ENHANCED PROCATALYST COVPOSI TI ON AND PROCESS PRI ORI TY CLAI M [0001] Thi s
application clains priority to U. S. provisional application 61/141, 902
filed on Wweremngss031, 2008 and U.S. provisional applicarcenuséddbdh959,
filed on Decenber 31, 2008, the entire content of each application

i ncorporated by reference herein. BACKGROUND 10002] The present disclosure
relates to a process for enhancing procatal yst properties (selectivity)
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[ 0013] The present disclosure provides a process for inproving the
selectivity of a procatal yst conposition. The process includes |owering the
reacti on wenpsv@siwse duri ng hal ogenati on of a procatal yeCTaSe@a06m29 i n t he
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[0018] I n an enbodi nent, the procatal yst precursor is synthesized so as to
prepare procatal yst precursor particles having a D50 fromabout 5 pmto
about 25 pm or fromabout 10 p.mto about 25 p.m The precursor
preparation may al so include a procedure whereby the particles are forned
into rounded, snooth, spherical or substantially spherical (as opposed to
j agged, rough or uneven) surface norphol ogy. Subsequent hal ogenati on and
formati on of the precursor into the procatal yst conposition does not
substantially change the D50 size range for the particles. Thus, the D50
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[0023] I n an enbodi nent, the phenylene aromatic diester is a "substituted
phenyl ene aromatic diester"” wherein at | east one of R1-R14 of structure (I)
i s not hywsoagmm7sidenl i mting exanpl es of suitabl e subst iPCutusdoogloesyyd ene
diester are found in Table 1 (in Exanples section). [0024]1n an enbodi nent,
t he substituted phenylene aromatic diester is selected from
5-tert-butyl-3-nethyl-1, 2-phenyl ene di benzoate and 4-tert-butyl- 1
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[ 0029] The foregoi ng processes inprove procatal yst conposition selectivity.
The term "selectivity,"” (or "procatal yst selectivity") as used herein, is
i ndi cated by the anount of isotactic propyl ene hono-/co-pol yner present in
a sanple of the polymer fornmed fromthe procatal yst conposition. An
"isotactic" polynmer contains chiral centers with the same configuration. In
contrast, "atactic" polyner has a ranslomdistribution of chiral centers
with the sane configuration. [0030] The netric for procatal yst selectivity
is the weight percent xylene solubles of a polyner sanple fornmed fromthe
procat al yst conposition The tern1 xerne solubles (or "XS") -as used
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about O wt %to about 2.3 Wt % or fromgreater than O Wt %to about 2.3 wt
% Weight percent is based on the total weight of the procatal yst

conposi t iw.20f78506oNnt ri butes to i nproved procatal yst selCgaiseaongas wil |

be expl ai ned bel ow. [0035] Et hoxi de content in the procatal yst conposition

i ndi cates the conpl eteness of conversion of precursor netal ethoxide into a
netal halide. The hal ogenation tenperature range of |ess than 115C, or from
90C to | ekstrbhadonors éapiied precaldBC ahdes dandlyst ndyntliesisc oloatimiting efansblenxi de
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based on t of the ‘procatal yst conposition. [0036]1n an
enbodi rrerembotihmnpr dxceb@zpatel groeg if mﬂnulngsraoqnc oc Noalipsting: exgmasles |06rsu(twblevm th
a selectiy greate than the selectivity of procat al 0 on
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of the sane procatal yst precursor and the same substituted phenyl ene
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procat al a
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forms a memﬁa&abﬁqbuﬁ@np05|tlon (A) with a selectivity index |ess than the
selectivity index of a procatal yst conpasition (B).. "Procatalyst (A" is a
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100G, adep@g@r@Qrsmpo thpppmetglysheorsmsém mqsyloz@fsubs’s@tfaﬂy rebangsr GedP] yize
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t he forn@miKpﬁbumgiuﬁmam&@habpmﬂnahﬂkqﬁmnwQﬂpﬁsition (B) In an further

enbodi nent, the process includes formng procat al yst conp05|H;on (A

havi ng | é48 beconpé@ﬂqgeﬁﬁl%r@db‘%:t’@cﬁtﬁlé’ﬁt IHF‘E}E%%C(}%&S “'(‘ fhe presgpge of an mtemal
2010/ 078%{%%? éH%%OSA%/uQQP%Qm[ 038l REESL A ‘ gﬁ PO cg?fl;pg\?lﬁi /el her
process. an enbodi ne process 1s provided d inclu I rst

hal ogenabt ntheawipe ficatd kiysng ﬁmnatms of the pradatalyst ecsrammtum‘ that dnub®ss iat least dne

phenyl ene ar tic diester at a rst te rature
Pl 05 enaptibdt EEHEGIP GREpY e Befal Riescat s e aegat bty Shuapiapiition The
process ifiEhHOg8ctRRCAsHdr hah QUBARIED PhédiFerRr R6MbAE Wiebtetr N1 bAREHBHRnEH, the
second tenperature (a second hal ogenation tenperature). The second
hal ogenasilbstitutehybenylene dremgficeatiestert e af phenyléns otperaiici diesteengish deurtke The
process |nclud form ng a procatal yst conposition with a bulk density (BD)
|ndex fr8 W83©'0.28 to about 0.5. [0039] The term "bulk density," (or
"BD') as used herein, is the density of the polymer produced. Bulk dénsity
is determ ned by pouring the polymer resin through a standard powder funnel
into a stainless standard cylinder ands defernining the weight of the resin
for the given volunme of the filled cyl]|
or equivalent. The "procatal yst bul R
index," or "BD index," is the bul k Yen
the procatal yst conposition. Theé“BD/I fidex°c
i nks the bul k density of the fo
conposition used to produce t the BD for the polyner and
the BD i ndex for the procatalystRco positio e the sane val ue. For
exanpl e, a procatal yst conposition with a BD index of 0.29 produces a
polymer with a BD of 0.29 g/cc. [0040] I n an enbodi nent, the substituted
phenyl ene aromatic diester for the first hal ogenation is sel ected from
5-tert-butyl-3-nmethyl-1,2 phynyl ene di benzoat e and/ or
4-tertbutyl -1, 2- phenyl ene di benzoate. [0041]1n an enbodi nent, the first
hal ogenation is perforned at a tenperature |l ess than 115C, or from90C to
100C, and the second hal ogenation is perfornmed at a tenperature greater
than or equal to 115C, or 130C. [0042] I n an enbodi nent, the second
hal ogenati on of the procatalyst internediate is performed in the presence
of a substltuted phenylene aronatlc di ester. The substituted phenyl ene
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i ncreases the bulk density of the formant polymer (i.e., a greater BD index
for procatal yst conposition (C) conpared to the BD of the formant pol yner
from procasibabyat7sio®) . [ 0047] I n an enbodi nent, the procaralryus2oeongesiti on
(C© has a selectivity index less than the selectivity index of procatalyst
conposition (D) at standard conditions. In other words, under standard
conditions, the procatal yst conposition (C) produces a propyl ene-based
pol ymer \8020] | ess xwhemive Ry® ke thet daare drhéifferenpy IRank-ofids ekl spislsyleeed gronduced
by procaﬁ?al yst (D). In a further ?rrbodl ment tZB r ocess |n Iud S

yd H&
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opt|onal e or nore olefins in a polynerization reactor, and forring a
propyl eneuﬂzsawoﬂqmlrymmtmhaiu ng (i) less than 4 wt % or less than 3 wt %

par i ot eQ0BAI' ne’ pAsHRR RS tis oy AN o SR BRREIT, Rop lbdiuephan

0. 28 g/ ceohtBinAtydHly ﬁy&gé&f:anc{ 896§ AtomancRbingtBardBES 9P Lftgaiihed cantsted bhe
procatal yst conposition may be rinsed or washed with a liquid diluent to

renove ubnwdweed Tydia meliCyrlp. baseh i @id seprlice iBesdesy exiddwambinagions therpeler or
b ol
oros t P oRAE HgREnes MBOEAbY dbf BkSe &.d@%wm& L,

COI’TpOSIt a Was 'S a

|'i qui d hylkadieaylhegclobikbnygls c&ﬂo@llkacﬂlhﬁi)tl# arﬁydrl@mylbmmdauqimyhgmmpent ane

i sooct ane, i sohexane, hexape,. pent ane, Nat Wi s jn %t

by any p822Eul ar ¥ed§d hereing Ilté%d 3 a&ltu ) B Fctcﬂ@‘ry ha ogéH

and/ or (%idlfoyz{rb&?{ 15%52311189&59[5%1{055 thit lg%ﬁbsrtﬁﬁle@ widbid 62PN néihydRRarbyl
procat al yst conposition, possSibly by renoval of certain inactivé netal
conpoundsulishiatenageoupsl ubl sorlimitihg dxempgaooﬁg mhnlhuélmarbybmpmt gespl i5i mg

procatal yst co ition froma t he for ol rocesses ha a_titanium

cont ent g Eﬂlﬁ)ag‘ﬁ ({l]h?felﬁe?cg%fm V%F@ﬂtao%b ﬁ%{) g OBé’tr(bé( EBY &E‘? ght ,

based onnhtlRatddh 8dn BOA hes ciBbA Riom foml GRAHLEPOUY, I, an@evqp 6NthePeriveic ghblet O

about 5.5 percent by weight, or fromabout 2.0 %ercent né wei ght to about
9

5.0 per cé}@nllwlwwlesﬂfélwpﬁhms inglyds: balogensyHi GlmBr.oDmlgRe i Bndi #nd be
lid t |
17160, "oft SRt I3ARERLY), Lol 2Rl oot RHIGERAAN oty W HBMop

The i nt ecp@hinBlgeBydrodarbdn@ioup s AE a:isedltheire‘in,afheafmunfha]ld}g'd’rc&bthyl” @ralipwis &6 t 0
about 30.0 wt % _ or from about i %to aboyt 30 wt % The internal

el ect ronhH@ﬁﬁ%rbYﬂBB}O‘Héthﬁ?’é%‘?ﬁtlui‘tﬁd W‘fg OB BE BYOE] §Aee®HIBSi tion in a nol ar
ratio of rnal Qe" topBRIid T 2 20ttinRe RN HchO
about 1: !quig froma o%ihggd upthéﬂlegg&ﬂg%dﬁ{g. 1Sl gh taper celnt 'S b%ge on
t he t ot abhroweitighliested™ wherepr gdedsabysof Rﬁﬁp;o:ﬂstrucinre (Mo 501 hy\;bbg@aﬁfcmhhraueg
surprisingly dis overa ring the te turedrln theflr

hal ogena’t"’f9 ley § eguﬁ? g?ﬂﬂﬂfe ali’ GSH%W t‘ﬁesitfﬁc rSa UAg 1Phjg l?l‘égr]?péllnap aﬁrl ng
subsequeRdciiBa).0 genations unexpectedly (1) inproves the procatalyst
selectivity index §i.e., | oner xyl ene solubles in the formed polyner) (2)
produces [092}5} ocat a Iy@t er@b@ﬁbmm ithensubptithited phonylenfounmate diegfer isgelegied from
subst ant | tal yst
Bul k. dend, ey or A EATERS kR ap et Rl L R Wbt

