i e ; . Sttt SR TS N v evrn s
pobymer with high s 3 aned high melt flow without visbreaking—a conveniional

r(‘

sechnique for increasing the MFR bevond the hydrogen usage limdtations of a reaatoa‘--gmde

high stiffness propylene-based polymer ag deseribed mrovicusly, The term “vishreaking™ {or
“umckiﬁg”}, as used herein, is the thermal andfor chemical degradation of 3 polymer into
smaller polymer chain segmenis. Vishreaking typically inchudes placing a pf_‘si}f' zr {such as

polypropylene) in a meli state in the presence of a free radical initlator (such as a peroxide) o

degrade the polvpropylene into smailer polypropylens chain segnents.

j0a971 Visbreaking has many side effects such ag formation of q%sgtoa_n;msiliov;z prodhiets
{which oftentimes cause odor and food incompatibility problems), added cost, and 2
reduction in polvimer stiffness. Visbreaking increases the mell fow yet deoreases the weight

3 *
!

average molecular weight of o polymer.  Visbreaking abhers the physical and ches
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siruciure of the initial polymer. For example, 2 visbroken polypropylens homopolymer will
exhibit & reduction in phyzical snd/or mechanical properties {u, a lower tensile modulus, a
fower {lexural modulus) comparsd to an uncracked propylene homepolymer with the same

MFER.

O8] I an embodiment, the present process forms an uncracked propylene-based
polymer. A :po:i}fr;wr that is “encracked” has not bean subject fo & visbresking procedure. In
other words, an uncracked polvimer i5 3 nml—dmrmal]}' anwd/or non-chemically degraded
nolymer.  An uneracked polymer does not exhibi g desline of physical andfor mechariesl
propertics related 1o molecular weight (sueh as flexural modulbus and/or tensile properties), as
does 2 vishroken polvmer at the same MFR. In addition, an uncracked polymer does nol
experience decomposition products (which oftentimes cause odor and fosd incompatibiiity

probiemst as does 2 vishroken polymer.

16499] In an embodiment, the process ncludes forming propylens-based polymer

having one or more of the following properties: (1) an uncracked propylene homopolymer

(0 a MPR greater than 50 g/ 10 min, or greater than 60 g/10 min, or gremter than 70 g/3{ min,

or greater than 180 ¢/10 min ; {Lbi.i‘ y 5 wyviene solubles content of less than 4 wt %, or less than

z I3

3% wt W, or from about 001 {0 Jess tha wt % (V) a Tygr preater than about 163°0,

or greater than 170°C, ¢v) an ALA content at least about § ppm to abouat 130 ppm; {vi}a

sast-reacion oligomer cordent (“Giig{k. ners” are U — g compounds) less than 3000 ppm, o
less than 2806 ppm, or from about 500 ppm to about 3000 ppmy andfor (vil} & posi-reactor

oligomer confent about 10%, or sbout 20%, or aboutr 40% less than the ¢ wresponding
olignmer content of a propylenc-based polymer formed by a catalyst composition which
contains a single stiffness-promoting composition SCA {and optionally an ALA) un adder
similar polymerization conditions. The ferm “posi-reactor oligomer content,” &3 usad herein,
is the oligomer content of the resudtant propylene-based polymer immediately after axit from
the polymerization reactor. In other words, “post-reactor ofigomer content” is the olipomer
content prior to any post-polymerization wushing procedure, heating grocedure, andior

refining procedure.
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31001 The present polymerization process may comprise two or more embodiments

dizclosed herein

[B8161]  Jo an embodiment, a propylens-besed polymer is provided. The propylene-based
polymer includes at least 5 ppm of an activity Hmitiog agent. The propylene-based polymer
has # mell {low rate greater than about 50 /10 min. The AL A may be present in an amouni
of at least Sppim. or 4t least 10 ppm, o al least 20 ppm, or &t least about 30 ppm, or st least
about § pom to about 150 ppm. In s further embodiment, the ALA s isopropyl myrisiaie

{IPR.

(91621 In an embodiment, the propylene-based polymer has a MFR greater than 60 g/1d
miin, of greater than 70 /10 min, or greater than 80 p/10 mum, or greater than 100 2/10 min,

or greater than SO g/ 10 muin to about 1000 /10 min

1001031 1

3

y an embodiment, the propyiene-based polvimer is uneracked.

b

01041 In an embodimert, the propylene-based polyines is o propylene homopelymer.

n an emboediment, the propylene-based polymer includes less than aboul 200 ppm

b

(80145
siticon, or from about 1 ppm to about 200 ppm, or from sboul 2 pn to about 100 ppm
siticon. Ina farther embodiment, the propylens-based polymer includes from gbowt 1 ppm o

ahout 200 pom dicvicopentyldimethoxysilane.

