PROCATALYST COMPOSI TI ON W TH SUBSTI TUTED 1, 2- PHENYLENE AROVATI C DI ESTER
| NTERNAL DONOR AND METHOD PRI ORI TY CLAIM [0001] This application claimns
priority wo2u0®784ovi si onal patent application serial ROT/US20024499992 fil ed

on Decenber 31, 2008, the entire content of which is incorporated by
reference herein. BACKGROUND [ 0002] The present disclosure relates to
procatal yst conpositions containing a substituted phenyl ene aromatic

di ester
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[0003] - Worldwide demand for 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 catalyst compositions typically include a procatalyst containing a transition metal
halide (i.e., titanium, chromium, vanadium), a cocatalyst such as an organoaluminum
compound, and optionally an external electron donor. Ziegler-Natta catalyzed olefin-based
polymers typically exhibit a narrow range of molecular weight distribution. Given the
perennial emergence of new applications for olefin-based polymers, the art recognizes the
need for olefin-based polymers with improved and varied properties. Desirable would be
Ziegler-Natta catalyst compositions for the production olefin-based polymers that exhibit
high catalyst activity during polymerization and produce propylene-based polymers with

high isotacticity and broad molecular weight distribution.

SUMMARY
[0004] The present disclosure is directed to procatalyst compositions containing a
substituted phenylene aromatic diester as an internal electron donor and the application of the
same in catalyst compositions and polymerization processes. The substituted phenylene
aromatic diester-containing catalyst compositions of the present disclosure demonstrate high

activity during polymerization. In addition, the present substituted phenylene aromatic
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substituted phenyl ene aromatic diester as an internal el ectron donor and
the application of the sanme in catal yst conpositions and pol yneri zation
processeswOThw/@sdegt i t ut ed phenyl ene aronmatic di est er- ceaTaiSaemgewat al yst
conpositions of the present disclosure denonstrate high activity during

pol ymeri zation. In addition, the present substituted phenyl ene

aromati cdi ester-contai ning catal yst conpositions produce propyl ene-based

ol ef i ns dikdtér-duintgining otatalysici doynpmnitiobs opdned quupdenanbdsght oltifiss r witht ihigh.
[0005] In an.enbodi roces r oduci ng a procatal yst conposition
i s provigeget ‘CWé‘ngrl’B‘@Bs‘EOIF ‘ﬁ%‘gﬁtr%salﬁlp th(ﬁ‘ a substituted phenyl ene aromatic
di ester, jpgo$ ocat al yshn %%H{rﬁ&{t adibcelds el pRINGhE NO pREEALyst EH@PERRG (0N
occurs |n a reaction mxture. The process includes formng a procatal yst
conposi tprowideg. wayre ofropess oglehldt:s cmactmaea prbstititeryhenylsnp otrpmebe dietsrudes an
i nt er nal eI r.on _donor St d | e r

di ester. Bagglgft RIRCUP o S o%ﬁ@ﬁ?ma 38 argg%tat a yllse %a}()% chgrl%p |Xo nﬂg?g[ﬁ)f)l?rg@&lgg

The pr Ocm@byc&tes§ﬁfmm%b tfbﬁﬁhngr‘dﬂpkid@&ly%t Qf@lﬁyoﬁlabnd:ry Ofayaomhgﬁﬁiaum noitety, a
titaniumnoiety and an internal electron donor. The internal electron donor
i ncl udespracasallt saupasifiophisiiden en cints! i decdionsdamor WH@OFF&gHEé‘?%ﬁ? futqd,

and/ or may be a respective halide. [0007] In an
enbodi ms‘nfe ft ggllsou sl'??%egt gd phenyl ene aromatic diester has the structure

(1): [O00@8)6wher ei nIrRdn E?m&odnmnt hEpIsaaaimlysir CQIhnIdeEIOBI‘lB pra&adddl. oThaRproRitalysi s

sel ected from hydr og}an, suhstit ut drocarb gr ou havi E}%]f to,20
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at ons, &M ONYcttnOHBndIaV iThg %térﬁalzge@t%lp‘aﬂn&‘: HPBuded etssiaatOPh BB

conbi nations thereof. At |east one of R-R 4 is not hydrogen. In an

enbodi mearpmatih diester.u Jthgrmagreyivimoloirte sndfor [teadtanivive mpfictRimay4be élfémeéfw € rom
a substituyted hydrocarbyl group having 1 to 20 carbon atons, an
unsubstlkf%tdgd hydr ocar byl group having 1 to 20 carbon atons, and

conbi nat [0()075] thereofn an embodiment, the substituted phenylene aromatic diester has the

structure (I):

| M
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Ry R
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[0008] wherein R;-Ry4 are the same or different. Each of Rj-Ry4 is selected from

hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a heteroatom, and combinations thereof. At least one of R;-Ry4 is not hydrogen.
[0009] In an embodiment, the structure (I) includes at least one of R;-R4 selected
from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof.

[0010] In an embodiment, the structure (I) includes at least one of Rs-Ris selected

from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
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[0010] In an enbodi ment, the structure (I) includes at |east one of R5-R 4
sel ected froma substituted hydrocarbyl group having 1 to 20 carbon atons,
an unsubswot2atoadBipdr ocar byl group having 1 to 20 car bonPaTarsggooamas koxy
group having 1 to 20 carbon atonms, a heteroatom and conbi nations thereof.
[0011] The present disclosure provides another procatal yst conposition. In
an enbodi nent, a procatal yst conposition is provided that includes a

conbi nathyalnomtbyd grewmbsiiogninoi 20 garban tatdnasi anmalkeiyegyouanthvingn xedOi qarlomnal
el ectron donor,. The m .ernal el ecflron donor includes a substituted

xed int
phenyl en%oﬁﬁ’&%?reatﬂ{“eg?‘g?oné et 529 on donor conponent. [0012] In an

enbodi nejgh11t he el pgd HRRAOBREINSREPEACTHEs | ot §rbQehlst ABnddsitoRal ah &n an
et hyl ggl'r?zoa]te, a di etpher, and conbi nati ons the?ﬁof. 0013] The present

di scl osuwmebqstimentdes procetalyst yeompositign sist pisvidethihat dpelprdest a cepmplinationopf a

i ncl udes_a procat al.yst osition and a_coca t -at .
conpos: tTRHEP e Tt e STEBER: tpRl AEArERE LR o\l BRF " Pe s, .,
enbodi neipterndl et@hadondt i18ONRESd buttitga phéigldnd caramatix dibsichtagd nal cledtet ron

donor. The m xed internal electron donor includes a substituted phenyl ene
ar omat | clOESPIBPONEAH an el ectron donor conponent as di scl osed above. [0014]

In an eg@g%ﬁem, e &Iﬁoﬁﬁrxéh HQURRELA 48 ri)%%lé)]'dq;%ﬁ i@&l@eséoeﬁ&g:am@mte,on

donor, r an activity I'rmting agent. e present scl osure
pr ovi desareethyl benerate atdiaherpamicesashindtionatheegibodi nent, a pol yneri zati on

rocess | rovid t hat | ) tacting, d | y. i i _
ond &1 81 Tan ol of i HFEH SRS, SHOROTGSFERRR. cPRPOSHPR! y SHieC SIS ¢ i on
i ncl udesnRidhhi iMd&Rs ergeggaa@s@rdaﬁﬁbisi@ioﬂi 854 ©f -cobMBlyBl OCaRs prochthlgkt

includes formng an ol ef mbased "pol yner. [0016] In an enbodi nent, the
ol ef i n | ®nmositiphendudertresybsbimtssisplienglenel exoniagicrdiestera Ipeppiicesebestinent, thel ymer

having aca?a%lfé{ déo%?p%rsﬁf-o%ycainngn%{udfera? nr%ligicgc? liI;[lteflria eie%tr‘gltl) Odt')trloljt5'ﬂe mixed internal
electron donor includes a substituted phenylene aromatic diester and an electron donor
component as disclosed above.
[0014] In an embodiment, the catalyst composition includes an external electron
donor, and/or an activity limiting agent.
[0015] The present disclosure provides a polymerization process. In an embodiment,
a polymerization process is provided that includes contacting, under polymerization
conditions, an olefin with a catalyst composition. The catalyst composition includes a
substituted phenylene aromatic diester. The process further includes forming an olefin-based
polymer.
[0016] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a polydispersity index from about 4.0 to about 15.0.
[0017] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a melt flow rate from about 0.01 g/10 min to about 800 g/10
min.
[0018] An advantage of the present disclosure is the provision of an improved
procatalyst composition.
[0019] An advantage of the present disclosure is the provision of an improved

catalyst composition for the polymerization of olefin-based polymers.
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[0017] In an enbodinment, the olefin is propylene. The process includes
formng a propyl ene-based pol yner having a nelt flowrate from about 0.01
g/ 10 m n wo 2atya1849800 g/ 10 mi n. [0018] An advantage of Phe/USL@9®m9915

di sclosure is the provision of an inproved procatal yst conposition. [0019]
An advant age of the present disclosure is the provision of an inproved
catal yst conposition for the polynerization of ol efmbased pol yners.[0020]
An advanfioe2@ of t hanpdestage ditbepesant dischsaredabahtabist canpedidn that dongains

contains a supstityte henyl ene aromatic diester, the catalyst conposition
exhi bi ti%ﬁugﬂ‘é‘ﬂtﬂég‘eﬁglf’g‘?/iaf‘%}/“ﬂt?r Aisgtepoyneaialysh PURPOS S i}h‘!& “&d\?ﬂ%& e of
the preserli(dusGhopsyRetisatRncat al yst conposition with a substituted

phenyl ene aromatic diester that produces a propyl ene-based polynmer with

broad mol082Ul ar weAghadvaitsge iofuhe ameseh0dRRlostis Bdw anatadipe compepidion retle it

di sclosure is atal yst co sitiogn that contains a.s i ed. | ene
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pr opyl engokagedweietf dibtributibn. hi gh i sotacticity, and a broad nol ecul ar wei ght
di stribution. DETAI LED DESCRI PTI ON [0023!0(; n an enbodi nent, a process for

pr oduci ni§022lpr ocat &n pdvangasspddhe pisrent disslosyiedea.catphist prTaRasEion; tey Gpgens
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and a hal ogena e reactiron occurs”in a reactl ure. The

r eact i onpropgethd-based oldfi@ vich high isracdtity apd adbadaal slecud anpeightt distributidne

procat al yst conposition includes a nmagnesium noiety, a titaniumnoiety, and
an internal electron donor. THETANWSEDBESERERTIOM donor includes the
substituted phenyl ene aromatic diester. [0024] The substituted phenyl ene
aromat i cl0828st er  nain Be emnbodiments trsecess Sor PIRSHGING e PENCAAHET OHPRILQY IS g

cubsts gy S PSS BEGARL el S ch, it U Sppfleyone
provi dedprocatalyst precursor and a halogenating agent. The reaction occurs in a reaction mixture.
The reaction results in the formation of a procatalyst composition. The procatalyst
composition includes a magnesium moiety, a titanium moiety, and an internal electron donor.
The internal electron donor includes the substituted phenylene aromatic diester.
[0024] The substituted phenylene aromatic diester may be a substituted 1,2-
phenylene aromatic diester, a substituted 1,3-phenylene aromatic diester, or a substituted 1,4-

phenylene aromatic diester. In an embodiment, a 1,2-phenylene aromatic diester is provided.

The substituted 1,2-phenylene aromatic diester has the structure (I) below:

D
Ry R,
Rg R,
O, d o) o}
Rip RMRS Rs
R4 Re Re
Rz
Ri2 Rz
[0025] wherein R;-Rj4 are the same or different. Each of Rj-Ry4 is selected from a

hydrogen, substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
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The substituted 1, 2-phenyl ene aromatic diester has the structure (1) bel ow
[ 0025] wherein R1-R14 are the sane or different. Each of R1-R is selected
froma hywoagewm7seubstituted hydrocarbyl group having 1pco/tRowasdohn atons,
an unsubstitut edhydrocarbyl group having 1 to 20 carbon atons, an al koxy
group having 1 to 20 carbon atonms, a heteroatom and conbi nations thereof.
At least one OR -R 4 is not hydrogen. [0026] As used herein, the term
Lhédr ocC a:ryhydé:'érbah @roupylavigad hor?0 caben atomss abslkdxyegrosp deningi Iniingo eatbpn
ydrogen and carbon atong, includi branched or br nched aturat ed or
unsat ur B aé?%ﬂr?aéomp%ﬂwni‘%wnfs gé‘?ﬂ’f o leggianeio ?{éﬁgéfs&o h¥1 geen.

conbi natg t her eQf . Nhét i {}B AP &roRhirb ydraggarc GEYApS réfBcgde
al kyl -, [c%ﬁom kyl -, uSlégenél n al kadi eny ?ro cry?: | oal enl@dm '

cycl oal Isabstﬁmqﬂts commyilng on&r bydcggen fmdl«ywrtamwtomandcladm ipyanchegt eugbrarcbeR7] As

used her gj he terns ubs i tuted o nd_"substitute

hydr ocar’B pite 4é’f e”rns?tBIaée yar %aP‘HWCE?!’ohB ?h%%/ a?yC%g uBErY u?néldc%lﬁﬁa%or% or
nor e NORKYES0 CRbMYhitig RIS U HYHRIERS: %/1 ArowpB lindlidel A1RyleX3RWatkyD] akkenyl-,
nonhydrocar byl substituent group is a heteroatom As used herein, a

" het er oalkndienykf erctoallenah, %&ﬂ@ﬂﬁéyl 1@, aalkyb alkglardy andslleynyl-giaups.
het er oat 8@7@‘3” be @ﬁ r\%@g Cﬁér@?ln ﬁEOIEanI’ On%]%%t?tﬂ&:% Ih%gro\{arbyf” aﬂﬁ'd“ Yllbgtltﬁ{edt he

Peri od| cl i ng ekanpl &8 8¢ er oat I'nc ogens (F
a, HyHrochbbof? RferBito Sa Rydto&Girbyl A gsaulps tthdtuise dsubstitnied alwhijnl oge Oonp mdneo

|ncludes a hal ohydr ocar byl group and a silicon-cont ai roc
group. A$nj Hc%él‘leﬁuhsmf“ﬁﬁ FA “hAPYHYHNG cxpEie-o f&ﬁPbyﬁ?ré’Fég

hydr ocargtggl# Q0B rbd13h, '/% RO RLrel b efletddan? NR QS t B eﬁoﬁ%tf?&%@éa% orAS

used herein, the term"silicon-contalning hydrocarbyl group” is a
hydr oc ar}iyylfoggn oiipe hhtatoaten sarbbe & hot-earben atonp frermﬁrqnps &VsV| VEomd MlbattheThe

sili con t b th b 0

pr ocat aI H%S%’@EEBS/IB lbrﬁﬁ%‘g%gﬁlﬁag (O?}l e@ﬁ(’ar i a]%l%llo%?kf ?1'2% g’i @n tal
CorrpounCP o, SamEdie e Bibstifedd IRREb Qe g glak! @so@ih@lﬂﬂ@s dhél@}@d\»@dafbyl gfdu )anaa
hal i de, an oxyhal i de, and/or an al kOXI de of (i) and/o

conbi natsilines-contafriing h(ydnoyarbaharoclm i s usish heteins ithey tmnlaﬂ(ll I dmcaghyﬂt Iﬂtﬂ“@
procat alrgtsers R4 &r%ge{rgyll é}gh}y %%t Iilsaédbg&f?ltedo\%¥lp %hé de ﬁmr@ﬂglogéﬁ( Qe5kd€SA Pfised

herein, the term “silicon-containing hydrocarbyl group” is a hydrocarbyl group that is

ent

substituted with one or more silicon atoms. The silicon atom(s) may or may not be in the
carbon chain.

[0028] 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
magnesium, manganese, titanium, vanadium, chromium, rﬂolybdenum, zirconium, hafnium,
and combinations thereof.

[0029] Various methods of making procatalyst precursors are known in the art.
These methods are described, inter 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
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magnesi um manganese, titanium vanadium chrom um nolybdenum zirconium
haf ni um and conbi nati ons thereof. [0029] Various nethods of making
procat al WO 2proeosqvgors are known in the art. These net heds/use@nem®aesi bed,
inter 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, 67day RwdR3 tAdGse of odt lorGddre compéundd3eferddiichoedsselipising agdms athat aid in
enbodi nent’, the preparation of the procatal yst precursor involves
hal ogfnépr@ngoﬁpw%dlmgme@um aweight. ¢ SpmBeRIEEToOf die, dssithtayeTRUYIPEE t he
use o e .or...nor oypds,: e t "cliapi idin
Form ng LpuBisfe! EraTRC Lyl SRt BglRs FrhR DaRIRTGE, gkl
trm_r plh(lzl lquthylﬂ@fdté,miqéﬂd’ng oienmphchses;ieciall'y twbdleare dilapésng agent s i ncl ude

ri al kyl borates, especia Ariethyl borate, phenolic.comounds, especiall
cresol, [@%Plsi| an(a1§l.oa‘[1 093 leﬁ“’an%n‘BHﬁ?ﬁEﬁf Pprf’ﬂ)ésoﬁrbscaﬁnpﬁ%’?mw’eggq}%t roi g
a magne ; ) k it angru yesInd
T N A e Y
an enbodiontiting nrgnesigoathidridst compond (BenMagh  kmgnenbodimentethy prosg ke )

precursor. The."MagMo precur.sor .0 i NS nmagnesd ue »
conmponert *CHife ! é‘%&nﬁg'él@dp%‘%ﬁ }qug[%oe Pée%sgﬁez?‘g m}\&é{]&.&%ﬁ {Eﬁl}%{nﬁg
exanpl esyfnesivid Al §ENRFAIUEOIRINhI. €The MAhdMe rrediyer disludesga esdgnesium
chloride and/or its al cohol adduct, magnesi um al koxi de or aryl oxi de, m xed
magnesi uneiglyk ox Nonbimiting examplss ehr piRDlea magneriygn e BI0GHes; Mckids; aghygrous

aryloxide, ln on i . o i i djn;

(0~ ) ai Regredut BB BhRE e iRhal ARt HEGHIRAR, 1B BCTBA AR Hied

di et goxm@mga%umoi}f)ﬂzﬁiﬂ]e, hid/ancaebdodited ntagndshen piadloadidd gisaryppxeteurlsamei s a

m xed magnesj um titani um conmpound ("MagTi"). The " Ti p " h

formul a WT%)WX@MWMP ePICHEos gs a?‘n?fé‘ﬁlgfl AP g‘ 6&%?%98‘??2“&634 ofBgﬁsoL © .

radi cal é?ﬁ}’élﬂgerilt, %‘9Mafgh%@fg&@ﬁ}s@xtig'a&tﬂfxy%esw.r ein R is an aliphatic or
rocarbon radi

aromati c hy al having 1 to I4 carbon atons; each ORe
[0031] In an embodiment, the procatalyst precursor is a mixed magnesium/titanium

compound (“MagTi”). The “MagTi precursor” has the formula MgyTi(OR®)¢X, wherein R® is

an aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms or COR’ wherein
R’ is an aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms; each OR°®
group is the same or different; X is independently chlorine, bromine or iodine, preferably
chlorine; d is 0.5 to 56, or 2 to 4; fis 2‘t0 116 or 5to 15; and g is 0.5to 116, or 1 to 3. The
precursors are prepared by controlled 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 desirable morphology and surface area.
Moreover, the resulting precursors are particularly uniform in particle size.

[0032] Iﬁ an embodiment, the procatalyst precursor is a benzoate-containing
magnesium chloride material (“BenMag”). As used herein, a “benzoate-containing

magnesium chloride” (“BenMag™) can be a procatalyst (i.e., a halogenated procatalyst
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group is the sane or different; X is independently chlorine, bromne or

| odi ne, preferably chlorine; dis 0.5to 56, or 2to 4; f is 2 to 116 or 5
to 15; amlogoioen78498 to 116, or 1 to 3. The precursors areTrSe@anend1dy
controll ed precipitation through renmoval of an alcohol fromthe reaction
m xture used in their preparation. In an enbodi nent, a reaction nmedi um
conprises a mxture of an aromatic |liquid, especially a chlorinated

ar omat i cpre@fifpaY Boptaifiig! a ®sp@atcainternal hdlatohaiinene TheiRdnMag mbicsinbinay also

especi ally ethanol. Suitable hal ogenating.agents.include titanium .
{ot r abr GAVISES AT RARPAPERS SUTYIOR FESIEP idani b bR ?erlifi,%O'aéprléé?bm y

titani urﬁntdeéa%?l‘/‘éﬂéﬁizjcg@ l-b RepvakctRh ddierel brok&@Rst ARY/SOLHAIy @syHERHs.! N

the hal ogenation, ‘'results in precipitation of the solid precursor, having
especi al Nonliteiing aishreples 0p haitabip benadats @réups enelndeacthybbengoase, methel bangodte,i ng

precursors are rticularly upiform,in particle.size. ,[0032] ILn a

enbodi meEy! Pﬁggtﬁ?’ﬁ' TP Afs ¢ mﬁﬁ’glu?'g X lgenéo%%nfgﬁ’k eE'Sglhf(gkfeﬁ‘%%aée’rrgg’%s? um
chl ori decHIgbBézBAte( " BesREMbodifent I8 bBglogieNgroap i ez datfzcaNt Nohlimging
magnesi um chl ori de" ("BenMag") can be a procat aﬁ)yst i.e., a hal ogenated
pr ocat al sremplascefr sufeblecBenMagm pragaalise mresarsers mebida patabystcof gie Herlsopamephe

BenMag iral ITRIC i tani u ' . i '

hal i de. %%bbenlzogg%éﬁ |‘gn edr na%Hggﬁaglrag%esﬁipgjbﬁg%fﬁ%bggﬁl?%g L?gnpﬁagg’egﬂgyigq her
el ect Ir Oerglﬁgzih_s qiglrahn%nmmaﬁtaltyétBeano?rogaalahwptecmym hesi e aNaobucti ¢fi ng
exanpl es of suitable benzoate groups jnclude ethyl benzoate, .nmethyl .
benggat halegergtionotany HEQsatRlyS @gftCé{Sgﬁé&%ﬁ M@%@R%%%%ét ?g%tmiﬁ‘%soﬂ n

p- et hoxytggpﬁggcg,ofgﬁogﬂoa&c 9hgnzoate. In one enbodinent, the benzoate
group is ethyl benzoate. Nonl'imting exanpl es of suitable BenMag

pr ocat al [¥833]pr ecurBler gresent prigdetatyat adrypestiar alstécludssien netrms] SpE@nt ¢9not.03

and SHAC(t 10 .avai l.abl e from The Dgw Chem cal . dl and

W chi garrs Paherefy gt el SRECRIRREG b tare e caRe dtn RS af the
pr oduct ﬁﬁciﬂﬁgfﬁ%ﬂ%biﬂﬂn ®ifat ABNatEY Hpait BF ¥RErEHsES Wns F nidre Shetal@phdaéivhin the
precursor or a MagTi precursor) in the presence of a benzoate conpound.

