1 PROCATALYST COMPOSITION WITH MULTIPLE INTERNAL DONOR HAVING SILYL ESTER
AND METHOD CROSS REFERENCE TO RELATED APPLICATIONS The present application
claims priority to U.S. patent application serial 61/117,763, filed on November 25, 2008, the entire
content of which is incorporated by reference hergin. BACKGROUND 100011The present disclosure
relates to procatalyst compositions having a multiple internal electron donor which includes silyl ester
and the incorporation G ate* dahE I EXSIEOIRPoYitich Y Add thefpFodEENdmaking olefin-based
polymers using said catalystmoRipesitonsi 02y idni devdevanddor olefin-based polymers
continues to grow as applications for these polymers become more diverse and more sophisticated.
Known are Ziegler-Natta catalyst compositions for the production of olefin-based
polymers.Ziegler-Natta caigjyst epnpegitions igain iReded pragatalst containing a transition
metal halide (i.e., titanium, optionally catalyzed chromium, vanadium), an external electron
olefin-based plymetsna easatalyst suehasyanriyganoal smipuendenhamdior anactvity finmting

agent fypicall exhibila nafrow rande distroution.and low flexyrs) modulye Giuen the perennial
emergence of new applitations for ole in-based poFymers, e art ré’cogmzes e need for olefin-based
polymers with improved and varied propertigg-Regirahlg,would be Ziegler-Natta catalyst compositions
for the production olefin-based polymers that exhibit high hydrogen response during polymerization
and pjodocp propdengbasedipelysners wikhbraad pelesular weighisdistiibutiamS UMMARYI{0003] In
a first agpedt. figre is provided 2 pracatalyst pompositipncomprising: & compination of a madnesium
moiety, a titanium m0|ef§/, and a muf Iple’in emal elettror Sonorlgomprlsmg a S|Isyalmester aving the
struct@gpnpesiGR8 RinR Ihel PrikesC ELCmalghCsolefintbhs®Rly RBIREwWhawdng msgdan fat@psr from 1
to 5 denglipgiR.fydrocarbyl with the same number of carbon atoms, n is an integer from | to 5 denoting
a hydrocarbyl with same number of carbon atoms, R.3-R7 are the same or different and each is
selectpEéim thevgrawmisorsisting abhysegaansaisybstibuted dydrosarhyl group havipglikde20 carbon
atoms, annsubsiituted pycracarbyl araup having 1, (0.2 carbon, ajoms, and combinations fnereof,
and X'I8 an efectron onating group; and an electron dono clorzhpon‘ent. glbreléen "gisciosure is
directegiaby proearalpsiasmpusitionspividsaiive cbintelefal-rdestroprtionoss thatingbiuifetsilyk@stest and the
applicatignetihe saprdncalalysi.compasitians and.aelymes izationRERERSSaRN angther @spect,
there is provided a catalyst composition comprising: a procatalyst composition comprising a multiple
internSF &8 rof Blﬁmorﬁ%ﬁg;ﬁﬁl)a SHyI§PEERYhadhl the stUcRiPRORSRIRE compousd. cid 54R2R6
wheredptinian itegetefrein ¢l¢adbrderdoting ardyaroearbydtivith tHens@me agmber ofiegiyomasoms, n
S an igggek i om R R A8ngliag A0 kasaRY! WIRGATE THmRGT Shearban alams. Bl -RicaiR the

same or different and each is sélected _groug consisting of hydrogen, a substituted
hydroE4FEYPEPEUBNaviy fer el carpbBitatomsSiaR URSUPRERA Ayareesfoytigsip HeRFAY I o 20
carbomatoshgiandcombinatans thereef, anshbiteantelectiea danatisigfgrowzdansiamasatalyst. The

catalyat compositiens.uih ke ntenl sletron depogs of the. present dislosuie, demonstyate high

catalyst activity and improved hydrogen response during polyrerization. In-addition, the present

Cata|y§pcomfy§§qﬁ'@ﬁs olefin-based polymers that exhibit high hydrogen response during
polymerization and produce propylene-based polymers with broad molecular weight
distribution.

SUMMARY

[00G3] In a first aspect, there is provided a procatalyst composition comprising: a combination of a
magnesium moiety, a titanium moiety, and a multiple internal electron donor comprising a silyl ester

having the stracture



2 with mixed internal electron donors produce propylene-based olefins with improved polymer
properties such as high melt flow rate, broad molecular weight distribution, and/or high flexural
modulus. 10003a] In another aspect, there is provided a process for producing an olefin-based
polymer comprising: contacting, under polymerization conditions, an olefin with a catalyst composition
comprising a multiple internal electron donor comprising a silyl ester having the structure OR3 R1R5I
R7COCmSICnX R4 R2 Re wherein m is an integer from 1 to 5 denoting a hydrocarbyl with the same
number of carbon atoms, n is an integer from 1 to § denoting a hydrocarbyl with same number of
carbon atoms, R1-R7 are the same or different and each is selected from the group consisting of
hydrogen, a substituted hydrocarbyl groupthaving %:to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, and cc m_b_ig_a_ti;rgftﬁr(éo_t)pnd X'is an electron donating group;
and forming an olefin-based polymer. [0004] In'an €ém odirﬁent, a process. for producing a procatalyst
composition is provided. The process includes reaétinga syl ester, an electron donor component, a
procatalyst precursor, and a halogenating agent. The reaction occurs in a reaction mixture. The
processRERIBES fFiHE A BrBChIaR St TR pORTHBIEOMBE 8 sac i silnd hetotetps b titaRium
moiety, akdea fritiple hHtedheleair@bcdondivibhamultipleiniecatbelecironrdauarinaliges the silyl
ester an lectron.don nent. The electron donor .compaonent e an aromatic acid
cater, 2 R T e e e I A BBl may
be cont3&YEW dntd/ G reriba rear vy b e ebEERMENt, S iveids ineldcsbontiesgaide
procatakystigresos ofewith dneshalagasatinglagent befgreadditioraisiylesterrneiombherlestron
donor companent (@ e.isaqlion avd s JnAgeian emboriment e progess.nclides,dding the sily
ester and the electron donor component to the reaction mixture simultaneous y, or suﬁstantlgly
simultarféGtiany. fif apftrrion uBeiTHBRLUFREABRO COEPIHERMSE HIKING e IRy PESESant #hetiectron
donor cesppongeitegethanto focompprempolietarecagdition o thedepetion:pistise. dptiianather
emboc’"ﬁﬁﬁ&j gngtgﬁgpggﬁlj&cégg%sc&g j@thei%}chg%ph 91%8'%1%%“ onent to the reaction mixture before
adding the sﬂlyl ester to the reaction mixture. Ih'yet another embo Iment, the process includes adding
- the silyl ester to the reaction mixture before@ addingr.2athe lectron donor component to the reaction
mixture. The electron donor component and the silyl esfter ¢an be added at a molar ratio from about
0.1:1 to about 100:1. 100061In an embodiment, th ES'@S%ﬁéludes halogenating a procatalyst
precursor in the presence of the electron donor compo(ixenta{and then introducing the silyl ester in the
subsequent halogenating process. 10007!In an embodiment, the process includes removing the
procatalyBeiesrapeShivYrEDAAS e adiomipgixiéoThdprodatdysreompeositionmisrsalssesg oty
contact@&ag&g%%rgelicmsi AN Etath%k@@h Gﬁnﬁi@lﬁlgaﬁg?ﬂgmﬂé?@Mrﬁ&%ﬁo@@,d@fﬂh%@lﬁgqﬁﬁkdﬁhog
component. n an.embodiment, the process inclu removing the procatalyst composnio from
bt Bt bt v bl vaowitt e Al )
2010/065339PICT/ &5 o009/ G65u6 113 wediffsntadt siderahyl grow doiporiett 2theadametondiffetent silyl

ester, apehdithesame-or, diferenthalReenningageab.{00A8lin snembodimantythe.algaHendonor
componept s, anAramatic acid eoter, The aromatic acid coter gan be & Ahihalic acid ester or g benzoic
acid ester. The p?‘lfﬂaicﬁ% aCid €Ster or the benZoic acid sster maflnﬁe a deé‘gélona ith évéﬁ/yin iol ester
to a pro&apilyst prémgesceserferiditivg proEmidyseEomhplssittonthT hegsro ezitdlystpreesiffses can be a
benzoate-containing magnesium chloride procatalyst precursor, a mixed magnesium/titanium
procatalyst precursor, or a magnesium moiety procatalyst precursor. [0010]In an embodiment, the
electron donor component is a di-ether. [0011]In an embodiment, a procatalyst composition is
provided. The procatalyst composition includes a combination of a magnesium moiety, a titanium
moiety, and a multiple internal electron donor comprising a silyl ester. The multiple internal electron
donor is composed of a silyl ester and an electron donor component. The electron donor component is
an aromatic acid ester, a diether, and combinations thereof The aromatic acid ester can be a benzoic
acid ester, a phthalic acid ester, and combinations thereof [0012] The silyl ester has the structure (1)

below. () OR3SIR1R5i-CI5-X R2C-0- |1l



R4 R2R6 [0013] The terms m and n are each an integer from 1 to 5, each term denoting a

hydrocarbyl with the same number of carbon atoms. R1-R7 are the same or different and are selected
from hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof X is an electron donating
group containing 0, S, N, and/or P atom(s). In an embodiment, the silyl ester is a silyl diol ester.
[0014}manngradoditeeat, Aleataly teomppsitiar ipipNidedaddie srfalysteampasiien inclyges the
multiple internal electron donor and g cocatalyst The catalyst compaosijtion may. WO .

010/ BRBHE P C RIS A00BIISEIEL 4 5P oMty e S torr i Blbc A G 2 FeSF al iy
limitin§esgehmdhdumultiple internal electron donor includes a silyl ester and an electron donor
component. [0015]A process forOProdu_cing an olefin-based Polymer is provided in another embodiment

of the [3PA3&ht RS IBEUFE. PR SrdBESs ThatRIES S ohiBSRY, (idErPBRiRef AieRPdsRERiBRY™ER olefin
with acoatatigatoconapasitien. didercatdyyst-cativposiiaiinsludes ddiultgle internalyelecttoppeamor. The
multiple internal electran.don [ the silyl ester lectr onor component. The
proceé%?%glﬁ?i%asl (?ﬁrtfp%egl%%mc%l[e%%- aﬂsﬁé%?%roﬁ%/%}%lff% grﬁ%r'rln Sttc})%d?ﬁ%\gﬁ% tlge“g o% m‘%s propylene. [0016]An
advantage of the present disclosure is thesprovision okan mnproved procatalyst composition. [0017]An
advantage of the present disclosure is the“provisio|n oflan iinproved catalyst composition for the
polymerization of olefin-based polym%?“é’f“[%“d”i"@]‘”ﬁﬁ’h“&”jgﬁf ge Of the present disclosure is a catalyst
composition that contains a multiple internal electri;n nog.containing a silyl ester, the catalyst
composition exhibiting improved hydrogen response during polymerization. [0019]An advantage of the
presenidistiosiyensiagattbyst compositionathatpredytesiatiscpytanesbasedpbbmerw|thiashigh melt
flow raje [0GRQIAN B ADIAYE A DG RIBAT AISCIRAUIE 5@ SRAShcmRORIIRN canjaining & sil!

ester internal electron donor that produces a propylene-based polymer with broad molecular weight

distribtHiSFE{or $ach At velrtigeioribe prese e Bs tre lydaoesta iy S RBIHISISIIG P tHAY p BRfttes a
propylererbased polymer wishdigh dexurahieadules B2 2AaREvaniageofshampresepidisslosure is

a catalyst composition that containg a multiple.internal electron donor cantaini silyl ester, the
e b e e R s R o i
Propylgggzpased Polymeaiih a Q'%J?o%@ét fiBWJf%%uaH I tg%gt%{e% Jgight Q'Sg Byton. and/or
high flexural modulus. WO 2010/065359PCT/US2009/065461 5 BRIEF DESCRIPTION OF THE
DRAWINGE %55 3]Bfgties 1 128 Bfash SHEWiRY FydiBg&iFrEeponeBoandPHgRTRY nfeItHBRH FARE for
catalygt&mmpghﬁk@ms aaiogetafingbased pdymeesdﬁmedcthereﬂ@mehtmgfﬁame witheapreredodiment
of the iesent diseinsure: RETAIEDRRSGRIE LONP24IN, anembadimain  Pracess, (g
producing a procatalyst composition Is provided. The process includes reacting a silyl ester, an
electr@ ¥R oF b PBHEIRTS allFoERtESEPrefNebr, NG WAl AEERg agerfoTheopsacishidccurs in a
reaction: mixiuresidkhenteastiaerasHltadiothedapanation ofir prreatalysscempesition: The precatalyst
composition inclgdes a rg{gggesiuqmcgnn%i’% a titﬁniu moiety, and a multiple internal electron donor.

c clu

araomatic acid ester, a €L, an fions thereof.
The muﬁlpéfe Rt BIRCH ORGSR eS'the sﬁy ester and the electron donor component.

[0025kg4ped hepein, a0 “INeraaheleCcHonAeRoMhdS A,HpmBRUNd Added durng Jormation.altae

procatalyst composition that donates a pair of electrons to one or more metals present in the resultant

procafaRstE¥mpasitteh. MERBETGe 6y PEPRF Pattielees 15eB1r itgs Belietrsaithat tReshimariectron
donortassiﬁus_g'enaﬁgglaagagt thﬁf&i}él’fbﬁﬂﬁ[’bmf actwi@lsigeﬁ; tlae@aby e haagiﬂg crislystatgieeselectivity.
As “S.ﬁ)% herein,.a myltiple internal election.donoryiz (). sivi.ester, (ian e'ﬁ?ér%’g flonor. component,
and (III optionally one or more another components. A u_sed er(_aln, an é]l%ctron ( %nor co_mponent IS
a comipeneirdiat denates eopaiehieldetrohs toWaBosr MBraTRetisrasewiin the rashiariisbbocatalyst

cComMpQ&aiidiandBuliNs SeRsans@eh ehtiaisib ester arddiie aleclenHaner ermponesiis each @p internal
electrop donor, In an embodim?nt,t%he internal electron c%niponegajts an ar?matic a%cid es.tetr, a
di-eth&I°HRA SHBinsHL e 8 005518 &nbSEindstothe LIVPL or Aa T HALSH VIRIY) below.
(1) ORZR RS RRGG -SrhoBnd@R tKel RIRIRGrWB2040/G6535SRCTHI $2009/0685464n6 chdhs. It is
understoad thatsagh agldiionalgarbandn e Copgarponyehaip,and/orindhe C. GaraRn chafpsan

include one or more R' substituent(s). The R’ substituent(s) can be hydrogen or a
substiftRBA IR SFRAMTRRASER BYT GRIED HAL MG LIS 2 rediition At ecTn 28t H%e substituents R,
R2, R3, R4, R5, R6 and R7 can be the same or different. RI- R7 are selected from hydrogen, a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having
1 to 20 carbon atoms, and combinations thereof As used herein, the term "hydrocarby!" and
"hydrocarbon" refer to substituents containing only hydrogen and carbon atoms, including branched or
unbranched, saturated or unsaturated, cyclic, polycyclic or acyclic species, and combinations thereof.
Nonlimiting examples of hydrocarbyl groups include alkyl-, cycloalkyl-, alkenyl-, alkadienyl-,
cycloalkenyl-, cycloalkadienyl-, aryl-, aralkyl, alkylaryl, and alkynyl- groups.



[0029]As used herein, each term "substituted hydrocarbyl" and "substituted hydrocarbon" refer to a
hydrocarbyl group that is substituted with one or more nonhydrocarbyl substituent groups. A
nonlimiting example of a nonhydrocarbyl substituent group is a heteroatom. As used herein, a
"heteroatom" is an atom other than carbon or hydypgen. The heteroatom can be a non-carbon atom
from Groups 1V, V, VI, and VII of the Periodic Table. Nonlimiting examples of heteroatoms include: F,
Cl, Brfy, Befldd, Sotd Shofmised haleinedhademixhiniohydiecaibyttols adaydrosasabia
substlttLljteq ith one or mar halg%?n aton%s. 1 OS%]HetOSXgagﬂfog(:l of structure (1) represents an

the s ester can be a at.a 1at10 from abou . .
electron dlo%atglng group. e -Leanarefleé)tron onahng group” refersto a functional group that is

capabifyghdonafing,ane kil ol op:Rals ameial g Nenimiing aramaies plauigble
electron donating groups include C(=0)0R, -0(0=)CR, -(0=)CNRR', “ZNH(0-)CR, - NR'(0-)CR, -C(=0)R,
-OR, -‘RFHFﬁfeﬁ?ﬁ%,Dfsﬁ{e-oﬁf#(‘é@“)(épé)?‘lm%}epé(— 2 Re10SRFOR) I P bdmbiiatiBhdthereof
[0031angldnt Bflthenalpetppreaenating group X can be a substituted or an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms. (0032]The structures for each of the foregoing electron donating
group¥8¢d providedrin Falbledinbelovwhe Wi@026$0/065889 PETHAYB2008/065461aly ST alslenpositbreviation
Structg,-GE0}0RiBel InfGaRR -08) SR G dkst -@FnGMIR &!1 Hbseqi@h05) GNRRED WaR ¥ -1\1\R

-NH(0=)CR 0 H11 NCR -NR"(0=-)CRI10NRC |
second amount the halogenating agent, the silyl ester, and/or the electron donor component.

10008} In an embodiment, the process includes removing the procatalyst composition

from the reaction mixture. The procatalyst composition may then be contacted with the same



-C(=0)R -OR -0-R-NHR NR-NRRR -SR-R -OP(OR")(OR)OR/-0 -P\OR -S(---0)R 0 11

S-R -0S(= ORI) | -0-S1-0OR 0 WO 2010/065359PCT/U52009/065461 [0033]In an embodiment, the
silyl ester incudes B that is a benzene-ring-containing group. As used hePSiHT&2009/065461
"benzene-ring-containing group” is a component that includes one or more benzene rings. Nonlimiting
examples of suitable benzene-ring-containing groups include single benzene groups such as phenyl

groups, angd mkiele sREI IR DENEBBEA MRS EHRNAINERRIIVEGIOURS: HG/or the same or

benzene-rin%-econtaining group may optionally be substituted with one or more of the following: C1.20

alkyl groufiErrent BYogRRiPgiRs), C1. 20 alkoxycarbonyl group(s), halogen atom(s), and any
combinati reof [0034]In an.embodiment, the silyl ester includes R7 that is a phenyl group. Rl and
R2 are thg@éﬁe or f?élr(?ﬁ%r}’ﬁglgf’?&]‘tl? &GP e AR OL SRR RS R ASYBALS B ¢ HRky E%up, and

combinatimﬁb@é&@iﬂéﬁﬂ@ﬂ&ﬁﬁgae@mﬁlﬁﬁ@ﬁé}d-&éﬁeﬁ“ﬁﬁbgﬁ@ﬂﬂﬁénﬁéitﬂés%ﬁtthge%Maﬂdoﬁﬁﬂw7I |
' ' - - |, n-pentyl, and p-hexyl . 100351In an embodiment, the si
I:;gﬁﬁz:ugg%? ngglt[}??aagggéloé.‘%l#é ’agz%epp,ng@ggg@%%de )éYor?grovl{/?Lﬁ a silyl diglaester to a procatalyst Y

precursor to form the procatalyst composition. The procatalyst precursor can be a benzoate-
containing magnesium chloride procatalyst precursor, a mixed magnesium/titanium

procatalyst precursor, or a magnesium moiety procatalyst precursor.
[06619] In an embodiment, the electron donor component is a di-ether.

