WO 2010/078494PCT/US2009/069915 PROCATALYST COMPOSITION WITH SUBSTITUTED
1,2-PHENYLENE AROMATIC DIESTER INTERNAL DONOR AND METHOD PRIORITY CLAIM
[0001]This a Ilication claims priority to U.S. provisional patent application serial no. 61/141,902 filed
on Decembe le,ei%fﬁgft?ﬂe entire content of which is incorporated by refdrGRIEHEPAY 1S
BACKGROUND [0002]The present disclosure relates to procatalyst compositions containing a
substituted phenylene aromatic diester internal electron donor and the incorporation of the same in

catalyst compasitions epr .of maki - ql ' i
e s D T
for these polymers become maore diverse and more sophisticated. Knowri are Ziegler-Natta catalyst

compositions for the production of olefin-based polymers. Ziegler-Nana catalyst compositions typically
include a procatalyst containing a transitiont: Ai&d-(dL titanium, chromium, vanadium), a

;(_?JcaltalyNst smobzqsi an?%%?ﬂ%&%i%@lﬁlf@@ﬁ&%%ﬁ@O%@M@Uﬂa@@&&ﬁ@ﬁﬁl@;ﬁfdﬁ?&ﬂ?%ﬂ "
iegler-Natta catalyzed, olefin-based polymers typically exhibit a narrow range of molecular, weight
distribution. &/délri%/% Eléfgﬂﬂige@ﬁ?&aeﬁrge@o%e 8ﬁﬁﬁgﬁtme%r%?é¥m9§a§eﬂlﬁwg, fhe art
recognizes itbereaechieeialefin-based polymers with improved and varied properties. Desirable would
be Ziegler-Natta catalyst compositions for th § (] fin-based polymers that exhibit high
catalyst activity during polymerization-and produce propylene-based polymers with high isotacticity
and broad rieZular weighe distsinttidisclosure relates to procBAlMMARISO043T henpuesgnedisclosure
i directed to, piagaiaysbaamecstionn. cantalne A stidied e iviens. ammalic iesieras an
internal electron donot and the application of the same in catalyst compositions and polymerization
processes. s susstplitscpnaeiisme apdthstipreresta contaninlybatad colpemstisReskithe present
disclosure demRastateMabRCtivity during polymerization. In addition, the present substituted
phenylene aromatic Page 1 diester-containing cate%I%;t compositions produce propylene-based olefins

with high isé¥88dtity and Bskyifbietmardveitht tieiRrseh. RSOTBRT aFeBHNSHinne & hratess for
producing axprficadialyst e Measiitmispreadead. Mde presesannciudesspastiogsl subsiikuted
phenylene aromatic, diester, a procatalyst precursor, and a hal ting agent. The regction occurs in
h reaction I THE SPHLEL RS LOR oI S bSay S cHIS RBERSR BY AT % R85knation.
The procatalistacosrgpsitiomjrsitices apitalérnakbldetroprdeataly gomposeti o fetHessibstituteel
phenylene qromatis diesiat,A00RAMRAITSLARGR, elads ARYided 2.8 opalahiak crmpgsiion
comprising: a conibination ’ofca magnésium moiéty, a titanium moiety and an‘internal electron

donor comprésingerdubstinméenalls-pheniproak svorvatidoaiastditmaimiptivecstplicied @lafipnpased wherein
R1-R34 are fhe same,pidliffeehibeachaiR, 1rRyé irsalastanromdhe Sunsensisingotbydrogen,

a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group

having 1 to PUCRIBbAMRECeRT 208 APRlistHPRR I Plefirdbned BoR RESErdhe HEEROSIFS Hivd
combinationgthergoficanchaide astpne-OWRA-Ridosadaidly dEae€ HrobRRe] IMesiembackment a
procatalyst composition is provided. The progatalyst composition includes a combination of a

agne st AT EE T Ry ARG o i SRR CRBHE TG e ror
includes a suipstitatsissphetyignduaitematigmisesteion hednaghes ynvpytietybasna] opdiyentitariiin moiety
may be a respective halide. 100071In.an embodiment. the.substituted phenylene aromatic diester has
the structuretta‘n %%:isf&g{fg%v ér%ﬁ%affféﬁ;f%r are | Ilqgégaiﬁrﬁn%{en%rg ifferent. Each of R1-R14 is selected from
hydrogen, a substituted hydrocarbyl group haviggyhtesZ8,carbon atoms, an unsubstitute,d hydrocarbyl
group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroatom, and

combinatiorl8@Preof. At TRssPERELAIBOlITEA s HSCIRFIFR JEPC AT FARPP BRI AT RS s tructure
(1) includessabipast@pgeal Bie Rémalrcrdilion A sibstiiuirdihydiesar byl ereuphrying bitm20 carbon
atoms an unsubstituted hydrocarby| grou i{'uav'n 1 to 20 carbon atoms, and combi aﬂgn? thereof
10010]1n an TBA HEH T BRORRES 1 O EERRE, BRESTRo. 1 b5 SUTSRIENS BIFH Elbstitted
hydrocarbylagseis haldneg-tdx2gadaciiyat emspasitions ui shituiedeydirotadry | dproopstaeibgil to 20
carbon atoms,. an alkoxy gr having 1 tq 20 carbon atoms, a heteroatom, and gombinati thereof.
0011 PR de e Bl T AR B PRl SIS A e e
procatalyst composition is provided that includes a combination of a magnesium moiety, a titanium
moiety and a mixed internal electron donor. The mixed internal electron donor includes a substituted
phenyl ene aromatic diester and an electron donor component. [0012)In an embodiment, the electron
donor component is selected from a phthalate, an ethyl benzoate, a diether, and combinations thereof
[0013]The present disclosure provides a cata?%?ecgmposition. The catalyst composition includes a
procatalyst composition and a cocatalyst The procatalyst composition includes a substituted
phenylene aromatic diester. In another embodiment, the catalyst composition can include a mixed
internal electron donor. The mixed internal electron donor includes a substituted phenylene aromatic
diester and an electron donor component as disclosed above. [0014]In an embodiment, the catalyst

composition includes an external electron donor, and/or an activity limiting agent. [0014alln a second
acnact there ic nrovided a nrocece for nrodiicina an nlefm-baced naolvvmer comnricina: contactina




forming an olefin-based polymer. [0015]The present disclosure provides a polymerization process. In
an embodiment, a polymerization process is provided that includes contacting, under polymerization
cond'tlonsdjgsqgg_lgg&%ﬂn; %a;ag@t CORRASHIRNR. ,E@@ds@éalrx%ﬁsﬁ@%geqn iekides,amubsgituted
phenylene aromatic diester. The process further includes forming an olefin-based polymer. [0016]In an
embodimeéstiatimicteii krepdpisaalarwel ghbdssdhHERdes founing a propylene-based polymer having
2 polydispgjiy index from abauA @dRabaupbads (B 1gHARMeradiment: herjeliniia wopylene,
The process inCludes forming a propylene-based polymer having a melt flow rate, frod:n about 0.01 g/10

min to abaueBdedy/1J TS0 LB aRFHHEYETGFIRE phe SETHE 0 SHFBE R e PRIVISONBFR ifhproved
procatalyst,composition. 1R 19AR advaniageoidbe prEsenridiselasutesisither gicitsioniafian improved
catalyst composition far the polgg%%rization of olefin-based .oll}/rger%aPa 3% Vé;/é‘%ﬁen
2010/078438PRETIE 1S BES6 ETTE D G2 BIRR RATATZGRSH RS Preddnt SEALErER a'cagﬁ/st
compositigndthaticantaingaisubshitiiadsphenylenelackuiatic diesterpthposedalfstivombstitioh exhibiting
improved activity durin olygn(-:;trization. [0021]An advantage of the present disclosure is a catalyst
compositiéﬁ%ﬁ %esaﬁi%%f% e](?‘gp?{énylene aromatic diester that produces a propylene-based polymer
with broad molecular weight distribution. [0022]An advantaqe of the present disclosure is a catalyst

composititehal contaifsilistiBsRrehdersHe AR SratE dib B aH IR £ ARGH Batalyst activity and
produces a propylene-based olefin.with bigh isglastisits.and-aupad.molecutarwrighi distibuiion.
DETAILED DESCRIPTION [0023]In an embodiment, a process for producing a procatalyst
compositicrisppiovideduTHa mbE Sl STeasth gUs Sabtitine & p RERTIERd Aromatic diester, a
procatalyst precursor and a halogenating agent. The reaction occurs in_a reaction mixture. The
reaction results in the formation of a procatalyst composition. The procatalyst composition includes a
magnesium moiety, a titanium moiety, and an inteRgnaI electron donor. The internal electron donor
includes the substituted phenylene aromatic diestex, [002 ]zl'he substituted phenylene aromatic diester
may be a substituted 1 ,2- phenylene aromatic dies}# ubstituted 1,3-phenylene aromatic diester,
or a substituted 1 ,4- phenylene aromatic diegter.-{¢ Npodiment, a 1 ,2-phenylene aromatic diester

[0025]wherein 1{1-R14 are the same or different. EAch oRNR1-R14 is selected from a hydrogen,
substituted hydrocarbyl group having 1 to on atoms;ang,tﬁgubstituted Page 4 WO
2010/078494PCT1US20091069915 hydrocarbyl group having L to 20 carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a hetereatom, and compifi jonsthereofsAt least one of 121-R14 is not
2
T

hydrogen. [0026]As used herein, the term Tt
containing only hydrogen and carbon ato ding branched or unbranched, saturated or
unsaturated, cyclic, polycyclic, fused, g peeiesand cymmibinatipns thereof Nonlimiting
examples of hydrocarbyl groups include alkyl-, cyclogﬂiyl-, alkenyl-, alkadienyl-, cycloalkenyl-,
cycloalkadienyl-, aryl-, aralkyl, alkylaryl, and afieynyl- groups. 180271As used herein, the terms
"substituted hydrocarbyl" and "substituted hydrocarbon” refer to a hydrocarbyl group that is substituted
with one or more RERhYArRCathyhsUhstituent:aitpent) aehliNiing e xaskiafl Roao vy gwegarbyl
substituent group is a heteroatom. As used herein, a "h teroat%grn'.' relersi\@g/ an ato% other than carbon

or hydrogersoTHERERFRIBTASEN S E S BN CRYEE $OMR &3hps K SHPANF A oFthe Periodic
Table, Nonlimitingexanples-eihelereatamsiiacl ude(hadagens ¢ ChnBikd) NsrOn P hiisy Brd28i. A
substituted hydrocarbyl grou#éalso incILﬁ{des halohydrocarhyl oup apdn% sy'ﬁo_rf{-col%a{;ping
hydrocarby F8F Bt X RE &< ReHEPEIATHE T ST PR B RY 4 FE T By PG roup Tefers To & hydrécarbyl group that
is substituteg,witheene or more halogen atoms. As used herein, the term "silicon-containing
hydrocarbyl group™ is a hydrocarbyl group that is substituted with one or more silicon atoms. The
silicon atom(s) may or may not be in the carbon chain. 100281 The procatalyst precursor can include
(i) magnesium, (ii) a transition metal compound of an element from Periodic Table groups IV to VIII,
(i) a halide, an oxyhalide, and/or an alkoxide of (i) and/or (ii), and (iv) combinations of (i), (ii), and (iii).
Nonlimiting examples of suitable procatalyst precursors include halides, oxyhalides, and alkoxides of
magnesium, manganese, titanium, vanadium, chromium, molybdenum, zirconium, hafnium, and
combinations thereof. [0029]Various methods of making procatalyst precursors are known in the art.
Thesemethodsaredescribed,intercilia,inUS-A-6,825,146,5,034,361,5,082,907; 5,151,399; 5,229,342,
5,106,806; 5,146,028, 5,066,737; 5,077,357; 4,442,276, 4,540,679; 4,547,476, 4,460,701, 4816,433;
4,829,037, 4,927,797, 4,990,479; 5,066,738; 5,028,671,

Page 2



5,153,158; 5,247,031; 5,247,032, and elsewhere.In an embodiment, the preparation of the procatalyst
precursor involves halogenation of mixed magnesium and titanium alkoxides, and Page 5, may
involve the use of one or more compounds, referred to as "clipping agents”, that aid in forming
specific, low molecular weight, compositions of the desired morphology. Nonlimiting examples of
suitable clipping agents include trialkylborates, especially trietbylborate, phenolic compounds,
especially cresol, and silanes. [0030]in an embodiment, the procatalyst precursor is a magnesium
moiety compi@6ll (MagMd); anneixbetimagnesipiatitanittoapRaunek (Maeiiba Orf. rocatalyst
benzoate-c%&tgi%iggogalggggégm chlogde compound (BenMag). In an embodiment, the procatalyst
precursor is & magnesium moiefy ("Maghre) preéurBBrahE™NiRio Bradirisr BirRingthaynesium
as the sole metaktaiepomeniodkhe MagMotpreducsariosl ides:aimagresiimmeiatyd Naslimiing
examples of sui esi leties include anhydrous.magnesium chloride and/or its alcohol
adduct, magﬁgé%?ne%ﬂ%(%%%e%% o%ég%mz?fée maglgé%%s?u?ntb OR) RATGE, HR0/8F Cafbbsitted
magnesiu #iRoxide or aryloxide. In one embodiment, the MagMo precursor is a magnesium di
(Crakoxdann furner ainioUmente adN i aleauachis o mage UL, IQ0THNE an
embodiment, the procatalyst precursor is a mixed magnesiurh/iitanium compound ("Mag i **rhe
"MagTi preSHFRSIHES the formula MgdTi(ORe)rXg wherein Re is an aliphatic or aromatic hydrocarbon
radical having | to 14 carbon atoms or COR' wherein R' is an aliphatic gfaromatic hydrocarbon radical
having 1 to 14 carbon atoms; each OR group is thte sarne or different; X is independently chlorine,
bromine or iodine, preferably chlorine; d is 0.5to 5 2to4;fis2to 116 or5to 15;and gis 0.5to
116, or 1 to 3. The precursors are prepared by Controlléd Precipitation through removal of an alcohol
from the reaction mixture used in their preparation/'In an embodiment, a reaction medium comprises a
mixture of an aromatic liquid, especially aé:hlori ated, aroratic compound, most especially
chlorobenzene, with an alkanol, especially etrangt: alogenating agents include titanium.
tetrabromide, titanium tetrachloride or titaniur{richlofide, especially titanium tetrachloride. Removal of
the alkanol from the solution used in the héiloge atién, regults Th precipitation of the solid precursor,
having espegijally desirable morphology and surface are_a.R’Moreover, the resulting precursors are
particularlyi?rqﬂg\im in paffiae GiFe-Too 325 s samsn Bt tHEREh e Frde aaRsRprde urdentid drom
benzoate-chyisining Mmagnesiwd whlasidemaiesial GBeMags) 203486 Beraln..4 \ishzaale:containing
magnesiurq“ghwlgriﬁdgx';}("BenN@g;‘)‘ cqnﬁk‘)e 81 r%%cata%y;t (Le., a halogenated procatalyst Page 6
precursor) CONtAMIngG abahzBatE intethal efEEhSh HSMSr, 3Pl S5 MERT PnBesHE ) Wseathetude a
titanium maietyssubhtasaditamidrohdidet divatbenzate iniernal doRPRiS iabileRaggan be replaced
by other el%yﬁﬁ donorngL%:I'kn ’;9&1%[9}1){5 ansdtf%r:t%?taé St syn hesﬁ. Nonlimiting examples of suitable
benzoate groups include ethyl enzoate,’me%hy enzo erg ‘ﬁyfispa-‘ Sﬁ%)‘?%éﬁz f&“rﬁ%‘ﬂ‘iﬁﬁﬁ
p-ethoxybefiggate, eyitpiethbydivenzohterethyhpaniorobenZ0aterinroneem bagimeabsthedaenzoate
group is et t ATy ita rogatalyst precursors include
catalysts of e A oA B e R D Do Chemica
company, Mith&hd, MicHiyah srbadi@sothmericurs Geimagesrackialy stpafcRs®masided product
of halogenation of aimsprasAtAYSLBAASHISRLEbChdMAIME PIECUSarOLAMagTi %5‘38%?%3&&” the -
presence of a benzoate compound. 100331 The present procatalyst composifion also includes an -
internal electron donor. As used herein, an "internal electron donor" is a compound added during
formation of the procatalyst composition that donates a pair of electrons to one or more metals present
in the resultant procatalyst composition. Not bounded by any particular theory, it is believed that the
internal electron donor assists in regulating the formation of active sites and thus enhances catalyst
stereoselectivity. In an embodiment, the internal electron donor includes a substituted phenylene
aromatic diester of structure (1). [0034]In an embodiment, the procatalyst precursor is converted to a
solid procatalyst by way of halogenation. Halogenation includes contacting the procatalyst precursor
with a halogenating agent in the presence of the internal electron donor. Halogenation converts the
magnesium moiety present in the procatalyst precursor into a magnesium halide support upon which
the titanium moiety (such as a titanium halide) is deposited. Not wishing to be bound by any particular
theory, it is believed that during halogenation the internal electron donor (1) regulates the position of
titanium on the magnesium-based support, (2) facilitates conversion of the magnesium and titanium
moieties into respective halides and (3) regulates the crystallite size of the magnesium halide support
during conversion. Thus, provision of the internal electron donor yields a procatalyst composition with
enhanced stereoselectivity. [0035]In an embodiment, the halogenating agent is a titanium halide
having the formula Ti(012")fXh wherein Re and Xearg defined as above, fis an integer from 0 to 3; h is
an integer from Ito 4; and H- his 4. In an embo&ﬁnen?, the halogenating agent is TiC14. In a Page 7
further embodiment, the halogenation is conducted in the presence of a chlorinated or a
non-chlorinated aromatic liquid, such as dichlorobenzene, o-chlorotoluene, chlorobenzene, benzene,

toluene, or xylene. In yet another embodiment, the halogenation is conducted by use of a mixture of
halonenatina acent and chlorinated aromatie licdind comnricina from A0 to0 AO voliime nercent




two or more embodiments disclosed herein. [0047]In an embodiment, a procatalyst composition is
provided which includes a combination of a magnesium moiety, a titanium moiety and an internal
electron dokiskoTirdvhigtowp bletiph toRdrdmbiodetoths subsitute kphenileig dramaticaissier. The
procatalyst&q&gyogﬂgtggbﬁomo%g:g n%dg{%}go regoing halogenation procedure which converts
the procatalyst precursor and the substituted phenylene aromatic diester donor into the combination of
the magnedfi®hlhnd titariben presietiedisilesuvhiptedieisintanthie puiretalysn orispeboporalecinThe
procatalystegssgmeﬁttr%%@m%@ SIAGALANAL EOrpRSAIAN is formiaacan, be Ihe magnesiym moiety

precursor, the mixed magnesium/titanium precursor, or the benzoate-containing magnesium chloride

precursor. [ORESARENENHELofniERRIHHe HPAeHeEIl A mbled) tarrabglvetiomdaatitle. Theamdthér
embodiment:dhpInagaesiwehbalide.is-naanesimmanigbda.or magnesivmehloride alephal adduct.
[0049]In an embodiment, the titanium moiety is a titanium halide such as a titanium chloride. In
another enflSBITAYRPIRNE tanium moiety is titanium tetrachloride. Page 10 WO