1081867 [u an embodiment, the propylene-based pelymer iucludes a property selecte

freanns (3} & xylene solubles content of less than about 4 wit %, or less than ahout 3% or S, OF
from about 0.1 wi % 1o loss than about 2.0 wit %6 (i) 2 Ty greater than about 105°C, or

greater then about 170°C; (i) a postereactor oligomer content less than abont 3000 ppm, or
less than about 2500 ppm, or from shout 300 ppm to about 3000 ppmy and (v} any

combination of (-{il}

{80107 in an embodiment, the present propyiene-based polymer has low or ao

toxicity, low or no decomposition products, and/or low or no uapleasant odor,
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{BUI0S] The present propylene-based polymer may comprise two or roors smbodiments

disciosed hersin,

fHIT 8] DEFINITIONS

LU Al oreforences to the Periodie Table of the PElements herein shall refor 1o the
Periodic Table of the Elements, published and copyrighted by CRC Press, Ing,, 2002, Alse,
any references fo & Group or Groups shall be to the Groups or Groups reflected in this
Periodic Table of the Elements using the {UPAC svsiem for numbering groups.  Unless
stated to the contrary, implicit from the context, or customary in the art, all parts and percents

are based on weight, For purpeses of United Siates pateni practics, the contents of any

!"g*(

paiend, patent applicaiion, or publication relzrenced herein are hereby in,c:'arpemie.r’ by

reference in thelr entirety (or the eguivalent US wversion thereol 38 so incorporated by
reference). especially with respect 1o the disclosure of synthetio techniques, delinitions (o
the extent not inconsistent with any definitions provided herein and genoral knowledgs

the art,

SHIR RN The term “comprising,” and derivatives thereof, 18 not intended 1o exclude (he
presence of any additional component, step or procedurs, whether or nol the same i3
disclosed herein. In order to avord any doubt, all compoesitions elaimed bersin through use of

the terty “corprising” may include any addiional additive, adivvant, or compound whether

3

polvmeric or otherwise, unless staled to the contrary. In contrast, ihe ferm, “consisting

D

essentially of " excludes from the scope of anv succeeding recitation any other component,
step or procedure, oxcepting those that are not essential to oporability, The term “consisting
© excludes any component, step or procedure not specifically delineated or listed. The term

“or”, unless stated otherwise, refers to the bsted members individually as well as in any

o binaion.

86112 Any numerical range reciied hersin, moludes all values from the lower value

the upper valug, in increments of ¢ne unit, provided that there is & separavion of at least 2

s

unils between any lower vaiue and aov higher value. As an example, it is stated that the

amonnt of & component, or a value of a compesitional or a physical property, such ag, for
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example, amount of a biend componens, softening temperature, melt index, sic., is between 1
and 100, © is ntended that all individual vahues, such as, 1, 2, 3, efo., and all subranges, such

i, 1o 200 85 w70, 197 1o 100, eto., are expressly enumerated in this specification. For

-
A

§

values which are less than one, one unit is considered to be £.0001, 0001, §.01 or 0.1, as
appropriate. These are only examples of what is specifically intended, and all possibie

covbinations of numeerical valpes between the lowest valuo and the bighest value

enumerated, are to be considered o be expresely stated in this application. In other words,
any numerical range reciled herein includes any valus or subrange within the stated range.
Numerical ranges have been reciled, as discussed hereln, veference melt index, meit flow

rate, and other properties.

[113]  The terros “blend” or “polviner blend,” as used herein, is a blend of two ar more

olymers, Such z dlend may or may not be mdscible (not phase separste i% at moleoular leveb
7 2R 1% y

Such a blend may or may not be phase separated. Such a blend may or may not contain one

o7 more domain configurations, as determived from transmission eleciron spectroscopy, Hight
scaitering, x-ray scatfering, and other methods known in the art