[0011] In an embodiment, a procatalyst composition is provided. The procatalyst
composition includes a combination of a magnesium moiety, a titanium moiety, and a
multiple internal electron donor comprising a silyl ester. The multipie internal electron donor
is composed of a silyl ester and an electron donor component. The electron donor
component is an aromatic acid ester, a diether, and combinations thereof. The aromatic acid

ester can be a benzoic acid ester, a phthalic acid ester, and combinations thereof.

[6012] The silyl ester has the structure (1) below.,

@
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[6013]  The terms m and n are each an integer from ! to 5, each term denoting a
hydrocarbyl with the same number of carbon atoms. R;-R; are the same or different and are
selected from hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarby! group having 1 to 20 carbon atoms, and combinations thereof, X
is an electron donating group containing O, S, N, and/or P atom(s). In an embodiment, the

silyl ester is a silyl diol ester,

[0014] In an embodiment, a catalyst composition is provided. The catalyst composition

includes the multiple internal electron donor and a cocatalyst. The catalyst composition may



hydrogen, and Rl and R2 are the same or different and each is selected from hydrogen, a C1-6 alkyl
group, andvggr%}]m&tggpgs thereof [0036]In an embodiment, the silyl ester is a silyl diol ester. The silyl
diol ester has the structure (Il): (Il) 0 R3R,R5 01,111 1R7 -C -51-C -C -R T’ﬁ%@f%ﬂ%&‘m
[0037]wherein R1-R8 are the same or different. Each of R1-R8 is selected from hydrogen, a
substituted hydrocarbyl group having I. to 20 carbon atoms, an unsubstituted hydrocarbyl group having

1 to 20 cadpoioraidmschid aarebinatioakihorced 400 38HHARCARoRIMRRLITY 286k R&capdngsihe same
or differenI.tEac %‘ti R7 and R8.is selected]gfiom ag%eﬁwzegt%ring-containing group. The
benzene-ARGEBHEGHIOG GPOTH M AR e ARG HEGTNROHY SPTHRSTRSBE the following: C1-20

alkyl group(s)..C1.20 alkoxy group(s), G1.20 alkox bqonyl group(s), halogen atom(s), and any
combinatigﬁgﬁaﬁh5 reof {0038 %%any(éem AR, &L grf%ﬁ%%%g bES %%n’\%gBFcﬂiﬁE&Erff? RISHFR2 are
each seleetetoklonerdtydsbgén; apeds«n6 alkydlgronp, antiieombitasionimthedeof dddicting, under
2010/06535 PCT/USZOO9/%65461 9 [OP

In.an embadiment, R7. and are each a phenyl group.
R1-R6 ard DEPEHRIGE SHEIA S Pod i La BT ABR T SR A ENg) rBtp- i
combinationgudereofifdipdd jitanat ribodimenhdhe Bilyldidtiettantrasatheestruatdondt hdaebeiass
[0042]wherein.R1-R6 are S or different and each is.selected from hydrogen, a C1-Cg alkyl
group, an 8osr1n!_\%iilne§ ?5%%%&%%%% Aan em @d}ﬁ?i’nt, eepgﬁﬁFaﬁngE{%%So@gfﬁj%?g ﬁﬁ’)gﬁfcludes
R1 and R2astvighvhredhelsamensbalifferanttandiefichsipseldeted from hydrogen, or a CI-C6 alky!
group. Each of R3-R6 is hydrogen. [0044]In an embodiment, the silyl diol ester of structure (I11)
includes H8He R3 thakrdrentigsafitboprdifetdnciBaot of R4 modiRenis Saldotecbfrahptopdtagen,

methyl, et@g}néﬁ%x!, I-propyl, n-butyl, i-butyl, t-butyl, and combinations thereof. Each of 113-R6 is
hydrogen. 100451In an embodiment, the silyl diol ester of structure (ll) includes IR, and R2 that are

the same Hierenk Faeh o i egted |, Y, . ethyl lrpropyl,
n-butyl, 1@3%% t-bu%xl{zand c%lr%eb%?g%rfg{%ﬁ%eﬁrtg%%%’g#?f%§§g ?uébﬁn&;oﬁ’?ﬁ@ &%ﬁﬁ%ﬁ%%ﬁéﬁnent,
the silyl digtesesttisiston chgraofiyrpiisiaides & piaith forsghpelienttrs. same or different. Each of R1 and
R2 is selected from hydrogen, methyl, ethyl, npropyl, i-propyl, n-butyl, i-butyl, t-butyl, and combinations
thereof. EHEH & R3 ARPIRIRAgR AyILE AEs O RISHREURG s thydedyEre qooapesntimitifyeizmiples of

the silyl diph@ges aferset e RS 2 HaloMn MQiRI LYOE SRR BGTA SAR0NARR L ARuTgble 2

Name
improved hydrogen response during polymerization.

[0019] An advantage of the present disclosure is a catalyst composition that produces a

propylene-based polymer with a high melt flow rate.

[6020) An advantage of the present disclosure is a catalyst composition containing a silyl
“ester internal electron donor that produces a propylene-based polymer with broad molecular

weight distribution.

[0021)] An advantage of the present disclosure is a catalyst composition that produces a

propylene-based polymer with high flexural modulus.

0022} An advantage of the present disclosure is a catalyst composition that contains a
multiple internal electron donor containing a siiyl ester, the catalyst corﬁposiiion having
improved hydrogen response, the catalyst composition producing a propylene-based polymer
with a high melt flow rate, and/or broad molecular weight distribution, and/or high flexural

modulus. -



Structure Bis(benzoyloxy)dimethyls lane \/s 00 Bis(benzoy oxy)diethyls r.s,",r100.B
s(benzoylox@e h(}/etb Isilane 1S ,*--- 00 00 et Bis(benzoyloxy)isobutyethylsi e 40 s 00 oo . [0048]The
process alds iﬁ%wgg%ysa?dding an electron donor component to the reaction] ﬂﬁ%ﬁ?g?%/ﬁﬁgﬁéémbodiment,
the electron donor component may be an aromatic acid ester, a diether, and combinations thereof
[0049]In an embodiment, the electron donor component is an aromatic acid ester. As used herein, an

"aromatic acid ester” is a monggRIBPAYES@RIPEREN QRN CIrboxyirGEcid ester that includes
structure (V) as follows: (IV) [0050]wherein RI is selected from a hydrocarbyl having 1 to 10 carbon

atoms, a sedEtitutedipydeotashy Idrayinghdviing hoarbgsh atammsandha heltereatardchotainirgfgroup
[0051]In an embodiment, the hydrocarbyl group aof RI cap include a substituted- or unsubstituted-
hydrocarARP6eh S HEDRTY o {%{C%L%&fﬁé’ 8@1;@%%{%‘@ PO Ao ae%%%r‘%#st?‘ﬂcture
(IV) are thensadieendifferepteeacidibeinggelected from hydrogen, a hydrocarbyl having 1 to 10 carbon
atoms, a substituted hydrocarbyl having 1 to 10 atoms, an alkoxycarbonyl haying 1 to 10 carbon

atoms, an alkoxy group haying Ito 10 ¢ N[ @S@{%W and combinations thereof. WO
2010/065359PCT/US2009/065461 10 n an embodiment, the aromatic acid ester is a benzoic acid

ester. As pgeniherey), .DenaNIgiAGc & 6&&@{@%8&@6%&(}%&%&3@%%%9s‘i‘ﬂ%ﬂ& fady) below:

(V) A5 [0054[wherein RI is the same as RI of structure ( -A6 are the same or different and each

is selectedfromresasrolsiidehyerotagopl BN t02R0Leron AOME, WHRBBENIteY PRATAR My
having 1 é&%@%d%kﬁﬁ'&%@ﬁﬁ%‘%%@ﬂwnﬁé 1o 10.ca5ban Ao MR hgIsroatam. ard cambinations
e

thereof Nonlimiting examples’ of suitable benzoic acid esters include an alkyl p-alkoxybenzoate (such

as ethyl preseltsdnyibe fooeatomelimnpisstbxybrempatiichyils emexiabat somBYsEv R p ks Zoate
(such as %Qgh@ﬁﬂﬁpﬂ%&ew,eslhma?&%%tﬁw%ﬁékx'zﬂaﬂ%@@ﬁﬁé&@&ee(%%pasmo@ﬁ@%ﬁ@x@pl@thw

p-bromobenzoate), a benzoyl halide (such as benzoyl chloride), and benzoic anhydride. In an
embodimérertré desisenclanny s Saathdrrenitihe SR oBehsSPPeRRStide, ethyl

p-bromobenzoate, n-propyl benzoate, and benzoic anhydride. In another embodjment, the benzoic

acid esterl¥&Bly| békzoles [RRISBHNEN dRBBAINFAFTHNe 4P0RTatES aBiPUBRITESG BHALICEHE ester.

As used hgiginsian RItthaligReid astecsaiRis e malysathrxylicasiche siee ity the steustusieoty )

below: 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, thereby enhancing catalyst stereoselectivity. As used herein, a “multipie internal
electron donor™ is (i) a sﬂyi ester, (ii) an electron donor component, and (ili) optionally one
or more another components. As used herein, an “electron donor component” is a
component that donates a pair of electrons to one or more metals present in the resultant
procatalyst composition. In this sense, each of the silyl ester and the electron donor

component is cach an internal electron donor. In an embodiment, the internal electron

component is an aromatic acid ester, a di-ether, and combinations thereof.

[0026] In an embodiment, the silyl ester has the structure (I) below.
@
ﬁ }?3 T1 Ts
Rr——C———O—-—C!m—mSian—x
o
Ri Ry Re
[0627]  The letters “m” and “n” are each an integer from 1 to 5, m and n being the same

or different, m and n each denoting the number of carbon atoms in the respective carbon



(VI) By [0056]wherein RI and R2 are the same or different and each is selected from a hydrocarbyl
having 1 tQ 10 carbon.atoms and a substituted hydrocarbyl having 1 to 1 Bl -134 are
the same ‘gr% I 1e0r/§?1%3§1§1d each is selected from Ryydrogen, a hydrocarbyl g;?r?gg £}]éjgfall%%?'arbon atoms,
a substituted hydrocarbyl having | to 10 atoms, an alkoxy WO 2(110/(165359PCT/US2009/065461
group having 1 to 10 carbon atoms, a heteroatom, and combinations thereof. Nonlimiting examples of
suitable pithalicagidestensdaciuge-gimeathiitiphihalateydiatiyd phikatate, cdiaiproplybphtibtate,
diisopropyl phthalate, di-n-butyl phthalate, diisohutyl phthalate,.di-tertbutyl phthalate, diispamyl
phthalateSARe8r ARl FRtHEEIS IS0 SEMBA S htha é@éﬁ%ﬁ%@% Itﬁé%yﬁph%a%%?%ﬁﬁé y%écyl
phthalatenhistges 3rtsi lupseatianphibsiate:diisohutrbdtbuiy hathatates 2od atiisobuophs.
4-chlorophthalate. In an embodiment, the phthalic acid ester is diisobutyl phthalate. [0057]In an
embodimgazshe aromiatisvbeithesterinciuid®s &yl halRiesndrRntardhidds: NowwskiRnbelbound by

any particular theory, it is belieyed that th halides and/or ' e I ide
species iniHeY Egﬁ%‘%ﬁ?ﬂ&g’fg%?}baff’)lr*msz%ﬁ%%%r}é%g8?1%???9%%%&2%?Iﬁ%rgv é%%%%ﬁn% benzoyl
chloride isrigeshbicina«dr ligdronabinatgoouitaettyl berPfoatehdn anmbershsootimeinnp MRl |
chloride apd/or phthalic anhydride.is used fo.teplacg. phth I0 I : iment, lectron
donor corﬁﬁdﬁga %r%%r&ii?gﬁ'nﬁ?rq'hgy gAY rz“na%%eghaf9 8%ggﬁ§ﬁet%2§c%%%%%pre5eﬁgt%%l%y the
structure ¢WH): ivihoRehREUCHALACHBAR4A RAudingyhaichRd toR4abedeferfOEHAESf Bhe
another an alkyl, aryl or aralkyl group havin t ar HOMS, ' pti coptain a
group 14%%?%%?%“?’/19/ Ie‘i’eﬁ%%%ﬁ#%rg\r/i g%#ﬁa? %%Igée%’d 2 may beaggﬁ&&%%%ﬁﬁatg?n@é{%ﬁﬁﬁ R2 may
also be liskeshpiefornf atoybicstucturmupschadudeclapertadissioptiftioretbemte difidigtiiér may be

linear or branched, and may include one or mare ar the.f \ng s: alkyl, cycloaliphatic,

aryl, alkyl¥y °?%%ﬁ<‘y|°?’§§%}é§f%év%?ﬂ¥ f121f§§:1:'é1r %l?]( }gfogrﬁn%)?%% %@%%%@ I\F’gmgi'ting examples of

suitable gy diether, compquns ncluds fimey! digthat ey disthes cibutil distberamethy/
ther, -di

ethyl die ethyl butyl diether, methyl cyclohexyl diether, 2,2-dimethy1-1,3-dimethoxypropane,
2, 2-diethylyi3airetfoxyfropane, hi2ddienbw o204/ GbE 350 PEPAYSEhoYGEE 48 187 more
butyl-1,3-dimethox 2.2 ISR Lol R eimethOMABRANGS 2 RSANY &kl shidituent
dimethox%%%ga%%%i%%%@%fg%%%%ﬁ-%3-dimet%oxypr%pane,2,2-d#nethyl?11,3- e
diethoxypeopanés 2-hepropianR-cyoiotesyleiB- dietheRypHopane 2 2ethyesyffiap girbon or
dimethoxyprpRane: #1SRIGRY  JBe N RARIBRG G T3 oBrl MO D ERRANE, F the
sec-buty1-1,3-dimethoxypropane, 2-cyclohexy1-1,3-dimethoxypropane, 2-phenyl-1 ,3-
diethoxypPepiadts, PablsmyioniBrdiut 6XgBRIEaNE betesapinany 1BaNIRL - BimEth Dy hrbpEnd; 2nd
(2-cycloheyy | A3l FAPANS, BoRatRieranphantic 3 rdimeathamyprandneite-one
(diphenylﬁét@%w%d,lg%%ﬁg%}gfﬁpane, 2-(1 -naphthyl)-91,3 (-:dir?]%/ethoxypropane, 2 - (fluoropheny1)-
1,3-dimethorypropEagspaormdecahychonaphthyl)-1,3-dimethoxypropane, 2 -
(p-t-butylpheny1)-1,3-dimethoxypropane, 2,2-dicyclohexyl-1,3-dimethoxypropane
2,2-di-nprw}f{h,3-dirﬁh§hw§7§ pane O5-THEMYI2(h- SrBpyER 328 8%8%&/8?(86%%,%9&?&&&5 -
benzyl-13:dimgthePienane gronpthiiéretbyliladrdimethoxyprapanapable of donating one or
2-methy1-2-phenyll,3-dimethoxypropane, 2 -methy1-2-cyclohexyl- 1,}:_:] -dim) tho&prgpgg&tin
2,2-bis(pcﬁl@fﬁoﬁﬁéﬁﬁ)@}ﬁ&ﬁn@ﬂé&?&%@ne@}?ﬁmgﬁgc% Y& %‘-i%—cﬁmef Oxypropane, 2-
ey oy prapane. 2.2-Ghety 11 2. methoxypionane. 2.2 dibenzy
-methyl-2-isopropyl-1,3-dimethoxypropane -di -1,3-dime ne, 22- nzyl-
1,3-dimetﬁ&%ﬁ%ﬁéﬁeﬁ?ﬁ%ﬁ%xﬁ%ﬁwﬁ?&ﬁ ﬁ‘owm?@t diissijtg V-1 .3
-diethoxyRieRayIR, 2.¢lisPputnt y, dnd coinbibutxyphepate, 2,2 -di -sec-butyl- 1,3 -

dimethoxypropane, 2,2-di-t-butyl- 1,3 -dimethoxypropane, 2,2 -dineopentyl- 1 ,3- dimethoxypropane,
2-i sopropyy:# jisopemtylarl 3r divethexyapane] Rwirend:aubeRzydn 163 adiwistivighropate,
2-cyclohexyl1-2-cyclohexylmethy1-1,3-dimethoxypropane, 2-isopropyl-2(3
,7-dimeth%’&%{?it)‘i‘f?-%ﬁﬁé’iﬂ%ﬁ(gﬁ@ﬁ%ﬁ%?@?ﬁl -%)Il(i <Es%o‘?)({“’?()Cp‘%})rl‘??c-)IfL‘?é"»O-t%|Sr'nethoxypropane, 2 -
isopropyl-2-cyclohexylmethyl - 1,3 -dimethoxypr -dii -1:3: %lm‘gg ,
2-isoprop>;ﬁ%%§clohe§>ﬁ% F‘ _gfr%rgﬁqugy%ar%%pgﬁg} %ﬁ’%%%?%’é%é%%%%%%ﬁf ,3- i?n%%%%%%gane,
2,2-dicylopefiphleli delimethoxypropane, 2-n-heptyl-2-npentyl- 1,3 -dimethoxypropane,
9,9-bis(methoxymethyl)fluorene, 1,3 -dicyclohexy1-2,2- bis(methoxymethyl)propane, and
3,3-bis(methoxymethyl)-2,5-dimethylhexane, or any combination of the foregoing. In an embodiment,
the electron donor component is selected from 1 ,3-dicyclohexy1-2,2-bis(methoxymethyl)propane, 3
,3-bis(methoxymethyl)-2,5- dimethylhexane, 2,2-dicyclopenty1-1,3-dirnethoxypropane, and
combinations thereof. WO 2010/065359PCT/US2009/065461 14 [0059]The reaction mixture includes
a procatalyst precursor and a halogenating agent. The procatalyst precursor can include (i)
magnesium; (ii) a transition metal compound of an element from Periodic Table groups IV to VIII; (iii) 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
maaneacitim fifanitim manaancece vanadinim chromitim molvvhdeniim zircaonitim hafninim and



compound (MagMo), a mixed magnesium titanium compound (MagTi), or a benzoate-containing

magnesium chloride compound (BenMag). In an embodiment, the procatal

mag nesium?n%%éwc(z’ﬁﬁ%

st
oy

gMo") precursor. The "MagMo precursor" containg

recursor is a

8804 the sole

metal component. The MagMo precursor includes a magnesium moiety. Nonlimiting examples of
suitable magnesium moieties include anhydrous magnesium chloride and/or its alcohol adduct,
magnesium alkoxide or aryloxide, mixed magnesjygiajkoxy halide, and/or carboxylated magnesium
dialkoxide or aryloxide. In one embodiment, the MagMo precursor is a magnesium di-(C14)alkoxide. In

a further embodiment, the Maghde-pnecrsor is die

tRexyragnesium (006211

h an embodiment, the
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. 100661In an

embodiment, the reaction mixture is heated during halogenation. The procatalyst precursor and the
halogenating agent are contacted initially at a temperature from 0C to 60C, or from 20C to 30C, and
heating is commenced at a rate of 0.1 to 10.0 C/minute, or at a rate of 1.0 to 5.0C/minute. The internal
electron donor(s) may be added later, after an initial contact period between the halogenating agent
and procatalyst precursor. Temperatures for the halogenation are from 60C to 150C (or any value or
subrange therebetween), or from 90C to 120C. Halogenation may be continued in the substantial
absence of the internal electron donors for a period from 5 to 60 minutes, or from 10 to 50 minutes.