[ 0033] Thsuljaneprnatalysoeumpgsition. detpssindedbhy ang paitiqelen theeryait isrhelipyeg) that

glj ngj r 3[}%1? ﬁlgl%%lba} %g?c:tlrg)ﬁd%cf eOE‘ ﬁaiesgﬁSts aiqll ;égﬂfa%ﬁg aljhe eﬂOﬁﬁét{O%n Ofl %Q'Q&C" sités an? qmo und

enhances catalyst stereoselectivity. In an embodiment, the internal electron donor includes a
substituted phenylene aromatic diester of structure (I).

[0034] In an embodiment, the procatalyst precursor is converted to a solid procatalyst
by way of halogenation. Halogenation includes contacting the procatalyst precursor with a
halogenating agent in the presence of the internal electron donor. Halogenation converts the
magnesium moiety present in the procatalyst precursor into a magnesium halide support upon
which the titanium moiety (such as a titanium halide) is deposited. Not wishing to be bound
by any particular theory, it is believed that during halogenation the internal electron donor (1)
regulates the position of titanium on the magnesium-based support, (2) facilitates conversion
of the magnesium and titanium moieties into respective halides and (3) regulates the
crystallite size of the magnesium halide support during conversion. Thus, provision of the
internal electron donor yields a procatalyst composition with enhanced stereoselectivity.
[0035] In an embodiment, the halogenating agent is a titanium halide having the
formula Ti(OR®)¢Xy, wherein R° .and X are defined as above, f is an integer from 0 to 3; h is

an integer from 1 to 4; and f + h is 4. In an embodiment, the halogenating agent is TiCls. In a
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procat al yst conposition that donates a pair of electrons to one or nore
netals present in the resultant procatal yst conposition. Not bounded by any
parti cul avotzhmarg494it i s believed that the internal el eeCrars2aone9iRssi sts
in regulating the formati on of active sites and thus enhances cat al yst
stereosel ectivity. In an enbodi ment, the internal electron donor includes a
substituted phenyl ene aromatic diester of structure (I). [0034] In an
enbodi mefuithet dtebqlinend dleytalogenaumris oondusteddn vier presknte ofia shlotidatpd ocaneh-y st

by way of hal ogenation. Hal ogenation_includes contacting the procatal yst

pr ecur s ot IQHRAFd Wﬁ&eﬁ‘ﬁﬂ%gs% efit ql‘ﬂﬂ?‘]‘? e%@%eﬁﬁgf%‘?t_oﬁﬁﬁe’i fi QFOS'FPSPZ_GH g

el ect ron,Hogay 1016098 Qﬂfeh@. n Irﬁg@t\/ﬁfo_ Ier b oHRMHE Stht MafRb:Riin RE BSRRkted byt he
procatal yst precursor inhto a magnesi um halide support “upon which the

tit ani umnusewif etyixfuselohhalegemating agentiandheliloriieied aonepobquid gompgsingifoni Hytat o be
bound by_an articul.ar theor it is believed that during hal ogenation the
i nternal 6@1’%8’?‘?Qﬁrcﬁ%tr}'@ﬁog(eﬁﬁtlr?géd&ﬁ?taflécz’ %Sﬁlébg‘bsi tion of titaniumon the
magnesi umoBesed SURPST mbédimeh@hd tdadfi@s mianneis Heard Aurihp alvagRaint miand
titanium noieties into respective halides and (3) requlates the crystallite
si ze of Rrheatphssirireswparhaildi kpdoganpiieg RLN Arh goriaHeE iRyl atTh dRMPHAYIE §PBn of
the inte opCLIQ r. Vanehd r.06 I 1 ghhanced
stereose(? ec 0ié\gjdl y?’{ tr %\55] eltﬁﬁgnéb%b%(g?ne@?@tl%m%ﬁgﬁg{gﬁg |‘gg°%‘%ﬁ¥ |sada

ti tagi uniatead i et B0 AG/rhifatef o anal rate Hf(1ORR) 3.00C/whivutei Th&Rtanal elecaroa ddedi ned
as above, f is an.integer fromQ to 3; his an integer froml to 4; and f +
his 4. PAY &5 aldsddaisenitert e HERlogRINAN! | RFGIO4 Rshwveqns the; bglagenafing gpith

embodi natdBfrtires F00HEl B defat R REEHOEC b 13040 dfjat ed
or a n%&f%{\l?ﬁﬁ%ﬁﬁ%&@%@(}ﬁ??g& , such gf;lesaﬂéli c%l or obenzene, (S e

0- chl or otabdhaienmipranigb threpdienzeng, or femz 80% ta b1ATENElalagenatiphenay. bd eonfisnedimot her
enbodi nent, the hal ogenation.is conducted b se of. m xtyre.of.

hal ogena“‘Bi3 ﬁbbséﬂ’éﬁfalé*%acec?ﬁ it tﬁpﬁgeggﬂ% P‘E:(yrlflf»;ﬁﬁipﬁnff%ﬁ&?méil{ﬂgofrpweﬁoorto 60
vol une pg§aant Behaaeeati ng agent, such as Tid 4. [0036] In an enbodi ment,

the reaction mxture is heated during hal ogenation. The procatal yst
precur sol003fd hal ofemaniney imyhich the progealyaichreerrsari the plogenating agerigad fhaur e

from QG Eegx%a(?ge%ctr%{l (Iorn%p] arzecgo%tgé%eég an{;’y 1] vgﬁé)c{n (1319 gnte(%nl;o%%g’ent?% Bl%@&tgfgfgt s

COITITEI’ICE1
precursor is first contacted with a mixture containing the halogenating agent and a

\J

chlorinated aromatic compound. The resulting mixture is stirred and may be heated if
desired. Next, the internal electron donor is added to the same reaction mixture without
isolating or recovering of the precursor. The foregoing process may be conducted in a single
reactor with addition of the various ingredients controlled by automated process control.
[0038] In-an embodiment, the procatalyst precursor is contacted with the internal
electron donor before reacting with halogenating agent.

[0039] Contact times of the procatalyst precursor with the internal electron donor 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, or up to 120 °C, or up to 115°C, or up to 110°C. |

[0040] In an embodiment, the procatalyst precursor, the internal electron donor, and
the halogenating agent are added simultaneously or substantially simultaneously.

[0041] The halogenation procedure may be repeated one, two, three, or more times as

desired. In an embodiment, the resulting solid material is recovered from the reaction
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rate of 0.1 to 10.0 CUmnute, or at a rate of 1.0 to 5.0C m nute. The
internal electron donor may be added | ater, after an initial contact period
bet ween twe 2nmlwogmaat i ng agent and procat al yst precur soPCTISa@enedous es for
t he hal ogenation are from 600C to 1500C (or any val ue or subrange

t her ebetween), or from90C to 1200C. Hal ogenati on may be continued in the
subst anti al absence of the internal electron donor for a period from5 to
60 m nutmtureand comrdied boe bOmMUratimes in hoGBFncd ke indnpresénge) i thi sarthe (or

procat al y recursor, the hal ogenatin ent. and e.internal el ectron
donor ar%?fl_ﬁli?ﬁpé‘&tt:’g’&?ﬁlﬁﬁp dener fgr&Poqeﬁfsg‘ﬁglgﬁ%ﬁfuﬁeeﬂ‘{ t?‘e CRLSALRE AT &t Ihe
pr ecur s iy drihaldd REmaRNERRPRAIILL &t 18asThbdul! 1 @ nfiRitkdion aNRadt ABolalSaaRBRE ] 619
agent and a chlorinated aromatic conmpound. The resulting mxture is stirred

and may dbéedseatonti2) minlgel, andi up Keshout 1 h oot arupelo abpecASrButESNeITUp to ahelted t o

t he sa eaction m xtur i.t ho i.sql ati r.r I, RgoOf T r rsor.
The fo?&é%rillﬂﬁlt(eﬁr %caetglglpﬁr&? rwgoglo‘#ﬁﬁéf%é) u# %&g’gf %tglgés(e\ré%é%? g r@’v&rtaﬂl%%ﬁc?? §| on of
the varigne, iogepiheRmnirs up @ntbck 1 §0PA)Yr apltodmiue L2000 6egs tocabotr DIS°C[ 0038] I n
an enbodi ment, the procatal yst precursaor is contacted wth the internal

el ectrorl08$Hor befdite thealorianipaheingsnationdvetcrny. dbfersultmgosd warRaluE!
times of  thaPHLACRL &&)Xﬁ{ﬁdpfrgﬁn”i Ofealfidil niddfurh r@rﬁ;fl@ﬁ’éd & ¢ TR0 JRREE, q,ge‘ at
or -at 1 east or at of at

| east 10 m'nutes, m nut es, east 20 m nutes,
| east 1 fllewingdor exairpiqes ptoduee 4 moist fltet edst TAS ©istdiltentakleanmyt theOdCringed at

| east 600C at t f 150C, .Q. 120, 0C 115C,
Up o 1IGOEER0HE) a1 Hih JUHEGAP HEREYE BRERHFOAIC M 24 YL AEe 1o peote
i nt er nal .gheatiiQm, 40 ﬁ@é’iredanﬁ}lrp%imyhﬁé Q&N %?ld%g[@éﬁtalﬁitecoﬂﬂ)@%bn is washed

si mul taneously or substantially Sinultaneously. [0041] The hal ogenation
pr oceduranermaymdre tinegsesitled “ovash ligwd,” whickés a diquidbhydredankon swsh @esh alighaticn an

enbodi nent,, the resultin olid terial is recovered fromfth .
Feact | oMMUASHHENSHER BORDELTRY BRETHE. IoPeteprrestid RGBT aRake The 1o e
pr esenceyro@italidteconmmRitionr t@dhf far satsppdrie@randl deddeot rsiriddrnra Godjpondoi,s
with a m xture of the hal ogenati ngﬁnagent in the chlaorinated aromatic
conpoundespesialla tetaiiyelydisavy hydroearben wish agmingral ibfor fglsy stotage of Hif es, or

[0043] In an embodiment, the resulting solid procatalyst composition has a titanium
content of from about 1.0 percent by weight to about 6.0 percent by weight, based on the
total solids weight, or from about 1.5 percent by weight to about 4.5 percent by weight, or
from about 2.0 percent by weight to about 3.5 percent by weight. The weight ratio of
titanium to magnesium in the solid procatalyst composition is suitably between about 1:3 and
about 1:160, or between about 1:4 and about 1:50, or between about 1:6 and 1:30. In an
embodiment, the internal electron donor may be present in the procatalyst composition in a
molar ratio of internal electron donor to magnesium of from about 0.005:1 to about 1:1, or
from about 0.01:1 to about 0.4:1. Weight percent is based on the total weight of the
procatalyst composition.

[0044] 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 dichloride or benzoyl chloride;
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at | east about 20 m nutes, and up to about 10 hours, or up to about 45

m nutes, or up to about 30 mnutes, at a tenperature fromat |east about
25C, or awvolemstrsebout 50C, or at | east about 60C, to aPCErmserases up to
about 150C, or up to about 1200C, or up to about 1150C. [0042] After the
f oregoi ng hal ogenati on procedure, the resulting solid procatal yst
conposition is separated fromthe reacti on nedi um enployed in the final
process, andyit hiaytRrrintgd be fvashkairht tréaredpoosiede Ehenforepbirg dddéionabjrecedlines
noist filter cake may then _be rinsed or washed with liquid diluent to

(rj enove URPEAe cREbIPAID Ay QiderpE PIPEOYGH SeRfAtelyr R &t ?lgsi dual liquid, if

esi red. ically : t.an j rﬁﬁa Skt § i d
one or O-fagﬂti nmes WIN'? ﬁ ‘%%\i/{\gstﬁ Fel} 3’(3!‘}6&& |c&)§%dsé§%rﬁ?§€ﬁ?’d 1{;&/%?81'(1:?? %@ﬁgfuch
as an al (lphatliec hilpdermtian byrcostactingthei soperda femeil poowtadyst coinposibamwith a

hexane, pentane,. . or octane. The soli rogcat al.yst osi ti on.t hen can be

separ at edfaRHE Ralids gompowt refr?eéﬁ‘n?'r‘? Sé)ﬂﬁ Ertg%rg(?tjb%r‘?, hai@ﬁ@&‘i‘:&ﬁo? déluFlgtr ANG5Vel y

heavy hyds aaeHcPQAsIHHE thedteVIbidy ddrnfel lprdc@talfstEsigdsittdrowAl e halohyid@carb@V43] | n

an enbodi ment, the resulti ng solid procat aldyst conposition has a titanium
v/

cont ent af eleyased teaneratare(1p@ rc B Chyreswdis ghtdesigabi sredifgation of dhenpropstaliel ght

based on the total solids weight,. or .fr . . I to
obout 4 it Bheess L BT RO of offain B ADSingbsited FEGE Bl B AR by ©
3. F ger C@Mbl@?ﬁt\heifﬁbgoiné' BRueel thorﬂﬁltgi}glin)ﬁr;) émhbadimem, the pragitegit isedniactdde
solid procatal yst conposition_ is suitably_ between about 1:3 d about
1:160, ovith@t hidesenatind peentsughdisbBurtue 3pa tEﬁ‘mW@thZ‘Qﬁ aa%&bﬁgh@ °F: 30.
In an e”&?ﬁ{lhﬂ%ﬁ'éh ad ’?RI 1, Th8 Ao &t Bhe gp?l%fe {E¥s gﬁopfoeﬁgl'aﬁoﬂ Br fdBvery.
procat al yst ¢onposi iod1n a molar ratio of Intern el ectron donor tO
magnesi ulm @fotfer @mbebimknt 0the Godatdlpst db ouishett 4t a empergnrealxdweer0 1 @lto 15°6
about 0. 4; i

.. Wi ght perce i s. based on the.total i . of the procatal yst
]E:O npﬁsi tWB&I .Chle?%W}enF QT aﬁﬂi%fam% ARe O TRAre RS HUQF &{Sg@h% 8rsfef?‘6eﬁy'nay bey
urther fopgated by R4 £d W ONVp R lAIYRE ESHP ARSI QY coBp@s
after i s[tc{))l a@i on of ?ﬁipfs%?ri[fgﬁgcr ocatrgjl?(;)/dst cggy\rr’gosiat i}gn. T%e édgllri ?Sr ogateal yst

conposi ttwerormagre lsmbodiments discl¢dedhotpamat ed) with a

[0047] In an embodiment, a procatalyst composition is provided which includes a
combination of a magnesium moiety, a titanium moiety and an internal electron donor. The
internal electron donor includes the substituted phenylene aromatic diester. The procatalyst
composition is produced by way of the foregoing halogenation procedure which converts the
procatalyst precursor and the substituted phenylene aromatic diester donor into the
combination of the magnesium and titanium moieties, into which the internal electron donor
is incorporated. The procatalyst precursor from which the procatalyst composition is formed
can be the magnesium moiety precursor, the mixed magnesium/titanium precursor, or the
benzoate-containing magnesium chloride precursor.

[0048] In an embodiment, the magnesium moiety is a magnesium halide. In another
embodiment, the magnesium halide is magnesium chloride, or magnesium chloride alcohol
adduct.

[0049] In an embodiment, the titanium moiety is a titanium halide such as a titanium

chloride. In another embodiment the titanium moiety is titanium tetrachloride.
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further quantity of titanium halide conpound, if desired; it may be
exchanged under netathesis conditions with an acid chloride, such as

pht hal oylwdi2etios4ode or benzoyl chloride;and it may be PrCmasdoooncwashed,
heat treated; or aged. The foregoi ng additional procedures nay be conbi ned
in any order or enployed separately, or not at all. [0045] Not w shing to
be bound by any particular theory, it is believed that (1) further

hal ogengds0] by cont awtlien g:nthelimaSrﬁvthaumbyatﬁlgstmﬂnhmxshmat iatlpdes aonq:gnsfsiuﬂnon

with a titanjum halide c ound, .especi a sol n t her eof
el ohydr SRSISOTPPTL AR HRBAHATISN iRl GaeHIHEarEoBr SHb JBilned
procatahg&&mﬁqgggﬁkmhgﬂxw%£@ a halohydrocarbon at an el evated tenperature

(100 - 15000), results in desirable nodification of the procatal yst
conposi tf0051] possilblap dmybadémenvathechteoml ekecion dedrioféhe progaidhyst eapasiioal

conmpounds t hat , ar n the f 0 . Accordingly, in an
enbod.néﬁﬂug?ﬂée‘ﬁﬁﬁﬁ?%f@E?yegeﬁeﬁi§8?§H&ﬁﬁfﬁ“§ k%genating agent, such as
a mxture of a titanium halide and a hal ohydrocarbon diluent, swch as TiC
4 and chl orobenzene, one or nore tinmes prior to isolation or recovery. In
anot her enbodi nent, the procatal yst irs waghed at a tenperature between 100
to 1500C with chlorobenzene or o- chlo? @l uene one or nore tinmes prior to

i solation or recovery. [0046] The preg prrocess for producing a
procat al yst conposition may conprise t nore enbodi nents di scl osed
herein. [0047] In an enbodi nent, ISk conposition is provided

whi ch includes a conbination of a gneS|un1nD|ety a titaniumnoiety and
an internal electron donor. The.internaleel g &n donor includes the
substituted phenyl ene aromatic di 6 ocat al yst conposition is
produced by way of the fore90|no pr ocedur e which converts the
procat al yst precursor and the "Substli t Uted phenylene aromatic di ester donor
into the conbi nati on of the magnesikum and t ikt ani um noieties, into which the
internal electron donor is incorporated. The procatal yst precursor from

whi ch t hgggocat al %l?ﬁ‘relﬁofgpﬁ e sSml OF WeffertAN BEcH QPRWP%SM&&@HD&%Y
precurs the m x magnesl t|tan|un1precursor

benzoat ehydmgea; mlsngstmgdlélsdmanbm graugehayirec lite @O. carbon atoms, an unsubstituted

hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a heteroatom, and combinations thereof. At least one of R;-Ry4 is not hydrogen.
[0053] In an embodiment, the substituted phenylene aromatic diester may be any
substituted phenylene aromatic diester as disclosed in U.S. patent application serial
no. 61/141,959 filed on December 31, 2008 (Docket No. 68188), the entire content of which
is incorporated by reference herein.

[0054] In an embodiment, at least one (or two, or three, or four) R group(s) of Ri-Ry4
is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a heteroatom, and combinations thereof.