HHIT 1 4] The tzrm "composition,” as used herein, includes & mixture of materials which
comprise the composition, as well 25 veaction products and decorposition products formed

feom the materizls of the composition,

[8115]  The term “polvmer” 18 a macrormolecular compound prepared by polymerizing
monomers of the same or different type. “Polymer” includes homopolymers, copolymers,
terpolymers, interpolyimers, and so on. The term interpolyvimer” means a polymer prepare
by the polymerization of at least two types of monomers or comonomers, [ includes, but is
not limited to, copelymers (which usually refers w polymers prepared from twe different
typee of monomers or comonomars, terpelymers (which usually refers to polymers prepared
from three different types of monomers or comonomers), tetrapolyvmers (which usually refers

t0 polymers praparad from four different types of monomers of comonomers), and the like,

801161 The termn "interpolymer” as used herein, refers io polymers prepared by the

polyvmerization of at least two different types of monomers. The generic term inferpolymer
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thus inchudes copolymers, useally employed 1o refer o polymers proparsd from two different

IGONMMeTs, apd p‘j@is‘i'ﬁ“ﬁ‘ﬁ propare 4 from more than Dwo different I's’f"rL‘:, of monomers.

0117 The term “clefln-based polymer” is a polymer containing, in polvmerized fomm, g
majority weight pereent of an olelin, Tor example sthylene oy propyiene, hased on the total
weight of the polymer Nmﬂim‘;tﬁng exarnplos of olefin-based polymers inchude ethylene-

based polymers and propylene-based polymers,

fu;(u

I66118]  The term, “ethylene-based phlymer” as used herein, refers to 2 polymer
comprises a majorily weight pe::rc.@nt polymerized othylene moncemer {based on the tola
welpht of polymerizeble monomers), and opiionally may comprise il least one polymenzed

COMOanaGmer,

G019 The term, “propylene-based polymer,” as used herzin, refers to a polymer that
omprises a majority weight percent polymerized propylene raonomer {hased on the wial

iy

amount of polymerizable monomers), and optionally may comprise at least one polvmerized

COMOGROIMST.,

A28 The term "alivl,” as used herein, refers to a branched or unbra nohed, saturated
or unsaturated acvelic hydrocarbon radical, Noplimiting cxamples of suilable alkvl radicals

include, for example, maethyl, ethyl n-propyl, lpropyl, Z-propenyl (o allyl), vinyl, ne-buiyl, t-

Akt 1]

taryvl, -buty] {or 2-methyipropyly, ete. The alkyls bave | and 20 carbon aton

[OGE2Y The term “substituted aitkyl” a5 used herein, vefers to an alkyl as just described

e

s

i which one or more hvdrogen ator bound 1o any carbon of the atkyl is replaced by another
group such as a helogen, arvl, substituied arvl, cycloalkyl, substitued cyctoaliyl,
heierooyoloalkyl,  substiiuted  heterocycloalkyl, halogen, haloalkyl. hydrony,  amif,
phosphide, slkoxy, amine, fhio, rirro, and combinations thereol, Suitable substituted ailovis

include, for example, benryl, wiffuoromethyl and the hike,

160122} The term "aryl,” as used herein, refers to an aromatic substituent which may be

a single aromatic ring or multipie aromatic rings which are fused d together, linked covalently,
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H i ] ; Tin mrrverintio el ol
or linked to & commeon group such a3 2 methylene or ethylene molefy. The aromatic ring(s)

Lray]
4

may include phenyl, naphthyl, anthracenyl, and biphenyl, among others. The aryls have 1 and

20 carbon atoms.
HHIIZ3] TEST METHODS
91241 Flexural nedulus is determmined in accordance with ASTM 279000,

1601251 Melt flow rate (MFR) is measured in accordance with ASTM D 1Z38-01 test

i

method at 230° with & 2,16 kg welght for propylene-based polymers.

00126} Kylene Solubles ({8) is measured using 2 M NMER wmethod as described in U5,
Pat. Mo, 5,539,309, the entire content of which is incorporated herein by reference.

681277 Fing! melting poing (T 15 the temperature to melt the most perfect crystal in the
sample and iz regarded as & measure for isotacticity and inherent polymer orystallizablity.
The test is conducted using & TA Q100 Differential Scanning Calorimeter. A samnple is

Loy

heated from 0°C to 240°C at g rate of 80°C/min, cooled at the sarme rate 1o 0°C, then heated

apain at the same rate up to 130°C, held at 130°C for 5 minutes and the heated from 150°C w
180°C ar 1.25 “Climin. The Ty is determined from this last eyele by caleulating the onset of
the baseling at the end of the heating curve.