100671The marmer in which the procatalyst precursor, the halogenating agent and the internal
alactron Adonor(<e) are contacted mav be vvaried In an emhodiment the nrocatalvvet nreciirenr ic firet



[0077]The multiple internal electron donor includes a silyl ester, the electron donor component, and at
least one other component as previously disclosed. The silyl ester can be any silyl ester as disclosed
herein. Thgjfﬁﬁﬁﬂiﬂf Btron donor component includes from about 0.1 m%?%qgg@é(ﬁ?@@.g mol %
silyl ester and from about 99.9 mot % to about 0.1 mol %. [0078]In an embodiment, the electron donor
component is an aromatic acid ester, a diether, or combinations thereof [0079]In an embodiment, the
magnesiygygagiety is;a magnssivm:halide snarothenembadimen: the magegsiHm haligadme
magnesium chloride, or magnesium chloride alcohol adduct. WO 201(1/065359PCT/US2009/065461
20 [0080EHHR- e b YBTFhBRAICHhE (| REZFRSTBI SRR FIRTRh IS IEO TP ARGth E12E EBYRH SRE the
titanium haligg,is Hiapium teirachigsidaniRR8 thaapamizodiment. sbe-precatalysheampositinnds a
combination of a magnesium chloride, a titanium chloride and the multiple internal electron donor. In

another eRBERNIEHE SRS BIREICSMMP ASRATTHE SERE S ikt L i SRS BFERSN which

a titaniumyehigeide is depesiiegyand ot whish thewmeulinleintraatisleciaipdenor iplideargorated.
[0082]In an embodiment, the multiple internal electron donor of the gsgzcgataléz%;c):omposition gomprises

a silyl esTRPTHIeASTARIONE o) MPTe[OOEEAHGEING (-2 AR TR K Carmp AHSPEN LR &
previously, digclesedioratesstive)(hhidhe muktinle infenms! elagienidampsredthe procatalyst
composition can include one or more embodiments of structure (I) as previously disclosed. [0084]In an
embodim@ntz4pe mixed intertRigsirotmheenor Naltdesdsiip, dieldstepbéihbatrusture ()t RRe R1

R50 Il -C -c-0-C -Rs R4§§,§e [O()%%S]Wh rein 124-R8 are 1the e ar djfferent, (F:achlgf Bl-RS is
selected FSnyFBEEH ISttt dhbargy Pﬁ?/leéf;gtfﬁ ﬁ%‘\?ﬁ%‘pﬁlﬁjﬁ C&boh atémis T af vy
unsubstiteiec-bydipeatyl ©eaeyT. Mauiignltiioy 20 aafiancito ms, alisicombinatidndathenbef, Bt imultiple

internal electron donor of the procatalyst composition can include one or more embodiments of
structure P88 reABIRRY digg{%gﬁ n%%é’%)‘ elive =t og pu §2%6‘é’}%%’828?[ 21 [0086]In an

embodim gf:?mul' le internal electron donor includes a silyl diol este c? Structure %IE[}

[0087]wh§¢§1”ﬁ 1-Ra?gr%“tﬁl@é%grh%eé’%a%reeﬁgﬁ &n re‘é“‘%i“us‘"’%e be é‘%ﬂ‘?r&#}}%‘ E%é’tr[%?’a C1-C6 alkyl

group, anklydesabinatidriy, et dof saFhehmieet: intefiffdrete eird ratbnosoletied grovataiistgsarmposition can

include ong(olr more eméaodirgen%s of tructlfre (111) as previously disclosed. 100881In an embodiment,
?fn COTIIl %XGIEO

. IO 1ations . . k . .
the multlpal ternarslectron donor Includes an electron donor component that is an aromatic acid

ester of theggyeture (v U JaRfiRiherain RLisselecied iamadydmeaylaiaviagLiin # carbon
atoms, a substituted hydrocarbyl having 1 to 10 carbon atdms, and a heteroatom-containing group.
R2-R6 of thecimontéliic acid ester can be any substituent as previously disclosed for structure (IV). The
multiple internal electron donor of the procatalyst composition can include one or more embodiments
of structure (IV) as previously disclosed. [0090]In an embodiment, the multiplginternal electron donor
includes an electron donor compongnt that % a Benzgic acid @ster of the structure (V): (V) WO
2010/065359PCT/U52009/065461 l L

Ry—'--C"-"——O——-C—-—SIi—-(!)m——O-—--— —Rg
Ry, Ry Rg
[6037] wherein R;-Rg are the same or different. Each of R,-Rs is selected irom

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

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

10638] In an embodiment, Ry and Rg can be the same or different. Each of Ry and Ry is
selected from a benzene-ring-containing group. The benzene-ring-containing group may
optionally be substituted with one or more of the following: Cy.z9 alkyi group(s), Ci.20 alkoxy

group(s), Cy.20 alkoxycarbonyl group(s), halogen atom(s), and any combination thereof.

[6039] In an embodiment, R; and R, can be the same or different. R, and R, are each

selected from hydrogen, a C,-Cs alkyl group, and combinations thereof.



22 [0091]wherein 121 is the same as R1 of structure (IV). A2-A5 are the same or different and each is
selected from hydrogen, a hydrocarbyl having 1 to 10 carbon atoms, a substituted hydrocarbyl having |
to 10 atom¥OAT A %roup having 1 to 10 carbpn atoms, a heteroatom,?ﬂdUcS&Pﬁ itfatdhs thereof.
The multiple internal electron donor of the procatalyst composition can include one or more
embodiments of structure (V) as previously disclosed. [0092]In an embodiment, the multiple internal

electron dapgsjincludes an Sleciansene: samMREReNEIbRtIpReRthaliaRcH ertesofithesstiattre (VI):
(VI) 83] 093]]Wherein RI and R2 are the same or different and each is aelec ed from %}/dr carbonyl
t

having 1 fETIABsheatdsalsare  Hma Y Eagsd foca oy Th BURHE 716 TARSBASEINS OB - B4 are
the same or different and each is selected f,rorn @Ldro n, a hydrocarbybg)a%rf Ito 10 carbon atoms, a
1

substitutd@¥drocardf HaEREEBH Homs! SARE Gt TRRREeT arbon atoms, a
heteroatom, and combinations thereof. The multiple internal electron donor of the procatalyst
composition can include one or more embodiments of structure (V1) as previously di8ibsed. [0094]In
an embodiment, the multiple in al elgctron don rirﬂ‘éludesfan efectron donor component that is a
di-ether of the structure (VII): ( = &r};-l ‘H%\ erein Rl to R4 are independently
of one another an alkyl, aryl or &yl group haying up,to 20 carbor-atoms, which may optionally
contain a group 14, 15, 16, or 17 heteroatom, provided that Rl and R2 may be a hydrogen atom. Rl

and R2 o be linked .to fruin a cyclic structure, such.as ¢yclopentadiene er flu he multiple
internal 2@%?1 wo % Tﬁ?ﬁé@’?@@ﬁg §%5%§gi%rilﬁfn d‘%ﬁ%@%ﬁﬁ%%gga%g&s%%prﬁ E:OES’.i?lon can
include og-Qr;Aiake eminndindentsiahstroctuher@dil) as previously disclosed. [0096]In an embodiment,
the multiple internal electron donor includes a silyl ester and an aromatic acid ester. [0097]In an
embodimgHi4Fe mulfipleninterndiretatitba dbhordhehielesf atgilgividl By iacasdhangdic adiglester.
[0098]In an embodiment,.the multinle int t inclu St J a thalic
acid estef [0 n %r?re% o Fr%%rrll gt%%%%%g%% %gﬁgﬁggg%ﬁ gﬁ%% ?é%%!glﬁ? sgi yl %%ﬁﬂeeskser and a
di-ether. Roimitimgdexgemples of suitable diethers include 1,3 dicyclohexy1-2,2-
bis(methoxymethyppropane, 3-3-bis(methoxymethyl)-2,5-dimethylhexane, and combinations thereof

[MOO]EtHBR#E conteht i thrahodisstaty thecsimpdigt st é sterstie (B prsludesforaditetiion of
precursor e el i anetaldaliie, The nieseat Mg inieab lackianufenahassists in
oxide in

converting e to halide during halogenation. In an embodiment, the procatalyst composition
includes frovindbaurorol. vitbatis.abbutyl. 0-Red, aforREbBgOSsHRTsko dEfstt 615 %8s dthoxide.
Weight pg; tg'gl'based on the total weight of the procatalyst composition. [00101]In an embodiment,
the procatalyst composition includes from about 0.1 wt % to about 15.0 wt %, or from about 1.0 wt %

to about J{@fﬂwf % ethylhenzeaiemdat wishing deheusd nanyenarticulandaeaty aiidsibetieved that

the presence of a benzoate during procatalyst formation inhibits or otherwise reduces decomposition

of the silyPstBr. s drigikiirene e%ﬁhb%ﬁé&%dcgﬁ BesHisret) ﬁ@?&%%%?&st"ﬁ?@hyar§6$?’$é silyl

ester, (i) ;ﬁlgqtg}aﬁmmlbeamm%m(wﬁgdﬁ&paoaﬁﬁﬁmob@mmatﬁ, FREGIt RRYdsidetior benzoyl
0g

chloride during halogenation, and (iv) any combination of (i) - (iv). 1001021In an embodiment, the
procatalyspepenposition inchieesifiam: abeusiB:l did]%ster alfouti2Cuvet (1) antlodeaBoun . Gwthes to

about 16 wt % silyl ester. ight percent a%g n the ﬁ%tal ight.of the procatalyst position.
WO 20107’6%%%%@%?1%\%[6? 5756%%%‘ é’? }go &h% Btggrr%(grﬁ,h%%oﬁg%a%??s{%c?%n&)r%sr}tion
includes freapAbew-Opd IWhH0:0, alet 16 Obwty¥p aat from tEabaetib ik Qhatcdd. tokebut 510 whddtanium,
Weight percentlis ased %r‘;ﬁt#g otal wejght of the procatalyst composition. [00104]In an embodiment,
the magng’sﬁﬂ’r%‘t tipl Ilﬁllé% f*onor molar ratio is from about 100:1 to about 1:1, or from
about 30: out 2:1, or. fram about 20:1 to,ab ;1. [001 ition may
comprise TUE B more U HE R B cb e ST SR B e S
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 the multiple internal electron donor. The
catalyst composition may optionally include an external electron donor and/or an activity limiting agent.
[00107]In an embodiment, the multiple internal electron donor includes (i) a silyl ester, and (ii) an
aromatic ester, a di-ether, and combinations thereof 1001081 The catalyst composition includes a
cocatalyst. As used herein, a "cocatalyst" is a substance capable of converting the procatalyst
composition to an active polymerization catalyst. The cocatalyst may include hydrides, alkyls, or aryls
of aluminum, lithium, zinc, tin, cadmium, beryllium, magnesium, and combinations thereof In an
embodiment, the cocatalyst is a hydrocarbyl aluminum cocatalyst represented by the formula R3A1
wherein each R is an 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 Ito 20 carbon atoms, and

preferably 1 to 10 carbon atoms. In a further embodiment, each alkyl radical can be straight or
hranched chain and <cirich hvdrocarbyvl radical can bhe 2 mived radical 1 the radical can contain allkevl




n-decyl, isodecyl, n-undecyl, n-dodecyl, phenyl, phenethyl, methoxyphenyl, benzyl, tolyl, xylyl,
naphthyl, methylnapthyl, cyclohexyl, cycloheptyl, and cyclooctyl. [00109]Nonlimiting examples of
suitable h)%? %@ﬂ"g minum compounds are as follows: triisobutylalum'r‘ﬁ%m}%?{%{(%?ﬁﬁ inum,
diisobutylaluminum hydride, dihexylaluminum hygride, isobutylaluminum dihydride, hexylaluminum
dihydride, diisobutylhexylaluminum, isobutyl dihexylaluminum, trimethylaluminum, triethylaiuminum,
tri-n-propylaluminum, triisopropylaluminum, tri-n-pgydalunainum, tri-n-octylaluminum, trin-decylal
uminum, tri-n-dodecylaluminum, tribenzylaluminum,-triphenylal uminum-triraphthylaluminum, and
tritolylaluminum. in an s MBM8iment, the cocatalyst is select ﬁtﬂﬁﬁir&igthy!a!umhum,

trirsobutylaluminum,tri-ﬁﬁé‘?@}?&ﬂ)ﬂ%ﬂﬂ%&%@aluminu ydrige; angei-nthexylaluminum

hydride. 1001101In anjembodiment, the cocatalyst is a hydr aldnyi compound represented
FPRLC N R R 1

by the formula RAIX30hetein-n=-1t-or2-R-is-an-atkyt-ant-Xis-ghgideoraftkoxide. Nonlimiting
examples of suitable c¢ E&ng%{ég Ifat’:m&/‘éls%?"nn%ethylaIum ) aé, :i)
isobutylaluminoxane,diethylaluminumethoxide,diisobutylaluminurchloride, tetraethyl dialuminoxane

,tetraisobutyldiaIuminox@gcgéﬂg%@%hmg{ﬁm%% ethz@g;nwdmhlond , methylaluminum
from

dichloride, and dimethylaluminum chloride. 1001111In an e in@nﬂoth :@v gtalyst is
triethylaluminum. The molar ratio of aluminum to titanium is bout 51 t6 ahout 500:1, or from
about 10:1 to about 200 8;spdkesy RROWEhi aabadulide0] 1 from@?@&l to about 100:1. In
another embodiment, the molar ratio of aluminum to titaniug baut 45: 01121In an
embodiment, the catalyst composition includes an external electren doner. As used herein, an
"external n dqnor" is a compound added jndepen of procat rmati n ins at
least one Edﬁwﬁbg’gnaﬁg%&% Rt 1c%)lpla ?3%8 c?grclifeﬁﬁggnaeggﬁ% eﬁag%??%?gﬁo% g%r%%%fg%%mgag%%?ded by
no particutsiteoryy ikisdpehiediedthaththe extenndirele ctnopatem menhin ee susaraljs asté ressselectivity,
(i.e., redug %h)&/l%.gﬁ solugllle {nate{ﬁaelrei:%fthe formant polymer). WO 2010/065359PCT/US2009/065461

e
26 amide "8 carbama %I,na P cl)g%?une, a phosphate, a phosphite, a sulfonate, a sulfone, and/or a

o bl AN UGl R el s AntE Araleniiang: T iealkoxysiane
has the génera formula. §| ni(OR")4_,, (1) where R independently each occurrence is hydrogen or a
hydrocarhbyedrtancamino’ groupispaiod e suisstitumseitrsrbcorord Ul st KT8 beRIARRd‘one or
more Group 1 r ild R containing up to 20 atoms not counting hydrogen
and halogeeé%?rlé'%}}éI ghé]%?%ggﬁgﬁg%o@?gﬁdoﬁng%a 1, 2 or 3. In an embodiment, R is C6_12 aryl, alkyl
or aralkyl, C3-12 cycloalkyl, C3-12 branched alkyl, or C3-12 cyclic or acyclic amjno group, Rl is C1-4
alkyl, and mis 1 or 2. Nonlimiting examples of syitable silane compositions inérﬁ;c}e
dicyclopentyldimethoxysilane, di-tert-RbutyId meth xysilane,methylcyclohexyldimethoxysilane,
methylcyclohexyldiethoxysilane,ethylct imetfioxysilane, diphenyldimethoxysilane,diisopropy
ldimethoxy si lane,di-n-propyldimethoxy
diisobutyldimethoxysilane,diisobutyldiethoxysilarfe,di-n-butyldimethoxysilane,
isobutylisopropyldimethoxysilane, cyclopentyltrimethoxysilane, isopropyltrimethoxysilane,
n-propyltrimethoxysilane, n-propyltriethoxysilane, ethyltriethoxysilane, tetramethoxysilane,

tetraethoxg.gf ée,dima\triﬁgﬁg e%'é‘f%’éi’e?i'%’?%?'ﬁ?&ﬁ&’i?é(ﬂoﬂgmf? Inehoxy<ilensh atoms, a
no Sl

bis(pyrrolidi imethoxysilane,bis(perhydroisoquinolino)dimethoxysilane,and
dimethyldivlstiokgsimdeodaray] bavbegiintent) eaebsiaieeo Moo RAHECRIpe Mgt oxysilane
(DCPDMS), methylcyclohexyldimethoxysilane (MChDMS), or n-propyltrimethoxysilane (NPTMS), and
any comblfi&fibh of t%le?é’of’{@mgﬁ?ﬁbn@én@b’éﬂ?ﬁ?@?ﬁ}t%%&?eﬁ#a%le%%mig substituted- or

dicyc")peﬂ%%ﬁ@@&ﬁﬂ%ﬁ%ﬁ@gﬁr&mﬁﬁdiEBGFU,GH%B&P@%%! electron donor is
|

npropyltrimethoxysilane.”100116JIn an embodiment, the external electron donor can be a mixture of at
least two pdg@rysilanesring fHetheseimbodimestribe mudure ¢anhedibyJapentyldiffrethoxysitane with

any combination of the fallowing; methylcyclohexyldiethoxysilane, di-n- .
butyldimeﬁ‘?&ﬂ%ﬁ%ﬁ’fféﬂii@fﬂ%tﬁfﬂé‘?ﬁ%@iéﬁ%‘?ﬁ?}r@éy{\‘??@f{ﬁjggﬂaﬁef ey atoms, a substituted
2010/065398RehAIS2Q0HDE546 1 2 44004, 1 Aih Arcerasshmeantathieektesndd eledioondoner is

selected from one or more of the following: a benzci?ate, a succingte and/or. a di(])PLesOtFr. In an

embodim@HOtHeZEBAT SR Lol HEHBPRA31s & RESIFLPAHY B (RN FROR SR E Embodiment, the

erdine. 1n ano
external electron donor is a diether. [00118]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 85C). 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
temperature rises. Ziegler-Natta catalysts also typically 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
Nnravventina raactor 11ineeat rediicina (ar nrevventini) narticle annlomeratinn and eancririna contini ity of



[00122]In an embodiment, the activity limiting agent includes a diether. The diether can be any di-ether
represented by the structure (VII) as previously disclosed. 1001231In an embodiment, the activity
limiting ag&ff! AlLi¥ES3E succinate composition having the following structbife @APEAMA0
[001241wherein R and R' may be the same or diﬁlerent, R and/or R' including one or more of the
following groups: linear or branched alkyl, alkenyl, cycloalkyl, aryl, arylalkyl or alkylaryl group,

optionally ggaiaining heferaatoms. One.Of MOIE NG ALHSINGS,CARREAQRSE via oRe-aranlR 2- and