[0055] In an embodiment, at least one (or some, or all) R group(s) of Rs -Ry4 is
selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a heteroatom, and combinations thereof. In another embodiment, at least one of Rs-

Ry and at least one of Rjg-Ryqis selected from a substituted hydrocarbyl group having 1 to
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[0048] In an enbodi nent, the magnesiumnoiety is a magnesiumhalide. In
anot her enbodi nent, the magnesi um halide is nmagnesi um chl ori de, or

magnesi urwohlbovizee4al cohol adduct. [0049] In an enbodi meotrjuskéve/o6991HNI um
noiety is a titanium halide such as a titaniumchloride. In another

enbodi nent the titaniumnoiety is titaniumtetrachloride.[0050] In another
enbodi nent, the procatal yst conposition includes a magnesi um chl ori de
support 2p&nboddtefs,antunksalistianecChydiodatleyligsoupeipodig b Znchrbrpoaombi antallitdxy

i nternal el ectron_donor s incorporated. [0(251 In an enbodi nent, the

i nt er nal 2revRBIRH 1 HHAbFarBen diamsy bitsreaiops an B‘Pf‘JBB‘é‘iatEc?Iﬁﬁh‘?r t udes the

substi t upgsgiPhenylgng aiiRhég, 4163t 65 %’fffR%IRE %ﬁ& Lb{trl@as@ b)l? of R} -H,0852lecwdaer ei n

R1-Ri 4 are the sanme or different. Eache [

is selected from
hydr ogerfrora & usnbstittted eltydnyairtnd agroyp Tgwvingp Lhey 2Ageatbarn aR@ng sanbansubsomvted an

unsubstitut ed hydrocaybyl gqro having, 1 to 20 carbon atons,., an,al kgx
group hJV:éﬁ‘bcabe%{é”rw E%l‘%l[‘%g Qt oh&arogn %Eﬂnésr &Qtaglfﬁxyagfc?ugg%]inﬁa]t ?%%g Cta%é%/‘eof .
At | eastyiong aMetdoatiintarScoiBindiois @aesvf. [PaR3Merlehbdbin®Hbod 1daB ¥ne of R§-R4
substituted phen&ene aromatic diester may be ang substituted Bhenyl ene

ar omat i citd¢ass ped RasRafsrd s depst onanfRiopBiacintselappd ifiom p shbstigitedhydrgcarbyl
o AL SRu e 20 PISIRE Aens 200D 0RAKEL NaroCBBAThouh N BILT 6 20

I'S I ncorpora by rererence

enbodi mefathonadtorh§aatallyxs group liaving Dfo 2NERBon AomkahgterBaig apd sgmbihafdnsk i S
selected froma substituted hydrocarbyl group having 1 to 20 carbon atons,
an unsudBeeelit ed hydr ocar byl group having 1 to 20 carbon atons, an al koxy

group hawi lto , . - AR RC O ' eof .
Poons) TR0SA C b odP o RO indth My cofia b T ROLAMS 1Y RN B HRED
-Ri 4 i s Rerapsdd R FRyaadeubsy conseadivieyRigoeps iy RigiRoupmhnbe higkdd toofo® apar bon
atons, an unsybstituted hydrocar byl ﬂrou havi gchlc to 20 carbon ator{%e an

al koxy dp’@a—ﬁy qu)rr@) lftrfl‘(?y Etg.}clslg . ¢ 1nter-/intra-c structure may or may no

aromatic. In an embodiment, the inter-/intra-cyclic structure is a Cs or a C¢ membered ring.
[0058] In an embodiment, at leasf one of Rj-R4 is selected from a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
to 20 carbon atoms, and combinations thereof. Optionally, at least one of Rs-Ri4 may be a
halogen atom or an alkoxy group having 1 to 20 carbon atoms. Optionally, Ri-Ry4, and/or Rs-
Ry, and/or Rjo-R14 may be linked to form an inter-cyclic structure or an intra-cyclic structure.
The inter-cyclic structure and/or the intra-cyclic structure may or may not be aromatic.

[0059] In an embodiment, any consecutive R groups in R;-Ry4, and/or in Rs-Ry, and/or
in Rjo-R 4, may be members of a Cs-Cgs-membered ring.

[0060] In an embodiment, structure (I) includes R;, R3 and R4 as hydrogen. Rj is
selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof. Rs-Ris are the
same or different and each of Rs-Ry4 is selected from hydrogen, a substituted hydrocarbyl
group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations
thereof.

[0061] In an embodiment, R, is selected from a C;-Cg alkyl group, a C;-Cs
cycloalkyl, or a substituted C3-Cg¢ cycloalkyl group. R, can be a methyl group, an ethyl
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atons, a heteroatom and conbinations thereof. | n another enbodi ment, at

| east one of R5 - R and at |least one of RRo -Ri4 is selected froma

substi t utwa 2bldr7emar byl group having 1 to020 carbon at onkCTaAs20006493% i t ut ed
hydr ocar byl group having 1 to 20 carbon atons, an al koxy group having 1 to
20 carbon atons, a heteroatom and conbinations thereof. [0056] In an
enbodi nent, at least one OR -R and at | east one of R5 -Ri 4 is sel ected

from a sgrbsp,id nHpsbyhgrbupc am pbropybgioupay t-hgtyll gtomp2én sabitghg@iipns secabutyl
unsubsti tut ed hydraqcarbyl group having 1 to 20 carbon at ,_an al koxy
group ha&P¥Ry alz’%/’g'tﬁ’@i‘eg‘éalﬂ?&?%“’a%'glrﬁ?u% ar?é{%\?PSrgﬁ’]ogFPu%r?HH éﬁﬁﬁgﬁﬁyﬁlgﬁpt her eof .
I n anot hgpeRmodi NN, endodiR@s! stRRBrD) helliits &, thA3S Fnegigf, ana eadh fRERY at

| east one of RO -Ri4 is selected froma substituted h ocar byl group
havi ng lishpd@@ercar bon at oms, an unsubstituted hydrocarbyl group having 1 to

20 carb ons, al kgxvy.. group_havi pg. 1.t 0.carb at ojrs, . a-heteroat om
and corr&fﬂﬂg:ﬁf]i ons ?ﬁﬁgﬁ%%trgﬂg#mf r%ﬂ%%‘b%?#éﬁ’ﬁ lsa?%gylc%lhds%aghtofgé'@ 6r oups
in Rl- Rihydegp@hor any consecutive R groups in RS -R, and/or any consecutive
R groups in RO -R14 may be linked to forman _inter-cyclic or an

i ntra-cylOPPd st r udnianembpdimenis sruchre {lp dncdydes Ko thatis Ebuyb apdpady offyRot be
aromat i Ci'shg@rog& enbodi nent, the inter-/intra-cyclic structure is a C5 or a
C6 nenbered rfng. [0058] In an enbodi nent, at |east one of R-R4 is

sel ect e0063]jm a suhsini émibeeliimbiytd stocarby(1) igelodgs Rathan@ dthéxorc2bonyr b eathons,
an unsubséﬁi‘ftﬁt Eg]iwr%drocar byl group having 1 to 20 carbon atons, and

conbi natQidisly Pelpt i onal |y, at | east one of R5-Ri 4 may be a hal ogen
at om or | koxy 1gr vid tol i &R,
and/ or R@%% ancII/9 o@%ﬁgﬂg&lgﬁgﬁ%@cﬁég@ﬁ%g@?o% %n%;miehf}g% ié%dé?%gg A

st ruct urRy or sedectédifrom ay silistituged hypdnocabyTgwupnhaving yickd @0starbant atomsara/ or

oo moneo ey B bR g A e 20 ST eoplh Ao ke Rl B 1
Ri O Ri 4,R78 e shRehedsietnttarndteath iR E toi girodeB08 @libstitutad hpdroadbyrent ,

structure (I') includes Rl, R3 and R4 as hydrogen. R2 is selected froma
subst i t grewp hydredatbyl cgrinmpataeyi ag unsybstipged hydseparhylogioup iavimgslite 20t ut ed

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

thereof.

[0067] In an embodiment, structure (I) includes R; that is methyl, and each of Rs-R4
is hydrogen.

[0068] In an embodiment,structure (I) includes R; and R4 that are hydrogen and R,

and R; are the same or different. Each of R; and Rj3 is selected from a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
to 20 carbon atoms, and combinations thereof. Rs-Ri4 are the same or different and each of
Rs-Ry4 is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a halogen, and combinations thereof.

[0069] In an embodiment, structure (I) includes R; and Rjthat are the same or
different. Each of R; and Rj is selected from a C,-Cg alkyl group, a C3-Cg cycloalkyl group,
or a substituted Cs;-Cs cycloalkyl group. Rs-Ry4 are the same or different and each of Rs-Ri4is
selected from hydrogen, a C;-Cg alkyl group, and a halogen. Nonlimiting examples of

suitable C;-Cg alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, i-butyl, t-
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hydr ocar byl group having 1 to 20 carbon atons, and conbi nations thereof.
R5-Ri 4 are the same or different and each of R5-Ri4 is selected from
hydr ogen,wa 281008498 ut ed hydrocar byl group having 1 to 2@CTash@n/0ed9ess, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atons, an al koxy
group having 1 to 20 carbon atons, a hal ogen, and conbi nations thereof.
[0061] In an enbodinment, R2 is selected froma G -C8 al kyl group, a C3-C6
cycl oal ktylltyl mpeatysl;,ljb;ﬂft}ﬂunﬁqbeﬁf;&} Chpentyt| mhéxyy, angr Hdg-triRthydpenba-2ayhgohy |
group, rou I oup, [,SOpro a t-butyl

gr oup, yFX%‘Fl%} lfbg@ya g“rYSFH? kyi %ﬂ’?‘ H’gt WF‘B’@WP’ “fl-y
group, acy%y(ﬁlleﬁﬁ%@ s. H{%helaélgb&hﬁ}é&ﬂ &h@d@bn@épﬂﬁR 19Q@§JC3| dl'kﬁ%rou ora

enbodi ment, structure (1) includes R2 that is net each of 5 Ri4is
hydr ogenhalcﬁm63] In an enbodi nent, structure (1) |ncI udes R2 that is ethyl,

o0, SR, ' ST, AR TR ] BT RS

enmbodi MEiR ta,t-boityll Ul @aeﬂl))ngquhaa{SFQMﬁsh}@Idmg‘enet hoxycar bonyl , and each of
R5-R His hﬁdrogen [0066] In an enbodi ment, structure (1) |ncI udes R2, R3

and R4 ef8Pllas hydncgemmbadimet, staickue €9 irchudes dinand Rihatiis ar &eriopyt gFeup-by |
group hay, dfrﬂg)féz &%’%&_?Hqghﬁrgg& an unsubstituted hydrocarbyl group
and co

having 1 nbi nati ons thereof. R5- Ri 4 are the sane
or diff€0em] and dacim émsbakinent aﬁddtmmrﬁ)hyidud@emcha)fﬂbﬁgletndﬂhd abwpdnahyr byl

group havi ng 0. 20 .carbon at E%t car byl group
havi ng 1grf’¥9°?‘6”éhlrsl5‘6rpué¥ I gHup. aﬁ??nglolggﬁyfg"g%é lﬂlsg‘éﬂgfée’bar bon atoms, a
hal ogen, [ogfg] conbimat aﬂ%&ﬁ@ﬁte%uct&l@%%cmaesa&cﬁ r@?qﬁ ReNnd B b atréRyl( | )
includes R ‘that is nmethyl, and each R5-Ri 4 i s hydrogen.
group and Rj is a t-butyl group. Each of Rz, R4, Rs, Rg, Rs, Ro, Rig, Ri1, Ris, and Ryg is
hydrogen.
[0074) In an embodiment, structure (I) includes R, as a methyl group and Rj is a t-

butyl group. Each of R; and Ry, is an ethyl group. Each of Ry, R4, Rs, R, Rs, Ro, Rig, Ry,
Ri3, and Ry4 is hydrogen. ‘

[0075] In an embodiment, structure (I) includes each of R, Rs, Ry, Ry, Ryg, R}z, and
Ry4 as a methyl group and Rj is a t-butyl group. Each of R,, R4, R, Rg, Ryy, and Rlé, is
hydrogen.

[0076] In an embodiment, structure (I) includes R; as a methyl group and Rj is a t-

butyl group. Each of Rs, R7, Rg, Rjg, Rj2, and Ry4 is an i-propyl group. Each of R,, Ry, Re,
Rs, Ri1, and Ry3 is hydrogen.

[0077] In an embodiment, the substituted phenylene aromatic diester has a structure
(II) which includes R; that is a methyl group and Rj is a t-butyl group. Each of R; and Ry is
hydrogen. Rgand Ry are members of a Cs membered ring to form a 1-naphthoyl moiety. Rj3
and R4 are members of a C¢ membered ring to form another 1-naphthoyl moiety. Structure

(I) is provided below.
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[0068] In an enbodi ment, structure (1) includes R2 and R4 that are hydrogen
and R and R3 are the sane or different. Each of Rand R3 is selected from
a substi twoedidnysevacar byl group having 1 to 20 carbon aPOmHaIS2@9/069915
unsubsti tuted hydrocarbyl group having 1 to 20 carbon atons, and

conbi nations thereof. R5-Ri 4 are the sane or different and each of R5-R is
sel ected froma substituted hydrocarbyl group having 1 to 20 carbon atons,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atons,(Ilan al koxy
group having 1 to 20 carbon atons, al ogen, and conbi nati ons thereof.
[0069] In an enbodi ment, structure (I ) includes R and R3 that are the sane
or different. Each of R and R3 | Vectyed froma C-C 8 al kyl group, a
C3-C6 cycl oal kyl group, or a sggiptu C6 tycl oal kyl group. R5-Ri 4 are
the sane or different and each &R5-R 4 o ed from hydrogen, a G -C 8
al kyl group, and a hal ogen. imii of suitable C -C8 al kyl
groups include nethyl, ethyl, n- propyl |sopropyl n-butyl, i-butyl,

tbutyl, hﬂﬁ’gﬁnt yl, nlpaaﬁxent dimgrﬁoﬂl%%.ﬁ t}ﬁea Q%W—:ne HoGhY Id esf%pﬂ S %lstruc re

2,4,4-tr hyl pe rou es o su

cycl oal Kyl @hieHpsclides Imdlaatcis/@ hwﬂgmgydupaemd Ra)i€ hmlbavyy gr@upouaash of R, and Ry isher
enbodi nent, at | east one OOR5-R14 is a G -C al kyl oup ﬂgvﬁ en.
[0070] IHydErgeentfscindelt arespembersoé 2(Fy mieWé’F”i?ééglgR‘? Hata ?sna& Po1Y-oup
and R3 t a d

[0071] I gRE g ol BlkensYOLE, iRl i o BlutlR- el FRigRaRe

i sopr opyDyiseugpviddddetovef R2, R4 and R5-R 4 is hydrogen. [0072] In an
enbodi ment, structure (I) includes each of Ri, R5, and R 0 as qj@fthyl
group and R3 is a t-butyl group. Each,of R2, R4, R6-R and Rn-Ri

ucture (1) includes each of R, R7,
.utyl group. Each of R2, R4, R

hydrogen. [0073] In an enbodi nent,
and R 2 as a methyl group and R3 is a

R6, R8, R9, RO, Rn, R 3, an s M 9074] In an enbodi nent,
structure (1) |ncludes R as R3 is a thutyl
[0079] In an embodiment, structure (I) includes R, that is a methyl group and Rz is a

t-butyl group. Each of R; and Ry, is an ethoxy group. Each of Ry, R4, Rs, R, R, Ro, Ry,
Ri1, Ri3, and Ry is hydrogen. '

[0080] In an embodiment, structure (I) includes R, that is a methyl group and Rz is a
t-butyl group. Each of Ry and Ry, is a fluorine atom. Each of Ry, R4, Rs, Re, Rs, R, Ryo, Ry,
Ri3, and Ry is hydrogen.

[0081] In an embodiment, structure (I) includes R; that is a methyl group and R3 is a
t-butyl group. Each of R7 and Ry; is a chlorine atom. Each of Ry, R4, Rs, Re, Rs, Ro, Ryo, Riy,
Rj3, and Ry is hydrogen.

[0082] In an embodiment, structure (I) includes R, that is a methyl group and R3 is a
t-butyl group. Each of R; and Ry, is a bromine atom. Each of Rj, Ry, Rs, Rs, Rg, Ro, Ry,
Ri1, Ri3, and Ry4 is hydrogen.

[0083] In an embodiment, structure (I) includes R; that is a methyl group and Rz is a
t-butyl group. Each of R;7 and R;; is an iodine atom. Each of Ry, R4, Rs, Re, Rg, Ro, Ry, Ry,
R;3, and Ry is hydrogen.
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group. Each of R7 and Ris an ethyl group. Each of R2, R4, R5, R6, R8, R,
Rio, Rn, Ri3, and Ri4 is hydrogen. [0075] In an enbodi nent, structure (1)

i ncl udes wachioof7sé@1, R5, R7, R9, R0, R 2, and R} 4 as aPoetusgéoogsoup and R3
is at-butyl group. Each of R2, R4, R6, R8, Rn, and Ri 3 is hydrogen. [0076]
In an enbodi ment, structure (1) includes R as a nethyl group and R3 is a
tbutyl group. Each of R5, R7, R9, R o, R 2, and R is an i-propyl group.
Each of [@B84JR4, R61',n dﬁ&mﬁd;merﬁdstﬁicﬁlrb $) hiydundeg et . thft(9 7 Aethyl groupeariloRli ivent |

t he substltuted n tlc ester has a structur (I ) | C
i ncl udest Ylt %f&’tl}g) E é“ Hﬁﬁhi‘%ﬁ a5 chlgrine ?tOHhtg?cthq g\l\ﬂi"o&m
and R4 ig hydr 9aeR,, if8y#6gaR9 are rrenbers of a C6 nenbered rlng to forma

1- naphthoyi Aol ety Ri'3 and Ri 4 are nenbers of a C6 nenbered ring to form
anot her [0083lpht hoyln anxinghodimenty sfoictire (IOIHII<)1u<i10§ ngtb%tlléiédn%]@ylcﬁ}iplﬁmw lsrﬁ1 an

enbodlrre t he subst.it e ny ar ongy h t pu

(111) Wrﬁ $f8l‘181d§§°}hofﬁéz ? aﬂ’ggﬁ@ groﬁrd Qnd %R%E{wh &SRz’l%{lgﬂ f{f dr’oup
Each of R, Rﬁdarﬁ‘IRthﬁl}}dilb en. R6 and R7 are nenbers of a C6 merrbered ring
to forma 2- napht hoyl noi ety Ri2 and R 3 are nenbers of a menher ed

ring to [088¢h a 2- nlammq@amdlwte&tgucm (lyinclpde I%uthqﬂ)ls P@eﬂ%\grw&né&dw t-
L9070 ety SRR # et KR aee B, (e 1o o et 9o
R2, R, [8987]R6, RS8In @(e}nbda!lmentmrucﬁlra (D) andudsis Rlsthzlftylsl nogeiy] gro@said ijusain
A TN B IS NI N
st ruet or ST KPR A TS %2 et vl aroup and Ra-is a t-buryl ' group.
Each of [@988ind Ri 2Inian qnbﬁdllmcntnﬁrl@tluaﬁ)mw? fRiRRat iR4 madsyl greup &8l %Rs,a Ri o,
R, t-butyl group. Each of R; and R;, is an ethoxycarbonyl group. Each of Ry, R4, Rs, Re, Rs,

Ro, R0, Ri1, Ri3, and R4 is hydrogen.

[0089] In an embodiment, R; is methyl group and Rj is a t-butyl group. Each of Ry

and R, is an ethoxy group. Each of Ry, Ry, Rs, R, Rs, Ro, Rig, Ri1, Ri3, and Ry4 is hydrogen.

[0090] In an embodiment, structure (I) includes R; that is a methyl group and R is a

t-butyl group. Each of R; and Rj; is an diethylamino group. Each of Ry, R4, Rs, R, Rs, Ry,

R0, Ri1, Ri3, and Ry4 is hydrogen.

[0091] In an embodiment, structure (I) includes R; that is a methyl group and R3 is a

2,4,4-trimethylpentan-2-yl group. Each of R;, R4 and Rs-Ry4 is hydrogen.

[0092] In an embodiment, structure (I) includes R; and Rj, each of which is a sec-

butyl group. Each of R, R4 and Rs-Ry4 is hydrogen.

[0093] In an embodiment, the substituted phenylene aromatic diester has a structure

(IV) whereby R; and R, are members of a Cs membered ring to form a 1,2-naphthalene

moiety. Each of Rs-Rj4 is hydrogen. Structure (IV) is provided below.

0o

o] o

Iv)
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Ri 3, an
R t hat

a brom newetormvo7&meh of R2, R4, R5, R6, R8, RO, R 0, RnPCRIUB200206098F 4 i s

hydr oge
met hyl

d R4 is hydrogen. [0082] In an enbodi nent, structure (1) includes

is a nmethyl group and R3 is a t-butyl group. Each of R7 and R] 2

n. [0083] In an enbodi nent, structure (1) includes Rthat is a
group and R3 is a t-butyl group. Each of R7 and Ri2 is an iodine

atom Each of R2, R4, R5, R6, R8, RO, RO, Rh, R 3, and R4 is

hydr oge
met hyl
chlorin
[ 0085]
and R3
Each of

enbodinent, structure (I) i nclude Ri

t but yl

enbodi ment, structure (I) includes Ri

t - butyl
R4, R5,

enbodi nent, structure (I) includes

t - butyl
R4, R5,
enbodl
Ri2is
Ri4is
a met hy
di et hyl
i's hydr

M00®484] | rinaan entxaimesnthe ssbstitoted phefylgne aromatieslieﬂrr hbsae sirgetare

VBBt s oo pirepeie At Gughompged it O fomed 277 Sailgfen

is

I RoRfy. %QEH@? e, 1s%ﬂf6é%ﬁ”§trﬁdtﬁre::g8m hé&ﬁ@ﬁld@i bélgat is a nmethyl group

is a't-butyl group. "Each
R2, R4, R, R7, R, Rio, R2, and Ri4 is hydrogen. [0088) In an
is a nethyl group and R3is a

group. Each of R2, R4 and R5-

group. Each of R7 and is 3

R6, R8, R9, Rio, Rl 1, ydrogen. [0088] In an

AESIR | Sn R SnbillnBhe 0GR kU096 KL W He LR merhyl

s a fluorine atom [0087] In an
is a nethyl group and R3is a
16 onethyl group. Each of R2,

is-a nmethyl group and R3 is a
group. Each of R7 and Ri 2 is an efhoxycarbonyl group. Each of R2,

and RR3 is a chlorine atom

o). heach IIROLR;, REaendfR RR, , BAydRgenR6, R8, R9, Rlo Rn, Ri3, and

hydrogen. [0090] .In, an enbodi ct cl ud R t hat
Il % QJUp anan?} qrﬂ‘,boélfflcrgiﬁtwcuggglg bncllg%éﬁ{ FatF@g él%ﬁﬁll‘l)a géojqu As an ?—

is

gglé@q g%lﬁ)u@acﬁﬁ?ﬁz, 3, R?—’R9%d RR?RMR@hyﬁ%geIRg R' 0, Rn, Ri 3, and R 4

[0097] In an embodiment, structure (I) includes Rj, R3, and R4, each of which is an i-
propyl group. Each of Ry, Rs-Rg and Rjo-Ri4 is hydrogen.