[ 0051] Bogoudspl by na pedlbgenutiag abHROT ¥s ubdd hareidplis @vesmpduad ﬂhbtec@h\feftertbmt
responses to tenperature is due to higher concentration of titanium

al koxi dePyRlSURESUrFeT inteer halidg fomm| %éﬁ%l@& aghC 25 Jredlpiar 8@ oBPeHRd
subseque he
subst 't ub gy PRARREIA LARScalBackivh B BT, PHaBUALOPH Bhd LaRElonohler,

t enper at theemadresimnt bty presdrt 6m tlenpropatalg sirprequrton énteubmbgnesivad hghierspbpore
aromatic dies After the.first. hal Oﬂenat i.on,. the, conc

i. f
O LB Bl nd s e Bredey §icnl8 wHSHOm e ErsPeTear NehruSBngle b,

Rai si ng bhedey aaepakticahr HRERS! Al NRlieIddethat Bgvidd halb é}ah@ﬂ%atmmaue@&ﬁe not
lead to internal electron donor side reactions wth %he titani um al koxi de

by pr oducinserngihelsctranaidenarg(1) lregiates das detnmtion egfpediive Laites and etherehy enhanges

hal ogenati on pronotes hal ogenati on and inproves (i.e., increases) the bulk
density index for the procatal yst conposition. [0052] Any of the foregoing
processes my conprise two or nore enbodi nents. [0053] The present

di scl osure provides a procatal yst conposition. In an enbodi nent, particles
of a procatal yst conposition are provided. The procatal yst conposition
particles include a magnesi um noi ety,sa titaniumnoiety, and an internal

el ectron donor. The internal electron donor is any substituted phenyl ene
aromatic diester as disclosed herein. The procatal yst conposition particles
have a DSO from about 1 un1to about 50 um or fron1about S umto about 25

I T A~ 0" oy I NS N

- U



di scl osed herein. [0059] Any of the foregoing procatal yst conpositions may
be used in a polynerization process. In an enbodi nent, a polynerization
process iwoppovi7eidd and i ncl udes contacting, under pol yRreTiusa600069929
conditions, the procatal yst conposition conposed of substituted phenyl ene
aromatic diester (such as procatalyst (A and/or (C)), a cocatalyst,
optionally an external electron donor with propylene and optionally one or
mor e ol efcanbyst Itweopdhwmuyi 12 repnldter e posjtionpyf emﬂbmsmdt}pomygmmhabdsag

| ess than 4 wt IessthanBﬁn % or IesséhanZ %. or |ess than
1w % 6I=‘PH%rh3 afl lifptes conyeadan oh e H‘aﬁﬁes%méP fHRND @O‘ﬁﬂeso/o“f%rqsgi‘-‘él"? han
2.5 W Yxih&nen s gh)u %%ﬁate Vi 0 Q}yspﬁlﬁtﬁeﬁEe ﬂh@ ﬁ@@%@luﬂ{‘ Hal1§e sQbdrt Wkight Of
the pol yner. [0060] her ei'n cocatal yst" Is a substance capable of
conver t i mgntdisiopr dbas, aircyssmon of sire m@etrnaleelqmoynbnmmeldem wataiblysitconiposition

cocat al yst. .ma ydri.des, alkyls, or aryls of alumnum [Iithium
zinc, ti ﬁ”thceé%ﬁ?(ifﬁls ?‘Fﬁl " magnesi um and conbinations thereof. In an

enbodi nen 0026? he coggtaal #fbodigert, Imih%géﬂmh Qlgifl RUAMtEAIRA URdE epvRsent ed
by the formula R'Al X3, wherein n = 1 2, % Ris an alkyl, and X 1s a

hal i de orforaeTi@R)Kn vhareimB6 andrnare dpﬁ@ecb@ﬁcehoaﬁ yisis angniggerelEarad i3 is

i e nedgiaPhh R o doun o/ Shab ol VDo FoRuUD b s TR onh ke
exanpl es hafogenditinglgenthind rthe dtanytingahgent. niina ﬁﬁmo emdsdiatent,abe tltamum hahde is

fol | ows: net hyl al um noxane, i sohut yl al unj hoxane, t hyl al m nunet hoxi
di i sobut yilal AR atREEPATON QFEUrst byt Waiéto Fhigrinptinn ?fofilaméocata yst precursor With e

tetrai so I I I t
i chi or 1 8 el (TATIENEA Sand ltahdoih 3 Lo O bR Sencs i Sy DATbr o
trii sobumyhahlmmau@dqard)manmht;mly buedhuas muhhorahenmbuoychh:ﬂrunimum crhjm‘pbmsane

di - n- hexyl al um n hydr i ut aI u i.de hex al. um num
di hydr i d@%FPP<8 P‘iﬂ%é‘%ﬁﬂ“& E‘?n‘/ﬁ&ﬁﬁé ‘I%B%P@l‘ Imgﬁ*‘yfl ¥R b6
trimethyhal boidueRt By it 64 dhisfird eMhaldgendimr £RW ahd) Bhlﬂiciﬁ&ted aromatic liquid
triisopropylalumnum tri-n-butylalumnum tri-noctylal um num

t r| n- de€gmatising filem 4Q to 60hvadenie poicantihalagangtingiaggeibsroplaa il snum hydri de, and
- n- hex m nu d n. n t t.

tr| et hyl + num ”#IX ﬂr a‘%alyita?ot?’géos logll lﬁm@%mat% Eﬂ tﬂgn L?gn&l%g (?}Jr%]% ) egrh 5:1

to about eRBRod dotdr (. @theahﬂjstltuiem phénglenb audma0didsterd rto ffomimaabaution kbixiuré 0

about 150:1, or from about 20:1 to about 100:1. In another enbogl ment, the

ol ar r athichodlse cemtping i shiprinaiedraromptis corppernd sThe repejtssapirdurgdadesied i &, an
"externa 0 r r Eﬁ,lg.‘) d

procat al l;t/s??lg e?%ﬁr?ait%is%%&gn Sl(gcloﬁ es ebb e%%ot@pg};feég &ha?t ?Iggﬁamg(?gggé?%g{l%s

capabl e ohlodeatiin. n@p;dlcpms havd sueprsnglpdiscovered tiet lzdlogemetion Geu ctipdinhiyng) of

particul ar theory, i s beljeved . that provision of one.o e,_ext ernal

B ect r onoHEgai: piretar g4 S SutiBtod B T dudbafth iefls (B gpersuit
properti esg@f ek ehdnon r3uat, Rl mﬁf 9ob@vel 1e@§ tha ok Cdgfudl € -1909C X! paificEar, ubl e
material), nol ecul ar wei ght (i.e., ow), nol ecul ar wei ght

di stri buvh@weétwtlm)prowes |angromsalmt ccmm/smonomﬂgmﬁovwévelpctﬂ{lmaﬁl}ls mesal is
enbodi nent, the E icon, co und v ge I I 1):
Si RM(OR }lﬂéxr%eftﬁ66§ ¢ g? eIor‘fveﬁngn }eepe %etnflg}mga]& c?(;:aglgrre r e(prlll?:lggl gk% 1Sge(r(l)kor a
hydr ocar byhveatiosdd @racamlyge ownp@mtﬁmﬁnabdmw ubst othertwask WlitdiniSled  @rodaedl st
substituents, containing one or nore Group 14, 15, 16, or 17 heteroatons. R

cont ai ns SYUgCtveLy20 mpatisulant it d%d(ﬁPWﬁgthhS/Eﬁdﬁ@@E the defegergjion. tepgperadurg befow

al kyl gr ryl

al kyl or ?a%kyﬁgk?nﬁ I]e%fgtl(ﬁhalg ol ﬁﬁsf)fgégﬂi%%?ﬂpag%@%%a %ﬁt?ongo Ifég %fugf/cl iC
am no gr diimbuR1plghaThte) dlnahishdas, oramhenmsesddgraﬂes he selitivity for the phthalate-based
2010/078503PCT/U820091069929 [ 0066] I n an enbodi nent, the silane conposition
i s di cycPHSERXT APRASHINY si | ane (DCPDVB), net hyl cycl ohexyl di net hoxysi | ane

( MChDVE) {0028] N- Pr opikkpdctaINox il dgdhtibNREMBranfd bfaRys GRAADI1N84C GmptdiRs eof
[0067] The polynerization réaction forms a propyl ene honopol yner or a

pr opy| enerasaiebist srectiviptwhenesubstituigd ehemylensr dibenzefteris tsniotasnal edestropglonor.
introduced into a polynerization reactor along with the propylene to react
with the procatal yst, cocatalyst, and EED and to forma polyner, or a
fluidized bed of polyner particles. Nonlimting exanples of suitable olefin
nmononers include ethylene, C4_20 a-olefins, such as 1-butene, 1-pentene, 1-
hexene, 4-nethyl-I-pentene, 1-heptene, 1-octene, 1-decene, 1-dodecene and
the like. [0068]1n an enbodi nent, theeépol ynerization process may include a
pre- polynerization step and/or a pre-activation step. [0069]1n an

enbodi ment, the process includes mxing the external electron donor with
the procatalyst conp05|t|on The external electron donor can be conplexed

e

. B o "



[0070] I n an enbodi nent, the process includes formng a propyl ene-based
pol ymer (propyl ene honopol yner or propyl ene copol yner) containing the
substi t utwao 2ptoertgioene aronatic diester (i.e., contai ni N@CT/US2009/069929
5-tert-butyl-3-nethyl -1, 2- phenyl ene di benzoate and/or 4-
tert-butyl-1, 2- phenyl ene di benzoate). The propyl ene-based pol ynmer has one
or nore of the followi ng properties: a nelt flowrate (MFR) from about

0. 01 g/ 1WNoti wishihgato bk lﬁﬁﬁdgﬁﬁ(lnyri phm@ﬂarf theoiyabiout Helidveg/ hélogénatibw iabihat
200 g/ 10 mm or from about 0 about g/10 m £he

sol ubl es t&BPaNEC Feh Ablsst t}éﬁnlgﬁ 6 aﬂ.’)‘éu{m‘l’o% Cofo ??Sérf‘;h%‘bd’ﬁteq@all% t1§‘5 Shout
8% or fr ! O} QlateSwith ARty inoid
polydlspeggkty |n§ex ﬁ%%8§qfﬁﬂlnéﬁ%ﬂﬁﬁgkgpﬂ%8 é%? i ,nor f?bhtabéﬂty4 0
t o about witle simulteaenuslyo(it) gre@rviog abo wstrustufe of ahﬂjlsubstltuted phenylensaatoimaties

t her eof 2fth a bulk density greater than 0.28 g/cc to about 0.50 g/cc.
[0071] Th “ﬁﬁﬁpylene based pol yner may conprise two or nore enbodi nents

di scl oseqodpiei n.  1HO RELBIH7 BrobSiREs! t&&%@@%&fa@a‘tﬁs@ cbRipbdiliba serRc@IROITRENT ,
the procatal yst conposition and/or the polymer produced therefromare/is
pht hal at éerfry Esgleghivigy, &(drs ponchialyst sdeciivity”oas tued/br:ramors ipAichigd & dhagrount of

derivative hereof 073 DEFINITI O es i odi C
Tabl o of ra B e R Toiney a0 § Spilblepbthg pB g RplrEth

El ement s prgvdbilyss heehpasitos o pxhi ‘GitadichypobbePc@88ins Ichiral, cAérsS. with She samy
references to a Goup or Goups shall be to the Group or Grgups refl ected