3-position carbon atom. [00125]In an embodiment, the activity limiting agent includes a diol ester as
representéeEpieih @il AR LS & weaResTROXIDO RIS RAIRDR siguoture (V) below:
2010/065359PCT/11S2009/065461 29 [00126]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;wypropyl, i-propyl,
n-butyl, i-butyl, t-butyl, allyl, phenyl, or halophenyl group. R3, R4, R5, R6, R7, and Rs, may be the
same or different, and each may be selected from_hydrogen, halogen, substituted, or unsubstituted
hydrocarbyl having 1 to 20 carbon atom§. R1JR6 groups may optionally contain one or more
heteroatoms replacing carbon, hydro [ , the hetero-atom selected from nitrogen, oxygen,
sulfur, silicon, phosphorus and a halogen. Any of R1-R6 groups may be linked to fon!, a cyclic

structure. R7 and Rg, may be the same or?ﬂifferent, and may be bonded to any carbon atom of the 2-,
3-, 4-, 5-, B§4-postiiican the ﬁﬁ@ﬁwmafo%azfﬁﬁuaﬁlﬁr%}{aim%né@r?éee%%m%@cﬁléﬁf&%or and

the activityimiting agantcanhe: addrshino thesrsastoriseRaratehs v paihiersmbodinentitbe

external electron donor and the activity limiting agent can be mixed togfther in advance and then

added inthfesamstonasiBemixigrel dnaleaiidureikriorei94A dr¥BE Al e &ROPPHOASIYY rhore

than one getivityimiting agemicabheHsad: Inamembadinantiptbe JnbdiiBlisbenzoic acid esters
dicyclopentyldimethoxysilane and isopropyl myristate, dicyclogentyldimethoxysilane and poly(ethylene

glycol) lauPtedaiicselopidity I BmHERTERFSIRAE akerRopfe pyi i ristAte BRANSSRAAHy e RS G/ c oty
dioleate, methyisyeiehexvidimetamoisianeans isepinpyvavisiatesprepyiimethoxaysilareand
isopropyl myristate, dimethy ldimethoxy si lane and methylcyclohexyldimethoxysilane and isopropyl

myristate DA ARy IR TR RENE T RO RITERFEASHE: aR TS oBTISIMRGHEAR): ahd
dicyclopeptysimethpxysiane anddeimethaxyvisitangnanskisopiopyyayastate ancepmbinstionsdhereof.
[00128]In an embodiment, the catalyst composition includes any of the foregoing external electron
donors in W&%?ﬁﬁ@ﬁﬁ%ﬁ?%ﬁ?é@ﬁ?é@@ﬂg%@ﬁ%ﬂiﬁﬁmg&mé‘ﬁ@&}gﬂ Wit catalyst
COMpOsSitiQnFaay GRMPHES e Rinnatashyaadinantsdiseipsetharein: (0160 Ranambadinent, a

process for producing an olefin-based polymer is provided. The process includes contacting an olefin
with a catﬁﬁ};%}émﬁ?ﬁ Sition under polymerization conditions. The catalyst composition includes a

multiple interpal electron dopor.comprising a silyl ester. The multiple.internal electron donor can be
any muItiE@#@ErnaﬁéFé}:?f&ﬁoc%ﬂlgpggh&@%?&aé REFRRFHE %chl:%%écfﬁ?%ﬁgrs ﬁ%r(':lt‘}‘cfe%s?gr}rﬁrﬁénan
olefin-basgtppdiyiesci W20 116 53 2 PP GEHA S 2009 /865 46301 1003t lkman @Mbediment, the
catalyst composition includes a procatalyst composition and a cocatalyst. The procatalyst composition

may be any procatalyst composition as disclosed herein. The procatalyst compositio y include a
multiple internal electron donor as disclosed hesein, The cocatalyst may be any cocatalyst as

the olefin-based polymer is a propylene-Qased jpolymer. [00133] One or more olefin monomers can be
introduced into a polymerization reactef to redct with the catalyst and to form a polymer, (or a fluidized
bed of polymer particles). Nonlimiting exam Les of suitable olefin monomers include ethylene,
propylene, C4-20 a-olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1 -pentene, 1-heptene,
1-octene, | - decene, 1-dodecene and the like; C4.20 diolefins, such as 1,3-butadiene, 1,3-pentadiene,

norbornad 58] 5-ethiiEiRe B it ke At (BN S3PEHY Hficfiibpetitatientd e stad e Fdrdidie

compoungs dReLAHRORSHIERNE 191 0NarBRdaiome i sty (@randbdnyiberzene iimubipke nylcarbon
vinylnapthalene; and halogen-substituted C840 vinyl aromatic compounﬁf uch as chlqrost refe and
BN Ko R FFEEaTe

fluorostyréeniod4:3aPAsAis dae e O SN AT b RIS D TR P Uit
parametersviithin & polypaskizatienieastansyitable oapramaingpelymetzaticndeiveenlthe catalyst
composition and an olefin to form the desired polymer. The polymerization process may be a gas
phase, a slurry, or a bulk polymerization process, operating in one, or more than one, polymerization
reactor. 1001351 In an embodiment, polymerization occurs by way of gas phase polymerization. As
used 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 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 1inward flow of flinid WO 201 0/0RRREAPCT/I IS?20N0/NRARREAART 21 throiniaoh the intercticece nf the



[00141] 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 tﬁ@ﬁp%{”r@éﬁ?)r. The polypropylene horqopolymer is introduced Fitd HEUEHAleactor along
with ethylene (and optionally propylene) and optiohally an external electron donor and/or optionally an
activity limiting agent. The external electron donor and the activity limiting agent may be the same as

or differe %&5%&@%@‘9?&9 CﬁY%ﬁ‘B‘S}PQ{Eﬁ%ﬁ Heedinathe, fi %?Idr%_@ﬁigfnéﬁ@ﬁspﬂl%b@ﬁ SRonlimiting
propylene-ethylene copolymer (such as an impact copolymer) in the second reactor. !00142]In an

embodimexamplssopdfriahieophibic 37id prsseicindr deasbhrighaipiofirthel Aol having

a melt flo ong; OLgrhminic,ahput SAMAAD nMiteBuiiPrarkAkE).4igk0 min to
about 2035% gégg? m%,ﬁlc%)agréér? Iai%tt?out %%2?10 min to about 1? ﬁriﬁer embodilm_ent, the

. 0 g/10 min. In a
propylendbaaeh beipiae dissaasar ppbPiAkite Wéﬁ%‘io%‘i%lle??‘f%@ﬂ%]lﬁi%?%f%oﬁ’m&ﬁﬁ%ed&%ﬁn is
pro Dy'eneeﬂ%[ahge/&%@ﬁﬁﬁﬁai%quéiaﬂgﬂi&&ﬁ RiaRyigRe hasednalymebavin RIS Solphles content

5% to

from about about 10%, or from about 1% to about 8%, or from about 1% to %bo t 4%, In a
further erfitioetitriitbmlater apgichsabsdFreNFada 81y droph SR ASMEB oI 66T #8ith an
embodimegt, theiglehn:da prapyigne. The process includes forming a propylene-based polymer having
a polydispersity index (PDI) from about 4 to about 20, or from about 5 to about 20, or from about 6 to

about 15,19p4mm abpuitdamhnmes: mha fusharienbiodisientathelgropylehdiiased pdydréteis a
polyprop)g@ne _omopol1ybrﬁper. WO 2010/065359P%T/U820.0 /065461 33&%0145ﬂ|ﬁ%%$ embodiment,
| .

the olefinXOhrBISHIBR O PRPBIEGCRS T RABCHIFRRPE pibpy REHE LA S8 A i1y AficXural
modulus fremahryt 20QKReito aloettildspsheidiom ahoupARAkPSE tpabarb390 kfisiortioom
about 230 kpsi to about 350 kpsi, or from abo%%%’?jg kpsi t abougS%%( si..In a ftérthrer gn?)l:r)o%iment,
the propyREREHLEEHB R S8 HolyBraBy | m*gﬁo&ﬁ%‘?}[ GLABIAPpcARTS Have sarpfisingly
and unexpggisdbtidiseavesas thahthapresenesieh thabniied-intetsleld athivridenarin: thistlestalyst
composition improves hydrogen res;ﬁ se and catalyst activity during polymerization and production of

propylene HECHIp ST AB A BILPAAE formant polymers exhibiting improved properties. As used
herein, "hydrogen response’ refers to the sensitivity of the catalyst compgsitio cé]"' r r with
hydrogen%%%%talysinc%?n%gﬂ% %‘lgm&éﬁ"ﬁ%%m y((ﬁf}r/g(gﬁreCn@ﬁ?:-L B%%}@ Sré%)q@u]ifétﬁé ég%/ r?)éggagrﬁ%% chieve a
desired polysdiaiingdldsuthenweighbuhdatptystmodipotiticorueitgra(Yoly:' or -poor” hydrogen response
requires more hydrogen to achieve the same desired polymer molecular weight. A catalyst
composition with high hydrogen response is advantageous as it can (1) achieyermgh MFR that may be
impossible using conventional catalyst composition due to equipment imitation or adverse effect of
high H2 partial pressure on production rate, and (2),reduces time required to transit from one H2
partial pressure to a different H2 partial pressure. [00147] The improved hydrogen response provided
by the present procatalyst compogsitipns-aduantagepusly-eraple-theyproduction of olefin-based
polymers (particularly propylene-based polymers) with high melt flow rate For example, catalyst
compositions containing the present procatalyst compositions exhibit a high hydrogen response and
advantageously enable the production of higher melt flow propylene-based olefins when compared to
catalyst compositions with solely a silyl ester internal electron donor. [00148]In addition, Applicants
have further surprisirgty RhdouRexe cretipeditun e edconmensehsretc aliodtas: eb#pbelidaauRith the
mixed IntGiALoieelen donai Brodee.ProRMengbasedRAlNTesinhiaber faxural mochiuuhen
compared to prop from a catalyst with on(lalﬁ?? phthalate internal

lene-based po ymers pgoduce
electron domiowdivan mmbddinteritta md By are-basdey pergaicprod Boddditn BareleiRcHBR/St

compositign ih g uidpicslniernabelaction donerlings  ardihodul analyehat indiosy about

4 % to about 1 om about 5 % to abdut 10 % greater than the flexural modulus value of a

propyleneinytOcR (1 a10BEB59RICTHY SREUGI0BBAET BWISaSeEBly PR iSHEag SRR AHfyst
compositign with 4 SiRdlg-comRQNEN! ipternak pleciipridopan that 4s aminakaias (0ALAR) Fbgdaresent

polymerizdtion process may comprise two or more embodiments disclosed herein.

[00150]DEoRimitngs qoonBEpm fetiahtedialne Pitsdicraprptthd divnefiasiidid e refer to
the Perio‘lﬂfé&@?lﬁ&ﬁéﬁ%%ﬁ%ﬂ&%&“%@'ﬁ?ﬂh aeRKEghteth PyHuf3CiRigss, Highy? 0030 Mls0! any

references to a Group or Groups shali be to the Groups or Groups reflected in this Perigdic, I'able of
the Elemehieshgsing theélistxe lsy R o nipibathg %r?df}}fébﬁ“rﬁe’§§1§iﬁ?é‘dxﬁé?}fﬂga88nt?a%ﬁﬁ?ﬂ‘pIicit
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 patent, patent application, or publication referenced
herein are hereby incorporated by reference in their entirety (or the equivalent US version thereof is so
incorporated by reference), especially with respect to the disclosure of synthetic techniques, definitions
(to the extent not inconsistent with any definitions provided herein) and general knowledge in the art.
[00152]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 include
anv additional additihn/ze adiin/ant aor comnoiind whethar naolvvmerie ar othernnvice 11inlece ctatad tn the



olefin. 1001611 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
polymerizé(f)%zﬁi‘(ﬁf? ? s), and optionally may comprise at least one polyf’rreﬂyéaoﬁ?fﬂ’?é‘f’ﬁ%mer.
[00162]The term "alkyl,” as used herein, refers to"a branched or unbranched, saturated or unsaturated
acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals include, for example,

methy, el BaR b AEOR2-RroBeT (Bl Rk i, HDU(or 2 mvipropYD)

etc. The alkyls have 1 and 20 carbon atoms. [00163]The term "substituted alkyl,” as used herein,

refers to SimARAEPOREHescrbBPIR RS BHesRole tiarehanyasRipoun 16 akedarbbn of the

alkyl is replaged. Ry pagther group: spehasRiBRRYRN AlbiuBgspastaryl, cyeloaitresuhstituted
cycloalkyl, heterocycloalkyl, substituted heteroc%cloalkyl, halogen, haloalkyl, hydroxy, amino

phosphid ARy RIRTARS. tRIESORRABY e CHRERRATOHERME e SMISPHAhIb SUBER R RIS niude, for
example,slaenﬁx&llﬁirﬁu@fﬁeaﬁégyb%&ﬁ@? like - WG ROKALOLERIo LR3I/ 0654685 100164] The

term "aryl,” as used herein, refers to an aromatic substituent which may be a single aromatic_ring or

multiple 2F6IRAHEFRBROG HchEed fLdcdi t0EHEPPRRR et oD AR ik s W OB FRBH §rdup such

asa me”‘{ﬂ%@}@l&'ie%hh‘{ﬁ?ﬁT?S’jﬁ%eﬁﬁ%%ﬁiﬁ%& ringisLAIGM Hekile phenetarhH¥hanthracenyl,
and biphenyl, among others. The aryls have 1 and 20 carbon atoms, 1001651 TEST METHQDS

[00166] Fidsahemiptiin s duBEeI TR  or dancd VPRSI DrIEHIEREP I Melt flow rate

(MFR) is m%@wﬁ&?})aggﬁgﬁéﬁ%%kb@&w D (128801 dest-mathod Bt 280 wikkaptobar weight for
propylene-based Po ymers. [00168] Xylene Solubles (XS) is miasur d u%ng aNMR mgégod as
described P QUSy PRl 5 SEansH T e cotteit JPRHIEH is' USRI REEPREPSinbs Pafdrence.

1001691 RepwlispeisieinsextBhiekis measdigrby-arbAft-02 dieemeigprdpaie]s asiegstontrol
dynamic spectrometer manufactured by TA Instruments using a method accqrding t h%%g:hr%@r GR,
patel PD (E08H) WA CBRTHIREHORAIS Ay O Bof BIOBy e e MIE R RHEERBA0e PTOE BF e D Worid
Congress| of GReANsR} Fzbgandlontredl, canada. AaEhEG/ OIendstisadxisenniniol the terpeisajie at

180C 0.1C, Nitrogen is used to purge the inside of the ovep to keep the sample from degradation by
oxygen aﬁhl%?i?éﬁﬂ}él.}ﬂ\’Bﬁ%‘?@gﬁ?fﬁfﬂ@@%w?egép’éé%éyﬁh%g %tég%ﬁﬁré'%éﬁ%}%a?%a ples are

compressypoider igiBuprn - ¥ ARy ¥répat tlagugySanples dte:thbnl utiinietiSmmprepumaie and

loaded on the center of the hottom plate. The geometrjes of upper cone is (1) Cone angle: 5:42:20
(deg:min:%"éﬁ?flﬁﬁﬁ'%i'ﬁ?ﬁé?@?’gféme( TR gap: %@%@Ibﬁgﬁﬁ féé%)’fﬁgfﬁ}) Bitne bgo%fom plate

is 25mm gyingsn- T esting meesedopene Thecohe @ plate:saimptahipldsrdne:inatgstdpaite ETC-oven at
180C for 2 hours. Then the gap is zeroed under blanket of nitrogen gas. Cang is raised to 2.5mm and
sample Io%%bsé’(g‘&ﬁ{bl l%éhfg %P’ﬁ?@%o%zb% O.%gﬁ'gll %ﬁaﬁﬁ'}% ‘%Z(X%%P %nse.’oélgé%ﬁep%?)%t (r?fe%é
immediatghnlaneresktpaslightly rest andiopbatthe,3atiiptehbyalrseauing the nardifespentyAflestwo
minutes the sample is squeezed down tg 165 mi gap by lower the upper.cone., The normal force
s observAPGUHEN PR RBFm AT FSRST T RS 005 NURTEH HE SRRAs SehiR 18 1S A et Trom the
edge of thereane:antoplate Sarmplehaeidel-bychobpatitetivhe dpherdony psdpaverctisgairpio-the
truncation gap,which is 1 igron.. An Oscillatory F ency Sw test is, performed undey these
concitions | RUEPUIATEA A ORGP SRR WO ZOL ISR Lo P DO UL 36
Frequencigs:638l3+sytdcbekydmEiDataladinuiditanmatets point/decade. iv,SEkakdiit@dentWhehthe test

[ leted t lus (Gc) is,detected hy,the,Rheplogy Advant [
prograim ARRRHEEHE) PR st maE PP 1 001008 G (T E 0701 B by e

and not byskiipation; lekainpdes of theppnesrit-disglopemey vl 3dimb@rppideah 071§D GiBhE sters
[00172]Silyl diol esters are prepared as sgt.forth in co-pending .S, patent icat riad Ro.
U117 A5 o SR B 008, (S Lk BN Ry UOL) PLEIEHE: conten Ep L
incorporates| iythefersiede Harefanb ontimditiriglekamplé® pf meitab)e2sihdidioihodberszae gut fauth in
e 2 o S ek este s SRR ampIn G el Rslbe oY elibdslane
(SDE 1) \“wE %}s%enzoyﬁ%(y%ét yﬁsnane ’ Prpsr. -,00.
Bis(benzdytaxy)ethylrdatmiisrayé ISBEsGhGhpoynOdd)propane, 3,3-bis(methoxymethyl}-2,5-

dimethylhexane, 2,2-dicyclopentyl-1,3-dimethoxypropane, and combinations thereof.



Bis(benzoyloxy)-isobutylmethylsilane (SDE 4) 140 isi< e [00173]2. Procatalyst Preparation. [00174]In
a flask with bottom filtration under N2 atmosphere, 2.00 g of a SHACTM 310 catalyst (BenMag
precursorWﬁ&@lﬂ@?ﬁségMagTi procatalyst precursor and an ethyl benzoatgqmgﬁ%&%é‘f Pon donor,
made according to Example 2 in U.S. Patent No.%,825,146, the entire content of which is incorporated
herein by reference) or 3.00 g of mixed magnesium/titanium component (a MagTi precursor prepared

according gample L ind) 5. LRIEN:ARu SR8AO)Ipeats witiniessplsleetanalenasts

(amqunt or each internal electron donor is specified in Table 3 and Table 5) and 60 ml of a TiIC14
solution iA2WWO P0e 07068 SPT YW SE0RY/TEbHE1 R IERRFTBRN AEha WY T ea ) FRIBRSHED volivol)

with stiring 8f eRthiRT At bRt NS SOUIPN i MigERANA Bg ramRnAg sold is
treated with 60 ml of the TiC14 solution with stirring at 250 rpm at 115C for 60 minutes. Additional

internal etdicordfiedoinor aad(an éd)apre e GRIAMBASP IR TIOLAAERL it MEBUHRE RIEBRIERss is

repeated gnge. Afterward,the slidRmeaialyatinanashed it 48 mhaf ise-aaaner ahambirm,
temperature for 3 times and dried with a N2 flow for 2 hours, Table 3 Procatalyst compositions with
SDE/phtHiRitaigisten AMZaE fite YRAERSEo rF oS P o CRRAKRIE B D%%“&‘?ﬁﬁanopalg%’&’ta@% g Ti (%)

OEt (%) RIBR (Y SREALEIB (%) 1 SDE 1 (2.52)/SHACTM 310 2521-19-2 3.27 0.11 ill 0.20
2549-8-32.44 NM NM NM '1332-46-12.62 0.17 0.39 SDE 1(1.26) + DiBP (1.26)/SHACv 310

[0060] Various methods of making procatalyst precursors are known in the art.
These methods are described, imter alia, in US-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;
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
may involve the use of one or more compounds, referred to as “clipping agents”, that aid in
forming specific, low molecular weight, compositib‘ns of the desired morphology.
Nonlimiting examples of suitable clipping agents include trialkylborates, especially

triethylborate, phenolic compounds, especially cresol, and silanes.

(6061} In an embodiment, the procatalyst precursor is a magnesium moiety
compound (MagMo), & mixed magnesium titanium compound (MagTi), or a benzoate-
containing magnesium chloride compound (BenMag). In an embodiment, the proéaialyst
precursor is a magnesium moiety (“MagMo™) precursor. The “MagMo precursor” contains
magnesium as the sole metal component. The MagMo precursor includes 2 magnesium
moiety.  Nonlimiting examples of suitable magnesium moieties include anhydrous
magnesium chloride and/or its alcohol adduct, magnesium alkoxide or aryloxide, mixed
magnesium alkoxy halide, and/or carboxylated magnesium dialkoxide or aryloxide. in one
embodiment, the MagMo precursor is a magnesium di-(Ci.galkoxide. 1In a further

embodiment, the MagMo precursor is diethoxymagnesium.