[0098] Ethoxide content in the procatalyst composition indicates the completeness of
conversion of precursor metal ethoxide into a metal halide. The present internal electron
donor assists in converting ethoxide into halide during halogenation. In an embodiment, the
procatalyst composition includes from about 0.01 wt % to about 1.0 wt %, or from about 0.05
wt % to about 0.5 wt % ethoxide. Weight percent is based on the total weight of the
procatalyst composition.

[0099] In an embodiment, the procatalyst composition includes from about 0.1 wt %
to about 30.0 wt %, or from about 1.0 wt % to about 25.0 wt %, or from about 5.0 wt % to
about 20.0 wt % substituted phenylene aromatic diester. Weight percent is based on the total
weight of the procatalyst composition.

[00100] 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.

[00101] In an embodiment, the magnesium to 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.
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[0091] In an enbodi ment, structure (1) includes R that is a nethyl group
and R3 is a 2,4,4-trinethyl pentan-2-yl group. Each of R2, R4 and R5-Ri 4 is
hydr ogen.wpQ0B2}7s49n an enbodi nent, structure (1) includesTRiS2eém@6HN3; each
of which is a secbutyl group. Each of R2, R4 and R5-Ri 4 is hydrogen. [0093]
In an enbodi ment, the substituted phenyl ene aromatic diester has a
structure (I\/) whereby R and R2 are nenbers of a C6 nenbered ring to form

al, 2- ngn 022! ene [Hohet ¥mbdda@BntOfanBeR grotAalpydcoppositi&t risicprovided.| V)Thies
provi ded bel ow. [0094] In an embodi ment, the substituted hen¥l ene aromatic
fitagiung mRiger ed

di est er mieeatalysicompesitien (ngludgs gr EgbIFoRR] PGSR MIFLY. &
ring to f (a{%;&egﬁrﬁerlﬁg %E%ﬂ{)ecfb%ofm%ggéeg]@? H Dy ed%%rda?el@é’tﬁfnocgﬁﬂar” is (i ))

_Structure rovi nan e |mant structure
i ncl udes dﬂbstﬁﬂt&dl@ﬁemy}a’te avmatadiestar, Gt d]yélegrcmm@noEemhpmfenﬁhat d%&ateRE-pRirand

ROR 4 is dr ogen 0096] In an enbodi nent struct clud

that is o eﬂ%%/rﬁg}% RGPy ™R el PSRy he roliptt ESHRTGE Rporion 8T Ning R
-Ri4 s ﬁﬁgﬁ @the[f %%Yﬂon!eﬁ}s anpg rmoghﬂ&ﬁﬁlents'[thé'@létrtl%n( Honor NEdnustRenis aR3,
and R4, i's an ipropyl group. Each R2, R5-R9 and RiO-Ri4 is

hydr ogerphﬂ[ama@@&] dlEtﬁlthbdaZQam;taadltomhlnaﬂmlSph@c@ﬁ angﬁsxromy)ﬁ@pmmﬁtlornmtbat es
the com etene s .of ver si.on of ecur.sor oxli de

hal i de. iﬁﬁémﬁ? é‘gﬂ?’afolle‘étf%fio%qre@fip%np{?g%erd %SVY agt %ftﬁj 8%31\}%1?’?t| Iﬁgd‘g“? O§XI de
i nto halgré@ddrerdsigeicisPpgiRabican. | n an ermbodi ment, the procatal yst
conposition includes fromabout 0.01 wt %to about 1.0 Wt % or from about

0.05 wt [09103] aboutThe. Spregent, prasailyge. CORPASHIONSe MRt CQNAPTFEs dWOorPTt HBO ot al

wei ght of .t nposition. [0099] In an enbodi nent, the
procat al ystiola?mgr{tggi’él%l?%)eﬁ%%eﬁ% ‘udes fromabout 0.1 wt %to about 30.0 w % or

from abqoo104]0 W IfodnOerabadimeRt aOcaMly%coﬁfpoﬁmlomlalpmJﬁdeﬁl. OA\Mus% thereahdat
20.0 wt % substituted phenyl ene aro t c di est]etr |%h ent is bgsed
on the tgtalyst GRMBAIteR ISHeCHRRRSEIoR) tha E‘Bﬁﬁﬂsﬂ‘i irishased Polyrler when confacte

with an olefin under polymerization conditions. The catalyst composition includes a
procatalyst composition and a cocatalyst. The procatalyst composition can be any of the
foregoing procatalyst compositions containing a substituted phenylene aromatic diester. The
catalyst composition may optionally include an external electron donor and/or an activity
limiting agent.

[00105] In an embodiment, the internal electron donor of the catalyst composition is a
substituted phenylene aromatic diester. The substituted phenylene aromatic diester can be
any substituted phenylene aromatic diester as disclosed herein.

[00106] In an embodiment, the internal electron donor of the catalyst composition is a
mixed internal electron donor. The mixed internal electron donor can include (i) a
substituted phenylene aromatic diester and a phthalate, (ii) a substituted phenylene aromatic
diester and a benzoate (such as ethyl benzoate), or (iii) a substituted phenylene aromatic
diester and a diether.

[00107] The catalyst composition includes a cocatalyst. As used herein, a “cocatalyst”
is a substance capable of converting the procatalyst 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 R3Al wherein each R is an
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[ 00100] In an enbodi nent, the procatal yst conposition includes from about
0.1 Ww %to about 6.0 vt % or fromabout 1.0 Wt %to about 5.0 Wt %
titani umwdéanghts4der cent i s based on the total weight offcrhus2@wocmtisal yst
conposition. [00101] In an enbodi ment, the magnesiumto internal electron
donor nmolar ratio is fromabout 100:1 to about 1:1, or fromabout 30:1 to
about 2:1, or fromabout 20:1 to about 3:1.[00102] In an enbodi nent,

anot her gicyacajichlalkst, acdnpolsydride madisal patdesistiet. R Thehypdrocablryditalcovpashteeon

i ncl udes_a conbi nati on of. a nagnesi.u iety, a titaniumnoiet nd m xed
inter naIRé‘Tdé?ﬁls_r e gred iR exclg r?éfag}fﬁ?ﬁlagﬁﬁ%acxc éﬁﬂ%\tf‘reéle%%‘[ ]?c?ﬁn S’Snor "
is (1) gy ?ﬁé b{j &ﬁfﬁf&ne%ayéaamﬁéf%@dm% IaGhydt REFHA radidal )had 18128CkafM AGRYT

corrponent t onates a palr electrons to on.e or nore net al's pr esent in
t he resulntlgmefepblic ttal lpstarbamplogist i lora furthgr ¢imbpylinent.i esnllallgy] sadieal can be

conponents. .In an e di ment . the.electrop_dener caonponent.is.. a,phthal ate,
2 G et netraieyt gt AsERa Chh "ol AP rEReSh SREeE cof PO AR KRy Y. e
conposi trh@Balvdahtohtier BiYEGryINhed/oaty @b r@ousio Nohligdtihdexapipdstuseditalyleway
of the procatal yst production procedure as previously disclosed. [00103

'(;'_he lor egadicalpraeatmatd: cdohposrepdndsapagpybopiitye isakaitds t%b@%nﬁ‘@éﬂ%n% s
I scl os rein 10 | t, t et '
provi degl.%oﬂegl tﬁs ea-k{"eugﬂéi g}métgy@g?tgpggﬁ%%gnnbogﬁf %n%él/os%tt}g?ggm}%eix%nlsf% hat

folr s arﬁimbelfylhaxjalagadnﬁohadﬁeyl, isbéueyL aninde¢y@th-dbddeybn ol ef i n under
pol ymeri zation conditions. The catal yst c osition includes a procatal yst
conposi tIMBH8Ind a Nesduulng sxamipes FBE%E{I%;?‘Q/HE"LOC@%%@W?‘HH IR 85f t he

f or egoi %g&&@.c%ﬁi@& S1al i tHONReSRLALRMNY dfsctpRLu e RRBIN! edig-

aromatic diester. The catal yst conposition may optionally include an
ext er nalhegylebimionmd dnolridan disobutyhalwcinimi t ¢ihlydmde, i mghexydateminueo108iydride,an

nbodi mept , ' nal el d .of L '
Cubst it dhstbyHBRpTRE o r aeet amitie: STREfr ElabRn RSP e o

di ester t§alpR@ylaluminum, triisopropylaluminum, tri-n-butylaluminum, tri-n-octylaluminum, tri-

n-decylaluminum, tri-n-dodecylaluminum. In an embodiment, the cocatalyst is selected from
triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, diisobutylaluminum hydride,
and di-n-hexylaluminum hydride.

[00109] In an embodiment, the cocatalyst is a hydrocarbyl aluminum compound
represented by.the formula R,AIX3., 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,
tetraethyldialuminoxane,  tetraisobutyldialuminoxane, diethylaluminum  chloride,
ethylaluminum dichloride, methylaluminum dichloride, and dimethylaluminum chloride. -
[00110] In an embodiment, the cocatalyst is triethylaluminum. The molar ratio of
aluminum to titanium is from about 5:1 to about 500:1, or from about 10:1 to about 200:1, or
from about 15:1 to about 150:1, or from about 20:1 to about 100:1. In another embodiment,
the molar ratio of aluminum to titanium is about 45:1.

[00111] 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
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any substituted phenyl ene aromatic diester as disclosed herein. [00106] In
an enbodi nent, the internal electron donor of the catalyst conposition is a
m xed i ntworalo/eseat ron donor. The m xed i nternal el ect POm/U$RIVONIIAHT
include (i) a substituted phenylene aromatic diester and a phthalate, (ii)
a substituted phenylene aromatic diester and a benzoate (such as et hyl
benzoate), or (iii) a substituted phenylene aromatic diester and a diether.
[00107] ekpansladladtiomt dsioRRaRAicEOBathlysl stehedscddectiontat @ley b .redesisgiinbisolabk, a
"cocatalyst” is a substance capable of converting the procatalyst to an
active pBrigHerinshg logRARPORMY-. The cocatal yst may incl ude hydrides,

al kyl's, @Plgﬂyl S %l A Hﬂ%&ﬁfﬂeﬁﬂ, itﬁeh%ﬂggnalzéleﬁront ddhor GREMHLIBle RS Bl 418 or

magnesi u d conbinations thereof. I n an enbodi nent, the cocatalyst is a
hydr ocartoyte aff thei followinge atmlajiskysibpeeaeament, By ¢the, Aorankdxalar3 /A ketbes, einn

o hyar ocaiPlg:® FBE; » Pl vhre, Are it PRPEY £k IO AW PRe B ¢

radi cal §oRigeg 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, af@l13ef er albl gn Enthedimaenta thso axtamehwleciran adongr tinen elkpevsilagmt  Theach

al kyl ragdical..can,be r ai ranche ai npa .
radi cal %fé%xyglelange r}rll%et@é rgé%a?%glf?ﬁ?agi fgq?'ﬂ@)}?g“d’i‘ gzlzl)l %gﬁéj%nl ggﬁﬂgﬁqﬁl?%acgr yl,
and/h olr coc@{ﬁﬁleddeyi hgrrogﬁmr aN@Idkddaﬂfyil agargmm}ol gesupdptivubliyphibstitudi with sneasre:
met hyl , ethyl, n-propyl, .isopropyl, n-huty i sobut yl, rt-butyl, .

n- pent y| Molsedhetiugnts ceniaining ons grematy Heomny 14, fﬁghbéat(}ﬂ 1% -e@E‘{W?r%{S’isé‘%gt yl,
2- et hyl o - rch}nty eX¥ihti  arld , R} kvstendes!
n- dodec;kle(‘)?l(l y+188€8§]t0 %gn Im }tuf)}ng e&%%@ggégf aﬂgu}?‘?%h’eRhﬁ gﬁ%? llg()y/lr]gﬂgpg’sn&)r?um
conpoundas iafg1a3 of 8l lowas entbodinsmi R y¢ Gk iprarypluaikyt of amalkybx§sliakcyatoalkyh Cs.i

di i sobutyl al. um num hydri de, ..di - nhexyl al um num hydri de, Jspbutyl al ym num
di hydri ?H%P?@ﬂwl’a?yuﬂf-ﬁﬂcmw&wéé alavaos%fsma'y"ﬁ*hgx&-aﬁ%%ﬁrmﬂ]m s 1or

i sobut yI1dbA1exiingleXathPlesTbf §uilaBRISMYhALSHPAUDNS Thd @l Yt @l sPEnRldinethoxysilane,

tri-n-propylalum num triisopropylalumnum tri-n-butylalum num _
tri - n- ocdiytbradbutyildimethoxysilane.decyl al uni num t ri - nddalsaglob¢umdimgoxysilaan

enbodi nerplgthyltcycqoﬁ&%l?&igthg%}silége, Seﬁlly?c%ftcﬁ)%e;(};lgi%ethoxysilane, diphenyldimethoxysilane,
diisopropyldimethoxysilane, di-n-propyldimethoxysilane, diisobutyldimethoxysilane,
diisobutyldiethoxysilane, isobutylisopropyldimethoxysilane, di-n-butyldimethoxysilane,

cyclopentyltrimethoxysilane, — isopropyltrimethoxysilane, n-propyltrimethoxysilane, n-

propyltriethoxysilane, ethyltriethoxysilane, tetramethoxysilane, tetraethoxysilane,
diethylaminotriethoxysilane, cyclopentylpyrrolidinodimethoxysilane,
bis(pyrrolidino)dimethoxysilane, - bis(perhydroisoquinolino)dimethoxysilane, and
dimethyldimethoxysilane. In an embodiment, the silane composition is

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

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

[00115] 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
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triethylalum num triisobutylalumnum tri-n-hexylalum num

di i sobutyl al um num hydri de, and di-n-hexyl al um num hydride. [00109] In an
enbodi mrenwp 20tv78dagat al yst i s a hydrocarbyl al um num comrpoarsdomepresent ed
by the formula RnAl X3-11 wherein n =1 or 2, Ris an alkyl, and Xis a

hal i de or al koxide. Nonlimting exanples of suitable conpounds are as

foll ows: nethyl al um noxane, i sobutyl al um noxane, diethyl al um num et hoxi de,
di i sobutel¢adonrdonomnis 2Ll 6iteleamdtitipmetibipk dirnénatharexrdodiment, the external electron
tetrai sobutyl dlcﬁ m noxane, diethyl al um num chl ori de, ethyl al unm num

di chl or| QRROT f5ek ?k{%ﬂ um num di chl ori de, and di met hyl al umi num chl ori de.

[00110] P(ﬂ1 enb ogli R bod it GRE @ﬁtﬁiy&séon'lp%sftiroh%(flﬂde@ labl rﬁbtn‘&lgl hﬂihﬁlgrﬁgkﬁr

rati o of a numto titaniumis from about 5: to about 50 rom
about 1QA’]LA)0 Aboused Doz, am?adwnmlm@ug aESI‘ltl (f ALébmeQ argatenial dat fedyessabout

20:1 to a er enb t he al mto
titani urﬁa?ag B%)Th‘flfyét% %Vatfg Ile]ratPW (Zﬁ ge o&%tﬂrgrﬁre ﬁéanc Ou?gggc)coA:%rlnggl tion
| ncl udesinRibite o fthavise! d@@wﬂw pI8RRFizath HSedr rmeselamd @iuresxoatimdty ef €rtron
donor" is a conpound added i ndependent of Erocat al yst formation and

cont ai nspOéImﬁfeﬁelpn d’ﬁ‘eceﬁ%ncTt‘/P@ﬁ]éY e @GbVli)hQ 211%1‘??&1}%@1 eatalysty dnragasegaathsai r
of el ecéj ?(ﬂgr {egﬁ)eex L3l se?at 2@&%&?&2&%& dp% Cﬁl&ﬁ lrﬁﬁlln{aﬂ?ﬂfg% ac'tﬁ/ltﬂl fiear

bel i eve erna at a
st er eoseahecikeMing ypoifi t€mpertitorg eduthes po(lyhxeneprsdlidebl e"hnfahmtu gdnerated by fler mant

pol yner) 00112] In an enbodi.nent, the ex er nal ectron donor b
sel ect ecFXPh]SFﬁlﬁn@ lymeriggatign geacfign may| $ak H@ YIgh p&qu Jeifpamage Qﬁleﬁﬂtr%/ %

et her, amg}athﬁ gt [€ad ® R }Lﬁﬂf%n FeABhERy f& GRIIMNBECprodudiRASHOERS. B

phosphate hite, fonate, a sulfone, and/or a sul foxide. [00113]
I n an endbdi rvelme,s ¢Myﬂxatcewnﬁlat el eetedotenporaire; theggbyapRosiog| rgaeior Thset,

al koxysi | t he eral fornmul a:, Si

i ndepencfgﬁ‘fql h P6%‘%BEP@ncI@Iﬁ“§e h%@%@%}% a‘)mrﬂfylaerngéré‘%%yfo%lrnug% ki s
group Omdlﬁﬂaﬁéaﬁoﬁfﬁﬁkgst uted with one or nore substituents containing one

or nore Goup 14, 15, 16, or 17 heteroatons, said R
[00117] The act1v1ty limiting agent may be a carboxylic acid ester, a diether, a

poly(alkene glycol), poly(alkene glycol)ester, a diol ester, and combinations thereof. The
carboxylic acid ester can be an aliphatic or aromatic, mono-or poly-carboxylic acid ester.
Nonlimiting examples of suitable monocarboxylic acid esters include ethyl and methyl
benzoate, ethyl p-methoxybenzoate, methyl p-ethoxybenzoate, ethyl p-ethoxybenzoate, ethyl
acrylate, methyl methacrylate, ethyl acetate, ethyl p-chlorobenzoate, hexyl p-aminobenzoate,
isopropyl naphthenate, n-amyl toluate, ethyl cyclohexanoate and propyl pivalate.

[00118] Nonlimiting examples of suitable polycarboxylic acid esters include dimethyl
phthalate, diethyl phthalate, di-n-propyl phthalate, diisopropyl phthalate, di-n-butyl phthalate,
diisobutyl phthalate, di-tert-butyl phthalate, diisoamyl phthalate, di-tert-amyl phthalate,
dineopentyl phthalate, di-2-ethylhexyl phthalate, di-2-ethyldecyl phthalate, diethyl
terephthalate, dioctyl terephthalate, and bis[4-(vinyloxy)butyl]terephthalate, .

[00119] The aliphatic carboxylic acid ester may be a C4-C3 aliphatic acid ester, may
be a mono- or a poly- (two or more) ester, may be straight chain or branched, may be
saturated or unsaturated, and any combination thereof. The C4-Cj3 aliphatic acid ester may
also be substituted with one or more Group 14, 15 or 16 heteroatom containing substituents.