HI0128]  Testing procedurs:

60129 (1) Calibrate instrament with high purity indivm as standard,

B0I36T (7Y Purge the instrament head/eell with a constant 50 mi/min How rate of mitrogen

constantly,

6131y (3 Sample preparation:
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Compression mold 1.5 g of powder sample using a 30-G302H-18-0UX Wabash

s}

Compression Molder (30 ton): {a) heat mixtare at 230 °C for 2 minutes at sonfact

(b} compress the sample ai the same temperature with 20 fon pressure for 1

mingte; {¢) cool the sawple 1o 45°F and hold for 2 minutes with 20 ton pressure;

(dy vut the plague inte 4 of sbout the same size, stack them together, and repeat

sieps {a) ~ (¢} in order 1o bomogenize sample.
EERYS {(4) Weigh a plece of sample {preferably between § o 8 mg) from the sample
plague and seal it in g standard aluminum sample pan. Place the sealed pan contaiming the
sarnple o the sarnple side of the instroment head/cell and place an empty sealed pan in the
reference side. If using the auio saropler, weigh out several difforent sample specimens and

up the machine for & sequence.

133 {5} Measurements:

(i} Data storage: off

{11} Ramp 80.00 °Chmin 10 240.00 °C
{11} Isothermal for 100 min

{ivy Ramyp 80.00 *Cimin 10 .00 °C
(v} Ispthermal Tor 1.0U min

{viy Ramp 80.00 *C/min to 150,00 °C
{vii}y Isothermal for 5.00 min

{viii} Data S'i(:ug L on

{0y Ramp 1.25 “Chmin 1o 180.00 °C
{x) End of mﬁlneg

01 34] (&) Caloulation: Twr i determined by the interception of two lnes. 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,
E

[B0135] (ligomer content testing method: Oligomer comtent 18 measured by

)
extracting a polymer sample overnight in & chioroform solution containing n-hexadecane 85

an internal siandard. An alicuot of the cxtract is shaken with methanot and then filtered 10

remove any precipitaied high molecular weight polypropylene and sold particles. The

pad

filtered liquid is injzcted omto a fused silica capillary chromatography colwmn using cold
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on-column injection. Relative amounts of the extracted components are caloulated based on

the weight of polviner extracted.

t

0138] By way of example and not by Hmitation, cxamples of the present disclosure wiil

now be provided.
G137 EXAMPLES
0138 Example §

(00139 (1) Procatabysts:

37

661481 A Procatalyst VIOH is a commercial SHAC™ 320 catalyst containing 2.52 wih

of T and 10.34 wit of di-isobutyl phthalate {DIBP).

1001431 B. Procatalyst 1910-29-2 s prepared according to the procedure for catalys!
4949.35-1 in TIR, Provisiona! Patent Application No. 61/141,907 filed on December 31,
Z0GR, the entire comterd of which is ineorporated by reference herein, Procataiyst 1916.29.2

containg 3,61 wt % of 11 and 14.85 wt % of 3.methyi-S-tert-butyl-1,2-phenylene dibenzogts,

81421 (2) External Blectron Donor Components:

G420 (riethoxysilyDeyelohexans

BPIQ - Bis(perbydrotsogunoiino dimethoxysilane
Catere: Latboxy-2-n-penioxybenzens

D for D donory: dicyolopentyidimethoxysilang
DAB-5 e num—?—sé (Z-ethoxyphenoxyihexyloxvibenzene
DiRDESR: ditscbutyldiethoxysitane
DIPDMS - Dirsopropy ldimethoxyailang

DAATME — Dimethyidimethoxysilang

DaBDMS: di-n-butyi-dimethoxysiane

1PN sopropyl mymistate

MOhDIER: methyleyelohexyidisthoxysilane
MORDME — Methyicyelohenyidunethoxysilane
PEER - Fihyl - uhmﬂfb FOHTS

PTES - n-Propyirigthoxysilang
PTES: n-propylinethoxysiiane
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5-181 — POE (15} cooo faty soids ester
SERGETI b if:s /V”t“!e’mo‘wsz;ana.
SIB1928 00 butenyliriethorysitane
TEOGS tetrasthoxysilane

301437 (3% Polymenzation:

0144] A, Lignid Phase Polymerization is performed in liguid propylene in a l-galion
aninclave.  Afier conditioning, the reactors are charged with 1375 g of propylene and 2
targeted arnount of hydrogen and brought to 62°C. Bxfernal eleciron donor c.ompenem{ R
added 1o a2 0.27-M tricthyialuminum soluiion in iseoctane and a 5.0 wi% catalyst slumry in

mineral oil (as indicated in data tsbles below) and premixed at ambient temperature for 20

‘\1

minutes befors being injected imo thw reacior 0 initate the polvmerization. The premixed

o

ca'i.a.iya components are Tlushed into the reactor with 1sooctans using 2 high pressure catalyst
imjection pump. Afler the exothermn, the temperatwe Is confroiled to 67°C.  Total

polymerization time is | bour,

; . - JENEE . . ) - e
B0143]  Polymer properlies, including xviene solubles (X8}, oligomer content, and lwr
are melt flow dependont, Procatalyst VOB using D donor as 8CA is used a5 a hase lne.