{0062} In an embodiment, the procatalyst precursor is a mixed magnesium/titanium
compound (“MagTi™). The “MagTi precursor” has the formula MgaTi(OR%):X, wherein R® is

an aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms or COR’ wherein



2521-19-4 2,90 NM NM NM 3 SDE 1 (0.88)4- DiBP (1.64)/SHAC V 310 1332-47-1 2.89 0.10 8,78
6.93 0.29 4 SDE 1(0.50) + DiBP (2.02)/SHAC310 1332-47-2 3.45 0.12 0.27_11.39 SDE 1(0.25)4-
DIBP (2.2 Y& RIA¥ %189 332-47-33.56 0 9.11 5§DE 1(0.13) + DiBP (2.3fSHREP41%9332-47-4
3.170.12 8.14 7* DiBP (2.52)/SHACTM 310 2549-8-4 3,90 NM NM 1332-45-4 3.80 0.11

R’ is an aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms; each OR®
group is the same or different; X is independently chlorine, bromine or iodine, preferably
chlorine; dis 0.5t0 56, or 2to 4; fis2to 116 or 5to 15; and g is (0.5 to 116,0or 1to 3. The
precursors are prepared by controlied 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 a chlorinated aromatic compound, most especially
chlorobenzene, with an alkanol, especially ethanol. Suitable halogenating agents include
titanium tetrabromide, titanium tetrachloride or titanium trichloride, especially titanium
tetrachloride. Removal of the alkanol from the solution used in the halogenation, results in
precipitation of the solid precursor, having especially desirabie morphology and surface area.

Moreover, the resulting precursors are particularly uniform in particle size.

[0063} In an embodiment, the procatalyst precursor is a benzoate-containing
magnesium chloride material (“BenMag”). As used berein, a “benzoate-containing
magnesium chloride” (“BenMag”) can be a procatalyst (ie., a halogenated procatalyst
precursor) containing a benzoate internal electron donor. The BenMag material may also
include a titanium moiety, such as a titanium halide. The benzoate internal electron donor is
Jabile and can be replaced by other electron donors during procatalyst synthesis. Nonlimiting
examples of suitable benzoate groups include ethyl benzoate, methyl benzoate, ethyl p-
methoxybenzoate, methyl p-ethoxybenzoate, ethyl p-ethoxybenzoate, ethyl p-chlorobenzoate.
In one embodiment, the benzoate group is ethyl benzoate. Not wishing to be bound by any
particular theory, surprisingly and unexpectediy it has been found that the BenMag
procatalyst precursor inhibits or otherwise prevents the silyl ester of the present procatalyst
composition(s) from decomposing during preparation of the solid procatalyst composition.
Nonlimiting examples of suitable BenMag procatalyst precursors include catalysts of the
trade names SHAC™ 103 and SHAC™ 310 available from The Dow Chemical Company,
Midland, Michigan.

[0064] 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 internal electron donors such as the
silyl ester and/or the electron donor component. These components form a reaction mixture.

Halogenation converts the magnesium moiety present in the procatalyst precursor mnto a



20.59 1.27 2521-19-33.49017.62 1.00 * = Comparative SDE 1 = silyl diol ester (from Table 2) NM
= Not Measured SHACT 310 = MagTi with ethyl benzoate internal donor (BenMag) electron Dil3P
=diisobutyPShtAMRESEIB = ethyl benzoate OEt = ethoxide % = weight peftehtBa¥Ed'eHabtal weight
of procatalyst composition [00175]3. Polymeriza]cFon Procedure. [00176]Polymerization with the
procatalyst compositions of Table 3 and Table 5 is performed in liquid propylene in a 1-gallon

autoclaven LSRRG e {oAEi0rs A e ded I 13750 char oRYleneadaalsled

amount o rogen and brought to 62C. External electron donor (either DCPDMS or NPTMS) is
added to depastiad. tribietyaishinauin bolboondrbscactametega Wiorrsatalystalienesh hih sl (as

indicated { Aot aBlesRelnud: AT RLBHIER AT PISTIIPREIANY SIRf A N WERIRISE BRINg

injected into the reactor to initiate the polymerization. The premixed catalyst components are flushed
into the \WEE2OICIOEESED RBTAIS20d87085Ws FaDy PEARToPLtH IREHHE G5 § AR HRIgEEHe

catalyst injaction pump. ftaEdhe LrethermaiheteeRaIA S 5 ConuRlIamh o &Tom Tolknolymarization

time is 1 hour. 1001771 Table 4A provides catalyst performance data with DCPDMS as the external
electron dBHEIE FEUYEr1io8-a draish SHOVISHThYHIBgemiBBRbRYE EMNY Ponyitel 1Pl folrPsiiksT the
catalyst composifionsdpd ableAbJaRle 4B provides catalyst performance data with NPTMS as the
external electron donor. Polymer properties are provided in Table 4C. Table 4A Catalyst Perfoiinance

using DCipjalky Procatalystahypeidun:Number inecaiatyst # RED P iosaialyst REAL (mgitmrmep Al
EED H2 (sco Activit % (%—hr) BD. (glggc) MER ' XS ?%) B-7081 2521-19-2 DCPDMS :
formula TlEIO g)f » wherein R® and X are definéd as above, f is an integer from ( to 3; h 1s
an integer from 1 to 4; and f+ his 4. In an embodiment, the halogenation agent is TiCly. Ina
further embodiment, the halogenation is conducted in a reaction mixture that includes a
chlorinated or a non-chlorinated aromatic liquid, such as dichlorobenzene, o-chiorotoluene,
chlorobenzene, benzene, toluene, or xylene. In yet another embodiment, the halogenation is

conducted by use of a mixture of halogenating agent and chlorinated aromatic liquid

comprising from 40 to 60 volume percent halogenating agent, such as TiCl,.

10666} In an embodiment, the reaction mixture is heated during halogenation. The
procatalyst precursor and the halogenating agént are contacted initially at a temperature from
0°C to 60°C, or from 20°C to 30°C, and heating is commenced at a rate of 0.1 to 10.0
°C/minute, or at a rate of 1.0 to 5.0°C/minute, The internal electron donor(s) may be added
later, after an initial contact period between the halogenating agent and procatalyst precursor.
Temperatures for the halogenation are from 60°C to 150°C (or any value or subrange
therebetween), or from 90°C to 120°C. Halogenation may be continued in the substantial
absence of the internal electron donors for a period from 5 to 60 minutes, or from 10 to 30

minutes.

[0067] The manner in which the procatalyst precursor, the halogenating agent and
the internal electron donor(s) are contacted may be varied. In an embodiment, the procatalyst
precursor is first comtacted with a mixture containing the halogenating agent and a
chlorinated aromatic compound. The resulting mixture is stirred and may be heated if
desired. Next, the internal electron donor(s) is/are added to the same reaction mixture

without isolating or recovering of the precursor. The foregoing process may be conducted in



16.342.00 8 7480 24.1 0.39 9.39 3.18 Mai 1332-46-1 DCPDMS 16.072.00 8 5000 31.8 0.39 3,2!
7079 252 -19 2 DCPD S 16.342.00 8 3740 27.9 0.41 1.13, 3.52 C-6865 2521-19-2 DCPDMS 16.34;
1.00 4 187©3%%a8% 93 2.40 0-6970 2549-8-3 DCPDMS 11.801 2.00 FEERF DIV 6%115.60 3.18
H-5939

a single reactor with addition of the various ingredients controlled by automated process

control.

[0068] Contact times of the procatalyst precursor with the internal electron donor(s)
are at least 10 minutes, or at least 15 minutes, or at least 20 minutes, or at least 1 hour at a
temperature from at least 25°C, or at least 50°C, or at least 60°C up to a temperature of

150°C, orup to 120 °C, or up to 115°C, or up to 110°C.

[6669] The halogenation procedure may be repeated one, two, three, or more times as
desired. In an embodiment, the process includes removing the procatalyst composition from
the reaction mixture and contacting the procatalyst composition with a second amount of the
halogenating agent, the electron donor component, the silyl ester, and any combination
thereof. In another embodiment, the resulting solid material is recovered from the reaction
mixture and contacted one or more times in the absence (or in the presence) of the same (or
different) internal electron donor(s) components with a mixture of the halogenating agent in
the chlorinated aromatic compound for at least about 10 minutes, or at least about 15
minutes, or at least about 20 minutes, and up to about 1 hour, or up to about 45 minutes, or
up to about 30 minutes, at a temperature from at least about 25°C, or at least about 50°C, or
at least about 60°C, to a temperature up to about 150°C, or up to about 120°C, or up to about
115°C.

[6076] After the foregoing halogenation procedure, the resuliing solid procatalyst
composition is separated from the reaction mixture employed in the final process, by filtering
for example, to produce a moist filier cake. The moist filter cake may then be rinsed or
washed with a liquid diluent to remove unreacted TiCls and may be dried to remove residual
iiquid, if desired. Typically the resultant solid procatalyst composition is washed one or
more times with a “wash liquid,” which is a liqud hydrocarbon such as an aliphatic
hydrocarbon such as isopentane, isooctane, isohexane, hexane, pentane, or octane. The solid
procatalyst composition then can be separated and dried or shurmed in a hydrocarbon,

especially a relatively heavy hydrocarbon such as mmeral o1l for further storage or use.

[6071] In an embodiment, the process includes removing, or otherwise recovering, the
procatalyst composition from the reaction mixture. The procatalyst composition is then

contacted with a second halogenating agent and one or both of a second silyl diol ester and a
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7480 26.4 0.42 9.53 3.56 F-6!55 2521-19-4 DCPD S 17.402.00 8 3740 28.2 0.42 1,14 1, 17 0-6810

c2>5329 -19 4 BRABYF701.00 4 1870 28.0 0,40 3 A-7238 1332-47 pCPB SIS Y56 4500 38.9
4.19 318

second electron donor component. The second halogenating agent, second silyl diol ester,
and second electron donor component may be the same or different than the respective initial
halogenating agent, initial silyl diol ester, and initial electron donor component. The second
halogenating agent, the second silyl ester and thé second electron donor component may be

the same or different than the each respective initial component.

[0072] The internal electron donor(s) may be added in the same halogenation step or in
different steps. Any internal electron donor can be added in more than one halogenation step.
in an embodiment, ethyl benzoate is added in the 1% and 2™ halogenation steps and a sily!
diol ester is added during the 3™ halogenation step. In another embodiment, ethyl benzoate is
added in 1% halogenation step, benzoyl chloride is added in the 2™ halogenation step, and a
silyl diol ester is added in the last halogenation step. In ‘another embodiment, diisobutyl
phthalate is used in the 1% halogenation step and a silyl diol ester is added in the 2"

halogenation step.

[6073] In an embodiment, the resulting solid procatalyst composition has a titanium
content of from about 0.1 percent by weight to about 6.0 percent by weight, based on the
total solids weight, or from about 1.0 percent by weight to about 4.5 percent by weight, or
from about 1.5 percent by weight to about 3.5 percent by weight. In an embodiment, the
multiple internal electron donor may be present in the procatalyst composition in a molar
ratio of multiple internal electron donor to magnesium of from about 0.01:1 to about 0.5:1, or
from about 0.03:1 to about 0.2:1. Weight percent is based on the total weight of the

procatalyst composition,

[0074] In an embodiment, the procatalyst composition may be further treated by one or
more 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 quantity of titanium halide compound, if desired; it may be exchanged under
metathesis conditions with an acid chloride, such as phthaloyl dichioride or benzoy! chioride;
and it may be rinsed or washed, heat treated; or aged. The foregoing additional procedures

may be combined in any order or employed separately, or not at all.

16675} Not wishing to be bound by any particular theory, it is believed that (1) further

halogenation by contacting the previously formed procatalyst composition with a titanium



H65987 332-47-1 DCPDMS 15.131 2.00 8 1870 33.6 0.42 0.27 2.93 C-7055 1332-47-1 DCPDMS
10.262.00 8 3000 33.3 0.40 3.60 3.22 4 13-7183 1332-47-2 DCPDMS 16 34.8 0.39
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halide compound, especially a solution thereof in a halohydrocarbon diluent, and/or (2)
further washing the previously formed procatalyst composition with a halohydrocarbon or
hydrocarbon at an elevated temperature (100 — 150°C), results in desirable modification of
the procatalyst composition, possibly by removal of certain inactive 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 TiCls and chiorobenzene, 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.

[0076] In an embodiment, a procatalyst composition is provided which includes a
combination of a magnesium moiety, a titanium moiety and a multiple internal electron
donor. The multiple internal electron donor includes a silyl ester and an electron donor
component. The procatalyst composition is produced by way of the foregoing halogenation
procedure which converts the procatalyst precursor and the silyl ester/electron donor
component into a combination of the magnesium and titanium moieties, into which the
internal electron donors are incorporated. The procatalyst precursor from which the
procatalyst composition is formed can be the magnesium moiety precursor, the mixed

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

[6077] The multiple internal electron donor includes a silyl estes, the electron donor
component, and at least one other component as previously disclosed. The silyl ester can be
any silyl ester as disclosed herein. The multiple clectron donor component inciudes from
about 0.1 mol % to about 99.9 mol % sily] ester and from about 99.9 mol % to about (.1 mol
%.

[0078] In an embodiment, the electron donor component is an aromatic acid ester, a

diether, or combinations thereof.

[0079] In an embodiment, the magnesium moiety is a magnesium halide. In another
embodiment, the magnesium halide is magnesium chloride, or magnesium chioride alcohol

adduct.
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[6080] In an embodiment, the titanium moiety is a titanium chloride. In another

embodiment the titanium halide is titanium tetrachloride.

[0081] In an embodiment, the procatalyst composition is a combination of a
magnesium chloride, a titanium chloride and the mulﬁpke internal electron donor. In another
embodiment, the procatalyst composition includes a magnesium chloride support upon which
a titanium chloride is deposited and into which the multiple internal electron donor is

incorporated.

[0082] In an embodiment, the muitiple internal electron donor of the procatalyst

composition comprises & sily! ester of the structure (I):

(D
I T T
RT—-———c—-———chmm—slz“cnw
FL; R2 }Le
[6083] wherein Cp, Cn, Ri7 and X can any substituent as previously disciosed for

structure (1. The multiple internal electron donor of the procatalyst composition can include

one or more embodiments of structure (I) as previousty disclosed.

[06084] In an embodiment, the mixed internal electron donor includes a silyl diol ester of

the structure (1I):

(1)
T
erc—om%—siiw—T—o———cdRs
R4 Rg Rg
[6085] wherein R;-Rg are the same or different. FEach of R;-Rg is selected from

hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof. The multiple
internal electron donor of the procatalyst composition can include one or more embodiments

of structure (II) as previously disclosed.
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4B CatalygphRerformanae.singhind M2 Rraagielvieddpecdien M#bRIciudes a silyl diol ester
of the structure (1)
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Ry Rz Rs
[6087] wherein R;-Ry are the same or different and each is selected from hydrogen, a

C-Cs alkyl group, and combinations thereof. The mixed internal electron donor of the
procatalyst composition can include one or more embodiments of structure (III) as previously

disclosed.

[6088] In an embodiment, the multiple internal electron donor includes an electron donor

component that is an aromatic acid ester of the structure (IV):

(V)
Ry §C)
|
R, O/R«
Ry Re
Ry
[0089] wherein R, is selected from a hydrocarbyl having 1 to 10 carbon atoms, &

substituted hydrocarbyl having 1 to 10 carbon atoms, and a heteroatom-containing group.
R,-R¢ of the aromatic acid ester can be any substituent as previously disclosed for structure
(IV). The multiple internal electron donor of the procatalyst composition can include one or

more embodiments of structure (TV) as previously disclosed.

[0090] In an embodiment, the multiple internal electron donor includes an electron donor

component that is a benzoic acid ester of the structure (V):

V)

Ay Ry



Procatalyst #1 EED Procaralyst (mg) TEAI (mmol) Al/H2' EED(see) Activity (kg/g- hr) BD, (g/cc)
MFRXS (%) 1 A-7136 2521-19-2 NPTMS 16.34 2.00 85600 21.0 0.40 5.342.75 A-7134 2521-19-2
NPTMS 1882848879800 , 2 .5 0.41 0.412.63 D-7572 2521-19-2 NPTMS ¥ES3° 18541 400 22.1
0.39 <0.2288 2 C-6914 2521-19-4 NPTMS 17.462.00

[6091] wherein R; is the same as R; of structure (IV). As-Ag are the same or different
and each is selected from hydrogen, a hydrocarbyl having 1 to 10 carbon atoms, a substituted
hydrocarbyl having 1 to 10 atoms, an alkoxy group having 1 to 10 carbon atoms, a
heteroatom, and combinations thereof. The multiple internal electron donor of the
procatalyst composition can include one or more embodiments of siructure (V) as previously

disclosed.

[0092] In an embodiment, the multiple internal electron donor includes an electron donor

component that is a phthalic acid ester of the structure (VI):

(VD)
Y Tnz
[0093] wherein R, and R, are the same or different and each is selected from a

hydrocarbonyl having 1 to 10 carbon atoms and a substituted hydrocarbonyl having 1 to 10
carbon atoms. B; — By are the same or different and each is selected from hydrogen, a
hydrocarbyl having 1 to 10 carbon atoms, a substituted hydrocarby! having 1 to 10 atoms, an
alkoxy group having 1 to 10 carbon atoms, a heteroatom, and combinations thereof. The
multiple internal electron donor of the procatalyst composition can include one or more

embodiments of structure (VI) as previously disclosed.

[0094] In an embodiment, the multiple internal electron donor includes an electron

donor component that is a di-ether of the structure (VII):

(VD)

'

|

CHy wwwrmsne (¢ i CHy QR

RO

i
r?

[0095] wherein R} to R* 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, 0r 17
heteroatom, provided that R! and R” may be a hydrogen atom. R; and R, may also be linked

to form a cyclic structure, such as cyclopentadiene or fluorene. The multiple internal electron
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‘the procatal sts_g‘)rom géatglfes A, 4B are provided in Table 4C. Figure 1 illustrates H2 response for the
procataly&t tith Hﬁ% Pt 1aTGs of silyl diol ester to phthalate when about the same amount of

procataly%é/ggf usedlg- :!ig @n%oﬂ%%e@t?ﬁ;@%&&?ﬁg ﬁ%&%@l gi@&?&@&%@?ﬁn&%@% ﬂ@ilyi ester and

an aromatic acid ester.

[6097] In an embodiment, the multiple internal electron donor includes a silyl diol ester

and a benzoic acid ester.

[0098] Tn an embodiment, the multiple internal electron donor includes a silyl diol ester

and a phthalic acid ester,

[0099] In an embodiment, the multiple internal electron donor includes a silyl diol ester
and a di-ether. Nonlimiting examples of suitable diethers include 1,3 dicyclohexyl-2,2-
bis(methoxymethyl)propane, 3-3-bis(methoxymethyl)-2,5-dimethylhexane, and combinations

thereof.

[00100] Ethoxide content in the procatalyst composition indicates the completeness of
conversion of precursor metal ethoxide into a metal halide. The present multiple 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 % o about 0.5 wt % ethoxide. Weight percent is based on the total

weight of the procatalyst composition.

[00161] In an embodiment, the procatalyst composition inciudes from about 0.1 wt % to
about 15.0 wt %, or from about 1.0 wt % to about 12.0 wt % ethyl benzoate. Not wishing 1o
be bound by any particular theory, it is believed that the presence of a benzoate during
procatalyst formation inhibits or otherwise reduces decomposition of the silyl ester. The
origin of the ethyl benzoate can be from (i) the procatalyst precursor, (i1) a silyl ester, {ii1) an
electron donor component, (iv) addition of ethyl benzoate, benzoic anhydride, or benzoyl

chloride during halogenation, and (iv) any combination of (i} - (iv).