2010/07849MRACIT/US20004069%L2i10050H anahienenbedimentning precatalyshGopRaesition
includes a maquglséum c@lorigﬁé%u por. u&c&fm which %tita ium chloride is deposited and upon which
the internal IECtroR donor is T ?B SAPPHEE T A Ehbodiment, the internal electron donor of the
procatalyst[6hiposition Thelupkes:=tie dintistitrnie grphihylenecardmaticdigsiaidf strugturexlyl)
10052])wherein R1-R14.are the same or. different. Each of R1-R14 is selected from hydrogen, a -
substitutedgr%f/n %éa%yl%?%éﬁ aavir%loia%{?g c%%%%%i%%sﬁngn tn&tFeanted h%?o@g?ﬁ IS(Bup having
1 to 20 carbomzasins melatkesybstpiedvibentlto=20 arbonizoms, la hettroatommdndreptirbinations
thereof At lest,enet RIsdh Isaptdiearnd@aSain a1 embediman ine subsied phgayiene
aromatic diester may be any substituted phenylene aromatic diester as disclosed in U.S. patent
application @%‘ﬁﬁi%@%ﬁ%l’&@% fletlsipiedcphpyigr 2008a(Dodiestax ging8a188)etheredtinercontent of
which is incoRssatadRyiefesengsoherein. 10054]In an embodiment, at least one (or two, or three, or
four) R grou&(fﬁof R1-R4 is selected from a substituted hydrocarbyl group having 1 to 20 carbon
atoms, an W Mstituted Pyt ARYIGFBHp G It oBReTHSR ARsHdes AvaREsYrlgsiaving 1 to
20 carbon atems adheteseaibmy anrdienapiaations thereof 10055]In an embodiment, at least one (or
some, or all) R group(s) of R5 -R14 is selected from a substituted hydrocarbyl group having 1 to 20

carbon atoms, an unsubstituted hgdrocarbyl group having 1 to 20 carbon atoms, an alkoxy group

having 1 t8%8&*@hrbon afBrisCaCheRStoC At REBHEh AtBTIS Whelerarnilagiograr defisduivbpelandeast
one of R5 cdR@randatdeasinnpe obRiO-R4dssalecteshiroma substityied-hydrocanhylorosp-having 1
to Page 11%20 ncsfgb%ré %t%m% dagzgr];subr';tituted ha/dr czt;lrb I rSlgiirlougﬁhaving 1 {o 20 carbon atoms, an
alkoxy grolip Ravirig 1 16 20 carbon atonia: & Reteroats i, Zid & oM BHEHBR  hereof [0056]In an
embodiment, at least one of R1-R4 and at least one of R5 -R14 is selected from a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroattm, and combinations thereof.
In another embodiment, at least one of R1-R4 at least one R5 -R9 of and at least one of R10 -R14 is
selected from a substituted hydrocarbyl group haviyg 1 to,20 carbon atoms, an unsubstituted

hydrocarbyl group having 1 to 20 carbon atoms, an oY) group having-1 to 20 carbon atoms, a

heteroatom, and combinations thereof [0057]J,L1 an £ engt{, any consecutive R groups in R1-R4,
and/or any consecutive R groups in R5 -R9, and/ot gnsecltive R groups in R10 -R14 may be
linked to form an inter-cyclic or an intra-cyclic structyte.—khe inter-/intra-cyclic structure may or may not
be aromatic. In an embodiment, the inter-/ita-cyglic structure C5 or a C6 membered ring.
[0058]In an embodiment, at least one of R1-R14 is selected froin a substituted hydrocarbyl group

having 1 to 20 carbon atoms. Optionally,
an inter-cyclic structure or an intra—cygli Bsture~The ructure and/or the intra-cyclic
structure may or may not be aromatic. '[0059]In an etabodimerit, any &bnsecutive R groups in R1-R4,
and/or in R5-R9, and/or in R10-R14, may be mgmbers of a C5:£6-membered ring. [0060]In an
embodiment, structure (1) includes RI, R3 and R4 as hydrogen. R2 is selected from a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, and combinations thereof R5-R14 are the same or different and each of R5-R14 is
selected from hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a halogen, and combinations thereof. [0061]In an embodiment, R2 is selected from a CI-Ca
alkyl group, a C3-C6 cycloalkyl, or a substituted C3-C6 cycloalkyl group. R2 can be a methyl group, an
ethyl Page 12 group, a n-propyl group, an isoprdfadegioup, a t-butyl group, an isobutyl group, a
sec-butyl group, a 2,4,4-trimethylpentan-2-y1 group, a cyclopentyl group, and a cyclohexyl group.
[0062] is hydrogen. [0063] hydrogen. [0064] is hydrogen. [0065] In an embodiment, structure (1)

inchideec R?2 that ic methvl and each nf RE-R14 In an emhondiment <triictiire (N inchhidece R2 that ic



Rl is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof R5 - R14 are the same or
different and each is selected from hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon
atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms an alkoxy group having 1 to
20 carbon atoms, a halogen, and combinations thereof. [0067]In an embodiment, structure (I) includes
RI that is methyl, and each of R5-R14 is hydrogen. [0068]In an embodiment, structure (1) includes R2
and R4 that are hydrogen and R, and R3 are the same or different. Each of Rl and R3 is selected from

a substituted hydrocar oup.having.1 to 20.carhon ato ap unsubstituted hydrocarbyl group
having 1 to 20 cﬁ%%%%%r?%, a%n%%clgrshgﬁﬁg éﬁ%?ﬁ%fe%afchgﬁiig\ 48 e Csté?fr?éo &8 and each of
R5-R14 iscortesiiegldfomdogabstitatesdihyett dodrbydrgrd gpohavingidetd 2Q20arhbomatomns, an

unsubstit I having 1, on.atoms, an alk roup having 1 to 20 carbon
atoms, a ha oggr%ﬁ %ﬁ@%}rﬁbﬁgﬁ(ﬁ%ﬂ Qé%%%fg[z&%% I %{R(’é}%}ﬁ’%?ma&nﬁ?%ﬁg L(I)Igé) Yr%uj{jg}s | and R3
that are thezbamelondifféreamtaBacheof Rimapid R Sristbeteceehft om @€ b akylRgLaupya C3-C6
cycIoaIkyI@&ggmgragdsubstituted C3-C6 cycloalkyl group. R5-12.14 are the same or different and each
of R5-R14 is selected from hydrogen, a CI-Cs alkyl group, and a halogen. Nonlimiting examples of
suitable C1-C8 didghigepel tigiisahptiymathyl, n-propyl, isopropyl, n-butyl, i-butyl, t- Page 13 WO
2010/078494PCT/US2009/069915 butyl, n-pentyl, i-pentyl, neopentyl, t-pentyl, n-hexyl, and
2,4,4-trimeglylpentan-2ry1 group. Monlimiting exRmples ef suitable (+3:66 oxciaaling.araips include

cyclopentyl and cyclohexyl groups. In a further embodiment, at least one of R5-R14 is a CI-C8 alkyl

group or a2hRRIFBAIFEEID] Rres BriBoaTRTaRd sthattdPeligSh croBES REAHASE alPTASIEHD and R3

that is a t-bubyhraunFaehotRe, R4a00:RB0R3dsisifydragenc{0dyst] vmapembediriants structure (1)
includes R1 and R3 that is an isopropyl group. Each of R2, R4 an

R5-R14 is %drog%ﬂ?éogn]ln an
embodimeNSSiief RBepy e AtRERES PP R LSBT OSiER RS S5 Ay PEPOt R R RS 185 -buty
group. Eaghioiig?, R4, R6-R9 and R1 -R14 is hydrogen. [0073]in an embodiment, structure (1)

includes e Ik%fRL, R7,and R12 as a tzg/l roup and R3 utyl group. Each of R2, R4, RS
r

is a.t-b r
R6, k6. ROVHIO, R11 RS EHG T RSSO - 10T IRbBARe Do cuces R1
as a methytgroiapecind=R Bdkymér batidmegofydsactsitf RécanioRlisiahihgbgrolpEach of R2, R4,
R5, R6, R R10, RIl, R13 4is h n i u ).includes
each of RI?“I@%R?, RQFTI?Q%,B El%%g%#ﬁ{f gggggrr&eﬁ]%%ﬁr%%% zﬂhf rlggo%g gﬁ%&%%%roup%éﬁch of R2,
114, Rs, Re@pRtis-bag Ry hyurcye koD T6rais Eabeinabht seibime 1)aher8e< Rit%s a methyl
group and 3 is a t- butyl group. Each of R5, R7, R9, Rio, R12, and R14 is an i-propyl group. Each of
R2, R4, R6, Rg, 124 1, and RI3 is hydrogen. [0077]In an embodiment, the substituted phenylene '
aromatic dﬁ%%’cg} has a dRueA@REWHIRSNBIEHES BT dmbthygreiorafis 83 BRY¥6ltyl group.
Each of R2apstdRdisdaychiegen. R8 and R9 are members of a C6 membered ring to form a 1-
-naphthoyl moiety. RI3 and R14 are members of a C6 embefe(:tih‘rf;;\ to.form another 1-naphthoyl
morety. SUTe (1 is MoHERBEIOR PRGBSI TR Al CHDGERCIENE e BubEridis
phenylenecam)inatissdiesitenhias tstulptrg-atignvdiickeinchidesd Rilythatis a methyl group and R3 is a
t-butyl group. Each of R2 and R4 is hydrogen. R6 and R7 are members of a C6 membered ring to form
a 2- naphthoyl moiety. RI2 and R13 are members of a C6 membered ring to form a 2-naphthoyl
moiety. Structure (1) is provided below. [0079]In an embodiment, structure (1) includes R1 that is a
methyl group and R3 is a t-butyl group. Each Of R7 and R12 is an ethoxy group. Each of R7, R4, R5,
R6, R8; R9, RIO, R11, R13, and Ri4 is hydrogen. [0080]In an embodiment, structure (1) includes RI
that is a methyl group and R3 is a t-butyl group. Each of R7 and R12 is a fluorine atom. Each of R.2,
Re, R5, R6, R8, 119, RID, R11, R13, and R14 is hydrogen. [0081]in an embodiment, structure (1)
includes Ri that is a methyl group and R3 is a t-butyl group. Each of R7 and R12 is a chlorine atom.
Each of R2, Re, R5, Re, R,s, R9, Rip, R11, R13, and R14 is hydrogen. [0082]In an embodiment,
structure (1) includes RI that is a methyl group and R3 is a t-butyl group. Each of R7 and R12 is a
bromine atom. Each of R2, 114, R5, Rs, R8, R9, RIO, R31, 1113, and RH is hydrogen. [0083]In an
"~ embodiment, structure (I) includes RI that is a methyl group and R3 is a t-butyl group. Each of 117 and
R12 is an iodine atom. Each of R2, Re, R5, Re, 12.8, R9, RIO, R11, R13, and .R14 is hydrogen. Page
15 WO 2010/078494PCT/US2009/0699 5 [0084]In an embodiment, structure (1) includes R1 that is a
methyl group and Rs is a t-butyl group Each of R6, R7, R11, and R12 is a chlorine atom. Each of R2,
124, R5, Rg, 129, Rip, R13, and R14 is hydrogen. [0085]In an embodiment, structure () includes RI
that is a methyl group and R3 is a t-butyl group. Each of Ro, Rs, R11, and R13 is a chlorine atom.
Each of R2, R4, R5, R7, R9, R10, R12 apd§14 is hydrogen. [0086]In an embodiment, structure (1)
include R1 that is a methyl group and B35S 44- butyl group. Each of R2, 1(4 and R5-R14 is a fluorine
atom. [0087]In an embodiment, structure (1) includes R1 that is a methyl group and 1(4 is a t-butyl
group. Each of R.7 and R12 is a trifluoromethyl group. Each of R2, R4, R5, Re, Rg, R9, R10, R11,

RI3, and Ri4 is hydrogen. [0088]In an embodiment, structure (I) includes R1 that is a methyl group and
R2ic 2



t-butyl group. Each of R7 and 1212 is an ethoxycarbonyl group. Each of R2, R4, R5, R6, Rg, R9, Rio,
H.11, R13, and R14 is hydrogen. 10089]In an embodiment, R1 is methyl group and R3 is a t-butyl
group. Each of R7 and R12 is an ethoxy group. Each of R2, R4, R5, Re, R 0 1, R13, and
R14 is hydrog I %Sg)w n an embodiment, structure (1) includes R1 that %gg}?)ngez?l%f}gr%ép and R3is a
t-butyl group. Each of R7 and R12 is an diethylamino group. Each of R2, R.1, R5, 1(6, Rg, R9, Rip,
R11, R13, and R14 is hydrogen. [0091]In an embodiment, structure (I) includes R1 that is a methyl
group and }¢8isja 2,4,4-Annagthytpenterid-yk @i disckacte 6f R2ah¢sanchipbsiidd isahydntgen.
[0092]In an emt%%(iinggint,hstru ture f(‘% inclu Sst|§1‘1 %ch\; 18 cgoof WQ%?hnise%ﬁ%ﬁ' bq}xl qroup. Each of
R2, 1(4 and* REFAHR: I'R/cﬁnc?’g%%é %ﬁﬁ an enodimen ,ytshe Substituted p enyf1 & Hromatic diester
has a structutév{ivjudnenefiynriraatoR2 are members of a Ce membered ring to form a
1,2-naphthzi;§% moiety. Ea (? f R5-1 IS g ture, (IV) I8, Rrovi {V) Page 16
WO 2010/0 Z}4PCT/U (gtél é%élgg%léf [1(%%9 I%/lgag’% eg%%%%j%e%,%hz&ét%ﬂst%ﬁ%%&p%%gv{fg%egaromatic
diester has sisttigsadreheylivhe esppaie disstr 3hateTedirtieroiny icB hesstheberahyits fopidla

2,3-naphthalene. meiekyfrash.afHesR14 is hydrogen. Structure (V) is provided below. (v) [0095]in an
embodiment, structure ﬁ) includes R1 and R4 that are each a methyl Eroup. Each of R2, R3, R5-R9
S

and R10-R189%2hydrogefn a6 aATehsHBE A aIERISA AR 0% 1Ra SARIERSA group.
R4 is an i- propykeraup.faasiiakbR2oRaiREx3Rransi Rike-Rivk isdwigrogetivif0fd Inratduessbodiment,
structure (1) includes RI, R3, and R], each of which is an j- propyl group. Each of R5-R9 and
R10-R14 1S OB SE P IS0 ERSH B a5 T S L D e R e
completeness of conversion of precurs t ﬁg@'@ iRterfRetal halide. The present internal
electron donor assists’in converting eth%ﬁﬁﬁl[to ha |dee@§%ring halogenation. In an embodiment, the
procatalyst E¥2#osition inblugie STebadiaisotit © FRofEsY0 RIeSVELRYD PSR PPBIRESIEIONS wt % to
about 0.5 wi, % ethoxidg, Weightpercentls hasarhon hg.datalweisthatibe pracaialyriegmposition.

[0099]In an’embodiment, the procatalyst composition includes from about 0.1 wt % to about 30.0 wt %,

or from aboBtCtatrlyE RS EBRTUEYS DhRCESs DI EECEh o IS IFrt9R tBCaWS UR SOt RIS R Mtuted

phenylene anamaticidigstes.Weighireersanitisased enoheatotel vweigbtiabihe Fracaiatumilyst
composition. 1001001In an embodiment, the procatalyst composition includes%gr?ﬁlmgbo t0.1 wt % to
about 6.0 WEFBPSHYM NGRS f_B‘W/%lYﬂléﬁ?}ﬁiys?ot\}%‘é}é‘?iﬂg iR SRR SEIA e BB on the
total weight tfethedpriacetatyst domip dsthiaizs B0 ketsiinard phingtiineendthdc miagpesium to internal

electron do olar ratio is from about.100:1 to about 1:1. or,from t.30: :1~0r from

out 201 Dbyt 1. AL 1T B LATEE Piho AL e BB B MRS a2 ment

another prophtajystcempatitidinsisrovibetu®hd. provataiset esmposiliopdncuaedatiésadifation of a

mag”eSiumg{M%%eaa}Eﬁﬂ%‘?iﬁé%‘?Mﬁ&@Mﬂé&%}ﬁ}%r@,@'wﬁﬁﬁﬁ RAARERLRHSEADBFSINAR. Mixed
ro

internal electron”donor” Is (i) a substituted phenylene aromatic diester, (ii) an electron donor
component Thstabtiiid ganhendrctrsraate F o teBHeiunS S BROHY the resultant procatalyst
composition, and (iii) optionally other components. In an embodiment, the electron dpnor component is
a phthalate, a diether, a benzoate, and combinatitans thereof The procatalyst composition with the
mixed internal electron donor can be produced by f the procatalyst production procedure as

previously disclosed. [00103]The present procata
embodiments disclosed herein. [00104]In an embgdiment, a %atalyst composition is provided. As used
herein, "a catalyst composition” is a compo_s? that foPms~an olefin-based polymer when contacted
with an olefin under polymerization conditjons. 'R atalyst comyposition includes a procatalyst
composition and a cocatalyst. The procataly$ an be any of the foregoing procatalyst
compositions containing a substituted phg Ae er. The catalyst composition may
optionally include an external electron doror and/o imiting agent. [00105]In an
embodiment, the internal electron donor of the ‘¢atalyst corfiposition is a substituted phenylene
aromatic di The substituted nyleng aromatic digster.ca sybstit ene
aromatic dijggsgs disclc@é%%%fggﬁ][bgfo Ir?ag}]eg%gﬁﬁlght,gtﬁ%ﬁiF}spte%ﬁ-a%}‘él%c!fér%%tg o%{%o?the
catalyst conydsiion isubstitived inydroearbiécgronpdbmorg Theimpke darerridbaib ciro HaBhSiEss include
(i) a substituted phenylene aromatic diester and a phthalate, (ii) a substituted phenylene aromatic
diester and a benzoate (such as ethyl benzoate), or (iii) a substituted phenylene aromatic diester and a
diether. [00107]The catalyst composition includes a cocatalyst As used herein, a "cocatalyst" is a
substance capable of converting the procatalyﬁat tg 2N active polymerization catalyst. The cocatalyst
may include hydrides, alkyls, or aryls of aluminugn, lithium, zinc, tin, cadmium, beryllium, magnesium,
and combinations thereof In an embodiment, the cocatalyst is a hydrocarbyl aluminum cocatalyst
represented by the formula R3Al wherein each R is an Page 18 alkyl, cycloalkyl, aryl, or hydride
radical; at least one R is a hydrocarbyl radical; two or three R radicals can be joined in a cyclic radical
forming a heterocyclic structure; each R can be the same or different; and each R, which is a

hydrocarbyl radical, has 1 to 20 carbon atoms, and preferably 1 to 10 carbon atoms. In a further
oamhbhodiment aach allkvl radical ran bhe <trainht or hranched chain and <iich hvdrocarbyvl radical can he

BA



alkoxide. Nonlimiting examples of suitable compounds are as follows: methylaluminoxane,
isobutylaluminoxane,diethylaltuninumethoxide,diisobutylaluminumchloride, '
tetraethyldialuminoxane,tetrais obuty | dial uminoxane,diethylaluminumchloride eth)/laluminum
dichloride, m‘é‘ftﬂﬁfgﬁmﬁ%ﬁn dichloride, and dimethylaluminum chloride. 16)§]Ti%§ﬁqﬁ§ﬂ63m?)odiment, the
cocatalyst is triethylaluminum. The molar ratio of aluminum to titanium is from about 5:1 to about
500:1, or from about 10:1 to about 200:1, or from about 15:1 to about 150:1, or from about 20:1 to
about 100: hylraaasiiepeumbpaiment, themalacradioas adunaiRbxy @dipievinis alew4batbot001111In
an embodiment, the catalyst composition includes xternal ele go donor.rﬁs used herein, an
“external olBGE HRSHEPEIC: BB BIRA BBEHFetbp AN ARt BF T ALTR? PR Shd contaims a
least one fUji#dB6hal groufisthedeis dapeible thiedderatinthadpaindfEleatrbnhpimeadiad atoaferBaunded by
no particular theory..it is believed that P xternal el 1 donor enhan atalyst
Srereoseled L e B R P AR
embodimersettielesk e vaisaicetedn dehior maycheiselbsesd frosriie cbaste ehdhectohiwiings an
a'koxysﬂart&e@ébﬁm%ﬁm%@%ﬁ@gmﬁiféc@%;qtg&ﬁpémm&%%aam%@ Ri@sphine, a

phosphate, a phosphite, a sulfonate, a sulfone, and/or a sulfoxide. [00113]In an embodimént, the

external elettitsfeaphoridentkandrntardatiavdixanysipAk Had gt ol 87 SIm(OR')4.m (1)
where R inqggendently each.earureesiae imdyeiagen sibaiidiocaidybamhalr aminmo-giswmeationally
substituted with one or,more substityents containing one or more Group 14, 15, 16, or 17 heteroatoms,
cait R conARGEREPES 26 Sioths Aol EOTHING myBHGEer bGP POt and m
0, I, 2 or 3. tnmydrochddinrebdtificis @Huby. atyhoaliwylitnacatypl ot bhoyisjdadkcatb@XtBdtranched alkyl,
or C3-17 cyclic or acyclic amino grou 'is Cl1.4 alkyl, and m-is. 1 or.2. Nonlimiting examples of
cuitable SRS Rt A SR R S AT B b S R e

methylcycldtydzytdim diokeisiiegiermantyd @yetorraxtiietbapdysitafeownh Ity Flonbapd gty silane,
diphenyldimefignysiane, disaRiRRIJIMEIRosY RilabgeAistheroRy Idimetiopysiane, gi fsco,

butyldimethoxy silane, diisobutyldi etho?%silane, isobutylisopropyldimethoxysi

lane, di-n-butyRithefbXishiaesdsdertyrmdtaotpsian drdbdiophrinhetmsgsigiaup and a
n'prOpy““E&ﬁlB&%—)ﬁﬁﬂ@d&%ﬁ@'h'ydroc':arbyl group. As used herein, the term “halohydrocarbyl” group
propyltriethoxysilane,ethyltriethoxysilane tetramethoxysilane tetraethoxysilane,
Cictnylamin R & ISR AR TS TPk o B e Ah 7S
ilane,bis(petkytiipitequinnlifulidimethnadysiiartedmodatigetnylgimathoxysirtaaghin @anuwpmbadiment, the
silane compasition is - digyclopentyldimethoxysilane PDMS)., methylcyclohexyldimethoxysilane
R SRR R e e R
embodimerviartiis elternal donor can be a mixture of at least 2 alkoxysilanes. In a further embodiment,

the mixture ggagpe dicycm%égiﬁsﬁ‘sf@%ﬁi@?%{‘%%QX&?XSL%%M, FINOXNRUANS metal

dicyclopentyldimethox¥silane and tetraethoxysilane, or dicyc opentﬁ:dimet oxysilane and