Nonlimiting examples of suitable Cs-Cso aliphatic acid esters include Cj.po alkyl esters of
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containing up to 20 atons not counting hydrogen and halogen; R is a Cl-4
al kyl group; and mis 0, 1, 2 or 3. In an enbodinent, Ris C6-12 aryl,

al kyl or woablwd7849€3-12 cycl oal kyl, C3-12 branched al kylpcTars2¢0840d®1£ycl i c
or acyclic amno group, R is G-4 alkyl, and mis 1 or 2. Nonlimting
exanpl es of suitable silane conpositions include

di cycl opent yl di net hoxysi | ane, di-tert-butyl di met hoxysil ane,

met hyl cygipahex ﬁﬁﬁlb@fb@)iylhamldsﬁﬂlby hikyt lesthexyf aliipgatio xChsh Insom@carboxylic

et hyl cycl ohexyl di met hoxysi | ane, | di met hoxysi | ape,

di i sopr ds¥Asd Cire ehoxpeng-FAd d lﬁtelﬁ%%lbg‘ﬁly & Crre RERQFETROXMBC acids and dicarboxylic

di i sobut i et I ,
|sobutyﬁ%é%bggpeﬁﬁ?ﬁgkﬁggwgﬁkgﬁg@yg &Bhﬁ%hﬂ&%ﬁ%@?ﬁgémgfh%ﬂ%myhcamdsand
cycl oper(twotmomretd)topglscdrhweylates@prvaamﬁlstwﬁ Gﬁtobldpyls(bglm or Ca.100 (poly)glycol

- | t | t by | Widrjeth
b eI SRt SRR RECT ¢ e TR AR B S o B iR 0
cycl openy iéélHM{afeO lai éﬂédﬁﬁdl EbRakyYSs kévasate b{p%(}%éﬂ J%ﬂed%l@&)l}j h{mbh OX MRictaRs,

bi s( per hydr oi soqui nol |no)d|nethoxy5|lane | di met hoxysi | ane.
an enbodpaialkyldne séydoé)neomrmdmmyrmattiSs (MIMksdmglyPQj} P&l peatss,

- pr opy! PP PRI S ARETY R RS Sk L Eere T, efer isaer of G

I'n an erm@ﬁaﬁaa@arbokﬁe; axaerml ndsmaars thafbolﬁe I @i fikthee embodimengagie 4-Cso
al koxysil anes. In a further enbodi nent, the mixture can be
d|cycloﬁ%ﬁ$@@ﬁ@%§ﬂh@?&@PYﬁﬁéﬂﬁﬁﬁOﬁétﬁ?PBQé@Bﬁ@ﬁyld|nethoxy5|lane
di cycl o di met hpxysi |l angmand
di cycl og@npq]dl met hoxystHlane gﬁdthtﬁ%%tﬁ@%mﬁ oxylsl?l ger?ea d %I%rl TSIie dl%th?arn
enbodi metah betahie3-dictler nemnpetrelepese ndahioy thesfo]ﬂ;cahegts‘edctﬁlredfv’ﬂbne or nore of the
foll ow ng: a benzoate, a succinate, and/or a diol ester. In an(agﬁodlnent
t he external el ectron donor is 2,2,6,6- getranethylplperldlne In ot her
enbodi nent, the external electron donon is a diether. [00116] In an
enbodi ment, the catal yst conpgsibiop—igcluydes-anractivity limting agent
(ALA). As used herein, an "activity Iiﬁiting agent” ("ALA") is a material
that reduces catal yst activity at elevated tenperature (i.e., tenperature
greater than about 85C). An ALA

[00121] wherein R; to Ry are independently of one another an alkyl, aryl or aralkyl

n

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

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

composition having the following structure (VII):

(VID)
R R
R'O@OR'
o 0
[00123] wherein R and R’ may be the same or different, R and/or R’ including one

or more of the following groups: hydrogen, linear or branched alkyl, alkenyl, cycloalkyl,
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inhibits or otherw se prevents polynerization reactor upset and ensures
continuity of the polynerization process. Typically, the activity of

Zi egl er - NsOta100E8@Myst s i ncreases as the reactor tenper CUNS200006915
Ziegler-Natta catalysts also typically maintain high activity near the
melting point tenperature of the polyner produced. The heat generated by
the exotherm c pol ynerization reaction may cause polyner particles to form
aggl onerayk ardalityhay alkylarpiapmiup, bptichatlp ehntainipg iheteradftornpnt@meupt yndroringhe

pol ynmer production process. The ALA reduces.catal yst act|V|ty at el evated
t enper at%‘i“ét“r‘isri’éflé?ﬁgo é‘ﬁ?‘i“?w%rl?"éﬁz‘[%%%}fi%sétﬂon? %‘Ub‘? % (or preventing)
par ticl gopggi -JLorTer ahl g, en%Ulln%@ﬁu rthé‘gicﬁ%@} |10ty Q%ni hfclpedsy BBdibE adsicP Nas
process. |[00117] The activity |imting agent may be a carboxylic acid

ester, aecpiestntathy the fallopfiag keweurg|(YEd):) poI y(al kene glycol)ester, a diol
ester, and combinations thereof. The carboxylic acid ester can
aliphatic or aromatic, nono-or pdly-carboxyli¢c acid ester. Nonlim ?I ng

exanpl es of suitable nonocarbexyllic _ablc_lgj_cb_s;_eh‘s | ude ethyl and nethyl
benzoate, ethyl p-net hoxy7 te et h | | p- et hgxyhenzoat e, et hyl ,
p- et hoxybenzoate, ethyl acry#ate, nmethyl TethacryVate, ethyl acetate, et hyl

p-chl orobenzoate, hexyl p-am nobenzoate, |soprop]£2 napht henat e, n-any

t ol ualt e, loauﬁm tcycwlaﬁxemaw@axnemag@r fiprogyib Spi Rpamsk nlaaydvpltsf smmpt ﬁlifErw@
exa e
oD ol b SrBAL RO A SR SpBel PAfS TR TRl 2t e

pht hal attﬁl,tyldla]lﬁolphérwll @hhaha#] ¢l gfbup! REIRRURYIRsPRE, i‘midaRﬁma'@h besthansﬁfne or

pht hal ate, di-tert-a al at e, di nepgpentyl phthal ate e | hexyl

pht hal atdffergnt, andteagh d@é’ybe stledied o mregﬁylhal%ﬁ&p?ﬂbﬁ%‘iué?@e or &PS}E’F%‘J&

t er epht [ I

al i phati car%{)b(ﬁl H?Ylgé gc}? ég{ﬁéb%%%sbg@lgl %ﬁ{u&g{agI%#)%g%lllyccog%%é%s?re@&emy

Ee a Lm(rjhﬁeroatoms pe;blyemg toa/cbotnr hpdrogdn estbeth, thaylebm-stbnas@tmect i ngrogen,
ranche

Y B B S SRR A, AR O AR B0k orne

14, 15 ofhg)Bay6d 85RRUABARP RhMoRialtin SUBRL 2L UENESS- and 6-position of either phenyl
ring.
[00126] In an embodiment, the external electron donor and/or activity limiting agent
can be added into the reactor separately. In another embodiment, the external electron donor
and the activity limiting agent can be mixed together in advance and then added into the
" reactor as a mixture. In the mixture, more than one external electron donor or more than one
activity limiting agent can be used. In an embodiment, the mixture is
dicyclopentyldimethoxysilane and isopropyl myristate, dicyclopentyldimethoxysilane and
poly(ethylene glycol) laurate, dicyclopentyldimethoxysilane and isopropyl myristate and
poly(ethylene glycol) dioleate, methylcyclohexyldimethoxysilane and isopropyl myristate, n-
propyltrimethoxysilane  and  isopropyl  myristate, dimethyldimethoxysilane and
methylcyclohexyldimethoxysilane and isopropyl muyristate, dicyclopentyldimethoxysilane
and n-propyltriethoxysilane and isopropyl myristate, and dicyclopentyldimethoxysilane and
tetracthoxysilane and isopropyl myristate, and combinations thereof.

[00127] In an embodiment, the catalyst composition includes any of the foregoing

external electron donors in combination with any of the foregoing activity limiting agents.
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Nonlim ting exanples of suitable C4-C30 aliphatic acid esters include C -20
al kyl esters ofaliphatic C4-30 nonocarboxylic acids, G -20 al kyl esters of
al i phati cwG2e78dnocar boxylic acids, C -4 allyl nono- aou/use@9easss of

al i phati c C4-20 nonocarboxylic acids and di carboxylic acids, G -4 alkyl
esters of aliphatic C8-20 nonocarboxylic acids and di carboxylic acids, and
C4- 20 nmono- or pol ycarboxyl ate derivatives of C2-100 (poly)glycols or C2-

i 00 (polppuigjcol erteep@sent reatalfsticbm@bsiGon agiyn®mpriseevoCdr fidce ainbpdiatehs aci d
ester may be a laurate, a nyristate, a palmtate, a stearate, an ol eates, a
sebacat 1“@%@ﬁ§?¢ﬁ}kylene gl ycol) nono- or diacetates, (poly)(alkylene

gl ycol ) p agsty HO0R

di -l aurate (pon (gyky éﬁ%ﬁéFy%o #%ﬁ%ngﬁ g%ﬁgmﬂéy g%%s ?1%anmrls
tri(ac etmbe)i;ed gl Bteeprokedsr incldee combet®y- 40 okdfinphathi € ca‘atybbxyllnpcsmm agderand

m xtures thereof. In g furth enb dlnent the C4- St

i sopr opyﬂotlm?rﬂ@flﬁ? ecob‘alt’d’Ps ﬁh? JAAtalY FOMHOSItOR oifs 5?#)8%‘6% lpﬁ’gﬁ' enelt he
acti Vit yarhin@iid | ki@ 9e Nthel ﬁ%sﬁﬂﬁ&i heyBiee bhrondiR die@ttePQfan CBd ah? ﬁlbémtﬁte_d

-di ether compound represented by the followng structure (VI): (V) R3 O

ccc ommznq dibeaaktenredietlnsed herein RATherrsosass Sehed anelnges dorraing aarﬂi@ﬁn:r an
al kyl , q? aral kyl group having up to 20 carbon atons, which may
optiona "’édc%‘?h’%‘h a group 14, 15, 16, or 17 heteroatom and R and R may

be a hydpogsy) at omm The cdibdldiiéel hde wBidlylsi nadipositidar anclndss, anptocmylyst
i ncl ude one or nore of the follow ng groups: alkyl, cycloaliphatic, aryI
al kyl ar ydomsosisiop| andky coeBlEs s Mict Rrofatalyst £OBBRSIHPBNEAY aBfd 2RY IPSEEAYSR]

o 72 Wy By CI R ORT, oY RcEhite LR oo papkadane o

succi natpgheagleposiotriatio ditster g thdimtdrod] | ebavtron dsnommt aimaxgdvintenal Eléctryn 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.
[00131] 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.
[00132] 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, Cszo 0-
olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-
decene, 1-dodecene and the like; Cjp diolefins, such as 1,3-butadiene, 1,3-pentadiene,
norbornadiene, S5-ethylidene-2-norbornene (ENB) and dicyclopentadiene; Cg4o vinyl
aromatic compounds including styrene, o-, m-, and p-methylstyrene, divinylbenzene,
vinylbiphenyl, vinylnapthalene; and halogen-substituted Cg4o vinyl aromatic compounds
such as chlorostyrene and fluorostyrene.
[00133] 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
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[00123] wherein Rand R may be the sane or different, R and/or R

I ncl udi ng one or nore of the follow ng groups: hydrogen, |inear or branched
al kyl , alwerrgioo7849al oal kyl , aryl, aryl al kyl or al kyl aryl pgraispiosopsidnal |y
cont ai ning heteroatons. One or nore ring structures can be formed via one
or both 2- and 3-position carbon atom [00124] In an enbodi nent, the
activity limting agent includes a diol ester as represented by the

f ol | owi Ngo&dsk utlyUseea §aé ghape, o DR abidk eblynterizaticanprondsegeperdtingrm bne,cor5. R1
and R2, may be the sane or different, and each nay be selected from

hly:jrlogeanWébﬁy‘Pne Eﬁaﬁtﬁr n- Apropyl i - pro%g/tl nRg blé;%y::g i - butyI t butyl, )
ally or ja p"@;ﬂ% diEAP faden®
same orp@ ?%/elre eac ) bepggﬁlee(rzlt etljo f r%cr% hydrogengj hal ogenl?) :

substit Lpoéyinematmms wﬂsstsedl helech h‘gmlsr pwac bylynieaizating” iis the msagardf@n astending

R1-R6 grpoups. ma tion Ln _one or nore heteroatons re

car bon, fﬁﬂgﬁzﬂ’ééﬁ ‘g‘rﬁ) ﬁ'}uu%/lelgg é‘fn& COBHZTE Y SPTF IPCHTS Bb pre&?%ﬁen
sul fur, &idt6adst t%qu BAWISize Hed oD BYIPBRI partiéled RchidfainedRY a tﬂ%ucllbéﬂ |agwyor
dlfferent and” may be bonded to any carbon atom of the 2- -, and

5
6- posi t i the floidiging Iimdllphe fluidipatipn, T Gbudieyd. ar ﬂulérzmﬁj’u ifnargas- seh@ centegingal

el ectron donor and/or., act act or
separ at dify© y. ?H‘&' octhhePe(Pn%ﬁlael dl\fl&({ h@grggggé}rﬁgﬁgnﬁ ron %%Fag% a?; %%ts g
activit ystlehdil 61l 1g. AWEIdiza6ion doeurBiix @dbddogepdreculates &ﬁh\iﬁlmﬁalp&\mﬂd tfloenoffidied
into the reactor as a mxture. In the mxture, nore th%n one e({lgrrnal

(]

el ect r orfhenygbrthe inteisHesst ofathe disd %fd?qm‘?l?sy aftgIpg ?lH’i@SS‘é’ij’eﬁli rerfalyand, &igiongly an
enbodi \; el |

nyri st g‘t%gg 3}lcyc ngéﬁ ssfa&'e‘%q @fggﬁ gvﬁigﬂ ggh%g)éy? (%Bfaene gllkécol )H?yaur ate,
d: cyc: ;)thymdzxdpmtlhmxy@iehémmmmdlm&w stpiel bmrstlsamtef arihnqhallng(recdlyﬂnené

gl ycol) eate t hyl cycl ohexyl di met hox fe and i sopropyl ristate,
npr opy!l t?‘i“ﬁ%@‘i‘?gi’%dﬂlfnéngg T RS % i 18’9333' %F"Hﬁ‘%%so(%‘ﬁ‘g{ar‘f‘olgy 'llé%;?ne
and net @ﬁh%ﬁbﬁe{]@wﬁcﬁha@éﬁﬁ)éy £ hi @06arBHY WISEPARBNds tA0uLE Rt @s-phase reactor.

di cycl opent yl di met hoxysi | ane and n-propyl triethoxysilane and isopropyl

nyri st atl@013§d di cAdympdrgayiphiseendipegiatign ecaster (or gas phase reactor) includes a

vessel (i.e., the reactor), the ﬂulqlzed 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.

[00136] In an embodiment, the contacting occurs by way of feeding the catalyst
composition into a polymerization reactor and introducing the olefin into the polymerization
reactor. In an embodiment, the cocatalyst can be mixed with the procatalyst composition
(pre-mix) prior to the introduction of the procatalyst composition into the polymerization
reactor. In another embodiment, cocatalyst is added to the polymerization reactor
independently of the procatalyst composition. The independent introduction of the cocatalyst
into the polymerization reactor can occur simultaneously, or substantially simultaneously,
with the procatalyst composition feed.

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

polymerization step. Pre-polymerization includes contacting a small amount of the olefin
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tetraet hoxysil ane and isopropyl nyristate, and conbi nations thereof.

[00127] In an enbodi nent, the catal yst conposition includes any of the

f or egoi ngvexbevatsdo4el ectron donors in conbination w th @oy/uskowhesdfivr egoi ng
activity limting agents.[00128] The present catalyst conposition nay
conprise two or nore enbodi nents disclosed herein. [00129] In an

enbodi nent, a process for producing an ol efn-based polyner is provided. The
pr ?)c ess wiikg !twmca:gllystawrﬂlmit'ﬁm aftee fthenproicathlyat cahpdsitan es e icontacted: matdr

pol ymeri zation conditions. The catalyst conposition includes a sybstituted
Bhenyl erfde spwagbistang ‘é%ts%l?‘.’u"“ﬁﬁéiegeﬁ%‘é‘%{?g ﬁ%eé‘gg‘b‘ﬁ% P afLviy;! pgétgar#e &% can
e any t; ' ' i S

Fur £ hor B aT o R g o S et

t he cat adrylstontcetedosith itenrenmacided o the @efic atcabyst ta berpokyimeriged, and ogtionally

cocatal yst. The procatalys onposjtion may b ocat al.yst osition
as di sclY¥edf Iﬂ8?e§a?fgt. e'laﬁéev“ﬂ?ﬁ cée(ﬁnx]épﬂ)po% B%B@ePﬁoﬁﬁ%E&ﬁxlﬂgfzﬁh 1 zﬁesglﬁggrf ;ﬁieut ed
phenyl engoadtfyRtdotnpdki@idh VeidScontBinddak i cAJaBbfst and drnelectvitp dotkeiding

i nternal” el ectron donor as disclosed herein. The cocatal yst may be an

cocat al yagenaanddorsibe astéditthbméting agenb thaeembiaationhgips dispersedny 2 HAt% ﬁértﬁ/ey

i ncl ude an_exter.nal el I d . . [ Vi bl td .

or oot anc P BBk Sl PP D, A U rcmpRE el
be a progdlsnke daisad liodighd Sgenamagbbyutidsde- based ol efin, and conbi nations

t hereof. In an enbodi nent, [ | ene-.based

the o] ef mbased. polyner is a
pol yrer . [0083B132]  dRearoempediment. dhg HOWHY?B‘H@F(E‘ E‘éﬁesﬁén?ynir}cg{ﬂigg%arefar‘ff%a%{m

pol yrer i &%%i %Ilengfcg?'ﬁo rin&lﬁdése&%ac%%El_etﬂlzg%ﬁqﬁ&ﬁl%ﬁ{poﬁﬂgn W3thtRE Bd-RatBBkARY . OF

a fluidiz pol ynmer partic I'mting exanples of suitable
ol ef i n nhaosaecsivitpcetckmiaingy heers, agl/opythe nastivigy - R0iting ekefti nsThes geswlting
g e e e I B aREP AR e B0 e 0
1, 3- pent 4li @RAkicted with the olefin monomer to be polymerized, and optionally one or more of the
external electron donor components. Pre-activation results in the procatalyst composition
being combined with the cocatalyst and the selectivity determining agent and/or the activity
limiting agent. Optionally, additional quantities of the selectivity determining agent and/or
the activity limiting agent may be added.
[00139] 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.
[00140] In another embodiment, the catalyst composition includes
dicyclopentyldimethoxysilane or n-propyltrimethoxysilane and an activity limiting agent
such as isopropyl myristate.

[00141] In an embodiment, a polypropylene homopolymer is produced in a first

reactor. The content of the first reactor is subsequently transferred to a second reactor into
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nor bor nadi ene, 5-ethylidene-2-norbornene (ENB) and di cycl opent adi ene; C8-40
vinyl aromatic conpounds including styrene, o-, m, and p-nethyl styrene,

di vi nyl bewnoenm/07849ayl| bi phenyl , vi nyl napt hal ene; and hal egensssamsstiit ed
C8-40 vinyl aromatic conmpounds such as chl orostyrene and fl uorostyrene.

[ 00133] As used herein, "polynerization conditions" are tenperature and
pressure paraneters within a polynerization reactor suitable for pronoting
pol ymer i which @thylxaicvie émtrdduneed dthid sestltscimngrodudtioorof angtopylend-ethjlan¢ cofodymert he
desired po] yner. The Polynerizationprocess may be a gas phase, a slurry, or
a bul k p‘Blt%ﬁ“P%ﬁa@ﬁ ‘process, operating in one, or nore than one, reactor.

[ 00134] o0148) €MDOR fFPGhboddALMTE PoBtdilerRAicholindbay fétedasa Rit@daction
pol ynmerization. As used herein, "gas phase polynerization" is the passage

of an asafeprdpylgnd and ahyzphie meelicnihproeatalyst efnapositiogs.rasgptalysicoptemal electeme or

ool yror P apbehipTaiREden®in Pefuriiby, JhEBRrRebldh BaPLoREE R L1

" Fl ui di ziatrb@ibed infol thk ded@d, readbr albhglivelitz éthglené Snd opsnadlgl dndexaantiaeittrug
process in which a bed of finely divided polymer particles is lifted. and
agi t at eadanpr and/pramestiyity disnifing agens. The extgmabeleeFrrodangr and fhepcdy pmiting
particul at I ig.t I r s&.l3C; f e
bed of p%reﬁ t|Sc ?pea a%«ag%gagg 8£ gg\é%urgﬁet %{)lltﬂf feﬂs etﬁéé%gﬁ%akgﬂw&%ﬁ ?)str?gﬁﬂftggiﬁsr%ﬁ;nce
[ Incr elnerk’fea@?ﬁéﬁdis p@dpedsta propderes-ethylghd copblyuser i thefdecordi readobed” is a
plurality of polyner partigles suspended in fluidi zed state,by. a stream
of a fl uﬁ%ﬁiﬁ]ng meldi hem OCﬁF’IeH‘F Ell?ezglﬁgjnr}%d?f eniesulg’r‘?eprB?eSFrdl? u‘%ﬂsgff’mnéa?ses,
opti onal |y h4de LIVER aaselFB o rahPMPRPHORtL8RED. O Y oA 0l hiitiothbbgtch
as a hya'érogaF3 %rs %’P%ﬁ&éscgﬁgsﬁl t%r.gaghra?ﬁ(e ?gjsj-rphaseﬁf(beactgor} g00135] A
typi cal 8fHsg/phase qrdtomeboutdtl g0 mince ebout 300 gAY mivaselrpmabont§.> ighd mies a

nd out '8t i 19, LGty ol e, GhftEdynEt of, BiobblebiinepRik s o

a productolghropilendonysd@fier, The vessel includes a reaction zone and a
vel ocity reduction zone, each of which is |ocated above the distribution

plate. Ti814Md i s Incemembodimentdhe alsiiniispropyiae. | Theaprogsss duslwdsstiornping 2

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.

[00145] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a polydispersity index (PDI) from about 4 to about 15, or
from about 4 to about 10, or from about 4 to about 8. In a further embodiment, the
propylene-based polymer is a polypropylene homopolymer. |

[00146] The present disclosure provides another process. In an embodiment, a
polymerization process is provided and includes contacting propylene and ethylene and/or 1-
butene with a catalyst composition under polymerization conditions. The catalyst
composition may be any catalyst composition disclosed herein containing a substituted
phenylene aromatic diester. The process includes forming a random propylene-based
interpolymer having an MFR from about 0.01 g/10 min to about 200 g/10 min, or from about
0.1 g/10 min to about 100 g/10 min, or from about 0.5 g/10 min to about 70 g/10 min. The
formant propylene-based interpolymer has a xylene solubles content from about 0.5% to

about 40%, or from about 1% to about 30%, or from about 1% to about 20%.
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fluidizing nmediumincludes propyl ene gas and at | east one other gas such as
an olefin and/or a carrier gas such as hydrogen or nitrogen. [00136] In an
enbodi menwQ 20tve78dat acti ng occurs by way of feedi ng thePcatiskgmwneots
conposition into a polynerization reactor and introducing the olefin into

t he polynerization reactor. In an enbodi nent, the cocatal yst can be m xed
with the procatal yst conposition (pre-mx) prior to the introduction of the
pr ocat al p8147onposThd fammiant gropylengbisgdenterpatyinaer has actveight panceah odomenomer

TS, L STk Lok eSO oL 201 oBD RSl PGSR

cocat al ya%tou} Mo St o AbTRY 19538 Lyt @Act or can occur sinul taneously, or

substanti al |y si mul taneously, with the procatal yst conposition feed.