[60162] In an embodiment, the procatalyst composition includes from about 0.1 wt % to
about 20 wt %, or from about 1.0 wt % to about 16 wt % silyl ester. Weight percent is based

on the total weight of the procatalyst composition.
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[606103] 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.

[00104] In an embodiment, the magnesium to multiple internal electron donor molar ratio
is from about 100:1 to about 1:1, or from about 30:1 to about 2:1, or from about 20:1 to about
3:1.

[00105] The procatalyst composition may comprise two or more embodiments disclosed
herein. |

11

[00106] 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 the multiple internal electron donor. The
catalyst composition may optionally include an external electron donor and/or an activity

limiting agent.

[00107]  In an embodiment, the multiple internal electron donor includes (1) a silyl ester,

and (ii) an aromatic ester, a di-ether, and combinations thereof.

[001068] The catalyst composition includes a cocatalyst. As used herein, a “cocatalyst”
is a substance capable of converting the procatalyst composition to an active polymerization
catalyst. The cocatalyst may include hydrides, alkyls, or aryls of aluminum, lithium, zinc,
tin, cadmium, berylliun;, 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 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 hydrocarby! 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, i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, neopentyl, n-
hexyl, 2-methylpentyl, n-heptyl, n-octyl, isooctyl, 2-ethylhexyl, 5,5-dimethylhexyl, n-nonyl,
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tri-n-propylaluminum, triisopropylaluminum, tri-n-butylaluminum, tri-n-octylaluminum, tri-
n-decylaluminum,  tri-n-dodecylaluminum,  tribenzylaluminum, friphenylaluminum,
trinaphthylaluminum, and tritolylaluminum. In an embodiment, the cocatalyst is selected
from triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, di-isobutylaluminum

hydride, and di-n-hexylaluminum hydride.

[60110] In an embodiment, the cocatalyst is a hydrocarbyl aluminum compound
represented by the formula R,AIX;., wherein n =1 or 2, R is an alkyl, and X is a halide or
alkoxide. Nonlimiting examples of suitable compounds are as follows: methylaluminoxane,
isobutylaluminoxane,  diethylaluminum  ethoxide,  diisobutylaluminum  chloride,
tetracthyldialuminoxane,  tetraisobutyldialuminoxane, diethylaluminum  chloride,

ethylaluminum dichloride, methylaluminum dichioride, and dimethylaluminum chloride.

{00111} In an embodiment, the cocatalyst is triethylaluminom. 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 molar ratio of aluminum to titanium is about 45:1.

00112} 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 a pair of
electrons to a metal atom. Bounded by no particular theory, it is believed that the external
electron donor enhances catalyst stereoselectivity, (i.e., reduces xylene soluble material in the

formant polymer).

[60113] In an ermbodiment, the external electron donor may be seclected from one or

more of the following: an alkoxysilane, an amine, an ether, a carboxylate, a ketone, an
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amide, a carbamate, a phosphine, a phosphate, a phosphite, a sulfonate, a sulfone, and/or a

sulfoxide.

{60114} In an embodiment, the external electron donor is an alkoxysilane. The
alkoxysilane hés the general formula: SiRp(OR’ )4y (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 C.p alkyl group; and
mis 0, 1, 2 or 3. In an embodiment, R is Ce.pp aryl, alkyl or aralkyl, Cs.;2 cycloalkyl, Cip
branched alkyl, or Ci.z cyelic or acyclic amino group, R is Cy4 alkyl, and m 1s 1 or 2.

Nonlimiting examples of suitable silane compositions include dicyclopentyldimethoxysilane,

di-tert-butyldimethoxysilane, : methylcyclohexyldimethoxysilane,
methylcyclohexyldiethoxysilane, ethylcyclohexyldimethoxysilane,
diphenyldimethoxysilane, diisopropyldimethoxysilane, di-n-propyldimethoxysilane,
diisobutyldimethoxysilane, diisobutyldiethoxysilane, di-n-butyldimethoxysilane,

isobutylisopropyidimethbxysﬂane, cyclopentyltrimethoxysilane, isopropyltrimethoxysilane,
n-propylirimethoxysilane, n-propyltriethoxysilane, ethyltriethoxysilane, tetramethoxysilane,
teiracthoxysilane, diethylamiﬁotriethoxysﬂane, cyclopentylpyrrolidinodimethoxysilane,
bis(pyrrolidino)dimethoxysilane, bis(perhydroisoquinolino)dimethoxysilane, and
dimethyldimethoxysilane. In an embodiment, the silane composition 1is
dicyclopentyldimethoxysilane (DCPDMS), methylcyclohexyldimethoxysitane (MChDMS),

or n-propyltrimethoxysilane (NPTMS), and any combination of thereof.

[00115] In one embodiment, the external electron donor is
dicyclopentyldimethoxysilane. In another embodiment, the external electron donor is n-

propyltrimethoxysilane.

[06116] In an embodiment, the external electron donor can be a mixture of at least two
alkoxysilanes. In a further embodiment, the mixture can be dicyclopentyldimethoxysilane
with any combination of the following: methylcyclohexyldiethoxysilane, di-n-
butyldimethoxysilane, diisobutyidiethoxysilane, n-propyliriethoxysilane,

ethyltriethoxysilane, tetramethoxysilane, tetracthoxysilane, and combinations thereof.
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[00117] In an embodiment, the external electron donor is selected from one or more of
the following: a benzoate, a succinate, and/or a diol ester. In an embodiment, the external
electron donor is 2,2,6,6-tetramethylpiperidine. In another embodiment, the external electron

donor is a diether.

[00118] 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.¢., 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 temperature rises. Ziegler-Natta catalysts also typically 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.

[00119] The activity limiting agent may be a carboxylic acid ester, a diether, a diol ester,
a poiy(alkene glycol), a poly(alkene glycol) 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, ethyl p-
methoxybenzoate, methyl p-ethoxybenzoate, ethyl p-ethoxybenzoate, ethyl acrylate, methy!
methacrylate, ethy! acetate, ethyl p-chlorobenzoate, hexyl p-aminebenzoate, isopropyl

naphthenate, n-amyl toluate, ethyl cyclohexanoate and propyl pivalate.

{06120] Nonlimiting examples of suitable polycarboxylic acid esters include dimethyl
phthalate, diethyl phthalate, di-n-propy! phthalate, diisopropyl phthalate, di-n-butyl phthalate,
diisobutyl phthalate, di-tert-buty! phthalate, diisoamyl phthalate, di-tert-amyl phthalate,
dineopentyl phthalate, di-2-ethylhexyl phthalate, and di-2-ethyldecyl phthalate.

[00121] The aliphatic carboxylic acid ester may be a C-Cyg aliphatic acid ester, may be a
mono- ar a poly- (two or more) ester, may be straight chain or branched, may be saturated or

unsaturated, and any combination thereof. The C4-Cso aliphatic acid ester may also be
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substituted with one or more Group 14, 15 or 16 heteroatom containing substituents.
Nonlimiting examples of suitable Cq-Csy aliphatic acid esters include Cyz alkyl esters of
aliphatic Cq4.3p monocarboxylic acids, Cy.o alkyl esters of aliphatic Cg.20 monocarboxylic
acids, C,4 allyl mono- and diesters of aliphatic C4.p0 monocarboxylic acids and dicarboxylic
acids, Ci.4 alkyl esters of aliphatic Cg.po monocarboxylic acids-and dicarboxyvlic acids, and
Caa0 mono- or polycarboxylate derivatives of Cayop (poly)glycols or Caieo (poly)glycol
ethers. In a further embodiment, the C4-Cso aliphatic acid ester may be a myristate, a
sebacate, (poly)(alkylene glycol) mono- or diacetates, (poly)(alkylene glycol) mono- or di-
myristates, (poly)(alkylene glycol) mono-~ or di-laurates, (poly)(alkylene glycol) mono- or di-
oleates, glyceryl tri(acetate), glyceryl tri-ester of Ca4 aliphatic carboxylic acids, and
mixtures thereof. In a further embodiment, the C4-Csg aliphatic ester is isopropyl myristate

or di-n-butyl sebacate.

[00122] In an embodiment, the activity limiting agent includes a diether. The diether can

be any di-ether represented by the structure (VII) as previously disclosed.
[06123] In an embodiment, the activity limiting agent includes a succinate composition

having the following structure (VUI):

(VI
RO o

[60124] wherein R and R' may be the same or different, R and/or R’ including one or
more of the following groups: linear or branched alkyl, alkeny!, cycloalkyl, aryl, arylalkyl or
alkylaryl group, optionally containing heteroatoms. One or more ring structures can be

formed via one or both 2- and 3-position carbon atom.

[60125] In an embodiment, the activity limiting agent includes a diol ester as represented

by the following structure (IX):

1X)
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[60126] wherein n is an integer from 1 to 5. R; and Ry, may be the same or different,
and each may be selected from hydrogen, methy!, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-
butyl, allyl, phenyl, or halophenyl group. Rs, R4, Rs, Rg, Ry, and Rs, 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. Any of R;-Re groups may be linked to
form a cyclic structure. Ry and Rg, may be the same or different, and may be bonded to any

carbon atom of the 2-, 3-, 4-, 5-, and 6-position of the phenyl ring.

[06127] In an embodiment, the external electron donor and the 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 wused. 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 isopropyl myristate and combinations thereof.

[60128] In an embodiment, the catalyst composition includes any of the foregoing

external electron donors in combination with any of the foregoing activity limiting agents.

[00129] The present catalyst composition may comprise two or more embodiments

disclosed herein.

[00130] In an embodiment, a process for producing an olefin-based polymer is provided.
The process includes contacting an olefin with a catalyst composition under polymerization
conditions. The catalyst composition includes a multiple internal electron donor comprising
a silyl ester. The multiple internal electron donor can be any muitiple internal electron donor

as disclosed herein. The process further includes forming an olefin-based polymer.
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disclosed herein. The procatalyst composition may include a multiple 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.

[00132] 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.

[00133] 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, Caqao d-
olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-
decene, 1-dodecene and the like; Cspo diolefins, such as 1,3-butadiene, 1,3-pentadiene,
norbornadiene, 5-ethylidene-2-norbornene (ENB) and dicyclopentadiene; Cg.q vinyl
aromatic compounds including styrene, o-, m-, and p-methylstyrene, divinylbenzene,
vinylbiphenyl, vinylnapthalene; and halogen-substituted Csao vinyl aromatic compounds

such as chiorostyrene and fluorostyrene.

[00134] As used herein, “polymerization conditions” are temperature and pressure
parameters within a polymerization reactor suitable for promoting polymerization between
the catalyst composition and an olefin to form the desired polymer. The polymerization
process may be a gas phase, a slurry, or a bulk polymerization process, operating in one, or

more than one, polymerization reactor.

[60135] In an embodiment, polymerization occurs by way of gas phase polymerization.
As used 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 particies 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
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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 H; or Np)

and optionally a liquid (such as a hydrocarbon) which ascends through the gas-phase reactor.

[00136] A typical gas-phase polymerization reactor (or gas phase reactor) includes a
vessel (i.e., the reactor), the fluidized bed, a distribution plate, inlet and outlet piping, a
compressor, a cycle gas cooler or heat exchanger, and a product discharge system. The
vessel includes a reaction zone and a velocity reduction zone, each of which is located above
the distribution plate. The bed is located in the reaction zone. In an embodiment, the
fluidizing medium includes propylene gas and at least one other gas such as an olefin and/or

a carrier gas such as hydrogen or nitrogen.

[06137] In an embodiment, the contacting occurs by way of feeding the catalyst
composition into the polymerization reactor and introducing the olefin into the
polymerization reactor. In an embodiment, the process includes contacting the olefin with a
cocatalyst. 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 indepeﬁdenﬂy 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.

{00138] 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 complexed with the cocatalyst and mixed with the procatalyst
composition (pre-mix) prior to contact between the catalyst composition and the olefin. In
another embodiment, the external electron 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.
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[00139] In  another  embodiment, the  catalyst  composition includes
dicyclopentyldimethoxysilane or n-propyltrimethoxysilane and an activity limiting agent

such as isopropyl myristate.

[00140] 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 which
ethylene (and optionally propylene) is introduced. This results in production of a propylene-

ethylene copolymer (an impact copolymer) in the second reactor.

[00141] 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 the first reactor. The polypropylene homopolymer is
introduced into the second reactor along with ethylene (and optionally propylene) and
optionally an external electron donor and/or optionally 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 (such as an impact copolymer) in the second reactor.

[00142] 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 /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 ¢/10 min. In a further embodiment, the propylene-based polymer is a

polypropylene homopolymer.

[00143] 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 a further embodiment, the

propylene-based polymer is a polypropylene homopolymer.

[60144] 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 20, or
from about 5 to about 20, or from about 6 to about 15, or from about 4 to about & Insa

further embodiment, the propylene-based polymer is a polypropylene homopolymer.
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[60145] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a flexural modulus from about 200 kpsi to about 400 kpsi,
or from about 220 kpsi to about 390 kpsi, or from about 230 kpsi to about 350 kpsi, or from
about 240 kpsi to ébout 320 kpsi. In a further embodiment, the propylene-based polymer is a
polypropylene homopolymer.

[00146]  Applicants have surprisingly and unexpectedly discovered that the presence of the
mixed internal electron donor in the catalyst composition improves hydrogen response and
catalyst activity during polymerization and production of propylene-based polymers in
particular, the formant polymers exhibiting improved properties. As used herein, “hydrogen
response” refers to the sensitivity of the catalyst composition to chain transfer with hydrogen.
A catalyst composition with a “high” hydrogen response requires less hydrogen to achieve a
desired polymer molecular weight. A catalyst composition with a “low” or “poor” hydrogen
response requires more hydrogen to achieve the same desired polymer molecular weight. A
catalyst composition with high hydrogen response is advantageous as it can (1) achieve high
MFR that may be impossible using conventional catalyst composition due to equipment
limitation or adverse effect of high H, partial pressure on production rate, and (2) reduces

time required to transit from one H, partial pressure to a different H, partial pressure.

[00147} The improved hydrogen response provided by the present procatalyst
compositions advantageously enable the production of olefin-based polymers (particularly
propylene-based polymers) with high melt flow rate. For example, catalyst compositions
containing the present procatalyst compositions. exhibit a high hydrogen response and
advantageously enable the production of higher melt flow propylene-based olefins when

compared to catalyst compositions with solely a sity] ester internal electron donor.

[00148] In addition, Applicants have further surprisingly and unexpectedly discovered that
the present catalyst compositions with the mixed internal electron donor produce propylene-
based polymers with higher flexural modulus when compared to propylene-based polymers
produced from a catalyst with only a phthalate internai electron donor. In an embodiment, &
propylene-based polymer produced with a present catalyst composition (with the multiple
internal electron donor) has a flexural modulus value that is from about 4 % to about 15 %,

or from about 5 % to about 10 % greater than the flexural modulus value of a propylene-



17.4 2.00 0.25 4.00 6000 *1264-694 NPTMS 0.405.02.1 13.6 11.6 2.00 0.25 4.00 800 3.82
*1264-.69-.4 DCPDMS 0.40 2.4 2.1 19.5 11.6 2.00 0.25 4.00 1250 4.42 * = Compara Iye DCPDMS =
dlcyclopeﬁYﬁdzmg/ﬂ?aﬁsnane NPTMS = n- propygrlmethoxysnane semerFﬁaflgé% 2 hal electron
d?no; Table 63 ID 4 1(Table 5) LED BD (glee) M 1 (g/ 10 ruin) ' XS (%) Activity (kg/g- hr) Procatalyst
I (mg)li

based polymer produced from a catalyst composition with a single-component internal

electron donor that 1s a phthalate.

[60149] The present polymerization process may comprise two or more embodiments

disclosed herein.
[O0150] DEFINITIONS

[60151] 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 TUPAC 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
patent, patent application, or publication referenced herein are hereby incorporated by
reference in their entirety (or the equivalent US version thereof is so incorporated by
reference), especially with respect to the disclosure of synthetic techniques, definitions (to
the extent not inconsistent with any definitions provided herein) and general knowledge in

the art.

[00152] 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 1s
disclosed herein. In order to avoid any doubt, all compositions claimed herein through use of
the term “comprising” may include any additional additive, adjuvant, or compound.whether
polymeric or otherwise, unless stated to the contrary. In contrast, the term, “conststing
essentially of” excludes from the scope 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 stated otherwise, refers to the listed members individually as well as in any

x

combination.

[00153] Any numerical range recited herein, includes all values from the lower value to
the upper value, in increments of one unit, provided that there is a separation of at least 2

units between any lower value and any higher value. As an example, if it is stated that the
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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., i1s between 1
and 100, it is intended that all individual values, such as, 1, 2, 3, etc,, and all subranges, such
as, 1 to 20, 55 to 70, 197 fo 100, etc., are expressly enumerated in this specification. For
values which are less than one, one unit is considered to be 0.0001, 0.001, 0.01 or G.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 stated range.
Numerical ranges have been recited, as discussed herein, reference melt index, melt flow

rate, and other properties.

[00154] 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 biend may or may not contain one
or more domain configurations, as determined from transmission electron spectroscopy, light

scattering, x-ray scattering, and other methods known in the art.

[60155] The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decomposition products formed

from the materials of the composition.

[00156] The term "polymer” is a macromolecular compound prepared by polymerizing
monomers of the same or different type. “Polymer" includes homopolymers, copolymers,
terpolymers, interpolymers, and so on. The term "interpolymer" means a polymer prepared
by the polymerization of at least two types of monomers or comonomers. It includes, but 1s
not limited to, copolymers (which usually refers to polymers prepared from two different
~types of monomers or comonomers, terpolymers (which usually refers to polymers prepared
from three different types of monomers or comonomers), tetrapolymers (which usually refers

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

[00157] The term "interpolymer," as used herein, refers to polymers prepared by the

polymerization of at least two different types of monomers. The generic term interpolymer
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weight of the polymer. Nonlimiting examples 0 oloe in-based poiymers include ethylene-

based polymers and propylene-based polymers.

[60159] The term, “ethylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized ethylene monomer (based on the fotal
weight of polymerizable monomers), and optionally may comprise at least one polymerized

comonomer.

[00160] The term, “ethylene/o-olefin interpolymer,” 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 a-

olefin.

[00161] 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

COmMoenomer.

[00162} The term "alkyl," as used herein, refers to a branched or unbranched, saturated
or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, 2-propenyl (or allyl), vinyl, n-butyl, t-
buty!, i-butyl (or 2-methylpropyl), etc. The alkyls have 1 and 20 carbon atoms.

[00163] 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,
heterocycloalky!, substituted heterocycioalkyl, halogen, haloalkyl, hydroxy, amino,
phosphide, alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted alkyls

include, for example, benzyl, trifluoromethyl and the like.
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- [00164] The term "aryl," as used herein, refers to an aromatic substituent which may be
a single aromatic ting 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.
[00163] TEST METHODS

[00166] Flexural modulus is determined in accordance with ASTM D790-00.

[60167] Melt flow rate (MFR) is measured in accordance with ASTM D 1238-01 test
method at 230° with a 2.16 kg weight for propylene-based polymers.

[00168] Xylene Solubles (XS) is measured using a "M NMR method as described in U.S.

Pat, No.5,539,309, the entire content of which is incorporated herein by reference.