P

The resulis are hsted in Table 2. Data in Table 7 are used io create standard curves (Flgure

el

i and 2) to generate sguations for caleularing “standard” value for comparison witl polymers

produced with catalyst compostiions having s M-EED,

ahle 2

i

Polvmerization Performance and Pelymer Propertics for DIBP-Provatalyst/i Doner Systerm

T : : Total | |
i R g L Pros p oty Otigomers| T
Run Pro- TEAl ¢ BCA Hy § Activity MF X8 1 BD g
| Number catalyst >~ 3RIYSLY tmmot)| (mmol)| (sco) | (kglg-hrd | (mint10 g3l (%) [{gice)! (Cua- S| Gy
l umber aaay&; i) 1 i {kgig ‘ { :
i i ; B | : (smm) 1 L
PRICRATE VOB L D 84 3 1D 3y 4.9 TAR: 043 ¢ TRT TR Y.
ey UVIGE T BT R4 0 0 SBe 1 73 1245l (42 Y
TPIgBA T VDE T DN B4 T i GE6 1 144 lodail pag |03y 1770
TTITEIA L Uik L DL A i R G N WM
TVImERE VEEE T 5. D) EIEEERR EE SR
PRLORAT L VIR | DG B4 o 4h 1ogos 379 457  1R2fl (47
FLhsas T VIGE | D 84 O 028 (Y0000 344 S0g 11771 040
TLORAE T VIR E D B Rg 1 008 180006 348 it 1.36] 0089
SROREG T VAGE D g4 1O (b (4h0ODi 239 1350 (.55 i

*Comparative



Table 6 Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D + Non-Silane
SCA + IPM) System Run Number Pro- catnynt SCAIOSCAZ2/ALA Pro- narlalint imti) 1841 (n1MO01)
SCA1 7 SCA2* ALA (mmul) SCAR/ ALA Ho Dem %@tlvlty (1ig19.90 I wrill ME BD LUMP) Total
OfMamma (Cu - Cat) (13;m1) total Olionmen (Cm- CO TN MORO Tyr ('C) ZIP ( 0) ('C) 7004318

0
VAD0 BAYNBZS/EPNIAX 414 223 5000 WHD-2 @008/015
‘ PCT/US 2009/034 875 - 12-02-2010
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Table 3

Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D +
Dialkoxysilane + [PM) System

Proe SRS« uF Tatat Total
R Pras T |soaz + %8 | Bo | Cligeren | Hllgerere ) T [Tor (0]
I
Numdsar| camiyur | SEATSEASALA | SIS o et 5 | @) | € -G | (G-t | 1 | )
IR — ot} e, LS00 (Pp)
L0837 | UI0H | DMOKOEARPH | B8 1] g_ﬁ LEANRE TR A7iAl VT
IO | vibB | THLhPEGIPE | B3 a 50236 Dt | 171 8] ¥71.6 |
el VACH PMCHDERFM (%] ¥ ¥ 205[252}F Qab E:5x] 7485 1178.51 176.0 |
rOaaC | vibd | CUCADERAPM | B3 a G.5% 85,8 [2.18] G0 g 2860 17651 1707
ROGAN | vioH | DAGDEBATM | B3 IRt 6.8 30.0 |86 030 | 2005 2188 17 ‘{ﬂ_?._
10841 \H% BDBPESAPM [X] P U235 bt |258F O 55 i)
T i BiiEDERAFM | 83 z (kD) 42,7 |253] 938 70,81 1788 |
LoNZE | vigB | GOBOERRPM | 357 | 32 .28 203 |246] 040 Pl 0.6 ]
LOGIE | ViOH OMDBERRPM 8.3 3 g 25 0.6 125 0.35 78.8: 170,
E—
%L‘L vigH N E] B35 | iogis_[1500D] VG711 983 (174] BJ9 | THIZ T TTve[ 17T ]
7 TOH | DAInd DRI ¥ @26 | asnans |I8GOD] 350 1577 izad] 039 | BeR LAY} 'a‘} 76 B
L1 V108 DImRBOMSIEN % X WaE f www (14OGOF Gt | JT07ed8] OAF | ieds T | 1704} 974 |
[CEBTe ] VISR | DioanGREibM X X T20 | wowera |ie0oa} 341 [ S07 {2An] 098 | 1773 738 __|1708] 179