P
in this PerfigHatonTp|cengasts’ W@CEF ehelimsr has ypndo disyphutionyafchipk pteruWER i ng
groups. Hﬂhﬁﬁ%c%&ﬁ%&ﬂh&f the contrary, inplicit fromthe context, or
customary 1n the a | parts and percents are based on meight. For
pur poses [@130pni t ed Thanesc fat @otatgdysictleciyityt isehe mt@npsrceﬁt )@hyxe palubles of
patent application, l.icati on referenced.herein are
i ncor por &tpé’hiy BY SRRl %’ﬁ@% fiqm fheiprocafalyst segpesifion- hjeﬂeetfm‘vél”]rr?ﬁ? g(@gb]\‘i r&F on
thereof kggsp JdsN&ed MRfet,&d thY HaBfi& 8N pElymce IRACEK ablublaMr RyleRS Regsed o Thhe
di scl osure of synthetic techniques, déefinitions (to the extent not
i nconsi stselnblevrﬁradmoam}ndquometatrtdq@ me(ﬂmqj‘ehblt??eﬁr@”ﬂnyl (bndthgeatectisl fraghion) &dge in
the art. n reci tied herei ncl ude from
the | oweP USIcte TR TabERF ERAT FaRER BRFI D PG o HEb R
that t hepecoslirgly etuarlatmomeotve@ht bersit ¢ wylehis sdlablesethe agwatéroweranv(atnue,fand

any hi gher value. As an exanp If it is stated that the anmount of a
conponenisotastic golygey pregentdn éh?rﬁ?@ié"r‘%ﬁ samgle and the greplsr the progailest sglectisifgh as,

for exa anoun
| ndex ol PP Cin 3h dybdthc BB RERk OB, KRB RERLATS, indEk) A
val ues, §sntdrct1aﬂy ildex?; oB“pteta:talystasadiecak/ity Sndexdrig elsg nghh %aXS af aréfyle®s to

70, 197 to etc. ressly enunerated in.this specifjcat.ion., For
T uee i TEnerabdfied PARe Dot OTReSGORs T ERc Ay SeclsSaties Hdst 001

0.01 or QodhecRSorBcARIE an‘%ctl%r hﬁ‘ﬁ(@ tHé QV&QIII‘[ pe &¥aPL2&e0fo1ub1ad ofsthe formant
specifically intended, and possi bl e conbi nati ons of nunerical val ues
bet ween phlymeowesst theaprogatalyst cdrapdsitifnensedvial medeqmﬁermheder arlge tpgodatalyst

consrdere to.be d in this icati n er wor

muner | cararafge TpEATHEERR A IR o Dt o P St b ensPabls kit RS
stated rafe&ivitiunBe! 681.0rdRYAS coRvRtDREME T8Ehdne Golydder HaSizdSE@ vt P8I es and
reference nmelt index, nelt flow rate, and ot her properties. [0076]The term
"al kyl , " Vig§ \RE%d HERS # Procefalyst qompesBioanvid KW SAISPRHEhEWeX & e amaant or
unsatura [ ¢ Nonlimting exanples of suitable
al kyl h@@nﬁ?x%hggghﬁ ggggﬁgﬁgkg?%ﬁ%thyl, ethyl, n-propyl, i-propyl,
2- pr 0penjr003@])r al | yrc)c,ata\]/ysnyd:lectmﬂyliby kwo tor Iutry Iprociatabyst yd)m()omtlons is evaluated

2 met hyl ,, etc. The alkyls have 1 20 carbgn ato .0077] The term
ol kyl ar JEE dricad Gpugtiinsgr gl o e HaPAfiRnsy &S aired eting i Aagent
substi t upthtiids &hd bEIFRleriMBNANMHIHBHS Ut aleGAd Sdnld) eorts%r,thn@amylthe S4me)aHchdss
group,” as used herein, is a substituent derived froman afonatic

hydr ocar beom %m@@upniymwaémylre@mmp hAs uacd berin, opolymmmzeiion ronditienst’yare i ng
atons, and has one or nore rings which are separate or fused, and may be
substituted with al kyl and/or halo groups. The aronmatic ring(s) may i ncl ude
phenyl, naphthyl, anthracenyl, and bi phenyl, anmong others. [0079] The terns
"bl end"” or "polymer blend,” as used herein, is a blend of two or nore

pol ymers. Such a blend may or may not be m scible (not phase separated at
nol ecul ar level). Such a blend may or7may not be phase separated. Such a

bl end may or may not contain one or nore domain configurations, as

determ ned fromtransm ssion el ectron spectroscopy, light scattering, x-ray
scatterrng, and ot her net hods known in the art. [0080]The term

o " - T} o Y T T - o e e



presence of any additional conponent, step or procedure, whether or not the
sane is disclosed herein. In order to avoid any doubt, all conpositions

cl ai mred hwoepr/a7ggoough use of the term "conprising” mayPCRAISa@O/069Y99

addi tional additive, adjuvant, or conpound whether polyneric or otherw se,
unl ess stated to the contrary. In contrast, the term "consisting
essentially of' excludes fromthe scope of any succeeding recitation any
ot her comnpopeesttire, prespuroy afl esaewdu paranet@e prithiy at pulgwetifdion aeateroduitableefot i al
to operabili t}/. The term "%onsi sting, of' exc|ludes an corrponent,atite or
pr ocedur ETHRRINEROLRErIZafipY befaverm a spialyshronprastiog (Pragatalyst gfd-qopatalysih pad an
stated o oS r st I Wngi ¥ | | in
Ny comb e D e o L o e e IR Rraion
cont ai ni prpcessmpp by argas pbasef ashyryaonajbolki polymetizaition peoasen operfting) indms, ion,

for exanple ethyl ene or propylene, based on.t total welght of the

oy e MR, Fhah arfen o Sineha i EACior. oARFS et e pOhviher 2R {ralfor a5 be o
et hyl eneghagkege RRIYHAGRTALGN dedtRPY IRDREPRSE GoBRMSHIBIIGh rea¥¥or, or a combination
2010/ 078 OBECT/ %2009/ 069929 [ 0083] heﬂ?gr%'gg%lyrrer" is a macronol ecul ar

conpound thsrebar Bdis bindgestapdetial iprryisie ofrgrydragen tineths Ambymaerizatipn deastar isype.

" Pol ymer ", i 0 I : ool LS, b pQl LS,
and oo oo nRISHE 8F o BRPRNARIOR. cohBREhL"T5itne, SIPRATRGE, A FLPR' o BT

pol yner i patsfarageht add hffasd thewholeyip@sweikhinnd ersspondimghyothe megls flowtrate) of

i ncludes, but is not limted to, copolyners (which usually refers to

pol yrrersthﬁrréi}‘éﬁa@d’of}“a?ﬁ-tvm different types of nononers or conononers,
terpoly whi ch au 1Ly ef I : ar, el rent
typos of eabror o o AUSKIRE, SLamiS, B0 e R o AR kP CyEhahe,
pol yner scondipenseischudesmiftmduciogf thersame sypes off prooatalystr soroposittoom vonatalst, and
the like. [0084] The term "propyl ene-based | yner, " as.used herein, .is a
ol yirer PRERALrpr G, pnef BRR iR b ey et b PyR D reiny et
nononer {dagsed (8N thd&ainet pblyaRE R onO keadRr Y i Hiffabit e iR NBAS) thedR4ine, or
optionally may conprise at Iyeast_ one polynerized conononer. [0085] The term
"subst i t sHbstnplky the saare pelameretionncondgionn (tankpgratars, pressireurshstor Bfpen aef
descri beg_ | i . 1 . 0 f.the
iyl 1 s pulpdRboeRRtical., i ULANERTE AP IR IF bl BBl Wi IhP I firhd
aryl, cydhragbkyl XSsubahedsuteddfozyteopblyytler foered oayedohakdagior. sURshis wagd

het erocycl oal kyl, hal oal kyl, hydroxy, am no, phosphidg, al koxy, thio
nitro, aPAYRSHEIRUNIRS stehdard spndifipismebles tissevaiuntion obiths eiéect RE psatalysbr
exanpl e, vl i TEST

[0087] NeT T P piey B T BYCoa i Y bl ae wa T n AST D 255 %bs
t est net ftentlasd @BOTons tdanabl. UBdkty wedlghe fher effedpydfenthebguechtgpiticaiyst

0088] Xy Sol ub XS),is th i ght t of i.n (b th
otal wePSREaE fbinuts Ao pRalet piatiys: BRbSHIGE Po e rourn REDFELIGHe: s
di ssol vegbrhphrit@tprsvdiae dnthokitiens Mt difBrehs irddrhAVaekttd dhRls Al/dSftfertat | S

measured using a 11-1 NVR nethod as described in U S. Patent No. 5,539, 309,
t he entiprecaalysleapmpepitighs)dh aisgnilataeinmer.at ed herein by reference. XS may

al so be red b i.nj ection | [ al ysi s in Vi ek..
Vi scoceL 008k, 3078¥1(1:%F03¥%10H\}é Poc s aflanfh e"p‘ﬁp AR %bn"g{‘ta‘if. 42 6pastion 11
col um i rodastppRPeritdn the\procilest cvbghekitidn2 ATtdepdrapskti@Chrotduddy rad isedhdrbin) i ght

scattering, visconmeter and refractoneter detectors operating at 45C. .

| nst r unelit 2 camnorae i I9FMeS ram rihai dreemapsitionicd ciBe elntaseal yelegtin Jonsfs fyiinghe

st andar : 2010/ 0 i sper s d

(PDI) 1 s aoscliidy | pIARRRASIG e SRR, Gl0P e SO Dt
spect r onetlegenatou feagicatect daygel f lass thann®ifi°S, oudiong 96°Cred hassl tiemcar eljuabtd o

Zei ch 3. Patel PD (1981) "A hensi ye Study of P | Mel t
Rheol 0gy IF 0BV Hase RS RANipi dRCORGPES OB TeRepeet ey g ey one
Canada. ABmEACIRERP dufing peStataPyst GHhlabbn! NEcbRIRAY 34H ERbAdimEROSE the- pkésent

Nitrogen is used to purge the inside of the oven'to protect the sanple from
degr adat pr@@pryncdu@egefgrrama aplosatakyst compssitiondfavenan dibahbenzoatemeateandopl at e
sanpl e holders is used. Sanples are conpression nolded into 50mm x 100mMm X
2mm pl aques. Each sanple is then cut into a 19nm square and | oaded onto the
center of the bottomplate. The geonetries of upper cone are (1) Cone
angle: 5:42:20 (deg:mn:sec); (2) D aneter: 25 nm (3) Truncation gap: 149
m cron. The geonetry of the bottomplate is a 25mmcircle. [0090] Testing
procedure: (1) The cone & plate sanplesholder is heated in the ETC oven at
180C for 10 minutes. Then the gap is zeroed under a bl anket of nitrogen
gas. (2)The Cone is raised to 2.5 nmand the sanple is | oaded onto the top
of the plate. (3)The tiner is set for 2 mnutes. (4)The upper cone is

- . o v o o, Y " o o o - M




removed fromthe edge of the cone and plate sanple hol der using a spatul a.
(7) The upper cone is lowered again to the truncation gap which is 149

m cron. (MPAn1AseiBl at ory Frequency Sweep test is perfoPgEdsandasshese
conditions: (i) Test delayed at 180C for 5 minutes. (ii) Frequencies:
628.3r/s to 0.1r/s. (iii) Data acquisition rate: 5 point/decade. (iv)
Strain: 10% (9)Wien the test is conplete, the crossover nmodulus (Cc) is

det ect ed abyutthat Bnephegy 2A0wans agerditapcafsiahys D svtt¥ograbauf 218 Ritshie dWeisht A
I nstrunents. (10)PDI = 100, 000 Gch)%i n Pa units). [0091] Final nelting point