[00169] Polydispersity Index (PDI) is measured by an AR-(2 rheometer which is a stress
control dynamic spectrometer manufactured by TA Instruments using a method according to
Zeichner GR, Patel PD (1981) “A comprehensive 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 of the oven
to keep the sample from degradation by oxygen and moisture. A pair of 25mm i diameter
cone and plate sample holder is used. Samples are compress molded into 50mm x 100mm x
2mm plague. Samples are then cut into 19mm square and loaded on the center of the botiom
plate. The geometries of upper cone is (1) Cone angle: 5:42:20 (deg:min:sec); {2) Diameter:
25 mm; (3) Truncation gap: 149 micron, The geometry of the bottom plate is 25mm cylinder.

Testing procedure:

«  The cone & plate sample holder are heated in the ETC oven at 180°C for 2 trours. Then the gap is
zeroed under blanket of nitrogen gas.

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

o Start timing for 2 minutes.

«  The upper cone is immediately lowered to slightly rest on top of the sample by ebserving the normal
foree.

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

. The normal force is observed. When the normaj force is down to <0.05 Newton the excess sample is
removed from the edge of the cone and plate sample holder by a spatule.

«  The upper cone is lowered again to the truncation gap which is 149 micron.

«  An Oscillatory Frequency Sweep test is performed under these conditions:

i Test delayed at 180°C for 5 minutes.
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ii. Frequencies: 628.3r/s to 0.1r/s.
iii. Data acquisition rate: 5 point/decade.
iv. Strain: 10%
«  When the test is completed the crossover modutus {(Gc) is detected by the Rheology Advantage Data
Analysis program furnished by TA Instruments,
« PDI= 100,000 + Ge {in Pa units).
[06170] By way of example and not by limitation, examples of the present disclosure will

now be provided.
[66171] 1. Silyl Esters

[006172]  Silyl diol esters are prepared as set forth in co-pending U.S. patent application
serial no. 61/117,820 filed on November 25, 2008, (Docket No. 67098) the entire content of
which is incorporated by reference herein. Nonlimiting examples of suitable silyl diol esters

are set forth in Table 2 below.

Table 2
Silyl diol esters (SDE}
Compound Structure
Bis(benzoyloxy)dimethylsiiane o8
(SDE 1) @
Bis(benzoyloxy )diethylsilane /FSi%\
(SDE2) @o }
9] O
Bis(benzoyloxy)ethyimethylsilane FSI;\
(SDE 3) Q,o s L)
o &
Bis(benzoyloxy -isobutylmethylsilane s
!
(SDE 4) @\ro b L
G &

{80173] 2. Procatalyst Preparation.

[00174] In a flask with bottom filtration under Ny atmosphere, 2.00 g of a SHAC™ 310
catalyst (BenMag precursor made from a MagTi procatalyst precursor and an ethyl benzoate
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) or 3.00 g of mixed
magnesium/titanium component (a MagTi precursor prepared according to example 1 in U.S.
Patent No. 6,825,146) is treated with internal electron donor(s) (amount for each internal

electron donor is specified in Table 3 and Table 5) and 60 ml of a TiCls solution in
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13.9 16.7slytion with stirring at 250 rpm at 115°C for 60 minutes. Additional internal electron donor
| is added at the beginning of the TiCls-treatment if required. This process is repeated once.
Afterward, the solid procatalyst is washed with 70 m! of iso-octane at ambient temperature

for 3 times and dried with a N, flow for 2 hours.

Table 3
Procatalyst compositions with SDE/phthalate ester mixed internal electron donor

Procatalyst Description (mmol) Procatalyst | Ti | OEt | DiBP | SDE | EB |
Type ’ A I 5 N ) I W (OB
2521-19-2 | 3.27 | 0.1 NM | 020
| SDE 1 (2.52)/SHAC™ 310 2549-8-3 | 2.44 | NM NM | NM
1335-46-1 | 2.62 | 0.17 15.12 | 0.39
2 SDE 1 (1.26) + DiBP (1.26)/SHAC 310 | 2521-19-4 [ 290 | NM | NM NM | NM
3 SDE 1 (0.88) + DiBP (1.64)/SHAC " 310 | 1332-47-1 | 2.89 | 0.10 | 8.78 693 | 029
4 SDE 1 (0.50) + DiBP (2.02/SHAC ~ 310 | 1332-47-2 | 345 1 0.12 | 0.27 11.39
5 SDE 1(0.25) + DiBP (2.27)/SHAC " 310 1332-47-3 | 3.56 | 0.11 9.11
6 SDE 1(0.13) + DiBP (2.39)/SHAC' 310 | 133247-4 [3.17 | 0.12 8.14
2549-8-4 | 3.00 | NM__| NM NM
7% DIBP (2.52)/SHAC ™™ 310 1332-45-4 | 3.80 | 0.11 | 20.59 1.27
2521-193 | 349 | 011 | 17.62 | 100
* = Comparative DiBP = diisobuty} phthalate
SDE 1 = silyl diol ester (from Table 2) EB = ethyl benzoats
NM = Not Measured OFt = ethoxide
SHAC™ 310 = MagTi with ethyl benzoate mternal electron % = weight percent based on total weight of
donor (BenMag) procatalyst compaosition

[60175] 3. Polymerization Procedure.

[00176] Polymerization with the procatalyst compositions of Table 3 and Table 5 is
performed in liquid propylene in a 1-gatlon autoclave. After conditioning, the reactors are
charged with 1375 g of propylene and a targeted amount of hydrogen and brought to 62°C.
External electron donor (either DCPDMS or NPTMS) is added to a 0.27-M triethylaluminum
solution in isooctane a 5.0 wi% catalyst slurry in mineral oil (as indicated in data tabies
below) and premixed at ambient temperature for 20 minutes before being injected into the

reactor to initiate the polymerization. The premixed catalyst components are flushed into the
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reactor with isooctane using a high pressure catalyst injection pump. After the exotherm, the

temperature is controlled to 67°C. Total polymerization time is 1 hour.

[00177] Table 4A provides catalyst performance data with DCPDMS as the externai
electron donor. Figure 1 is a graph showing hydrogen response and polymer melt fiow rate
for the catalyst compositions in Tabie 4A. Table 4B provides catalyst performance data with
NPTMS as the external electron donor. Polymer properties are provided in Table 4C.

Table 4A
Catalyst Performance using DCPDMS
Procatalyst Run Procatalyst EED Procatalyst | TEAL | Al Hz Activity BD MFR | XS§
Type Number # (mg) (mmol) | EED | (scc) | (kgfg-hry | {gico) (%)
B-7081 2321-19-2 | DCPDMS 16.34 200 8 7480 24.1 0.39 9.38 3.18
A-7233 1332-46-1 DCPDMS 16.07 2.00 8 5000 31.8 £.39 3.27 3.21
B-707% 2521-19-2 | DCPDMS 16.34 2.00 2 3740 27.9 0.41 1.13 3.52
C-6865 2521-18-2 1 DCPDMS 16.34 1,00 4 1870 223 0.38 0.93 2.40
I G-0970 2549.8-3 DCPDMS 11.80 2.00 8 7400 29.0 0.41 3.60 3.18
H-5935 2549-8-3 DCPDMS 11.80 2.00 8 3000 28.4 0.40 4,12 3.1
G-6855 2521-19-4 | DCPDMS 17.40 2.00 g 7480 26.4 0.42 9.53 3.56
2 F-6153 2521-19-4 | DCPDMS 17.40 2.00 g 3744} 28.2 0.42 114 .17
G-6810 2521-19-4 | DCPDMS 17.40 1.00 4 1870 28.0 0.40 VL 2.21
A-T7238 1332-47-1 DCPDMS 15.13 2.00 & 4500 38.9 039 | 419 3.18
3 H-5987 1332-47-1 DCPDMS 15.13 2.00 g 1870 33.6 0.42 0.27 2.93
C-7055 1332-47-1 DCPDMS 10.26 2.06 8 3000 33.3 (.40 3.60 3,22
B-7183 1332-47-2 | DCPDMS 16.50 2.06 8 4500 34.8 (.39 6.63 3.53
4 Fu6202 1332-47.2 | DCPDMS 11.19 2.04 g 3000 283 0.41 3.9¢ 3.32
3 G-6998 1332.47-3 | DCPDMS 11.23 2.00 8 3000 29.6 0.41 8.12 3.68
6 F-6254 1332-47-4 | DCPDMS 16.85 2.060 8 4500 42.5 0.39 5.50 2.92
A-7236 2549-8-4 DCPDMS 17.40 2.60 8 2000 289 0.40 2.58 3,78
F-6247 1332-45-4 | DCPDMS 17.09 2.00 8 1870 36.9 £.39 177 3.6]
E-5626 2521-18-3 DCPDMS 16.36 1.00 4 1870 249 (.38 2.99 3,29
C-7013 1332-45-4 | DCPDMS 11.39 2.00 8 1870 353 (.39 11.05 1425
. H-5950 1332-45-4 | DCPDMS 11.39 2.00 8 850 289 0.40 2.53 3.59
H-5779 1332-45-4 | DCPDMS 11.39 2.00 £ 900 27.1 0.40 2.28 3.28
H-5945 | 2548-8-4 DCPDMS 830 2.00 & 1360 33.0 0.41 3.26 3.19
* = Comparative BD = bulk density
DCPDMS = dicyclopentyldimethoxysilane EB = ethyl benzoate
EED= external electron donor MFR = melt flow rate, g/10 minutes
TEAIl = triethyl aluminum VL = Very Low

XS = xylene solubles
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component of the multiple internal electron donor, along with a silyl diol ester (Table 6D). 1001841 The
data in Tables 5-6D show that catalyst compositigagwith a multiple internal electron donor comprising
a_silyl diol ester and a benzoic acid@atﬁygm@yﬁjﬁﬁgmgﬂgm while maintaining or improving
high catalyst activity and/or catalyst WO 2010/065359PCT/US2009/065461 45 stereoselectivity. The
ProRYIEREPases: POIVEEr proaliced thrrefrormrexhibit lowmxylehesolubles anddroad rablecuar weight
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compositions RiTADE 7T hahies 2 Pragatalystieampositions withsSDE/digtherl mixed nternal @lectrdrn3
dopor Procatalyst# Precirsor BonprAnGitioreat |' TiC1-lontaciing (mies) T2y OEY¥yo) SBE (98
Dietherd%) EB16f4)1 101@34L49-4 | NPTMS | 17.40 2,00 g © V280070 | 234 | 043 152 | 1.99
3% 7 T A-T987 1 133247-1 | NPTMS | 15.13 2.00 § 1400 | 288 042 10.73 1.53
4 A~7323 1332-47-2 | NPTMS | 15.60 2.00 8 350 7.9 042 1029 1195
3 B-7270 1332-47-3 | NPTMS | 16.36 2.00 g 500 7.6 042 | 121 | 3.00
7 F-6106 2521-16-3 | NPTMS | 1636 1.60 4 1406 | 197 639 | 485 [3.69
* = Comparative BD = settled bulk density
DCPDMS = dicyclopentyidimethoxysitane EB = ethyl benzoate
EED= external electron denor ' MFR = melt flow rate, g/10 minuates
NPTMS =n-propyirimethoxysilans TEAL = triethy! aluminum

X8 = xylene solubles

[606178] Polymer properties for polymers produced from the procatalysts from Tables 4A,
4B are provided in Table 4C. Figure ! illustrates H; response for the procatalysts with
different ratios of silyl diol ester to phthalate when about the same amount of procatalyst was

used (~13 mg) with DCPDMS as external electron donor.

Table 4C
Polymer Properties
Procatalyst | Run Number | Procatalyst EED MFR | X8 | PDI Modulus
Type # (%0) (kpsi; 72 hr)
1 A-T233 1332-46-1 DCPDME 327 3,21 248.4
G-6970 254%-8-3 DCPDME 5.60 3.18 7.03
3 C-7055 1332-47-1 DCPDMS 3.60 3.22 6,46 262.1
4 (3-6998 1332-47-3 DCPDMS §.12 3.68 6.00 249.9
5 G-6998 1332-477-3 DCPDMS g.12 3.68 6.00 2499
o H-5930 1332-45-4 DCPDMS 2.53 3.5% 4.96 2314
H-5970 1332-45-4 DCPDMS 2.28 3.28 5.06 232.2
* = Comparative BD = seitled bulk density
DCPDMS = dicyclopentyldimethoxysilane EB = ethy! benzoate
EED= external electron donor MFR = melt flow rate, /10 minutes
NPTMS =n-propyltrimethoxysilane PP = propylene-based cleftn produced (kg)/catalyst composition (g)hr
TEAIL = triethyl aluminum XS = xylene solubles

[00179] The data in Tables 3-4C demonstrate that a multiple internal electron donor
comprising a silyl diol ester and a phthalic acid ester improves hydrogen response while
maintaining or improving high catalyst activity. The propylene-based polymers produced
therefrom exhibit low xylene solubles content, higher modulus, and broader molecular

weight distribution compared to propylene-based polymers produced from catalyst



MagTi SDE 1:1.89/DE | : 0.63 2.07 0.22 7.72 2.76 0.58 1910-4-2 MagTi SDE 1:1.26/DE | : 1.26 2.01

0.24 6.51 6.34 0,17 1910-5-2 MagTi SDE 1:0.63/DE | : 1.89 3.56 0.30 3.47 *1910-5-4
MagTi [ DEE38Y%92°0.34 0 16.67 0 4949-64-1 MagTi[ SDE 1:1.89/DE§’&%%§§§1§'.‘89[§]’62)§1%/?9.13 1.58

0.43 4949-64-2 MagTii i SDE 1: | .26/DE226 2.6@0.18 7.47 3.99 0.17 4949-64-3 MagTi SDE
1:0.63/DE289 2.91 0.29 3.55 6.82 0.10

compositions made from SHAC™ 310 as procatalyst precursor and diisobutyl phthalate

internal electron donor.

Table 5
Procatalyst compositions with SDE/monocarboxylic acid ester mixture of internal electron donors
D# Precursor Donor Addifion at st Donor Addition Conor | Ti | OFt DiBP | SDE} EB
Halogenation (TiCly, at 2™ Additionat | (%) | (%) | (%) (%) | (%)
{mmol) Halogenation 3%
(TiCly) (mmot) Halogenati
on (TiCly)
{mmol}
2549-8-1 | MagTi SDE 1: 242 2335 | NM NM_ | NM
1264-35-3 | MagTi SDE 1:2.11 NM | NM NM [ NM
1332-65-1 | SHAC™ 310 | SDE 1:2.42 243 | 016 1476 | 0.03
1264-68-1 | SHAC™ 310 | SDE 1:2.54 243 | 031 13.59 | 2.64
1332-65-2 | MagTi SDE 1:2.42/EB: 2.50 207035 2137 | 0.13
1264682 | MagTi SDE !: 2 53/EB; 2.5¢ 214 | 035 16.68 | 1.87
1264-68-3 | MagTs SDE 1:2.53/EB: 1.67 211 1038 16,53 | 1.33
1264-69-1 | MagTi SDE 1: 1.26/EB; 1.25 262 | 0.34 1227 | 3.28
1264-69-2 | MagTi SDE 1:1.89/EB: 1.67 229 1030 16.67 | 1.98
1264-69-3 | MagTi SDE 1 : 1.89/EB; 0.70 236 1019 1440 | 171
1332-66-1 | MagTi SDE 1:242/EB;2.78 | EB: 278 235 1026 16.15 | 12.32
1332-65-3 | MagTi SDE 1. 242/ER: 278 | EB:2.78 EB:278 1240 | 035 18.54 | 0.03
1332-66-2 | MagTi EB: 2.78 SDE 1:2.42 347 1040 386 | 115
1264-54-2 | MagTi SDE 1 :2.11/BC: 3.02 182 [0.19 1698 | 1.53
1264-55-1 | MagTi SDE 1. 2.11/BA: 115 NM__|NM_[NM I NM | NM
1264-54-1 | MagTi SDE 1: 2.11/EA: 2.56 2101024 1572 1 0.52
1264-54-3 | MagTi SDE 1: 2.11/EBB; 2.31 223 030 845 | 031
[264-54-4 | MagTi SDE 1:2.11/PB: 2.50 1148 1018 1559 | .41
¥1264-68-4 | MagTi DIBP: 2.42 275 | 034 | 15.66
“1264-69-4 | MagTi DiBP: 242 306 1025 |1213

BA = benzoic anhydride

DiBRP = diisobutyl phthalate

EBB = ethyl p-bromobenzoale

QEt = ethoxide

SDE 1 =silyl diol ester (from Table 2)
% =weight percent based on {otal
weight of procatalyst composition

* = Comparative

BC = benzoyi chloride

ER = ethy] benzoate

NM = Not Measgured

PB = propyl benzoate

SHAC™ 310 = (BenCat) - MagTi precursor with ethy! benzoate internal electron donor

[00180]
polymer properties for catalyst compositions incorporating the procatalyst compositions of

Table 3.

Tables 6A, 6B, 6C, and 6D provide catalyst performance data and resultant



1124693;%4-4 MagTi SDE 1:0.25/DE2: 2.27 3.56 NM NM NM NM *1332.211 MagTi DE2: 2.52 3.69 0.33 0
. * = ComparativeDE1 = 1,3-theyelohexyl1-2,2- is met oxymet y pr%gqgg =

3,3-b|s(m3903&}§@ﬁ%-2,5-dimethylhexaneNM4:3 Not Measured OEt = e oxidse%@%—_%f@lsilyl dial

ester (from Table2) Table 8 Procatalyst g 1Procatalyst BED1 (mg) TEM21AIl/ (mmol)! BED . H2 (scc)

Activity (kg/g- hr) BD MB (g/10 min) XS ' PD1 1910-4-1 NPTMS15.7 18 6000 13.8 0.29 ,5.3 11.54
5.79 DCPDMS15.7 2 8 10000 14.7

Table 6A
ID# EED BD MFR | X8 | Activity Pro~ TEA! EED Al/ H, PDI
{Tabie 3) (g/ec) | (/10 | (%) | (kg/g-hr) | catalyst {mmol) | {mmel) . EED (scc)
' min) {mg)
2549-8-1 DCPDMS 0.31 1.9 5.0 11.8 17.4 2.00 (.25 8.00 2000 | 538
1264-35-3 NPTMS 2.9 2.1 3.7 16.7 1.71 (.25 6.84 3000 | 3B
1264-55-3 DCPDMS 2.4 2.0 5.3 16.7 1.71 0.25 6.84 4000 | 5.72
1332-65-1 DCPDMS (.43 1.2 4.3 17.1 16.7 2.00 (.25 8.00 1870
1332-65-1 DCPDMS 0.44 . 0.9 3.8 15.1 16.7 1.7} .25 6.84 1870
1332-65-1 DCPDMS 0.34 2.3 3.3 i85 16.7 1.71 0.25 6.84 4000 6.61
1332-65-1 DCPDMS 0.37 8.6 4.6 19.2 17.4 2.00 (.23 8.00 5000 | 6.79
1332-65-1 NPTMS 0.42 0.7 1.6 10.5 16.7 1.71 0.25 6.84 1200
1332-65-1 NPTMS (.22 2.3 2.3 11.5 16.7 1.71 (.25 6.84 3000 6.39
1264-68-1 DCPDMS 0.30 2.7 3.2 19.1 17.4 2.00 (.25 4.00 3006 6.24
1264-68-1 DCPDMS 0.31 8.5 3.1 21.7 174 2.00 (.25 4.00 60006 | 6.18
*1264-68-4 | DCPDMS 0.33 4.6 2.6 33.5 17.4 2.00 (.25 4.00 3000
*1264-68-4 | DCPDMS 0.41 3.5 2.2 23.8 11.6 2.00 0.25 4,00 2000 4.60
*1264-68-4 | DCPDMS 0,40 10.0 2.2 22.5 11.6 2.00 0.25 4.00 4000 | 4.87
*1264-68-4 | DCPDMS 0.36 12.6 2.3 36.1 17.4 2.00 0.25 4.00 6000
*1264-69-4 NPTMS 0.40 5.0 2.1 13.6 11.6 2.0 0.25 4.00 860 3.82
#1264-6%9-4 | DCPDMS .40 2.4 2.1 19.5 il.6 2.00 .23 4.00 1250 4.42
# = Comparative BD = settled bulk density
DCPDMS = dicyclopentyldimethoxysiiane EED = external electron donor
NPTMS = n-propyltrimethoxysilane
Table 6B
D4 EED BD MF XS | Activity | Procatalyst | TEA! EED Al H, PDI
(Table 5) {gice) (g/i0 (%) (kg/e- (g} {mmot} | {mmol} { EED {so0)
min) hr}
1332-65-2 | DCPDMS | 0.30 0.6 2.6 2.8 16.7 1.71 (.25 6.84 1870
1332-65-2 | DCPDMS | 0.30 1.7 2.4 13.4 16.7 1.71 0.25 6.84 4000 6.21
1332-65-2 | DCPDMS | 0.34 34 2.9 9.5 17.4 2.00 0.25 .00 5000 6.85
1332-65-2 NPTMS 031 0.4 2.5 12,3 16.7 1.71 0.25 6.84 1204
1332-65-2 NPTMS 0.3% 1.7 1.4 10.0 16.7 1.7} (.25 6.84 3000 6.16
1224-68-2 | DCPDMS | 9.27 1.6 2.0 13.2 174 2.00 §.25 4.00 3000 6.31
1264-68-2 | DCPDMS | 0.25 7.2 1.9 14.6 174 2.00 (.25 4.00 6000 6.29

RD = setiled bulk density

EED = external electron donor

[00181]

DCPDMS = dicyclopentyidimethoxysilane
NPTMS = n-propyltrimethoxystiane

A multiple internal electron donor comprising a silyl diol ester and a benzoic acid

ester (see Table 6B) improves catalyst activity and stereoslectivity (low XS) compared to the

catalysts with silyl diol ester only and lacking benzoic acid ester in the internal electron

donor (Table 6A). Catalysts with the multiple internal electron donor of silyl ester/benzoic

acid ester also vield a propylene-based olefin with broad MWD (high PDI value). Compare

Table 6A (internal donor is silyl ester only, no benzoic acid ester} to the data of Table 6B

(multiple internal electron donor comprising a silyl diol ester and a benzoic acid ester).