n-propyltriefREIRAMsE. fekmn e Asindin dableaceriel 4 Ydlu b dohdide 8ietida!iom one or
more of thﬁﬁﬁil@%ﬁg@l@i@ﬁ@%ﬁzﬂ? aﬁdﬁﬁc@iﬂ?ﬁlﬁ ﬁﬂ}?%&@iﬁ@i&&%{d}] @%,%ﬂwgﬁwmmhﬁtﬁgtlerlnal
Page 20 electron donor is 2,2,6,6-tetramethylpiperidine. In anqther embodiment, the external electron
donor is a i 4 1i‘§}f’§i5r?@?ﬂ56[5ﬁ1ngfﬁ%"ﬁ§8r5 cla?ﬂg%gsiﬁéﬁrgﬁl&%&egn na%(@ﬁﬁ?i{?lﬁiiting
agent (ALARaAsdsten hereianas, dekiviky, | vaiidipagentoiiA hidvhdaaier abthatived kedswafaly st
activity at ele\élatedbten%f)erat%re (f't.e., temperature greater than about 85C). An ALA inhibits or
otherwise par%vg?l% 1pngly(r)r%rlzgt::f())r'l reactor upset and ensures continuity of the polymerization process.
Typically, tHéla8livity of Megtes-Nerthodatnly stekingraasesiadysthpreerisnos tenn faxannrdrrides art.
Ziegler-Nattg, catalysig also,fypigallyrogintaip-high,activityaas the meltingoaqink tempgratyre of the

polymer produced. The heat generated by the exothermic polymerization reaction may cause polymer
particles to fdrh-33jiomeéPates ahtmBbulfitifidiSieades ﬁuwgﬁ’%‘%oﬁﬁﬁa@g%ﬁ%@ﬁ%er
production @,rwpﬁ%;Tm,ae%p%zr,edgi;@,asaa,tawiapmﬁx;@%ev,a@dg@,mramﬁ&mrg,b]ﬁsf;;aavgnting
reactor upset, reducin reventi article agglomeration, and ensuring continuity of the
polymerizaﬁow%S@géégsg%&fﬂiﬁﬁg}fﬁvﬂﬁiﬂ?ﬁ AGent AT BRE RS0 igrgg?aaggfbﬂftghaiether, a
poly(alkenepgiyealyspptytatkena-glixes hekigenaidiod Esierdansiaeshbinatiomsihenedt ciidecartidbxylic acid
ester can be an aliphatic or aromatic, mono-or poly-carboxylic acid ester. Nonlimiting examples of
suitable monocarboxylic acid esters include ethyl and methyl benzoate, ethyl p-methoxybenzoate,
methyl p-ethoxybenzoate, ethyl p-ethoxybeng;%%(ge5 ethyl acrylate, methyl methacrylate, ethyl acetate,
ethyl p-chlorobenzoate, hexyl p-aminobenzoate; isopropyl naphthenate, n-amyl toluate, ethyl
cyclohexanoate and propyl pivalate. 1001181Nonlimiting examples of suitable polycarboxylic acid
esters include dimethyl phthalate, diethyl phthalate, di-n-propyl phthalate, diisopropyl phthalate,
di-n-butyl phthalate, diisobutyl phthalate, di-tert-butyl phthalate, diisoamyl phthalate, di-tert-amyl
phthalate, dineopentyl phthalate, di-2-ethylhexyl phthalate, di-2-ethyldecyl phthalate, diethyl
terephthalate, dioctyl terephthalate, and bis[4-(vinyloxy)butyl]terephthalate, [001191The aliphatic

carbhovviie acid eactar mavy he a Cl-C20 alinhatiec acid ectar mavy he 2 mono- aor 2 nolv- (fwvo or morea)




or more of the following groups: hydrogen, linear or branched alkyl, alkenyl, cycloalkyl, Page 22 aryl,
arylallcyl or alkylaryl group, optionally containing heteroatoms. One or more ring structures can be

formed via 0%%{3" %%t;e% é‘;%é and 3-position carbon atom. [00124]In an emb?%'wég&&é}%gﬁvity limiting

agent includes a r as represented by the following structure (VIII): 2 R6
[00125]wherein n is an integer from 1 to 5. Rl and R2, may be the same or different, and each may be
selected from hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, allyl, phenyl, or
halophenylgsouR.di3 BduRRhe RmsndBapoayderthasamneasr difptentgend taieh ahinbe
selected from hydrogen, halggen, sybstjtuted, or unsubstituted hydrocarbyl having 1 to 20 carbon
atoms. R1-FEHREuSRHES o%%%n% efBl’?faiﬁv Sﬁgtt)r?ﬂ%ll%oﬁé élrsoaqc:m&éere% gg?r?g %z‘ac'r ?)lr%ol% drogen or
both, the hetestirainig seleaises frofn suirddenciipyigen ageifir, isiiodn, phdsphorissaneseetialogen. R7
and R8, ma e same or different, and may. pded 1o any carbon atom of the 2-, 3-, 4-, 5-, and
6-position 8¥%I Eegroﬁ%ee’ﬂjﬁeﬁﬁié? f%lfggﬂnsher?pe%%gﬁﬁenﬁ the external electron donor and/or activity
limiting agelff38h be adtreceintonthediowstor bepararaly! st apiGtHECEMboflifESEHERXIYRA electron
donor and the actiyity iniing agenheanheRixer leesthial ibagvanserng thenaddehiniacthe reactor

as a mixture. Ir?the mixture, more than one external electron donor or mgre than one actigg{ limiting

agent can lseniaainga maeanesHED HHRsife ERmPRE L ROl pEn i FRRAFIZS i ARS BRGEEaStopy!
myristate, qj%gg?mﬂ%g@mgﬁysﬂaquMQ@M&Mm@sgiymIaMaBgMo precursor” contains

dicyclopentyldimethoxysilane and isopropyl myristate a %% (ﬁth lene glycaol) dioleate, .
methylcyclé’l’@%ﬂﬂﬁﬁ’eﬁ%o&ﬁsﬁfﬁﬁé’“ﬁ Fso(g‘%%%)ﬂmﬁ?a&gg? go Vi rlm%rth%%((@%%gnae%%%l%gﬁopyl
myristate, dirertky|diNettiexssiaeesandemethytoyelolexyidirwtooxysiletes antlistpropy diopsstate,
dicyclopentyldmethoxysilong and o-ploByHEinoAYSIns, ANEISAPIB VTS Ao PRE. mived

dicyclopentyﬁ%eéjtﬁ%lxyﬁ ane and tetraethoxysilane and isopropyl myristate, and combinations thereof.
[00127]In amamntsidindngyHebdtatpst covahesietethelegresiamdisliaxifsreg ailpside sl Brectron
donors in compinafion with amy.efhs faregaing actyify imilndRaeniPaRagr@3 WO further
2010/0784§§é%T%S2009/069 15 J%OlZS]Th_e resg%?cat_alyst g(g]néosition may comprise two or’
more embogiithedirseis e MdaehEr ensc oot 2oMis BAremBBETIENt, a process for producing an

Olefin-batsefhn@gxmef :S @ﬁ%@?%oﬁﬂsea?%sg%@mgsl ﬁ?&&@éﬂiﬁ@ gmr@eﬁrmg'ghbaméattyﬁm%
composition under polymerization conditions. The catalyst compaosition a substityted
pher?ylene 8?8%3?&?&? ?ggiﬁahérgﬁﬁgﬁ%ﬁé’rﬁﬁ‘étﬁg}fg éya%&ﬁ)ﬁrléﬁﬁilég%éﬁ@nﬁﬁ?énwé%ﬁ S |§lﬁed
phenylene dibgiziesie audisalasegihereturildiptbbessdurtitel4rathdesiommingErdiefrbased
polymer. [0B13017 o pmodiment. b calalsl sompos ian cldesAipeRtalyalcompention and a
cocatalyst. The procaPa ys(f composﬁlonymay e any procatafy t composition as disclosed herein. The
procatalyst gempdsitiorsamayoindiffdwat; skibstindepephenlcibosirsniagadie e ielinh e s teivaY electron
donor or a mixed interoal £lealson dagar a3disglagecdhsreinsThr gasaialysimaybe @y, cagatalyst as

disclosed herein. The catalyst composition may optionally include an external eIeCtr[)(,)l: doné%)r and/or an

activity limithieCHigert &S Bravitsdshy GrEreses NS I EHATVEREEMAAL, theb RAPRBRERT pBfymer can
be a propylangihasseiefincanctpnanephased okt anddandainations;thereditm aompisadiment,
the olefin-based polymer is a propylene-based polymer, [00132]One or more 8Iefin monomers can be
introduced mfﬁlﬁuﬂslﬁ}ﬁ?@ﬁiﬁﬁﬁﬂcrga%‘g}rﬁ%’?@ Wi nlﬁ{%é’ SR LPARY BB S potsnier. of 4 fluidized
bed of polymgsipasietes, Nanlimitiligeamplesatii seitaiie. ofkfitbiohalnansatinguaithidnde
propylene, C4.20 a-olefins, sych as 1-butene, 1-pentene,.1-hexe -methyl- 1- e 1-heptene,
1-octene, 16L& R T 00 ecgghéiﬁgﬁl ' et?ﬁr(%b]%%@% %ofé%}?lﬁn}sucﬁ%hgg@l%’%és ag%g e‘?&i%%gntadiene,
norbomadiergadetidid 8eme-aiorbthmefen@ NiBatd sidyétspsataiidhe hagsuationy Ferbihitic
compounds nelyeling SIS B URIDUSRIRNS HIMDBESRS oM MRIBER arca

vinylnapthafene; and halogen-substituted C8_40 vinyl aromatic compounds such as chlorostyrene and
fiuorostyrenlogO IR 3{AereREEPBETEFHT PO i BRI Y SMRIoh & RIS Ehiférature and pressure
parameters ggdin a polymetzatigmdgmedar, suitabiedepyamsiiagrinly etz dtinmbetueening catalyst
composition and an olefm tg form the desired pol ,[ger. heg%)ocglﬁerization‘%age 2@-&%&%%% may be a
gas phase, B 0r 8hmepdﬁﬂtﬁé‘ﬁka(tigl’?rﬁ§§tfé s, operdting | e

Fone, &r more than one, Fedctor.
1001341In amgmehosineehtGolyiTRsidHNgh aecuts by wayailgas(phase balygaerizdtiorcss ssed
herein, "gas phase polymerization” is the passage of an ascending fluidizing medium, the fluidizing
medium containing one or more monomers, in the presence of a catalyst through a fluidized bed of
polymer particles maintained in a fluidized stage 6tlhe fluidizing medium. "Fluidization" "fluidized," or
"fluidizing" is a gas-solid contacting process in which a bed of finely divided polymer patrticles is lifted
and agitated by a rising stream of gas. Fluidization occurs in a bed of particulates when an upward
flow of fluid through the interstices of the bed of particles attains a pressure differential and frictional
resistance increment exceeding particulate weight. Thus, a "fluidized bed" is a plurality of polymer
particles suspended in a fluidized state by a stream of a fluidizing medium. A "fluidizing medium" is

one or more olefin gases, optionally a carrier gas (such as H2 Or N2) and optionally a liquid (such as a
hvvdroecarbon) which acerande throiiaoh the anac-nhace reactar TON12RRT A tvwnical nac-nhace



100142]in an embodiment, a polypropylene homopolymer is formed via introduction of propylene and
any of the present procatalyst compositions, cocatalysts, external electron donors, and activity limiting
agents in th‘% g‘)jrzs{é(ii {rs%ggig‘{. The polypropylene homopolymer is |ntrodqc§dp@%g}§0§%mg reactor along
with ethylene and optionally an external electron donor and/or an activity limiting agent. The external
electron donor and the activity limiting agent may be the same as or different from the respective
components used in the first reactor. This produces a propylene-ethylene copolymer in the second
reactor. 100443346 aveanhegimentdie olefinslsqhropylededThelproBesklnscaegabrmingle
propylene-b gg olymer having a melt flovy rate (MER) from, abait 0,03 @/lQimisnie abautd00 /10
f’ﬁgg% eug%' né mo1e%' sugﬁ as 280\%%}1 A11ae.

mm, or fro min t6 ‘about 10 min, or from about 0.5 g/10 min to about 150 g/I0

mm. In a furthexerboditaedt bthethrosiiemen iasispBivte PIeA PR AR le AT SHONSier. |
L001441na0,embedimentytheplelias Reapulenerdis pracessineludendermioas peapyiene-based

polymer having a xylene solubles content from about 0.5% to about 10%, (gfr‘ffrom about ?.% to about

8%, or froretatiout mahexabornioats, MAD I ReFRNBRER AR, FR%r RIS BREH hofimer 15 a
polypropylepg hemepalymer 40 QkdRbiman emb edimend, dheuplefiatis prepybate. Nueiprodess includes

forming a propylene-based polymer having a polydispersity.index (PDL) from 0 t 15, or
from aboutA¥3RiEoaf £8' ?rﬁﬂ%@ﬁrﬁgﬁtﬂ%&ﬁrgﬁﬁsgﬁ%& %r%a[c%) #ﬁeor;ft, tgg{%?c%p?/ er?g-based
polymer is grpolypropylene semapllymerat0abike ibine Tiredeow didsinstale Grovpass Mol process.
In an embqdiment, a polymerization process.is RE%vided includes contacting propyleneand
ethylene a%‘ %@bu?@ngn\/\ﬁfﬁzbg(%a aitis%ﬁceoﬁf)o& fgﬁ%ﬁfé& merizatior?%onditiésr&]%. The catalyst
compositiohatngynbéoany eatalysttdmppsitioncdicleseiRYBi R EEHEIR MG &l ST dhylene
aromatic di_t ster, Ihep G%%%%Igg&%gﬁming a random propylene-based interpolymer having an
MFR from a o%t%).la)l g9/10 mm to about 200 g/10 mm, or from abqut 0.1 lloagng to abé)ut 100 g/10
min, or frorfP8BHut 0.5 glhe MR ﬁﬁ&@%‘g@@lﬁ?ﬁ‘%@l%%ﬁﬁfr%ﬁ%ﬁg- K& REPEBTymer has

a xylene solublesiontent fom ehaUELRE% i aRauLQ%0apdiem abledtddintofahnud@086 tior from
about 1% to about 20%. Page 27 , WO 2010/078?4111;9 PCT/UtSZOOQéQ%QQQ%S LQ%A'ZISFJ};‘?{ fmant
propylene-BESEHIFEEFABIDRRLIOR AR, L0 DBA%Rt LERISRB M Eontant felative to propylene of from
about 0.0038teabeut20%: esframiein UNDOHSntted by utny Fationtotheahout 8. bobicsedlbiit 10%.
(00148]In an embodiment, the glefin-based polymer (i.e. ., ro - duged by any
of the foregtgﬁﬂénb%lgg1§ & 816rré)(p”rllosresa Sglgﬁbgfit%t%gaéﬁgnﬁén%%ﬁr%r%gﬁ%g?g%%l%gﬂ%%%present
polymerizatisieprecesslpasiaersgrsivityo by snomsimdibsainibaisiaisel sderee MRS RNot wishing
to be bound n%ét%@f)é @gﬁg%i@{etﬁ%ﬂ{é{ﬁétdﬁegé‘l“@f'%%t ' present catalyst compositions with

substitutedsp enylene aromatic diester internal electron donor yield olefin-based p@}/mersl with a

broad molet#3#lweight icmilsmbedimsgh hearpseRbNRFCSREPhig N ETEES LA PRETROTEr, the
present su h;??é&%i?ﬂﬁeg‘é%@oﬁfqPih%ﬁ)ge%k&?ﬁlﬁ?dugm@@ﬁgb{ﬁhg m&@\@dﬁﬁtﬂﬂlﬁprﬁw&?kqﬂrMalyst
composition(s), catalyst composition(s), and glefin-based polymer(s) the property of bei
phthalate-frREOBFEIREME YoM aASIHISHBRIA gﬁﬁtfci)}é%gﬁ%%ti%ég eg%% oRERY e
1001511 DERIMISHRN 56007 pridlirefdie poaatdtheReisdidifableaghtvorElbalidatrrdinpshall refer
~ to the Periodic Table of the Elements, published.an i igle Iso, any
references Yélbc t&%%tadplg}&%gt Tﬂ%lﬁ;%g&’tca) ﬁ]%n%dgégﬁgj gl:% _psQ é%ﬁ%%i%eﬁ%&gi%%ble of
the Elements usingpttienlbtPkorpyisiereisved thivetintpg helqusnetife deedmitsrpt S 1ra b AR inplicit
from the coplext, QrAUBIAMANGF U ath Gl hara and Reens Amhased emelahiofarpuiposes of

United Statree§pa ent practice, the contents of any patent, patent application o(rES)uinc tion referenced

herein are Ieérélby neotprdiaTcRndyHETAYEN GBI IRRIFERLTREFETN th aé‘d‘ﬁ?v&}@nt SIERHESH th&reof is so

incorporated, by figferance): |spesialvimthirspeshivdhaudisclosiesisy Mhefpteckiiguéshaefinitions
(to the extent not inconsistent with any definitions providetd her.%iéne) Ic‘]ﬁmd gdeggrrgé Ié?%\{y‘lg ge in the art.
[00153]Thelrral erprR AR o anti i AT B SRR RIS IR RS 18 eXeluds the presence of any
additional camgsnent, step o1 pioeeiiicat whethebgemththegsatie is tisclusetiaideelmvinsoftier to
avoid any doubt, allR(l/: itions claimed herein through the term. iSing's include
any additiorfgmﬂlﬁit @%% an ‘,erg}nclglm%é:%(fr v%k%ﬁ%‘%&gggo%’%&%%gﬁ %{%{Qgﬁn?ess .
stated to thercontgaryfrémdontiastdtie feis, "toasienhgdeashihipdessnalingee s tHelsddde of any
succeeding recitation any other component, step or procedure, excepting those that are not essential
to operability. The term "consisting of' excludes any component, step or procedure not specifically
delineated or listed. The term "or", unless statgg,ptherwise, refers to the listed members individually as
well as in any combination. 1001541Any numerical range recited herein, includes all values from the
lower value to the upper value, in increments of one unit, provided that there is a separation of at least
2 units between any lower value and any higher value. As an example, if it is stated that the amount of
a component, or a value of a compositional or a physical property, such as, for example, amount of a
blend component, softening temperature, melt index, etc., is between 1 and 100, it is intended that all

individual values, such as, 1, 2, 3, etc., and all subranges, such as, Ito 20, 55 to 70, 197 to 100, etc.,
are avhrececlhiy eniimeaerated in thie enecificatinn Eor vvaliiae which are lece than nne one 11init ic



or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals include, for
example, methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, i-butyl (or 2- methylpropyl), etc. The alkyls
hayed and 2Q carbon. atoms. Page 30 WO 2010/078494PCT/US20091069915 100164]The term
"substituted 2 y;ff}"i%{yﬁ%gé‘d herein, refers to an alkyl as just described in Wit S8 %bre hydrogen
atom bound to any carbon of the alkyl is replaced by another group such as a halogen, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl,
halogen, hataalkykhysdoxynamimiphasnbide cotldy:amine, pRisnbiis, Asdetmbinationsithereof
Suitable substitined &Ik Is intcluqe, far exahmple,db(-;i_Hz Ibtrifluorom_e%gg 6tmld the like, 1001651The term
"aryl," as uSEPHER , FEERE o df Sroriitic &LnShtu@iWHiE e’mgf &3 %l‘ﬁegq%’ aromia |ce:nr‘?ﬁ%ebr multiple
aromatic rirtgaawhichohrent,seckidgethés, finkedtbevatehtiinemlinkedtdogesativmoncgrouptslidh as a

methylene %&eeérf‘%'%QQ@Q@‘M&%‘&%@%%%&B@@M %é&?%&@ﬁﬁl%}dﬁd@%@ﬂﬂn Ahagepy!, and

biphenyl, among others. The ar _ 20 carbon atoms. 1001661 T METHODS
100167]Flefbratimeriptiess rdesaraties 4aeabevetiandaWith ASTM D790-00. 1001681 Melt flow rate is

measured imggﬁprdance[g{vgg é&%&?%‘?&a&ﬁ%rﬂ%ﬁ?&@ a E@Qe\&’img-%@ﬂ&ﬁiﬂht ol
propylene-base %olymers. [001691Xylene Solubles (XS) is measured using a IFT NMR method as

described iFTOCEAIsh PRESU58G5h BRI BH IR ACSAEHE SPRRRLFAiNITRIM BT A SEPHSTaITD Y Rterence.
1001701 Polydispexsity, bidex{ RO i meas uwretoby errd R-GR rugendaieswbishisransHassacantrol
dynamic spectro elter g%ured by TA Instr nts u&j a method accordin to Zeicluter GR,
Patel PD (195 A LU e ERES ER) BFBRioreprs Mo TN BPL IR SR World
fggg r%si ghﬁh@miweﬁn@izi\ﬂmw @éﬁﬁ}ﬂd%qnﬁaﬁﬁﬁeﬁiméxitisdaseﬁhddmmmﬂﬁhg @mpemc@urebat