* = Comparative

Table 4

Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D +
Trialkoxysilane + IPM) System

Pro. eaie] stav we | ;:uu Tewd iy o)
Rutt Pro- TEAL | BCAZ + H: | Actviy S | BD |Oligomars | Otigomers | Tur | Tur
Number| catalyst | SCAUSCAZALA ﬁ:g“ (mmol}| Ala sf:f {sec) | {egfg-nt} {"3';; {%) [{gfea}| (G -Gy} | Gu-Cn} | 'OV ] "G}
jmmal) | {ppm) | (D) tppm) .
JHHIR1Z Viog SIFTESHPM 5.3 20 .28 5RI15 12000 29,4 530 11,74] 040 1218 2484 170.2 ZE”E_‘
HE1t Bal:] DIFTES/HFM 0.0 20 225 asEsns 115000] A7 131 0.4 REIE] 248 KYAE Jog |
0808 | VAR P TERIPN 83 Z 555 | ssmane 15000] 357 | AB7 [26) 038 | 2u88 2708 [170.d[ 170.7 |
J0d08 | V10R DIETEEIPM E 2 ©E5 | yyib {16000} 319 |104G|ad8| 0.8 | goag 2824 [170.5] 170.8 |
0634 | Vi0B | DIPTES/IEM 3 P 98 | 3smans | 150000 347 |1138|570] 034 | 2162 2398 (170.3] 1705
S OE08 | _VinE DIFTESAEM : 2.0 25 . e 1150001 307 [1233/233] 039 | 7392 2548 14704] 1708
R A Y MM T T AR I T8 1035 | T0Ah |14000] zed | 9o {lea] 039
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Table 5

Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D +
Tetraalkoxysilane + IPM) System

Pro- SCM T genw NF T otnt il SO 1 )
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Table 6
Polymerization Performance and Polymer Properties for DiBP-Procatalyst/(D + Non-Silane
SCA + IPM) System
SCAY Yotal Towal
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* = Comparative
Table 7

Polymerization Performance and Polymer Properties for Non-DiBP-Procatalyst/(D +
Tetraalkoxysilane + IPM) System

- ro. ji= AR sCAN "F Total Total
Run Pro- TEAE | BCAZ + Hy, | Activity ®e | BD | Olipomsrs| Oligomers| Tur | TuriD)
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[H146]  Frample 2

{63147 (1) Procatalysi: A commercial SHACY™ 320 catalya (2.59% T and DIiBP
used.  Calaiyst slurries are propared in toluene at (247 mgfmi Al SCAS and ALAs are
diluted 1o 0.005 M in [sopar B, except <. 1971 whicds i digsolved in tolucns before injection
info the PPRs. THEAL is prepared 1o Isopar E¥™ and used as enther §.02 or .10 soluticns.

[0148] (2} Polymerization: Purged Parallel Polvraerization Reaciors (PPR) are heated to

530°C, TEAT and Isopar BV make-up solvent were added to each reactor, foliowed by the
addition of M, to 2 stabilized pressure of 5 psig. Reactors are heated (o the assigned
temperature (67, 100 or 115°C). Propylene 1s added to 100 psig and allowed 1o stabilize for

e

10 min. To each reactor 13 added 8CA or mixture of SCAL SCAZ & ALA and 5 300 d
Isopar E¥™ chaser and immediately followed by the addition of catalvet (375 o) and a 500 ol
fgopar E™ chaser., Reactions are quenched with CGy after 60 mirutes or when the meodimum
relative conversion of 110 was reached,
(00149] (3} Calculation: The concentration of propylene in Isopar E™ in PPRg at various
temperatures 18 calenlated. Table § below provides normalized activily ratios and lusirates
the seif-limiting property of the present catalyst composttions,  For DMDMEMCRDMS
0750, the ratio of the normabized catalyst activity at 100 °C {o the aclivity at 67 °0, AVAGLT,
is 43% (Table 8y Hy keeping the DMINEMUBIME ratio ar 1] while replacing 95% of

the donor mixture with FEEB, the DMDMEMCADME/PEED 2.5/2.5/95 system showed a

valio A/AGT at 100 °C of 1%, This means thet the catalyst eystom hiss & significantly fow

activity compared fo the activity at 67 “C after PEER was added. Tha i, the catalvst is more