025 12.72.61 5.67 1910-4-2 NPTMS 15.4 28 6000 25.210.30 5.111.18 5.83 1 DCPDMS 15.4 2 8
10000 32.6 0.32 14.0 3.09 5.721 1910-5-2 NPTMS 15.8 2 8 6000 32.7 0.31 13.7 2.27 5.88 DCPDMS
15.8 2 8 1168381895%5%2 36.7 3.78 5.33 *1910 54 NPTMS 16.4 2 18 1086 YH 51829519 6

Table 6C
D # EED BD MF X8 | Activity | Procatalyst | TEAI EED Al H, PDI |
(Table 5) (gfc | (g/10 (%) (kgfg- {mg} (mmol} | {(mmol) | EED {sce)
c) min} b}
1264-68-3 | DCPDMS | 0.25 1.8 2.2 14.3 i7.4 2.00 0.25 4.00 3000 6.35
1264-68-3 | DCPDMS | 0.28 74 1 23 13.8 17.4 2.00 0.25 4.00 5000 6.38
1264-6%-1 DCPDMS | (.29 2.6 2.4 227 17.4 2.0 0.25 4,00 3000 6.07
1264-65-1 DCPDMS | 0.33 10.0 2.8 25.2 17.4 2.00 0.25 4,00 6000 5.98
1264-69-2 | DCPDMS | 0.25 1.6 1.5 15.3 17.4 2.00 0.25 4.00 3000 6.17
1264-69-2 | DCPDMS | 0.30 7.4 1.8 16.2 17.4 2.00 0.25 4.00 6000 5.96
1264-69-3 | DCPDMS | 0.23 2.0 1.9 13.0 17.4 2.00 0,25 4.00 3000 6.57
1264-69-3 | DCPDMS | 0.23 11.6 1.7 14.0 17.4 2.00 (.25 4.00 6000 6.38
1332-66-1 DCPDMS 5.0 4.1 6.1 17.4 2.00 0.25 8.00 5000 6.89
1332-65-3 DCPDMS 4.8 4.1 7.1 17.4 2.06 0.25 8.00 5000 7.13
1332-66-2 | DCPDMS | .39 5.8 4.4 20.1 17.4 2.00 0.25 8.00 5000 6.41
BD = settied bulk density DCPDMS = dicyclopentyldimethoxysilane
EED = external electron donor NPTMS = n-propyhtrimethoxysiiane

[00182] Catalyst activity and/or catalyst stereoselectivity can be further improved by
adjusting the total amount of internal donors and/or adjusting the ratio of benzoic acid ester
to silyl diol ester. This can be accomplished by adding the internal electron donor(s) at

different steps. Adding ethy! benzoate during multiple halogenation steps broadens MWD

{Table 6C).
Table 6D
iD# EED BD MF X8 | Activity Pro- TEAI EED Al H, PDI
(Table 5) {g/ec) (g/10 | (%) | (kg/g-hr) | catalyst (mmol) (mmol) EED {scc)
i mimn) {mg)

. 1264.54-2 NPTMS 0.39 2.3 1.7 123 16.7 1.71 0.25 6.84 3000 | 5.74
1264-54-2 DCPDMS 0.40 1.7 2,8 139 16.7 1.71 0.25 6.84 3000 | 5.72
1264-55-1 DCPDMS 4.5 1.8 13.6 174 2.00 0.25 4.00 5000 | 6.20
1264-54-1 NPTMS 0.38 2.5 29 7.0 16.7 1.71 0.25 6.84 3000 | 5.73
1264-54-3 NPTMS 3.3 1.2 6.8 16.7 1.71 0.25 6.84 3000 | 5.78
1264-54-3 DCPDMS 0.36 3.0 2.7 8.6 16.7 1.71 0.25 6.84 3000 | 6.07
1264-54-4 NPTMS 2.6 2.0 33 167 1.71 0.25 6.84 3000 | 595
1264-54-4 DCPDMS 0.38 2.1 28§ 72 16.7 1.71 0.25 6.84 3000 | 6.1

BD = settied bulk density DCPDMS = dicyclopentyldimethoxysilane
EED = external electron donor NPTMS = n-propyltrimethoxysilane

[00183] Other benzoate esters (acyl chloride and anhydride compounds) alse improve
catalyst performance and polymer properties when included as a component of the multiple

internal electron donor, along with a sityl diol ester (Table 6D).

[00184] = The data in Tables 5-6D show that catalyst compositions with a multiple internal
electron donor comprising a silyl diol ester and a benzoic acid ester improve hydrogen

response while maintaining or improving high catalyst activity and/or catalyst



,4.27 450 DCPDMS 16.4 2 8 1500 30.4 0.30 16.0 [5.82 4.48 4949-64-1 NPTMS7.9 12 8 6000
17.910.30 7.1 1.62 5.44 DCPDMS17.9 2 8 10000 12.410.30 9.2 2.14 5.711 None 7.9 / 6000 23.9
0.32 11.0 ¥88H %% 5549-64-2 NPTMS 7.9 2 8 6000 36.8 0.32 7.2 1.34 5 Rf3T/US2009/065461

stereoselectivity. The propylene-based polymer produced therefrom exhibit low xylene

solubles and broad molecular weight distribution.

[00185] Table 7 provides procatalyst data and Table 8 provides catalyst performance data
and resultant polymer properties for procatalyst catalyst compositions incorporating the

procatalyst compositions of Table 7.

Table 7

Procatalyst compositions with SDE/diether mixed internal electron donor

Procatalyst # Preoursor Donor Addijﬁion at 1 TiCl, Ti OEx SDE Diether EB
Contacting {mmol) {%) (%o) (%) (%o} {0}
1910-4-1 MagTi SDE 1:1.89/DE}: 0.63 2.07 0.22 772 2.76 0.58
1910-4-2 MagTi SDE 1:1.26/DEL: 1.26 2.01 (.24 6.51 6,34 0.17
1910-5.2 MagTi SDE 1:0.63/DEI: [ 85 3.36 0.30 3.47 12.42 0.12
*1310-5-4 MagTi DE!: 2.52 4.02 0.34 G 16.67 ¢
494564 MagTi | SDE 1:1.89/DEZ: (.63 2,99 .17 9.13 1.58 .43
4949-64-2 MagTi SDE 1:1.26/DE2: 1.26 2.66 .18 7.47 3.99 6.17
4945-64-3 MagTi SDE 1:0.63/DE2: 1,89 2.91 (.29 3.55 6.82 .10
4945-64-4 MagTi SDE 1:0.25/DE2: 2.27 3.56 NM NM NM NM
*1332-21-1 MagTi DE2: 2.52 3.6% 0.33 0 16.63 o
* = Comparative DE1 = 1,3-dicyciohexyl-2,2-bis(methoxymethyl)propane
DE?2 = 3, 3-bis(methoxymethyl)-2,5-dimethyihexane NM = Not Measured
OFE¢ = ethoxide SBE 1 = sityl diol ester (from Table 2)
Table 8
Procatalyst | TEAL | AV | H, | Ay ME ks
Procatalyst # EED {mg)y (omol) | EED | (s0m (k};gr/)g BD {f{; g} (o | PDI
1910-4~1 NPTMS 15.7 2 8 6000 13.8 0290 53 5 134 ] 379
DCPDMS 15.7 2 g 10000 147 025+ 127 2.61 | 5.67
1610422 NPTMS 154 2 8 6000 252 030 | 5.1 1.18 | 5.83
DCPDMS 15.4 2 8 10400 32.6 0.32 14.0 3.08 |- 572
191052 NPTMS 15.8 2 8 6000 327 .31 13.7 227 | 5.88
DCPDMS 15.8 2 8 16000 32.2 032 367 3781 5.33
$1910-5-4 NPTMS 164 2 8 1000 24.9 4.27 ilé 427§ 4.50
DCPDMS 16.4 2 8 1500 30.4 0301 160 382 1 448
NPTMS 7.9 2 3 6000 7.9 0301 7.1 1.62 © 5.44
4949-64-1 DCPDMS 7.9 2 B 10000 i24 030 ] 9.2 214 0 371
None 7.9 2 6000 23.9 032 110 486 | 573
NPTMS 7.9 2 8 6000 36.8 0321 72 1.34 | 5.03
4949-64-2 DCPDMS 7.9 2 g 10000 28.2 0.30 13.1 217 | 5.4
None 7.9 2 6000 57.0 €.35 14.2 4171 492
4949-64-3 NPTMS 8.1 2 8 6000 26.2 025 ] 1748 0.97




DCPDMS 7.9 2 8 10000 28.2 0.30 13.1 2.17 5.14 None 7.9 2 6000 57.0 0.35 14.2 ,4.17 4.92
4949-64-3 NPTMS 8.1 2J8 6000 26.20.25 117.60.97 1 WO 2010/065359PCT/US2009/065461 46

Procatalyst® 2UtEi933¢8catalyst (mg) THAI (mmol) Al EED : H21 (scc) AL HENeS17 BD MF
(/10 min S (%) PDI 4

T - -
| Procamlyst | TEAI | Al | B, | AUV ME ) xs
Procatalyst # EED Y 2 (kg/e- | BD | (/10 | > | PDI
(mg) (mmol) | EED (sce) ) min) (%)
DCPDMS 5.7 2 8 10009 4.1 026 | 462 2.48
None 5.7 2 6000 60.9 026t 378 4.12
. . . 2, 2 .
4949-6i-d NPTMS 16.7 2 8 1060 26.9 0.29 6 226 441
DCPDMS 16.7 2 g 1506 274 027 33 3.83 | 4.58
NPTMS 116 2 8 600 39.4 032 ] 48 242 | 3.63
¥1332-21-1 DCPDMS 1i.6 2 8 600 42.6 034 29 291 | 3.63
None 11.6 2 8 | 600 46.9 034 ] 66 1 440 360
* = Comparative BD = bulk density
DCPDMS = dicyclopentyldimethoxysilane EED = external electron donot
NPTMS = m-propyltrimethoxysilane WNone = no external electron donor used

[00186] The data in Tables 7-8 show that catalyst compositions with a multiple internal
electron donor comprising a sily} diol ester and a diether improve hydrogen response while
maintaining or improving high catalyst activity, particularly when compared to polymers
formed with catalysts containing solely a silyl diol ester internal donor. The propylene-based

polymers produced also exhibit low xylene solubles and broad molecular weight distribution.

[00187] It is specifically intended that the present disciosure not be limited to the
embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims,



DCPDMS 5 2 8 10000 14.1 0.26, 46.2 2.48 None 5.7 2 6000 60.9 0.26,37.84.12 NPT S16.728

1000 26.9 0.29 2.6 2.26 4.4 4949 64 4 DCPDMS 16.7 2 8
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CLAIMS
1. A procatalyst composition comprising:

a combination of a magnesium moiety, a titanium moicty, and a multiple internal electron

donor comprising a silyl ester having the structure
Ry R Rs

I ]

Ry——Cww—Q—Cp—§i——C,—X
!
]
Re R: Rg

wherein m 1s an integer from 1 to 5 denoting a hydrocarbyl with the same number of carbon

atoms,
n is an integer from 1 to 5 denoting a hydrocarbyl with same number of carbon atoms,

Ry-R7 are the same or different and each 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, and combinations thereof, and
X 1s an electron donating group; and
an electron donor component.

2. The procatalyst composition of claim 1 wherein the electron donor component is an

aromatic acid ester, a diether, and combinations thereof.



1500 27.4 0.27 3.3 3.83 4.58 NPTMS 11.6 00 00 00 600 39.4 0.324.8 2.42 3.63 |
[*1332-21-1 DCPDMSI 11.6 Cl 600 42.6 0.34 2.9 2.91

4Ta

3. The procatalyst composition of claim ! wherein X is selected from the group
consisting of —C(=O)OR, —O(0=)CR, —(O=)CNHR, —{O=)CNRR’, —NH(O=)CR, —
NR(0O=)CR, —C(=0)R, —OR, —NHR, —NR'R, —S8R, —OP(CR") (OR), —
OPE0OYORMOR), —S(=0)R, —S(=0OrR, — OS(":_O)g(OR), and combinations thereof,

4, The procatalyst composition of any of claims 1-3 comprising a silyl diol ester of the

O-L-

structure
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3.63 Nonel 11.6 600 46.9 0.34 6.6 4.40 3.60 * = ComparativeBD bulk density DCPDMS =
dicyclopentyldimethoxysilaneHED = external electron donor NPTMS = m-propyltrimethoxysilaneNone
= no external electron donor used [00186]The data in Tables 7-8 show that catalyst compositions with
a multiple internal electron donor comprising a silyl diol ester and a diether improve hydrogen
response while maintaining or improving high cat#lyst activity, particularly when compared to polymers
foinied with catalysts containing solely a silyl diol ester internal donor. The propylene-based polymers
produced also exhibit low xylene solubles and broad molecular weight distribution. [00187]lt is
specificallydintend8r tracakd st sanoditetoslreyut deitimitetitbarendhebouliipéntstemalillustrations
contained eigion BhAAMS madfied falens.al-tipee SBRRAIRNISANRAING RIS BLINE of

embodiments and combinations of elements of different embodiments as co In the stope of the
following crahtigoisaed afivrsa philkghoreitbtyst caitsobitibercomprising:  a combination of a
magnesium moiety, a titanium mojety, and a multiple internal electron donor comprising a silyl ester
having the @‘[ructu’gecﬁi‘b@m%ﬂ‘i’ﬁ@% CERRUEPEC4 -X 11l RAR4R6 wherein m is an integer from 1to 5
~denoting a hydrocarb(}/l with the. same, number of Carborl atoms, n is an integer from 1 tg 5 denoting a
hydrocarbyl with SHe Heb e P EBH RPSPHEDR P B HPACHTLCTHthE SgHEPaRt SHBPESMR R selected
from the graiy eonshsting didwtdrogen, a substituted hydrocarbyl group haying 1 to 20 carbon atoms,
an unsubstituted hydrocarbyl group haying 1 to 20 carbon atoms, and combinations thereof, and X is .
an electron donating group; and an electron glonor cgfggfneﬁft. 2. The procatalyst composition of -
claim | wherein the electron donor compgnesgtis@an ar aI.LCC{acLQ ester, a diether, and combinations
thereof 47a 3. The procatalyst composition of claim|l wherein X is selected from the group consisting
ofC(=0)0R, -0(0=)CR, -(0=)CNHR, -(0=)CNRR’, -NH{®=)€R, % NR'(0=)CR,C(=0)R,0OR, -NHR, -NR'R,
-SR, -OP(OFB OR%%.- 0P$:Oe)é0§?; OR), -?HEIO)R'{_-S(O 2R, - OS(=0)2(0R), and combinations thereof. 4.
The procatayar Lol polkisi ' f Pt iEPP IR AN FRORRY By STIBE Sns Bihher therire 48 .
The procatafystscomposition of any of claims 1-4 wherein the multiple internal electron donor
comprises a silyl diol ester and a member selected from the group consisting of a benzoic acid ester, a
phthalic acitiestenteged fodiether &nAtiatalysiroapysition comprisiher of cazbprogatalyst composition
comprising a multiple internal electron donor comprising a silyl ester having the structure OR3 R1R5 | Il
R7 -C -0 -dhRspro i sprpeiordifiera ansigashis apleptedBotrche 2rens deniting of hydrogenty| with the

-same nUMBer@hABINRRARIAMSA group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl

group having 1 to 20 carbon atoms, and combinations thereof, and
X is an electron donating group; and

a cocatalyst.

7. The catalyst composition of claim 6 comprising a procatalyst composition of any of
claims 1-5.
8. The catalyst composition of any of claims 6-7 comprising an external electron donor

selected from the group consisting of dicyclopentyldimethoxysilane, -

methylcyclohexyldimethoxysilane, n-propyltrimethoxysilane, and combinations thereof.
9. A process for producing an olefin-based polymer comprising;

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

comprising a multiple internal electron donor comprising a silyl ester having the structure



nis an integer from 1 to 5 denoting a hydrocarbyl with same number of carbon atoms, R1-117 are the
same or different and each 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, and combinations thereof, and X is an electron donating group; and a cocatalyst. 7.
The catalyst composition of claim 6 comprising a‘%?ocatalyst composition of any of claims 1-5. 8. The
catalyst composition of any of claims 6-7 comprising an external electron donor selected from the
group consisting of dicyclopentyldimethoxysilane, mgthy&gyc&cﬁ)hexyldimethoxysilane,
n-propyltrimethoxysilane, and combinations Hhereof |§. A1 process for producing an olefin-based
polymer comprising: contacting, under-p@iymeﬁza&?—tmﬁmons, an olefin with a catalyst
composition comprising a multiple internal electron oFLon r cohprising a silyl ester having the structure
48a R3RIRS5 Il -C-0-Cm-Si-C,-X R4R2Re wherein m'is ah inpfeger from 1 to 5 denoting a hydrocarbyl
with the sagieBuHPR! A SAATAIRTS. 5 IARINGIRLIERMALIQ RERANAG ABIoGARYYTh same
number of carbon atoms, 121-R7 are the same or different and each is selected from the group
consisting #PHydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof, and X is an electron

donating gPo‘tﬁﬁPéﬁtﬂaﬂr ﬁbla?i’ 3|éﬁwgg%é&1)58m}ﬁ with same number of carbon atoms,

R-R7 are the same or different and each 1s 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, and combinations thereof, and
X is an electron donating group; and

forming an olefin-based polymer.