. .|tre|suseto I e in { n tQ.ke t I on py
omvgen an O B R R o e

compress riislekedrifbraeen OO X @Tﬁﬁﬂp@ﬁ@é?géﬁf@eﬁdﬁ@%i?%mﬁﬁf@?Pgmiﬁ%é]@are and
loaded on the GEHERLALINEBNIOL? HlalRichie HeAmEtdERPHPRYLABRG Y G YIRS, 3rt2:20
(deg:min:l); (2) Diameter: 25 mm; (3) Truncation gap: 149 micron. The geometry of the bottom plate is
25mm cylinfier {8020 TEBHKS procedure: (1) The cone & plate sample holder are heated in the ETC

oven at '185{@‘0@;] 2 hou ésréy}garﬁf g%%@g@g@mgf@@%&gﬁfmgm@@?}mg(@e@m igdaised to
2.5mm and sample |oaded unto the top of the bottom plate, (3) Start timing for 2 minutes. Page 31
0> 2010/ 0P Lt S ARS8 o i er i FnFRe TR M6t 6 BCSANS rest on
top of the sarapiesdry Bbsesvingthetabrvidl farceix(b)eAtienthivinminiieB-lbeesatinglen=squedzed down
to 165 micr lower the upper.con ).Ihe.normal force. i served. When normal force
s cown t0 S R e S ST 30 MR e
holder by adsgatdla. XEXT Heeuppenaonecirriodered agalitet thEher samatisaciap wiishdsviid®thicron. (8)
An Oscillatqry; FIRAUe ACY, RWREBAaR! ﬁeeaq&rmﬁfé wdesithiesr candiions: chaghdetayesalds0C for 5

minutes. Frequencies: 628.3r/s to 0.Ir/s. Data acquisition rate; 5 point/decade. Strain: 10% (9) When
the test is CEATHIERHIREEIEIVET HivATIBYEHr R doEdadsy heasEs SEr R vaRtde Data
Analysis progrsep furnishadayehAdmstenm et Serob@)RN prdfiRs006s GenthitRa withshd QRkAdl Final

melting point Tm(f) js the temperature tg melt the most perfect crystal in the sample and is regarded as
a measure &% a%&%&giﬁ%&‘é’ﬁt SPERABSITEEBity. The test was conducted using a TA

Q100 Differigaif] ScanniGgrCataiinested (1A sanyiéyis heateshiromh0t: tn24QCeaica ¢aidoat:84€/min,
cooled at the same rate. t0.0C, then, he again at the same.rate.up to 150C, held gt 15Q0C for 5
intes and T Ro A i B8 (5 Tote BrRs Cni e e, el B vcle
by calculatitsgnitreabnscirohtie lbageliné avti st ofiie lveatingeeu AECOD 1P Tlesthstpprecddure:
(I)Calibratelig@@{rg,eﬁig s{gitﬁbﬂqﬂ Qpﬁ%}{dﬁ(iigﬂ@@ 1§;§3th<}€9€(.2) Purge the instrument head/cell with a

constant 50 ml/min flow rate of nitrogen constantly. (3) Sample preparation: Compression mold 1.5 g

of powder d8448k using & 30-eneimentgtene Pt OGRS INIBR SIS B OP4Y: F84t mixture

at 230 C forg mingtesatcaniacid Bl GAasRiesmide Samnigmatthe speadempaiatire with 20 ton
pressure foiﬁwﬁnute; (c).cool the sagné‘zle to 45F and hold for 2. minutes with 20 tonlpressure; (d) cut
(0]

the plaque of about TREARIBAL L PSR B 1B STRE A T Pl B 8 B T &R dider to
homogenizéesatipleifdrNaihdnpiscelaf sanijie (psaferablyrbetveennbded ng) flamrthaisample
plaque and seal it in a standard aluminum sample pan. Place the sealed pan containing the sample on
the sample side of the instrument head/cell and place an empty sealed pan in the reference side. If
using the auto sampler, weigh out several diffgy, ésample specimens and set up the machine for a
sequence. (5) Measurements: Page 32 WO 2010/078494PCT/US2009/069915 (i) Data storage: off (ii)
Ramp 80.00 C/min to 240.00 C (iii) Isothermal for 1.00 min (iv) Ramp 80.00 C/min to 0.00 C (v)
Isothermal for 1.00 min



(vi) Ramp 80.00 C/min to 150.00C (vii) Isothermal for 5.00 min (viii) Data storage: on (ix) Ramp 1.25
C/min to 180.00 C (x) End of method (6)Calculation: Tm(f) is determined by the interception of two
lines. Draw Qne line from the base-line of high temperature. Draw another line from through the
deflection of the CUi& ¢idse to the end of the curve at high temperature s]fggﬂfaa)f%f%;}%%ay of
example and not by limitation, examples of the present disclosure will now be provided.

- [00175]1.SUBSTITUTED PHENYLENE AROMATIC DIESTER. [00176] Substituted phenylene
aromatic diesteirmnayd hemyathbsizad inaccaidancthilizdiS. (paientappicatnsdradane ©1/141,959
(Docket No,.6818 .fngd n December 31, 2008. the entire content of which is_ incar ed by
reference hdel?geiﬁ o n%%negB g‘%g?n%) 3‘?8? glgﬁg%ifés s‘ﬁ%@ﬁtu gg“f) %%&ee\ﬁgel%%n%éﬁ agiﬁe%gﬁe}‘r%?e provided
in Table 1 blovindfabieoh@tmpoumustdocaideait MR (S0@imitks, GRORsSFERHN 1 Dmwhuivglene

dibenzoatea@ ﬁgslt)gbgtﬁ ﬂ%ﬂ%é%}%@% b @odlY ks %%7504330@’4%%%&3, c)3r uﬁlm about

3-methyl-5-tert-butyl-1,2-phenylene 88.08 de, 211), 8.03 (dd, dibenzoate (IED2) 2H), 7.53 (tt, 111),
7.50 (tt, 1P mimecs B pIFIReate o ayloasiabouty ST o at lepstpp WS, oAt leasiabout o)
3,5-diisopreyt1i-Phapdens. 88 R8:6deh BIICT QAfdd adingnzoete Hebd) aBdd) 593 (tt, 111), 7.48
(8, 114) 1380 210) 131 S, TG ) F00 0 16 311 eptal, 1), 208 et )
composition is separated from the reaction medium employed in the final process, by .
filtering for example, to produce a moist filter cake. The moist filter cake may then be rinsed
or washed with a liquid diluent to remove unreacted TiCly and may be dried to remove
residual liquid, if desired. Typically the resultant solid procatalyst composition is washed
one or more times with a “wash liquid,” which is a liquid hydrocarbon such as an aliphatic
hydrocarbon such as isopentane, isooctane, isohexane, hexané, pentane, or octane. The solid
" procatalyst composition then can be separated and dried or slurried in a hydrocarbon,
especially a relatively heavy hydrocarbon such as mineral oil for further storage or use.
[6643] In an embodiment, the resulting solid procatalyst composition has a titanium
content of from about 1.0 percent by weight to about 6.0 percent by weight, based on the
total solids weight, or from about 1.5 percent by weight to about 4.5 percent by weight, or
from about 2.0 percent by weight to about 3.5 percent by weight. The weight ratio of
titanium to magnesium in the solid procatalyst composition is suitably between about 1:3 and
about 1:160, or between about 1:4 and about 1:50, or between about 1:6 and 1:30. In an
embodiment, the internal electron donor may be present in the procatalyst composition in a
molar ratio of internal electron donor to magnesium of from about 0,005:1 to about 1:1, or
from about 0.01:1 to about 0.4:1. Weight percent is based on the total weight of the
procatalyst composition.
16044} In an embodiment, the procatalyst composition may be further treated by one
or mote of the following procedures prior to or after isolation of the solid procatalyst
composition. The solid procatalyst composition may be contacted (halogenated) with a
further quantitj/ of titanium balide compound, if desired; it may be exchanged under

metathesis conditions with an acid chloride, such as phthaloyl dichloride or benzoy] chloride;

Page O



Page 33 WO 2010/078494PCT/11S2009/069915 Compound Structure 111 NMR (500 MHz, CDC15,
PI13m) 5 8.08 (dd, 4H) 7.54 (U, 2H), 7.34-7.43 (m, 811). 1,2-phenylene d benzoate (JEDI)* S2 0 *
3-methyl-5-tert- butly 2-phenylene dibenzoate (IED2) .") . S 68,08 (dd, ZH% 8.03 (sgd 2H), 7.53 (tt,
1H), 7.50 (tt, Y22 Y9 210, 7.34 (¢, 2H), 7.21 (d, 111), 7.19 (d, 111), FSEYSHI% (s, 9H).
3,5-diisopropyl-1,2-phenylene dibenzoate (IED3) 5 68.08 (dd, 2H), 7.00 (dd, 211), 7.53 (it, 1H), 7.48
(U, 111), 7.39 (t, 211), 731 (t, 211), 7.11 (d, IH), 7.09 (d, 114), 3.11 (heptat, 111), 2.96 (heptat, 1H),

1.30 (d, 61%}151:12@149,b@]rﬂrbse@éﬂ%as%e@%eﬁaﬂamdl &B@&ﬂym@@i@g&a@@dﬁﬁ&ﬂ Brob&@8:(d, 211),
7.51 (t, Hi), 7.34 (d 2H), 7.11 (s, 211), 2.2 611). 0 tbutyl henylene dibenzoate (IED5) o o

a 8.07 (dd, B#Y)" Wﬂlwﬁ""&‘_f‘lﬁnﬁ%‘ée’?oﬁﬁ O?“i §eRarpye ‘gﬂ))t ethyl 1,2-phenylene dibenzoate
(IED6) 5 5 (jooas} 8.07 (d, M)wxsﬁﬂagt,talﬂa oG (thyh kb, pRBcidarl 1ord, 2 (B, hdleVedStgal, 111),

211), 7.90-3 S8 TSR E AR P 1 R P Sube e Pt B =

2,3-naphthaieméudibetidoatenfiEDs) Spetidly @ &&@&%@%IMam}S@ICW%MIMt ABlfoy 58 (m

4H), 7.38 (t(fl)]father washing the previously formed procatalyst composition with a halohydrocarbon at
an elevated temperature (100 — 150°C), results in desirable modification of the procatalyst
composition, possibly by removal of certain inactive or undesired metal compounds that are
soluble in the foregoing diluent. Accordingly, in an embodiment, the procatalyst is contacted
with a halogenating agent, such as a mixture of a titanium halide and a halohydrocarbon
diluent, such as TiCl4 and chlorobenzene, one or more times prior to isolation or recovery.
In another embodiment, the procatalyst is washed at a temperature between 100 to 150°C
with chlorobenzene or o-chlorotoluene one or more times prior to isolation or recovery.
[0046] The present process for producing a procatalyst composition may comprise
two or more embodiments disclosed herein. |
[0647) In an embodiment, a procatalyst composition is provided which includes a
combination of a magnesium moiety, a titanium moiety and an internal electron donor. The
internal electron donor includes the substituted phenylene aromatic diester. The procataiyst
composition is produced by way of the foregoing halogenation procedure which converts the
procatalyst precursor . and the substituted phenylene aromatic diester donor into the
combination of the magnesium and titanium moieties, into which the internal electron donor
is incorporated. The procatalyst precursor from which the procatalyst composition is formed
can be the magnesium moiety precursor, the mixed magnesiumy/titanium precursor, or the
benzoate-containing magnesium chloride precursor.
[0048] In an embodiment, the magnesium moiety is a magnesium halide. In another
embodiment, the magnesium halide is magnesium chloride, or magnesium chloride alcohol
adduct.
[6049] In an embodiment, the titanium moiety is a titanium halide such as a titanium

chloride. In another embodiment the titanium moiety is titanium tetrachloride.

Page 10



WO 2010/078494PCTMS2009/069915 Compound Structure 111NMR (500 MHz, CDCI3, PP1n)
1,2-phenylene dibenzoate (IED1)* 8 8.08 (dd, 411), 7.54 (tt, o* 0 211), 7.34-7.43 (m, 8H).
3-methyl-5-tert-butyl-1,2-phenylene 38.08 (dd, 2H), 8.03 (dd, dibenzoate (IED2) 211), 7.53 (if, 111),
7.50 (tt, S OPWAIMP754B t 211), 7.34 (t, 7.21(d, IH), 7.19 (d, 1H), 2.2BEUSHIIP8 s oH).
3,5-diisopropyl1-1,2-phenylene 8 8.08 (dd, 211), 7.00 (dd, dibenzoate (IED3) 214), 7.53 (if, 111), 7.48
(if, lik 111), 7.39 (t, 2H), 7.31 (t, 21), 7.11 (d, IH), 7.09 (d, [IH), 3.11 (heptat, 111), 2.96 5 (heptat, 1H),
1.30 (d, 6H)p040P6 (d, 61 a3oMee B EHAEDUNE ph2ARNERYIBRS BRI Tua8: (6. RAghek: a3

di(4-methylbenzoate) (IED9) (d, 214), 7,18 (d, 411), 7.15 L . i
chloride support upon which a titanium chloride 1s deposited and upon which the internal

electron donor is mcorporated.
J0051] In an embodiment, the internal electron donor of the procatalyst composition

includes the substituted phenvlene aromatic diester of structure (I):

iy
Rs Ry
Re Ry
0, d o o

Rsp l ng Rs
Ryy Rse Rg

Ry Fiy .

[06652] wherein R,-R,4 are the same or different. Each of R;-Ry4 1s selected from

hydrogen, a substituted hydrocarbyl group having ! to 20 carbon atoms, an unsubstituted
hydrocarbyl group having ! to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a heteroatom, and combinations thereof. At least one of R;-Ry4 is not hydrogen.
[60353] In an embodiment, the substituted phenylene aromatic diester may be any
substituted phenylene aromatic diester as disclosed in U.S. patent application serial
no. 61/141,959 filed on December 31, 2008 (Docket No. 68188), the entire content of which
1s incorporated by reference berein, _

[0054] In an embodiment, at least one (or two, or three, or four) R group(s) of R;-R4
is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a heteroatom, and combinations thereof.

[6055] In an embodiment, at least one (or some, or all) R group(s) of Rs -Rjs is
selected from a substituted hydrocarby! group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon

atoms, a heteroatom, and combinations thereof. In ancther embodiment, at least one of R; -

Ro and at least one of Ryp-Rysis selected from a substituted hydrocarbyl group having 1 to
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(d, 211), 2.38 (s, 311), 2.36 (s, 3H), 2.26 (s, 311), 135 o0 (s, 9H).
?-methyl-Slert—butyl—l,2-phenylené 6 (ppm) 7.25 (s, 111), 7.21 di(2,4,6-trimethylbenzoate) (IED10)
s, 111), 6.81I1§d, 411), 2.36 (s, 3H), 2.30 (d, 611), 2.25 oo (s, 611), 2.23 (s, 611). 1.36_0 (s, 911).
3-methyl-5- 8- BURR#43%phenylene 67.98 (dd, 414), 7.36 (dd, di(4-f|uoro’b‘é¥9%%{’t‘?egj°ﬁﬁ’bs| 1) 411),
7.21 (s, 1H), 7.17 (s, 5111), 2.26 (s, 3H), 1.34 (s, . 000 91I). 3-methyl-5-tert-butyl-1,2-phenylene
67.98 (dd, 4H), 7.36 (dd, di(4-chlorobenzoate) (IED12) CI50, 400040 4H), 7.21 (s, 111), 7.17 (s, 111),

2.26 (s, 313, %Léén((?somalégun’é@mga&rﬁﬂy@fm@5{{@@@@@51 GCaopesitinanHe0A7Akmprocatalyst
precursor is charged, according to the weight shown in Table 2, into a flask equipped with mechanical
stirring ancBHR Bt fﬂt?gtﬁ?ﬁb‘gbampﬁfg ﬁ"?fé’at%%ﬁ\f’é}ﬁf%(f ot Ogﬁgt ?:ﬁ'l%?r'obenzene (1/1 by

volume) is jpbsEjuced into dherfibstinnnt thela2tsRhaunRl-Ghiatdraakett oronfdtingnidsastisttdThe
e R U RO e w0
continue ahthizosarimd Rage 36ving 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon .
| atoms, a heteroatom, and combinations thereof. In another embodiment, at least one of Rj-Ry
at least one Rs -Rg of and at least one of Ryp -Ry4 is selected from a substituted hydrocarbyl
group having 1 to 20 carbon atoms, an unsubstifuted hydrocarbyl group having 1 to. 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroatom, and combinations
thereof. _
[0057] Inan embodimenﬁ, any consecutive R groups in Rj-R4, and/or any consecutive
| R groups in Rs -Rg, and/or any consecutive R groups in Rjo -Ri4 may be linked to form an
inter-cyclic or an intra-cyclic structure. The inter-/intra-cyclic structure may or -may not be
“aromatic. In an embodiment, the inter-/intra-cyclic structure isa Cs or a C¢ membered ﬁng.
- [0058] In an embodiment, at 1eas;s one of R;-R4 is selected from a substituted
hydrocarby] group having ! to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
to 20 carbon atoms, and combinations thereof. Optionally, at least one of Rs-Ryq may be a
halogen atom or an alkoxy group having 1 to 20 carbon atoms. Optionally, R;-R4, and/or Rs-
Ry, and/or R;o-Ri4 may be linked to form ap inter-cyclic structure or an intra-cyclic structure.
The inter-cyclic structure and/or the intramcyciic structure may or may not be aromatic,
[06059] . In an embodiment, any consecutive R groups in Ri-R4, and/or in Rs-Rg, and/or
in Rig-Ris, may be members of a Cs-Ce-membered ring. 7
[06060] In an embodiment, structure (I) includes Ry, R; and Ry4 as hydrogen. Ry is
selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyi group having 1 to 20 carbon atoms, and combinations thereof. Rs-Ri4 are the
same or different and each of Rs-Ry4 is selected from hydrogen, a substituted hydrocarbyl
group having ! to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations
thereof.
0061} In an embodiment, Ry is selected from a C;-Cs alkyl group, a C5-Cq
cycioalkyl, or a substituted C3-Cs cycloalkyl group. R, can be a methyl group, an ethyl
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desired temperature for 60 minutes with stirring followed by filtration. This process is repeated once.
70 ml of iso-octane is used to wash the resultant solid at ambient temperature. After the solvent is
removed by filtration, the solid is dried by N2 flow. Table 2 Procatalyst Precursor Weight MagTi-1 3.0g
2.0g SHACIM 310" 0’&36?791MagTi-1 is a mixed Mag/Ti precursor with COI}FI%%@I%%.H% mb%Ti(OEO802
(a MagTi precursor prepared according to example 1 in U.S. Patent No. 6,825,146) with an average
particle size of 50 micron. SHACTM 310 is a benzoate-containing catalyst (a BenMag procatalyst
precursor Witbwg anenage! pasigleasirewbay] miessn) withetbyb i nzoatdws! theiplernat-legtron donor
made according to mple 2 in U.S. Patent No. 6,825,146, the entire content of which is incarporated
erein by rEFSI N AT R oy LA S O S At EU LI lsted i
Table 3. 10[080]Procatdly st corhpdisitonstpraducddl ioyludey Bf thet fonagiiylg qaxbesdiure Ry& set forth at

Table 3. Tq@lﬁggg%ggatalyst # Precursor Donor-1 Donor-2 Ti (%) OEt (YO) KB (%) Donor-1 (%)
Ti-

4949-27-1 Ma DiBP 3.03 0.21 0 13.68 4949-29-2 MagT1-1 D BP 3.26 0.19 0 13.27-4949-4-2
MagTi-1 IE§963117 0.26uan4 mhedinedo sgixir A inplgleg R, that is ethyl, and each of Rs-Rqs is
hydrogen. '
[6064] In an embodiment, structure (I) includes Ry that is t-butyl, and each of R5-R4
1§ hydrogen.
[6065] In an embodiment, structure (I) includes R; that is ethoxycarbonyl, and each

of Rs-Ryg is hydrogen.

[0066] In an embodiment, structure (T) includes Ry, Rs and R4 each as hydrogen and
R; is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof, Rs-
R4 are the same or different and each is selected from hydrogen, a substituted hydrocarbyl
group-having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having I to 20

carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations

thereof.

16067] In an embodiment, structure (1) includes R, that is methyl, and each of Rs-Ry4
is hydrogen.

[0068] In an embodiment, structure (I) includes R; and Ry that are hydrogen and R,

and R; are the same or different. Fach of R; and R; is selected from a substifuted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
to 20 carbon atoms, and combinations thereof, Rs-Ri4 are the same or different and each of
Rs-Ris is selected from a substituted hydrocarbyl group having | to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a halogen, and combinations thereof. |

[06069) In an embodiment, structure (I} includes R; and R;that are the same or
different. Each of Ry and Ry is selected from a C,-Cy alky! group, a C3-C¢ cycloalkyl group,
or a substituted C3-Cg cycloalkyl group. Rs-Ry4 are the same or different and each of Rs-R4is
seiected from hydrogen, a C}*Cg alkyl group, and a halogen. Nonlimiting examples of
suitable C1-Cg alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, i-butyl, t-
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IED I 3.88 0.2 1.96 trace 4949-8-2 MagT1-1 IED1 EB 3.13 0.39 6.29-127 4949-25-1 MagT_i-l IED2
3.52 0.27 4.08 10.31 4949-25-2 SHACM 310 1ED2 3.23 0.11 2.33 10.62 4949-54-1 MagTi-1 IED3

4,1 0.32 5.02 8.19 4949-54-2 MagT1-1 TED3 ER 3.71 0,28 8.87 5.61 4949-51-3 MagTi-1 IED4 2.73
0.35 0.37 8.6% 0 2010/678494 PCT/US2009/069915

butyl, n-pentyl, i-pentyl, neopentyl, t-pentyl, n-hexyl, and 2,4,4-trimethyipentan-2-yl group.
Nonlimiting examples of suitable C3-Cs cycloalkyl groups include cyclopentyl and
cyclohexyl groups. In a further embodiment, at least one of Rs-Ry4 is a C;-Cy alkyl group or a

halogen. ‘

[0070] In an embodiment, structure () includes R; that is a methyl group and R; that
is a t-butyl group. Each of R;, Ry and Rs-R4 is hydrogen.