(TnF) i sPeisent isnkrsechonrtie tiptahsveight (e the Progalyst comppsition| This cawribuigplte and
is a nea i § Cl: 1 r crystallizability. The
test is ?:Igﬁ%ly%?ér Cﬁgbﬁg&%e%ﬁixb%%‘lbw%?@?@ canning Calorineter. A
sanpl e i $0036at ed f Ethoxde domtedd QMCthatpracatahyst cahp&0iBmindjcates theechbngiletbinas sfime

rate to OC, then heated again at the sanme rate.. 50C, held at 150C for
5 mi nut eSORYFEIPhal RESTISEt Pk bt latolwétéjthahlagstf%f #Ia?ﬂgeﬁ%@nfﬁ@p?@we |
det er m neghobr@Medshihan l138tC C¥clrsmPooea! wubat inhg ok uﬁnt%ei%t ddes asglibipe at

the end of the heating curve. [0092] Testing procedure:
2010/ 07850BRGI¥1USE GURXIBITRD halijeCdhiing Anlogemsionuninan wirtbodimagh tharprogess

i ndi t d. (2)P t he i nst t . head/ i t, 50
i § EShERTangee hotioalER: Comptsliol BVRRGARAPPBr0 Lt iR EN T s
of powdepr HFRFPARUYBINB VA3 463020 k- LetNbhds NWesm efshOR Yibddler the3Btal on) :

(a) heat m xture at 230 C for 2 mnutes at contact; (b) conpress the sanple
at the saieight ehibemsecgtadysirempeaitiaton pressure for 1 minute; (c) cool the

le t d . I nut j . - 1.
o aquo | TSSE o1q Rat anBagfelt. it 3odtt gl il FiRUSL (Mo 19) .,
repeat swéthsa (selpctivifycyreater ditethet @ldetning effiiaz protitelystaoghpositioh) L gh ather ece
f I f I t 51t0.8 f t I I | it
T 2 Lok S RS s s e B AL Ay Afora?
sanpl e opJchal3aP! @rsddlyQiBY NecdniRbEd FEME s%ﬁ@ﬂf({‘cﬁialys@ﬁl‘icﬁ}ls&cﬁl_datﬂe Ly

sealed pan in"the referencte side. I'f using the auto sanpler, weigh out
sever al dilfsfist@hphaalept erapati diestsr anprosatlystp(4)heHatagénatien fof iprecatdéAre.

(5 easuermn s b Pk 288G 21 6L PRI 80,00 CLTLI A A0
| sot her Mg a feBiperatl@€ offl NS(Var)grEAED 13 pobteSd fBiris b @rdcatil 3@ Corhpbsition @Ot 4Tal
for >. Ooser{écr’givity index less than the selectivity index of a procatalyst composition (B). “Procatalyst
(A)” is a procatalyst composition produced by any of the foregoing processes which includes
a halogenation temperature of less than 115°C, or 90°C to less than or equal to 100°C.
“Procatalyst composition (B)” is a procatalyst composition containing the same procatalyst
precursor and the same substituted phenylene aromatic diester as procatalyst composition
(A). However, procatalyst composition (B) is halogenated at a temperature of 115°C or
greater. The present process which includes chlorination at a temperature of less than 115°C,
or from about 90°C to less than or equal to 100°C, advantageously improves the selectivity
of the formed procatalyst composition.
[0037] In an embodiment, the present process forms a procatalyst composition (A)
that produces 20-60% less xylene solubles in the formant polymer than the procatalyst

composition (B). In an further embodiment, the process includes forming a procatalyst

composition (A) having less decomposition products than procatalyst (B).



(viii) Data storage: on (ix) Ranp 1.25 C mn to 180.00C (x) End of nethod
(6)Calculation: TnF is determ ned by the interception of two |ines. Draw
one |ine woamwdigsobase-|i ne of the high tenperature regipom/ustomwhesdent hal py
curve. Draw another |ine through the inflection point of the

hi gh-tenperature side of the enthal py curve. The TnF is the tenperature at
which the two lines intersect. [0093] By way of exanple and not by

limtati qms:nxarrpl The @lestiedifyl@senprodides hiashsr@radekd. QK daebofdimatit testocds®094]
EXAMPLES [0095] 1. Internal Electron Donor [0096] Nonlimting exanples of
subst i tutlwrcr.w. pch ncldssrelinsc hedpgenagipg aspiocailyst prscutsak it Ahs PFAFNCE| ¥ct r on

donor o Sy RSk i e ok bRt o2 RN Uil

et hy1- 5- t@nperbuteyl Tth-forrﬂs (B p(rmhﬁtalﬁt—l) inteBm@&iatehen’i]lheerpeoaﬂ:isﬂaénalodﬁse second

(2251’ %H)Zlgxal%g%atmg the Dp%gcata:l'}llg 1nterrr%(f1ate at’a’ second tencl)’pBer (S (Zakge’cogd ﬁélogériation
temperature). The second halogenation temperature is greater the first halogenation
temperature. The process includes forming a procatalyst composition with a bulk density
(BD) index from about 0.28 to about 0.5.
[0039] The term, “bulk density,” (or “BD”) as used herein, is the density of the
polymer produced. Bulk density is determined by pouring the polymer resin through a
standard powder funnel into a stainless standard cylinder and determining the weight of the
resin for the given volume of the filled cylinder in accordance with ASTM D 1895B or
equivalent. The “procatalyst bulk density index,” or “bulk dehsity index,” or “BD index,” is
the bulk density value of a polymer produced by the procatalyst composition. The BD index
connects or otherwise directly links the bulk density of the formant polymer with the
procatalyst composition used to produce the polymer. Thus, the BD for the polymer and the
BD index for the procatalyst composition are the same value. For example, a procatalyst
composition with a BD index of 0.29 produces a polymer with a BD of 0.29 g/cc.
[0040] In an embodiment, the substituted phenylene aromatic diester for the first
halogenation is selected from 5-tert-butyl-3-methyl-1,2 phynylene dibenzoate and/or 4-tert-
butyl-1,2-phenylene dibenzoate.
[0041] In an embodiment, the first halogenation is performed at a temperatﬁre less
than 115°C, or from 90°C to 100°C, and the second halogenation is performed at a
temperature greater than or equal to 115°C, or 130°C.
[0042] In an embodiment, the second halogenation of the procatalyst intermediate is
performed in the presence of a substituted phenylene aromatic diester. The substituted
phenylene aromatic diester may be the same or different than the substituted phenylene
aromatic diester in the first halogenation. In a further embodiment, the substituted phenylene
aromatic diester present during the second halogenation is 5-tert-butyl-3-methyl-1,2-

phenylene dibenzoate and/or 4-tert-butyl-1,2-phenylene dibenzoate.
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7.19 (d,

1H), 2.28 (s, 3H), 1.34 (s, 9H). Compound Structure 111 NWR

(500 MHz, CDC13, ppn) 3-tert-butyl-5-nethyl-1,2- phenyl ene di benzoate
(dd, 2H) ,wo.208/a78032H), 7. 53(VU,, 1H), 7.43(U, 1H), 7.38 (t PCTHS2008/0282¢1,

7.16 (d,

1H), 7.11 (d, 1H), 2.41 (s, 311), 1.38 (s, 911). .o 41

3,5-di-tert-butyl -1, 2- phenyl enedi benzoate 8.08 (dd, 2H), 7.94

[0043] In an embodiment, the process includes third halogenating the procatalyst
intermediate. The third halogenation is performed at a temperature greater than the first
temperature, or from greater than 115°C to 130°C, or 130°C. The third halogenation may or
may not be performed in the presence of a substituted phenylene aromatic diester.

[0044] In an embodiment, the process includes forming a procatalyst composition
comprising from 0 wt % to less than 2.3 wt % or greater than 0 wt % to less than 2.3 wt %
decomposition product.

[0045] In an embodiment, the bulk density (BD) of two or more polymers (or the BD
index of two or more procatalyst compositions) is evaluated under standard conditions. A
nonlimiting example of a BD determination performed under standard conditions includes
introducing the same amount of procatalyst composition, cocatalyst, external electron donor,
and olefin monomer (such as propylene) into two identical polymerization reactors (or
sequential polymerization in the same reactor at different times) under the same, or
substantially the same polymerization conditions (temperature, pressure, reactor type, and
hydrogen concentration). Polymerization in each reactor is performed for the same time
duration. Formant polymer particles are retrieved from each reactor run and the bulk density
is measured. From the bulk density measurement, an BD index is determined or otherwise
identified for each procatalyst composition. In this way, standard conditions permit the
evaluation of the effect(s) procatalyst preparation and/or a change in procatalyst/catalyst
component on the bulk density of the formant polymer.

[0046] In an embodiment, the process includes forming a procatalyst composition (C)
with a bulk density (BD) index greater than the BD index of a procatalyst composition (D).
“Procatalyst (C)” is a procatalyst composition produced by at least two halogenation
procedures whereby the second halogenation temperature is greater than the first
halogénation temperature as disclosed above. “Procatalyst composition (D)” is a procatalyst
composition containing the same procatalyst precursor and the same substituted phenylene
aromatic diester as procatalyst composition (C). However, procatalyst composition (D) is
halogenated by at least two halogenation procedures, the temperature for each halogenation
being the same or substantially the same. The present process which includes a second

halogenation temperature greater than the first halogenation temperature advantageously
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(dd, 2H), 7.52(U, 1H),7.44(VY, 1H), 7.36-7.40(m 311), 7.23-7.27(m 3H), 1.40 (s,
9H), 1.38 (s, 9H . * *4 3,5-diisopropyl-1, 2-phenyl ene di benzoate 8.08
(dd, 2H) ,wo.200/q78593211), 7.53(U, 1H),7.48(tt, 1H), 7.39 (®PCTAINPQ0IN6BLI (t,
2H), 7.11(d, 111), 7.09(d, 1H), 3.11 (heptat, 111), 2.96 (heptat, 1H), 1.30 (d,
611), 1.26 (d, 611). 41

increases the bulk density of the formant polymer (i.e., a greater BD index for procatalyst
~ composition (C) compared to the BD of the formant polymer from procatalyst (D).

[0047] In an embodiment, the procatalyst composition (C) has a selectivity index less
than the selectivity index of procatalyst composition (D) at standard conditions. In other
words, under standard conditions, the procatalyst composition (C) produces a propylene-
based polymer with less xylene solubles than the propylene-based polymer produced by
procatalyst (D). In a further embodiment, the process includes contacting, under
polymerization conditions, the procatalyst composition (C), a cocatalyst, and an external
electron donor with propylene and optionally one or more olefins in a polymerization reactor,
and forming a propylene-based polymer having (i) less than 4 wt %, or less than 3 wt %, or
from 0.5 wt % to less than 2.5 wt %, xylene solubles and/or (ii) particles of the propylene-
based polymer with a bulk density greater than 0.28 g/cc to about 0.5g/cc.

[0048] In any of the foregoing processes, the procatalyst composition may be rinsed
or washed with a liquid diluent to remove unreacted TiCls and may be dried to remove
residual liquid, after or between halogenation steps. Typically the resultant solid procatalyst
composition is washed one or more times with a “wash liquid,” which is a liquid
hydrocarbon such as an aliphatic hydrocarbon such as isopentane, isooctane, isohexane,
hexane, pentane, or octane. Not wishing to be bound by any particular theory, it is believed
that (1) further halogenation and/or (2) further washing results in desirable modification of
the procatalyst composition, possibly by removal of certain inactive metal compounds that
are soluble in the foregoing diluent.