[00137] [0A148] enbdlai areembodimentp theyolefin-basadopplpnercess nregylénechagert pelymer)
prepol yneri.zat.i.,on step.. Pre-pol ynerization includes cont.agti

amount ~ o OdHEd PYeAhoF t1he tf?Fgg?)lPécPé?%ﬁs§f§ t “CYRPES Pt ?ui’ﬁt?tg%fi e?che ﬂ%n%ragocqﬁtgzl yst
conposi taiefiehas been contacted with the co-catalyst and the selectivity
determ ni ng agent and/or the activity limting agent. Then, the resulting
preact i v@pg‘&)]cat al Vst presené RRlYMETIZAHQIORIQERSE ATt PMINESE BB yHERqre SMPEAIMaECt i on
zone anddigcg@geg%élee%vx,ith the remai nder of the ol efin nononer to be

pol ynmeri zed, and optionally one or nore of the external el ectron donor
conmponeni®150Pr e- poNytedishivgs tibe riesnd tty any pheicpiaodladoay,ys tis delipadi thaothebei ng

conbined with the cocatalyst and the se]ectiyity determ ni ng agent and/or
the actiRFIent CRALYSS FRINBRSEHNS ‘Y’ﬂb S%Hﬂlt?dai’]i‘%ye&@%;ﬁ%mﬁi‘% g]’@?t%g’t?rﬂaelaelﬁﬁf% x of

the forngpb, f%'l&’m%ﬁn-c?%\%d }?(ﬂ?ilnleﬂé’w' : Qib&&afaf}ﬁbl_eeﬁlain%fghﬁaisﬁi‘buﬁbﬁdrggh shliyvi Ly

determ ning agent an e activity limting agent may be added. [00138]
In an endstidityreantd, high estqredsglvetivipat Mmepreocibs premeyt substitksl phepykene@ramatici on
step. Pr

FSONGA R CFOTT RGN e S
limti ngco@%@ﬁion@z,e ah@Ssletih Bsddl pakhicY@) efle Carlopéyss tofS bEidanphthalawhBagueant | y
introduced into the polynerization reactjon zone and contacted with the
ol ef i n nshemise woid pedgyeid efenhthedaie andier dastvabyrsithgeefne or nore of the
[00151] DEFINITIONS
[00152] All references to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also,
any references to a Group or Groups shall be to the Groups or Groups reflected in this
Periodic Table of the Elements using the ITUPAC 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.
[00153] 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 any additional additive, adjuvant, or compound whether
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external electron donor conponents. Pre-activation results in the

procat al yst conposition being conbined with the cocatal yst and the

sel ecti viwg 2awogg4vini ng agent and/or the activity |im t PO/ USBg@EM069915
Optionally, additional quantities of the selectivity determ ning agent
and/or the activity limting agent may be added. [00139] In an enbodi nent,
the process includes mxing the external electron donor (and optionally the
acti vit ypdlyiibid B8 od@enisk, whless sthed rbomatahisly. Chirpomtidst, ahe dg ‘exhdstingl

el ectron donor can be conplexed with the cocatal yst and m xed with the

pr ocat al spaentielyneds pxdlesdes (fpme the sooppof GRY sHceesdina deciispiaBl ofhes cempanepst
conposi t L e J e |« o]y
donor ané?ﬂ;?%}ﬁ(éédgget’ %:C%Ip;l Hg iﬂlﬁ(lﬁf ?quagta%g%or%% g%gﬁélgg%ggrégg@'nggggn er?t? ?ﬁ% t he
pol yner i @ kkednddsaeng tompohdnt,atepeorippciedertnot sfreifeatle delddeatdec lisied. dbeitermi s

di cycl opent yl di met hoxysi | ane or. n-propyl tri methoxysj.l.gn 00140] .In
anot her @Fbodess ritateq H@eé‘ﬁ{sél 1pdars 6‘8&5‘8&@?& SRFIRbRL %}%fié%‘gu‘ﬁly LSS i any
di cycl opgpipihdioaet hoxysi I ane or n-propyltrimet hoxysilane and an activity
limting agent such as isopropyl nyristate. [00141] In an enbodi nent, a

pol ypr opi@Des honopuy yumericad rprgeducited herein, icludes alesialuey fromhbe daywaremtueof

the first reactor js subsequently transferred.to.a second reactor i whi ch
et hyl enei'8° PRRY gaUELY. mﬁrﬁﬁ@n{%é’g N éln1t’rpr8?[188€(t,}{ai?6}f‘ler%’fs BBFSpYT 8?@- 18?5%? | ene
copol Y MBniishetR@nSR§ABder €A6E Bid alyoRibAS] valie. aAs afeesthpRNIf it & 1ty HaOMel ene
honopol ynmer is fornmed via introduction of pr ogyl ene and any of the present
pr ocat al geeunt efBeNDoDe”, ot acvalugl gfst eompositianahpr & PBysiea) PreRskyr suchagsy for
activity limti t.s. 1.t f act.or e

nomopol yinerois MR E Aed st SRR bRberalite, RO KRECRIC Bbepmeen 1,
opt i onaldnd 180, £x4 @rdnded elaeall irativideal onluandtich agn, c3,iewd. tandl allnsubrangesa gaht .

The external el ectron donor and the activity limti r&giﬁlargent my be the sane

as or did értedl: PP dn7Ph&dt £ D61 A8 SAHBEAE N CRURISKAF ReSPRFHERIqDe o0 |
Thi's pr ﬁ%%%ﬁc@%@%k??%?%@%@@ni? QPAINREed 1B BE0SECVIH 1! 8t &1 0.1[ £0143]

In an e ment, the o in1s propylene. The process includes formng a
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.

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

[00156] 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.

[00157] 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
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propyl ene- based pol yner having a nelt flowrate (MFR) from about 0.01 g/10
mn to about 800 g/10 mn, or fromabout 0.1 g/10 mn to about 200 g/ 10
mn, or fwormeos440.5 g/ 10 mn to about 150 g/ 10 m n. PoTASReMwG®ENS

enbodi nent, the propyl ene-based pol ynmer is a pol ypropyl ene honopol yner.
[00144] In an enbodinent, the olefin is propylene. The process incl udes
formng a propyl ene-based pol yner having a xyl ene sol ubles content from

about 0. }53%1{1@1‘ Repattd BOYe pulymearatahaftat kst tvoaypest ofdMonamiers botoabinerd % t 0
about 4% In a further enbadinent, the propyl ene-based pol yner is

pol ypr op¥ inshider,dwb oroy Higtited tosergiymers Gyhidhiyalinesiers @ K yglle%qfﬁr?mr%‘?fmm
propyl e S 4 r.m r Z VioNg a
Pol yei opgics e JEES ol AR, L o A e o0
about 10polpmerkrppepasdibfidmdthtee different 8pes of andhometseor envhawinrees)t {etrepelymers

propyl ene- based pol ris ol ypr opyl.ene hponop ner 00146] The present
di scl os Jw@lﬁ} b‘W"E‘é(s%g ?{Bttﬂeﬁ"%b‘g‘ﬁ@e @Pgl%éﬂ ‘aneﬁﬁf)dﬁ#%ﬁ?t, tyzf[ef.’)oq]f PP Bn
process dg,foméetdeddandikdcl udes contacting propyl ene and et hyl ene and/ or
1- butene wth a’catal yst conposition under polymerization conditjons. The

cat al yst[00b58josi t i Bre tery “Deerpalyneeal asyused beiepbseiersote Rillgners ueparsk y e

Ry th
t ai ni ti d ph i i i , . i d
For i ng VARG bl FarE Bt LG e Rappar yiuPR, the SRS EARIRRAMC o,
9/ 10 m nhhindR@YE coffdbyrdrd,Qustally erplobédm refeptd pélyhedy/ phepanedfrom tobalifferdaio

g/10 mn, or fromabout 0.5 g/10 mn to _about 70 g/10 mpn. The formant
propy| engoreBas andmhehresry Rspatsd drom moreihan &% dificedt Biss ehROpeBFHSabout 0. 5%

Lo, 20out %) O FrAMAROMc Ak RauheA0 BELLIPTRABRNAS 180 bayabas

20% [ 001 e formant propyl ene- i nter ymer has a weig per cent
conononeformpntrajurity elefsht pacérm of ao pldfanforekahplertiaboetor Prayidres basad onthe20%
FRAE N, DR (TR MR T
BL gﬂﬂfﬁﬁ%ﬂ%ﬁ%%s?{‘; pb el ORI PR REES SESmRTPr | ses a substituted
[00160] The term, “ethylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized ethylene monomer (based on the total
weight of polymerizable monomers), and optionally may comprise at least one polymerized
comonomer.
[00161] The term, “ethylene/a-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.
[00162] The term, “propylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized propylene monomer (based on the total
amount of polymerizable monomers), and optionally may comprise at least one polymerized
comonomer.
[00163] 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, n-butyl, t-butyl, i-butyl (or 2-
methylpropyl), etc. The alkyls have-1 and 20 carbon atoms.
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di ester. [00149] The present polynerization process may conprise two or
nore enbodi nents di scl osed herein. [00150] Not wi shing to be bound by any
parti cul avotzhmar7g494it i s believed that the present catalPgstuscanapemisi ons
wi th substituted phenyl ene aromatic diester internal electron donor yield
ol ef n-based polyners with a broad nol ecul ar wei ght distribution, high

catal yst activity, and high stereoselectivity. Mreover, the present

subst i t upetie4iheny| Ee tanprrmitistdtukde aiket,” aatv asddageeins | igfeps v i abe alklyhes pjusts ent
procat al yst .conposition(s), c t?yst‘ conposi tion(s),, and. ol efi n: based

pol yner (&pcibrd 157 HHeh pye B?mBE‘?%V TORFOIPAPTR {DQURG Epan o'gaﬂb% r §&‘y$¥§ir8p16?ed
devoi d ofy phida! 256 aiRfl/a9% RN 3kl sRoshiRELAN1, hOBHRY sEERMITESAIP0152]
Al references tgg&tg)he Pér ia(;‘%lﬁyg'l‘gﬁlé of the %fye’ﬁ%nts érein shall ref}g’r to

t he Per i lodérocyiddmlleylpf subkituteide netdracychualityils hsdogend bdpslkylghhpdroky, GRGner ess,
I nc., 20Q3. so,. any references to G poup..or ou shal | .1o.the

G oups of O@@lﬂﬁ’sd”ﬁé’?%éﬁf%t 1R P‘?‘ﬁos aﬁi??%gﬁnguﬁb%r%ﬁ%(uﬁ%ﬁﬁl s@ﬁ‘ﬁﬁ?tgd ﬁQﬁY},Sg t he
| UPAC syt fBf e:iiPie beRg 1 SFdubmedi)] s titiadeed to the contrary, inplicit

fromthe context, O customary in the art, all parts and percents are based

on wei ghif016]r pur Pessssmorrlii asagedherets regfarsdatanpiraatic aubstipenicyhich may of
any patent, patent a cati p lcat . renc RIE-17 r eby
i ncor po(ra%et gdBB%leraerP renregélcrgn ' rolpt uelﬁf)lee%{allﬂraggyﬁ!?%r&ﬁ {?@ %guﬁ‘\g/%r??ﬁ%% \[/lglFé;fon
t her eof dovakatly neolipkddated doynmed grampcajch &spandthyleye o tethyl@sp@oietyt. dltiehe
di scl osure of synthetic¢ techniques, definitions ,g}tc? tge xtent n

I Apd B e@@

. C t
i nconsi stremetigrpg(shmgy el vde Ricayls nahgl athraesny ndre ‘?{[ﬁ?)rﬁ;l Hfge in
the art. &B%@é} agg'QOE%Hﬁ aogfgperising, " and derivatives thereof, is not
i nt ended” 16 excl ude t he presence of any additional conponent, step or
pr ocedur@016diet herTBST MIETIHOPSsane i s di scl osed herein. In order to avoid

any dOUb[IOOl(?'}]l o g)%l!lrglf r%g(?ulﬁsl 1asicirgt%gmpn%rdelri1 Qcc}opéa%gggfitHSAeSﬁf/l D790-00.
[00168] Melt flow rate is measured in accordance with ASTM D 1238-01 test method
at 230° with a 2.16 kg weight for propylene-based polymers.
[00169] Xylene Solubles (XS) is measured using a 'H NMR method as described in
U.S. Pat. No.5,539,309, the entire content of which is incorporated herein by reference.
[00170] Polydispersity Index (PDI) is measured by an AR-G2 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 the oven to keep the sample from degradation by oxygen and moisture. A pair of
25mm in diameter cone and plate sample holder is used. Samples are compress molded into
50mm x 100mm x 2mm plaque. Samples are then cut into 19mm square and loaded on the
center of the bottom plate. The geometries of upper cone is (1) Cone angle: 5:42:20
(deg:min:I); (2) Diameter: 25 mm; (3) Truncation gap: 149 micron. The geometry of the
bottom plate is 25mm cylinder.

[00171] Testing procedure:

)] The cone & plate sample holder are heated in the ETC oven at 180°C for 2 hours. 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.

3) Start timing for 2 minutes.
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the term"conprising” may include any additional additive, adjuvant, or
conpound whet herpol yneric or otherw se, unless stated to the contrary. In
cont r ast ,wohe1ogg4sy "consi sting essentially of excl udespCrarseehes®idpe of
any succeeding recitation any other conponent, step or procedure, excepting
those that are not essential to operability. The term "consisting of

excl udes any conponent, step or procedure not specifically delineated or
listed. The t@ym "Ore'upperirne $mstditedydowdréiian wighidy, rest ef @p of thaampledby ebsdreny the
menbers i ndi vi dual hoymadregel | as in any conbi nation. [00154] Any nuneri cal
range recitedCher efier tyoqeinyiesds S%I‘Ilplle iy wibesens dpyibin! e raiciopgaaby (paFPrike UPRST 659 upper
val ue, in incf&nenf® nﬁfnabf%fe‘ bgerve r%‘f’“déf’dn"%?g‘é orfeH%fl%”“ §< G0N b”%ﬁné]f‘i FFFSof  at

dge of as
!ea.St 2 units 8 vﬁgﬁf%ﬁ?ﬂnels owere gam?ot truncat k aan exarrpl €

gap mlcron
if it is stat jdu&;thgse of a
conposi ti onal or a p ySfé; ola dg @5 or5§H tor exarrp , amount of a
bl end conponent, softenprgcg,egcggr@ggﬁxsw(ﬁl,r/snelt |ndex etc., is between 1 and
100, it is intended thabat@dchuiditvdiratd: 6 pahvdvabeies, such as, 1, 2, 3, etc., and
al | subranges, such as, Sthint 20, 55 to 70, 197 to 100, etc., are expressly
enuner at ed i n®1 hi sWagethE ftést dst ¢comletefFole wadseves mphilsh(Gay & detested bhale Birvelogione
unit is consi der edAdvantige Data @0@ysis p2R@fumighed by Bk Ingrumentys appropri ate. These
are only exanffes HRI-VN&P0<Cedppdepfitskeal |y intended, and all possible
conbi nati ons_of nunerical, val ues between the Iowest%l\Flgl ue and the hi hest

val ue enl9:7%t ed, hinal meltigg peinh dpHBisthertemperatus,iodaslf thednost aerfech cryst
appl i cat fhgnsarhﬂlbotaﬁf isWQESRdedPr S RUNEL 5&1‘3' hANERa Ryt %ﬁd h&ihete: | ol mges

any val ue or range within the stated range. Nunerfcal ranges have been
recited, crgstaldii’rza;tnhszs @He tust wancondeéted esing arf QlD@l ﬁléf&rem'adltScang Caltoememnd

ot her propert Jhe ter "bl end’, end, "

her ei n, ‘gsgaﬁ‘p h8£t8$ O&?ton%fo 8566?)7?’?&0 302 Oérgr‘i’aaTWTﬁ %&9 t be
i sci bl ethtA BLatbd ashn 2ERR! @R GaRtup B! BBt ahell QY @5()°C R shmmubisend thadedsd may
not be phase separated. Such a bl'end nmay or nay not contain one or nore

domai n clemi biﬂ"@t fo0h80°Cagt #@6eiGinimdllie dm(Dr indgi¢ranngsh freme this dast cycle by
spect rosca?codan et];[)ns% gitttne'i)ase he at tEl gncfcfattht % étﬂl%’cu%peq other methods known

in the a¥

[00173] Testing procedure:
) Calibrate instrument with high purity indium as standard.
2) Purge the instrument head/cell with a constant 50 ml/min flow rate of nitrogen constantly.
3) Sample preparation:

Compression mold 1.5 g of powder sample using a 30-G302H-18-CX Wabash
Compression Molder (30 ton): (a) heat mixture at 230 °C for 2 minutes at
contact; (b) compress the sample at the same temperature with 20 ton pressure
for 1 minute; (¢) cool the sample to 45°F and hold for 2 minutes with 20 ton
pressure; (d) cut the plaque into 4 of about the same size, stack them together,
and repeat steps (a) — (¢) in order to homogenize sample.

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

5) Measurements:
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[ 00156] The term "conposition,” as used herein, includes a m xture of
mat eri al s which conprise the conposition, as well as reaction products and
deconposiwpaniopreguct s formed fromthe materials of thePcomseavsDms
[00157] The term "polyner"” is a macronol ecul ar conpound prepared by
pol ymeri zi ng nmononers of the sane or different type. "Polyner"” includes
honmopol ynmers, copol yners, terpolyners, interpolyners, and so on. The term
"interpol ymer" neains apskasmege:pffepared by the pol ynerization of at | east
two types of nonorfrs drempdfBhéieir & 24980 Cncl udes, but is not linited to,
copol ymers (whi ch {@uallpapremsf BF 804mnno| yners prepared fromtwo different
types of nononers @& ccﬁ‘f%%ﬂépr% sC/mO‘{‘é?r B §mer s (which usually refers to
pol yners prepared Ef'? omlf e%‘éa fc}-?,eff‘g]% Jypes of nononers or conononers),

Vi a .0 .0
_ E}Pug%%ﬁwalfog §0mint O polymers prepared from four
different types of{Pnases &t cgOMONONMErs), and the like. [00158] The term
"interpolyner," asixysedbpnesrcmmntd Bosot® pol ynmers prepared by the
pol yneri zation of @t | eagbfhaddi fferent types of nonomers. The generic
terminterpolymer thus includes copolyners, usually enployed to refer to
pol ymer s prepér ed Gatcolatiann@m i flaserained byghedriepoptionafityofinsylpray snedipedient 88 f r om
more than two dif fheseding of Qig‘ééem@?ra%n&ﬁ%‘f anothprolpe Somn tqught thy fsfleipipinthpased
pol ymer" is a pol YR clesit hs i Aghe urye prdieh FEPFIREe Siorm a majority wei ght

percent Qqf ol efin, for. exanpl e ethylene ar pro ene,,. based . on the total

wei ght Jpoyid pol yREaY 16 SKAMRPIE; 3G “é’%ﬁ?ﬁE‘PBE“%B?’ B bﬁsb s?B%lp’fS’S‘f’ﬁé%” OSHScl ude

et hyl enewikplqwbé)&loymga_s and propyl ene-based polyners. [00160] The term

"et hyl ene-based polymer,"” as used herein, refers to a EOl nmer t hat
& é)m

conpri sd90t75mj orilty weSYBSTEEYTER: PHENMIeENEAROM T, r (based on
t he tot gl i.ght I i zabl i l. ¥
B A e e s s s

i nt er poly ¥e patenfappliao 8@l Mo. 1621 1e 950 q DridkétrNer eI 8BEiled batDeenpei 38s a

maj ority weight percent polynerized ethyl ene nononer . C
2008, the entire content of which is incorporatéd by reference herein. Nonlimiting examples

tetrapol yners (whixg oy

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

Table 1
Compound Structure "H NMR (500 MHz, CDCls,
ppm)
1,2-phenylene dibenzoate (IED1)* 5 8.08 (dd, 4H), 7.54 (1,
2H), 7.34-7.43 (m, 8H).
[¢] [+]
3-methyl-5-tert-butyl-1,2-phenylene 5 8.08 (dd, 2H), 8.03 (dd,
dibenzoate (IED2) 2H), 7.53 (it, 1H), 7.50 (t,

1H), 7.38 (t, 2H), 7.34 (1,

2H), 7.21 (4, 1H), 7.19 (4,
N 1H), 2.28 (s, 3H), 1.34 (s,
! 9H).