[6G71} In an embodiment, structure (I) includes R; and R; that is an isopropyl group.
Each of Ry, Ry and Rs-Ry4 is hydrogen. _

[0672] In an embodiment, structure (I) includes each of Ry, Rs, and Ryg as a methyl
group and R; is at-butyl group. Each of Ry, R4, Rg-Rg and Ry;-R 4 is hydrogen.

[0073] In an embodiment, structure (I) includes each of Ry, Ry, and Ry as a methyl
group and Rj is a t-butyl group. Each of Ry, Ry, Rs, Re, Ry, Ro, Ryg, Ry1, Rys, and Rys is
hydrogen. .

[6074] ' In an embodiment, structure (I} includes R, as a methy! group and R; {s a t-

butyl group. Each of R; and Ry; is an ethyl group. Each of Ry, R4, Rs, Re, Rs, Re, Ryg, Ri1,
R{3, and Ry, is hydrogen.

[6675] In an embodiment, structure (I} includes each of Ry, Rs, Ry, Rg, Ryg, Ryz, and
Ris as a methyl group and Rj is a t-butyl group. Each of Ry, Ry, Ry, Ry, Ry, and Rg is
hydrogen.

[8076] In an embodiment, structure (I) includes Ry as a methyl group and R; is a t-

butyl group. Each of Rs, Ry, Rg, Ryg, Ry, and Ry is an i- propyl group. Each of Ry, Ru, Re,
Rs, Ryy, and Ry is hydrogen. .

[0077] In an embodiment, the substituied phenylene aromatic diester has a stfucture
(1) which includes Ry that is a methyl group and R; is a t-butyl group. Each of R; and R, is
hydrogen. Rgand Rg are members of a C¢ membered ring to form a 1-naphthoyl moiety. Rjs
and R4 are members of a Cs membered ring to form another 1-naphthoyl moiety. Structure

(I} is provided below.
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4949-51-4 MagTi-* IED4 EB 2.52 0.34 1.68 7.51 1590-29-1 MagTi-1 IED5 3.13 0.33 0.26 4.50
1590-29-21 MagTi-1 IED5 2.82 0.25 0.08 5.64 1590-29-32 MagTi-1 IED5 3.99 0.37 0.28 6.15
1910-27-3 MagTi-1 IED6 3.41 0.89 1.22 13.15 1910-27-4 SHAC i m 310 IED6 3.050.21 1.32 9.24

Page 36 W 618 78264PCT/US2009/069915 Procatalyst 0 PCT/US2009/069915
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[6078] In an embodiment, the substituted phenylene aromatic diester has a structure

(1) which includes R; that is a methyl group and R; is a t-butyl group. Each of Ry and R4 1s
hydrogen. Rg and Ry are members of 2 C¢ membered ring to form a 2- naphthoyl moiefy.
Rjz and Ry3 are members of a Cs membered ring to form a 2-naphthoyl moiety. Structure
(M) is provided below.

(1)

99 p
] o / .
o [

[0079] In an embodiment, structure (1) includes Ry that is a methyl group and Ry is a :
t-butyl group. Each of Ry and Ry; is an ethoxy group. Each of Ra, Ra, Rs, Re, Rs, Ry, Ryg,
Ry1, Ris, and Ryz is hydrogen.

{0080} In an embodiment, structure (I} includes R; that 1s a methyl group and Rz is a
t-butyl group. Each of Ry and Ry» is a fluorine atom. Each of Ry, Ra, Rs, Rs, Rg, Ro, Ryo, Ryy,
Ry3, and Ry4 is hydrogen. ‘ '
[0081] In an embodiment, structure (I) inciudes R; that is a methyl group and Rz is a
t-butyl group. Each of R7 and R, is a chlorine atom. Each of Rg, Rz, K5, R, Ry, Rg, R, Ry,
Ris, and Ry is hydrogen

[0082] In an embodiment, structure (I) includes R; that is a methy] group and Rs is a
t-butyl group. Each of Ry and R;; is a2 bromine atom. Each of Ry, R4, Rs, R, Rg, Ro, Ry,
Ri1, Ris, and Ry is hydrogen.

[0083] In an embodiment, structure (I) includes R, that is 2 methyl group and Ry is a
t-butyl gro.up. Each of R and Ry, is an iodine atom. Each of Ra, Ry, Rs, Re, Rs, Re, Ryg, Ruy,
Ry3, and R4 is hydrogen. '
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Precursor Donor-1 Donor-2 Ti CYO OEt (%) EB (%) Donor-l (%) 1590-28-1 MagTi-| 1ED7 3.35 0.2
0.22 NM 1590-28-3 MagTi-1 IED8  3.73 019 0.15 NM 1910-14-1 MagTi-1 IED9 3.19 0.17 0 2.56

1910-14-2 3@‘3&?‘%&%’%%9 IED9 2.93 0.07 0.39 3.63 1910-14.-.3 MagTi-1 @%M&@/@ﬁgygg 0.26 01.36

1910-27-1

{06841 In an embodiment, structure (I) includes R, that is a methyl group and Ry is a
t-butyl group. Each of Re, Ry, Ry1, and Ry, is a chlorine atom. Each of Ra, Ra, Rs, Rs, Ry,
Rio, Ry3, and R4 is hydrogen.

[6085] In an embodiment, structure (1) includes R, that is a methyl group and Rs is a
t-buty] group. Each of R, Rs, Ry;, and Ry3 is a chlorine atom. Each of Rz, R4, Rs, Ry, R,
Rio, Riz, and Ry4 is hydrogen. ' |
[0086] In an embodiment, structure (I} include R, that is a methyl group aﬁd Riisa t—.
butyl group. Each of Ry, Ry and Rs-Ry4 is a fluorine atom. . |
[06087] In an embodiment, structure (1) includes R; that is a methyl group and R; is a
t-butyl group. Each of Ry and Ry is a trifluoromethyl group. Each of Ro, Ry, Rs, Rg, Rg, Ry,
Rig, Ri1, Rys, and Ry4 is hydrogen.

[6088] In an embodiment, structure (I) includes R; that is a methyl group and R3 is a
t-butyl group. Each of Ry and Ry, is an ethoxycarbonyl group. Each of Ry, Re, Rs, Re, Rs,
Ry, Ryg, Ri1, Rys, and Ry4 1s hydrogen.

[0089] In an embodiment, R; is methyl group and R; is a t-butyl group. Each of Ry
and Ry, is an ethoxy group. Each of Ry, R4, Rs, Rg, Rg, Ro, Rig, Ryy, Rug, and Rz is hydrogen.
j6090] In an embodiment, structure (I) inciudes R, that is a methy] group and Rz is a

t-butyl group. Each of R; and Rz is an diethylamino group. Each of Ry, Ry, Rs, Rs, Rs, R,
R0, Ri1, Rus, and Ry, is hydrogen. _

[0091] In an embodiment, structure (I) includes R, that is a methyl group and Ry is a
2,4, 4-trimethylpentan-2-yl group. Each of Ry, Ry and Rs-Ry4 is hydrogen.

[0092] In an embodiment, structure (I) includes R, and R;, each of which 1s a sec-
butyl group. Each of Ry, R4 and Rs-Ryg is hydrogen.

[0093] In an embodiment, the substituted phenylene aromatic diester has a structure
(IV) whereby R, and Ry are members of a Cs membered ring to form a 1,2-naphthalene

moiety. Each of Rs-Ryq is hydrogen. Structure (IV) is provided below.

0o

o 4]

Iv)
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3.95 0.44 0 NM 1910-16-1 MagTi-1 IED 11 2.94 0.12 0 12.23 1910-16-2 SHAC1 m 310 IED I | 3.03
0.07 0.93 7.54 1910-16-3 MagTi-1 1ED12 2.76 0.16 0 12.14 1910-16-4 SHAC ' "4 310 IED12 1.82
0.10 0.60 8. -éb-i&,;%&dded during a 1 "and a 2nd halogenation (TC14) 2 = IED a(g(%ed during a In, a
2,and a 3" ha%genat on (TiCl4) EB = ethyl benzoate DEP = diethyl phthal%?éuﬁziw: éﬁgobutyl
phthalate IED = internal electron donor (from Table I) MeBC = p-methylbenzoyl chloride NM = not

measured OEt = ethoxide % = weight percent based on total weight of the procatalyst composition
[00181]lll. Rd84perizatidin [RO&BR{RDmetizatibntisipdrfdumekin dogumdtprdipglenbanzasirgalion
autoclave ysj eparate injection. The external electran donar, is n-propylirimethoxysilane (NPTMS)
or dicyclopliﬁr’]?y%v(j?i1 Fnl%%ﬁoﬁ/fiﬁiﬁ%?’(g&gﬁ ér.SA er g%nﬁﬁ%ﬁfﬁ&? tﬁrégr%%g%msa(%g?é%p} %ﬁqﬁn(ﬁ% g of
propylene andesydésirkdRaditioliviydgoyeRtartitsr GMy Ht nor8 2. tEkternal electron donor, a solution
of 0.27-M triethylalurninum in iso-octane, and a suitable amount of 5.0-wt% catalys@@jurry in mineral
oil (as indicated in data tables below) are premixed=m the same vial for 20 minutes at room

temperature and then charged into the reactor fo £d by isooctane flushing using a high pressure
catalyst injection pump to initiate the polymerizatj After the exotherm, the temperature is controlled

to 67 C. Run time is 1 hour. [00183]Refef Je fst perfehinance and resultant polymer properties
A94P 9/069915

are provided in Table 4. Page 37 WO 20640
[0095] In an embodiment, structure (1) includes R; and R, that are each a methyl

group. Each of Ry, Rs, Rs-Rg and R;g-Ry4 is hiydrogen.

[0096] In an embodiment, structure (I} includes R, that is a methyl group. R4 is an i-

propyl group. Each of Ry, R, Rs-Rg and Ry¢-Rys 1s hydrogen.

[06097] In an embodiment, structure (I} includes Ry, R;, and R4, each of which is an i-

propyl group. Each of Ry, Rs-Rg and R;-Ry4 is hydrogen.

[0098] Ethoxide content in the procatalyst composition indicates the completeness of

conversion of precursor metal ethoxide into a metal halide. The present internal electron

donor assists in converting ethoxide into halide during halogenation. In an embodiment, the

procatalyst composition includes from about 0.01 wt % to about 1.0 wt %, or from about 0.05

wt % to about 0.5 wt % ethoxide. Weight percent is based on the total weight of the |

procatalyst éomposition.

0099} In an embodiment, the procatalyst composition includes from about 0.1 wt %
~to about 30.0 wt %, or from about 1.0 wt % to aboﬁt 25.0 wt %, or from about 5.0 wi % to

about 20.0 wi % substituted phenylene aromatic diester. Weight percent is based on the total

weight of the procatalyst composition.

[66106] In an embodiment, the procatalyst composition includes from about 0.1 wt %

to about 6.0 wt %, or from about 1.0 wt % to about 5.0 wt % titanium. Weight percent is

based on the total weight of the procatalyst composition.

[60101] In an embodiment, the magnesium to internal electron donor molar ratio is

from about 100:1 to about 1:1, or frofn about 30:1 to about 2:1, or from about 20:1 to about

3:1.

Page 17 «



Table 4 Procatalyst # Precursor Donor- 1 Donor- 2 EEO Procat alyst (mg) TEA! (mm ol) All EED 112
(see) Activity (kg/g- h) Bulk Density(g/cc) Melt Flow (9/10 min) XS (%) PDI TkiFi (C) 4949-27-1
MagTi-1 DiBP. NPTMS 11.6 2 8 800 15.9 0.32 3,1 2.4 3.81 170.17 DCPDMS 11.6 2 8 1250 25.5
0.38 2.4 3.5 ¥84'1%48"484949.29-2 MagTi-1 DEP DCPDMS PCT/US2009/069915

[06162] In an embodiment, another procatalyst composition is provided. The
procatalyst composition includes & combination of a magnesium moiety, a titanium moiety
and a mixed internal electron donor., As used herein, a “mixed internal electron donor” is (i)
a substituted phenylene aromatic diester, (ii) an electron donor component that donates a pair
of electrons to one or more metals present in the resultant procatalyst composition, and (jii) "
optionally other cbmponents. In an embodiment, the electron donor component is a
phthalate, a diether, a benzoate, and corﬁbinations thereof. The procatalyst composition with
the mixed internal electron donor can be produced by way of the procatalyst production
procedure as previously disclosed.
{00163] The present procatalyst compositions may comprise two or more
embodiments disclosed herein.
[60104] In an embodiment, a catalyst composition is provided. As used herein, “a
catalyst composition™ is a composition that forms an olefin-based polymer when contacted
with an olefin under polymerization conditions. The catalyst composition includes a
procatalyst composition and a cocatalyst. The procatalyst composition can be any of the
foregoing procatalyst compositions containing a substituted phenylene aromatic diester. The
catalyst composition may optionally include an external electron domnor and/or an activity
limiting agent.
[G6105] In an embodiment, the internal electron donor of the catalyst composition is a
substituted phenylene aromatic diester. The substituied phenylene aromatic diester can be
any substituted phenylene aromatic diester as disclosed herein.
[00106] In an embodiment, the internal electron donor of the catalyst composition is a
mixed internal electron donor. The mixed infernal electron donor can . include (i) a
- substituted phernylene aromatic diester and a phthalate, (i) a substituted phenylene aromatic
diester and a2 benzoate (such as ethyl benzoate), or (iil) a substituted phenylene aromatic
diester and a diether.
[00107] The catalyst composition includes a cocatalyst. As used herein, a “cocatalyst™
is a substance capable of converting the procatalyst to an active polymerization catalyst. The
cocatalyst may include hydrides, alkyls, or aryls of aluminum, lithium, zine, .tin, cadmium,
beryllium, magnesium, and combinations thereof. In an embodiment, the cocatalyst is a

hydrocarbyl aluminum cocatalyst represented by the formula R;Al wherein each R is an

Page 18



16.7 2 8 1500 32.9‘.0.37 1.83.9468171.92 DCPDMS 8.4 2 8 1500 30.1 0.37 2.3 3.8 467 172.27
DCPDMS 8.4 28 10000 21.3 0.33 26.8 2.3 529 171.24 DCPDMS 8.4 2 8 15000 16.8 0.31 43.2 1.8

541
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alkyl, cycloalkyl, aryl, or hydride radical; at least one R is a hydrocarbyl radical; two or three
R radicals can be joined in a cyclic radical forming a heterocyclic structure; each R can be
the same or different; and each R, which is a hydrocarbyl radical, has 1 to 20 carbon atoms,
and preferably 1 to 10 carbon atoms. In a further embodiment, each alkyl radical can be
straight or branched chain and such hydrocarbyl radical can be a mixed radical, ie., the
radical can contain alkyl, aryl, and/or cycloalkyl groups. Nonlimiting examples of suitable
radicals are: methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl,
neopentyl, n-hexyl, 2-methylpentyl, n-heptyl, n-octyl, isooctyl, 2-ethylhexyl, 5,5-
dimethylhexyl, n-nonyl, n-decyl, isodecyl, n-undecyl, n-dodecyl.
00168] Nonlimiting examples of suitable hydrocarbyl aluminum compounds are as
follows: triisobutyialunﬁnum,. tri-n-hexylaluminum, diisobutylaluminum hydride, di-n-
hexylaluminum hydride, isobutylaluminum dibydride, n-hexylaluminum dihydride,
diisobutylhexylaluminum, isobutyldihexylaluminum, trimethylaluminum, triethylaluminum,
tri-n-propylaluminum, triisopropylaluminum, tri-n-butylaluminum, tri-n-octylaluminum, tri-
n-decylaluminum, tri-n-dodecylaluminum. In an embodiment, the cocatalyst is selected from
tricthylaluminum, triisobutylaluminum, tri-n-hexylaluminum, diisobutyla}umﬁlum hydride,
and di-n-hexylaluminum hydride.
[60169] In an embodiment, the cocatalyst is a hydrocarbyl aluminum compound
represented by-the formula RyAlXs., wherein n = 1 or 2, R is an alkyl, and X is 2 halide or
alkoxide. Nonlimiting examples of suitable compounds are as follows: methylaluminoxane,
isobutylaluminoxane,  diethylaluminum  ethoxide, - diisobutylaluminum  chloride,
tetraethyldialuminoxane,  tetraisobutyldialuminoxane, diethylaluminum  chloride,
ethylaluminum dichloride, methylaluminum dichloride, and dimethylaluminum chloride. - ‘
[00110] In an embodiment, the cocatalyst is triethylaluminum. The molar ratio of
aluminum to titanium is from about 5:1 to about 500:1, or from about 10:1 to about 200:1, or
from about 15:1 .to about 150:1, or from about 20:1 to about 100:1. In another embodiment,
the moiar raﬁo of aluminum to titanium is about 45:1.
{60111} In an embodiment, the catalyst composition includes an external electron
donor. As used herein, an “external electron donor” is a compound added independent of
procatalyst formation and contains at least one functional group that is capable of donating &

pair of electrons 1o a metal atom. Bounded by no particular theory, it is believed that the

Page 19 ¢



171.19 DCPDMS 8.4 2 8 20000 22.9 0.33 74.21.85.26 170.81 NPTMS 16.7 2 8 1000 26.5 0.35
3.12.83.89170.25 NPTMS8.428100012.40.33322.44.14170,4 NPTMS38,4238 '

WO 2010/078494 PCT/US2009/069915

“external electron donor enhances catalyst stereoselectivity, (i.e., to reduces xylene soluble
material in the formant polymer). R _ '
{60112]  In an embodiment, the external electron donor may be selected from one or
more of the following: an alkoxysilane, an amine, an ether, a carboxylate, a ketone, an
amide, a carbamate, a phosphine,'a phosphate, a phosphite, a sulfonate, a sulfone, and/or a
sulfoxide.
[06113] In an embodiment, the external electron donor is an alkoxysilane. | The
alkoxysilane has the general formula: SiRp(OR’)en (I) where R independently each
occurrence is hydrogen or a hydrocarbyl or an amino group optionally substituted with one or
more substituents containing one or more Group 14, 15, 16, or 17 heteroatoms, said R
containing up to 20 atoms not counting hydrogen and halogen; R’ is a Cy alkyl gfoﬁp; and
mis 0, 1, 2 or 3. In an embodiment, R is Cgy aryl, alky! or aralkyl, Cs.15 cycloalkyl, Cs.iz
branched alkyl, or Cs.13 cyclic or acyclic amino group, R’ is Cj4 alkyl, and m is Ior?2.
Nonlimiting examples of suitable silane compositions include dicyclopentyldimethoxysilane,
di-tert-butyldimethoxysilane, methylcyclohexyldimethoxysilane,
methylcyclohexyldiethoxysilane, ethylcyclohexyldimethoxysilane, diphenyldimethoxysilane,
diisopropyldimethoxysilane, di-n-propyldimethoxysilane, diisobutyldimethoxysilane,
diisobutyldiethoxysilane, isobutylisopropyldimethoxysilane, di-n-butyldimethoxysilane,

cyclopentyltrimethoxysilane,  isopropyltrimethoxysilane, n-propyltrimethoxysilane, n-

propyliriethoxysilane, ethyltriethoxysilane, . tetramethoxysilane, tetragthoxysilane,
diethylaminotriethoxysilane, cyclopentylpyrrolidinodimethoxysilane,
bis{pyrrolidino)dimethoxysilane, - bis(perhydroisoquinolino)dimcthekysilane, and
dimethyldimethoxysilane. I£1 “an  embodiment, the silane  composition  is

dicyclopentyldimethoxysilane (DCPDMS) , methyleyclohexyldimethoxysilane (MChDMS) ,
or n-propyltrimethoxysilane (NPTMS), and any combination of thereof.

[00114] In an embodiment, the external donor can be a mixture of at least 2
alkoxysilanes. In a further embodiment, the mixture can be dicyclopentyldimethoxysilane
and methyleyclohexyldimethoxysilane, dicyclopentyldimethoxysilane and tetraethoxysilane,
or dicyclopentyldimethoxysilane and n-propyltriethoxysilane.