[0049] The resulting procatalyst composition froin any of the foregoing processes 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 5.5 percent by
weight, or from about 2.0 percent by weight to about 5.0 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. The
internal electron donor is present in an amount from about 0.1 wt % to about 30.0 wt %, or
from about 1.0 wt % to about 30 wt %. The internal electron donor may be present in the

procatalyst composition in a molar ratio of internal electron donor to magnesium of from
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0 41 10 3, 6-di net hyl-1, 2- phenyl ene di benzoate O o 1101 4 8.08 (d,
211), 7.51 (t, 1H), 7.34 (d, 2H), 7.11 (s, 2H), 2.23 (s, 614).

4-t - but ylwo,28toph1e3eg| ene di benzoate (1ED2) . lel * 8.07 @dajusdedp/06992%54
(m2H),7.30-7.40 (m7H),1.37(s, 9H). 4-nethyl 1, 2-phenyl ene di benzoate I/
8.07(d, 411),7.54

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.

[0050] Applicants have surprisingly discovered that lowering the temperature during
the first halogenation alone or in combination with increasing the temperature during
subsequent halogenations unexpectedly (1) improves the procatalyst selectivity index (i.e.,
lower xylene solubles in the formed polymer) (2) produces a procatalyst composition with a
low amount of, or no, or substantially no, decomposition products, and (3) increases the
procatalyst bulk density index (i.e., increases the BD of the formant polymer).

[0051] Bounded by no particular theory, it is believed that the different responses to
temperature is due to higher concentration of titanium alkoxide byproducts in the first
halogenation reaction compared to the subsequent halogenations. The titanium alkoxide
byproducts react with the substituted phenylene aromatic diester. Lowering the first
halogenation temperature slows this reaction and preserves the substituted phenylene
aromatic diester. After the first halogenation, the concentration of titanium alkoxide
byproducts is less than during the first halogenation. Raising the halogenation temperature
after the first halogenation does not lead to internal electron donor side reactions with the
titanium alkoxide byproducts. Thus, raising the halogenation temperature after the first
halogenation promotes halogenation and improves (i.e., increases) the bulk density index for
the procatalyst composition.

[0052] Any of the foregoing processes may comprise two or more embodiments.
[0053] The present disclosure provides a procatalyst composition. In an embodiment,
particles of a procatalyst composition are provided. The procatalyst composition particles
include a magnesium moiety, a titanium moiety, and an internal electron donor. The internal
electron donor is any substituted phenylene aromatic diester as disclosed herein. The
procatalyst composition particles have a D50 from about 1 pm to about 50 pm, or from about
5 pm to about 25 pm or from about 10 pm to about 25 pm. As used herein “D50” is the
particle diameter such that 50% of the sample weight is above the stated particle diameter.
[0054] Applicants have surprisingly discovered that reducing the particle size of the
procatalyst composition unexpectedly increases the procatalyst bulk density index (ie.,
increases the bulk density for the formant polymer), and does so without increasing the level

of polymer particles less than 250 pm in diameter. In an embodiment, the procatalyst

13



(t, 211), 7.37 (t, 4H, 7.27 (d, 111), 7.21 (s, 111), 7.15 (d, 1H), 2.42
(s, 311). OO0 00 Conmpound Structure I1-1 NVR (500 MHz, CDC13, ppm
1, 2- naphtwel2ers78§obenzoat e 1111" 0 * , 8. 21-8. 24(m 2H) , PCT/US2009/069929
8.08-8.12(m 2H),.90-7.96(m2H), 7 7 (m1H),7.50-7.55.86(d, 1H), 7. 60
(m411),7.46(t, 211), 7.37 (t, 2H). 2, 3-naphthal ene di benzoate * fi 1411*
8.08-8.12(m 411), 7.86-7.90(m4H), 7.51-7.58(m 4H),

composition with a D50 particle size from 5 pum to about 25 pm has a procatalyst bulk

density index greater than 0.26, or greater than 0.28 to about 0.50.
[0055] . The internal electron donor is a substituted phenylene aromatic diester. In an
embodiment, the substituted phenylene aromatic diester is a substituted phenylene aromatic
diester such as S-tert-butyl-3-methyl-1,2-phenylene dibenzoate (IED1) and/or 4-tert-butyl-
1,2-phenylene dibenzoate (IED2). The procatalyst composition contains less than 2.3 wt %,
or from 0 wt % to less than 2.3 wt %, or from greater than 0 wt % to less than 2.3 wt % ethyl
benzoate.
[0056] In an embodiment, the substituted phenylene aromatic diester is a phenylene
dibenzoate and the procatalyst composition contains from about 0.1 wt % to about 30 wt %
of the phenylene dibenzoate.
[0057] In an embodiment, the magnesium moiety is a magnesium chloride. The
titanium moiety is a titanium chloride.
[0058] The procatalyst composition may comprise two or more embodiments
disclosed herein.
[0059] Any of the foregoing procatalyst compositions may be used in a
polymerization process. In an embodiment, a polymerization process is provided and
includes contacting, under polymerization conditions, the procatalyst composition composed
of substituted phenylene aromatic diester (such as procatalyst (A) and/or (C)), a cocatalyst,
optionally an external electron donor with propylene and optionally one or more olefins. The
polymerization forms a propylene-based polymer having less than 4 wt %, or less than 3 wt
%, or less than 2.5 wt %, or less than 1 wt %, or from 0.1 wt% to less than 4 wt %, or from
0.1 wt % to less than 2.5 wt % xylene solubles. Weight percent XS is based on the total
weight of the polymer.
[0060] 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 compound represented
- by the formula R,AlXs., wherein n = 1 2, or 3, Ris an alkyl, and X is a halide or alkoxide. In
an embodiment, the cocatalyst is selected from trimethylaluminum, triethylaluminum,

triisobutylaluminum, and tri-n-hexylaluminum.
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7.38 (t, 41-1) 3-nethyl-5-tert-butyl-1,2- phenyl ene di (4-nethyl benzoat e)
411. SO S 0 7.98(d, 211),7.93 (d,211),7.18(d, 4H),7.15(d, 2H), 2.38 (s, 311),
2.36 (s, wlhemwya78sd326 (s, 31-1), 1.35 (s, 9H). 3-nethyl PETIUSRM09/068999 - 1, 2-
phenyl enedi (2, 4, 6- trinethyl benzoate) * ei 00410 7.25 (s, 1H), 7.21 (s,
111), 6.81 (d, 411), 2.36 (s, 311), 2.30 (d, 6 1-1), 2.25 (s, 61-1), 2.23
(s, 6H), 1.36 (s, 9H). 3-nethyl-5-tert-butyl-1,2- phenyl ene

di (4-fl u?mh gnzoat Bonlifiy examds 6ﬂ§]ulta‘$ﬂelhydr8ca3@l(dlﬂnﬂid)n éomdpdinds are as
11-1), 7 2.26 (s, 31-1) 1343&
3, 6- di chifdkayust 2 rpﬁb}‘i?luem@ias@nzoﬁpbutyl mm@iana 4 flipthydalyminyn 2 gthoxides 7

(t, 1H), K%P%%}?(lgmn%‘g%%enzoa?ld§ a ?tﬁylglaﬁlngﬁg%le, = {e%fsoglﬂgfl)ﬂka'l&n%oxane,

phenyl ene
diethylaluminum chloride, ethylaluminum dichloride, methylaluminum dichloride,

dimethylaluminum chloride, triisobutylaluminum, tri-n-hexylaluminum, diisobutylaluminum
hydride, di-n-hexylaluminum hydride, isobutylaluminum dihydride, n-hexylaluminum
dihydride,  diisobutylhexylaluminum, isobutyldihexylaluminum, trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, triisopropylaluminum, tri-n-butylaluminum, tri-n-
octylaluminum, tri-n-decylaluminum, tri-n-dodecylaluminum, diisobutylaluminum hydride,
and di-n-hexylaluminum hydride.

[0062] 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.

[0063] As used herein, an “external electron donor” (or “EED”) is a compound added
independent of procatalyst formation and includes at least one functional group that is
capable of donating a pair of electrons to a metal atom. Bounded by no particular theory, it is
believed that provision of one or more external electron donors in the catalyst composition
affects the following properties of the formant polymer: level of tacticity (i.e., xylene soluble
material), molecular weight (i.e., melt flow), molecular weight distribution (MWD), melting

point, and/or oligomer level.

[0064] In an embodiment, the EED is a silicon compound having the general formula
ID:
a1y
SiRm(OR"Y4m
[0065] wherein R independently each occurrence is hydrogen or a hydrocarbyl or an

amino group, optionally substituted with one or more substituents containing one or more
Group 14, 15, 16, or 17 heteroatoms. R contains up to 20 atoms not counting hydrogen and
halogen. R'is a Cjo alkyl group, and m is 0, 1, 2, or 3. In an embodiment, R is C¢.;; aryl,
alkyl or alkylaryl, Cs.12 cycloalkyl, Cs.1, branched alkyl, or Cs.12 cyclic amino group, R' is C;.
salkyl, and mis 1 or 2.
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7.98 (dd, 4H), 7.36 (dd,4H),7.21(s, 11-1),7.17(s,111), 2.26 (s, 3H), 1.34
(s, 9H). 3-nethyl-5-tert-butyl-1,2- phenyl ene di (1l-naphthoate) la 410 41
000. 411.wo200aTgeand Structure 111 NVR (500 MHz, CDCL13PCparsp009/069929
3-nmethyl -5-tert-butyl -1, 2- phenyl ene di (2-naphthoate) 10 0040 O O.
3-nmethyl -5-tert-butyl -1, 2- phenyl ene di (4-ethyl benzoat e) 41 00
87.99(d,2H), 7.95(d,2H),7.18 (m611),2.66(m 4H), 2.26(s, 3H),
1. 34('s, 9D06b] 21 ( MIn Gid) embaHisehthyhe SHarer tonpisitionlis2dicyuthepentyddinethoxysilane
di (4-et hox%benzoa e)
PDMS), méethylcyclohexyldimethoxysilane (MChDMS) or n-propyltrimethoxysilane
(NPTMS), and any combination thereof.
[0067) The polymerization reaction forms a propylene homopolymer or a propylene
copolymer.  Optionally, one or more olefin monomers can be introduced into a
polymerization reactor along with the propylene to react with the procatalyst, cocatalyst, and
EED and to form a polymer, or a fluidized bed of polymer particles. Nonlimiting examples
of suitable olefin monomers include ethylene, C,5¢ a-olefins, such as 1-butene, 1-pentene, 1-
hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-decene, 1-dodecene and the like.
[0068] In an embodiment, the polymerization process may include a pre-
polymerization step and/or a pre-activation step.
[0069] In an embodiment, the process includes mixing the external electron donor
with the procatalyst composition. The external electron donor can be complexed with the
cocatalyst and mixed with the procatalyst composition (pre-mixed) prior to contact between
the catalyst composition and the olefin. In another embodiment, the external electron donor
can be added independently to the polymerization reactor.
[0070] In an embodiment, the process includes forming a propylene-based polymer
(propylene homopolymer or propylene copolymer) containing the substituted phenylene
aromatic diester (i.e., containing 5-tert-butyl-3-methyl-1,2-phenylene dibenzoate and/or 4-
tert-butyl-1,2-phenylene dibenzoate). The propylene-based polymer has one or more of the

following properties:

= a melt flow rate (MFR) from about 0.01 g/10 min to about 800 g/10 min, or
from about 0.1 g/10 min to about 200 g/10 min, or from about 0.5 g/ 10 min to
about 150 g/10 min;

= a xylene solubles content from about 0.1% to about 10%, or from about 0.1%
to about 8%, or from about 0.1% to about 4%, or from 0.1% to less than 2.5%;

» a polydispersity index (PDI) from about 3.8 to about 15.0, or from about 4.0
to about 10, or from about 4.0 to about 8.0.; and/or

= particles thereof with a bulk density greater than 0.28 g/cc to about 0.50 g/cc.