3,5-diisopropyl-1,2-phenylene 5 8.08 (dd, 2H), 7.00 (dd,
dibenzoate (IED3) 2H), 7.53 (tt, 1H), 7.48 (tt,
1H), 7.39 (1, 2H), 7.31 (&,
2H), 7.11 (d, 1H), 7.09 (d,
4 , 1H), 3.11 (heptat, 1H), 2.96
@—Qo )\Q (heptat, 1H), 1.30 (d, 6H),

1.26 (d, 6H).
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(based
pol ymer
her ei n,

pol ynmeri zed propyl ene nononmer (based on the total
and optionally may conprise at

nononer
[ 00163]

on the total
ized a- ol efin.

anount of pol ynerizabl e nononers),
[00162] The term

"propyl ene-based pol yner,

| east
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rewbeaenr/a7ed9a pol ymer that conprises a ngjority weCcghiS2@enc®ns
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used herein,
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met hyl p
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het er oc|
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0 an

hal ogen, aryl,
terocycloalk

am.

h as
al kyl ,
Sui t

| gal kyl dra :
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trif] uor o -thyI and

%%@i’ tzﬁi §83 @(E,Y

fﬂk
|ke 001 B]c
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ri bed
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| kyl s
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a singl
i nked

et hyl en
ant hr ac
at ons.
accord

£ Sheltgher ™
“Sg?§®é§3>rl

IR or
coval ently, or |inked

e noiety. The aromati g
enyl , and bi phenyl, an
[00166] TEST METHODS [
nce with ASTM D790-00

refer b toam aromatic
mul|{ti pl €aromatic rings
toac group suc
ring( i ncl ude
ot her e aryls

, FFeX nodul
f()()‘IﬁR] Mel flow.ra

D

55}'@9&1& HHE A0 WhHI C
b C s 36 € ), Usie g, t G
111@57@(freﬂhylse(ne q
by 1, (drdphoh, |
havs1 11(heptat] 12028
6@?@ 1Ht1SP (a4 A i
§4§£ﬁBaSULed_+;L

accor da

propyl €
1H NWVR

ncedifeth- L ASuy Ene1 238- @
rfdbepala §EBDI ymers. [ 00
nmet hod as described in

1 test od at 230
16P] X e Sol ubl es

%@@% q kg

may be
get her,

bon
n

ght for
dsing a

4-t-butyl-1,2-phenylene dibenzoate
(IED5)

5 8.07 (dd, 4H), 7.54 (m,
2H), 7.30-7.40 (m, TH),
1.37 (s, 9H).

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

5 (ppm) 8.07 (d, 4H), 7.54
(t, 2H), 7.37 (t, 4H), 7.27 (d,
1H), 7.21 (s, 1H), 7.15 (d,
1H), 2.42 (s, 3H).

1,2-naphthalene dibenzoate (IED7)

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

2,3-naphthalene dibenzoate (IEDS)

& 8.08-8.12 (m, 4H), 7.86-
7.90 (m, 4H), 7.51-7.58 (m,
4H), 7.38 (t, 4H)
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US. Pat.

by refe

r heonet erwatzomn7sed4a stress contr ol
Instrunents using a nethod according to Zeichner GR, Patel
conprehensi ve Study of Pol ypropyl ene Melt Rheol ogy”
Congress of Chem ca
t he tenpesmourde at 180C 0.1

oven to
25mMin
nol ded

square

upper c
Truncat
cyl i nde
heat ed

bl anket
the top
cone is
obser vi
down to
observe
is renpo
(7) The
m cron.

condi ti
Olrl/s.

No. 5, 539, 309,

rence. [00170] Pol ydis

Eng., M

persity Index (PDl)

ntreal,

PD (1981)

Proc. O the 2nd

the entire content of which is incorporated herein
is measured by an AR &
dynam ¢ spect r onet ePcrasadiaotoned by TA

"A
Wworld

Canada. An ETC oven is used to control

keep the sanple from

&Emambtrogen is used t
degr adati on by oxygen

be-alrepylene dibowvested i 113
nto 50mMm x 100mm x 2

Sanmphes are

G PMR@E00MiIEZ, DGl d

| ap) noj sture. A p
hol der is uséd808@dhd.ds4bke c

. at e sa
aque-
and | oaded on the cent’ sr@
. \ /
5:42520 (

EReA3C Ut Mt 10n

e the
air of
onpr ess
m

(d, 2H), 2.38 (s, 3H), 2.36
(s, 3H), 2.26 (s, 3H), 1.35
(s, 9H).

pl ate. The geonetries |of
pne is (1) Cone angle: eg:mn:l);1(2) Dianeter: 25 imm (3)
dmetydd-tertay 2 phapleneThe geogetry of the bot@éﬁ$ H.etite 803 (A5 m
r dibnergE FIEEP2)Test i ng pr ocedur e: ) The cone & éiﬁﬁs f5@<‘F1older are
n the ETC oven at 1800 or r, Then 1 (42 %Fd under
of nitrogen gas. (2) i ST O'\'/‘o 2.5| 85 4hSOaded unt o
of the botton1p|ate (3) Sfart t m ng for 59 i) upper
red—to—stightty rest—on tUJsgbg&dHtiH?qléytcﬁ b
NGbd, w b Pt or Ce. (j5) After two minutes {h §)$§ﬂﬁ ﬁﬂhﬁw%ﬂueezed
165 nlcron gap by | ower the cone. (6) 1@hesn@rmbiferce is
d. When the nornal forjce is o <0. 05 hmmnpmltﬁgnﬁxnngs slanpl e
ved fromthe edge of thh a'd at e sanpli), hol @enrat,bif), 296 pat ul a.
upper cone is |owered ' runcatl nptefaliDaviO¢h 61 1|49
(8) An (Oscillatory Frlequency S\I\PPI test is|pe®Eotthed under tlhese
oﬁ%wmﬂé§ftﬂﬁﬂé% BPENHENe1800C fo 5 mi nutes. Fr?&ﬁ@hé? 2Héi§33r/s to
di(4-methylbenzoate) (IED d,2H), 7.18 (d, 4H), 7.15

3-methyl-5-tert-butyl-1,2-phenylene
di(2,4,6-trimethylbenzoate) (IED10)

8 (ppm) 7.25 (s, 1H), 7.21
(s, 1H), 6.81 (d, 4H), 2.36
(s, 3H), 2.30 (d, 6H), 2.25
(s, 6H), 2.23 (s, 6H), 1.36
(s, 9H).

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

§7.98 (dd, 4H), 7.36 (dd,
4H), 7.21 (s, 1H), 7.17 (s,
1H), 2.26 (s, 3H), 1.34 (s,
9H).

3-methyl-5-tert-butyl-1,2-phenylene
di(4-chlorobenzoate) (IED12)

5 7.98 (dd, 4H), 7.36 (dd,
4H), 7.21 (s, 1H), 7.17 (s,
1H), 2.26 (s, 3H), 1.34 (s,
9H).

* comparative

[00177] Il

[00178]

Procatalyst Compositions

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

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

solvent of TiCly and chlorobenzene (1/1 by volume) is introduced into the flask and then 2.52

mmol of internal electron donor is added. The mixture is heated to 115 °C and remains at the

same temperature for 60 minutes with stirring at 250 rpm before filtering off the liquid. 60

ml of mixed solvent is added again and the reaction is allowed to continue at the same
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Data acquisition rate: 5 point/decade. Strain: 10% (9) Wwen the test is
conpl eted the crossover nodulus (CGc) is detected by the Rheol ogy Advant age
Dat a Analweizsiopr7egaam fur ni shed by TA Instrunents. (10) pPDIUS20020699900 Cc
(in Pa units). [00172] Final nelting point Tmf) is the tenperature to nelt
the nost perfect crystal in the sanple and is regarded as a neasure for

I sotacticity and i nherent polyner crystallizability. The test was conducted
gé i ng g %’eéu@i @Enprhfues ;ﬁdﬁt '6%} mﬁiﬁ&@n\kzitl@ sgiahmgr fothived. byA fRampine Tiss peaksdis r om

to 24 at a rate of 80C/ mn, coqled at the te to, 00C, then
heat ed al§aFaehonaend) Bl efisozackang s pssd i%@@éﬂ“bﬁé?ﬂﬁ‘éf“ %13 mestempﬁ@ﬁ‘gg and

t he heat gd.f#09:1509 tioh; the g{ Nariclty NJidw, is determ ned from
this | ast SycPe by cgf% at% ﬁle onsest 1o ° tnﬁeh)gasel I ne at the end of the
heating curve. [00173] Testl ng procediab&2 (1) Calibrate instrument with

hi gh pUI’ity I ndi um as—standard 2) ng: the—i trument—head/ cell with a
constant 50 m/mn f nw‘P G ll}E,s?P ’lcéllisgrgen constay.l it 33—Sampl e

preparation: Conpression nnlMag1Tl ppwder sa gn ||c| ng 30- G302|—|. 18- CX
Wabash Oorrpr essi on Ider $HAG or?ﬂlél (a) heat ni x2ifige at 230 0OC for

m nut es nt act 4h 20

ton pres ur € for ?SO%E)%ECOO %@3& Y@gh%{%ﬁﬁ@ﬁ n%ﬁqgf?g&?ﬁ?&y{

m nut es Miaghi ﬁ&ctu@ﬂr p:reps&d raecor(lih mbﬁxatﬂpdf ;blmcmls iPateot #oob,8abA3d6) with manme

size, stack them toget her, and rep raps, (a in order ta

hompgeni YETagENPATECIE (93¢ (i SPhMaCToR- ecgéé 5) (‘p@%?@%ﬁ?‘%ialﬂg’tgv@aéﬂy%{ o 8
nmg) fro d | d S I an.

Pl Ace 1 he e e sﬁeﬂaﬁﬁgﬁ‘?@é*%a%%FZ”%Wﬂmo?“P e

i nst r unebrnzdweds dke lintemdl plectom donenpade swatding pakxampleh2 im &f.8r Baiert No.

6,825,146, the entire content of which is incorporated herein by reference. Titanium content

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

[00180] Procatalyst compositions produced by way of the foregoing procedure are set
forth at Table 3.
Table 3
Procatalyst | Precursor | Donor-1 | Donor-2 Ti OEt EB Donor-1
# (%) (%) (%) (%)
4949-27-1 MagTi-1 DiBP 3.03 0.21 0 13.68
4949-29-2 MagTi-1 DiBP 3.26 0.19 0 13.27
4949-4-2 MagTi-1 IED1 3.17 0.26 494 trace
4949-5-2 SHAC™ IED1 3.88 0.2 1.96 trace
310
4949-8-2 MagTi-1 1IED1 EB 3.13 0.39 6.29 1.27
4949-25-1 MagTi-l IED2 3.52 0.27 4,08 10.31
4949-25-2 SHAC™ IED2 3.23 0.11 2.33 10.62
310
4949-54-1 MagTi-1 IED3 4.1 0.32 5.02 8.19
4949-54-2 MagTi-1 IED3 EB 3.71 0.28 8.87 5.6_1
4949-51-3 MagTi-1 IED4 2.73 0.35 0.37 8.65
4949-51-4 MagTi-1 IED4 EB 2.52 0.34 1.68 7.51
1590-29-1 MagTi-1 IEDS 3.13 0.33 0.26 4.50
1590-29-2' MagTi-1 IEDS 2.82 0.25 0.08 5.64
1590-29-3* MagTi-1 IEDS5 3.99 0.37 0.28 6.15
1910-27-3 MagTi-1 IED6 341 0.89 1.22 13.15
1910-27-4 | SHAC™ IED6 3.05 0.21 1.32 9.24
310
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side. If using the auto sanpler, weigh out several different sanple

speci nens and set up the machine for a sequence. (5) Measurenents: (i) Data
st or age: wORo(oyo7®aap 80.00 C/ mn to 240.00 OC (iii) |sorhenusadosinea1d. 00 mn
(itv) Ranp 80.00 Cmnto 0.00 OC (V) Isothermal for 1.00 mn (vi) Ranp
80.00 ¢ mn to 150.00 OC (v) Isothermal for 5.00 min (viii) Data storage:
on (ix) Ranp 1.25 Cmn to 180.00 OC (X) End of nethod (6) Cal cul ati on:
Tm(f) is detrescaiayad, PyectiRer i|mMoascepDomin-20f (WO ]I N@Bt. DraE/Boneanbne}Lfrom

t he base-lilne &f hijgh tenperature.|Draw anot%ker || i(¥® f[or¥ed hrljoutfi t he

defl ection %9012@9, CloYai-€1 04gedd t pe end or3g§1e cupye fpt ohbgn tRNpefature

side. [001] l—r¥90§%_3wayM gfl"i-F"a' A R L AR AL Lde T, [ e%ayptesypf {he

present di $elostHe—wtH-—nowhe—proyded—-00175] SUBSH-HHAEDAHENYLENE
AROVATI C DIESPES! [(;%g?h BT o ed pth'n/ SN a,,;‘)gl&a c Jiedt n%"’én.ra_) be
synt hesi zed‘?‘f‘?'lé@cour?i%‘\ffce wiltRPU. s pat ent Zpdl | ca‘{‘? n| séPal| nd®
61/ 141, QSQﬁOG-th No—68188)filef—ot epher{34 D8—+the—en @
content of POdA3) 5 M?ﬁTBL porg]l:“%“l h M?:Pf(;r Pn?"g’rhpr pq'%'? ont% milt | Ll‘ilé anpl es
of suitabl ¢ 139B31li t[MesT-phenyERe bhromatilc #Pester?4rel pr8vi dedMh Table 1

bel ow. Tabl e91D{1d;1 (|n¥laglii * ¢AEPHEr af i ve 2.94 0.12 0 12.23
1910-16-2 | SHAC™ IED11 3.03 0.07 0.93 7.54
310
1910-16-3 | MagTi-1 IEDI12 2.76 0.16 0 12.14
1910-16-4 | SHAC™ IED12 1.82 0.10 0.60 8.75
310

=IED added during a 1 and a 2" halogenation (TiCl,)

= [ED added during a 1%, 2 2™, and a 3™ halogenation (TiCl,)
EB = ethyl benzoate
DEP = diethyl phthalate
DiBP = diisobuty] phthalate
IED = internal electron donor (from Table 1)
MeBC = p-methylbenzoyl chloride
NM = not measured
OEt = ethoxide
% = weight percent based on total weight of the procatalyst composition
[00181] III. Polymerization
[00182] Polymerization is performed in liquid propylene in a 1-gallon autoclave using
separate injection. The external electron donor is n-propyltrimethoxysilane (NPTMS) or
dicyclopentyldimethoxysilane (DCPDMS). After conditioning, the reactor is charged with
1375 g of propylene and a desired amount of hydrogen and brought to 62 °C. External
electron donor, a solution of 0.27-M triethylaluminum in iso-octane, and a suitable amount of
5.0-wt% catalyst slurry in mineral oil (as indicated in data tables below) are premixed in the
same vial for 20 minutes at room temperature and then charged into the reactor followed by
isooctane flushing using a high pressure catalyst injection pump to initiate the
polymerization. After the exotherm, the temperature is controlled to 67 °C. Run time is 1
hour.
[00183] Reference catalyst performance and resultant polymer properties are provided

in Table 4.
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[00177]
char ged,

solvent of Tid4 and chl orobenzene (1/1 by vol une)
el ectron donor

flask and then 2.52 mol

Is heated to 115 OC and renmains at the sane tenperature for

of int

er nal

S

Procat al yst Conpositions [00178] A procatal yst precursor
according to the weight shown in Table 2,
Wi th mechsioi2eel0784%rri ng and with bottomfiltration.

S

into a flask equi pped
60 Pair/Uuskoog/ond9x e d

i ntroduced into the

is added. The m xture
60 mnutes with

stirring at 250 rpm before filteringTable4he Iiquid. 60 m of mxed sol vent
I s added again and the reaction is allowed to continue at the sanmedesired

| Botp@stat|Preerséror Do Mot EEDW t h) Bdcat r r iEAQ A o) Howe d Attty f iBlik raMielfon. X hj P | Tup
bt ocess |i s repefat ed oncel. 70 ni| &t i S@TqEEANES s | (¥ed r@gsw t he)r esul [t(&ht
sol i d at| anbi ent tenperature. Af ff8r tHe |sol vent i|€ ref Ofl ltratiqgn,
te—sot-id—sdried by N2 {phggv [Tapl e 2 {[G0T7 9l Vigsly - TobS ¢ AT Xed Vg Tior
Pro@cur SQivayi-t h| mepnplosi t i [oFTPENisVORE (OEF ) 8@ 2 (@0 VRgsls  poecul seor peeppssad 172.15
according to exanplle 1 i|mCEDMS. Péfent2 Ng.8 6,805, 148) wWodh andavepagedes | 17192
particld size |of 50 mi cr|oR¢POMSHACK4 m)| B10 8 s | 30hensbiat ¢08ong 28 ni n.%_% o} 8| y1gd2r
a BenMig prociat al yist prlelE2or 84t h Gnldver d0N pakd i o8 sl 24 o4 237 349 100
, DCPONS, | 84 12 |8 5900_W96.8 " 1031 232 J 1T sS4 ATHS
Wighdbo. et kwang,enzmt e as t hﬁpbmgt er et €t L8I SLpTI) YO, JTEUE s AC T AT Y5t 05 26 17081
Exanple |2 in U S. Ratent {¥us 0, 08P, 14D, [LMe Qs I 1 LONoeNT [@f W& 3.6 | 170.25
ncor porjat ed hlerei n by reipewEncles4 Tifanijsm ¢ond ente4 o oeaachsof the | 414 | 1704
resul tant procatal yst conposd tijofts 1152 |1\t ed7l0h TA4d e |832 [ 0@34BQ] 23 | 463 | 16976
r ocat al yst (‘Qu’rpn':i t i ons| Wisduclet hy 2m> 8of |19 fi ﬂ1ggn!0-.3g‘| r)@%@dﬁﬂe 4;157V @%
frd at| JTapl e 3, Teble DLECMSCH AR gl A o d 1000y 1 09 AT 040 TRl Ll 162
Phead A1)yt o LD N . B o Y1000 ~ TAG7 104" | 35 TYES L E09 T |
T A_Cl; DCPSMs?. 7Y, [ Z11W, dtiiddy A | 9564 trgbogeagt TOHT ([TEdel )
5549?5-26'[ hysho benzemt e DEP et Niyd72 pnthatiat € [WolBP | 5.1 di i[sepul ¥k phehal ate TED
= i nternal el gctron gonofrpobbwson i¥abl e I)[ 4 1500 | 174 0.39 52 78 [5.90 | 170.16
4949-8-2 MagTi-1 | IED1 | NPTMS 174 2 4 1000 | 941 0.38 5.2 68 [ 471 | 169.35
DCPDMS = dicyclopentyldimethoxysilane
DiBP — diisobutylphthalate
EB = ethyl benzoate
EED = external electron donor
IED = internal electron donor (Table 1)
NPTMS = n-propyltrimethoxysilane
[00184] Catalyst performance and resultant polymer properties for catalysts containing
phenylene dibenzoate substituted at the 3,5-positions are provided in Table 5.
Table 5
Procatalyst | Precursor | Donor- | Donor- | EED Procatalyst | TEAI Al Ha Activity | Bulk Melt | XS | PDI | Tug
# 1 2 {mg) (mmol) | EED | (scc) | (kg/g-h) | Density | Flow | (%) (°C)
(gicc) | (g0
min)
DCPDMS | 84 2 8 2500 | 512 0.25 12 [ 22 |556 | 172.19
DCPDMS | 84 2 8 5000 | 594 027 |33 |24 [562] 1719
4949-25-1 | MagTi-1 | IED2 DCPDMS | 84 2 8 10000 | 39.6 0.28 144 [ 18 [543 | 171.39
DCPDMS | 84 2 8 15000 | 426 0.29 349 |15 [ 526 | 171.02
DCPDMS | 84 2 8 20000 | 53.2 0.31 1126 | 1.1 ]5.36 | 170.09
DCPDMS [ 11.6 2 8 1250 | 253 0.39 11 [45 [6.31 ] 17186
4949-252 | SHAC™ | IED2 NPTMS | 116 2 8 800 | 223 040 Jo07 |25
310 NPTMS | 116 2 8 8000 | 20.3 040 [77.2 [31 | 479 | 17047
DCPDMS | 4.8 2 8 1500 | 499 025 (08 [29
DCPDMS | 84 2 8 2500 | 452 0.25 1.9 [32 [6.04 [171.00
DCPDMS | 84 2 8 5000 | 533 0256 |44 |34 [598]171.23
4949-54-1 | MagTi-1 | IED3 DCPDMS | 8.4 2 8 10000 | 34.0 0.26 188 | 21 [ 585 [ 170.74
DCPDMS | 84 2 8 15000 | 56.2 030 [509 [19 [547 | 17069
DCPDMS | 59 2 8 20000 | 447 0.28 1116 [ 17 | 437 | 170.15
DCPDMS | 438 2 8 1500 | 45.1 027 |08 [34
DCPDMS | 84 2 8 2500 | 482 0.29 1.7 (21 |6.27 | 17142
DCPDMS [ 59 2 8 5000 | 54.0 0.27 56 |19 | 614 [ 171.31
4949-54-2 | MagTi-1 | IED3 | EB DCPDMS [ 59 2 8 10000 | 48.7 0.25 234 |20 [ 584 [ 17087
DCPDMS | 59 2 8 15000 | 40.7 028 | 757 |25 |539 | 170.24
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MeBC = p-net hyl benzoyl
percent based on total

1-gal l on autocl ave using separate injection.

chl ori de NM= not neasured CEt

wei ght of the procatal yst conposition [00181] |
Pol yner i 280i2010/(780182] Pol yneri zation is performed in | ipquius2gooppiene in a
el ectron donor is
n- propyl tri met hoxysi |l ane (NPTMS) or dicycl opentyl di net hoxysi |l ane ( DCPDMVS) .

The external

= et hoxi de % wei ght

After conditioning, the reactor is charged with 1375 g of propylene and a
deitzeid Pemsomt Dod- MBer-qdéh and ot g A t pAG2 HIC. | Bkiten B eMect ron Flondr, |a
5ol utign of 0] 27-Mri gt hyl al (U nun (M9 s6PdcFane Methd P ufPani8 |amouht of
5. 0-wt % catal yst sfurry in mineral oil (as ilndicated i#ccatgm abl gs bel ow)
re prem xed [N the saneckv@l] sfeor 202 M NU§ €S 2800 | oM [ epgEl akeln €2 ands 1 vers
char ged parbeistheychgagtiothkeliidhowed by 1 sooctane flushing using a high
pr essur eERcatthal bygeatei nj ecti on punp to initiate the polynerization. After the
exot her niEIY e RRpEr At controlled to 67 OC. Run tinme is 1 hour.