“solf-limiting”, The same trend is alse trus for the 115 °C activity,

[881507  The self-limiting property of the present cai&%ysi composition s also obagrved for
other SCAT/SCAZ/ALA systems composed of alkvlalicoxvsilanes such as DIFDMS/TEDS,
BOPDME/TEOS, and DOPDMS/MChIDMS in the presence of and ALA, suck as PEER.

~

When PEEB is replaced with a poly{alkylene glyeol)y ester compound, such ag 8191, the
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self-limiting effect is profound (Table 8) even at higher AVM-FED molar ratic.  Simudar

results are observed when the ALA i3 isopropyl myristate (1FM)
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SCAY ALA imol/miad} b {meith) # thgiphr HER o] {uggites)
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#1

0181 Catalvet compasitions conteining an M-EED as diselosed herein are sell-limiting
aysieinie while aimulia usly retaining the d rantapes of i‘%‘.‘}m N A Proyigt Ta
gystems winie simmpuilanecusly retainng ihe advantapges of mutps L AS. Provision 07 2
melt Qow-promoting composiiion such as STCAZ increases the MER of the resultant polyroer.
Catalvst compositions with a M-EED produce a polvmers with a siiffvess substantially the

same #3, or the same 2s, the polymer stiffness resalting from e catalyst cormposition having 2



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 SCAIIGCAWALA PM- Maloof 0/10) TEM (nrnol) SCAi 5CA2 ALA mmol) tran al,a HA fact)
Ambrlity (kg R MEIMERI :tom XS 07) gj Tour 01190thers Mu-C/4 PCT/US2009/034875

e 3 oy £y ) Fu 1
stiffness-promoting coraposition (such as dicylcopentyldimethoxysilane) as the only external

H 5

electron donor. Frovision of a stiffness-prometing composition such as SCAT produees 3

polymer with high stiffniess as exemplified by the Tyy values in Tables 2-7.

00153 Towl oligomer content for polymers produced with the present catulyst
composition is significantly reduced compared to the oligomer content when a stiffness-
p*mm‘a‘ g composition {such as dicvelopentyidimethoxysilane) is used as the sele extemal

donor at the same melt flow

(81531 The presont polymers are not visbroken and have high melt flow, high stillness as

well us Jow oligomer conteny, low or no texicity, and/or fow or no decompusition profucts.

[B6154] 1t &5 specifically intended that the presext invention not be limited to the
embodiments and ilustrations contained hersin, but include modified forms of those
erbodiments including portions of the embodiments and combinations of elements o

different embodiments as come within the scope of the following claims,
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We Claim:

1. A catalyst composition comprising:
a Ziegler-Natta procatalyst composition comprising titantum, magnesium and an
internal electron donor;

a cocatalyst; and

amixed 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, 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 1s a self-limiting catalyst composition.

2. The catalyst composition of claim 1 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 SCAl 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 l-ethoxy-2-n-pentoxybenzene and l-ethoxy-2-(6-(2-
ethoxyphenoxy)hexyloxy)benzene.

5. The catalyst composition of any of claims 1-4 wherein the AL A 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.
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[00146]Example 2 [001471 (3) Procatalyst: A commpercial 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 Isopar EIm, except 5491 which is dissolved in toluene before injection into the PPR.s. TEA | 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 adtlediBte 5 Y SORPRIBWe @ hythedaeitiBy of-¢- Yhesch skibiizeamipassure of 5 psig.