[0071] The propylene-based polymer may comprise two or more embodiments

disclosed herein.
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phenyl ene{OGﬂZ(]4 fl udn @be!fmatrﬁéntﬂﬁiefpkochtd‘iys&c8m@6fsi(im addAr thé.pdlyme, pradiked

7.17 (s,
3-fl uoro-
8.07 (d,

4-tert- buty

8. 00

, 2.27 311 34
ther r%@ﬁ%@ﬁﬁ@ﬁ@@@rﬁee Rf W@é@ﬁf %ym}i deéméﬁpﬁ‘ﬁﬂa@eeanﬂcﬂe(laaﬂ‘?i
%()f 7.56 (m 2H), 7.40 (m 414), 7.31 (m 111), 7.18 (m 21-
1, 2- phenyl enedi (2- met hyl benzoate) At*40 8 8.04 (d, 111),
[0073] DEFINITIONS

[0074] 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,

-1, 2-

1),
1)

any references to a Group or Groups shall be to the Group or Groups reflected in this

Periodic Table of the Elements using the IUPAC system for numbering groups. Unless
stated to the contrary, implicit from the context, or customary in the art, all parts and percents
are based on weight. For purposes of United States patent practice, the contents of any
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.

[0075] Any numerical range recited herein, includes all values from the lower value
to the upper value, in increments of one unit, provided that there is a separation of at least 2
units between any lower value and any higher value. As an example, if it is stated that the
amount of a component, or a value of a compositional or a physical property, such as, for
example, amount of a blend component, softening temperature, melt index, etc., is between 1
and 100, it is intended that all individual values, such as, 1, 2, 3, etc., and all subranges, such
as, 1 to 20, 55 to 70, 197 to 100, etc., are expressly enumerated in this specification. For
values which are less than one, one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as
appropriate. These are only examples of what is specifically intended, and all possible
combinations of numerical values between 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 fecited, as discussed herein, reference melt index, melt flow
rate, and other properties.

[0076] The term "alkyl," as used herein, refers to a branched or unbranched, saturated

or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
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(d,111),7.39(m 311),7.34(m 111), 7.28(d,1H),7.22 (m2H),7.17(m
211),2.57(s,611), 1.36 (s, 9H) 4-nethyl -1, 2- phenyl enedi (2- net hyl benzoat e)
0 0 8.0wWOap10AK5037.39 (m 214), 7.22 (m 311), 7.15 (mCTAISRQ09IR6BZ9 (S,

311),

Structure [1i NMR (500 MHz, CDCl13, ppm 4-tert-butyl-1,2-phenyl ene
di (2,4,6-trinethyl benzoate) 01 411 4111 8 7.36 (s, 311), 6.83 (s, 4H),

(s, 6H), izcldde, (@ exddplt) methyB4tHyd, n-Pidpy Y i-pripyl; [2-frogemyth éorydllgevinyl, n-butyl, t-
[ hyl 1(2,4,6- 1 . 7 1 7.22
trimethy bllolteyrl],zigjb%[ﬁ) ord i-gne’thy’lgropyli)etc. TI?e alk}?lss9 hg\gie’ 1 toI_BO’ carbon atoms.

[0077] The term “alkylaryl” or “alkylaryl group,” as used herein, is an alkyl group
substituted by at least one aryl group.

[0078] The term “aryl” or “aryl group,” as used herein, is a substituent derived from
an aromatic hydrocarbon compound. An aryl group has a total of from six to twenty ring
atoms, énd has one or more rings which are separate or fused, and may be substituted with
alkyl and/or halo groups. The aromatic ring(s) may include phenyl, naphthyl, anthracenyl,
and biphenyl, among others.

[0079] 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.

[0080] 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.

[0081] 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
polymeric or otherwise, unless stated to the contrary. In contrast, the term, “consisting
essentially of” excludes from the scope of any succeeding recitation any other component,
step or procedure, excepting those that are not essential to operability. The term “consisting
of” excludes any component, step or procedure not specifically delineated or listed. The term
“or”, unless stated otherwise, refers to the listed members individually as well és in any
combination.

[0082] The term “olefin-based polymer” is a polymer containing, in polymerized
form, a majority weight percent of an olefin, for example ethylene or propylene, based on the
total weight of the polymer. Nonlimiting examples of olefin-based polymers include

ethylene-based polymers and propylene-based polymers.

18

2.

2.56 (s, 3H), 2.42(s, 311) WD 2010/078503PCT/ US2009/ 069929 Conpound

29



(m1H,7.14(m 111), 6.83 (m 3H), 2.42 (s, 311), 2.29 (s, 6H), 2.25 (s,
614), 2.24 (s, 611) 1, 2-phenylene trinethyl benzoate) di(2,4,6- Si lei 8
7.43 (m WH)R2p10/07893(m 2H), 6. 84(s, 411), 2.29(s, 6H), 2. 25PCT/US2@N069924009712.
Procat al yst Preparation 100981ln a 75 nmL gl ass vessel fitted with a
overhead stirrer and purged with nitrogen, three grans of MagTi are
suspended in 60 nL 50/50 vol/vol Ti Cl4/chl orobenzene. The internal el ectron

donor (eij0083] | ED1 Toe tdriD'pd)ymeéH' $SDind&dmiotecalak osrapanwigireparédsbyt papmardeeag vi a
syringe. The suspension is heated in 15 m nutes !E}F? t he tabul at ed
t enper at BRUBOFKE ARG BMScd Fferent Hncenpeidrty dngl eSé@mﬂpﬁIi%f‘gS,vﬁomlygm ring

(250 rp L s g by : :
Sor 50" TSy RfeRR b niche i oY The tehh i eBoBRE: RSMbolEndisdARA HE |

to the spshemsizetion dhet kaspensiypes dSmosamer drecofitBGmiers. f Itfindedespbntuise®t and
then maintained at this tenperature for 30 mnutes w stjrri,. Or )
e o oMt Slpolyindts BB REuATb el b e maeatey LBy ive dibeE et P
i nternal oehRfbiRRs SodRonofiess, t@pslyeRI(WRIGE adudlly $éfeisSto ipoBnadrs Prep¥ired from

filtration, rinsed three times In roomtenperature isooctane and dried
under ni thregdiffarem\iypasrof2mhoemers oPrcopeneiness),fteiranobgnérs Awhichrustallyarefers to
conpositiops are

20101 0768030 CieBUES o BLL B HRRE opeRg B homrier pamoransy: pHlF HED i n 1t
Chl or i nafje03a] St ep, TheDlkern] EBpiopyldnétbadeti opdlnti, Oms Sised, hefein) isTanpeayaeuter of
1st Chlorination Step, C %t. Ti %w. OEt %v. TED %M. d
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.
[0085] The term "substituted alkyl," as used herein, is an alkyl as previously defined
described in which one or more hydrogen atoms bound to any carbon of the alkyl is replaced
by another group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, haloalkyl, hydroxy, amino, phosphido,
alkoxy, thio, nitro, and combinations thereof. Suitable substituted alkyls include, for
example, benzyl, trifluoromethyl and the like.
[0086] TEST METHODS
[0087] Melt flow rate (MFR) is measured in accordance with _ASTM D 1238-01 test
method at 230°C with a 2.16 kg weight for propylene-based polymers.
[0088] Xylene Solubles (XS) is the Weight percent of resin (based on the total weight
of the resin) that stays in the solution after the resin is dissolved in hot xylene and the
solution is allowed to cool to 25°C. XS is measured using a 'H NMR method as described in
U.S. Patent No. 5,539,309, the entire content of which is incorporated herein by reference.
XS may also be measured by flow injection polymer analysis using a Viscotek ViscoGEL H-
100-3078 column with THF mobile phase flowing at 1.0 ml/min. The column is coupled to a
Viscotek Model 302 Triple Detector Array, with light scattering, viscometer and

refractometer detectors operating at 45°C. Instrument calibration is maintained with

Viscotek PolyCAL™ polystyrene standards.
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IED1 3.14 0 115 3.32 0.30 14.9 4.6 Ex 1 IED1L 3.14 0 100 3.13 0.21 23.2 1.5
C2 |ED2 2.42 2.42 115 2.97 0.14 9.7 2.7 Ex 2 1ED2 2.42

WO 2010/078503 PCT/US2009/069929

[0089] 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 of the oven to protect the sample from degradation by oxygen and moisture. A pair of
25mm diameter cone and plate sample holders is used. Samples are compression molded
into 50mm x 100mm x 2mm plaques. Each sample is then cut into a 19mm square and
loaded onto the center of the bottom plate. The geometries of upper cone are (1) Cone angle:
5:42:20 (deg:min:sec); (2) Diameter: 25 mm; (3) Truncation gap: 149 micron. The geometry
of the bottom plate is a 25mm circle.

[0090] Testing procedure:

(D The cone & plate sample holder is heated in the ETC oven at 180°C for 10 minutes. Then the gap is
zeroed under a blanket of nitrogen gas.
3} The Cone is raised to 2.5 mm and the sample is loaded onto the top of the plate.

3) The timer is set for 2 minutes.

C)) The upper cone is immediately lowered to slightly rest on top of the sample by observing the normal
force.

(%) After two minutes the sample is squeezed down to a 165 micron gap by lowering the upper cone.

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

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

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

(1) Test delayed at 180°C for 5 minutes.
(i)  Frequencies: 628.3r/s to 0.1t/s.
(iii)  Data acquisition rate: 5 point/decade.
(iv)  Strain: 10%
) When the test is complete, the crossover modulus (Gc) is detected by the Rheology Advantage Data
Analysis program furnished by TA Instruments.
(10) PDI = 100,000 + Ge (in Pa units).

[0091] Final melting point (Tyr) is the temperature to melt the most perfect crystal in the
sample and is a measure for isotacticity and inherent polymer crystallizability. The test is
conducted using a TA Q100 Differential Scanning Calorimeter. A sample is heated from
0°C to 240°C at a rate of 80°C/min, cooled at the same rate to 0°C, then heated again at the
same rate up to 150°C, held at 150°C for 5 minutes and the heated from 150°C to 180°C at
1.25 °C/min. The Ty is determined from this last cycle by calculating the onset of the
baseline at the end of the heating curve.