[00183] edBEGRbiI

'reblil
h@?fygﬁégf Zerformance and resul tant pol yner
I

properties are

provided in Table 4. Table 4 DCPDM5 = di cycl opentyl di met hoxysi |l ane Di BP -

di i sobut P()b?ﬁéhal at gat st:peﬂogl?ﬁhn&eaﬁa(?@%\ugaﬁ%ly:m F}Ee‘i‘ﬁés fol @&5129@ cgﬁ{Qﬁ’ﬁnél ED =
i nternal el ectron donor (Tabl'e 1) NPTMs = 'n-propyltrinmethoxysilane [ 00184]
Cat al ystphpayloe dbarmatersibstéstet taatie 3pmbysigonspropevided sn Table 6at al yst s
cont ai ni ng phenyl ene di benzoat e substlL thd at the 3,5-positions are
provi ded in Table 5.
Procatalyst Precursor | Donor- | Donor- | EED Proc | TEAI All Ha Activity Bulk Melt | XS PDL | Tuw
# 1 2 ataly | (mmol) | EED [ (scc) (kg/g-h) Density | Flow | (%) (°C)
st(m (gfcc) | (g1
9) 0
min)
4949-51-3 MagTi-1 |ED4 NPTMS 167 | 2 8 1000 17.1 0.35 1.6 16 | 442 | 171.78
DCPDMS | 16.7 | 2 8 1500 19.3 0.35 18 130 1507 [ 171.99
4949-514 MagTi-1 IED4 EB NPTMS 167 | 2 8 1000 12.8 0.34 1.7 18 1461 | 171.38
DCPDMS | 16.7 | 2 8 1500 16.7 0.32 25 34 521 [ 17183
DCPDMS = dicyclopentyldimethoxysilane
EB = ethyl benzoate
EED = external electron donor
IED = internal electron donor (Table 1)
NPTMS = n-propyltrimethoxysilane
[00186] Catalyst performance and resultant polymer properties for catalysts containing
phenylene dibenzoate substituted at the 4-position are provided in Table 7.
Table 7
Buk | Mol
Procatalyst | Precurs Donor Donor EED Procatalyst TEAI Al Ha Activity Density Flow xS PDI Tmf)
# or -1 2 (mg}) (mmol) | EED (scc) (kg/g-h) (910 (%) (eC)
(g/co) min)
, NPTMS 16.7 2 8 3000 250 0.38 67 | 49 | 522 | 169.62
1590-29-1 | MagTi-1 | IED5
DCPDMS 16.7 2 8 4500 332 0.37 114 | 548 | 637 | 17043
NPTMS 16.7 2 8 3000 186 033 26 | 327 | 705 | 169.87
1590292 | MagTi-1 | IEDS
DCPDMS 16.7 2 8 4500 267 0.35 35 | 443 | 780 | 17091
. NPTMS 16.7 2 8 3000 104 0.30 27 | 298 | 726 | 171.34
1590-29-3 | MagTi-1 | IEDS
DCPDMS 16.7 2 8 4500 137 0.31 4.1 356 | 755 | 171.40
SHAC™ NPTMS 16.7 2 8 3000 185 0.37 72 | 59 | 640 | 169.63
1500204 | V5 IEDS
v DCPDMS 16.7 2 8 4500 28.1 0.37 9.1 760 | 723 | 17035
, NPTMS 8.4 2 8 3000 40.0 0.26 21 163 | 536 | 17085
1910273 | MagTi-1 | IEDG
DCPDMS 8.4 2 8 4500 433 0.28 13 | 237 | 595 | 1721
SHAC™ NPTMS 16.7 2 8 3000 278 0.39 17 | 322 | 609 | 171.20
1910274 IED6
310 DCPDMS 16.7 2 8 4500 289 0.40 38 | 521 | 747 | 17126

DCPDMS = dicyclopentyldimethoxysilane
EED = external electron donor

IED = internal electron donor (Table 1)
NPTMS = n-propyltrimethoxysilane
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Tabl e 5DCPDVS = di cycl opent yl di net hoxysi |l ane EB = ethyl benzoate EED =
external electron donor IED = internal electron donor (Table 1) NPTMS =

n- propyl twoebtwowysitl ane [ 00185] Catal yst performance anegCrasatovantoipol yner
properties for catal ysts containing phenyl ene di benzoate substituted at the
3,6-positions are provided in Table 6. Table 6 DCPDVS =

di cycl opent yl di net hoxysi |l ane EB = et hyl benzoate EED = external el ectron
donor | EDO¥8TInt er n@hta@h‘epﬁrfo@mmh&rmd réstdtbhtepalymédprdrties for catalysts containing

n- propyl § pnet hoxysi 18 Cat al yst per, nce and resultant pol ymer
propert i #8¢G Ypmg ?8 WT?L ﬁl%?ﬁrﬁpﬁ%\@hifflé‘ﬁjt@%iﬁr@enzoate substituted at the
4-position are provided in Table 7. Talpheg 7 DCPDMS =

di cycl opent yl di met hoxysi | ane EED = external el ectron donor |ED = internal
el ectron donor (Table 1) NPTMS = n-propyltpret hoxysil ane[00187] Cat al ycf

;E%f {t_rrance an?onorresgﬂjlquent po yrgr%[st Jr@BertAj/e_s f.or g:vt aI ys&n{s ¢’§J‘nt Dég[ ng fused

! | ephenyleng nzdat e DM ed |i T ablggn8. OF bl @18 VB & ¢c)
di cycl opent yl|di netlhoxysdi | ane EED =| ext ernal| el ect ron 8 I"ED |= i nt er pal
el ectron_donar (Tabl e If)netws 167 2 8 | 3000 | 240 0.30 151 | 569 | 451 | 168.76
1590281 | MagTi-t IED7
DCPDMS | 167 2 8 4500 343 0.32 96 | 716 | 572 | 170.14
SHAG™ NPTMS 167 2 8 3000 207 0.34 190 | 845 | 497 | 16893
1590-28-2 30 IED7
DCPOMS | 167 2 8 4500 26.0 0.34 195 | 863 | 6.13 | 169.88
_ NPTMS 167 2 8 3000 255 0.32 68 | 406 | 498 | 169.65
1590-28-3 | MagTi-1 IED8
DCPDMS | 167 2 8 4500 203 0.30 39 | 397 | 601 | 17126
SHAC™ NPTMS 167 2 8 3000 16.3 0.34 61 | 523 | 626 | 169.96
1590-28-4 IED8 _
310 DCPDMS | 167 2 8 4500 320 0.3 61 | 761 | 745 | 17047
DCPDMS = dicyclopentyldimethoxysilane
EED = external electron donor
IED = internal electroh donor (Table 1)
NPTMS = n-propyltrimethoxysilane
[00188] Catalyst performance and resultant polymer properties for catalysts containing
substituted phenylene diesters of substituted benzoic acids are provided in Table 9.
Table 9
. Bulk
Procatalyst Donor Donor Procatalyst TEAI Al Ha Activity . Melt Flow XS Tm(f)
# Precursor |~ 4 2 EED mg) | (omo) | EED | (sco) | (igierh) | o | (@Omim) | () PO ()
, NPTMS 16.7 2 8 | 3000 | 238 0.31 37 296 | 515 | 170.20
1910-14-1 | MagTi-1 IEDS
DCPDMS | 167 2 8 | 4500 | 304 0.32 40 371 | 59 | 17061
SHAC™ NPTMS 16.7 2 8 | 3000 | 302 0.39 24 341 | 6.44 | 17248
1910-14-2 310 IED9
DCPDMS | 167 2 8 | 4500 | 322 0.39 27 418 | 633 | 17165
, NPTMS 16.7 2 8 | 3000 | 203 0.29 95 458 | 484 | 16945
1910-14-3 | MagTi-1 IED9 | MeBC
DCPDMS | 167 2 8 | 4500 | 247 0.29 57 493 | 6.14
, NPTMS 16.7 2 8 | 3000 | 271 0.27 19.4 360 | 522 | 170.01
1910-27-1 | MagTi-1 | IED10
DCPDMS | 167 2 8 | 4500 | 324 0.33 187 442 | 499 | 17020
SHAC™ NPTMS 16.7 2 8 | 3000 | 276 0.35 238 6.12 | 497 | 16955
1910-27-2 310 IED10
DCPDMS | 167 2 8 | 4500 | 343 0.36 201 6.87 | 552 | 17023
' , DCPDMS | 167 2 8 | 4500 | 3144 | 024 20 205 | 519 | 17197
1910-16-1 | MagTi-t | IED11
NPTMS 8.1 2 8 | 3000 | 343 0.33 16 086 | 511 | 171.71
SHAC™ DCPDMS | 167 2 8 | 4500 | 314 0.24 20 205 | 519 | 17197
1910-16-1 b IED11
3 NPTMS 167 2 8 | 3000 | 202 0.41 19 155 | 607 | 171.95
, NPTMS 16.7 2 8 | 3000 | 269 0.31 07 071 | 541 | 17122
1910-16-3 | MagTi-1 | IED12
DCPDMS | 167 2 8 | 4500 | 342 0.32 10 173 | 564 | 171.03
SHAC™ NPTMS 16.7 2 8 | 3000 | 308 0.40 1.0 139 | 583 | 170.89
1910-16-4 310 IED12
DCPDMS | 167 2 8 | 4500 [ 312 0.40 18 247 | 570 | 17129

DCPDMS = dicyclopentyldimethoxysilane
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NPTMS = n- propyl t pnet hoxysi | ane [00188] Catal yst perfornmance and resultant
pol ymer properties for catal ysts containing substituted phenyl ene diesters
of substiwoted/deszoi ¢ aci ds are provided in Table 9. TabrasS0RCPBME =

di cycl opent yl di met hoxysi | aneEED = external el ectron donor |IED = internal

el ectron donor (Table 1) MeBC = p-nethyl benzoyl chloride NPTM5 =

n- propyl trimet hoxysil ane [00189] The results show that catal yst

conposi t Ekihsexdmahelstupsdtonerut ed phenyl ene aromatic diester with different

st r uct ur &P =vietetnd elpctrop dovof (Tebknt) | y i nprove catal yst activity, :

ster eoseMé%QTW“t;yyis%g)‘/l chipfieecul ar wei ght distribution (PDI), and/or polyner
cryst al | VriMS~ Faeg t}‘ﬁ“?th?%%‘ﬁr ed to catal ysts conpositions containing (i)
unsubstituted 1, 2- phenyl ene di benzoate and/or (i.i) phthal ate (Ta

. le 4).
I nt er nal [0818%Yt r on ‘Hemapwlisothosy hatgcalyst compentigierit ﬁ’ébsélF‘B?fjatH?’Egylege _
di benzo rgmgiﬁ@ é?é‘stéf.S%ﬂmi@are% fsg@&ﬁﬂﬁ Ja¥Res sRhiRAREY IBRFVe( ééfﬁpstaéctﬂvh?,T i

and Ben I'n particular) to advantageous!|y —provi | proved catal ys
per f or mestereosehattipiny Y(IXESH,s maildclar npeighte dispitopion t (PEY), aftikori pallymsi oryseillizity

second ipternal electron donor, such.as ethyl .benzoate B) .0

p- et hyl iy y CORRISH | e RIRATEE) COMOSHHgPs £SOBIRIRG dbt u%%‘&%?'%}‘%?ﬁ La'rprhﬁ‘b‘/lene
cat al yst 4iBERafkadndaR @) phibtd (Patks Qf.auﬂhml eREQSMUSRYrs dBRRAGEN Sub¥Rhesul ar
wei ght distribution. Th addition, multiple additions of the internal

el ect r onpleopiens amsnatic ditresroait eah bryusegPath diffpreot/@peselargawsors (such as MagTi

st ereosel ectivi ty.. [0019 Lt IS eci ficall.y in S

di scl os u?"gl %SI%MB% lfli[l?ﬁnll%l r? 30 taﬂ‘éanzaf%g%sllwg?vslé{eah%ﬁrﬁpgaﬁg%t%]g?ﬁt %éﬁgo‘%%%%%a%{%d
herein, paymeRGliddEnprodéd pR@erties. "Fhe inclitaseofenivedhdrindraall eleditodidogopendt ons
of the enbodi nents and conbi nati ons of elenents of different enbod|inments as
come wi t3 sthyhbenzeaiscES) emermednylbamizay ehlanides (MeRCpeeither Arogm &Ha‘ftaﬁ&‘gtfon

conposi t&lﬂﬂlgcgﬂglgtsﬁrjaga'ration or from the procatalyst precursor, broadens molecular weight
distribution. In addition, multiple additions of the internal electron donor, as demonstrated by
IEDS, improve catalyst stereoselectivity.
[00190] It is specifically intended that the present disclosure not be limitéd 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.
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a conbination of a magnesium noiety, a titaniumnoiety and an internal

el ectron donor conprising a substituted phenylene aromatic diester. 2. The
procat al WO 20mpe®itt i on of claim 1l wherein the substit uret/ysh@apbens
aromatic diester has the structure (1) wherein R -Ri 4 are the sanme or
different, each O R -R 4 is selected fromthe group consisting of

hydr ogen, a substituted hydrocarbyl group having 1 to 20 carbon atons, an
unsubsti tuted hydrocarbyl group havi@gAIMSo 20 carbon atons, an al koxy
group having 1 to 20 carbon_atoms, a heteroatom and conbi nations thereof,
and at |lkast dBeocerlt cCQROSIEONOMMIPHEogen. 3. The procatal yst conposition
of claim2 i I L= RA ks :

consi sting %%%@B%%oﬁog? Zr%agg}sglrng:@?%@, ag‘f“gﬁ‘gﬁ %%?gsﬁg%po&%alggggﬁ at ons,
an unsubdinbt cdreptisings adatittydd gireoylpndhaeimgc diester.20 car bon at ons, and

conbi nati ons thereof. 4. The procatal yst conposition of any of clains 2-3
wher ei n At | eRstprofgal 9t cBmpBbidon 6f deine t wdrdin thasubeitgred phenybms iasimaty of a
substi tut.ed hydrocar byl 8roup having 1 to 20 carbon atoms, an unsubstituted
hydr ocardssterdigsths Sﬁé@%ﬁ‘g L to 20 carbon atoms, an al koxy group having 1 to
20 carbon atons, a heteroatom and conbinations thereof. 5y The procatalyst
conposi tion of any of clainms 2-4 wherginsR and R3 are the sane or
different and each is selected fromt group consisting of a C -C8 al kyl
group, a C3-C6 group, a cycloal kyl T e@ and a substituted C3-C6

cycl oal kyl group. 6. The procatal yst ¢omnposition of any of clains 2-5
wherein R and R3 are the same or differenttand each is selected fromthe
group consisting of a nmethyl growup B roup, an-propyl group, an

i sopropyl group, a n-butyl group, but roup, an isobutyl group, a
secbutyl group, a 2,4,4-trimethylp A roup, a cyclopentyl group, a
cycl ohexyl group, and conbi nati ons thereof ~ 7. The procatal yst conposition
of any of clains 2-6 wherein R2 and R4 are hydrogen. 8. The procatal yst
conposi ti on okheein RyHRyis e Be amd er difffiereR1, each of ReRhyik s¢jedepiramdhggroup

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

.,.

12

N
1

unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a heteroatom, and combinations thereof, and at least one of Ry-Ry4 is not

hydrogen.

3. The procatalyst composition of claim 2 wherein at least one of Ri-Ry is selected from
the group consisting of a substituted hydrocarbyl group having 1 to 20 carbon atoms, an

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

4. The procatalyst composition of any of claims 2-3 wherein at least one of Rs-Ry4is
selected from the group consisting of a substituted hydrocarbyl group having 1 to 20 carbon
atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group

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

5. The procatalyst composition of any of claims 2-4 wherein R and R3 are the same or
different and each is selected from the group consisting of a C;-Cs alkyl group, a C3-Cs

group, a cycloalkyl group, and a substituted C3-Cg cycloalkyl group.

6. The procatalyst composition of any of claims 2-5 wherein R; and R; are the same or

different and each is selected from the group consisting of a methyl group, an ethyl group, a
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a t-butyl group. 9. The procatal yst conposition of any of clains 2-6
wherein each O R 1 and R3 is an isopropyl group. 10. The procatal yst
conposi t iwo 20f0/0B@m 2 wherein R, R3 and R4 are hydr og@aTarsdooRD69935
selected fromthe group consisting of a substituted hydrocarbyl group
having 1 to 20 carbon atonms, an unsubstituted hydrocarbyl group having 1 to
20 carbon atons, and conbi nations thereof. 11. The procatal yst conposition

of clai m-gg)%gwwp{anﬁﬁpr?pﬁ@r@m ed—lfdmyirgrdnk}:e agtbutyd goopsarsisobufylGirop, @Sead kyl
group, - cyc oup, .and a substjtuted C3-C6 cycl oal kyl group.
12. The%&lc%f‘é?’?gtggﬁﬂ%‘ﬁg’g[ﬂ% ngfg']lcgrﬁ?ﬁnaﬂc %I}tgli R 49 C%@F’@?lg&%lpf romthe
group coiyi ShivithtRdhs thef@Ehy! group, an ethyl group, a n-propyl group, an

i sopropyl group, a t-butyl group, an isobutyl group, a sec-butyl group, a

2,4, 4-1 fl{zg_mst Wﬁa;,gggaggi-g%—o\sinpggiaug of alfafcd@ﬂg@twh%gppz arRNg, fe GYFbOAEXY!

gr oup. The yst “conpositi‘on of any of clains 11-12 wherein R2 is

| ect ed, f th .St . . . -
4. “The br ocal et RsEapphibh Afaf afnih ne AR McAL B b BT BT,

and R angbitl goept he same or different, each of Rand R4 is selected from
the group consisting of a substituted hydrocarbyl group having 1 to 20

carbon ag ons, TR SR SitdoipoSition YEEBEST dRinsPrO WhelkaVEarl of Ry an@R; dambon
atons, and conbi nations theéreof. 15. The procatal yst conposition of claim
14 wher eiseprRpylagioiR4 are the same or different and each is selected from

t he group consisting of a G -C8 al kyl group, a C3-C6 cycl oal kyl group, and
a subst i tlut edTiE3prosatalystl coadpleyition b clpin 8. whEkin Bn oRntrdl Busare bydjosen endbe 5 any

of clains, 14- erein R and R4 ar.e..the, sa r.diff t e is
sel ect ed“%%‘i% %Nabﬁr%ﬁbp EYRETog Pﬁ@ S%l?suglt%]t%ﬁ{/g‘?caéry(%%ﬁ?up;i%%&ghﬁa szoef%%rzl)ﬁlr opy!|
group, afioinS O RWbsti@teL Ry dracas B ghelipyRavigOLid, 2(8darbddibthy,|and compinations

cycl opentyl group,
thgreo?. P

11. The procatalyst composition of claim lb wherein R; is selected from the group
consisting of C;-Cg alkyl group, a C3-Cs cycloalkyl group, and a substituted C3-Cs cycloalkyl
group.

12. The procatalyst composition of claim 10 wherein R is selected from the group
consisting of a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a t-butyl
group, an isobutyl group, a sec-butyl group, a 2,4,4-trimethylpentan-2-yl group, a
cyclopentyl group, and a cyclohexyl group.

13. The procatalyst composition of any of claims 11-12 wherein R; is selected from the

group consisting of a methy! group and a t-butyl group.

14. The procatalyst composition of claim 2 wherein R, and R are hydrogen and R; and
R, are the same or different, each of Rj and Ry is selected from the group consisting of a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl

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

15. The procatalyst composition of claim 14 wherein R; and R4 are the same or different
and each is selected from the group consisting of a C;-Cg alky! group, a C3-C¢ cycloalkyl
group, and a substituted Cs3-Cs cycloalkyl group.
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and a cycl ohexyl group, and conbinations thereof. 17. The procatal yst
conposition of any of clains 1-16 conprising an el ectron donor conponent
sel ect ed woamodies9gr oup consi sting of a phthal ate, a bemrzmaiseqoacwiet her,
and conbi nations thereof. 18. A catal yst conposition conprising: a
procat al yst conposition conprising a substituted phenyl ene aromatic
diester; and a cocatalyst. 19. The catal yst conposition of claim 18
conprisihg a Wbﬂhecmsb%ﬁnmqﬁmﬁmomfampo@ﬂdup1deH%Wh@bmdhamdéhaswmeﬁmat

I t d t
ot ocess. P BBt o Pl SO BT SR nE S PRLPA G B A0 ™ ander
pol yner i @Fylgg}oﬁlp ReliiddpRpyi gﬁﬂp?é &lcLButyli drbur? af MoBliy$ brodp) r@@&l@eﬁm ERPY i Si ng

a substi phényl ene ‘aromatic diester; and form ng an i n-based
pol ymer . and a cyclohexyl group, and comblnatlons thereof.

17. The procatalyst composition of any of claims 1-16 comprising an electron donor
component selected from the group consisting of a phthalate, a benzoate, a diether, and

combinations thereof.

18. A catalyst composition comprising:
a procatalyst composition comprising a substituted phenylene aromatic diester; and

a cocatalyst.

19. The catalyst composition of claim 18 comprising a member selected from the group

consisting of an external electron donor, an activity limiting agent, and combinations thereof.

20. A process for producing an olefin-based polymer comprising:
contacting, under polymerization conditions, an olefin with a catalyst composition
comprising a substituted phenylene aromatic diester; and

forming an olefin-based polymer.
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