Reactor%@%j&%@;gglagﬁgﬁ@asggge@ 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 isgparET" chaser and immediatelly fiallowed by.the add:llion qf. cataiyst. (275 ul) and a
500 ul :Isopar ET" (;ﬂﬁ%a-ersfe:#1 g%gﬁgl gsrlr?%nug%llc%lg'doﬁ el éft‘glrl %Smm!fnﬁt%%’ ‘§ \CNO%H h the maxim=
relative derwersibmpfigii@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 illustatesghieselzlnvtipebpsaneibpakife 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 witmREER priepyBitbivd SMiGHhIDNASHRE BB: dith(2 &ldm systentshystedhapatiocAlA.67 at
100 C of.21%. Thi that the catalyst system.has a significantly lower activity compared to the
activity altg67{'8-£at}%[ﬁejrg§@2§{nwgé§%§lrdeu . Baqé{%eg%:%fg@s%%lgérh%g)r%s"s@?—licfﬁ%l(irYgsx. ‘f(l)ﬁﬁelps(%’?r%gn.frend is
also -truedotienlop® ettty 2108260 The swiixinhitiigpropertontithe piesERYatatysti somposition

is also ohs el / stems _composed,of alkylailcoxysilanes such as
R A S R T A S R i S AT S
PEER. Whend®BER $eiacavnsititisgpolytatkylkneyglyest) @ stedinothpaysithsuchnés Bakotydthe WO

e IR R e

[00151]Catalyst compositions containing an M-TIED as disclosed herein are self-limiting systems while

simultaneously feiining Prepathrantagaspel ywidtiple 8 A 8 avsioroba MRiAy-prameting

composition such as SCA2 incregsgﬁ the tsfilliR. of the resultant polymer: Catalyst compositions with a

M-EED pPSatEethafgmhrach i snfness subtartiany) thevehieldS ks Wiehhme as, the polymer

stiffness resulting from a catalyst composition having a. WO 2010/021762PCT/US2009/034875 37

stiffness-promoting eﬁmﬁmggy dsaehasHicyiganentydimgifiaxysiiamelibg anlyexternal sigetron

donor. Provision of a stiffness-promoting composition'as SCA' produces a polymer with high stiffness
as exem{SHRREr BYThid thapUymesativasrador. ip goRBp digorhericHit&at for polymers produced with
the present catalyst composition is signifleantly reduced compared to the oligomer content when a
stiffness-promoiipg position (ggchnas Qici}igg%eQEXWimethoxysil O%)nls used as tlll'ne sole e&dernal

i ymers are not vigbroken anéi%%gﬁ1 el HEW,

. & Pro ar OT1 as .
donor at the same me w The preseynt po ow, |gﬁ slit well
as low uligbrmer comgentirigwt drasbaaxitifypmndidrdowordecomposition 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 difféfent 8fBEGRTTertsaY ebslaift IheosuspisrineeachingEmsind PegXpecciaim:

based polymer.

13. 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 230°C, 2.16 kg.



I.A catalyst composition comprising: a Ziegler-Natta procatalyst composition comprising titani
internal electron donor; a cocatalyst; and magnesiggn 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 élf‘al@fﬁﬂ@ﬂi@ﬁ@j@%ﬁﬁ%ﬂmﬁ%ﬂ@ﬁbﬁ%aﬂﬁ‘h?ﬁetwg’ﬁﬂi@wz%bﬁ%ﬁ%%?ﬁE)?nations
thereof, andaIG@A1: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 | wherein the procatalyst composition comprises an internal electron donor comprising a
bidentate compbsitidie progylepehasedyalzmeipesiten of styes didikds wherinetsnpioedoal
comprisg@ssadpRRaek seleptepmiba grenmepnsisting 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 SCI&2 isTselastad frorrbasedgrolpreonefsamy of Tleimexy32Lh-pemoxsibere gneraris
1-ethoxysdBca &ith %E}&%B%m%ﬁj@f@ RERARNBIubles BorkBS RRLAINSE GOMIPESIHGR, of @RYRT claims

1-4 wherein the ALA is selected from the group consisting of an aromatic ester or a derivative thereof,
an aliph&HBTEREF S aadhoRtivEtRarEof, RPHEHREIOHER AR b lgRo I a0 Unt ¥ BBihations
thereof T.; fxehtee tatahystucdGasitiod @hasiyafclais<bE5 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 4fry ?31?%n%?ﬁgii@?-wﬁs@é?ﬂlwmmﬁm&y)ﬂg@gsiéé- dpYrsiRitidhgrmett flog yafe is
polymerigation fracesswed®ppsitignin.  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 firs 'SJ@EtWWﬂW%éMWQZA@)%ﬁﬁﬁ%saﬁélﬁd%ﬁ%&%@@wﬁd%%ﬂvity
control agent (SCA2)edfEistingeofawhiatkaxybiapzene adimgibexysilane antatvegiweddlkenyl
groups, apd combinations.thereof, and ap activity limiti ent (ALA);.and forling a propylene-based
poymer IR TSR TR E e T R T SRR SRR o
1233-01ther280C. 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