[00115] In an embodiment, the external electron donor is selected from one or more of

the foliowing: a benzoate, a succinate, and/or a diol ester. In an embodiment, the external
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electron donor is 2,2,6,6-tetramethylpiperidine. In another embodiment, the external electron
donor is a diether.
[06116} In an embodiment, the catalyst composition includes an activity limiting agent
(ALA). As used herein, an “activity limiting agent” (*ALA”™) is a material that reduces
catalyst activity at elevated temperature (i.e., temperature greater than about 85°C). An ALA . . .. |
inhibits or otherwise prevents polymerization reactor upset and ensures continuity of the
polymerization process. Typically, the activity of Ziegler-Natta catalysts increases as the
© reactor ternperature rises, Ziegler-Natta catalysts also typicaﬁy maintain high activity near
the melting point temperature of the polymer produced. The heat generated by the
© exothermic polymerization reaction may cause polymer particles to form agglomerates and
may ultimately lead to disruption of continuity for the polymer production process. The
" ALA reduces. catalyst activity at elevated temperature, thereby preventing reactor upset,
reducing (or preventing) particle. agglomeration, and ensuring continuity of the
polymerization process. )
[606117] The activity limiting agent may be a carboxylic acid ester, a diether, a
poly(alkene glycol), poly(alkene glycol)ester, a diol ester, and combinations thereof. The
carboxylic acid ester can be an aliphatic or aromatic, mono-or poly-carboxylic acid ester.
Nonlimiting examples of suitable monocarboxylic acid esters include ethyl and methyl
benzoate, ethy! p-methoxybenzoate, methyl p-ethoxybenzoate, ethyl p-ethoxybenzoate, ethyl
acrylate, methyl methacrylate, ethyl acetate, ethyl p-chlorobenzoate, hexyl p-aminobenzoate,
isopropyl naphthenate, n-amy! toluate, ethyi cyclohexancate and propyl pivalate.
[00118) Nonlimiting examples of suitable polycarboxylic acid esters include dimethyl
phthalate, diethyl phthalate, di-n-propyl phthalate, diisopropyl phthalate, di-n-butyl phthalate,
diisobutyl phthalate, di-tert-butyl phthalate, diisoamyl phthalate, di-tert-amyl phthalate,
dineopentyl phthalate, di-2-ethylhexyl phthalate, di-2-ethyldecyl phthalate, diethyl
terephthalate, dioctyl terephthalate, and bis[4-(vinyloxy)butyl]terephthalate, .
[08]:19] The aliphatic carboxylic acid ester may be a C4-Cyp aliphatic acid ester, may
be a mono- or a poly- (two or more) ester, may be straight chain or branched, may be
saturated or unsaturated, and any combination thereof. The C4-Csq aliphatic acid ester may
also be substituted with one or more Group 14, 15 or 16 heteroatom containing substituents.

Nonlimiting examples of suitable C4-Csq aliphatic acid esters include Cigp alky! esters of
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aliphatic Cs.30 monocarboxylic acids, Ciap alkyl esters .of aliphatic Cgye monocarboxylic
acids, Ci4 allyl mono- and diesters of aliphatic Cs.00 monocarboxylic acids and dicarboxylic
acids, C,.4 alkyl esters of aliphati¢ Cg.2¢ monocarboxylic acids and dicarboxylic acids, and
Ca20 mono- or polycarboxylate derivatives of Caygp (poly)glycols or Co.ee (polydglycol
gthers. In a further émbodimcnt,-the C4-Csp aliphatic acid ester may be a laurate, a myristate,
a palmitate, a siearate, an oleates, a sebacate, (poly)(alkylene glycol) mono- or diacetates,
(poly)(alkylene glycol) mono- or di-myristates, (poly)(alkylene glycol) mono- or di-laurates,
(poly)(alkylene glycel) mono- or di- oleates, glyceryl tri(acetate), glyceryl tri-ester of Cagp
aliphatic carboxylic acids, and mixtures thereof. In a further embodiment, the Cs-Cyo

aliphatic ester is isopropy! myristate or di-n-butyl sebacate.

[60126] In an embodiment, the activity limiting agent includes a diether. The diether
can be a 1,3-diether compound represented by the following structure (VI):
' . VD)
Rg-———O“C—"——C‘}—C O——Ry
L
[00121] wherein R to R4 are independently of one another an alkyl, aryl or aralkyl

group having up to 20 carbon atoms, which may optionally contain a group 14, 15,16, or 17
heteroatom, and R; and R; may be a hydrogen atom. The dialkylether may linear or
branched, and may include one or more of the following groups: alkyl, cycloaliphatic, aryl,
alkylaryl or arylalkyl radicals with 1-18 carbon atoms, and hydrogen. R; and R, may be
linked to form a cyclic structure, such as cyclopentadiene or fluorene.

[00122] In an embodiment, the activity limiting agent includes a succinate

composition having the following structure (VII):

(V)

RO OR'
(SR e

[06123] wherein R and R’ may be the same or different, R and/or R’ including one
or more of the following groups: hydrogen, linear or 'Branched alkyl, élkeﬁyl, cycloalkyl,
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5.26.8 4.71 169.35 DCPDMS = cheyelopentylchmethoxysilane DIBP - diisobutylphthalate ED = ethyl
benzoate EED = external electron donor IED - internal electron donor (Table I) NPTMS

n-propyltrimethoxysilane 1001841 Catalyst performance and resultant po ertles for catalysts
con fix phenyirilitiibi&Hoate substituted at the 3,5-positions are prowdel(}i/q /q'sa%rgPé) B%thble 5

Pro_catalyst # Precursor Donor- 1 Donor- 2 EED Procatalyst (mg) TEA! (mmol) Al) EED 112 (sec)
Activity (kg/p-h) Bulk Density (g/cc) Melt Flow (g110 min) XS (%) PD! Ti,lipi ('C) 4949-25-1 MagTi-1
1E02 DCRRVIS S48 S50 adrA Q26ub, 2320206 kb2:difing GRS, 4 Qifs TOQAES, 4ry 27

structures can be formed vig one or both 2- and 3-pesition carbon atom.
[06124] In an embodiment, the activity limiting agent includes a diol ester as

represented by the following structure (VII):

(VII)
R BN
Ty P SO SO SO T
ra— - (B |
A R R /
[60125] wherein n is an integer from 1 to 5. Ry and Ry, may be the same or different,

and each may be selected from hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-
butyl,. allyl, phenyl, or halophenyl group. Rs, R4, Rs, Rg, Ry, and Ry may be the same or
different, and each may be selected from hydrogen, halogen, substituted, or unsubstituted
hydrocarbyl having 1 to 20 carbon atoms. R,-Rs groups may optionally contain one or more
heteroatoms replacing carbon, hydrogen or both, the hetero-atom selected from nitrogen,
oxygen, sulfur, silicon, phosphorus and a halogen. Ry and Rg, may be the same or different,
and may be bonded.te any carbon atom of the 2-, 3-, 4-, 5-, and 6-position of either phenyl
ring. |
[60126] Tn an embodiment, the external electron donor and/or activity limiting agent
can be added into the reactor separately. In another embodiment, the external electron donor
and the activity limiting agent can be mixed together in advance and then added into the
" reactor as a mixture. In the mixture, more than one external electron donor or more than one
activity limiting agent can be used. In an embodiment, the mixture is
dicyclopentyldimethoxysilane and isopropyl myristate, dicyclopentyldimethoxysilane and
poly(ethylene glycol) laurate, dicyclopentyldimethoxysilane and isopropyl myristate and
poly(ethylene glycol) dioleate, methylcyclohexyldimethoxysilane and isopropyl myristate, n-
propyltrimethoxysilane  and  isopropyl — myristate, dimethyldimethoxysilane  and
methylcyclohexyldimethoxysilane and isopropyl myristate, dicyclopentyldimethoxysilane
and n-propyltriethoxysilane and isopropyl myristate, and dicyclopentyldimethoxysilane and
tetracthoxysilane and isopropy! myristate, and combinations thereof. '
[00127] In an embodiment, the catalyst composition includes any of the foregoing

external electron donors in combination with any of the foregoing activity limiting agents.
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[00128] The present catalyst composition may comprise two or more embodiments
disclosed herein, '
[00129] In an embodiment, a process for producing an olefin-based polymer' is
provided. The proceéé includes contacting an olefin with a catalyst composition under
polymerizétion conditions. The catalyst composition includes a substituted phenylene
aromatic diester. The substituted phenylene aromatic diester can be any substituted
phenylene dibenzoate as disclosed herein. The process further includes forming an olefin-
based polymer.
[20130] In an embodiment, the catalyst composition inciudes a procatalyst
composition and a cocatalyst. The procatalyst composition may be any procatalyst
composition as disclosed herein. The procatalyst composition may include a substituted
phenylene aromatic diester as the internal electron donor or a mixed internal electron donor
as disclosed herein. The cocatalyst may be any cocatalyst as disclosed herein. The catalyst
composition may optionally include an external electron donor and/or an activity limiting
agent as previously disclosed.
[60131) In an embodiment, the olefin-based polymer can be a propylene-based olefin,
an ethylene-based olefin, and combinations thereof. In an embodiment, the olefin-based
polymer is a propylene-based polymer.
[06132} One or more olefin monomers can be introduced into a polymerization reactor
to react with the catalyst and to form a polymer, or a fluidized bed of polymer particles.
Nonlimiting examples of suitable olefin monomers include ethylene, propylene, Csao -
olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, i-
" decene, I-dodecene and the like; Cq.op diolefins, such as 1,3-butadiene, 1,3-pentadiene,
norbomadiene, S5-ethylidene-2-norbornene (ENB) and dicyclopentadiene; Cgao vinyl
aromatic compounds including styrene, o-, m-, and p-methylstyrene, divinylbenzene,
vinylbiphenyl, vinylnapthalene; and halogen-substituted Cg4o vinyl aromatic compounds
such as chiorostyrene and fluorostyrene.
[06133] As used herein, “polymerization conditions” are temperature and pressure
parameters within a polymerization reactor suitable for promoting polymerization between

the cétalyst composition and an olefin to form the desired polymer. The polymerization
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process may be a gas phase, a shury, or a bulk polymerization process, operating in one, or
more than one, reactor.

[66134] In an embodiment, polymerization occurs by way of gas phase
polymerization. As used herein, “gas phase polymerization” is the passage of an aécending
fluidizing medium, the fluidizing medium containing one or more monomers, in the presence
of a catalyst through a fluidized bed of polymer particles maintained in a fluidized state by
the fluidizing medium. “Fluidization,” “fluidized,” or “fluidizing” is a gas-solid contacting
process in which a bed of finely divided polymer particles is lifted and agitated by a rising
stream of gas. Fluidization occurs in a bed of particulates when an upward flow of fluid
through the intersticeé of the bed of particles attains a pressure differential and frictional
resistance increment exceeding particulate weight, Thus, a “fluidized bed” is a plurality of
polymer particles suspended in a fluidized state by a stream of a fluidizing medium. A
“fluidizing medium” is one or more olefin gases, optionally a carrier gas (such as Hp or N)
and optionally a liquid (such as a hydrocarbon) which ascends through the gas-phase reactor,

[00135] A typicai gas-phase polymerization reactor (or gas phase reactor) includes a
vessel (i.e., the reactor), the fluidized bed, a distribution plate, inlet and outlet piping, a
compressor, a cycle gas cooler 0; heat exchanger, and a product discharge system. The
vessel includes a reaction zone and a velocity reduction zone, each of which is located above
the distribution plate. The bed is located in the reaction zone. In an embodiment, the
fluidizing medium includes propylene gas and at least one other gas such as an olefin and/or
a carrier gas such as hydrogen or nitrogen.

[06136] In an embodiment, the contacting occurs by way of feeding the catalyst
composition into a polymerization reactor and introducing the olefin into the polymerization
reactor. In an embodiment, the cocatalyst can be mixed with the procatalyst composition
{pre-mix) prior to the introduction of the procatalyst composition into the polymerization
reactor. In another embodiment, cocatalyst is added to the polymerization reactor
independently of the procatalyst composition. The independent introduction of the cocatalyst
into the polymerization reactor can occur simultaneously, or substantially simultaneously,
with the procatalyst composition feed. |

[00137] In an embodiment, the peolymerization process may include a pre-

polymerization step. Pre-polymerization includes contacting a small amount of the olefin
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with the procatalyst composition after the procatalyst compesition has been contacted with
the co-catalyst and the selectivity determining agent and/or the activity limiting agent. Then,
the resulting preactivated catalyst stream is introduced into the polymerization reaction zone
and contacted with the remainder of the olefin monomer to be polymerized, and optionally
one or more of the external electron donor components. Pre-polymerization results in the
procatalyst composition being combined with the cocatalyst and the selectivity detenniﬁing
agent and/or the activity limiting agent, the combination being dispersed in a matrix of the
formant polymer. Opiionally, additional quantities of the selectivity determining agent
and/or the activity limiting agent may be added,

[60138] In an embodiment, the polymerization process may include a pre-activation
step. Pre-activation includes contacting the procatalyst composition with the co-catalyst and
the selectivity determining agent and/or the activity limiting agent. The resulting
preactivated catalyst stream is subsequently introduced into the polymerization reaction zone
and contacted with the olefin monomer to be polymerized, and optionally one or more of the
external electron donor components. Pre-activation results in the procatalyst composition
being combined with the cocatalyst and the selectivity determining agent and/or the activity
limiting agent. Optionally, additional quantities of the selectivity determining agent and/or
the activity limiting agent may be added.

[06139] In an embodiment, the process includes mixing the external electron donor
(and optionally the activity limiting agent) with the procatalyst composition. The external
electron donor can be compiexed with the cocatalyst and mixed with the procatalyst
composit'ion (pre-mix) prior to contact between the catalyst composition and the olefin. In
another embodiment, the exiernal elec‘zfon donor and/or the activity limiting agent can be
added independently to the polymerization reactor. In an embodiment, the external electron
donor is dicyclopentyldimethoxysilane or n-propyltrimethoxysilane.

[60140] In another embodiment, the catalyst composition includes
dicyclopentyldimethoxysilane or n-propylirimethoxysilane and an activity limiting agent
such as isopropy! myristate.

[06141]} In an embodiment, a polypropylene homopolymer is produced in a first

reactor. The content of the first reactor is subsequently transferred to a second reactor into
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which ethylene is introduced. This results in production of a propylene-ethylene copolymer
in the second reactor.
[00142]  In an embodiment, a polypropylene homopolymer is formed via introduction
of propylene and any of the present procataiyst compositions, cocatalysts, external electron
donors, and activity liihiﬁng agents in the first reactor. The polypropylene homopolymer is
introduced into the second reactor along with ethylene and optionally an external electron
donor and/or an activity limiting agent. The external electron donor and the activity limiting
agent may be the same as or different from the respective components used in the first
reactor, This produces a propylene-ethylene copolymer in the second reactor.
[00143] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a melt flow rate (MFR) from about 0.01 g/10 min to about
800 g/10 min, or from about 0.1 g/10 min to about 200 g/10 min, or from about 0.5 g/10 min
to about 150 g/10 min. In a farther embodiment, the propylene-based polymer is a
~ polypropylene homopolymer.
[00144] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a xylene solubles content from about 0.5% to about 10%, or
from about 1% to about 8%, or from about 1% to about 4%. In & further embodiment, the
propylene-based polymer is a polypropylene homopolymer.
[60145) In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a polydispersity index (PDI) from about 4 to about 15, or
from about 4 to about 10, or from about 4 to about 8. In a further embodiment, the
propylene-based polymer is a polypropylene homopolymer. |
[00146] | The present disclosure provides another process. In an embodiment, a
polymerization process is provided and includes contacting propylene and ethylene and/or 1-
butene with a catalyst composition under polymerization conditions. The catalyst
composition may be any catalyst composition disclosed herein containing a substituted
phenylene aromatic diester, The process includes forming a random propylenc-based
interpolymer having an MFR from about 0.01 g/10 min to about 200 g/10 min, or from about
0.1 g/10 min to about 100 g/10 min, or from about 0.5 ¢/10 min to about 70 g/10 min. The
formant propylene-based interpoljrmer has a xylene solubles content from about 0.5% to

about 40%, or from about 1% to about 30%, or from about 1% to about 20%.
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180147} The formant propylene-based interpolyvmer has a weight percent comonomer
content relative to propylene of from about 0.001% to about 20%, or from about 0.01% to
about 15%, or from about 0.1% to.about 10%.

{00148) In an embodiment, the olefin-based polymer (ie., propylene-based polymer)
produced by any of the foregoing processes comprises a substituted phenylene aromatic
diester.

[00149] The present polymerization process may comprise two or more embodiments

disclosed herein.

661501 Not wishing to be bound by any particular theory, it is believed that the
present catalyst compositions with substituted phenylene aromatic diester internal electron
donor yield olefin-based polymers with a broad molecular weight distribution, high catalyst
activity, and high étereoselectivity. Moreover, the present substituted phenylene aromatic
diester advantageously provides the present procatalyst composition(s), catalyst
composition(s), and olefin-based polymer(s) the property of being phthalate-free, or
otherwise void or devoid of phthalate and/or dérivé.tives thereof.

[06151] DEFINITIONS

[00152] All references to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 2003, Also,
any references to a Group or Groups shall be to the Groups or Groups reflected in this
Periodic Table of the Elements using the IUPAC system 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 purposes of United States patent practice, the contents of any
paient, patent application, or publication referenced herein are hereby incorporated by
reference in their entirety (or the equivalent US version thereof is so incorporated by
reference), especially with respect to the disclosure of synthetic techniques, definitions (to
the extent not inconsistent with any definitions provided herein) and general knowledge in
the art.

[60153] The term “comprising,” and derivatives thereof, is not intended to exclude the
presence of any additional component, step or procedure, whether or not the same is
disclosed herein. In order to avoid any doubt, all compositions claimed herein through use of

the term “comprising” may inciude any additional additive, adjuvant, or compound whether
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DCPDMS 5.9 2 8 20000 27.5 0.28 97.8 1.2 4.48 170.25 DCPDMS = dicyclopentyldimethoxysilane EB
= ethyl benzoate RED = external electron donor IED = internal electron donor (Table 1) NPTMS =
n-propyltrimeMbRKHEEE$00185]Catalyst performance and resultant polyfeFipesteasér catalysts
containing phenylene dibenzoate substituted at the 3,6-positions are provided in Table 6. Table 6
Procatalyst 4 Precursor Donor- 1 Donor- 2 FED Proc ataly st(m TEAI (mmol) Al/ FED H2 (scc) Activity

(kg/g-h) Bul;l)(oPyren%%gEycgg/gc%)er%?sletaﬂxgygsggé%a%ﬁctﬁ ﬁlee—cc?n%gyhinlﬁcgomrast, the term, “consisting
essentially of” excludes from the scope of any succeeding recitation any otﬁer component,
step or procedure, excepting those that are not essential to operability. The term “consisting
of” excludes any component, step or procedure not specifically delineated or listed. The term
“or”, unless stated otherwise, refers to the listed members individually as well as in any
combination. ‘

[60154] Any numerical range recited herein, includes all values from the Tower value
to the upper value, in increments of one unit, provided that there is a separation of at least 2
units between any lower value and any higher value. As an example, if it is stated that the
amount of a component, or a value of a compositional or a physical property, such as, for
example, amount of a blend component, softening temperature, melt index, etc., is between 1
and 100, it is intended that all individual vahes, such as, 1, 2, 3, etc., and all subranges, such
as, 1 to 20, 55 10 70, 197 to 100, etc., are expressly enumerated in this specification. For
values which are less than one, one unit is considered to be 0.0001, 0.001, 0.0 or 0.1, as
appropriate. These are only examples of what is. specifically intended, and all possible
combinations of numerical values between the lowest value and the highest value
enumerated, are to be considered to be expressly stated in this application. In other words,
any numerical range recited herein includes any value or subrange within the siated range.
Numerical ranges have been recited, as discussed herein, reference melt index, melt flow
rate, and other properties.

{00155]_ The terms “blend” or “polymer blend,” as used herein, is a blend of two or
more polymers. Such a blend may or may not be miscible (not phase separated at molecular
level). Such a blend may or may not be phase separated. Such a blend may or may not
confain one or more domain configurations, as determined from transmission electron
spectroscopy, light scattering, x-ray scattering, and other methods known in the art.

{66156] The term “composition,” as used herein, includes a mixture of materials which
comprise the compaosition, as well as reaction products and decomposition products formed
from the materials of the composition.

[66187)  The term “polymer” is a macromolecular compound prepared by
polymerizing monomers of the same or different fype. “Polymer” includes homopolymers,

copolymers, terpolymers, interpolymers, and so on. The term “interpoiymer” means a
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polymer prepared by the polymerization of at least two types of monomers or comonomers.
1t includes, but is not limited to, copolymers (which usually refers to polymers prepared from
two different types of monomers or cOmMONOMErs, terjpolymer's (which usually refers to
polymers prepared from three different types of monomers or comonomers), tetrapolymers
(which usually refers to polymers prepared from four different types of monomers or
comonomers), and the like.
- [00158] The term “interpolymer,” as used herein, refers to polymers prepared byrthe
polymerization of at least two different types of monomers. The generic term interpoiymer
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.
[00159] The term “olefin-based polymer” is a polymer containing, in polymerized
form, a majority weight percent of an olefin, for example ethylene or propylene, based on the
total weight of the polymer. Nonlimiting examples of olefin-based polymers include
ethylene-based polymers and propylene-based polymers.
[060160] The term, “ethylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized ethylene monomer (based on the total
weight of polymerizable monomers), and optionally may comprise at least one polymerized
COmonomer.
[00161] The term, “ethylene/o-olefin inferpolymer,” as used herein, refers to an
. interpolymer “that comprises a majority weight percent polymerized ethylene monomer
(based on the total amount of polymerizable monomers), and at least one polymerized o~
olefin. :
[00162] The term, “propylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized propylene monomer (based on the total
amount of polymerizable monomers), and optionally may comprise at least one polymerized
COINONOIer.
[00163] The term “alkyl,” as used herein, refers to a branched or unbranched, saturaied
or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, i-butyl (or 2-
‘methylpropyl), ete. The alkyls have'1 and 20 carbon atoms.
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provided in Table 7. Table 7 _P_rocatalyst # Precurs Or Donor -1 Donor -2 FED Procatalyst (mg) TEM
(mmol) All EED H2 (sec) Activity (kg/g-h) Bulk Density (tittic) Melt Flow (g/10 min) XS (%) Pm Tm(f)
[66164] The term “substituted alkyl,” as used herein, refers to an alkyl as just

described in which one or more hydrogen atom bound to any carbon of the alkyl is replaced
by another group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, halogen, haloalkyl, hydroxy, amino,
phosphido, alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted alkyls
include, for example, benzyl, triflucromethyl and the like.