[0092] Testing procedure:
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2.42 100 2.81 0.10 10.6 2.3 EB ethy benzoate Okt = ethoxide W % = based
on total weight of the procatal yst 1009913. Pol yneri zati on
1001001Povoreri/@sicsons are conducted in a one-gall on st 2CmIUSe®IH6d
autoclave, fitted with a 2 L drop pot. The reactor is prepared for

pol ynmeri zation by heating the reactor to 140C, purging with nitrogen,
cooling the reactor to 40 C and then purging wth hydrogen. The reactor is
then fil(led wcCtltbraBOfstrgmdni @jith dehpodtpindiemes sthvdat.ed t o 50C, cool ed to 25C and
then errp@‘]_ed PIE Feotpé/lks%ﬂﬁengﬂe%&?ellg)lthgg&stggg@mmﬁ ﬂwgﬁe%%ﬂog%ﬁe fed into the
react or r notor 1s set to rpmand the tenperature is raised to
62C. The(at aﬁ?@ﬂe%@ﬁ‘ﬁ‘éﬂ‘ients are then injected as a prem xed sol ution of
the external ebggtskioNmeioNarg,of bévidet dayiplakdirg s8orG3021l 18-0R WabishICySpressibur ry

(pren xed t ogetolier(3¢ on): @Dheatinfixtire 81230 Thier 2 @@kt cingicicGntompiebsaiek stiopl67C and

mai nt ai ned at attthd ®m¢ @mpestat wite 26 ©n pteksare fertaninde () gfo! theeanipldyo ¢h °F@fd

pol yneri zat i oheld &paaiifujes withy20 oo preiserp:dMscuistheplacie infoft Rlgayestof phguidhe sg®fhior | oad
and hydr ogen pigsy B3k S tagetheiepd %@deneﬁ SEPED GAP AP qr%?bpélgmogm@i’@ff%em e 3
sunmmari z t he l%grforma ced roctaly

osi tion d
descri be abo édar "‘I"mumssaif’i’ 2%{? cf?nl ik lj? Wf'nfsa: ﬁl §‘?;%%%? ggfs
First Hal ogen gg%g qage §i @n deNigd 1tfuu pler

ut'severdMdiffe

Tenperature, g’el @'Qﬁpl ehsﬂeﬁﬁ Ee@ﬁb the machine for a sequence. -
Measurements:
(i) Data storage: off
(i) Ramp 80.00 °C/min to 240.00 °C
(iii) Isothermal for 1.00 min
@iv) Ramp 80.00 °C/min to 0.00 °C
) Isothermal for 1.00 min

(vi) Ramp 80.00 °C/min to 150.00 °C
(vii) Isothermal for 5.00 min

(viii)  Data storage: on

(ix) Ramp 1.25 °C/min to 180.00 °C
x) End of method

6) Calculation: Tyr is determined by the interception of two lines. Draw one line from the base-line of
the high temperature region of the enthalpy curve. Draw another line through the inflection point of
the high-temperature side of the enthalpy curve. The Ty is the temperature at which the two lines
intersect.

[0093] By way of example and not by limitation, examples of the present disclosure will
now be provided.

[0094] EXAMPLES

[0095] 1. Internal Electron Donor

[0096] Nonlimiting examples of substituted phenylene aromatic diesters suitable for
the internal electron donor are the substituted phenylene aromatic dibenzoates provided in

Table 1 below.

Table 1
Compound Structure "H NMR (500 MHz,
CDCI3, ppm)
3-methyl-5-tert-butyl-1,2- 8.08 (dd, 2H), 8.03
phenylene dibenzoate (dd, 2H), 7.53 (1,
(IED1) 1H), 7.50 (&, 1H),
7.38 (t, 2H), 7.34 (4,
Jd o 2H), 7.21 (d, 1H),
7.19 (d, 1H), 2.28 (s,
o o 3H), 1.34 (s, 9H).
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Chlorination of 1st PP g/cc g/10 mn %w. (I1ED) Step, nmmol Step, mmol *
Chl ori nation Step, C a I1EDL 3.14 0 115

WO 2010/078503 PCT/US2009/069929

Compound Structure TH NMR (500 MHz,

CDCI13, ppm)
3-tert-butyl-5-methyl-1,2- 8.08 (dd, 2H), 7.93
phenylene dibenzoate (dd, 2H), 7.53 (tt,
o 1H), 7.43 (i, 1H),

7.38 (t, 2H), 7.25 (t,
2H), 7.16 (d, 1H),
7.11 (d, 1H), 2.41 (s,
3H), 1.38 (s, 9H).

dibenzoate

3,5-di-tert-butyl-1,2-phenylene

8.08 (dd, 2H), 7.94
(dd, 2H), 7.52 (i,
1H), 744 (t, 1H),
7.36-7.40 (m, 3H),
723-7.27 (m, 3H),
1.40 (s, 9H), 1.38 (s,
9H).

dibenzoate

3,5-diisopropyl-1,2-phenylene

8.08 (dd, 2H), 7.00
(dd, 2H), 7.53 (1,
1H), 7.48 (i, 1H),
7.39 (t, 2H), 7.31 (t,
2H), 7.11 (d, 1H),
7.09 (d, 1H), 3.11
(heptat, 1H), 2.96
(heptat, 1H), 1.30 (d,
6H), 1.26 (d, 6H).

dibenzoate

3,6-dimethyl-1,2-phenylene

8.08 (d, 2H), 7.51 (4,
1H), 7.34 (d, 2H),
7.11 (s, 2H), 2.23 (s,
6H).

(IED2)

4-t-butyl-1,2-phenylene dibenzoate

8.07 (dd, 4H), 7.54
(m, 2H), 7.30-7.40
(m, 7H), 137 (s,
9H).

4-methyl 1,2-phenylene dibenzoate

8.07 (d, 4H), 7.54
(t, 2H), 7.37 (1, 4H),
7.27 (d, 1H), 7.21 (s,
1H), 7.15 (4, 1H),
2.42 (s, 3H).
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267 0.291 4.6 1.3 Ex 1 IED I 3.14 0 100 251 0.297 4.9 1.0 C2 IED2 2.42 2.42
115 211 0.349 3.3 2.1 Ex 2 IED2 2.42 2.42 100 188 0. 347
WO 2010/078503 PCT/US2009/069929
Compound Structure "H NMR (500 MHz,
. CDCI3, ppm)
1,2-naphthalene dibenzoate 8.21-8.24 (m, 2H),
8.08-8.12 (m, 2H),
7.90-7.96 (m, 2H),

()
oo

7.86 (d, 1H), 7.60
(m, 1H), 7.50-7.55
(m, 4H), 7.46 (,
2H), 7.37 (t, 2H).

2,3-naphthalene dibenzoate

“y

;
aVe

9]

8.08-8.12 (m, 41,
7.86-7.90 (m, 4H),
7.51-7.58 (m, 4H),
7.38 (1, 4H)

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

798 (d, 2H), 7.93
d, 2H), 7.18 (,
4H), 7.15 (d, 2H),
2.38 (s, 3H), 2.36 (s,
3H), 226 (s, 3H),
1.35 (s, 9H).

3-methyl-5-tert-butyl-1,2-
phenylene
trimethylbenzoate)

di(2,4,6-

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)

7.98 (dd, 4H), 7.36
(dd, 4H), 721 (s,
1H), 7.17 (s, 1H),
2.26 (s, 3H), 1.34 (s,
9H).

3,6-dichloro-1,2-phenylene
dibenzoate

8.10 (d, 2H), 7.57 (,
1H), 7.41 (d, 2H),
7.49 (s, 2H).

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

7.98 (dd, 4H), 7.36
(dd, 4H), 721 (s,
1H), 7.17 (s, 1H),
2.26 (s, 3H), 1.34 (s,
9H).

3-methyl-5-tert-butyl-1,2-
phenylene di(1-naphthoate)
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2.4 1.5 * -

catal yst, 83 pinol

2.3 mol

2" chlorination tenp = 115C Pol yneri zati ons Conditions:
di cycl opent yl di net hoxysi | ane,

S Ny

triethylal um num

WO 2010/ (WE20BACTFBS2009/ 069929 [ 00102] Tabl e 4 bel ow shB8®E/USRI9619RDr nance
data for procatal yst conpositions prepared with a |low first hal ogenation

tenperature and a hi gh second hal ogenati on tenperature.

Tabl e 4 Sanpl e

Donor | ED added to First Chlorination, nml First Chlorination Tenperature,
C SecondcGhpand nati on Tenper dtuneyre C Thi rd Chl or i nat[i BANMRe(ipeMalzure, C g PP
BD g/cc|MFR g/ 10 miri  XS% wt CDCI3, ppm)

3-methyl-5-tert-butyl-1,2-
phenylene di(2-naphthoate)

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

8 799 (d, 2H),
7.95(d, 2H), 7.18
(m, 6H), 2.66 (m,
4H), 2.26 (s, 3H),
1.34 (s, 9H), 1.21
(m, 6H)

3-methyl-S-tert-butyl-1,2-
phenylene di(4-ethoxybenzoate)

6 8.02 (d, 2H),
7.97(d, 2H), 7.17
(m, 2H), 6.83(d,
2H), 6.79(d, 2H),
4.04 (m, 4H), 2.25
(s, 3H), 141 (m,
6H), 1.33 (s, 9H)

3-methyl-5-(2,4,4-trimethylpentan-
2-y1)-1,2-phenylene dibenzoate
2,4 4-trimethylpentan-2-yl

5 8.09 (d, 2H), 8.03
(d, 2H), 7.50 (m,
2H), 7.38(t, 2H),
7.33(t, 2H), 7.19 (s,
2H), 227 (s, 3H),
1.75 (s, 2H), 1.40 (s,
6H), 0.81 (s, 9H)

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

5 8.07 (m, 4H), 721
(s, 1H), 7.17 (s, 1H),
7.04 (m, 4H), 2.27
(s, 3H), 1.34 (s, 9H)

3-fluoro-1,2-phenylene di(4-

chlorobenzoate)

8.07

(m,
4H),
7.18

5 8.10 (d, 2H),
(d, 2H), 7.56
2H), 7.40 (m,
731 (m, 1H),
(m, 2H)

4-tert-butyl-1,2-phenylene  di(2-

methylbenzoate)

6 8.04 (d, 1H), 8.00
(d, 1H), 7.39 (m,
3H), 7.34 (m, 1H),
7.28 (d, 1H), 7.22
(m, 2H), 7.17(m,
2H), 2.57 (s, 6H),
1.36 (s, 9H)

4-methyl-1,2-phenylene di(2-

methylbenzoate)

5 8.01 (d, 2H), 7.39
(m, 2H), 722 (m,
3H), 7.15 (m, 4H),
2.57 (s, 3H), 2.56 (s,
3H), 2.42(s, 3H)
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Ex4 IED | 2.42 100 115 115 287 0.275 5.9 2.3 Ex5 | ED1 2.42 100 130 115 342
0.294 4.3 1.7 Ex6 IED | 2.42 100 115 130 356

WO 2010/078503 PCT/US2009/069929
Compound Structure 'H NMR (500 MHz,
CDCI3, ppm)

§ 7.36 (s, 3H), 6.83
(s, 4H), 2.29 (s, 6H),
226 (s, 12H), 1.34

b (s, 9H)
\Qim,o 0
o} o

4-methyl-1,2-phenylene  di(2,4,6- 6 7.29 (d, 1H), 7.22
trimethylbenzoate) (m, 1H), 7.14 (m,

1H), 6.83 (m, 3H),

2.42 (s, 3H), 2.29 (s,

o © 6H), 2.25 (s, 6H),
5 o 2.24 (s, 6H)

1,2-phenylene di(2,4,6- 6 7.43 (m, 2H), 7.35
trimethylbenzoate) (m, 2H), 6.84 (s,
4H), 2.29 (s, 6H),
© O 2.25 (s, 12H).