[60165] The term “aryl,” as used herein, refers to an aromatic substituent which may
be a single aromatic ring or multiple aromatic rings which are fused together, linked
covalently, or linked to a common group such as a methylene or ethylene moiety. The
aromatic ring(s) may include phenyl, naphthyl, anthracenyl, and biphenyl, among others, The
aryls have 1 and 20 carbon atoms.

[00166] TEST METHODS

100167] Flexural modulus is determined in accordance with ASTM D790-00.

160168] Melt flow rate is meaéuxed in accordance with ASTM D 1238-01 test method
at 230° with a 2.16 kg weight for propylene-based polymers. : _
[00169] Xylene Solubles (XS) is measured using a 'H NMR method as described in
U.S. Pat. N0.5,539,309, the entire content of which is incorporated herein by reference.
|661786] Polydispersity Index (PDI) is measured by an AR-GZ rheometer which is a
stress conirol dynamic spectrometer manufactured by TA Instruments using a method
according to Zeichner GR, Patel PD (1981) “A compréhensive Study of Polypropylene Melt
Rheology” Proc. Of the 2™ World Congress of Chemical Eng., Montreal, Canada. An ETC
oven is used to control the temperature at 180°C * 0.1°C. Nitrogen is used to purge the
inside the oven to keep the sample from 'degrédation by oxygen and moisture. A pair of
25mm in diameter cone and plate sample holder is used. Samples are compress molded into
50mm x 100mm x 2mm plaque. Samples are then cut into 19mm square and loaded on the
center of the bottom plate. The geometries of upper cone is (1) Cone angle: 5:42:20
(deg:min:I); (2) Diameter: 25 mm; (3) Truncation gap: 149 micron. The geometry of the
bottom plate is 25mm cylinder.

[06171]} Testing procedure:

4 The cone & plate sample holder are heated in the ETC oven at 186°C for 2 hours. Then the
gap is zeroed under blanket of nitrogen gas.

(2) Cone is raised to 2.5mm and sample loaded unto the top of the bottom plate.

3} Start tirning for 2 minutes.
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WO 2010/078494 PCT/US2609/069915

(4) The upper cone is immediately lowered to stightly rest on top of the sample by observing the
normal force.

(5} After two minutes the sample is squeezed down to 165 micron gap by lower the upper cone.

(6) The normal force is observed. When the normal force is down to <0.05 Newton the excess
sample i$ removed from the edge of the cone and plate sample holder by a spatula.

(7 The upper cone Is lowered again to-the truncation gap which is 149 micron,

(8) An Oscillatory Frequency Sweep test is performed under these conditions:

Test delayed at 186°C for 5 minutes.
Frequencies: 628.3r/s to (.1r/s.
Data acquisition rate: 5 point/decade.
Strain: 10%
{9 When the test is completed the crossover modulus (Gc) is detected by the Rheology
Advantage Data Analysis program furnished by TA Instruments.
{10y  PDI = 100,000 + Gc (in Pa units).

[06172] Final melting point Tm(f) is the temperature to melt the most perfect crystal in
the sample and is regarded as a measure for isotacticity and inherent polymer
crystallizability. The test was conducted using a TA Q100 Differential Scanning Calorimeter.
A sample is heated from 0°C to 240°C at a rate of 80°C/min, cooled at the same rate to §°C,
then heated again at the same rate up to 150°C, held at 150°C for 5 minutes and the heated
‘from 150°C to 180°C at 1.25 °C/min. The Tm(f) is determined from this last cycle by

calculating the onset of the baseline at the end of the heating curve.

[60273] Testing procedure:
H Calibrate instrument with high purity indium as standard.
(2) Purge the mstrument head/cell with a constant 50 ml/min flow rate of nitrogen constantly.
(3 Sample preparation;

Compression mold 1.3 g of powder sample using a 30-G3028-18-CX Wabash
Compression Molder (30 ton): (a) heat mixture at 230 °C for 2 minutes at
contact; (b) compress the sample at the same temperature with 20 ton pressure
for 1 minute; (¢} cool the sample to 45°F and hold for 2 minutes with 20 ton
pressure; {d) cut the plaque into 4 of about the same size, stack them together,
and repeat steps (a) — (¢) in order to homogenize sample,

(4} Weigh a piece of sample (preferably berween 5 to 8 mg) from the sample plague and seal
it in & standard aluminum sample pan. Place the sealed pan containing the sample on the
sample side of the instrument head/cell and place an empty sealed pan in the reference
side. If using the auto sampler, weigh out several different sample specimens and set up
the machine for a sequence.

(5) Measurements:
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4500 26.7 0.35 3.5 4.43 7.80 170.91 1590-29-3 MagTi-1 1E05 NPTMS 16.7 2 8 3000 10.4 0.30 27
2.987.26171.34 DCPDMS 16.7'2 8 4500 13.7 0.31 4.1 3.56 7.55 171.40 1590-29-4 SHACIv 310
1605 NPTMS 16.7 2 8 3000 18.5 0.37 7.2 296 6.40 169.63

WO 2010/678494 PCT/US2009/069915

{i) Data storage: off

{(11) Ramp 80.00 °C/min io 240.00 °C
{iti) Isothermal for 1.00 min

{iv) Ramp 80.00 °C/min to 0.00 °C
(v) Isothermal for 1.00 min

(vi) Ramp 80.00 °C/min to 156.00°C
{(vil) - Isothermal for 5.00 min

(vili)  Data storage: on

{ix} Ramp 1.25 °C/min to 180.00 °C
{x) End of method -

(6) Calculation: Tm(f) is determined by the interception of two lines. Draw one line from the
base-line of high temperature. Draw another line from through the deflection of the
curve close to the end of the curve at high temperature side,

100174} By way of example and not by limitation, examples of the present disclosure
will now be provided.

[060175] I SUBSTITUTED PHENYLENE AROMATIC DIESTER.

[60176] Substituted phenylene aromatic diester may be synthesized in accordance with
U.S. patent application serial no. 61/141,959 (Docket No. 68188) filed on December 31,
2008, the entire content of which is incorporated by reference herein. Nonlimiting examples

of suitable substituted phenylene aromatic diester are provided in Table 1 below.

Table 1
Compound Structure 'H NMR (500 MHz, CDCl;,
ppin)
1,2-phenylene dibenzoate (IED1)* & 8.08 (dd, 4H), 7.54 (1,
2H), 7.34-7.43 (m, 8H).
o OYO
o O )
3-methyl-5-tert-butyl-1,2-phenylene _ 5 8.08 {dd, 2H), 8.03 (dd,
dibenzoate (IED2) 2H), 7.53 (&, 1H), 7.50 (1,

1H), 7.38 (1, 2H), 7.34 (¢,

2H}, 7.21 (d, 1H), 7.19 (4,
o b 1H}, 2.28 (s, 3H), 1.34 (5,
8 SH),

‘3,5-ditsopropyi-1,2-phenylene 5 8.08 {(dd, 2H), 7.00 (dd,
dibenzoate (IED3) 2HY, 7.53 (1, TH), 7.48 (11,
1H3Y, 7.39 (1, 2H), 7.31 (¢,
2H), 7.11 (d, 1H), 7.09 (4,
I . 1H), 3.11 (heptat, 1H), 2.96
®_§, )\Q (heptat, 1H), 1.30 (d, 6H),

1.26 (d, 6H).
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DCPDMS 16.7 2 8 4500 28.1 0.37 9.1 7.60 7.23 170.35 1910-27-3 MagTi-1 IED6 NPTMS 8.42 8
3050 40.00.26 2.1 1.635.36 170.85 DCPDMS 8.4 2 8 4500 432 0.28 1.3 2.37 5.95172.11
1910-27-4 SHAC97 310 IED6 NPTMS 16.7 2 8 3000

WO 2010/078494

PCT/USZ009/069915

Compound

Structurg

'H NMR (500 MEz, CDCl,
ppm)

1,2-phenylene dibenzoate (JED1)*

9o

o]

5 8.08 (dd, 4H), 7.54 (11,
2H), 7.34-7.43 (m, 8H).

3-methyl-5-tert-butyl-1,2-phenylene
dibenzoate {IED2)

5 8.08 (dd, 2H), 8.03 (ad,
2H), 7.53 (tt, 1H), 7.50 (it,
1HD), 7.38 (¢, 2H), 7.34 (3,

12Hy, 7.21{(d, 1H), 7.19 (4,

1H), 2.28 (s, 3H), 1.34 (s,
OH),

3,5-diisopropyl-1,2-phenylene
dibenzoate (IED3)

$8.08 (dd, 21, 7.00 (ad,
2H), 7.53 (1t, 1), 7.48 (11,
1H), 7.39 (t, 25, 7.31 (¢,
2H), 7.1 (d, 1H), 7.09 (d,
1H), 3.11 (heptat, 1H), 2.96
(heptat, 1H), 1.30 (d, 61D),
1.26 (d, 6H).

3,6-dimethyl-1,2-phenylene
dibenzoate (TED4)

5 8.08 (d, 20, 7.51 (1, 1H0),
7.34 (d, 2H), 7.11 (s, 25D,
2.23 (s, 6H).

4-t-butyl-1,2-phenylene dibenzoate
(IED3)

§ 8.07 (a4, 4H), 7.54 (m,
2, 7.30-7.40 (m, TH),
1.37 (s, 9H).

4-methyl 1,2-phenylene dibenzoate
(IED6)

5 (ppm) 8.07 {d, 4H), 7.54
(t, 2H), 7.37 (¢, 4H), 7.27 (d,
1H), 7.21 (s, 1H), 7.15 (d,
1H), 2.42 (s, 35

1,2-naphthalene dibenzoate (IED7)

§8.21-8.24 (m, 2H), 8.08-
8.12 (m, 2H), 7.90-7.96 (m,
2H), 7.86 (d, LH), 7.60 (m,
1H), 7.50-7.55 (m, 4H),
7.46 (1, 251, 7.37 (t, 2H).

2,3-naphthalene dibenzoate (IEDS)

& 8.08-8.12 (m, 4H), 7.86-
7.90 (m, 4H), 7.51-7.58 {m,
4H), 7.38 (1, 4H)
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27.80.391.7 3.226.09171.20 DCPDMS 16.7 2 8 4500 28.9 0.40 3.5521 7.17 171.26 DCPDMS =
dicyclopentyldimethoxystlane EED = external electron donor TED -= internal electron donor (Table I)
NPTMS = n-propyltrimethoxysilane Page 39 WO 2010/078494PCT/US2009/069915 100187 1Catalyst
performancéhef He&iitéht polymer properties for catalysts containing fudéd AroHatE 8ienylene
dibenzoate are provided in Table 8. Table 8 PmealalYst # Precursor Donor -1 Donor -2 EED
Procatalyst (mg) TEN (mmoti Alf EED H2 (scc) Activity (kgfg-h) Bulk Density (g/co) Melt Flow (g/10
min) XS (Y63 dapound Structure "HNMR (500 MHz, CDCly,
ppm)

1,2-phenylene dibenzoate (IED1)*

5 8.08 (ad, 4H), 7.54 (1,
DY), 7.34-7.43 (m, 8H).

3-methyl-5-tert-butyl-1,2-phenylene
dibenzoeate (IEDZ)

5 8.08 (dd, 2H), 8.03 (dd,
2H), 7.53 {tt, 1H), 7.50 (tt,

TH), 7.38 (¢, 2H), 7.34 (¢,
2H), 7.21 (d, 11D, 7.19 (d,
1H), 2.28 (5, 3H), 1.34 (s,
SH).

5 8.08 (dd, 2H), 7.00 (dd,
2H), 7.53 (11, 1H), 7.48 (&,
1HD, 7.39 (1, 2H), 7.31 (&,
2H), 7.11 (d, 1H), 7.09 (d,

3,5-diisopropyl-1,2-phenylene
dibenzoate (IED3)

o8 - 1H), 3.11 (heptat, 1H), 2.96
@-&0 ~ (heptat, 1H), 1.30 (4, 6H),
S 1.26 (d, 6H).

3-methyl-5-tert-butyl-1,2-phenylene
di{4-methylbenzoate) (IED9)

& (ppm) 7.98 (d, 271, 7.93
(d, 2H), 7.18 (d, 4H), 7.15
(d, 2FD), 2.38 (s, 3H), 2.36
(s, 3H), 2.26 (s, 3H), 1.35
(s, OFD),

8 {ppm) 7.25 (s, 1H), 7.21
(s, 1H), 6.81 (d, 41D, 2.36
2~ (s, 3H), 2.30 (4, 6H), 2.25
] (s, 65}, 2.23 (s, 6H), 1.36
(s, 9H).

§7.98 (dd, 4H), 7.36 (dd,
4H), 7.21 (s, 1H), 7.17 (s,
1H), 2.26 (s, 3H), 1.34 (s,
oH).

3-methyi-3-tert-butyl-1,2-phenylene
di(2,4,6-frimethylbenzoate) (IE[ 10}

3-methyl-5-tert-butyl-1,2-phenylene
di(4-fluorobenzoate) (IED11}

3-methyl-3-tert-buiyl-1,2-phenylene
dif4-chlorobenzoate) (IED12)

57.98 (dd, 4H), 7.36 (dd,
4H), 7.21 (s, 1H), 7.17 (s,
1H), 2.26 (s, 3H), 1.34 (s,
9H), -

* comparative

[06177] 1L
[60178]

into a flask equipped with mechanical stirring and with bottom filtration. 60 m! of a mixed

Procatalyst Compositicns

A procatalyst precursor is charged, according to the weight shown in Table 2,

solvent of TiCl, and chlorobenzene (1/1 by volume) is introduced into the flask and then 2.52
mmol of internal electron donor is added. The mixture is heated to 115 °C and remains at the
same temperature for 60 minutes with stirring at 250 rpm before filtering off the liqmd. 60

ml of mixed solvent is added again and the reaction is allowed to confinue at the same
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ul Tm(f) () 1590-28-1 MagTi-1 IE07 NPTMS 16.7 2 8 3000 24.0 0.30 15.1 5.69 4.51 168.76
DCPDMS 16.7 2 8 4500 34.3 0.32 9.6 7.16 5.72 170.14 1590-28-2 SHACT4 310 E07 NPTMS 16.7 2

8 3000 207\9&%0}{9898?94%5 4.97 168.93 DCPDMS  PCTIUS2009/069915

desired temperature for 60 minutes with stirring followed by filtration. This process is
repeated once. 70 ml of iso-octane is used to wash the resultant solid at ambient temperature.

After the solvent is removed by filtration, the solid is dried by N; flow.

_ Table2 :
Procatalyst Precursor Weight
MagTi-1 3.0g
SHAC™ 310 2.0g
[00179] MagTi-1 is a mixed Mag/Ti precursor with composition of MgsTi(OEt);Clz (a

MagTi precursor prepared according to example 1 in U.S. Patent No. 6,825,146) with an
average particle size of 50 micron. SHAC™ 310 is a benzoate-containing catalyst (a
BenMag procatalyst precursor with an average particle size of 27 micron) with ethyl
benzoate as the internal electron donor made according to Example 2 in U.S. Patent No.
6,825,146, the entire content of which is incorporated herein by reference. Titanium content

for each of the resultant procatalyst compositions is listed in Table 3.

[00180] Procatalyst compositions produced by way of the foregoing procedure are set
forth at Table 3.
Table 3
Procatalyst ; Precursor | Donor-1 | Donor-2 Ti OEt EB Bonor-1
# (%) (%) (%) (%)
4949-27-1 MagTi-1 DiBP 3.03 621 0 13.68
49409-29.2 MagTi-1 DiBP 3,26 0.19 ] 13.27
494947 MagTi-1 IED] 3.17 4.26 4,94 trace
4949-5-2 sEAC™ IED1 3.88 02 1.96 trace
310
4646G.8.2 MagTi-1 IED1 EB 3.13 0.39 6.29 1.27
4949-25-1 MagTi-l IED2 3.52 072‘7 4.08 10.31
4949-25-2 | SHAC™ 1ED2 3.23 0.11 2.33 10.62
310
4949-54-1 MagTi-1 IED3 4.1 0.32 5.02 2.19
4946-54-2 MagTi-1 IED3 EB 3.71 0.28 8.87 5.&
4949.51.3 MagTi-1 IED4 2.73 0.35 6.37 8.65
| 4949-51-4 MagTi-1 IED4 EB 2.52 0.34 1.68 751
1590-20-1 MagTi-1 iED5 3.13 0.33 0.26 4,50
1590-29-2" | MagTi-1 1EDS 2.82 0.25 0.08 5.64
1590-29-3° MagTi-1 IED3 3.99 0.37 0.28 6.15
1910-27-3 MagTi-1 IEDG6 i 341 0.89 1.22 13.15
1910-27.4 SHAC™ 1ED6 3.05 .21 1.32 @24
110
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16.7 2 8 4500 26.0 0.34 19.5 8.63 6.13 169.88 1590-28-3 MagTi-1 IED8 NPTMS 16.7 2 8 3000 25.5
0.32 6.8 4.06 4.98 169.65 . DCPDMS 16.7 2 8 4500 20.3 030 3.9 3,97 6.01 171.26 1590-28-4

SHACIiII 310"|£)D2 0 E;;I;MS 16.7 2 8 3000 16.3 0,34 6.1 5.23 POT/US2009/069915

Procataiyst | Precursor | Donor-1 | Donor-2 Ti OFEt EB Donor-1
# (%) (%o} (%) (%)
1590-28-1 | MagTi-1 1ED7 - 3.35 02 T 6.2 NM
1590-28-3 | MagTi-1 1EDS 3.73 0.19 0.15 “NM
1910-14-1 | MagTi-1 1EDS o 3.19 0.17 0 2.56
1910-142 | SHAC™ IED9 2.93 0.07 0.39 3.63
310
1910-14-3 | MagTi-1 IED9 MeBC 2.97 0.26 0 1.36
1910-27-1 | MagTi-1 IED10 3.95 | 044 0 NM
1910-16-1 | MagTi-1 IED1] 2.94 0.12 0 12.23
1910-16-2 | SHAC™ IED1] 2.03 0.07 0.93 7.54
- 310
1910-16-3 | MagTi-1 IED12 2.76 0.16 0 12.14
1910-16<4 | SHAC™ IED12 1.82 0.10 0.60 8.75
310

V= IED added during a 1" and a 2" halogenation (TiCL)

? = JED added during a 1%, a 2%, and & 3 halogenation (TiCly)

EB = ethyl benzoats

DEP = diethyl phthalate

DiBP = diisobuty! phthalate

IED = internal electron donor (from Table 1)

MeBC = p-methylbenzoyl chlorids

NM = not measured

QEt = ethoxide

%% = weight percent based on total weight of the procatalyst composition

{66181} iii. Peolymerization

[60182] Polymerization is performed in liquid propylene in a I-gallon autoclave using

separate injection. The external electron donor is n-propyltrimethoxysilane (NPTMS) or

dicyclopentyldimethoxysilane (DCPDMS). After conditioning, the reactor is charged with

1375 g of propylene and a desiréd amount of hydrogen and brought to 62 °C. External

electron donor, a solution of §.27-M triethylaluminum in iso-octane, and a suitable amount of
- 5.0-wt% catalyst slurry in mineral oil (as indicated in data tables below) are premixed in the

same vial for 20 minutes at room temperature and then charged into the reactor followed by

isooctane flushing using a high pressure catalyst injection pump to initiate the

polymerization. After the exotherm, the temperature is controlled to 67 °C. Run time is 1

hour.

[00183] Reference catalyst performance and resultant polymer properties are provided

in Table 4.
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6.26 169.96 DCPDMS 16.7 2 8 4500 3240 0.36 6.1 7.61 745 170.47 DCPDMS

dicyclopentyldimethoxysilane EED = external electron donor IED = internal electron donor (Table I)
NPTMS =n-propyltrimethoxysilane 1001881Catalyst performance and re lymer properties for
catalysts co%%’rzi}ll)rli{éms?u ystituted phenylene diesters of substituted benzoi%gﬁéﬁg%%g?%%%ed in Table
9. Table 9 Procatalyst # Precursor Donor -1 Donor -2 EED Procatalys1 (mg) TEA] (mall Al/ EED 1-17

(scc) Activity (kg/p-h) Bulk Density (gicc) Melt Flow (g110 min) XS (%) ", rur Tm(f) (0C) 1910-14-1

MagTi-1 _ - Table 4
Procatgiyst | Precursor { Doner- | Donor- | EED Procat | TEAL | AY Hz Activity | Buik Melt XS | PDI | Tum
# 1. 2 alyst {mm | EED 1 (scc) {kg/g- | Density | Flow .| {%} {°C}
: {mg) | o Wy | {glec) | {g10
min)
NPTMS 16 2 8 800 154 0.32 3.4 24 | 381 | 17017
4649271 MagTi-1 | DIBP DCPOMS | 116 2 B 1250 | 755 0.38 24 35 | 454 | 17215
DOPDMS | 167 2 g | 1500 | 328 0.37 18 30 | 468 | 171.97
DCPDMS | 84 2 8 1500 | 30.1 0.37 23 38 | 467 | 17277
DCPDMS | 84 7 8 10000 | 213 023 268 23 | 5720 | 17124
DCPDME | 84 2 8 45000 1 168 0.31 432 18 [5A1 [ 47119
48949-29-2 MagTi-1 | DIBP DCPOMS | 84 2 8 20006 | 228 0,33 74.2 18 | 526 | {70.81
NPTMS 167 2 8 1000 1 265 0.35 34 28 | 380 | 7025
NPTMS B4 7 8 1000 124 0,33 37 24 1444 11704
NPTMS 8.4 2 5 7000 | 143 0.32 43.4 23 | 463 | 18878
NPTMS B4 2 [} 12000 | 121 0.30 9.4 24 1457 | 16841
- TE8 DCPCMS | 174 7 4 1500 | 208 0.40 3.4 70 | 6.24
4945-4-2 MagTi-1 IED1 NPTMS 174 2 4 1000 10.7 0.42 5 55 1509
SHAC™ DCPOMS | 174 2 4 1500 | 156 0.38 43 81 | 564
4949.5-2 310 IEDA NPTMS 174 2 4 X 0.36 36 81
EB DCPDMS | 174 2 l 1500 | 174 (.39 52 78 | 580 | 170.16
4949-8-2 MagTi-1 | iED! NPTMS 174 7 4 009 | 9.4 0.38 52 68 | 471 | 169.35

DCPDMS = dicyclepentyldimethoxysilane
DiBP - diisobutylphthalate ‘

EB = sthyl benzoate

EED = external electron donor

1ED = internal electron donor (Table 1)
NPTMS = n~propyltrimethoxysilane

[00184] Catalyst performance and resultant polymer properties for catalysts containing

phenylene dibenzoate substituted at the 3,5-positions are provided in Table 5.

Table 5
Procatalyst | Precursor | Donor- | Donor- | EED Procatalyst | TEAI Al | Ha Activity | Bulk Melt { XS | PDl | Tuw
# 1 2 {mg) (mmal) | EED | {scc) {kalg-h) | Density | Flow | (%) (°C}
{giect  ; {oh0
min

DCPDMS | 84 2 f 2500 | 51.2 0.25 12 122 [558 | 17219
_ DCPDMS | 84 2 8 5000 | 584 0.77 33 |24 | 682 | 17185
4969-25-1 | MagTi-1 [ED2 DCPDMS | 84 2 8 10000 1 396 0.28 A | 18 | 543 1 1713
DCPOMS | 84 2 8 15000 | 428 0.29 340 115 | 526 17102
DCPDME | 8.4 P 8 20000 | 53.2 .31 126 | 11 | 5.36 | 170.00
DCPDMS | 116 2 g 1250 | 283 0.39 14 145 | 631117188

4949.252 | sHaC™ | 1ED2 NPIMS | 118 2 ) 800 223 0.40 07 |25
310 NPTMS | 118 7 8 8000 | 20.3 0,40 772 | 31 | 478 | 170.47

DCPDMS | 4.8 2 B 1500 | 499 0.25 08 128
DCPDMS | 84 2 ] 2500 | 45.2 0.25 19 |32 (604 ] 171.00
DCPDMS | 84 2 3 5000 | 53.3 0,25 44 |34 | 898 | 171.23
4049-54-1 | MagTi IED3 DCPDMS | 84 Z 8 10000 | 34.0 0.26 188 |21 5685 | 170.74
DCPOMS | 84 2 8 15000 | 56.2 0.30 509 |18 | 547 | 170.89
DCFOMS | 59 2 8 20000 | 447 0.28 116 | 1.7 | 437 [ 17015

DCPDMS | 4.8 2 8 1500 1 451 0.27 08 |34
DCPOMS | 84 2 8 2500 | 48.2 0.29 17 121 1627 | 17142
DCPOMS | 59 2 8 5000 | 540 0.27 55 |19 | 614 | 171.31
4249-54-2 | MagTH I[ED3 | EB DCPDMS | 59 2 8 10000 | 487 0,75 234 (20 | 5B4 | 17067
DCPOMS | 58 2 8 15000 | 40.7 0.28 757 | 25 | 536 | 170.24
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EO9 NPTMS 16.7 2 8 3000 23.9 0.31 3.7 2.96 5.15170.20 DCPDMS 16.7 2 8 4500 30.4 0.324.0
3.715.96 170.61 1910-14-2 SF{ACTM 310 IED9 NPTMS 16.7 2 8 3000 302 0.39 2.1 3.116.14

172.48 D\QB 90%%7%@92 284500 32.2 PCT/USZ809/069915
Frocatalyst | Precursor | Donor- | Donor- } EED Procatalyst | TEAI Al He Activity | Bulk Melt | XS | PRI | Tum
# 1 2 B o (111} {(mmof) | EED | {scc) | (kgigh) | Density | Flow | (%) *C}
(glccy | (g0
min} ]
DCPOMS | 58 2 B 20000 | 275 0.28 978 | 12 | 448 | 170.28

. DCPDMS = dicyclopentyldimethoxysilane
"EB = cthy! benzoate
EED = external electron donor
[ED = internal electron donor (Table 1)
NPTMS = n-propyltrimethoxysilane

[00185] Catalyst performance and resultant polymer properties for catalysts containing
phenylene dibenzoate substituted at the 3,6-positions are provided in Table 6.

Table 6
Procatalyst Pracursor | Denor- | Donor- | EED Proc | TEA Al Ha Activity Buik Melt | X8 | PDI | Twn
# 1 2 ataly | {mmof) | EED | (scc) {kgfg-h) Density | Flow | {%) {°C
: si{m lgfech {gt
g) 0
min}
40948-51.3 MagTi-1 ED4 NFTMS 1687 | 2 B 1000 174 0.35 18 18 442 117178
DCPDMS 1167 1 2 8 1500 16.3 0.35 1.8 30 B.O7 | 17199
4949.51-4 MagTi-1 IED4 EB NPTMS 16.7 | 2 8 1000 12.8 0.34 17 118 | 481 117138
DCPOMS | 167 | 2 B 1500 16.7 i 0.32 2.5 34 521 | 17183
DCPDMS = dicyclopentyldimethoxysiiane
EB = ethyl benzoate
EED = external electron donor
{ED = internal electron donor (Table 1}
NPTMS = n-propylirimethoxysilane
[00186] Catalyst performance and resultant polymer properties for catalysts containing
phenyiene dibenzoate substituted at the 4-position are provided in Table 7.
Table 7
Bulk Meit .
Procafalyst | Precurs | Donor Donor EED Procatalyst TEAL Alf Ha Activity Deﬁsity Fiow X8 PO Tmi
# or - 2 fmg) (owol) | EED | (soc) | Goigh) | g | @10 ) (4 £C)
min}
NPTMB 16,7 2 8 3000 25,6 £.38 6.7 486 522 169.62
1590-29-1 MagTi-1 IED5
DCPDMS 168.7 2 8 4500 33.2 .37 11.4 548 8.37 17043
. NPTMS 16.7 pd B 3060 186 0.33 28 327 705 169.87
1500-29-2 | MagTh1 1EDS
DCPOMS 16.7 P g 4500 8.7 0.35 35 443 7.80 T70.81
. NPTMS 16.¥ 2 8 3000 104 0.30 27 298 7.26 171.34
1590-29-3 | MagTi1 IED5
DCPDMS 16.7 2 8 4500 137 0.3 4.1 3.56 7.55 171.40
SHACT NPTMS 187 2 8 3000 185 0.37 72 | 586 | 645 | 16983
1590-294 EDS
310 DOPOMS 187 2 8 4500 2.1 037 9.1 768G | 7223 | 17036
. NPTMS 84 2 & 3000 a0 0.26 24 563 5.38 17085
1910-27-3 | MagTil IEDS
DCPDNS 8.4 2 & 4500 433 0.28 13 237 5.05 17214
SHACH NPTMS 18.7 2 3 3000 278 0.39 17 3.22 6.09 171.20
1910-274 310 IEDG
DCPDMS 167 2 8 4500 288 040 38 521 7A7 171.28

DCPDMS = dicyclopentyidimethoxysilapne
EED = external electron donor

IED = internal electron donor {Table 1)
NPTMS = n-propyltrimethoxysilane
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0.39 2.7 4.18 633 171.65 1910-14-3 MagTIA IEO9 MeBC NPTMS 16.7 2 8 3000 20.3 0.29 9.5 4.58
4.821 169.45 DCPDMS 16.7 2 8 4500 24.7 0.29 5.7 4.93 6 14 1910-27-1 MagTI-1 IE0O10 NPTMS

16,7 2 8 3000, 27.1 0,27 19.1 3.60 5.22 17001
WO 2010/078494 PCT/US2609/069915

{09'1.87] Catalyst performance and resultant polymer properties for catalysts containing

fused aromatic phenylene dibenzoate are provided in Table §.

Table 8
Buk et '
Procaialyst . Donor Donor Procataiyst | TEAl Al Hs Activity ; Flow X8 Tra{f)
§ Precurser | 2 EED mg) | (mmol | EED | - (seo) | i) | DS b g | | PR egy
o @) 1 iny
» NPTMS 16.7 . 8 3600 240 | 0530 151 | 589 | 451 | 16878
1590-28-1 | MagTe1 [ED?
DCFDMS 16.7 2 g 4500 343 0.32 96 | 746 | 572 | 17094
NPTMS 16.7 2 8 3000 207 0.34 19, A a7 | 88,
1590-28.2 Siigm e g0 845 | 457 | 188.83
DCPOMS 16.7 2 8 4500 2. 0.34 195 | 883 | 643 | 16588
NPTMS 16.7 2 8 3000 755 032 : 406 | & 169
1590265 | Mag¥it [EDS o8 496 | 16958
DCPDMS 16.7 2 8 £500 .3 0.3 35 | 387 | 601 | 7126
NPTMS 16.7 2 8 3600 16.3 0.34 8.1 53 | B.26 | 169.95
1600284 | S | iEDs :
: DCPDMS 16.7 2 8 4500 320 0.36 5.1 761 | 745 | 17047
DCPDMS = dicyclopentyldimethoxysilane
EED = external electron donor
IED = internal electroh donor (Table 1)
NPTMS = n-propyltrimethoxysilane
[69188] Catalyst performance and resnltant polymer properties for catalysts containing
substituted phenylene diesters of substituted benzoic acids are provided in Table 9.
Table 9
. Butk
Procatatyst Sonor Donor Procatatyst TEA Al Hz Activity ; hhett Flow x5 Tméf
# Precursor | " 2 EED mg) | (o) | EED | (s | (i) | Dol | @iomin | otw) | PP e
) NPTMS 16.7 2 § | 3000 | 238 0.3 37 286 | 515 | 1700
1910-14-1 1 MagTh! IEDS
1 DCPDMS 16.7 2 B | 4500 | 304 932 4.0 371 | 5% | 170.51
' NPTMS 16, 300 f, : . : X
" Sf.é,:gm EDS 6.7 2 8§ 0 30.2 39 21 31 ¢ 84 | 17248
DCPDMS 16.7 2 8 | 4800 | 322 0.39 27 416 | B33 | 17185
NPTMS 16.7 2 g } } ) . [3 :
1910143 | MagTit EDY | MeBC |- 3000 | 203 029 5 A58 A% | 18845
DCPDMS 167 2 8 | 4500 | 247 0.29 57 453 | 614
' ) NPTMS 6.7 2 8 | 3000 ; 271 027 19.1 260 | 822 | 17om
1910-27-1 | MagTHt | IEDIO
DCPOMS 6.7 2 8 | 4500 1 324 033 18.7 447 | 498 | 17020
NPTMS 16.7 7 8 3000 276 0.35 238 12 1 457 | 188,
tot072 | ST | D 612 il
DCPOMS 167 2 8 14500 | 343 0.3 20.1 687 | 552 | 170.23
: DCPDMS 167 2 8 | 4s00 | 3144 0.24 20 205 | 518 1 17187
1910-18-5 | MagTHt | IEDH
NPTMS 8.1 2 8 3000 | 43 033 16 086 | 511 1717
DCPDMS 167 2 8 4500 1 314 0.24 2.0 205 | 5181 1719
w1081 | o | DA 516 | 7197
NPTMS . 167 2 8 3000 | 292 0.41 19 155 | BT | 17195
NPTMS 16.7 2 8 | 2000 | 269 0.31 07 071 | 541 ] 17t
1919164 | Magtt | EDW
DCPDMS %7 2 8 | 4800 | 342 032 10 173 | 5601 17103
NPTMS | = 167 2 8 30, 4 1) . : .
510164 S;;,zgm D12 3000 0.8 840 0 139 | 583 | 1709
BCPIMS 1.7 2 8 | 4500 | 32 .40 18 247 | 570 1713

DCPDMS = dicyclopentyldimethoxysilane
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DCPDMS 16.7 2 8 4500 32,4 0.33 16.7 4.42 499 170.20 1910-27-2 SHACIA 310 1E010 NPTMS 16.7
2 8 3000 27.6 0.3523.8 6.12 4.97 169.55 DCPDMS 16.7 2 8 4500 34.3 0.36 20.1 6.87 5.52 170.23

1910-16-1 MagTi-l IEO11 DCPDMS 16.7 2 8 4500 31.44 0.24 2.0
WO 2010/078494 PCT/US2000/069915

EED = external electron donor

IED = internal electron donor (Table 1)

MeBC = p-methylbenzoy! chloride ‘

NPTMS = n-propyltrimethoxysilane

[06189] The results show that catalyst compositions with substituted phenylene
aromatic diester with different structural variety significantly improve catalyst activity,
stereose}ectivity' (XS), molecular weight distribution (PDI), and/or polymer crystallinity
(Tm{f)), compared to catalysts compositions containing (i) unsubstituted 1,2-phenylene
dibenzoate and/or (ii) phthalate (Table 4). Internal electron donors containing substituted
phenylene aromatic dibenzoate can be used with different types of precursors (such as MagTi
and BenMag, in particular) to advantageously provide improved catalyst performance and
polymers with improved properties. The inclusion of a second internal electron donor, such
as ethyl benzoate (EB) or p-methylbenzoyl chloride (MeBC), either from direct addition
during catalyst preparation or from the procatalyst precursor, broadens molecular weight
distribution. In addition, multiple additions of the internal electron donor, aé demonstrated by
IEDS3, improve catalyst stereoselectivity. ‘ _

[0G190] It is specifically intended that the present disclosure not be linﬁtéd to the
embodiments and illustrations confained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims.
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2.055.19171.97

1.556.07 171.95 1910-16-3 MagTi-1 E012 NPTMS

Claims

1. A procatalyst composition comprising:
a combination of a magnesium moiety, a titanium motety and an internal electron donor

comprising a substituted 1,2-phenylene aromatic diester having the structure (1)

(D
Ry Rz
Ry R4
Q a 5 &
R
Ry Ry # Rg
R,

Ryq Res B Rg

Riz Re

wherein R;-Ri4 are the same or different, each of Rj-Ry4 is selected from the group
conststing of, hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarby! group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20
carbon atoms, a heteroatom, and combinations thereof, and at least one of R;-Ry4 is not

hydrogen.

2. The procatalyst composition of claim 1 wherein at least one of R;-Ry is selected from
the group consisting of a substituted hydrocarby! group having I to 20 carbon atoms, an

unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof.

3. The procatalyst composition of any of claims 1-2 wherein at least one of Rs-Ri41s
selected from the group consisting of a substituted hydrocarbyl group having 1 to 20 carbon
atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having

1 to 20 carbon atoms, a heteroatom, and combinations thereof.

42

NPT1IMS 8.1 2 8 3000 34.3 0.33 1.6 0.86 5.11 171.71 1910-16-1 SHACAI 310

IEO11 DCPDMS 16.7 2 8 4500 31.4 0.24 2.0 2.055.19171,97 NPTMS 16.7 2 8 3000 29.20.41 1.9



16.7 2 6 3000 26.90.31 0.7 0.71 5.41171.22 DCPDMS 16.7 2 8 4500 34.2 0.32 1.0 1.73 5.64
171.03 1910-15-4 SHACtI" 310 IED12 NPTMS 16.7 2 8 3000 30.8 0.40 1.0 1.39 5.83 170.89
DCPDMS 16.7 2 8 4500 31.2 0.40 1.8 2.47

4, The procatalyst composition of any of claims 1-3 wherein R; and R; are the same or
different and each is selected from the group consisting of a C-Cs alkyl group, a C3-Cs
cycloalkyl group, and a substituted C3-C, cycloalkyl group.

5. The prdcataiyst composition of any of claims 1-4 wherein R, and R; are the same or
different and each is selected from the group consisting of a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, a n-butyl group, a t-butyl group, an isobutyl group, a sec-butyl
group, a 2,4,4-trimethylpentan-2-yl group, a cyclopentyl group, a cyclohexyl! group, and

combinations thereof.

6. The procatalyst composition of any of claims 1-5 wherein Ry and R4 are hydrogen.

7. The procatalyst composition of any claims 1-5 wherein R 1s a methyl group and Ry isa t-
butyl group.

8. The procatalyst composition of any of claims 1-5 wherein each of R; and Rz 15 an
isopropyl group.

9. A process for producing an olefin-based polymer comprising:

contacting, under polymerization conditions, an olefin with a catalyst composition

comprising a substituted 1,2-phenylene aromatic diester having the structure (1)

(D
Ra Rz
R4 Ry
o] d 5 G
R,
Rig Rus 8 Rs
R
Riq Ry 8 Re
1
Riz Ry
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5.70171.29 DCPDMS = dicyclopentylthmethoxysilane Page 40 EED = external electron donor IED =
internal electron donor (Table 1) MeBC = p-methylbenzoyl chloride NPTMS = n-propyltrimethoxysilane
[00189]The results show that catalyst compositions with substituted phenylene aromatic diester with
different structural variety significantly improve catalyst activity, stereoselectivity (XS), molecular
weight distribution (PDI), and/or polymer crystallinity (Tm(f)), compared to catalysts compositions
containing (i) unsubstituted 1,2-phenylene dibenzoate and/or (ii) phthalate (Table 4). Internal electron
donors containing substituted phenylene aromatic dibenzoate can be used with different types of
precursors (sushasivRBgRiaid BenmarpidiftartoulesyheaBvantdgedadkidrevidbegipidved catalyst
performance.and &Oﬁgmf%rg%wim{&y&pme@ﬁm-gﬁmmqm@ Secendiinigraal electron

c

donor, such as éthyl benzoate (EB) or p-methylbenzoyl chioride”(MeBC), either from direct addition
during caranpstiprepaiatiorrtrireraunbayissdtinAl prdwarsynpranakas hesteUtar weigk Histribution.
In additigpy,gaultinie additions shtheduigmalelestrerdonehdas demenstatedryyik5iap, improve
catalyst stereoselectivity. [00190]It is specifically intended that the present disclosure not be limited to
the embBiiFAgFts3Ad illustrations contained herein, but include modified fomis of those embodiments
including portigagghihe evhediment»Bad.combinations of elements of different embodiments as
come within the scope of the following claims. Page 41 Claims 1.A procatalyst composition
comprising:  a combination of a magnesium moiety, a titanium mgiety and an internal electron donor
comprising a substituted 1,2-phenylene aromatic diester having the structure (1) (1) wherein
12.1-R14 are the same or different, each of I1t-R14 is selected from the group consisting of, hydrogen,
a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group
having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroatorn, and
combinations thereof, and at least one of R3-R)4 is not hydrogen. 2. The procatalyst composition of
claim 1 wherein at least one of R1-12.4 is selected from the group consisting of a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, and combinations thereof. 3. The procatalyst composition of any of claims 1-2 wherein
at least one of R5-R14 is selected from the group consisting of a substituted hydrocarbyl group having
1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, a heteroatom, and combinations thereof. 4. The procatalyst
composition of any of claims 1-3 wherein Ri and R3 are the same or different and each is selected
from the group consisting of a CI-Cs alkyl group, a C3-C6 cycloalkyl group, and a substituted C3-C6
cycloalkyl group. 5. The procatalyst composition of any of claims 1-4 wherein Rl and R3 are the same
or different and each is selected from the group consisting of a methyl group, an ethyl group, a npropyl
group, an isopropyl group, a n-butyl group, a t-butyl group, an isobutyl group, a sec-butyl group, a
2,4,4-trimethylpentan-2-y1 group, a cyclopentyl group, a cyclohexyl group, and combinations thereof.
6. The procatalyst composition of any of claims 1-5 wherein R2 and R4 are hydrogen. 7. The
procatalyst composition of any claims 1-5 wherein Rl is a methyl group and R3 is a t-butyl group. 8.
The procatalyst composition of any of claims 1-5 wherein each of R1 and R3 is an isopropyl group. 9.
A process for producing an olefin-based polymer comprising: contacting, under polymerization
conditions, an olefin with a catalyst composition comprising a substituted 1,2-phenylene aromatic
diester having the structure () (1) wherein 121-R14 are the same or different, each of R1-R14 is
selected from the group consisting of, hydrogen, a substituted hydrocarbyl group having 1 to 20
carbon atoms, an unsubstitmed hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, a heteroatom, and combinations thereof, and at least one of R1-R14 is
not hydrogen; and forming an olefin-based polymer.
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