0 0

[0097] 2. Procatalyst Preparation

4-tert-butyl-1,2-phenylene
di(2,4,6-trimethylbenzoate)

[0098] In a 75 mL glass vessel fitted with a overhead stirrer and purged with
nitrogen, three grams of MagTi are suspended in 60 mL 50/50 vol/vol TiCls/chlorobenzene.
The internal electron donor (either IED1 or IED 2), dissolved in chlorobenzene, is then added
via syringe. The suspension is heated in 15 minutes to the tabulated temperature and
maintained at this temperature for 60 minutes with stirring (250 rpm). The solid is isolated
by filtration and then re-suspended in 50/50 TiCly/chlorobenzene. An internal electron donor
is optionally added to the suspension. The suspension is heated to 115°C in fifteen minutes
and then maintained at this temperature for 30 minutes with stirring (250 rpm). The
chlorination step is repeated a third time, but without addition of internal electron donor. The
resulting procatalyst is isolated by filtration, rinsed three times in room temperature isooctane
and dried under nitrogen flow for 2 hours. Properties for resultant procatalyst compositions

are provided in Table 2 below.
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0.305 5.2 2.1 Ex7 IED1 2.42 100 130 130 331 0.323 5.2 1.6 Polynerizations
Conditions: 5 ng catalyst, 83 unol dicycl opentyl di net hoxysilane, 2.3 mol
triethyl avoreornTssop00103] Tabl e 5 bel ow shows t hat the peCymseodwbdozgdensity
i ncreases as procatal yst precursor size decreases. Surprisingly, the
quantity of polynmer fines is unchanged. The quantity of polyner fines
typically increases when snaller precursors are used. Table 5 Sanpl e Donor
Cat al yst Precursor Size (mcrons) Polyase2Bul k Density (g/cnB) Melt Flow
(dg/ mn) Xylene solubles (W% Productivity (kg/g) Average Particle Size

(inch) POTYmeTTEEQE [IEDin 1Y | IEDin2™ | Temperature, | %wt. | %wt. | %ewt. | %owt.
Sample | Donor | Chlorination | Chlorination | of 1st Ti OEt |IED |EB
(IED) Step, mmol | Step, mmol | Chlorination
Step, °C
Cl IED1 3.14 0 115 332 1030 [ 149 |4.6
Ex 1 IED1 3.14 0 100 313 1021 232 |15
C2 IED2 2.42 242 115 297 10.14 |97 2.7
Ex 2 IED2 242 2.42 100 281 10.10 | 106 |23

EB = ethyl benzoate
OEt = ethoxide

Wt % = based on total weight of the procatalyst

[0099] 3. Polymerization

[00100] Polymerizations are conducted in a one-gallon stainless steel autoclave, fitted
with a 2 L drop pot. The reactor is prepared for polymerization by heating the reactor to
140°C, purging with nitrogen, cooling the reactor to 40 °C and then purging with hydrogen.
The reactor is then filled with 300 g liquid propylene, heated to 50°C, cooled to 25°C and
then emptied. Propylene (1375 g) and 6000 scc hydrogen are fed into the reactor. The stir
motor is set to 1000 rpm and the temperature is raised to 62°C. The catalyst components are
then injected as a premixed solution of the external electron donor, triethylaluminum and the
catalyst slurry (premixed together for 20 minutes). The reactor is controlled to 67°C and
maintained at this temperature for the remainder of the 1 hour of polymerization. Specific
run conditions such as catalyst load, donor load and hydrogen level are summarized in the
data tables.

[00101] Table 3 summarizes the performance data for procatalyst compositions

prepared as described above.

Table 3
Procatalyst Selectivity for IED and a Lowered First Halogenation Temperature

Sample | Electron | IED in 1% IED in 2™ Temperature, g BD MFR XS

Donor Chlorination Chlorination of 1% PP | g/lcc | g/l0min | %wt.

(IED) Step, mmol Step, mmol* Chlorination

Step, °C ‘

Cl IEDI 3.14 0 115 267 | 0291 | 4.6 1.3
Ex 1 IED] 3.14 0 100 251 10297149 1.0
C2 IED2 242 242 115 211 {0349 | 3.3 2.1
Ex 2 IED2 2.42 2.42 100 188 10347 |24 1.5

* - 2" chlorination temp = 115°C
Polymerizations Conditions: 5 mg catalyst, 83 umol dicyclopentyldimethoxysilane, 2.3 mmol
triethylaluminum.
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(<250 m cron) C3 IED1 28.4 0.231 1.2 3.2 57.8 0.051 0.95 Ex8 | ED1

23.3 0.288 1.0 2.8 55.4 0.039 0.7
WO 2010/078503 PCT/US2009/069929

[00102] Table 4 below shows the performance data for procatalyst compositions

prepared with a low first halogenation temperature and a high second halogenation

temperature.
Table 4
Sample | Donor | IED added First Second Third g BD MFR XS%
to First Chlorination Chlorination | Chlorination | PP | g/cc | g/10min | wt
Chlorination, | Temperature, | Temperature, | Temperature,
mmol °C °C °C
Ex4 IED! | 2.42 100 115 115 287 | 0275 { 5.9 23
Ex5 IED1 | 2.42 100 130 115 342 1 0.294 | 4.3 1.7
Ex6 IED1 |2.42 100 115 130 356 [ 0.305 | 5.2 2.1
Ex7 IED]1 |2.42 100 130 130 33110323 | 5.2 1.6
Polymerizations Conditions: 5 mg catalyst, 83 pmol dicyclopentyldimethoxysilane, 2.3 mmol
triethylaluminum.
[00103] Table 5 below shows that the polymer bulk density increases as procatalyst

precursor size decreases. Surprisingly, the quantity of polymer fines is unchanged. The

quantity of polymer fines typically increases when smaller precursors are used.

Table 5

Sample | Donor | Catalyst Polymer Melt Flow | Xylene | Productivity | Average Polymer
Precursor | Bulk (dg/min) solubles | (kg/g) Particle Fines
Size Density (wto) Size (<250
(microns) | (g/cm3) (inch) micron)

C3 IED1 | 284 0.231 1.2 3.2 57.8 0.051 0.95

Ex8 IED1 |233 0.288 1.0 2.8 55.4 0.039 0.7

[00104] Table 6 below shows that the polymer bulk density increase is additive when a

smaller procatalyst is prepared with a low first halogenation temperature and high second and

third halogenation temperatures.

Table 6
Sample | Donor Procat IED added IED added 1st Chlor | 2" Chlor | 3rdChlor | gPP | BD MFR | %wt
D50, to 1st Chlor, | to 2nd Temp, °C | Temp, °C | Temp, °C g/cc XS
pwm mmol Chlor, mmol
Ex9 IED1 27 2.18 1.21 100 130 130 282 0.381 | 6.3 1.4
Ex10 IED1 23 2.18 1.21 100 130 130 252 0394 | 6.1 1.3
Polymerizations Conditions: 5 mg catalyst, 83 pmol dicyclopentyldimethoxysilane, 2.3 mmol
triethylaluminum,
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[ 00104] Tabl e 6 bel ow shows that the polynmer bulk density increase is
additive when a snmaller procatalyst is prepared wwth a | ow first
hal ogenatWor0ti¥pwsat ure and hi gh second and third hal o§ERAIS2N/069929
tenperatures. Table 6 Sanpl e Donor Procat D50, um | ED added to 1st Chlor,
mol | ED added to 2nd Chlor, mml 1st Chlor Tenp, C 2nd Chlor Tenp, C
3rdChl or Tenp, C g PP BD g/cc MFR %w XS

[00105] It is specifically intended that the present invention not be limited to the

embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims.
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Ex9 IED1 27 2.18 1.21 100 130 130 282 0.381 6.3 1.4 Ex10 IED1 23 2.18 1.21
100 130 130 252 0.394 6.1 1.3 Polynerizations Conditions: 5 ng catalyst,
83 pnol dwoyolopsswyl di met hoxysil ane, 2.3 mmol tri et hyl acuniseangioc9D

2010/ 078503PCT/ US2009/ 069929

CLAIMS

1. A process comprising:
halogenating a procatalyst precursor in the presence of a substituted phenylene
aromatic diester at a temperature less than 115°C; and

forming a procatalyst composition with a selectivity index of less than 2.5.

2. The process of claim 1 comprising halogenating the procatalyst precursor at a

temperature from about 90°C to less than or equal to about 100°C.

3. The process of any of claims 1-2 comprising forming a procatalyst composition

comprising from about 0 wt % to about 2.3 wt % decomposition product.

4. A process comprising:

first halogenating a procatalyst precursor in the presence of a substituted phenylene
aromatic diester to form a procatalyst intermediate;

second halogenating the procatalyst intermediate at a second temperature greater the
first temperature; and

forming a procatalyst composition with a bulk density index from about 0.28 to about

0.5.

5. The process of claim 4 comprising preparing particles of a procatalyst precursor, the

particles having a D50 from about 10 pm to about 25 pm.

6. The process of any of claims 4-5 comprising first halogenating the procatalyst
precursor at a first temperature less than 115°C and second halogenating the procatalyst

intermediate at a second temperature greater than or equal to 115°C.

7. A procatalyst composition comprising:
particles comprising a magnesium moiety, a titanium moiety, and an internal electron
donor comprising a substituted phenylene aromatic diester; and

the particles having a D50 from about 10 um to about 25 pm.

8. The procatalyst composition of claim 7 having a bulk density index greater than 0.280

g/cc.
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[ 0010511t is specifically intended that the present invention not be
limted to the enbodi nents and illustrations contained herein, but include
nmodi fi ed worom/@8soshose enbodi ments i ncl udi ng portions etCTiuseosenbdds ment s
and conbi nations of elements of different enbodinents as conme within the
scope of the following clains. CLAIMS 1. A process conprising:

hal ogenati ng a procatal yst precursor in the presence of a substituted
phenyl end. ar orfiiei procditatpdt @ompbsidon eNBT ElcliMs I7eSSorhfidingl kbGha@ D@ O¥reing a
procatalﬁgt conposition with a selectivity index of less than 2.5. 2. The
process ngqats- m 1 conprising hal ogenating the procatal yst precursor at a
tenperature from about 90C to |l ess than or equal to about 100C. 3. The
process df-any ofhepraslyst pmpesision i ey elotlaimsy-A cpmpusing py iteradrpbrssoni on
conpri si 0 s M D C i tion product 4. A
orocess oy RBeEAMHn thethol) LhsRHRLLE S1ch B ES MAGRIPET pheR TRl ts %, 18
pr esence andl 4aesbosiil{ApleshypEne dijeaneatar omati ¢ di ester to form a procatal yst

i nt er nedi at e; second hal ogenating the procatal yst internediate at a
second tenperature greater the first tenperature; and form ng a procatal yst
conposition with a bulk density index fromabout 0.28 to about 0.5. 5. The
process of claim4 conprising preparing particles of a procatal yst
precursor, the particles having a D50 from about 10 umto about 25 um 6.
The process of any of clains 4-5 conprising first hal ogenating the
procatal yst precursor at a first tenperature |less than 115C and second

hal ogenati ng the procatal yst internediate at a second tenperature greater
than or equal to 115C. 7. A procatal yst conposition conprising:

particles conprising a magnesium noiety, a titaniumnoiety, and an internal
el ectron donor conprising a substituted phenyl ene aromatic diester; and the
particles having a D50 fromabout 10 umto about 25 um 8. The procatal yst
conposition of claim7 having a bulk density index greater than 0.280 g/cc.
WO 2010/ 078503PCT/ US2009/ 069929 9. The procatal yst conposition of any of
clainms 7-8 conprising less than 2.3 w % ethyl benzoate. 10. The
procatal yst conposition of any of clainms 7-9 conprising an internal

el ectron donor selected fromthe group consisting of
5-tert-butyl-3-nmethyl-1, 2- phenyl ene di benzoate and
4-tert-butyl -1, 2- phenyl ene di benzoate.
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